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PREFACE 

This Midterm Report describes the research organization es

tablished for the project entitled "Research on the Interrelationships 

between Costs of Highway Construction, Maintenance and Utilization," 

tile procedures being followed in the development of the information, the 

difficulties encountered, and some of the early results from the study. 

The project is the result of an agreement signed in Ja.nuary 1975 

between the Government of Brazil and the United Nations Development Pro

gram (UNDP). According to this agreement, the Ministry of Transport of 

Brazil is the Government Cooperating Agency, through EmpJte.-Oa BJta-Oile.i

Jta de. P.tane.jame.nto de. TJtan.opoJtte.o - GEIPOT, and the International Bank 

for Reconstruction and Development CIBRD) is the executing agency for 

UN 0 P . T h e p r o j e c t is b e i n g c o n d u c t e d by G E I P 0 T and by the V e. p aJtt am e. n to 
Naeiona.t de E.otJtada.o de. Rodagem (DNER), through its In.otituto de. Pe..o

qui.oa.o Rodov.-LaJtia.o CIPR), and both have received grants from the In.otitu 
to de. P.tane.jamento Eeonomieo e Soe.-La.t CIPEA) and from the SeeJtetaJt.-La de 

CoopeJta~ao Eeonom.-Lea e. Teen.-Lea Inte.Jtnaeiona.t CSUBIN), respectively. 

The IBRD has contracted with the Texas Research and Develo£ 

ment Foundation CTRDF) to provide the international staff, and to se

lect and purchase overseas the equipment needed to conduct the project. 

GEIPOT is thankful for the support received from highway a~ 

thorities in the geographic area of the research, represented by the 

Federal Highway Districts of DNER and by the State Highway Depart-

ments of Goias, Minas Gerais and Sao Paulo. Appreciation is also ex-

pressed for the cooperation extended the project by the Federal Uni

versities of Minas Gerais, Rio de Janeiro and Juiz de Fora, and by the 

Universities of Texas and Birmingham, as well as by the Western Aus

tralia Main Roads Department, which have made it possible for highly 

qualified members of their staff to fill many key positions in the 

project's technical team. 

Finally, GEIPOT wants to express its appreciation for ad

vice received from the Transport and Road Research Laboratory (TRRL) 

at the project's inception, and from the Expert Working Group, which 

has periodically visited Brazil to review progress on the research 

with the project's technical team. 

Eng. JOS~ MENEZES SENNA 

President 
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This status report on the project was developed to summarize 

project achievements and results at midterm. and to define a work pro

gram for the balance of the project. The study procedures and accom

plishments of the 150-man research force are detailed for the three prin

cipal study groups which are addressing pavement performance, driver 

behavior and vehicle operating costs in Brazil. Preliminary equations 

are presented relating roadway characteristics to vehicle speed and 

fuel consumption. Extensive axle-loading data are summarized while the 

extent of vehicle overloads in Brazil is highlighted. 

A work program and schedule are presented to accomplish pro

ject objectives and to produce an operational Brazil Highway Investment 

Analysis Model by November 1978. 
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CHAPTER A 

INTRODUCTION 
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OBJECTIVES 

This Research Project aims at establishing relationships 

between the costs of highway construction and maintenance. and the 

operational costs of vehicles that will use those highways during their 

useful life. These interrelationships will be incorporated in a com-

puter-based mathematical model. which can be used to cheaply and quic~ 

ly establish the costs of alternative highway construction and mainte 

nance policies, as well as those of highway users. 

Such a model would enable Brazilian authorities to optimize 

highway investments and vehicle operational costs. with a view to im

proving the allocation of limited resources for investments on infra

structure. 

Within the general scope of obtaining these interrelation

ships. three immediate sub-objectives have been identified for this 

project: 

- To establish the relationships between road user costs~ 

road geometric standards and s•Jrface conditions for rural 

roads; 

- To measure the relationship of road deterioration and main 

tenance costs. as a function of pavement and geometric·d~ 

sign standards, as well as of traffic volume and composi

tion under Brazilian climatic conditions; 

- To develop new or modify and adapt existing mathematical 

models for Brazilian use~ with parameters developed from 

experiments and measurements carried out to meet the pr~ 

ceding items. 

These objectives are being achieved through the following 

project activities: 

- A road user costs survey. where a diversified vehicle 

fleet. drawn from organizations operating buses. trucks, 

and automobiles. is monitored to determine actual user 

costs for a variety of operating conditions in Brazil; 

- A series of experiments to measure speed and/or fuel con 

sumption for both existing traffic and a controlled fleet 

of instrumented project vehicles over a range of roadway 

geometric. operational and environmental conditions; 

13 
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- A study of the behavior of selected road test sections to 

establish roadway performance and maintenance requirements, 

as a function of different pavement and geometric design 

standards and maintenance levels. in the Brazilian envi

ronment. 

This report presents a summary of project achievements at 

the midpoint, and also accomodates the early dissemination of project 

results. Where data were available, preliminary analyses were made 

and the results presented. However, the reader is reminded that all 

results presented in this report are preliminary in nature and are 

only early indicators of the types of relationships being found. Fur 

ther, the influence of some of the factors being studied on the early 

analyses has not been fully considered. 

a Ex.Lo.tin.g Mode.l 

The framework for the desired model already exists as a re

sult of a series of studies initiated by the World Bank in 1968. The 

Bank desired to develop an analytic model for use in eval~ating alte~ 

native design. construction and maintenance strategies at the project 

level for low-volume roads. In the first study. the Massachusetts In 

stitute of Technology (MIT) developed an integrated framework relat

ing construction. maintenance and road user costs. Most of the rela 

tionships were based on information available from published litera

ture, and could not be confirmed by empirical data. 

In a subsequent World Bank cooperative effort in Kenya with 

the Transportation and Road Research Laboratory (TRRL), field studies 

produced empirical relationships which were incorporated into a re

vised version of the MIT model entitled Road Transport Investment Mod 

el. Following the publication of this model by TRRL in 1975, the 

Bank coordinated an agreement with both TRRL and MIT to produce a uni 

fied model which combined the strengths of each model. while avoiding 

the weaknesses of both. Therefore, the current model version, The 

Highway Design and Maintenance Standards Model (HOM), uses the struc

tural framework of MIT's first model, results from field investiga

tions in Kenya. 9s well as new technology published in current litera 

ture. It includes modules to predict roadway performance, construe-

tion and maintenance quantities and the impact on the costs to users 

operating on roads with varying characteristics. Automatic costing 
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with current unit prices permjts an economic evaluation of the impli

cations of alternate desjgn and maintenance strategies on total trans 

portation costs.. 

The HOM will be tested by the research team in connection 

with several highway projects in Brazil. 

Although the HOM is operational, it is not necessarily ap

plicable to Brazilian conditions. Many of its underlining relation

ships need to be verified before its results can be accepted for Bra 

zil. Also, it has a number of acknowledged limitations, and many of 

these are being directly addressed in the current study. For example, 

road performance relationships are based on high-standard asphalt 

roads used in the AASHO road test and bituminous-treated, cement-sta 

bilized base roads in Kenya. In the case of unpaved roads, relation

ships reflect Kenya gravel roads. Therefore, as part of this project, 

a series of pavement and maintenance studies are being made on typi

cal Brazilian roads. These studies will establish performance rela

tionships for roads in Brazil, subject to different levels of mainte

nance. 

The relationships developed between road user costs and road 

way geometries in Kenya do not cover the wider range existing in Brazil. 

Further, the HOM embraces only a limited number of vehicles which are 

not necessarily typical of those used in Brazil. The major thrust of 

this study is to develop more comprehensive information and relation

ships on vehicle user costs. In addition to fuel consumption, spe

cial efforts are being directed to the development of tire wear, vehi 

cle maintenance and vehicle depreciation. 

Finally, the effect of congestion and traffic composition 

on operating costs is not based on empirical data in the HOM. Spe

cial studies and experiments in this study address these influences 

in greater detail. 

b Sc.ope. 

This study has been organized to make use of sound experi

mental design and survey techniques to minimize the magnitude of the 

data collection effort, yet ensuring where practical that quantita

tive statements of accuracy can be made about models developed in the 

study. Data are collected through controlled experiments, direct meas 
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urements and from information contributed by participants in the user 

surveys. 

The study areas are in central Brazil as originally planned. 

One exception is the inclusion of user survey routes in the State of 

Mato Grosso to capture flat routes for the user survey factorial. 

This is illustrated in Figure 1 where the actual area covered by user 

survey routes is shown. The pavement and maintenance study locations 

are shown in Figure 2. and embrace a three-state area. Finally. the 

sections selected for the various controlled experiments on vehicle 

speed, fuel and traffic-interaction effects are indicated in Figure 3. 

These latter sections were located close to Brasilia, where possible. 

to minimize the logistics costs associated with moving the project's 

fleet of instrumented test vehicles. 

po·in t. 

This study which started in July 1975 is at the halfway 

Data collection started in July 1976. although this varied 

somewhat from sector to sector. 
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CHAPTER 8 

GENERAL PROJECT ACHIEVEMENTS 
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ORGANIZATION 

As a result of the studies and requirements outlined in the 

Inception Report (Ref. 1), an organizational structure was establish-

ed for the project as shown in Figure 4. This structure was designed 

to deal functionally with the major areas of the research which are 

outlined in the project objectives. These are the studies to develop 

user costs relationships, using surveys and a series of experiments, 

together with a study of roadway performance in Brazil. These basic 

research areas are supported by a management, statistics, computer and 

instrumentation group. 

As can also be seen in Figure 4, where the project's· senior 

personnel are identified, the leadership of the project has been es

tablished so that it is shared by the international staff and the Bra 

zilians. The detail organizational requirements have changed a num-

ber of times since the Inception Report, although the total personnel 

requirements have remained more or less constant. 

Figure 5 shows the present organizational requirements. 

These staffing requirements were about 80% satisfied, at the end o~ 

the first year of the study. In the last months that figure has slow 

ly moved upward and is at 90% presently. However, the project is un-

likely to ever be fully staffed due to personnel attrition, which has 

averaged about 5% on a quarterly basis over the last year. 

2 MEASUREMENT EQUIPMENT 

The majority of the activities of this research project in-

valve measurements of one type or another. Therefore. the acquisi-

tion or fabrication of the necessary equipment and instrumentation to 

permit these measurements was a major project undertaking. An even 

more substantial challenge has been keeping the equipment operational 

during the study. 

Table B .1. shows the various equipment or instrumentation pu~ 

chased or fabricated to make these requlred measurements. Each unit 

is associated with the type of measurement needed. Where a measure-

ment system has been modified to satisfy project needs, the Instrumen 

tation Group has been identified as the Source. The difference be-

tween purchase date and the date available for use reflects delays in 
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~ TABLE B.l - DISPOSITION OF EQUIPMENT AND INSTRUMENTATION ACQUIRED FOR PROJECT MEASUREMENTS 
~ 

TYPE OF EQUIPMENT MANUFACTURER DATE OF QUANTITY DATE PERCENTAGE OF TIME IN: 
MEASUREMENT NAME OR PURCHASE OR ON HAND AVAILABLE 

SOURCE HANUFACTURE FOR USE USE STANDBY REPAIR & SERVICE 

Pavement 
Deflection Dynaflect SIE ~1ay 76 1 June 76 63% 16% 21% I 

I 

Benkelman Beam Rainhart Co. .r.~arch 76 2 March 76 100% 0% 0% 

Benkelman Beam DNER March 76 2 March 76 0% 100% 0% 

Vehicle Weight WIM lE Unitech, Inc. November 75 1 July 77 5% 3% 82% 

Wheel Scales General Dynamics August 75 4 October 75 55% 44% 1% Model MD500 Corp. 

Traffic Counts Manual Traffic Denominator Co., 
Counter Inc. August 75 4 October 75 0% 100% 0% 

Non-Recording JRT Streeter-Amet August 75 30 October 75 1% 99% 0% 

Non-Recording August 75 5 October 75 

Model 3700 Fisher & Porter Co. and and 1% 99% 0% 
November 75 5 March 75 

Recording Leopold & Stevens, August 75 October 75 
Automatic Inc. and 10 10% 80% 10% 
Counter November 75 

Time Single Action 
Camero August 75 October 75 Stop Watch 30 0% 100% 0% 

' 

Double Action 
Handhart August 75 10 October 75 Stop Watch 0% 100% 0% 

Split-Second Hand 
Stop Watch December 75 8 February 76 95% 0% 5% 

Wind Velocity Windial Wind Speed Airglide 3 March 76 1% 
Indicator = 918 Instrument Co. January 76 3 95% 4% 

0% 

. 

•Soils Lab. Dynamic Modulus Russ Newcom 
I Equipment Tester SEE October 75 1 February 76 70% 28% 2% 

L ____ -- '---------------------
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N 
-.I 

TABLE B.l -·DISPOSITION OF EQUIPMENT AND INSTRUMENTATION ACQUIRED FOR PROJECT MEASUREMENTS (CONT.Dl 

TYPE OF EQUIPMENT MANUFACTURER DATE OF QUANTITY DATE 
MEASUREMENT NAME OR PURCHASE OR ON HAND AVAILABLE 

SOURCE MANUFACTURE FOR USE 

Rainfall Eletric Rain Gauge Texas Electronics March 76 2 April 76 
Inc. 

Plastic Rain Gauge Taylor Sybron Corp. March 76 6 April 76 

Fuel Consumption Automotive Fuel Fluidyne 
Measurement Instruments August 75 1 November 75 
System 

Fuel-a-meter Columbia System April 76 6 May 76 
Co. 

Cylinder Fuel Instrumentation January 76 
Meter Group April 77 9 March 76 

Distance D.M.I. Nu-metrics September 75 November75 
p 1071 through 18 through 

present present 

Rolatape Rolatape Corp. October 75 5 November 75 
Model 394 

Surveyors 
Tape 30 & 15m K & E August 75 3 

Road Grade Electronic Graae Instrumentation 
Meter Group October 76 2 October 76 

Ball & Tube Grade Instrumentation November 76 1 November76 
Meter Group 

Roughness Profilometer K. J. Law Engrs. September 75 1 May 76 

Modified Mays-Ride- Instrumentation March 76 May 76 
Meter Group through 4 through 

October 76 October 76 

Road Horizontal Gyro Compass Aviation 
Curvature Instrument Mfg. January 76 2 October 76 

Corp. 

Vehicle Speed TR-6 Radar System Kustom Signals, January 76 4 May 76 
Inc. 

Vehicle Camera Box Instrumentation September 76 ~eptember 76 
Acceleration Group through 3 through 

August 77 August 77 

Fotimeter Instrumentation 
Group March 77 2 October 77 

~ERCENTAGE OF TIME IN: 

USE STANDBY REPAIR & SERVICE 

0% 100% 0% 

95% 5% 0% 

2% 98% 0% 
I 

2% 98% 0% 

56% 21% 23% 

55% 35% 10% 

99% 1% 

100% 0% 

100% 0% 0% 

5% ~5% 0% 

40% 18% 42% 

67% 12% 21% 

50% 49% 1% 

94% 2% 4% 

55% 30% 15% 

0% 100% 0% 
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shipping or the need to completely check out the unit before it could 

be used operationally. Some of the equipment shows little or no use 

during the study and these items warrant a brief explanation. 

The DNER Benkelman Beam has not been used because its 4:1 

ratio is not as precise as the 2:1 Rainhart unit. 

The manual traffic counters have not been needed. Both of 

the non-recording counters have only recently been designated for use 

and will be installed at various locations throughout the State of 

Goias in the coming months. 

Of the three stopwatch types, only the split-second type 

watches have been useful in the traffic experiments conducted thus 

far. 

The rain gauges were received too late for the rainy season 

last year, and are currently being installed to monitor the coming 

season. 

Both the Columbia and Fluidyne systems will be used in cali 

bration experiments that have not yet been implemented. 

3 WORKSHOPS 

From the project's inception it was realized that instrumen

tation support was basic to the objectives of the research, as the 

studies and experiments planned demanded the installation, adaptation 

and fabrication of sophisticated equipment, and the maintenance of a 

diversified vehicle fleet. 

The workshops were set up in the garage building of GEIPOT, 

which was given over to the project. The premises are located about 7 

km from the project headquarters, in GEIPOT's main office building. 

The garage building area was partitioned with wire cages to house the 

different workshops, and electricity supplies were installed. Other 

cages were used to accomodate supply stores, the soils laboratory -

a support element for the pavement studies - and a staff room. The 

existing offices are being utilized as indicated in Figure 6, with 

the technical office being partitioned to house the analogue-to-di~ 

ital converter and to provide suitable space to work on the associat 

ed data. 

28 

Digitised by the University of Pretoria, Library Services, 2012



N 
1..0 

MT-GEIPOT 

SCALE: 5mm lm 

~ V S B 

VEHICLE PARKING AREA ILN_c_R_..:::"'-------------

so so 

1-J 
EO 

RS 
t:J ~--------·_c_·-------r------'Tl 

I I 
I I 
I I 
I INSTRUMENTATION WORK AREA ~ EW 

I 1\ I L ____ _ 
1 I 
I ~' 
I I' 

1{1 . 

T 

---: I-

GO 

5 

\. ----------~------;.j-:;:----',-----::;-?f--------;--------"7'-i EW 

: I . I I I I I 
SL : SLST I RST : ST I WS I cw : M w I 

I I I l I I I 

LEGEND 

CR COMPRESSOR ROOM 

CHR CHANGE ROOM 

EO ENGINEERS' OFFICE 

EW ELECTRONICS WORKSHOP 

DR DARK ROOM 

GO GENERAL OFFICE 

cw CARPENTRY WORKSHOP 

MW MECHANICAL WORKSHOP 

PR PUMP ROOM 

RS ROOF SUPPORT PILLAR 

RST RADAR STORE 

so SLIDING DOOR 

SL SOILS LABORATORY 

SLST SOILS LABORATORY STORE 

ST STORE 

T TOILETS 

VSB VEHICLE SERVICE BAY 

ws WELDING SHOP 

GARAGE AND WORK SHOPS FLOOR PLAN 

1 TRANSPORT OFFICE 

2 TOILET 

3 ANALOGUE-TO-DIGITAL CONVERTER ROOM 

4 TECHNICAL OFFICE 

5 SOILS LABORATORY 

} GROUND ~OOR 

---CONCRETE BLOCK WALL I ORIGINAL)· 

-----PROJECT ADDITION 

···· · ······· ORIGINAL GROUND FLOOR CONCRETE BLOCK WALL 

~PARTITION (PROJECT ADDITION) 

----DEMARKATION LINE PAINTED ON THE FLOOR 

t----;:"'1- -- ~----;;.1~ ..... I ST I / 

CHR f----; : ST T 
I DR 1 I 
I I I 

so 

FIG. 6 

Digitised by the University of Pretoria, Library Services, 2012



The vehicle service bay was equipped with a hydraulic lift 

and pressurized greasing operation. and the two electrocnics work

shops were lined with sound-proofing material to reduce noise levels. 

The objective of the adaptations was to provide the best possible fa

cilities for all the electrical. electronic and mechanical work requi~ 

ed. within reasonable financial limits. 

The workshops' functions are: 

- To install. test. calibrate and maintain available instru 

ments; 

- To design. construct. make work. install. calibrate and 

maintain other instruments. as required; 

- To carry out all minor vehicle repairs and maintenance; 

- To train staff in the operation of all the instruments 

used and worksbop practices and maintenance methods; 

- To ensure maximum possible availability of all equipment 

for use in the field. 

Major achievements in the area of instrumentation support 

include the installation of the Mays-Ride-Meter. the adaptation of 

fuel meters to test vehicles. the manufacture of camera boxes. the 

development of a digital display unit for the Maysmeter. and the cor

rection of faults in the Profilometer. WIM system. Dynaflect. DMI and 

radar speed monitors. A complete and detailed report covering all 

the project's instrumentation is currently being written. This re

port will detail instrumentation design and fabrication. togetherwith 

measurement system development. calibration. maintenance and repair. 

It will also outline equipment and instrumentation crew requirements. 

training and operating procedures. schedules. production and problems. 

a So~l~ Labo~ato~y 

A soils laboratory was established to control the work per-

formed by the consultants in the field. This initial objective has 

been augmented by having the research laboratory carry out all the 

laboratory tests. This was required because of the unexpectedly high 

cost and the low precision achieved when the work was done by consul

tants in the field. 

Space for the laboratory was found in the GEIPOT garage. 

with adequate water and electricity supplies. occupying a total area 
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of 63.3 square meters. A floor plan of the laboratory area is shown 

in Figure 6. 

The laboratory is equipped to carry out most standard labo

ratory tests, such us: 

- Sample preparation; 

- Grading analysis; 

- Atterberg limits; 

- Moisture contents; 

- Laboratory density; 

- Laboratory CB~; 

- Resilient modulus of soil and asphaltic material samples. 

4 COMPUTER FACILITIES 

At the start of the project it was recognized that the mag

nitude of the data to be handled would require access to suitably 

equipped computer facilities. Specifications were drawn up outlining 

the basic characteristics required. Identified initially as fulfill

ing these specifications were two installations in Brasilia, the faci 

lities of the Senate and those of the University of Brasilia. Neither 

proved suitable and the search was continued. 

The Expert Working Group (EWG) in their meeting of December 

1-5~ 1975, strongly recommended to GEIPOT- that the project have an 

electronic data-processing capability within their offices. 

valved the establishment of a fully remote batch terminal. 

This in

This cri-

terion was added to the specification and a concerted effort was made 

to establish these inhouse capabilities. 

In the interim~ it became mandatory to have some facilities 

available~ even if less than desired. So~ 

-A contract was established in February 1976 with Companhia 

Auxilia~ de Emp~e~a~ Elet~iea~ B~a~ilei~a~ (CAEEB). Their 

facilities were small (252k memory)~ and they did not h~ 

ve any statistical software to support our analysis re-

quirements. However~ they were fairly reliable~ close to 

GEIPOT~ and they could be used in the establishment of 

programs and files to handle the substantial data manag~ 

ment requirements of the project. This installation con 
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tinues to serve in this role at present; 

- In April 1976, arrangements were made with Emp~e~a B~a~i

iei~a de Pe~qui~a Ag~opeeua~ia (EMBRAPA) to use their fa

cilities and software statistical package (SAS). 

After an exhaustive review of options, GEIPOT made the de

cision to install a remote job entry terminal which could be tied to 

the DNER IBM 370 computer facilities located in Rio de Janeiro . The 

steps needed to implement this decision included: 

- Locating available terminal equipment; 

- Obtaining authorization from the Ministry of Transport; 

- Establishing a contract with DNER; 

- Arranging contracts with the telephone companies in Rio 

and Brasilia; 

- Selection and purchase of complementary equipment and 

installations; 

- Contracting with Burroughs for the actual installation 

of the terminal in GEIPOT. 

The remote terminal was installed in February 1977, but 

only in June 1977 was the remote job entry system usefully operation

al. 

Project files and programs were established at the DNER fa

cility during July and August 1977; so the inhouse computer facili

ties, sought since early in the project, have only recently become 

available to the project, that is, two years after the start of the 

project. This facility will be used for all data processing require

ments. However, as backups, both the CAEEB and EMBRAPA installations 

are being retained. 
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OBJECTIVES 

The overall objectives of the User Costs Surveys remain 

those stated in the Inception Report (Ref. 1). The surveys are toes 

tablish relationships between various components of vehicle roughness 

and vertical and horizontal alignment, for essentially low-volume ru

ral roads. The major components of vehicle operating costs being col 

lected by the surveys are: 

- Fuel; 

- Oi 1; 

- Tires; 

- Maintenance parts; 

- Labor; 

- Depreciation. 

The Surveys have retained the basic format developed in the 

Inception Report, but several refinements have been incorporated as a 

result of field experience, pilot studies and advice from the Expert 

Working Group. 

The data items which will be examined to establish and cor

roborate the relationships between vehicle operating costs and road 

design variables are given in Table C.l. The table lists each data 

item, gives its survey number and identifies the general analytical 

category to which it has been assigned. Each data item collected by 

the User Surveys Group is identified by a unique combination of pre-

fix and number. The prefix specifies the survey or survey area re-

sponsible for its collection, and the number locates the data item 

within that survey data. The prefixE?s are defined as MS (Main Survey), 

MSC (Main Survey Continuous), RS (Route Survey) and SS (Supplementary 

Surveys). 

A majority of the surveys directly address the problem of 

identifying the relationship between the consumption of use~ cost 

items and road geometry and surface characteristics. It is of con

siderable importance for the analyst to have a good range of observ~ 

tions, and so a number of factorial designs have been considered to 

ensure that extremes would be covered by the surveys. 

The route surveys have only recently generated sufficient 

data to give adequate descriptions of routes traveled by user vehicles. 

The original factorial, as shown in Table C.2. was therefore qualita-
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TABLE C.l - USER COST SURVEYS DATA ITEMS 

Data Item 
Survey Category 
Number 

Fuel MSC 1 
Oil and Grease MSC 2 
Tire Life MSC 3 
Tire Tread Measurements ss 1 
Maintenance Parts MSC 4 Dependent 
Maintenance Labor MSC 5 Variables 
Maintenance Standard Labor ss 2 

Hours 
Accident Costs MSC 6 
Crew Time MSC 7 
Depreciation MS 1 

Age MS 2 
Payloads~ Freight and Pas- MSC 8 

sengers 
ss 3 

Distance Travelled MSC 9 Independent 
Time Spent on Route MSC 7 Variables: 
Number of Stops~ Loading MSC 10 Vehicle 

and Unloading 
MSC 7 

Vehicle Speed MSC g 

Vehicle Specifications MS 3 

Pavement Type RS 1 
MS 4 

Roughness RS 2 Independent 
Vertical Geometry RS 3 Variables: 
Horizontal Geometry RS 4 Route 
Pavement Width RS 5 
Land Use RS 6 

Traffic Val/Composition ss 4 
Tacograph Studies ss 5 
Taxes and Duties ss 6 
Inflation Indices ss 7 Additional 
Labor Rates ss 8 Factors/ 
Bus Tariffs ss 9 Variables 
Haulage Rates ss 10 
Fleet Size MS 5 
Nature of Business MS 6 
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TABLE C.2 - QUALITATIVE FACTORIAL DESIGN FOR MAIN SURVEY 

Paved Mixed Unpaved 

Flat 

Rolling 

Hilly 
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tive in nature. The preliminary analysis has enabled us to produce a 

quantitative factorial. shown in Table C.3. which will be tested over 

the next three months by positioning all surveyed routes into appro

priate cells and evaluating the dispersion. 

2 ORGANIZATION 

The organization of the User Surveys Group is designed to r:eE_ 

form two major activities: 

- Collection of vehicle cost data; 

- Measurement of route characteristics. 

These are completely different in terms of methodology. 

techniques. equipmentr management and personnel. However. in terms 

of the Group's primary objectives. these activities must be closely 

coordinated from the stage of initial data collection until the final 

analysis. 

The organization chart shown in Figure 7 presents the stru~ 

ture and current staffing of the group. As indicated, vehicle-cost 

data collection activities are split into two main geographic areas: 

- The Federal District. Southern Goias. T~iangulo Minei~o 

and Mato Grosso. with researchers based in Goiania and 

Brasilia; and 

Minas Gera1s, with researchers based in the DER-MG head

quarters in Bela Horizonte. 

There are several main centers of data-collection activity 

within both areas. where visits are made at least once per month. 

These are shown on the map indicating the geographical scope of the 

Surveys (Figure 1. chapter A). 

The route survey team is in the process of measuring appro~ 

imately 50,000 km of operator routes located within the survey area. 

The survey vehicles are instrumented, serviced and based at the GEI-

POT garage and workshop. At the moment. there is no field capability 

to repair or calibrate survey vehicles, and any serious problems. 

therefore. force them to return to Brasilia. It may be necessary to 

make some small organizational changes to support the survey programs 

in Mato Grosso. 
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TABLE C.3 - QUANTITATIVE FACTORIAL DESIGN FOR MAIN SURVEY 
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3 COSTS SURVEYS 

No formal methodology was available for planning and manag-

ing surveys of the size and complexity planned for Brazil. There were 

a number of important unknown factors to address before the surveys 

could begin to generate good analytical data. These were: 

- The response rate of vehicle operators and willingness to 

supply operating data; 

- Availability and quality of operating data, particularly 

on vehicle parts consumption; 

- The frequency with which vehicles remained on known 

routes; 

The position of these routes in the fatorial of road 

characteristics. 

Vehicle operators were interviewed to gain information on 

the response rates, data quality and type of routes likely to be iden 

tified by the Surveys. Pilot studies were conducted to test vehicle 

selection, with respect to route type, data collection, documentation, 

computer coding and analysis procedures, assess data collection costs 

and train field enumerators. Only recently, all these objectives 

have been attained, together with the realization that good Surveys 

management depends on fast, summary output from the computer files. 

a Methodology 

Since the study began, a variety of data-collection docu

ments have been tried and continued efforts made to standardize the 

format of the information, to expedite its transfer to computer files 

for analysis. This standardization has not proved possible because 

the record-keeping practices of companies vary tremendously. It 

has been necessary in almost every situation to custom design the 

methodology to be used for each user survey participant. This pro

cess has required the continued presence of senior survey personnel 

at the user's offices during the establishment of procedures and to 

train the field enumerator. 

There are two basic approaches that have been implemented. 

One is to make maximum use of the companies' own records, where the 

field enumerator is required to tabulate data in a manner suitable 
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for later standardization. The second approach involves self-admini~ 

tered questionnaires designed to generate data where records are non

existent or inadequate. 

( 1 ) Compa.n.-i.e..o' Own. Rec.oJtdJ.> 

This method is reliable and efficient, once experience has 

been gained in the use and interpretation of the companies' material. 

The methodology has evolved through the study of photocopied company 

records or of information tabulated from them. The first approach 

involves extensive use of local photocopy shops to duplicate original 

company records. These are then brought to our offices and the data 

are transferred directly to keypunch documents by the field enumera-

tor himself. This process requires skill and frequent assistance 

from senior researchers because some element of transformation is 

always involved. The data are normally compiled on a monthly basis 

by the vehicle operators, but sometimes also on a weekly basis. All 

photocopied records are labeled with the company's identification 

number and carefully preserved as original documents in the appropri

ate company file. 

The second approach is used when photocopying is not possi

ble. Special field forms are designed or adapted for use by the field 

enumerators in tabulating information from company records. This 

first requires a detailed examination of the various records the ope~ 

ator is using. A document is drawn up which very closely follows the 

format of the operator's own documents. It is designed to facilitate, 

to the maximum extent possible, the task of copying the information, 

on the theory that the simpler the task, the less the possibility of 

errors. This special field document is then returned to our offices 

where it is transferred to a keypunch document in the same manner as 

original records, and stored in the same way. This second method 

involves spending more time at the company's premises. 

( 2) Sel6-a.dm-i.n.-i.J.>teJted QueJ.>tion.n.a.-i.Jte-6 

This method has never been considered very satisfactory be-

cause: 

- It presupposes inadequate records; 

42 

Digitised by the University of Pretoria, Library Services, 2012



The response rate is very low, with only a faithful mino

rity continuing to fill them out; 

- It is practically impossible to make cross-checks on the 

data, so they must be considered unreliable. 

Self-administered questionnaires, mainly those distributed, 

to autonomo~ (owner operators). continue to be used, since this is 

the best method we have found to extract data from this important class. 

Whenever possible, the autonomo is persuaded to retain invoices and 

receipts for parts purchases, so that the information given may be 

checked. 

b Su~vey S~ope and Size 

The present geographic scope of the surveys. and the main 

centers of data collection are shown in Figure 1. This represents an 

area of approximately one million square kilometers (386,000 square mi

les), or more than 10% of the total ar~a of Brazil. The principal 

st~dy area includes Minas Gerais, the Federal District and Goi~s. Sa

tellite studies were to be extended to other parts of Brazil, as ne-

cessary. In order to obtain a sufficient range of road geometric con-

ditions, it was found necessary to collect data in Mato Grosso, a pre

dominantly flat region. This area has been developed into more than 

a satellite study area, owing to the importance of flat routes in the 

survey factorial. 

Vata Colle~tion 

In recent months. our data-collection efforts and the qua-

lity of fieldwork in general have improved considerably. This is due 

in large measure to further concentration on training of newly hired 

field enumerators. but also to the greater familiarity the users now 

have with the objectives and methods of the research. 

Access to company records is freer now than in the early sta

ges of full-scale field work and our people have a better idea of where 

to look for useful data. The users. for their part, have more confi

dence in our ability to interpret their material correctly. 

Since the beginning of our survey effort, we have identified 

66 companies and 237 autonomo~ to participate in the study. For each 

43 

Digitised by the University of Pretoria, Library Services, 2012



of these panel members we have established a file showing the member's 

name. address. fleet size and commercial activities. among other items 

needed for future evaluations of the member. 

Every vehicle considered suitable for inclusion in the study. 

also must be appropriately identified in considerable detail and pla-

ced on file. In establishing this file it has been necessary to make 

repeated calls on the members. At present we have a detailed descrip-

tion of 1261 vehicles on this file. 

A number of our members have dropped out because they have 

disposed of their vehicles or we have not been able to maintain their 

interest. Also. where it has not been possible to establish reliable 

data. the member has been dropped. Currently. members are being sere-

ened to see where they fall in our factorial requirements. They are 

being dropped when the cost involved in collecting data from them is 

both high and they fall in cells already covered. 

As a result of dropouts or of our elimination of some partici

pants. we now have 41 companies and 59 autonomo~. from whom we are cur 

rently collecting data. This reflects a response rate of 62% and 25% 

for the companies and autonomo~. respectively. The vehicles still in-

eluded encompass 285 buses. 166 trucks and 103 cars from companies. 

and 67 medium and light trucks from the autonomo~, which represent about 

half our current vehicle file. 

A substantial amount of detailed user costs data has been 

collected from the survey participants. This information encompasses 

all of the items classified as MSC in Table C.l. Since March of 1977. a 

concentrated effort was made to incorporate those data into computer 

files. where they could be structured for analysis. In the process. 

it has been established that the existing data-processing system is 

not efficient in handling a large part of these vehicle-cost data. 

First. the data needed to be carefully checked for consistency and ac-

curacy. We find that initial computer editing rejects approximately 

10% of the punched cards as being in error. and manual checking is re

vealing many tnore errors. For these reasons. more pre-checking of da

ta was indicated. and this is now being done. Early in 1977, our offi

ce staff was understrength, although this situation has now improved 

with the hiring of two more clerks who have now been trained. Table C.4 

shows that a considerable quantity of data has accumulated in the past 

few months, which has not been handled satisfactorily by the existing 

data-processing system. It also shows that important data items, par-
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TABLE C.4 - USER COST SURVEYS - PROGRESS TO AUGUST 1977 

Collected Processed Checked and 
Data Analyzed 
Items Vehicle Months of Data -

Fuel 7760 1840 1221 

Motor Oil 7650 1750 1199 

Oil changes 7650 1750 1147 

Other oils 7320 1580 995 

Grease 7480 1620 1029 

Tire changes 6810 1340 933 

Parts Costs 6550 1090 -
Labor Hours 3010 250 -
Loads 1900 1120 945 
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ticularly parts costs and labor hours, must be given special attention 

immediately. Information that is classified as collected means that 

it falls between being a copy of the user's documents and being coded 

and ready for keypunching. Processed material is keypunched and on 

file, but not yet rechecked and cleared for analysis. To date, only 

13% of all data collected have been checked and those were the data 

used in the preliminary analysis. A second preliminary analysis is 

planned for the earliest possible date. 

Nearly half of the information that must be processed is in 

a monthly rather than a daily form. A monthly data system has been 

designed wh~ch will enable the group to process these data, This sys-

tern is in the final stages of programming, and it is hoped that the 

b a c k 1 o g of data w i 11 be c 1 eared by t he end of Sept ern be r . S h or t 1 y after 

that time. we will be able to access the data files to obtain details 

of the exact disposition of vehicle data items across the factorial 

cells. 

In determining vehicles to be added to the survey in the fu

ture, it is now of much greater importance to consider the value of 

any given vehicle remaining in the survey, and the marginal value of 

potential new entries. To do this, we need to know. as exactly as 

possible. the position of the vehicles in the factorial cell design. 

Where cells are filled. the value of additional vehicles to the cell 

is negligible, as may be the value of existing vehicles in the cell if 

it is already overcrowded. 

In contrast, the value of having vehicles in certain other 

cells, for example, heavy trucks on hilly, unpaved routes. will be very 

great, possibly more than ten times the present average data-collec

tion cost per vehicle. 

At this time, all the information we need to aid in decisions 

on survey membership is not yet available from the computer files, but 

the problem is being worked on and has been given top priority, as an 

essential element in guidance of future field work. 

4 ROUTE SURVEYS 

The Inception Report did not address in detail the issue of 

appropriate surveying procedures for user routes identified by the user 

costs surveys. It took over six months to develop: 
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- An efficient management structure for the survey team; 

- The best instruments to measure highway characteristicsfor 

survey analysis; 

- A numerical format for the measurement and analysis of rou 

tes; 

- A training program for survey vehicle drivers and opera

tors; 

Effective documentation for the recording and processing 

of route data. 

The most important development was the transfer of all 

cedures, except vehicle servicing and instrument performance, to 

User Surveys Group, making it responsible for the collection of 

dependent and independent data items. 

pro

the 

both 

a 

Two fully instrumented survey vehicles with trained crews be 

gan work in December 1976, and a breakdown of performance this year is 

given in Table C.5. It is interesting to note that over 20% of the ava

ilable time for both vehicles is spent in calibrating the Maysmeters 

and verifying their calibration. This highlights the importance pla

ced on the reliability of roughness measurements in our survey program. 

Results to date indicate a productivity figure of appromimately 180 km 

of combined geometry and roughness data per working day. It is not 

felt that this figure will be improved, because travelling, as opposed 

to actually measuring, will increase as routes in Mato Grosso and sou

thern Minas Gerais are identified. 

It is estimated that since the start of the program the ve

hicles have measured over half of all routes giving good user-cost da

ta, which suggests that all routes should be surveyed by May 1978. 

b 

Routes identified for analysis are given a unique number and 

described using nodes which are three-digit numbers representing a sp~ 

cific geographic location. The route number and node sequence are then 

recorded on File 27, and an example of its output is given in Exhibit 

1. No cost data are accepted unless the route codes assigned to those 
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TABLE C.5 - SURVEY VEHICLES ACTIVITIES JANUARY-JUNE 1977 

Vehicle Vehicle Both 
653 282 

Vehicle Repair 3 5 4 

Defective DMI 2 5 3 

Defective Maysmeter 15 2 9 

Training Staff 0 2 1 

Vehicle Maintenance 3 8 6 

Adding Instruments 0 2 1 

Verifying Calibration 6 12 9 

Calibration Maysmeter 11 12 12 

Administrative Problems 4 5 4 

Total 44 53 49 

Working 56 47 51 

Note: Units in percentage of available time 
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EXHIBIT 1 Example of the Route Link File 
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data are described on this file. Two hundred routes located in OF, 

Goias and Minas Gerais are presently held on the file, and routes in 

Mato Grosso and southern Minas Gerais will be added in the next three 

months. 

The geometry file* contains about 12000 km of data, and 

examples of the output from the vertical and horizontal link geometry 

program accessing this file are given in Tables C.6 and C.7. The roughness 

file has 14020 km of combined paved and unpaved route data, and exce

eds the size of the geometry file because of replicate route sections. 

The file has been designed to accept replicates so that a time series 

analysis can be conducted on unpaved routes to capture the range of 

roughness and ensure more accurate independent data for analysis. 

This replicate program is scheduled to start in 1978, after all routes 

have been surveyed once for geometry and roughness data. 

c. Roughne~~ and Geomet~y Algo~~thm~ 

Survey vehicles produce a flow of data on geometry and 

roughness characteristics which must be transformed into a single rou-

te statistic for each independent variable. Each statistic must pro-

duce a suitable range for analysis and at the same time preserve the 

key characteristics of the variable being measured. Small but very 

rough sections, for example, within a moderately rough route need to 

be captured by the statistic so that the full impact of roughness on 

user costs is retained for analysis. 

Geometry and roughness algorithms were developed as ini

tial attempts to quantify these important route variables. Output from 

the geometry algorithms, by link, are given in Exhibit 2 and links are 

combined into appropriate routes for analysis. A priori, a link with 

a steep positive grade in one direction and therefore a steep negative 

grade in the other, should impose different costs on a vehicle, depen-

ding on its direction of travel. The geometry statistics for each 

link produced by the algorithm reflects the direction of travel of any 

vehicle by following its route description on the route file. We be-

lieve this represents an improvement over the rise-plus-fall statistic. 

Roughness output shown in Exhibit 3 is part of the program to calcu-

late this independent statistic. It can be seen that sections or bands 

of roughness within a link are calculated, where roughness is not uni-

*The current status of route files is given in Table C.B 
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TABLE C.6 - OUTPUT FROM LINK GEOMETRY FILE: VERTICAL DATA 

LINK 260292 

N f I •1f:J.:>c 0 nr-; r rH•1 P R J \-\:::: i\i T n VA I ~1 R nn 
GRFIQE METKJS G;{ EIOE 

------------------------------------------
1 /7J 4.0 ~ 

2 720 -5.0 % 
3 530 6.0 ~!, 

!.. /:)0 l.f') c.· 
~' 

5 1:;o -2.0 % 
6 47J -4.0 % 
7 74-n A n ~ 

8 590 1.0 % 
9 ~1 J -2.0 % 

1 () r:) (J {, () rz: 
1 1 77'J 5.0 QJ 

~-~ 

12 1190 -2.0 LV 
A,:j 

1 3 57J 5 .. 0 ~: 

14 930 6.0 07 
h:: 

15 105) 1.0 01 
Jt; , '\ 7~'-l ~ () cy 

17 610 -3.0 % 
18 1110 o.o % 
1 q 1 ~ =) ;) ·_5 .. 0 % 

20 470 5.0 % 
21 54J -1.0 % 
?? (""} 1 :1 ~ n CJ' 

23 63J -5.0 ~ 
24 42 0 2.0 ~: 

7'1 ~q(l ·4 () o/ 

26 42 J 4.0 % 
27 8)~ -2.0 % 
?A ')')() ? n <r 

29 510 1.0 % 
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(J1 

N 

TABLE C.7 OUTPUT FROM LINK GEOMETRY FILE: HORIZONTAL DATA 

LI;-.J< 260292 

T 
SFCAC: U~ET{OS} SUoTENJIDJ DI~ECAO { r,~ETRDS) PAVIMENTO 

-----------------------------------------------------------------------------
2 c 720 23 E 290 p 

3 r 790 p 
l I p 

5 T 430 p j 

6 c 6.30 28 E 310 p 

8 c 850 12 0 130 p 

9 T 5760 p 
; p 

ll T 1250 p 

12 c 600 20 E 210 p 

14 c ~50 38 E 370 p 

15 T 600 p 
~ 

17 T 1210 p 
18 c lOJO 5 E 90 p 

20 c 11-i-0 10 0 ?.00 p 

21 T 510 p 
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H C ~-! l L ~ T 4l V c K T I Ct.. l { K. M S ) 

409338 1.cr 12.56 lJ~.~4 18.28 
) "3 (') .; r q 1 • r c 1 2 3 -3 1 . 1.', • B '- 1 8 • 2 3 
~:0421 1.CC 7.66 92.~7 l7.7J 
;. ? 1 r; r· q 1 • ( r 7. '3 1 1 i '' ' 0 t, 4 1 7. 7 7 

4104CS l.C~ 1.52 21.d4 3.Q4 
-E.9 .. 1J r 1 • ,, r 1 • 5 '6 1 ') • d {) 3 . 9 t,. 

41_4z: t.cr 2.1~ 3ti.~2 6.53 
--~~~---41~--r~0_. __________ ~2~-~?~S~----~'~'~-~c~·t~·----------~6~.53 

'' 1 1 'r t .~ 1 • (; r: 1 3. B :") 1 4.S • 3 2 3 n • 3 7 
·i.j .~ 'tl 1 1 • r- r J ? • 54 1 ~-± • 7 3 3 0. 3 7 

412~11 l.C~ 13.~4 22~.4~ 36.11 
· .. 1 i ;,. i 2 1 • :·· r 1 3. 7 9 1 :1 'J. ·3 9 3 6. 11 
"t l ~~ ·~ l't 1 • : r 6 • S 7 1 1t 1 • ,~J 4 1 7 • 7 8 

__ __:::_Li__~_l2.__t~-------"7 ...... L-C:.+L-;.A-j --....J'~·· "'~·, ~ 1 7 • 1..3.._ 

1.r:c 1?..?5 l:t,·:,.3c ?0.91 
--~~--~,~~~· --~,-~ __ r_~----------~~. ·~! ~-~1~+~--~i~l ... ~ zr.o, 

'!- 1 h '• l? l.·-.-. '+.~/ 5?.<-+C.; 1·"'.93 
:,. • ? .i) :) :; • /. 5 __j_ .; • 9 3 

... 1 1 '+ 1 r_, t. = "" 1 c·. 1 J i \1 '7. ~ 3 ? 1. 3 6 
:+ 1 ,· .. t Ll__._l_._ ... ___ r_· ____ __.l.__J ...... · __ . .._7_._1 __ ~.-1 a --''-·L..:.lb 
lt 1 T .:., 1 H .1 • ~, r 1 2 • q 9 1 11 • 2 9 7 0 • 54 

-...a..'' ,.1 _-~.....l.,L...Il..-7......_--~...J ...... _ .... _,. ______ 1-1..-4-1 .... ....~.q~s~ _ _._l -'-7-4-/ .-1 ._·: __ _...2.__~_....s 4 
~1/~lY l.C~ 1.06 22.~3 1.72 
t .. l <:'l t. 1 1 1 • r r, 1 • 5 7 7 • ~~ ;:) l • 7 2 
1• ;~ 1 ~~? / 1 • :: (' J e _7 J 3 ··t • '3:' 6 e 8 9 

~__.4~?~1~__._1~·-r~r _________ ~1~-~l~Q ______ ~4~,~··~(i~·'~• 6.A9 
42144~ l.rc 1~.6? l3~.:a 21.84 

--~~~~t---~~?_1 __ 1 __ ~~( __________ ,1_1~·~1~9------~~-·~;)~·~·)~4--- ?J.RIL__ 

~?~4~3 1.cr 6.73 52.34 11.85 
'+ ? 1 '• z 2 1 • "' r 6 • r 7 9 1 • '1 s 1 t • B 5 
4?]4?4 !.00 5.55 39.~0 9.13 

~/+~.~1~·~r __ r __________ __.4~·~6~3~'------1~-~1~-~v~7 _______ ~q·L1__ 
.:.. ? ~• 4 ? 5 1 • r (' 6 • 9 1 1 } J •· 9.;. 1 7 • 2A-
4 ? ~) !,. :., (t 1 • f"' r 6 • ~ 5 1 1 /} • -"> e ) 7 • 2 '• 

4~~~?6 1.0[ 11.31 l5b.i2 23.34 
1t ? · > ; ? 3 L_''_....C ______ ~l -""--· __.q ........ 4..._ __ --4i __,5.1-2 3 2 3. 3 4 
4?6411 1.0r- 14.87 193.12 23.93 

_it..3 j :r ? f. ) • "" 4 I 4 • 9 /1 ] 5] •. , 6 2 3 • 9 3 
~ll43~ t.r.c 7.5~ ol.Z3 11.67 
'• ·~ 't -~ , 1 r"\ r 7 -~ q l / • 7 ( 1 1 , 6 1 
t. 3 I. :. 3? l. 0 

,-, 5 • 7 ~ 5?. • 4 4 6 • 1 8 
__i3~_·.~~1--~1~-~~~·r........_ ________ ~S~·~;~~~·------~~7~·~·~7~6 __________ ~8~·~I~A~ 
43?~3~ :.cc 6.1$ 62.o: 9.B3 
43·~~-~~? ___ l~·--r~r __________ ~5~·~8~· ~~------u~~~d~·~3~f~~----------9~e~8~3--
4 .3 :~It 3 lt 1 • .QO 3 • '+ l 2:-l • 1 ~ 7. 9 5 
It 3 .'t ~ 3 ~ J • 00 1 • 1 9 4 ;) • l 6 ] , S ') 
~3~~l5 l.CC 4.21 l~.21 4.76 
~~~41~ 1.0r· 4.,~ 17.7; 4.76 
43~4~0 1.00 7.4? ~l.~S 12.38 
~36~~~ J.rc 6.?q JJ1.5a 12.38 

'· '+ 1 it 4 J • t"' (", ~-1...: 2 s • t} '-'i / • 3 7 
EXHIBIT 2 - Horizontal and Vertical Link Statistics Generated, 

in Both Directions, by the Geometry Algorithm 
Program for Paved and Unpaved User Routes 
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TABLE C.B - STATUS OF ROUTE FILES: AUGUST 1977 

File Number Status 

Route Link File F27 200 routes coded 

Roughness File F73 9070 km paved 
5950 km unpaved 

Geometry File F25 12000 km 
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form, as part of the algorithm. The roughness values are converted 

from the measurement speed, where necessary, to 80 km/h, and the pro

gram gives mean and standard deviation values for each section of 

roughness at that speed. These data are then converted to QI counts 

per km by referencing the car. the date of measurement and the rele

vant calibration equation. 

The roughness and geometry programs now enable the team 

to evaluate the importance of a route in terms of its position in the 

analytical factorial, where the route links have been surveyed. This 

will provide an important management, as well as analytical, procedu

re of the project. 

5 PRELIMINARY RESULTS 

A preliminary analysis of the user-costs data was made to 

test our complete study program and to see if it was suitably designed 

to produce the desired quantitative relationships between user cost 

and highway design characteristics. The data-processing system to 

handle the survey data has not yet been totaly programmed and therefo-

re many of the data files are incomplete. Nevertheless, it was possi-

ble to perform an analysis for a portion of the companies and their 

routes. The probability of obtaining meaningful relationships from 

this analysis was small, but it was recognized that the main benefits 

would center on testing the effectiveness of the collection and pro

cessing systems. These results were considered vital in ensuring the 

efficient management of the surveys in the second half of the project. 

Accordingly, 19 companies that were expected to produce good cost data 

and whose routes had been surveyed were selected for this analysis. 

Operating-cost and vehicle-characteristics data were manually prepared 

from summary reports of various vehicle files. Single statistics for 

vertical and horizontal geometry by user route were produced by manu

ally summarizing data that had been produced at a link level. A QI 

(quarter car simulator base system roughness measurement) was develo

ped for each route using the file modification and manipulation capa

bilities of SAS. The cost and route characteristic values, by vehicle 

type, were then keypunched and SAS used to analyze the data. 
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a 

The operating-cost data compiled from 19 companies compri

sed of 165 vehicles: 87 2-axle trucks, 39 3-axle trucks and 39 buses. 

The routes of these companies exhibited high correlations 

between the major independent variables. Table C.9 shows the spread of 

the vehicles across the various factorial cells. The distribution of 

vehicles within the factorial cells reflects the high correlations that 

existed between the horizontal and vertical components. Buses, in pa£ 

ticular, are almost entirely confined to the rolling geometry level. 

Of all the vehicles, 56% are located in the rolling, straight and smo

oth factorial cell. These high correlatians made it impossible to se

parate the effects of the various route components. 

b The Vata-P~oee~~ing Sy~tem~ 

The data-processing system that was designed to edit and 

place survey vehicle measurements from the user survey routes on com

puter files, consolidate this information to produce a single stati

stic of geometry and roughness, and associate this information with 

operating-costs data by vehicle, works very well and no changes are re

commended for this processing system. 

The data-processing system designed to handle the flow of 

vehicle operating-cost data did not work as planned and is considered 

unsuitable to the needs of the field enumerators. The existing system 

is designed to develop information on a daily basis. The problem is 

that daily records do not reveal discrepancies in the data which are 

obvious when that same information is summarized monthly. Also, the 

daily records have created a workload burden that has overwhelmed our 

office clerical staff with the consequence that the records have not 

been diligently screened, and many errors are detected by program e

dits. The data rejected by the edits must be corrected before they 

are stored on a computer file. This file is then processed for con-

sistency and the generation of summary outputs where data are 

screened. These latter summaries are revealing discrepancies 

must be resolved at the field level. 

again 

that 

Frequently. three to four months pass before all data on 

user vehicles are collected and processed. Field enumerators find it 
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TABLE C.9 - MIDTERM ANALYSIS - VEHICLES IN FACTORIAL 

~ '?)' 
-Ya -~'~ 

~ ~,(' '1'( 
()~ ~Q 
~ ~)' 
~~ '1'( ROLLING 4.5-7 HILLY 7 + 

\)1~ 

0 42 2-axle trucks 
I 

23 3-axle trucks 
0 . 
UJ 

CJ) 
28 Buses 

3: 
0 
0 
-l 
I 

0 
8 2- axle trucks 

I 0 13 3- axle trucks . 
lJ1 UJ 
0 

+ 

0 

I 

3: 0 
m . 
0 UJ 
H 
c 
3: 

lJ1 
0 

I 
0 

tD . 
0 UJ 

+ 

0 8 Buses 
I 

0 (Note: No Roughness . 
UJ Statistic available ;:o 

0 for 6 Buses) c 
G"') 
I 

37 2- axle trucks 
c.o 
0 3 3- axle trucks 0 
+ . 

UJ 3 Buses 
+ (Note: No Roughness 

Statistic available 
for 1 Bus) 

58 

Digitised by the University of Pretoria, Library Services, 2012



difficult to correct errors that are identified as having occurred four 

months in the past. The system is currently being modified so that 

the field enumerators collect monthly rather than daily information. 

The forms to implement these changes had already been developed to 

handle the monthly summary data available historically from many of 

the users. Therefore, the changes currently being made in the system 

are expected to be smoothly implemented. 

c. Route Stati~tic~ Atgo~ithm~ 

The roughness algorithm produced values ranging from 23.9 to 

177.7 (QI counts per km) which corresponded with subjective assessments 

of what constituted the best and worst route. The tentative boundaries 

for this independent variable range from 0 to 49 (smooth). 50 to 90 

(medium rough). and 90 + (rough). with these intervals expressed as 

QI/km. A route which incorporated a long section of the smoothest ro 

ute, but then went on to a very rough final section had a QI value of 

49.8 counts per km with a standard deviation of 50.1. which is what 

one would have expected. The roughness algorithm seems to be very sa-

tisfactory and QI values by route type are given in Table C.lO. 

The range of vertical geometry for complete routes (two-way) 

was from 4.3 to 12.1. The latter (12.1) route had a one-way value of 

19, which is likely to be as extreme as will be found in Brazil. The 

tentative boundaries for vertical geometry are: less than 4.5. flat; 

4.5 to 7. rolling; 7 and above. hilly. Flat routes, however. have not 

yet been placed in the analytical factorial for lack of data. which 

will only be obtained from surveys to be conducted in Mato Grosso. The 

definite analytical factorial will be the same as shown in Table C.9. 

with flat route results included. It is considered that the vertical 

geometry algorithm gives adequate discrimination for statistical analy

sis. although changes may be made after further analysis. 

The horizontal algorithm produced values from 0.10 to 0.84, 

and was considered to have achieved an adequate range of values. The 

tentative boundaries for this item range from 0 to 0.3 (relatively ta~ 

gent) and more than 0.3 (relatively curvilinear). Traffic data were 

produced for each route and ranged from 181 to 8279 ADT, and although 

they were not finally utilized in the analysis, the team has shown a 

capability of producing route traffic data. 
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TABLE C.10 - ROUTE FACTORIAL AND ROUGHNESS CQI) VALUES 

M = Mean 

S = Standard Deviation 

ROLLING HILLY 

1. M 23.9 7. M 34.6 1. M 37.9 
s 8.4 s 5.3 s 8.6 

2. M 25.8 8. f'l 35.9 2. M 43.7 
s 14.6 s 12.5 s 21.8 

3. M 22.9 9. M 31.3 3. M 37.2 
s 24.2 s 9.4 s 2.0 

PAVED 
4. M 43.8 10. M 40.1 4. M 36.3 

s 11.9 s 15.3 s 2.8 

5. M 33.3 
s 7.8 

6. M 43.2 11. M 27.5 
s 4.9 s 1.5 

1. M 49.8 1. M 177.7 
s 50.1 s 52.4 

2. M 36.8 2. M 138.2 
s 4.9 s 76.0 

MIXED 

3. M 42.3 3. M 100.0 
s 28.9 s 69.0 

1. M 132.6 4. M 146.5 
s 32.2 s 40.9 

UNPAVED 2. M 94.9 5. M 138.3 
s 38.6 s 30.4 

3. M 105.3 6. M 151.9 
s 27.4 s 49.1 
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The subjective assessments of geometry and roughness used 

by the team in placing routes into factorial cells correlated well with 

the statistics produced by the algorithms used in the preliminary 

analysis. 

However, the limited number of routes analyzed did not pro

duce the spread across the factorial required for a good statistical 

analysis. Routes which were hilly were also generally rough and curvy. 

This problem is highlighted by the most. extreme vertical route [12.1), 

which also had the highest roughness [177.7) and horizontal (8.84) va 

lues. 

d 

This preliminary examination of a portion of the surveys d~ 

ta did not produce any meaningful relationships. It did, however,sti 

mulate thought on how the independent data should be utilized to di

rect the field team efforts towards critical factorial cells. One such 

procedure would involve calculating all algorithmic values for all 

routes presently surveyed and guiding the field teams toward key routes 

for analysis. 

The trade-off between what can be most efficiently collected, 

with given resources, against what is desirable from the ~nalysis vi

ewpoint, remains the key to the success of the project. The statisti

cal exercise has resulted in the development of a meaningful analyti

cal factorial, which can be filled by the Surveys Group and appears ei 
fective for the project statisticians. In this respect a 1 one, the sta-

tistical analysis was a constructive exercise since it quantified the 

previous qualitative factorial for vertical, horizontal and roughness 

values. 

It is proposed to evaluate the resultant factorial by condu 

cting a further analysis including vehicle parts costs data. in Novem 

ber or December 1977, when all the necessary computer programs and fi 

les are completed, In the meantime, the computer program for route

characteristic data will be run on all existing route data, so that 

routes of special interest to the analyst can be given a priority in 

the field cost-collection activities. It remains our intention to 

"attempt to initially obtain equal cell sizes in the factorial and to 

have the biggest sample size our resources will permit, consistent 

with data quality" (Ref. 2). 

61 

Digitised by the University of Pretoria, Library Services, 2012



6 SUMMARY 

A work program for the remainder of the project is given in Figure 8 and 

this shows that a closely coordinated series of activities are requi

red to produce the user-cost input relationships for the Model, by 

July 1978. Preliminary analysis has revealed the need to change cer

tain procedures so that data can be processed and analyzed on a routi 

ne basis. No organizational changes are considered necessary at this 

point in time. If it becomes obvious that specific factorial cells 

are underpopulated, some relocation of field staff will be made to 

search for the relevant cost data. 

7 PROCEVURES 

All route data on file are being analyzed so that ~outes can 

be positioned in the quantitative factorial. All vehicles on the ve

hicle-data file will be assigned to their roDtes in this factorial,and 

an examination will be undertaken of data quality per cell, particula£ 

ly parts-cost data. This procedure will allow the team to focus on 

those areas of the analytical factorial not yielding good data. 

Field staff will not be permitted to recruit new survey mem 

bers unless they can show that good data are available. Good data mean 

accurate values for fuel, oil, tires, parts and labor, collected from 

routes with a wide variety of geometry and roughness characteristics. 

If this results in a smaller survey, field staff can spend more time 

checking data quality. 

The preliminary analysis showed that some fully surveyed ro~ 

tes were not being used by vehicles on the vehicle-data file. In the 

future, only those routes yielding good cost data will be surveyed. 

It is also thought that the route network will begin to stabilize to

wards the end of 1977, as fewer new routes are identified. This will 

allow the survey vehicles to begin a program of replicate roughness 

measurements. 

A monthly system of user-cost data collection is now being 

implemented. It will enable a more thorough check on data quality to 

be made by the researchers and also significantly reduce the volume of 

cards, and hence the load, for data processing. The computer programs 

for this system must carry the highest priority within the User Surveys 
Group. 
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8 COMPUTER SUPPORT 

The main implication arising from the preliminary analysis 

is that unless data preparation. processing and analysis can be quick

ly brought up to date. and thereafter kept current. it will be impossi

ble to provide the necessary data for the final analysis to develop 

relationships for the model by July 1978, 

An estimated average of 28,000 keypunched cards must be han 

dled per month until April or May 1978, when survey-car activities be 

gin to diminish. It is essential that computer support for our group 

be geared to handle the keypunching, verifying. processing. editing, 

correcting. and updating of the group's three major computer files and 

five smaller ones. on a routine monthly basis. 

9 VATA COLLECTION 

A long lead time is required from first' contact with a ve

hicle operator to the time when a sufficient quantity of accurate da-

ta is on a clean file. This lead time is often three to six months. 

and both hard work and good fortune are necessary to find good con-

tacts. Therefore, search activities for new users must cease in March 

1978. Further, only users with good-quality data extending for a mi

nimum period of 12 months will be acc~pted as survey respondents. This 

means that it may not be possible to fill some factorial cells for 

final analysis starting in June 1978. 

1 0 THE COMPUTER MOVEL 

In the present study, data are being collected to derive re

lationships for use within the model. 

When the model itself is finally ready for use, the model user 

will find that more data collection in the operational-cost area is 

necessary. The model user must provide the following inputs in order 

to use the model: 

- Unit costs of petrol, diesel fuel, oils, maintenance labor, 

new vehicles, tires, driver's and passenger's time; 

- Information on standing or fixed costs both for private 
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cars and commercial vehicles; 

Information on taxes of all items used in vehicle opera

tion and other transfer charges, such as annual licence 

fees, since the model may be used in either the "financial" 

or "economic" modeJ 

- Foreign exchange components of costs, particularly those 

for fuel, oils and tires. 
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1 ORGANIZATION ANV OBJECTIVES 

Time and fuel savings are two important benefits which can 

result from road improvements, The Road User Costs and Traffic Expe

riments Group was established to investigate in detail the relation

ships between these two components of user costs and roadway chmracte-

ristics. The main objective of the Group is to produce a model for 

predicting speeds and fuel consumption for Brazilian driving condi

tion~,as a function of the road's geometry and surface quality. 

To meet the objective, a model is being developed fop esti

mating the speeds and fuel consumption of each vehicle class, as it 

traverses each section of roadway in a sequential manner. This ap

proach requires relationships for predicting the speed and fuel con

sumption of each vehicle class, as a function of the individual geom~ 

tric features of a roadway. To accommodate the variability of driver 

behavior and vehicle performance, empirical rather than theoretical 

relationships are being developed. Thus, a large experimental pro-

gram was designed for collecting the data needed to develop regression 

equations for predicting the speed and fuel consumption of each vehi

cle class, as it traverses-any roadway, The experiments were designed 

to include extremes of roughness and geometry, so that the relation

ships developed have the widest possible inference space. 

A microscopic simulation model of the traffic-flow process 

is being developed to investigate how traffic volume and composition 

affect speed and fuel consumption of vehicles on homogeneous sections. 

In this model, vehicle-to-vehicle interactions are being realistically 

modeled to show the impact of various levels of traffic volume and 

composition on the speeds and fuel consumption of individual vehicles, 

as they traverse sections with specified characteristics. A staff of 

39 was assembled to perform the experiments and develop the necessary 

models. As Figure 9 shows. this team consists of four engineers,a field 

supervisor, two clerks, a four-man survey crew, 15 observers, nine test 

drivers, an instrumentation technician, and three drivers. This team 

is divided into two field crews and a support staff. One engineer,six 

observers, and two drivers make up the radar crew which collects data 

on traffic speeds. The field supervisor, nine observers, and nine test 

drivers make up the fuel-consumption experiments crew. Nine vehicles 

representing seven classes, are used in the fuel-consumption tests. 

Checking and organizing the data is an important task of the 
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support staff. To facilitate this task, all data are collected on forms 

which allow direct keypunching, After the data is collected, it is 

returned to the office for filing and manual editing as shwon in Figu

re 10. After key punching the data are edited for logic and limit errors 

and placed on permanent file. 

The experimental program is being conducted primarily in 

the Federal District to minimize the cost of transporting the crews. 

However, when sections could not be found in the Federal District they 

were located in the States of Goi~s and Minas Gerais, as shown in Fi

gure 3, chapter A. 

2 MOVELS 

The Road User Costs and Traffic Experiments Group is devel

oping two models. A Time and Fuel Algorithm (TAFA) computes the physi

cal quantities of time and fuel consumed by each vehicle class as it 

traverses any section of roadway. This algorithm will bs an integral 

part of the Brazil Highway Investment Analysis Model. The second is 

a detailed traffic-flow simulation model called SOFOT. This model will 

be used primarily as a research tool within the project to study the 

impact of traffic volume and composition on speed and fuel consumption. 

a Time and Fuel Algo~ithm (TAFA) 

The purpose of the Time and Fuel Algorithm is to predict the 

quantities of time and fuel used by each vehicle class as it traverses 

a road section. In TAFA, the individual geometric features of the road

way are analyzed consecutively, This approach is different from the 

one used in existing highway investment analysis models where the cha

racteristics of the roadway being analyzed are represented by indices 

which describe the average characteristics of the roadway, such as 

the use of average rise and fall in the TRRL model. TAFA is an im

provement over the index approach, in that the possibility of having 

two roadways with different characteristics but similar indices, is 

completely avoided. 

The inputs to TAFA consist of parameters describing the traf

fic and roadway characteristics. The traffic parameters include hourly 

volumes by vehicle classification. The roadway characteristics are 

surface type, roughness, and details of vertical and horizontal alignment. 

71 

Digitised by the University of Pretoria, Library Services, 2012



72 

MT-GEIPOT 

FIELD 
CREW· 

SUPPORT 
STAFF 

KEY 
PUNCH 

DATA PROCESSING FLOW CHART 

COMPUTER 
GROUP 

ANALYSIS 
GROUP 

MODELING 
GROUP 

FIG.IO 

Digitised by the University of Pretoria, Library Services, 2012



TAFA can be summarized in four steps which are repeated for 

each vehicle class. These steps are: 

- Development of an init~al speed profile, based on the verti 

cal profile of the roadway and the performance characteri

stics of the vehicle class; 

- Development of a free~speed profile by modifying the ini

tial speed profile to account for the effect of horizontal 

alignment on speed1 

- Modification of the free~speed profile for traffic volume 

and composition, thus producing an operating-speed profile; 

- Calculation of time and fuel by each vehicle class, as a 

function of operating speeds. 

The initial-speeo profile for a vehicle class is cdmputed by 

sequentially calculating the expected speeds of the vehicle class, as 

it traverses each constant grade section. The spot speeds of each ve

hicle class are calculated at points of transition between grades and/ 

or modes of operation. The spot speeds calculated at this point in the 

model are independent of the effect of horizontal alignment and traffic. 

After the initial-speed profile matrix has been established, 

the model then considers the effect of the horizontal alignment on the 

vehicle speeds, fhis is done by sequentially considering the properties 

of each individual curve. For each curve, the average speed of the 

vehicle class is calculated. This speed is then compared to the ini

tial-speed profile at this point on the roadway. If the avegage speed 

for the curve is greater than or equal to the initial speed, then the 

curve has no effect on the speed profile and the next curve is selected 

from the horizontal alignment table, When a curve is found with a lower 

expected speed than the speed in the initial-speed profile, then the 

effect of the curve must be calculated and the speed profile modified. 

The results of this process define the free-speed profile for 

the vehicle class. This profile is actually the average speeds of a 

typical vehicle in the vehicle class, if other traffic is not affec

ting the speed of the vehicles, Since the true or operating speed of 

vehicles will be affected by the volume and composition of traffic, p~ 

rameters will be developed for estimating the operating speed of each 

vehicle class as a function of the free speed, the roadway geometry, 

and the traffic volume and composition. By applying these parameters 

to the free-speed profile for each section of roadway, an operating

speed profile can be developed. From the operating-speed profile, the 
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time and fuel consumption of tbe vehicle class will be obtqined for 

each combination of traffic volume and composition. The total time 

and fuel consumption for each vehicle class will then be obtained by 

summing the time and fuel consumption for each period of specified 

traffic volume and composition, 

Flow charts have been developed for accomplishing the first 

step of the Time and Fuel Algorithm, i,e,, the calculation of the ini

tial-speed profile. Flow charts for accomplishing the second step~ 

modifying the initial-speed profile to produce the free-speed profile~ 

are presently being developed. Programming of the model has not been 

started. 

b Simulation o6 T~a66ie Flow lSOFOTl 

The traffic-flow simulation model will provide the project 

with a research tool capable of generating data relating traffic vo

lume and composition to time and fuel consumption for specific roadway 

characteristics, Initially~ consideration was given to collecting the 

data experimentaly~ but it was realized that traffic composition and 

directional split could not be controlled in conjunction with the other 

independent variables. Hence, these factors were to be used as cova

riates. This then indicated that unless the experiment was massive, 

variations in traffic composition and directional split would probably 

be small~ and hence the relationships developed from such an experiment 

would have a limited inference space. Furthermore~ fuel-consumption 

data could not be collected from this type of experiment, After exa

mining other approaches for obtaining these data~development of a si-

mulation model was selected as the most feasible alternative. It was 

reasoned that the simulation model, once calibrated, could be operated 

outside the inference space of the field observations~ by using diffe£ 

ent traffic volumes, compositions, and directional splits~ to produce 

the data necessary for developing models which could be used in TAFA 

for developing the operating-speed profile, 

For the convenience of the user~ the input to the model has 

been divided into two files. One file contains data about the free 

speed of vehicles as they traverse the roadway, The data in this file 

does not have to be altered when studying the effects of traffic volu-

me and composition for a particular roadway. The second file consists 

primarily of traffic data~ such as volume, percentage of vehicles in 
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each class. and directional split. and parameters controlling the length 

of the run and the points of output, 

Vehicle arrivals at the start of the section are randomly 

generated. Schuhl's distribution fRef. 3) is used to determine the 

headway between vehicles at the start of the section, Vehicle Clas

sifications are randomly assigned 1 but weighted according to the per

centage of vehicles in each class. As each vehicle is generated. it 

is given a performance rating to reflect the variability of individual 

driving behavior. A normal distr.ibution. truncated+ 2 standard devi-

ations. is used to weight the distribution of performance ratings. 

Once the arrival distribution of the vehicles has been de

termined. the program uses a periodic-scan technique to move the vehi-

cles along the section. Processing of the vehicles along the roadway 

involves the simulation of vehicle-roadway and vehicle-vehicle intera

ctions~ The vehicle-roadway interactions are simulated by knowing the 

free-speed matrix for each vehicle class, plus the individual vehicle 

performance rating. which defines the maximum speed that a vehicle can 

have along the roadway. Vehicle-vehicle interactions are handled by 

looking for possible conficts at each time period. If a conflict can 

occur. then the vehicle is regulated to one of 11 modes of operation. 

and appropriate modifications are made to the speed of the vehicle. 

SOFOT has been programmed and successful trial runs have been 

made using default values for the free-speed matrix. The model succes 

sfully simulated the queueing and subsequent passing of vehicles. The 

program must now be calibrated for Brazilian driving conditions. and 

a routine must be developed for generating the free-speed profile for 

each vehicle class. Completion of these steps will be subject to the 

progress being made on the experimental program. 

3 EXPERIMENTAL PROGRAM 

The preceding discussion of the models shows that a large 

experimental program is required for developing relationships to predict 

speed and fuel consumption for practically every phase of traffic be

havior. As shown by Table 0.1 several experiments have been designed 

for this purpose. The alpha-numerical designation of the experiments 

given in this table will be used when referring to an experiment. 

Two levels of experiments have been defined, Main experi-
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TABLE D.l- ROAD USER COSTS AND TRAFFIC EXPERIMENTS 

CATEGORY NUMBER TITLE PURPOSE 

TB-1 Free Speed on Determine the distribution of free speeds on 
Positive Grades positive grades for each vehicle class 

TB-2 Free Speed on Determine the distribution of free speeds on 
Negative Grades negative grades for each vehicle class 

TB-3 Acceleration on Use test vehicles to determine acceleration 
Grades rates on positive and negative grades 

TB-4 Free Speed on Determine the distribution of free speeds on 
Curves horizontal curves for each vehicle class 

TRAFFIG BEHAVIOR 
MAIN TB-5 Trip Purpose Determine if free speeds are a function of 

EXPERIMENTS trip purpose or length 

TB-6 Free Speed Independent data collection for verifying and 
Calibration calibrating models from experiments TB-1 

through TB-5 

TB-7 Radar Effect Determine if speed data is being affected by 
test procedures 

TB-8 Speed/Capacity Collect data for developing speed versus volume 
relationships for simulating operating speeds 
on rural roads 

TB-9 Operating Speed Independent data collection for verifying and 
Calibration calibrating models from experiment TB-8 

TBS-1 Wet/Dry Define differences in driver behavior due to 
climatic conditions 

TRAFFIC BEHAVIOR 
TBS-2 Surface Types Define differences in driver behavior due to 

SATELLITE 
different gravel surface types 

STUDIES TBS-3 Deceleration Collect data on deceleration rates used when 
approaching a horizontal curve 

TBS-4 Dust Effect Collect data on the effect of dust on vehicle 
speeds and headways 
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TABLE 0.1 - ROAD USER COSTS AND TRAFFIC EXPERIMENTS (CONT'D) 

CATEGORY NUMBER TITLE PURPOSE 

Steady-State Fuel Collect data for vehicles operating at steady-
FC-1 Consumption state speed over tangent test sections on a va-

riety of grades 

Determine the effect of momentum on fuel consump-
FUEL CONSUMPTION FC-2 Momentum tion. Important at the base of positive grades 

MAIN preceded by negative grades 
EXPERIMENTS 

FC-3 Curvature Test the effect of horizontal curvature on fuel 
consumption 

Fuel Consumption Collect~independent data over long sections to 
FC-4 Calibration verify and calibrate models developed from FC-1 

to FC-3 

FCS-1 Tuned vs.Untuned Test the variability of fuel consumption due to 
engine condition ! 

FCS-2 Curvature Similar to FC-3 but more complete coverage of 
curvature 

FUEL CONSUMPTION Determine fuel consumption when sag curves 
SATELLITE FCS-3 Sag Curves are 

STUDIES 
traversed 

FCS-4 Acceleration Determine the effect of acceleration on fuel 
consumption when approaching a sag curve 

FCS-5 Big Cars Determine the fuel consumption of an Opala and 
Dodge car at steady-state speed 

'------- --- - - - -- --- - --- - --------~-

-....,J 
-....,J 
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ments are necessary for accomplishing the objective of the research. 

Satellite studies would benefit the project by increasing the infe

rence space of the experiments, or by reducing the assumptions needed 

in developing the models. Satellite studies can generally be delayed 

until the end of the project, and will be performed only if time and 

money permit, unless there are valid reasons for performing these stu 

dies earlier. 

The geometric features of test sections are surveyed prior 

to testing and the location of each station is marked, Rut depth of 

the sections is measured using the device designed at the AASHO Road 

Test (Ref. 4). Roughness is measured with Mays-Ride~Meters which are 

calibrated against a surface dynamics Profilometer. On gravel secti

ons, roughness is measured before and after testing. The looseness 

and corrugations of gravel sections are measured periodically using 

the procedures developed at the Kenya Road Study by TRRL (Ref. 5). 

Wind, rainfall, and temperature are measured periodically throughout 

the days when tests are being performed. 

a 

The traffic-behavior experiments will provide the data re

quired for modeling vehicle speeds as a function of roadway characte

ristics. Nine main experiments have been designed, six for measuring 

the free speed of vehicles, two for measuring operating speed, and one 

for measuring acceleration using the project test vehicles. 

Radar speed meters are used for measuring the spot speeds 

of vehicles at specific points on the test sections, Vehicles are 

classified according to Figure 11 as they are observed. In addition, 

each class except for cars, is categorized as empty, half full, full, 

or undefined. 

( 1 ) F~ee Speed~ on Po~itive G~ade~ (TB-Jl 

The purpose of this experiment is to define the speed pat-

tern of vehicles on positive grades. The sampling frame, Table0.2, 

shows that a minimum of 12 test sections are required, but due to the 

variability of traffic speeds, repeat sections will be sought for at 

least half of the cells. Thus a total of 18 sections will be used. 
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TABLE D.2 - SAMPLING FRAME FOR TRAFFIC ON POSITIVE GRADES, EXPERIMENT TB-1 

PAVED UNPAVED 
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The data are collected using three radar units and nine mir 

ror boxes set up as shown by Figure 12. Thus a total of nine spot spe

eds are measured at intervals of 167 meters. This methodology is used 

because the speed pattern of the vehicles is more accurately defined 

than if space-mean speeds were measured. 

Data have been collected on nine test sections covering six 

cells in the factorial. However. after the experiment had been in 

progress for about six months. the Brazilian government instituted a 

program of strict speed-limit enforcement. Therefore. a study has to 

be performed to indicate how this new policy affected the speeds me

asured prior to the start of the enforcement program. 

( 2) F~ee Speed~ on Nega~ive G~ade~ (TB-2l 

The purpose of experiment TB-2 is to determine the speed pa! 

tern of vehicles on negative grades. The sampling frame and test sec-

tion requirements are the same as for experiment TB-1. Whenever pas-

sible. the same test sections are used for both experiments. The ra-

dar units are set up at intervals of 500 meters and measure speeds at 

five points. 

Data have been collected on 11 test sections covering six 

cells or one half of the factorial. These data have also been affec

ted by the change in the government policy on speed-limit enforcement. 

To determine if the speed-limit enforcement policy affected the spe

eds being observed. data were collected on four sections before and 

after the change in enforcement policy. The analysis of these data 

presented later indicates that the speeds measured after the speed-li

mit enforcement program were significantly lower than before the law. 

This effect was much more pronounced on the steeper grades where spe

eds are generally higher. 

( 3) Aeeele~a~ion on G~ade~ (TB-3l 

The purpose of this experiment is to determine the accelera 

tion rates vehicles can use on grades. Two methods of performing this 

experiment were considered: 

- Stop a sample of vehicle in all classes at the start of 

the test section and measure spot speeds of vehicle as they 
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accelerate; 

~ Measure the acceleration of the project vehicles. 

Due to logistic problems associated with the first method 

and the possibility of having a bias sample. use of the project test 

vehicles was selected. 

The sampling frame of this experiment is the same as for 

experiments TB-1 and TB-2. However, because a fleet of controlled 

test vehicles is being used, it is not necessary to have repeat sec

tions, so only 12 test sections will be used for this experiment. 

Three camera boxes consisting of a movie camera, a distance 

measuring instrument (OMI), a crystal stopwatch, and an information 

screen have been constructed for performing this experiment. The 

crystal stopwatch has been modified so that every second, the DMI and 

stopwatch freeze and the camera is tripped. After the camera shutter 

has closed. the DMI and stopwatch catch up to display the actual time 

and distance until it is time for the next shot. After the film has 

been shot and developed, it is returned to the office where the data 

aretranscribed to data forms. 

The methodology for performing the experiment is to start 

the test vehicles at the beginning of the sectiDn, from a dead start. 

and then have the vehicles accelerate to maximum speed while the cam~ 

ra box is operating. Currently. to maintain repeatability. the dri

yers are instructed to use maximum acceleration. It is believed that 

this is fairly realistic for the trucks and bus. since they have low-acce

leration rates. It may not be realistic for the lighter vehicles to 

use maximum acceleration. Therefore. further tests will be performed 

using less than maximum acceleration with the Volkswagen and Kombis. 

Acceleration rates of all vehicles have been measured on the 

rough paved test sections which represent one fourth of the factorial. 

These data are currently being transcribed in the office and are not 

yet available for analysis. 

( 4) F~ee Speed~ on Cu~ve~ lTB-4) 

The purpose of this experiment is to determine the speeds 

drivers use on curves. In this experiment. speeds are measured on i~ 

dividual curves which are classified according to their radius. surface 
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type. and roughness. Speeds on individual curves are being studied 

as this allows the extremes of curvature to be investigated since and 

it is possible to locate sharp curves on smooth paved roads in semi-

urban areas. Superelevation of the curves will be used as a covariate 

in the analysis. 

Table 0.3. 

The sampling frame for experiment TB-4 is shown in 

Radar speed meters placed tangentially to the center of the 

curve are used to measure the spot-speed of the vehicles. The radar 

crew is hidden from the view of the drivers for this experiment. 

The speeds of vehicles on curves have been measured for all 

of the smooth paved test sections. a few of the required rough paved 

test sections. and some rough and smooth gravel sections. 

experiment is about 50% completed. 

( 5) T~ip Pu~po~e (TB-5) 

In all.the 

It has been hypothesized that speeds will vary as a function 

of trip length or purpose. and that in general these parameters are re 

lated to geographical location. The purpose of this experiment is to 

determine if there is a significant relationship between speeds and 

geographic location. If there is such a relationship. then adjustments 

will have to be made to the prediction of expected speeds on level tan 

gent sections which will in turn affect the whole speed profile pre

dicted for a roadway. 

The sampling frame is shown on Table 0,4. Spot speeds will 

be measured at the midpoint of level tangent sections which are at le-

ast 1500-m long. Only smooth paved test sections will be studied. 

( 6} F~ee-Speed Calib~a~ion lTB-6} 

The above experiments will provide the relationships requi

red to develop the free-speed part of TAFA. The purpose of experiment 

TB-6 is to provide independent data for checking and calibrating this 

part of the algorithm. No work has actually been performed on this 

experiment. but two methods for collecting the data have been proposed. 

First. free-speed observations will be made on two fairly 

short sections (4 to 5 km) of road in rolling terrain. Observers stationed 
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TABLE D.3 - SAMPLING FRAME FOR EXPERIMENT TB-4 

PAVED UNPAVED 

1 2 1 2 

0-2 
<100 

m 
5-9 

100 0-2 

200 5-9 
m 

200 0-2 

400 5-9 
m 

>600 0-2 
m 5-9 
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along the sections will record intermediate times and ensure that the 

vehicles observed are actually travelling at free speed, The average 

space-mean speed of each vehicle class throughout the section can then 

be computed and compared to estimates made by TAFA. Homogeneous sub

sections,where the estimates are not in agreement with the observed 

data,will have to be retested so that the predictive equations can be 

more accurately developed, 

The second method of calibration is to obtain speed profiles 

from user vehicles operat~ng on fixed routes approxim~tely 50 km in 

length. The field crews will not be involved in the collection of 

these data. The speed profiles will then be compared to output gener~ 

ted by TAFA. Some speed profiles of buses on fixed routes have alre

ady been collected by the Survey Group. 

( 7) Rada~ E66ee~ lTB-7) 

In experiments TB-1 and TB-2, the radar equipment and mirror 

boxes are set up on the side of the road in plain view of the drivers. 

Since the police in Brazil use radar for speed-limit enforcement, the 

experimental setup may be affecting the behavior of the drivers. The

refore, the purpose of experiment TB-7 is to collect data with the ra

dar crews completely hidden to determine if the equipment set up is 

affecting driver behavior. 

Hidden radar data have been collected on four sections. It 

is necessary to collect data on at least three more sections in order 

to develop parameters for correcting the data already collected in ex

periments TB-1 and TB-2. In the future, the radar will be hidden whe

never possible to avoid the need for correction factors. 

( 8) Speed/Capaci~y (TB-8) 

The purpose of experiment TB-8 is to provide data for the 

development of the traffic~flow simulation model. The following in

formation will be collected during this experiment: 

- Headway; 

- Space-mean speed; 

- Vehicle classification; 

- Estimate of each vehicle load; 
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- Traffic flow per time for each direction; 

- Number of passing maneuvers. 

The data will be collected on six sections representing three 

levels of grade and two levels of passing-sight distance. On each 

section, the data will be collected on free-flow, medium, and heavy 

traffic. 

The methodology originally proposed for performing this ex

periment requires the use of a Super~B movie camera set up to simult~ 

neously photograph the traffic and a stopwatch. The camera would be 

able to shoot a single frame, each time the shutter was released by 

a vehicle passing over a road tube placed across the roadway. This 

methodology has been field tested, and it was found that the repeata

bility of reading the stopwatch was very low. Therefore, methods for 

improving the methodology are being sought, Alternatives being in

vestigated include the use of a stopwatch which is easier to read,and 

use of induction loop detectors to automatically record vehicle head

ways on magnetic tapes which can be mechanically reduced. 

( 9) Ope~atlng-Speed Callb~atlon [TB-9} 

The purpose of this experiment is to provide independent da

ta for calibrating and verifying the SDFOT model. The methodology for 

this experiment wil be identical to TB-8. 

lJOl Wet/V~y lTBS-11 

The purpose of this satellite study is to determine the ef

fect of rainfall on free speed, The methodology for this experiment 

will be identical to experiments TB-1 and TB-2. Data for this expe

riment will be collected when the crews are set up for either TB-1 or 

TB-2, and it is raining. 

(11) Su~6aee Type~ lTBS-2) 

The main experiments are restricted to one gravel type, la

terite, because this is the predominant gravel type in the main study 

area. It is possible that other gravel types, with the same roughness 
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as laterite will have a different effect on free speeds, Therefore, 

the purpose of this satellite study is to determine the effect of gr~ 

vel type on free speeds, 

u 21 

The purpose of this satellite study is to investigate the 

deceleration rates drivers use when approaching a curve or a slower 

vehicle. Because this is a satellite study, no work has been performed 

toward developing a methodology. 

(73} Vu¢~ Ennec~ (TBS-4} 

It has been hypothesized that the amount of dust a vehicle 

stirs up when traveling a gravel road can have a direct effect on the 

speed of vehicles on the road, Thus, if there is sufficient time, a 

small experiment will be performed to quantify how dust affects vehi

cle speeds. 

b 

The fuel~consumption experiments will provide the data re

quired for modeling fuel consumption as a function of the roadway cha-

racteristics. Four main fuel~consumption experiments have been defi-

ned. One of these experiments has been completed, two are currently 

in progress, and the fourth has not yet been started. 

Unlike the speed-measurement experiments, where the general 

vehicle population can be sampled for the development of relationships, 

fuel-consumption data must be taken from measurements made with a fleet 

of test vehicles, Thus the project purchased nine vehicles covering 

seven classes representing the types of vehicle produced in Brazil. 

As shown by Table 0.5, the vehicles used for fuel-consumption measure

ments are a Volkswagen 1300, two Volkswagen Kombis, a Ford F400 (gasoli

ne), a Ford F4000 (diesel), two Mercedes Benz L~lll3/42, a Mercedes 

Benz 0-362 bus, and a Scania 110/38, 

Each of these vehicles has been fitted with a reservoirtype 

fuel meter, a distance measuring instrument, and a split-second hand 
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1..0 
0 

TABLE D.5 - TEST VEHICLE DESCRIPTION 

BRAKE TARE GROSS LOAD* 
VEHICLE FUEL HORSE- WGT. WGT. 

POWER (KG) (KG) EMPTY HALF FULL FULL 

Volkswagen 1300 Gasoline 48 780 1,160 0 130 280 

Volkswagen Kombi Gasoline 60 1,195 2,155 0 280 550 

Ford F-400 Gasoline 169 2,277 6,000 150 1,730 3,510 

Ford F-4000 Diesel 102 2,444 6,000 0 1,540 3,325 

Mercedes Benz Diesel 147 6,395 18,500 1730 5,985 11,970 
L-1113/42 

Scania 110/38 Diesel 285 13,420 40,000 0 13,300 26,600 
Articulated 

Mercedes Benz Diesel 147 7,500 11,500 0 1,010 2,250 
0-362 Monob loco 

* The loads given do not include the weight of the driver and observer, which is 
approximately 140 kg. 
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stopwatch. The basic design of the fuel meters was developed at the 

Kenya Road Study (Ref, 5), but the design has been greatly modified 

to better suit the conditions encountered on this project. 

( 1 ) S~eady-S~a~e Fuel Con~ump~ion (FC-J) 

The purpose of experiment FC·<l is to collect fuel-consumption 

data for vehicles traveling on grades at constant speed. This is the 

largest of the fuel-consumption experiments. The sampling frame is 

the same as for experiments TB-1 and TB-2. Fuel-consumption measure

ments are made in both the positive and negative directions. 

Test sections 1-km long with a 500-m transition on each end 

are sought, but there are cases where it was not possible to find 

sections with the desired characteristics of sufficient length. Thus, 

some sections only 700-m lnng have been used, 

The testing procedures is for the driver to enter the tran

sition section at the proper speed and gear for the run and maintain 

constant speed for the entire length of the section. As the vehicle 

passes the marker indicating the start of the transition section, the 

observer switches on the DMI. When the DMI reads 500 m, the observer 

switches on the fuel meter and starts the stopwatch. When the DMI 

reads 500 m plus one half the length of the s-ection, the observer stops 

one hand of the stopwatch, When the DMI reads 500 m plus the length 

of the section, the observer stops the stopwatch and the fuel meter. 

The vehicle is stopped and the observer records the data and primes 

the fuel meter for the next run, 

Using this procedure, it is possible to compute the space

mean speed for each half and the entire run. Thus, checks can be ma

de to ensure that the vehicle was driven at a constant speed, The dri

vers have been carefully trained and it is unusual for a run to be 

more than 2 km/h off the desired speed, 

Data have been collected in this experiment for more than 

a year now, and only four rough gravel sections are required for compl~ 

ting this experiment. This report contains regression equations de

veloped from the data for smooth paved and unpaved sections. The work 

on the rough paved sections was not completed in time to be reported. 
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( 2) Momentum lFC-2} 

A readily observable driving pattern is for a driver to acce

lerate on a negative grade to build up momentum for climbing a positi

ve grade. Work performed by Sawhill [Ref. 6) shows that fuel consump

tion is up to 50% lower when momentum is used to climb a hill rather 

than using constant speed. Thus a pilot study will be performed on 

three sections where conditions are favorable for using momentum for 

climbing a positive grade, 

Data will be collected using the camera boxes and the fuel 

meter. The driver will enter the section at a speed higher than the 

steady-state speed, and try to maintain speed, The vehicle will dece

lerate due to gravity. As the vehicle enters the section, the obser

ver switches on the camera box and the fuel meteri when the drivers 

signals the observer that steady-state speed has been reached, the 

observer switches off the fuel meter and camera box. The fuel reading 

is recorded on the information screen form and some photos are taken 

to make a permanent record of the fuel consumption on the film. 

From these data it will be possible to determine the decela

ration rate of the vehicle and the fuel consumption. Runs will be ma

de with a range of entry speeds from the maximum entry speed down to 

10 km/h above the steady-state speed. Thus it will be possible to de

termine the effect of entry speed on fuel consumption and the decelera 

tion rate. 

Data are currently being collected on one 7% and one 6% sec

tion. A suitable 4% section is being sought to comp~ete the experiment. 

(3} Cu~vatu~e Expe~lment [FC-3) 

Sawhill [Ref. 6) has shown that for very small radius curves, 

fuel-consumption can be significantly affected. The purpose of this 

experiment is to determine if this also accurs on Brazilian highways. 

Therefore. fuel-consumption tests were made on one section of extreme 

curvilinear alignment on a gravel road. The methodology for this ex

periment is the same as for experiment FC-1, 

As discussed later. an analysis of the data from this expe

riment showed that the effect of horizontal curvature on fuel consumE 
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tion is minimal. 

ther. 

Therefore, this factor will not be investigated fur 

( 4) Fuel-Con~ump~ion Calib~a~ion (FC-4) 

This e~periment will be conducted in a manner similar to the 

free-speed calibration experiment. In addition to tachographs, the 

vehicle will be fitted with positive~displacement fuel meters. These 

meters can continuously measure the fuel consumed over long routes. 

The vehicles will be run over routes of known characteristics and the 

data from these runs will be compared to the output from TAFA. By ta

king fuel readings at intermediate points, it will be possible to test 

the calibration of the model. 

In order to test out the methodology for this experiment,ta£ 

hographs have been ~nstalled in two of the vehicles and the positive

displacement fuel meters have been installed in one vehicle. Thus,the 

capability to perform the experiment was demonstrated. 

actual data have been collected. 

(51 Tuned VS. Un~uned lFCS-Jl 

However, no 

During the main fuel-consumption experiments, the test fleet 

will be kept tuned at all times. Prof. Rebelo of the Centro Tecnico 

Aeroespacial. sampled 320 diesel trucks in 1972 and determined that 

over 60% were out of tune, This could significantly affect fuel con-

sumption, Thus, the purpose of this satellite study, is to determine 

the fuel consumption of untuned vehicles. If this study is perfomed, 

the sampling frame and methodology of experiment FC-1 can be used. 

( 6) Cu~va~u~e Study (FCS-2) 

This study was to be performed if the results of experiment 

FC-3 showed that curvature had a significant effect on fuel consump-

tion. The results of experiment FC-3 show that it is not necessary 

to perform this experiment, 
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( 7 J Sag Cunve~ tFCS-3) 

Currently it is proposed to ignore the effect of sag curves 

in the model by assuming that the tangent portions of the grades can 

be extended to the point of intersection. However~ if the calibration 

experiment shows that this is causing unaceptable errors~ then it may 

be necessary to measure the fuel consumption of venicles traversing 

sag curves. If this study is performed, a methodology similar to ex

periment FC-2 will be used. 

( 8) 

The purpose of this experiment is to measure the fuel-comSU£ 

tion rate of vehicles whila accelerating, Currently the fuel consump

tion of the vehicles is being measured as they perform experiment TB-3. 

This will provide some data about the fuel-consumption rate of vehicles 

while accelerating~ but it does not provide any data for an intermedi

ate speed change such as would be used in a passing maneuver. There

fore, if this study is performed~ measurements will be made for speci

fic speed changes which are representative of passing maneuvers. 

( 9 J Lange Can~ lFCS-51 

In order to increase the inference space of the fuel-consumE 

tion test for passenger vehicles, GEIPOT lent the project two of its 

executive type of passenger cars. The cars were a 198 HP Dodge weig

hing 1495 kg and a 138 HP Opala weighing 1046 kg. The tests were run 

empty and with a 350-kg load. Using the methodology developed for ex

periment FC-1, fuel consumption was measured on five smooth paved sec! 

ions and one smooth gravel section, in both the positive and negative 

direction. This work has been completed~ but the data were not availa 

ble in time for the analysis to be included in this report. 

4 PRELIMINARY ANALYSES 

Even though only one of the experiments has been completed 

at this time. it is possible to report partial results for several ex-

periments. These analyses represent only a portion of the total amount 
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of data currently available. 

ments TB-26 FC-16 and FC-3. 

Analyses have been performed for exper~ 

In addition6 analysis of the impact of 

the speed-limit enforcement law has been performed. 

a P~elimina~y Analy~i~ on TB-Z 

The purpose of this analysis was to develop a preliminary 

regression equation which would predict the free speeds on negative 

grades. The analysis was performed in November 1976 with a modifica

tion and update done in March 1977, The data were collected before 

the enforcement of the 80-km/h speed-limit law, and the radar meters 

were in view of the drivers. Because of the possible effects of the 

exposed radar on these data and the effect of the speed-limit enforce

ment program on future observations, the analysis presented here will 

have to be modified, The analysis and results are described simply 

to explain the types of relationships that will be developed in the 

future. They are not to be accepted as final since the speed-limit 

and exposed-radar effects are not explained in these equations. 

(1) Baekg~ound 

The sampling frame used for this study is given in Table0.6. 

A total of six smooth paved sections were used in the experiment. On 

each section spot speeds of vehicles were collected at five stations 

500-m apart. Eleven separate vehicle classes were used for classifica 

tion of the observed vehicles as well as four load classifications. A 

total of more than 17,000 vebicles were recorded. 

lZl 

It was impossible to observe many of the vehicle classes un

der various load conditions on all of the sections and at all of the 

stations. Of particular difficulty were the truck classes. In order 

to ensure that data were available for all classes, all sections, and 

at all stations, new vehicle classes were defined by grouping the ori-

ginal load and vehicle class combinations, The decision on how to de-

fine these new classes was based on available sample sizes and vehicle 

type and weight similarities, The new classes are defined as follows: 
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TABLE D.B - SAMPLING FRAME FOR FREE-SPEEDS-ON-NEGATIVE-GRADES PILOT STUDY 
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Cars 

2 Buses, All Loads 

3 Utilities, Empty 

4 Utilities, Half and Full Load 

5 Trucks, Empty 

6 Trucks, Half and Full Load 

As a preliminary analysis procedure, the mean spot speeds 

were analyzed "as if" they were all estimated from equal sample sizes. 

The exact -methodology for this procedure is described in Scheff~ (Ref. 

7), and Anderson and Mclean [Ref, 8). This unweighted analysis was 

valuable in a number of ways (Refer to Table 0.7): 

- The repeat error mean square was very large in comparison 

to the mean square for grades indicating that there are 

fixed environmental factors contributing to the size of 

the repeat mean square. Therefore, the repeat effects 

should be considered fixed unquantifiable factors. not as 

error terms. The error term used for testing higher factor 

interactions should be the within pooled error of the va

riances of the means in each cell, £ ; 

- In addition to the size of the repeat mean square, less 

than 1% of its total was contributed by the difference be-

tween the repeats. in the lowest level of grade. A great 

deal of this nonhomogeneity can be caused by the unquanti

fiability of the envi~onmental effects, such as driver be-

havior, trip length, trip purpose, etc, Part of this non-

homogeneity could be caused by the unequal sample sizes 

in the cells; 

- Examination of the variances of the original spot speeds 

showed great homogeneity in cells where the sample sizes 

were large enough to give good estimates of the variances. 

This implies that the "relative reliability" of the esti

mates of the means in each cell is dependent on the sample 

sizes. Therefore, under the assumption that the variances 

of the spot speeds in each cell are equal, the regression 

analysis applied to the mean spot speeds should be weight

ed in relation to the square root of the sample sizes; 

- The analysis-of-variance table showed that the significant 

effects to be used in the regression analysis were vehicle 

class. station. grade and possibly the interactions grade 

x class or grade x station. The means of each of these 
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98 

TABLE D.7 - ANALYSIS-OF-VARIANCE TABLE FOR THE UNWEIGHTED 
MEAN SPOT SPEEDS ON NEGATIVE GRADES BEFORE 
SPEED-LIMIT ENFORCEMENT PROGRAM 

SOURCE df MEAN SQUARE 

G 2 1081.1* 

R(G) 3 692.2 

c 5 801.6* 

G X c 10 68.7* 

R(G) X c 15 51.1 

L 4 329.5* 

G X L 8 121. 3* 

R(G) X L 12 49.5 

c X L 20 23.9 

G X c X L 40 8. 7} 
R(G) x c X L 60 10.1 9.2 pooled within error 

Within Error (e:) 48 8.5 

Where G = Grade in Percent 

R Repeat Sections within Grades 

C New Vehicle Class 

L Station 

e: = Within Error 

* Possible significant effects that can be used to develop 
a regression function. 
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significant factors were plotted. The plots indicated a 

number of different functions that could be used in deve

loping the equations; 

- Newman-Keuls test was run on the means of the factor sta

tions and grade x station to determine which of the indi-

vidual means were significantly different. This procedure 

further defined possible relationships between the mean spot 

speeds and the position of the vehicles on the negative 

grades. 

Weighted regression analysis was performed on the functions 

and the following equation represents the best fit of the functions 

tried. 

b 

S=59.3+7.3 {18.6-LG-3.81 2 } "
5

- 3,25C+.56L+.240 LG/ 2 • 6 

where S mean spot speed 

L station (1. 2. 3. 4. 5) 

is equivalent to 2000 meters up a negative grade 

2 is equivalent to 1500 meters up a negative grade 

3 is equivalent to 1000 meters up a negative grade 

4 is equivalent to 500 meters up a negative grade 

5 is equivalent to the bottom of a negative grade 

c new vehicle class ( 1 • 2. 31 4. 5. 6) 

G grade in percent 

The equation is graphically presented in Figures 13 through 
15. 

Free-speed data from four negative grade sections have been 

collected with the radar units in view before and after the speed-li-

mit law. The four sections have grades of 1.3%, 3.6%, 6.0%. and 6.1%. 

As a preliminary examination~ it is possible to compare the effects 

of the speed-limit law on the speed patterns of the four sections. 

( 1 } 

The Analysis-of-Variance layout used for this experiment is 

given in Table 0.8. The grades of 6 and 6.1% are used as repeat sections 

and the various error terms in the analysis are calculated from dif-
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TABLE 0.8 - ANALYSIS-OF-VARIANCE LAYOUT TO TEST EFFECT OF 
SPEED-LIMIT ENFORCEMENT 

Grade G 2 

Repeat Grades R(G) 1 

Limit L 1 where 

GL 2 G = effect of the three 

LR(G) 1 levels of grade 

Station s 2 

GS 4 R repeat grade effect 

SR(G) 2 

LS 2 L effect of the speed 

GLS 4 limit law 

SLR(G) 2 

c 5 s effect of the dist-

GC 10 ance from the base 

CR(G) 5 of the grade; three 

LC 5 stations are anal-

GLC 10 yzed here; each is 

LCR(G) 5 500 meters apart 

sc 10 c effect of the dif-

GSC 20 ferent vehicle clas-

SCR(G) 10 ses 

GSC 10 

GLSC 20 

LSCR(G) 10 

143 
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ferences in their speed patterns. Although the other two smaller gr~ 

des do not have repeat sections, previous analysis indicates that the 

repeat errors are larger for steeper grades, Therefore. tests made 

with the error term from a 6% grade are conservative in the sense 

that the true errors should be less than or equal to the errors used 

here. 

Analysis of the results indicates that the speeds measured 

after the speed-limit law are significantly lower than those measured 

before the law. The effect of the law is much more pronounced on the 

steeper grades where speeds are in general higher. For this reason 

the GL interaction is significant. The interactions LS and LC are not 

significant since the mean speeds decrease evenly at all stations and 

for all classes. 

( 2) 

The preliminary analysis of these data indicates that the 

speed-limit law has reduced speeds significantly on negative grades 

when the radar units are visible. A large mass of free-speed data was 

collected within three months after initiation of the speed-limit law 

with the radar visible. Recommendations are being considered now for 

further work. so that adjustments can be made on these reduced speeds. 

c S~eady-S~a~e Fuel Con~ump~lon lFC-J} 

The analysis of the steady-state fuel consumption experiment 

is presented primarily to demonstrate the types of relationships which 

are being developed. The relationships presented are only temporary 

since more data will be collected and more work is required to refine 

the analysis. 

In performing this analysis. some of the data available have 

not been used. Data for the Ford F4000 have been rejected because fuel 

meter irregularities resulted in unreliable data for two test sections. 

The runs on these sections are being repeated and will be used in fu

ture analysis. Due to time restrictions and computer limitations, it 

was not possible to develop relationships for the Mercedes Benz bus 

operating on negative grades, 

Fuel consumption is analyzed and discussed in units of mili-
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liters per second, This form of the dependent variable will be used 

in the Time and Fuel Algorithm. In many cases, runs were made in more 

than one gear for a given situation~ When this occurred the mean fuel 

consumption for all gears was analyzed. 

The factors and levels analyzed are described in Table 0.9. 

Not all combinations are possible, so the analysis does not involve 

prBdictions for every situation. 

{ 1 ) 

It would be a difficult if not impossible task to develDp 

one general equation for such a wide variety of conditions and for so 

many vehicles. Different equations were therefore developed for po-

sitive and negative grades and paved and unpaved roads, Four equa-

tions were developed for each VEhicle, with the exceptions that the 

VW~l300 and the Kombis were analyzed together and the MB 0-362 bus was 

not analyzed for negative grades, Thus. 18 separate regression equa

tions were developed, 

Two major benefits arise from using such a large number of 

eguations, First, since the number of observations in each combina

tion is reduced to between 50 and 250, a much closer first examination 

can be made of the influence of the various factors and interactions. 

Second, since the number of observations is small, nonlinear regres

sion progr~ms can be utilized which enables a much wider range of equ~ 

tion forms to be examined. 

The first problem was to determine which main factors and 

intercations were significant for each equation, In order to test the 

effects correctly~ certain intricacies of the design and data colle-

ction had to be recognized, Since data from a maximum of three vehi-

cles are used to develop each equation, various error components must 

be separated within the analysis, These various error components af

fect the predictive power of the equation by causing the within error 

terms in regression to be underestimated, The inferences are therefo

re limited since the value of the prediction has been overrated by the 

small error value, 

The repeat vehicle error and the interaction error compon

ents were separated and used to test the main effects and interactions 

of the factors speed~ grade, and load, Two repeat vehicle types were 

105 

Digitised by the University of Pretoria, Library Services, 2012



106 

TABLE 0.9 - FACTORS AND LEVELS OF FUEL-CONSUMPTION ANALYSIS 

Factors 

Vehicles 

Surface Type 

Grades 

Sign of Grade 

Speeds 

Load 

Levels 

VW-1300~ 2 Kombi 15~ Ford-400~ 
2 MB-1113~ MB-0362 Bus~ Scania 

Paved~ Unpaved 

+ -I 

1 0 ~ 2 0 ~ 3 0 ~ ••••• ~ 12 0 km I h 

Empty~ Full 
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tested, a Kombi and a MB-1113. The assumption was made that VW.Kombi 

and Ford-400 repeat errors are homogeneous and that MB-1113.MB 0-362 

bus, and Scania repeat errors are homogeneous. The Kombi error was 

used to test effects for the gasoline vehicles and the MB-1113 was 

used to test effects for the diesel vehicles. Limited inferences ha-

ve to be placed on the error terms since they reflect differences bet-

ween only two vehicles in each case. However, without the repeat ve-

hicles no error terms could be estimated. 

( 2) 

Four sets of analysis-of-variance were run on the data to 

test for significant effects. The sets used were Volkswagen and Kombis 

on positive grades, trucks and bus on positive grades, Volkswagen and 

Kombis on negative grades and trucks and bus on negative grades. The 

main effects and interactions were tested using the error term descri-

bed above~ Gravel and paved sections were analyzed separately. 

For the Volkswagen and Kombis on positive grades, the main 

effects speed, load, grade, and class all proved to be significant. 

In addition, many of the interactions showed strong influences. The 

load x speed, grade x sp8ed, and class x speed interactions were all 

significant, The fuel consumption differences between the levels of 

the load. grade, and class factors increased with increasing speed. 

The interaction load x grade was also significant. Fuel consumptions 

in the laden state were not significantly different from the fuel con

sumption in the empty state, when the vehicles operated on zero percent 

grades, However, the differences between the fuel consumption empty 

and laden, increased with increasing grade, The fuel consumption dif-

ferences between the Volkswagen and Kombi also increased as grade in

creased, causing the class x grade term to be significant. 

The nonlinear model that produced the lowest residual error 

and had the simplest form was: 

coefficients 

c dummy-vehicle class value 
2 

( 1 ) 

Volkswagen 

Kombi 

I interaction term which consists of a load 

factor, a class factor and a grade term. 
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S = true speed of the vehicle, 

Inspection of the function shows that the influences of the 

main effects as well as the interaction effects are explained by the 

model. The actual equations for the paved and unpaved situations are 

presented in Table 0.10 with the other equations, 

The same procedures were used for the analysis of the bus 

and trucks on positive grades, Each of these vehicies were analyzed 

separately using the error terms described previously. Similar main 

effects and interactions were significant for all the vehicles inthis 

category for both the paved and unpaved fuel data. The same influen

ces that affected the fuel consumption of the Volkswagen and Kombis 

were also significant for the trucks and bus. The main effects speed. 

load, and grade. were all significant in each case. The interactions 

load x speed, grade x speed, load x grade were also significant for 

these vehicles, It was also found that although the fuel-consumption 

relationships for the Ford and Mercedes were similar; the relation

ship for the Scania was different, since it appeared more linear. For 

this reason two functions were tested, The nonlinear model (2) is aE 

plied to the Ford-400, the Mercedes Benz 1113, and the Mercedes Benz 

0.362 bus, The linear model (3) is used for the Scania, The two fun 

ctions are presented below: 

L 

G 

s 

L 

I 

( 2) 

coefficients 

dummy load value (O=EMPTY, 1 FULL) 

percent of the grade 

true mean speed 

( 3 ) 

coefficients 

dummy load value (O=EMPTY, 1 =FULL) 

interaction of load, speed. and grade 

factors 

The equations for the paved and unpaved test sections are 

given in Table 0.10. 

The fuel-consumption regression equations for positive gra-
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TABLE 0.10 - FUEL CONSUMPTION REGRESSION EQUATIONS FOR POSITIVE GRADES 

Volkswagen and Kombi Unpaved 

F =-.53 +(lol + .189 C + .Ol53(C + .4)(L + 1.7) G)" 035 V 

s = • 05 

Volkswagen and Kombi Paved 

F = -.62 +(1.14 + .17 C + .009(C + .4) (L + 2.5) G)· 036 V 

s = • 05 

Ford-400 Unpaved 
F = o84 +(. 554 + e(.066 G(l+l.l5 L))).05 V 

s = 1. 01 

Ford-400 Paved 
F = .8 +(.6 5 + •24 L + e(.ll G(l+l.27 L))).0344 V 

s = .82 

MB-1113 Unpaved 
F = (.95 + •45 L + e(.21 G(l+l.96 LJJ 1.0343 V 

s = .09 

MB-1113 Paved 
F = (1.52 + •627 L + e(.32 G(l+l.32 L))).0236 V 

s = .16 

MB-Bus Unpaved 
F = (1.36 + •167 L + e(.3 G(l+.44 L))).0245 V 

s = .32 

MB-Bus Paved 
F = (2 •3 + •24 L + e(.5 G(l+.31 L))).Ol5 V 

s = .30 

Scania Unpaved 

F = 1.02 - .3 L + .072(L+l) V + .03(L+l) 1 •45 G V 

s .30 

Scania Paved 

F = 1.35 - .403 L + .054(L+l) 1 "32 V + .026(L+l) 1•32 G V 

s = .54 

where c Class~ l=Volkswagen~ 2=Kombi 
G Grade in Percent 
v Velocity in Km per hour 
L Load factor~ O=Empty l=Full 
F Fuel in ml per second 
s Standard error of the equation 
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des are presented in Figures 16 through 27 

For the Volkswagen and Kombies 1 the same main effects and 

interactions that were significant for the positive paved sections 

were also significant for the negative paved sections, The influen

ces~ however 1 are different in some cases, The most obvious differe~ 

ce is related to the effect of the load! For negative grades less 

than 2%, the empty vehicle consumes less than the laden vehicle as

suming all other effects are held constant, However~ for both the 

Volkswagen and the Kombis, the influence of the load changes as the 

negative grade increases from 2 to 4%. For negative grades of more 

than 4% the ladened vehicle consumes less than the empty vehicle. 

For negative unpaved sections~ all load effects proved to 

be non~significant, For this reason different models were used for 

the paved and unpaved equations for the Volkswagen and Kombis. The 

function for the paved case is much more complicated since it has to 

account for the load effects. Since there are many unique functions 

for the negative grades 1 the general forms are not presented for each 

case, Table 0.11 presents all equations in their final forms. 

The load effect for the truck on negative grades was simi

lar to that for the lighter vehicles, For flat sections, the laden 

vehicle consumed more than the empty vehicle, As the grade becomes 

steeper the load effect reverses. 

A major difference in the effect of speed occurred for the 

Scania data! In general all of the equations reflect an increase in 

fuel consumption per second with increasing speed, The speed influ

ence reverses itself for the Scania operating on negative grades. 

On the negative unpaved sections the influence of speed re

verses for grades of four percent. At the four-percent level, the 

empty vehicle consumes more than the laden vehicle and increasing spe

ed causes decreasing fuel consumption. On the negative paved sections, 

the influence of speed reverses for grades of two percent, At the 

two-percent level 1 increasing speed causes decreasing fuel consumption, 

and the empty vehicle consumes more than the laden vehicle. Table 0.11 

contains the equations for the trucks for negative grades. Each of 

the functions is a non-linear form with the exception that the Scania 

equation is intrinsically linear. Figures 28 through 36 present the 

equations for fuel consumption on negative grades in graphical form. 
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TABLE 0.11 -FUEL CONSUMPTION REGRESSION EQUATIONS FOR NEGATIVE GRADES 

Volkswagen and Kombi Unpaved 

F = -.87 + (l+l.88(C + .5)[e(.214 G)) ).009 V 

s = • 04 

Volkswagen and Kombi Paved L •107 v 
F = -1 +(1+(.065 + .042 C)(e(-.OlB G

2
)J +.003(3-G)C) 

s = • 07 

Ford-400 Unpaved 
F = 1•77 -l +(l+e(.814 + .07(L+ll

2
C.827-G))).Ol78 V 

Cl+GJ"s 

s = • 56 

Ford-400 Paved 
2 

F = 1 •91 _1 +( 1+e(l.38 + .1(L+1) (1.26-G))).01 V 

Cl+GJ" 5 

s = .27 

MB-1113 Unpaved 
2 

F = 1•264 -l +(l+e(.597 + .253(L+l) (.684-G))).02 V 

(1+G) 

s = .11 

MB-1113 Paved 
2 

F = l.09 -l +(l+e(.519 + .213(L+1) (l.08-G))).Ol80 V 

(l+G) 

s = .14 

Scania Unpaved 
F = 2 •068 (e(l.765 + .522(L+l)(.863-G))).0091 V 

CG+ll"s 

s = .36 

Scania Paved 
F = 2 •343 (e(.879 +(L+l)(.79-G))).0086 V 

(G+1J" 5 

s = .14 

where c Class~ 1=Vo1kswagen~ 2=Kombi 
G Grade in Percent 
v Velocity in km per hour 
L Load O=Empty l=Full 
F Fuel in ml per second 
s Standard error of the equation 

123 

Digitised by the University of Pretoria, Library Services, 2012



124 

MT-GEIPOT 

I 
u 
I 

i 
1 
~ 
i= 
~ 
2 
;::) 
(/) 
z 
0 
(.) 

...J 
LIJ 
;::) 

"-

00/o 

2 

0~--~--4---4---+---+---+---~--~~--~---+--~ 
10 20 30 40 50 60 70 80 90 100 110 120 

SPEED (km per hour)- PAVED ROAO 

FULL 

EMPTY 

EMPTY AND FULL 

FUEL CONSUMPTION- VOLKSWAGEN 1300- NEGATIVE GRADE 

FIG.28 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 

:0 
§ 
(,) 
Q) 
If) ... 
Q) 
Q. 

] 
z 
0 
~ 
(L 

~ 
:::> 
(f) 

5 

4 

3 

5 2 
u 

.....J 
w 
:::> 
LL.. 

I 

0 

2°/o 

I 
0 °/o I 

/ I 

I I 
I I 

/2% I 
0°/o ij II j ljl 4°/o 

I 

1/,j ~ /; 
I 'I 

'/ I VI v '/ I 

l!lj 
) 

'I '/ ' 

~I ;J 
0'/ v ~ 6% 

f WI // 
rl 

'I~ /_ // ~ 0":1 
~ /; V/ v '/ .....:: // 

ll'~ // v ~ e(/ !~ .// 

~~ v .,/ v ~/' ~ 
~ v ~ /. 7°/o 

lA ~ ~ 7°/o /::/" 
~ & ~ ~ ~ ~ 

10 20 30 40 50 60 70 80 90 100 110 120 

SPEED (km per hour)- PAVED ROAD 

FULL 

EMPTY 

EMPTY AND FULL 

FUEL CONSUMPTION- KOMBI- NEGATIVE GRADE 

FIG.29 

125 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 

I 
0°/o 

I 
I 

I 
6 

I 7 

I 

1/ I 
I 

I 2 °/o 

I I 
I 

:0 lj' I 
I c 

I I 
0 I 0 
Q) 

2°/o "' 
I; I I 

~ 
I / ~ 

I 4°/o 
] 4 

7 I 

~ 
7/) 

z /I 0 I / 
i= 
0.. I :I 

~ 
6°/c ijl 

// v v/ / 0 z 
I 0 / 

1 
7°/o u 

/ / _J v: / w v/ l% 1// / / ::::> 

V//; IJ... / 

k: / v v/ / / 

/~ 
//"' v 4°/o v 

// // / 2 
// [7 1:7 // ~ 
~ 

/ // v/ ~ 

/ // 
/ ~ / v / ::::---
~ 6 °/o 

// /~ l-------...- ~ f.----~ 
~ --~ 1--- 7°/o -- t::- ----

o+---~~---+--~--+---~~--~--~--+-~r-~ 
10 20 30 40 50 60 70 80 90 100 110 120 

SPEED (km per holi')-PAVED ROAD 

FULL 

EMPTY 

EMPTY AND FULL 

FIG.30 

FUEL CONSUMPTION - FORD 400- NEGATIVE GRADE 

126 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 

] 
z 
0 

t 
~ 

~ 
z 
0 
u 
....J 

~ 

7+---+---~~---+---+--~--~--+---~---r-_, __ _, 

6~--~--+---~~~~---+---r--1---+---+---r-~ 

5 

4 

3 

2 

I 

O% 
I 

I 
I 

I 
It 

0 °/o I 

I 
I 

I 
I 20/~ 

II / 

I 
I 1/ 

I / 
/I / 

/ 
I / 

I 
v / 4°/o / / v/ // // // 2 °/o 

/ ~ / /; v / /,I 

,I 

/ v ~ 1--/ .,.,....,..,... 
6°/o 

// / / 
./ / 

// ~ ,.... ...... 
....... 

/ ~ ~ 
v 

// ~ 
_ ........... 

~ ---
_ ........... 

--- 4°/o 
~ --f.-- ...-f-.---

6°/o 

10 20 30 40 50 60 70 80 90 100 110 120 

SPEED (km per hour)- PAVED ROAD 

FULL 

EMPTY 

EMPTY AND FULL -··-··-··-

FIG.31 

FUEL CONSUMPTION- MERCEDES BENZ -1113- NEGATIVE GRADE 

127 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 

8 

0% 

7 I 

1/ 
6 

v I 

5 I 
/0% 

1/ II 
~ II c: 

I 0 
(,.) 

:l: I 
~ I / 
a. 

! 4 v // 
z 
0 / 
f= 

! 
/ a... 

/ ~ 
::J ~~ (/) 

z 
0 
u 3 

l/' // ..J 
LLJ 
::J 
u.. v/ 

2 

1---- 1---

~ 
t---- -- 1---- --- 2°/o >-

r-.... I-I 0' ............... ~ ,..._ ~ ....... r---.. LLJ 

~\ .......... r--- ~ r--- .. 
r--- __ r---t--- 201 0 

r--.,'·· ... 10 

~"' - <o 

~ ~·::::.··-.... 
-- --- #> 

~ 
....... ~--- 4°/o 

~ r- ~--:. --- \..-\...~ 
~- ·::.··-- .. ··- .. ··- 4%r\ 

0 
10 20 30 40 50 60 70 80 90 

SPEED (km per hour)- PAVED ROAD 

FULL 

EMPTY ----
EMPTY AND FULL -w•-••-••-

FIG. 32 

FUEL CONSUMPTION- SCANIA- NEGATIVE GRADE 

128 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 

3 

o;j 
o\~ cv: 

0. t/ I! .$,1 
~I / o\<J/ I . o. 

/ /f/ 
I I 

:0 2 / I I 
c I I I o\O/ 0 
u 
e> / I 

'V .· 
Vl / ~~/ .... 

I i ., 
I / Q. 

] I I I / 
0 0 .· 

z / I ~ / 
0 I ~ .. ~/ 
~ / Lt 

~'/ 
a.. I ~/ .· 

~ 
. / 

I I I ll' .. 
!J) .· / 
z I / .· 
0 I I .. i 

u .' t;' // 
....J /. O.o\c 
LIJ / :::> // /• ~--' .. '/ 
LL. -'; /./ ./ 

/ 

/. / / / /. 

I '/ /'/ / 

./ / 
1 .. v·· / / 
·j .· / / 

// .. -·~· .. / 
/ V/ :::> / 

tOol<? . ...-/ .· / / /. 

.· -~ . // .·"" .· 'f-,0~~ :--. .. " 
-..J'-tle.c/o ~· /·· v··/ / 

/ v-· '/ .· [,/ I/ ...... / 
~/ .. ~·· / .. v ................ -··--·· ~---·-//.·'.- /.· f.-•' .· v .. / .. // •/ . -v.-:-~·/ 
............ v··,....... ---~ 

~::/_ .... v·/ .. 
j-··--·· 

j-·· 

~...::..:.~-- ::::~~~ .. 

0 
10 20 30 40 50 60 70 80 90 100 110 120 

SPEED (km per hour)- UNPAVED ROAD 

FULL 

EMPTY ----
EMPTY AND FULL -··-··-·-

FIG.33 

FUEL CONSUMPTION-VOLKSWAGEN AND KOMBI-NEGATIVE GRADE 

129 

Digitised by the University of Pretoria, Library Services, 2012



130 

MT-GEIPOT 

12 

9 

~ 
c: 
0 
(,) ., 
ttl 

~ 
0.. 

e 6 

z 
0 
i= 
ll. 
~ 
:::> 
C/) 

z 
0 
u 
_J 

LLJ 
:::> 
LL. 

3 

0 

0% 
I 

I 
I 

I 
I 

I 
I 

I 

O% I 2.0°/c 
I 

I I 
I I 

I I 
I I 

I 

I I 
I It 4% 

I I / I I I 2°/o 

X I // ,/ 
I 

1/ 
v I I I v 

I 
I I v l v I 

I 
I I 

~/ I / I 
1/ 

~~/ I v y / 
/' 1/ 

/ v/ i / / 

I 

V// )/ /- -f'/ 
/ 8°/o v 4°/o 

1/ V I / '/ v/ v ~v/ ~// / 
./ / v ~// // ~ 

~ / /v 
~-/ 

v ~ 
~ 

~::-::-:: ~ B% 

~- _l---1----

10 20 30 40 50 60 70 80 90 100 110 I 

SPEED (km per hour)-UNPAVED ROAD 

FULL 

EMPTY 

EMPTY AND FULL -··-.. _ .. _ 

FUEL CONSUMPTION- FORD 400- NEGATIVE GRADE 

0 

FIG. 34 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 

:o 
c: 
0 
u 

" Ill 

... 
" Q. 

e 
z 
0 
f= a. 
2: 
::::> 
(/) 
z 
0 
u 
...J 
w 
::::> 
u.. 

74---~~---+--~--~--+---~-4--~--4---+-~ 

0%1 
6 

I 
0°/o 

I 
I 

I I 
5-

I 

I 
J 

I 
I 

I 
4 

I 
If I 

v I 
2%1 

I I 
I I 

lJ 

l! I 
3 f 

~ 
/ 

I ill 
ill / 

v/ 
I / 

/ ,/ 
2 v// / 

/ 40/o / 

I / / 
/ v/ 

/ / / / 
// // 2% 

I / 
1..- --v/ ~ 
J....-"' 

/ ~ v,..... 
~ --- 8% 

~ ............... ---- 1---- -- 4°/o 
L-----·-- - 8°/o 

o~--+-~~-+--~--4---+---~-4--~--4---+-~ 

10 20 30 40 50 60 70 80 90 100 110 120 

SPEED (km per hour)- UNPAVED ROAD 

FULL 

EMPTY 

EMPTY AND FULL -··-··-··-

FUEL CONSUMPTION- MERCEDES BENZ 1113-NEGATIVE GRADE 

FIG.35 

l 31 

Digitised by the University of Pretoria, Library Services, 2012



MT-GEIPOT 
~------------------------------------------------------------------------~ 

132 

... 
• ~ 

z 
0 
i= 
Cl.. 
~ 
:::> 
(/) 

z 
0 
(.) 

_J 
Ll..l 
:::> 
LL. 

8 vo% 

1~--~~----_+_---.~_--4_==~~~---+---r~ 

~--~------ r---1"---..._ 
·- -- t- I --r--- 4o/o !'--- ----- 8% r--- 8% 

0~--~--+---~~--~---+---+---r~ 

10 20 30 40 50 60 70 80 90 

SPEED (km per hour)-UNPAVED ROAD 

FULL 

EMPTY 

EMPTY AND FULL 

FUEL CONSUMPTION- SCANIA- NEGATIVE GRADE 

FIG.36 

Digitised by the University of Pretoria, Library Services, 2012



( 3) Sumrna~y o6 FC-1 Analy~i~ 

Eighteen regression models are presented. They are the re

sult of preliminary analysis of 20~000 steady-state fuel-consumption 

measurements. The equations are not in final form since the analysis 

reflects only a portion of the overall steady-state fuel-consumption 

experiment, The preliminary analysis using non-linear regression te

chniques offered a range of possible regression models. However,further 

refinements and modifications are required on the equations. Due to 

lack of actual analysis time. many possible improvements could not be 

accomplished, Certain problems with high coefficient correlations and 

large coefficient errors have not been satisfactorily eliminated from 

some of these preliminary non-linear equations. Such problems should 

be addressed before any of the functions are utilized for predictions. 

The preliminary analysis effort has been very useful. The 

final analysis objective are much closer to realization due to the an

alysis performed on the data presented here. 

d Fuel Con~urnption on Cu~ve~ (FC-3} 

It has been demonstrated in previous literature (Sawhill.Ref. 

6) that small radius curves can significantly affect fuel consumption. 

The purpose of this experiment is to examine the effects of extreme 

curvelinear alignment on fuel consumption. Eight test vehicles provid

ed the data collected on the two 8% gravel sections. Test runs were 

made in both directions in the empty and laden condition. Since one of 

the sections was a tangent and the other had a very small radius curve. 

fuel consumption differences could be compared between the two horizon 

tal curvature extremes. 

presented in Table D.l2. 

The factors and levels of the experiment are 

(1} 

Data collected from the four gasoline and the four diesel ve

hicles operating in the positive and negative directions provided four 

groups of data. These four groups were analyzed separately, Since a 

limited number of vehicles were tested, various error terms must be se 

parated within each analysis. The assumption was made that Volkswagen. 
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TABLE 0.12 - FACTORS AND LEVELS OF THE EXPERIMENT 

Factors 

Vehicles 

Loads 

Horizontal Curvature 

Speeds 

Grades 

Levels 

Volkswagen 1300~ 2 Kombies~ Ford-

400~ 2 Mercedes Benz 1113~ Merce

des Benz 0-362 Bus~ Scania 

Empty and Full 

70-meter radius curve and tangent 

10-50 km/h 

+8%~ -8% 
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Kombi and Ford-400 repeat errors are homogeneous and that Mercedes Benz 

0-362 bus, and Scania repeat errors are homogeneous. Two Kombis and 

two Mercedes Benz 1113 trucks provided estimates of these errors. The 

Kombi errors were therefore used to test differences in the gasoline 

vehicle group and the Mercedes Benz 1113 errors were used to test dif

ferences in the diesel vehicle groups. Table 0.13 presents an example 

of an Analysis-of-Variance layout. 

Restrictions must be placed on the inferences of this experi

ment because only four gasoline vehicles and four diesel vehicles were 

tested. In addition, since only two vehicles provide error estimates, 

the error terms have very few degrees of freedom. Therefore,whenever 

possible, error terms are pooled and the appropriate pooled errors are 

used to test the main effects and interactions. 

In the positive grade case for gasoline vehicles. the error 

terms RH, RHLlcl, RHSLlc) were not significantly defferent. Therefore, 

the pooled error with four degrees of freedom was used to test all ho-

rizontal curvature effects. None of the horizontal curvature effects 

were significant at the 10% confidence level. For the negative grades 

the various error terms of the gasoline vehicles were not homogeneous. 

The two repeat Kombis operated very similarly on the two sections. For 

each vehicle the mean fuel consumption on the curved section was about 

3% above the fuel consumption on the tangent section. These similar 

statistics produced an extremely small RH error term. Other error 

terms, although larger than RH were also relatively small. The factors 

and interactions were tested without pooling the error terms. The F 

statistic calculated for each case, therefore, contains only one degree 

of freedom in the denominator. With this limitation, the tests showed 

that all intercation terms that contained horizontal curvature were not 

significant at the 10% level. But the main factor horizontal curvatu

re was tested by the RH interaction and was significant at the 5% le

vel. 

The repeat error from the two Mercedes Benz trucks was used 

to test the horizontal curvature factor and interactions for the di

esel vehicles, For both the positive and negative grades, the repeat 

errors were relatively large in comparison to other effects. One of 

the Mercedes trucks consumed less fuel on the tangent than on the curved 
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TABLE D.l3 - EXAMPLE ANALYSIS-OF-VARIANCE TABLE USED TO ANALYZE FUEL 
CONSUMPTION FOR GAS AND DIESEL VEHICLES 

Source 

Class (C) 

Repeat Vehicle (R) 

Load within Class L(C) 

RL 

Speeds ( S) 

cs 

RS 

SL (C) 

RLS 

Horizontal Curve (H) 

CH 

RH 

HL (C) 

RHL 

!SH 

CSH 

SHR 

HSL (C) 

HSLR 

136 

df 

2 

l 

3 

l 

4 

8 

l 

12 

l 

l 

2 

1 

3 

l 

4 

8 

l 

12 

l 

(depending on the direction 
of the grade this value 
could be as low as l) 
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section and the other vehicle consumed less on the curved section than 

the tangent. The influence of the horizontal curvature was therefore 

reversed from one vehicle to the next. causing the repeat errors to be 

relatively large. Pooling was performed where possible. and all the 

main effects and interactions of horizontal curvature were not sign

ificant at the 10% level for positive and negative grades. 

( 3} Summa~y on FC-3 Anafy~i~ 

It is difficult to make firm conclusions about the results of 

the analysis-of-variance procedures because of the limited degrees of 

freedom in the error term and because of the inference restrictions. 

The experiment cannot be viewed as a definitive study of the effect of 

horizontal curves on grades. However, within the scope of this exper-

iment. the effect of horizontal curves appears to be minimal. Since 

this test was conducted using extreme conditions of horizontal curva

ture and grade. and for these conditions the largest mean difference 

in fuel consumption was only 3%, it may be concluded that it is not 

economical to experiment further on the effects of curves on fuel con

sumption. Therefore. the satellite study to further investigate the 

effect of horizontal curves on fuel consumption, FCS-2, will not be 

conducted. 

5 SUMMARY 

The road user costs and traffic experiments have been in pro

gress for 16 months. During this time, over 130,000 pieces of data ha 

ve been collected. Currently. there are five traffic-behavior and two 

fuel-consumption experiments in progress. One fuel-consumption main 

experiment and one sa~ellite study have been completed. However. as 

explained earlier. there is still a lot of work to be performed. One 

fuel-consumption and three traffic-behavior main experiments have not 

been started. 

Figure 37 shows the work schedule proposed for finishing the 

experimental program. The fuel consumption testing is scheduled to be 

completed by May 1978. At this time, it will be necessary to train 

the fuel-consumption crew to perform three of the traffic-behavior ex-

periments. Since radar units are not required for performing these 

experiments. the radar crew can simultaneously perform other traffic-
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behavior experiments. By using both crews to work on these experiments. 

it should be possible to complete the traffic-behavior experiments by 

the end of July 1978. This time schedule does not allow for the per

formance of satellite studies. 

As shown by the schedule, the senior staff of the group has 

three main activities scheduled. Modeling of the Time and Fuel Algo

rithm is scheduled in two phases. The first phase, ending in January 

1978, will be the basic development and programing. Because the re-

sults from the traffic-flow simulation model and the analysis of some 

of the experiments will not be completed by this time. a second phase 

is scheduled for incorporating these results into the algorithm. 

Implementation of the traffic-flow simulation model is sche

duled for the first four months of 1978, At this time, it will be ne

cessary to have Mr. Russ Kaesehagen return to the project for a period 

of about one month. This is necessary because Mr. Kaesehagen has done 

some development work on the model since leaving the project. 

Six months have been scheduled for writing the final report. 

As the work plan shows, there is overlap between the end of the expe

riments, the modeling of TAFA, and the writing of the final report. 

This indicates that the Road User Costs and Traffic Experiments Group 

is working on a very tight schedule and that minor delays in the col

lection or ana~ysis of the data will lead to the elimination or redu

ction in scope of some of the later experiments. 

139 

Digitised by the University of Pretoria, Library Services, 2012



Digitised by the University of Pretoria, Library Services, 2012



CHAPTER E 

PAVEMENT AND MAINTENANCE STUDIES 
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1 OBJECTIVES 

The pavement and maintenance studies are directed towards un

derstanding pavement performance in Brazil, i.e., how pavements con

structed with different materials and at different times perform under 

different traffic loadings. Concurrently, the influence of alternate 

maintenance standards on the pavement's performance is being studied, 

which is a very important aspect since very little information is ava

ilable on the impact of alternate maintenance levels on the pavement's 

future performance. 

The primary objective of the studies of this Group will be to 

quantify a model of pavement performance which predicts the condition 

of a roadway as a function of: 

- Structural variables such as material properties and layer 

thicknesses; 

- Traffic volume and composition; 

- Climate; 

- Maintenance; 

- Age and rehabilitation for paved roads. 

The model will be applicable to paved as well as unpaved 

roads. 

There is an identified need to establish rehabilitation poli

cies through an evaluation of the tradeoffs among different designs 

and stage-construction strategies for a variety of maintenance stand

ards. The pavement and maintenance studies are expected to produce 

some of the relationships needed for this evaluation. They can also 

from the basis for a continued and expanded study encompassing a wi

der range of pavement designs and materials over an extended time pe

riod. It will be difficult to develop complete pavement performance 

relationships for pavements with ten to 20-year life spans within the 

study period. The experimental designs adopted permit the analysis of 

roads of different ages in cross sectional analysis. However,equally 

important is the formulation of a sound basis for continued research 

in the future, The construction of the special maintenance and reha

bilitatio~ experiments clearly fall into this latter category. It will 

be impossible to evaluate these sections to destruction in the rema

ining 15 months of the project because the asphaltic concrete sections, 

for example, could have a life of up to 10 years: 
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ORGANIZATION ANV STUVY PROCEVURES 

The approach being used for determining a pavement deterior~ 

tion relationship is to monitor a number of variables describing pa

vement behavior, distress and performance on a number of test loca

tions selected on existing roads. Each test location is divided into 

two sub-sections which will receive different maintenance levels. The 

sub-sections are 320m in length, with an 80m transition between the 

sub-sections. In some cases, the section lengths are reduced on unp~ 

ved roads where the sub-sections on curves are only 80m in length. This 

is because extreme geometric conditions need to be investigated and 

curves with radii of less than 250m seldom have a length of more than 

240m. Besides monitoring pavement behavior, distress and performance, 

the characteristics of the pavement materials, traffic distributions 

and vehicle weights are being determined, 

A variety of activities need to be performed in fulfilment of 

the stated objectives. During the initial term of the project, a fun 

ctional organization was developed to perform these activities. This 

organization structure is illustrated in Figure 38, but because of the 

graphic deficiency of this type of diagram, all the interrelationships 

between the different engineers and field crews cannot be shown. Be

cause of the varied nature of the work, the field crews travel inde

pendently, and this makes organization, programming and control extre

mely time consuming. 

The characterization and determination of the properties of 

the materials used on each of the test sections comprise an important 

part of the study. Since the project does not possess the capability 

of carrying out the field material testing, a consultant was hired to 

perform this work. The project maintains a full-time supervisor with 

the consultant's team, besides the regular visits of the supervising 

engineer. To control the work, a soils laboratory was set up which 

is capable of executing all the laboratory tests necessary, including 

such sophisticated tests as the determination of the resilient modu

lus of undisturbed subgrade samples and bituminous surfacing samples. 

3 SCOPE OF THE STUVIES 

The pavement and maintenance studies are basically proceed

ing as was envisaged in the Inception Report with various refinements 
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being made in response to field conditions as necessary. 

The special experimental pavement which was proposed to be 

constructed of different paved and unpaved sections on the same stretch 

of roadJ and designed to supplement the pavement study. will probably 

not be constructed because of the unavailability of project funds,and 

the inability to find a sponsor. However, during discussions with the 

different road departments, an interest was expressed for the constru

ction of special maintenance and rehabilitation experimental sections, 

rather than for the construction of a special experimental pavement. 

This outlook by the road departments is not surprising considering 

that a large proportion of the roads were constructed during the last 

ten years, and these roads are now reaching the stage where they need 

attention. The discussions have led to the construction of special 

surfacing sections on a road of the Departamento de Estradas de Roda

gem of Minas Gerais [DER-MG), near Juiz de Fora, and currently under 

discussion is the construction of a similar experiment in conjunction 

with the Departamento de Estradas de Rodagem of S~o Paulo (DER-SP). 

The special surfacing experiments are designed to determine 

the performance of the pavement following the application of the dif

fere,)t surfacing types as a maintenance or rehabilitation operation. 

Performance will be evaluated by measuring riding quality, behavior 

will be monitored in terms of deflection, and distress will be related 

to cracking and patching. These results will be compared to control 

sections receiving no treatment. 

The selection of the roads on which the special surfacing ex

periments are constructed are based on the premise that. besides the 

one at Juiz de Fora. further experiments will be constructed in the 

future. The design factorial, which considers the two factors of traf

fic and original surfacing type, is a simple 2 X 2 matrix as shown in 

Table E.t. 

To optimize between the costs of construction and length of 

section required for obtaining meaningful results. it was decided to 

construct 200-m sections. Only the central 160m is used for evalua

tion purposes, and the 20m on either ?ide remains as a transition. 

At the Juiz de Fora experiment, four different maintenance 

and rehabilitation treatments were used: 
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- Asphaltic concrete: three different sections were constru

cted with layer thicknesses of 4 em, 8 em and 12 em; 
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TABLE E.l - THE DESIGN MATRIX FOR THE SELECTION OF ROADS ON WHICH SPECIAL 
EXPERIMENTAL SECTIONS ARE CONSTRUCTED 

Traffic CADT) 

High Low 

Original Surface Juiz de Fora 

surfacing treatment experiment 

type Asphaltic 

concrete 

1 4 7 
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- Cold Mix: 4-cm thick layer was used; 

- Slurry seal: two types of slurry seal, a fine graded slur-

ry with all the aggregate passing n9 4 sieve, and a coarse 

graded slurry with the material passing the l/2-inch sieve, 

were used; 

- Surface treatment: 

were employed, 

a double and a single surface treatment 

The surfacings used at Juiz de Fora will serve as an example 

for future experiments. It is envisaged that the same technique will 

be used on sections to be constructed by each collaborating agency,and 

other surfacing types may be included depending on local practices. 

The special surfacing experiments are very important to an 

understanding of alternative rehabilitation and maintenance policies. 

Construction of such sections is normally postponed because it takes 

such a long time before conclusions can be made. 

A complete evaluation of some of these surfacings could re

quire from five to 10 years, which is beyond the time span of the pro

ject. Nevertheless. construction of these experiments should continue 

until the end of the project, when they can become part of other high

way research projects in Brazil. 

a Te~ting Completed 

Each field crew has specified functions to be performed at 

regular time intervals. Since the pavement performance study is time-

based, the numerous results which have already been obtained present a 

disjointed picture which does not yet permit an overall analysis. Ta

bles E.2 and E.3 summarize the different tests already performed on the two 

types of road sections. 

the type of experiment. 

The different sections have been stratified by 

The survey crew is responsible for locating and marking the 

sections, measuring the geometrical characteristics, and on unpaved ro

ads, for measuring gravel loss, The majority of the paved road sections 

have been located, and ultimately there will be about 50 unpaved sections 

under observation. The difference in the number of unpaved sections 

marked and the number on which gravel-loss measurements are being made 

is due to some sections requiring regravelling to give a wearing course 

thickness of at least 15 em. 
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TABLE E.2 - STATUS OF TESTING ON PAVED ROAD SECTIONS AT 1 AUGUST 1977 

Paved Road Paved Road Satellite study 
main factorial star points soil cement bases 

Section location 43 19 9 

Condition survey 1st Cycle 43 19 9 
2nd Cycle 4 

Deflection survey 
Benkelman beam and Dyna-
fleet 1st Cycle 43 19 2 

2nd Cycle 40 17 
3rd Cycle 20 6 

Seasonal measurements 
cycle n9 12 

Roughness measurements 
Profilometer 1st Cycle 42 19 2 

2nd Cycle 15 4 

Maysmeter 1st Cycle 43 19 2 
2nd Cycle 15 5 

Portable scales 23 9 1 

Material tests 17 4 

Traffic classification 
counts 6 1 

Maintenance Required 18 5 4 
Completed 13 4 

Juiz de Fora 
special sections 

15 

15 

15 

15 
! 

15 
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TABLE E.3 - STATUS OF TESTING ON UNPAVED ROAD SECTIONS AT 1 AUGUST 1977 

Unpaved Road Unpaved Road 
main factorial star points 

Section location 13 6 

Gravel loss measurements 
at 3-4 monthly intervals 10 2 

Roughness measurements 
Maysmeter at 2 weekly 

intervals 10 3 

Portable scales 8 

Surfacing material char-
acterization tests 13 6 

Traffic classification 
counts 4 
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The roughness measuring system comprises the Profilometerand 

the Maysmeters. The Profilometer serves as the roughness base forthe 

research, so correlations must be developed between the Profilometer 

and the different Maysmeters. A calibration course consisting of 20 

paved road sections covering the range of road roughness of paved ro

ads in the vicinity of Brasilia was established, The crews in this 

sector are responsible for the calibration and control verification of 

all the Maysmeter. including those used on the user costs surveys rou

tes. 

To check whether the Maysmeters are in calibration, they are 

run over the calibration sections at regular intervals. The Profilo

meter also regularly measures these calibration sections to detect 

changes in the pavement condition. The Profilometer has completed the 

first cycle of roughness measurements on the paved road sections. with 

the exception of a few sections with soil-cement bases which were mar

ked recently, and is currently performing the second cycle. The·Mays

meters also are conducting the second cycle of measurements on the pa

ved roads The roughness of 13 unpaved sections are being measured at 

about fortnightly intervals. Besides the roughness measurements for 

the Pavement Study Group, the two Maysmeters allocated to this section 

have also been heavily occupied, initially measuring the routes trave~ 

led by the vehicles of the user costs surveys. and more recently car

rying out measurements for the fuel and speed studies. 

Deflection measurements may be used as a surrogate for pave

ment strength. The two types of measuring devices being used are the 

Dynaflect and the Benkelman beam. To develop a correlation between 

the two instruments. measurements are taken concurrently. Indications 

are that it may be difficult to develop a reliable correlation between 

the two instruments, so both devices are used to measure all the paved 

road sections. A second cycle of measurements is almost complete on 

the paved sections. Besides the regular measurements on all the sec

tions, ten sections in the Federal District are being used to develop 

a seasonal correction factor for deflection, which is absolutely es

sential for meaningful analysis of the deflection data. During a one

year period. 12 measurements have been made. 

An important aspect of the pavement performance study is the 

influence of axle loads on paved and unpaved road performance. It is 

necessary to obtain information on axle loads and traffic distribution 

on Brazilian highways, Portable scales and a dynamic weigh-in-motion 

system are available for collecting axle-load data. The portable scales 
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are used to measure axle loads over five-day periods during daylight hours. 

Results have been obtained at 48 sites. On the heavily trafficked ro-

ads it is difficult and dangerous to obtain measurements with the port~ 

ble scales, wherea~ at night it is impractical. For these reasons,the 

weigh-in-motion system is utilized. It measures all the vehicles wit-

hout stopping them, and it can be used at night or during the day. Re

sults have been obtained at two sites, and four additional site instal 

lations are planned, all located on some of the most heavily trafficked 

routes in Brazil. 

To establish the frequency of axle loadings, traffic counts 

are being taken. Simple counters needing daily or weekly readings are 

generally used on unpaved roads. Recording traffic counters have been 

installed to monitor seasonal variations in traffic flow, and ten of 

these permanent traffic counters have been installed at strategic loca 

tions in the State of Goias. They are used to supplement and correct 

manual classification counts which are only taken over a seven-day pe-

riod. These traffic counters need regular visits for verification and 

adjustment. In the States of Minas Gerais and Sao Paulo, the DNER is 

installing similar equipment. We plan to use their data, while the data 

gathered by the project can also be used to their advantage. At 11 lo-

cations, manual traffic classifications counts have been taken, and it 

is envisaged that the assistance of the road departments will be obta-

ined to complete the counts. In some cases this may not be necessary 

since regular count points are located close to the sections. Prelim-

inary results relating to seasonal variation in traffic flow at two 

sites are discussed below. 

Material characterization is also an important aspect of the 

study. All the laboratory tests are currently being executed in our 

soils laboratory, while the field testing is being executed by consul-

tants. Field density, field CBR, field moisture contents and layer 

thicknesses have been measured on 21 paved road sections. Samples ha-

ve been taken of each layer for laboratory testing, which consists of 

determining a grading analysis, Atterberg limits and laboratory CBR 

and density. Material characterization has been performed on the surfa 

cing material of the 19 unpaved sections which have been selected. 

Condition surveys are used to establish those sections requi

ring maintenance, The sections are located in different regions,which 

means that the procedure of applying the slurry seal and correcting 

bad distortions need to be explained afresh, and a new team needs to 

be trained. Up to the present time, maintenance has been applied to 
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17 of the paved road sections. This work is essential for addressing 

the objective of determining the influence of maintenance level on fu 

ture pavement performance, 

4 TRAFFIC VOLUMES 

Traffic information is needed in the development of pavement 

performance relationships and to support the development and use of 

the model. Support activities such as traffic counting are some times 

insufficient, and therefore should be part of the study effort. 

Manual traffic classifications counts are being obtained at 

all the pavement study sections. However, in many cases seasonal va

riations will bias these results. It is therefore essential to esta

blish variation in traffic flows during the year. DNER is at present 

installing permanent traffic counters at strategic locations in the 

States of Minas Gerais and Sao Paulo. In the State of Goias the pro

ject decided to install ten permanent traffic counters to give comple

te coverage of the study area in Goias. The installations are on all 

the major paved routes in the southern part of Goias, as shown in Fi

gure 39. 

a Equipment and Vata Reduetion 

The permanent counters are print-punch traffic recorders. 

which are activated by induction loops. The equipment is installed at 

highway police posts which are located on the major routes or at gas 

stations. Initially only two installations were made, using batteries 

as an electrical source. The batteries discharged in about one week 

on the more heavily trafficked routes. and as police posts and gas st~ 

tions have an electrical supply it was decided to install battery char 

gers with the counters at those sites. 

The analog-digital system has attached to it a teletype unit 

which roads the paper tapes generated by the traffic counters. This 

system functions very satisfactorily and permits the paper tapes to 

be copied directly onto magnetic tape which can be processed by any 

computer. 
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two sites: 

The traffic counter data have been processed from the initial 

Counter CD-1 installed on BR~D40 linking Brasilia and Lu-

ziania. and counter C0-2 located on BR-060 linki~g Brasilia and Ana

polis. The average daily traffic lADT) per week for the period that 

was measured is presented in Figures 40 and 41 for the two counters. 

The average daily distribution is shown in Figures 42. 43 and 44. 

The traffic counters record traffic in each of the two di-

rections, and punch the result hourly. For the period January to June 

1977. the hourly traffic is presented in Figures 45 and 46. 

Only limited data from the eight other traffic counters are 

currently available because the recent installation of these counters. 

In the future, data from the ten traffic sites will be used to develop 

seasonal weightings which will be used to expand our limited manual 

counts at each test section. This information also will be used in ad 

justing traffic volumes obtained from non-recording counters. presen

tly being installed throughout the State of Goii~s study areas. to develop traf-

fic on user survey routes. Further. traffic counter information will 

be used in developing volume distribution relationships needed to use 

the Brazil Roadway Investment Analysis Model. 

5 AXLE LOAVS 

Accurate axle-load data are very important in the determina

tion of pavement performance relationships; therefore. axle-load distri 

butions and average load equivalency results for the pavement test se

ctions are being determined from vehicle weighings measured with port~ 

ble scales and the weigh-in-motion system. 

This information must be developed during the study because 

of the lack of current data. On some of the more heavily trafficked 

routes there are weighing stations, but at these sections only those 

vehicle which appear to be laden to capacity, or overladen. are weigh

ed. Consequently. any sample taken from these results are biased be

cause of the sampling technique used, 
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a Collection with Po~table Scale~ 

Vehicle wheel weights are obtained using two portable scales. 

A level stretch of road [grade less than 1 percent] with good sight d! 

stance is selected in close proximity of the .pavement study section. 
t ' 

The scales are then placed on the roadway and one lane is blocked off 

to permit measurements as shown in Figure 47. with the two wheels of 

each axle being weighed simultaneously,and an entry made in a special 

form (Exhibit 4). The classification of vehicles is based on axle con

figuration, vehicle size and type; a schematic representation of the 

classification is presented in Figure 11. At each site, me~surements 

are obtained during a 5-day period, generally from Monday to Friday. 

Because of safety considerations and to facilitate reading the scales, 

measurements are only conducted during daylight hours. 

On roads carrying less than about 800 vehicles per day, ve

hicles travelling-in both directions can be handled with the scales lo 

cated in one lane. For roads carrying heavier traffic it is necessary 

to measure only one direction per day, while the other direction is 

measured on the following day. Vehicles are sampled during peak hours 

to minimize delays and thereby maintain the goodwill of long-distance 

haulers, Thus no more than two vehicles are kept waiting at any single 

time. 

b Po~table Scale Re~ult~ 

Data are keypunched directly from the field sheets and then 

processed by a verification program which checks for errors in field 

measurements and keypunching. A program was developed to calculate 

the frequency distributions of the axle loads in terms of the front 

axle, and single, tandem and triple rear axles. The frequency distri-

butions have been tabulated and they are presented in Appendix A for 

each section that was measured. 

Axle Load Vi~t~ibution~ 

To facilitate the investigation of the severity of overlo

ading on roads, the percentage of axles laden above the legal limits 

set by the ONER have been extracted from Appendix A, and they are pre-

sented in Table E.4. The legal limits which are in force are the fol-
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0"1 
0"1 TABLE E.4 - PERCENTAGES OF AXLES OVERLADEN MEASURED WITH THE PORTABLE SCALES ON THE 

PAVEMENT STUDY SECTIONS 

Section 
Number 

001 

002 

002 

003 

004 

004 

006 

Direction 

BR020-Barragem 

Barragem-BR020 

Brasilia-Una{ 

Unai-Brasilia 

Brasilia-Una{ 

Unai-Brasilia 

Formosa-Sobradinho 

Sobradinho-Formosa 

BR060-Gama 

Gama-BR060 

BR060-Gama 

Gama-BR060 

Brasilia-Luziania 

Luziania-Brasflia 

I 

I Front Axle ?o 

(N9 obs) 

0.0 
(11) 
0.0 

(10) 
2.5 

(81) 
3.1 

(129) 
0.0 

(68) 
0.0 

(60) 
1.3 

(151) 
1.1 

(190) 
2.5 

(81) 
0.0 

(72) 
0.0 

(25) 
0.0 

( 30) 
0.8 

(364) 
1.3 

(450) 

I 
Single Rearj Tandem Rear Triple Rear 

Axle % 1 Axle % Axle % 
(N9 obs) I (N9 ob) [N9 obs) 

27.3 
(11) 
0.0 

(10) 
8.5 

( 71) 
45.8 
(118) 
4.9 

( 61) 
58.2 
(55) 
5.3 

(131) 
10.4 
(163) 
74.6 
( 71) 
0.0 

(58) 
75.0 
(24) 
0.0 

(26) 
10.5 
(267) 
38.6 
(303) 

30.0 
(10) 
27.3 
( 11) 
0.0 

(7) 
80.0 
(5) 
22.6 
(22) 
10.2 
(49) 
70.0 
(10) 
5.6 

(18) 
100.0 

(1) 
25.0 
(4) 
21.6 
(93) 

20.4 
(83) 

100.0 
(2) 

0.0 
(0) 
0.0 

( 0) 
0.0 

( 1) 

37.0 
(27) 
75.6 
(29) 
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TABLE E.4 - (CONT 0 0) 

Section 
Number Direction 

007 & Sobradinho-Formosa 
008 

Formosa-Sobradinho 

007 & Sobradinho-Formosa 
008 

Formosa-Sobradjnho 

009 Brasflia-Anapolis 

Anapo1is-Brasflia 

010 Taguatinga-Brazlandia 

Brazlandia-Taguatinga 

011 Taguat.-B.Descoberto 

B.Descoberto-Taguat. 

201 Una:l-BR020 

BR020-Una:l 

202 Unaf-BR020 

BR020-Una:l 

203 EPCT-Papuda 

Papuda-EPCT 

Front Axle % 

(N 9 obs) 

1.2 
(326) 
0.4 

(280) 
0.7 

(143) 
0.8 

( 128) 
0.6 

(357) 
1.6 

(434) 
2.2 

(272) 
2.2 

( 182) 
0.0 

(273) 
0.0 

(211) 
0.0 
(2) 
0.0 
(5) 
0.0 
(7) 

0.0 
( 8) 
0.0 

( 41) 
0.0 

(55) 

Single Rear Tandem Rear Triple Rear 
Axle % Axle % Axle % 
(N<~' obs) (N 9 obs) (N<~' obs) 

17.1 7.6 0.0 
(246) (132) ( 1) 
9.9 12.0 100.0 

(213) (100) (1) 
18.4 15.7 0.0 
(109) (51) (1) 
2.2 17.2 100.0 

(89) (52) ( 1) 
6.0 13.2 40.0 

(215) (9 8) (10) 
54.8 33.5 47.7 
(279) (129) (23) 
3.2 2.6 -

(255) (39) -
0.6 10.3 -

(164) (29) -
0.8 0.0 -

(264) (19) -
40.4 0.0 -
(208) (3) -
o.o - -
(2) - -
o.o - -
(5) - -
0.0 0.0 -
(7) (0) -

68.6 0.0 -
(7) (1) -
0.0 0.0 -

(39) (2) -
58.2 o.o -
(55) (0) -

-----
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TABLE E.4- (CONT'O) 

Section 
Direction 

Number 

204 Border-oF/GO-BR020 

BR02o-Border-oF/GO 

021 Cristalina-Cata1ao 

022 
Cata1ao-Crista1ina 

024 Rio Verde-Goiania 

Goiania-Rio Verde 

025 Inhumas-Goiania 
033 

Goiania-Inhumas 

026 Uruat;u-Ceres 

Ceres-Uruat;u 

029 BR153-Goianesia 

Goianesia-BR153 

030 Border-MG/GO-Cata1ao 

Cata1ao-Border-MG/GO 

-

Front Axle % 

(N9 obs) 

0.0 
( 28) 
0.0 
(291 

4.6 
(65) 
8.0 
(87) 

2.5 
(159) 
3.0 
(170) 

1.0 
(385) 
1. 1 
(369) 

3.3 
(217) 
3,2 
(280) 

0.0 
(114) 
1.9 
(104) 

4.2 
(385) 
2.4 
(169) 

Single Rear 
Axle % 
(N 9 obs) 

9.6 
( 21) 
6.7 
(15) 

7.5 
(40) 

32.7 
(52) 

17.5 
(109) 

35.9 
(117) 

18.6 
(295) 

10.2 
( 323) 

26.8 
(119) 

45.9 
(144) 

17.1 
( 7 0) 

35.5 
(76) 

26.1 
(199) 
7.0 

.__ - - -- (J_Q 1 ) 

Tandem Rear Triple Rear 
Axle % Axle % 
(N 9 obs) (N9 obs) 

85.8 -

( 7) -

0.0 -
(16) -

20.9 0.0 
(24) ( 2) 
20.1 66.5 
(35) (12) 

4.0 58.3 
(50) (12) 
37.1 33.3 
(54) ( 9) 

6.4 0.0 
(140) (2) 
10.0 40.0 
(89) ( 5) 

10.8 87.5 
(104) ( 8) 
18.6 77.7 
(118) ( 9) 

2.3 0.0 
(44) ( 3) 
21.4 100.0 
(28) ( 1) 

28.4 63.9 
(109) (36) 
17.3 28.5 
(52) (14) 

---
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TABLE E.4 - (CONT'D) 

Section 
Direction 

Number 

031 Anapolis-Bras1lia 
032 

Bras1lia-Anapolis 

034 BR452-C.Dourada 
035 

C.Dourada-BR452 

251 Anapolis-Corumba 
252 

Corumba-Anapolis 

101 Paracatu-Una:L 

Una1-Paracatu 

105 Uberlandia-Patroc:Lnio 

Patroc1nio-Uberlandia 

106 Patroc:Lnio-Guimarania 

Guimarania~Patroc1nio 

Front Axle % Single Rear 

(N 9 obs) Axle % 
(N 9 obs) 

6.5 58.1 
(122) (86) 
2.6 10.9 
(190) (118) 

1.0 12.0 
(96) ( 7 5) 
0.0 11.8 
( 91) (68) 

2.2 16.7 
(90) (60) 
1.5 34.1 
(65) (44) 

0.0 4.1 
(94) ( 73) 
0.0 16.5 
(107) ( 7 9) 

1.1 11.9 
(276) (185) 
0.4 23.6 
(282) (203 

2.5 31.6 
(122) (98) 
1.2 14.1 
(82) (57) 

Tandem Rear Triple Rear 
Axle % Axle % 

(N 9 obs) (N9 obs) 

61.6 66.7 
(34) (3) 
11.7 30.0 
(43) (10) 

9.6 0.0 
(21) ( 1) 
4.3 0.0 

(23) ( 0) 

48.4 75.0 
(31) (4) 
71.3 100.0 
(21) (3) 

0.0 -

(21) -

14.3 -

(28) -

12.1 100.0 
(91) (3) 
18.4 0.0 
(76) ( 1) 

9.1 0.0 
(33) ( 4) 
8,0 50.0 

(25) ( 2) 
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TABLE E.4 - (CONT'O) 

Section 
Direction 

Number 

107 Araxa-Border-MG/SP 

Border-MG/SP-Araxa 

109 Ent.BR365/BR040-J. 
Pinheiro 

J.Pinheiro-Ent.BR365/ 
BR040 

110 Paracatu-Border-MG/GO 

Border-MG/GO-Paracatu 

118 Capinopolis-C.Dourada 

C.Oourada-Capinopolis 

Front Axle % 
(N9 obs) 

1.3 
(76) 
0.0 
(94) 

2.8 
(181) 
3.1 
(277) 

5.1 
(78) 
2.2 
(92) 

2.0 
( 5) 
0.0 
(35) 

1 

Single Rear Tandem Rear Triple Rear 
Axle % Axle % Axle % 

(N 9 obs) (N9 obs) CN 9 obs) 

46.0 6.7 66.6 
(63) ( 15) (3) 
4.8 0.0 0.0 

(82) (18) (11) 

25.3 33.1 31.7 
(99) (69) (19) 
22.9 29.4 86.8 
(109) (109) (15) 

25.8 41.9 66.6 
( 31) (43) (3) 
3o.a 39.1 61.6 
(39) (46) (13) 

2.3 12.5 -

( 43) ( 8) -

0.0 0.0 -
( 33) (2) -
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lowing: 

Front axle 5000 kg 

Single rear axle 10000 kg 

Tandem rear axle 17 DO 0 kg 

Triple rear axle 25500 kg 

Class 1 and 3 vehicles are not included in Table E.4 and the 

percentages of oveFladen axles are given in terms of the number of me-

dium and heavy vehicle axles which were measured. In most cases, less 

than 3 percent of the front axles are oveladen, althought in some ca

ses, such as for sections 021 and 022, up to 8 percent have been re-

corded. These results support the theory that truck drivers prefer to 

keep the front axle lightly laden because it is easier to steer and not 

as tiring. 

From 10 to 35 percent of the single rear axles are overladen, 

depending on the type of road traffic. Some cases have been recorded 

in which from 40 to 80 percent of the single rear axles were overladen. 

These are associated with the sand, gravel or ore haul routes. Sections 

002, 004, 009, 011, 203, 031, 032, 251, 252 and 107 fall in this cats-

gory. A trend similar to the single rear axles is apparent for the tan 

dem rear axles on the sand, gravel and ore routes. The percentage of 

overladen axles lies between about 5 and 20. This reduction in the num 

ber of overladen axles compared to the single rear axles could be ascri 

bed to the fact that vehicles with tandem rear axles are generally used 

for long-haul transport, and consequently they would pass at least one of 

the weigh bridges, which are located along the main haul routes. Although the sam 

ple sizes of vehicles with triple rear axles are relatively small, 30 per

cent or more are overladen. 

(J} Load EquivalenQy Computation~ 

The AASHTO method of traffic load equivalency calculation has 

been adopted by the project [Ref. 9). In the AASHTO method a variety 

of factors can be used depending on the pavement section which is defi

ned by the structural number (SN). An investigation of the first ten pavement 

cross-sections measured showed that the majority had an SN in the vicinity of 3. 

Consequently, the tabulated results for SN of 3 are used in all the cal

culations. Also used is a terminal serviceability index of 2.0. 

The equations which were used are the following with the stan

dard single axle load of 18000 lb (8.2t): 

1 71 
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- Single Axles: Equivalency factor =( ____ w __ __ 
18000 

4.32 

w 
- Tandem Axles: Equivalency factor=( 33220 

4 .1 4 

where W =axle or axle group weight in pounds. 

The AASHTO method does not take into consideration three ax-

les in a group, the so-called triple axle. An analysis by Austin Re-

search Engineers (Ref. 10) indicated that subgrade compressive strains 

can be used to predict equivalency factors. T h i s f a c t It' a s u s e d t o d e -

rive equivalency factors for triple axles, and the resulting equation 

is: 

- Triple Axles: 
w 

Equivalency factor = (--
5
-
0
-
5
-

6
-

0
--

4.22 

for a terminal serviceability of 2.0. The verified data cards are pr~ 

cessed by the calculation program which uses the above equations. Ref. 

9 suggests that axle-load intervals be used to facilitate calculations. 

Since the data is in a format which permits the calculation of the equ! 

valency factors for each axle, it was decided to calculate equivalency 

factor for each axle and thus enhance some accuracy. 

( z) 

The average number of equivalent axles per vehicle and sample 

size per vehicle class per section in both directions are grouped per 

state and presented in Table E.S. Initially, standard deviations were 

also calculated. but verification of the weight distributions on the 

front and rear axles of class 4 vehicles on section 007. shown in Fi

gures 48 and 49 • indicated that particularly the rear-axle distribu

tions are non-normal. and thus standard deviations do not have any me-. 

aning. 

Returning to Table E.5 • it can be seen that on some sections 

the av9rage equivalent axles have been calculated for class 3 vehicles. 

and the results are either 0.000 or 0.0001. After the initial measure 

ments on a few sections, it was decided to discontinue measuring this 

vehicle class because the results are smaller than the accuracy of me

asurements on the heavier trucks. This result also applies to class 1 

vehicles (passenger cars). and consequently these two classes of vehi

cles have no influence on the structural performance of pavements. It 

should be borne in mind that these two vehicle classes do play an im

portant part in the performance of surfacings, such as surface treatments 
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TABLE E.S NUMBER OF EQUIVALENT AXLES PER VEHICLE FOR SECTIONS LOCATED IN DISTRITO FEDERAL 

AVERAGE NUMBER OF EQUIVl'.LENT AXLES PER VEHICLE 
SECTION ROAD DIRECTION (NUMBER OF MEASUREI-lENTS PER SAMPLE) 
NUMBER N9 

VEHICLI; CLASS 
DATE 

2 3 4 5 6 7 8 9 10 - - ------ -·· ---- --- ···- -----

001 EPCT BR 020 - Barragem o .ooo I 1.91 
05/0~ - 07/05/76 ( 8) ' (ll) 

Barraaem - BR 020 ~ 0 .06 0.000 0.02 
( l) ( 3) ( 9) 

002 BR 251 Unai - Brasilia 0 .43 0.001 2.32 0.93 
10/05 - 17/05/76 I 1113) ( 9) (105) (ll) 

Brasilia - Unai 0.46 0.000 0.58 1.05 0.10 
( 6) (lO) (64) (10) ( l) 

I 

I 
002 BR 251 Unai - Brasilia 0.44 2.79 l. 76 

27/12 - 29/12/76 ( 4) (51) ( 5) 

Brasilia - Unai 0.24 0.19 
(61) ( 7) 

003 BR 020 Formosa - Brasilia 0.27 0.001 0.52 0.78 4.75 19 .06 7.25 
18/05 - 21/05/76 (51) (44) (75) (21) ( 2) ( l) ( l) 

Brasilia - Formosa 0.26 0.000 1.25 0.78 0.15 
(63) (48) (99) (28) ( l) 

004 OF - 20 BR 060 - Gama I 0.000 3.53 2.48 0.05 
24/05 - 28/05/76 ! ( 9) (71) (10) ( l) 

Gama - BR 060 0.000 0.08 0. 33 0.10 0.14 
( 5) (56) (14) ( )_) ( l) 

I 

ll 12 l3 

I 

I 
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~ TABLE E.S - NUMBER OF EQUIVALENT AXLES PER VEHICLE FOR SECTIONS LOCATED IN OISTRITO FEDERAL (CD~T' 0) 

AVERAGE NUMBER OF EQUIVALENT AXLES PER VEHICLE 
SECTION ROAD DIRECTION (NUMBER OF MEASUREMI:NTS PER SAMPLE) 
NUMBER N9 

VEHICLE CLASS 
DATE 

2 3 4 5 6 7 8 9 10 11 12 13 

004 DF - 20 BR 060 - Gama 3.65 1. 75 
04/10 - 08/10/76 {24) ( 1) 

Gama - BR 060 0.06 0.58 
(26) ( 4) 

006 BR 040 Bras£1ia - Luziania 0.47 0.001 0.50 0.81 2.08 0.86 4.10 0.21 6 .04 1.36 0.11 
07/06 - 11/06/76 (28) (20) (197) (100) ( 4) ( 4) (25) ( 2) ( 1) ( 2) ( 1) 

Luziania - Bras£1ia 0.64 0.001 2.35 1.25 1.50 4.98 7.45 2.84 0.11 4.46 
(39) (29) (215) (157) ( 4) ( 6) (29) ( 2) ( 1) ( 2) 

007 and 008 BR 020 Bras£1ia - Formosa 0.35 0.000 1.36 0.68 0.01 4.36 6.97 0.25 
14/06 - 18/06/76 (60) (106) (178) (85) ( 1) ( 3) ( 1) ( 1) 

Formosa - Bras£1ia 0.38 0.000 0.42 0.84 5. 72 0.20 12.88 
(58) (85) (132) (77) (10) ( 2) ( 1) 

007 and 008 BR 020 Bras£1ia - Formosa 0.43 1.44 1.00 0.01 4.05 6.97 0.25 
28/09 - 01/10/76 (24) (77) (37) ( 1) ( 2) ( 1) (1) 

Formosa - Bras£1ia 0.40 0.29 0.94 0.25 12.88 
(32) (55) (39) ( 1) ( 1) 

009 BR 060 Bras£1ia - Anapo1is 0.60 0.000 0.28 0.39 1. 78 1.18 3.28 
28/06 - 02/07/76 (11) (24) (183) (148) ( 4) ( 3) (10) 

Anapo1is - Bras£1ia 0.73 0.001 2.65 1.55 2.47 4.79 4.36 
( 1) (16) (254) (155) ( 3) (21) ( 2) 

I 
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TABLE E.5- NUMBER OF EQUIVALENT AXLES PER VEHICLE FOR SECTIONS LOCATED IN DISTRITO FEDERAL (CONT' Dl 

SECTION ROAD DIRECTION AVERAGE NUMBER OF EQUIVALENT AXLES PER VEHICLE 

NUMBER N9 (NUMBER OF MEASUREMENTS PER SAMPLE) 

VEHICLE CLASS 
DATE 

2 3 4 5 6 7 8 9 10 

010 DF - 8 Brasilia - Brazlandia 0.33 0.000 0.59 0.59 0.36 
31/05 - 03/06/76 (26) (142) (84) (17) ( 3) 

Brazlandia - Brasilia 0.82 o.ooo 0.18 0.39 0.28 
(10) (92) (60) (19) ( 2) 

Oll BR 070 Brasilia - Barr. do Descob. 0.30 0.000 0.08 0.10 2.92 
21/06 - 25/06/76 ( 8) (120) (254) ( 9) ( 2) 

Barr. do Descob. - Brasilia 0.14 0.001 2.14 0.58 
( 7) (65) (202) ( 3) 

201 DF-21 Unai - BR 020 0.000 0.46 
13/07 - 16/07/76 ( 7) ( 2) 

BR 020 - Unai 0.001 0.57 
( 7) ( 5) 

202 DF-21 Unai - BR 020 0.001 0.29 
05/07 - 09/07/76 (ll) ( 7) 

BR 020 - Unai 0.001 1.22 0.01 
(14) ( 7) ( l) 

203 DR-12 EPCT - Papuda 0.04 0.01 
ll/10 - 15/10/76 (39) ( 2) 

Papuda - EPCT 3.06 
(55) 

I 

ll 12 l3 

I 
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TABLE E.S - NUMBER OF EQUIVALENT AXLES PER VEHICLE FOR SECTIONS LOCATED IN DISTRITO FEDERAL (CONT'D) 

AVERAGE NUMBER OF EQUIVALENT AXLES PER VEHICLE 
SECTION ROAD DIRECTION 

(NUMBER OF MEASURE!1ENTS PER SAMPLE) 
NUMBER N9 

VEHICU~ CLASS 
DATE 

2 3 4 5 6 7 8 9 10 

204 DF-17 DF/GO Border - BR 020 0.66 2.85 
06/12 - 10/12/76 (21) ( 7) 

BR 020 - DF/GO Border 1.59 0.24 0.28 
(14) (14) ( 1) 

11 12 13 
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HISTOGRAM OF FRONT AXLE LOADS -CLASS 4 VEHIC. -SECTION 007 
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(Ref. 11). 

To evaluate the results presented in Table E.5. the equiva

lent axles per vehicle for each class. for the legal axle loads. have 

been calculated to use as a reference base. 

ented in Table E.6. 

These results are pres-

The results in Table E.6 indicate that for classes 11 and 13. 

which are vehicles with single axles and trailers with single or tandem 

axles. the number of equivalent axles per vehicle are considerable in 

excess of the other vehicle classes. This is despite the fact that 

for a class 11 vehicle, the gross vehicle weight would be 35 t. whe-

reas for a class 8 vehicle the gross vehicle weight is 40 t. 

to Table E.5. it can be seen that very few of the class 11 or 

Referring 

13 vehi-

cles exist on the road network. but those that have been measured have 

a severely damaging effect when laden, In those cases where the num

ber of equivalent axles of about 0.10 has been recorded in Table E.5,it 

indicates that the vehicle was unladen. This is true for all the clas 

ses. 

Buses. which are class 2 vehicles. are laden well below the 

maximum legal load on average. since on all the sections measured the 

minimum average number of equivalent axles was 0.22. whereas the maxi

mum was 1 .08. It was not possible to relate the number of equivalent 

axles per vehicle to the types of road or region. Generally. the equ! 

valent axles of buses are equal in both directions. If no weight data 

is available on a particular road, the number of equivalent axles per 

class 2 vehicles can be estimated at between 0.5 and 1 .0. It is sug

gested that this value be used for planning purposes and in the model. 

when other data are not available. 

The average equivalent-axle results of class 4 vehicles are 

extremely variable. ranging from a minimum of about 0.1 to a maximum 

of 4.1. which is considerable in excess of the maximum result permis

sible with legal axle loads. Some stratification is possible which 

will permit better evaluation of the results. There are some sections 

w h i c h c a r r y v e r y h e a v y tip-truck t r a f f i c 1 o ad e d w i t h s a n d , g r a v e 1 o r 

ore in one direction, while the trucks return empty in the opposite 

direction, These sections are 002, 004. 009. 011, 203. 031. 032. 251. 

252 and 107. The equivalent axle results on these sections are summa

rized in Table E.7. Compared with the maximum permissible equivalent 

axle loads, all sections except 011 show results exceeding the permis-

sible for vehicles laden. In the case where no results are available. 
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TABLE E.6 - EQUIVALENT AXLES PER VEHICLE FOR THE MAXIMUM LEGAL AXLE LOADS 

Vehicle Class Equivalent Axles per Vehicle 

2 and 4 2.48 

5 1.75 

6 4.83 

7 4.10 

8 4.02 

9 3.38 

10 3.30 

11 7.19 

12 1.67 

13 6.47 
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TABLE E.7- EQUIVALENT AXLE LOADS PER VEHICLE FOR CLASS 4 
VEHICLES (SECTIONS LOCATED BETWEEN GRAVEL OR 
SAND PITS AND LOCATION OF USE) 

Number of Equivalent Axle Loads 
per Vehicle 

Section Number Vehicles Laden Vehicles Empty 

002 2.32 and 2.79 0.58 and 0.24 

004 3.53 and 3.65 0.08 and 0.06 

009 2.65 0.28 

011 2.14 0.08 

203 3.06 0.04 

031 and 032 4.10 0.54 

107 3.50 0.39 
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estimates for two different cases on these haul routes can be used. 

The one is for roads where enforcement is strict, where the number of 

equivalent axles per vehicle for class 4 vehicles laden would range 

between 2.0 and 2.5. and the other case is for roads with no enforce-

ment where the result would be between 3.0 and 4.0. In the unladen 

direction, the results would be from about 0.1 to 0.6, One route pas

ses over four different sections. namely sections 004, 009, 031 and 

032, and referring to TableE.7 it is interesting to note that all the 

results are similar. 

On routes carrying normal over-the-highway traffic of class 

4, the results generally lie between 1.0 and 2.0. These results can 

thus be used for estimative purposes where no data exist. 

The situation for class 5 vehicles is similar to those of 

class 4 vehicles. except that the overloading is not as severe on the 

sand or gravel routes. although it does exist. In general, normal traf

fic exhibits between 0. 7 and 1. 6 standard axles per vehicle for class 5. 

The other vehicle classes generally have very small sample 

sizes. mainly because of their relative low proportion on the road net 

work. A special effort is being made to obtain measurements on a larger 

number of these vehicles. On some of the long-haul routes. larger nu~ 

bers of class 8 vehicles are encountered. These are generally heavily 

laden to the limit or above. If data are lacking. an estimate of bet

ween 3.5 and 6.0 can be used. This figure will of course approach the 

value of 4.0, which is the maximum permissible, with more effective en 

forcement. 

Thus far we have frequently referred to values which could 

be used in the absence of any data. It should, however. be borne in 

mind that for the analysis of pavement performance only actual results 

will be used. 

{ 3) Repeatability a6 Re~ult~ 

Three of the sections in Table E.5 were repeated in order to 

verify the variability of measurements over time. Those sectionswhich 

appreared to have unusual results were selected, Since the distribu

tions are non-normal. standard parametric tests such as the F and t 

tests are not aplicable. A non-parametric test which considers the 

proportions of the two distributions above and below their common me-
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dian was found which, although not a very strong statistical test~ 

could be used as a good indicator lRef. 12). This method is only me-

aningful for sample sizes of more than about 20. Analysis of the 

distributions of the repeated measurements of class 4 on section 002~ 

class 4 on section 004~ and classes 4 and 5 on sections 007 and 008 

showed that there was no significant difference at the 95-percent le

vel of confidence, In all cases a X2 of less than 1.00 was found whi 

le the limiting X2 is 3.84 at the 95-percent level of confidence. In 

trying to relate the distributions on both directions on these roads, 

large differences in the distributions were found, as would be expec! 

ed from the average results presented in Table E.4. 

This statistical technique was also tried in a attempt 

relate the distributions on roads carrying similar traffic, but this 

was not found to be successful. 

d 

The system measures vehicle weights while the vehicles are 

travelling at normal highway speeds. It consists of two transducer 

units~ which are built into the road in each wheelpath of a lane, and 

induction loops which serve as presence detectors and which also me-

asure vehicle speeds. The supporting electronic hardware consists of 

a computer~ which serves as calculating unit for the system and which 

also acts as driver for a magnetic tape unit, onto which all the data 

are recorded, a video screen were the data received are verified be

fore writing onto tape, and a printer unit where the data can be prin! 

ed. All this equipment is housed in a Caravan trailer, which makes 

the system completely mobile. Power is obtained from portable genera-

tors or from the electrical distribution network if power is close to 

the site. 

The installations are made on tangential sections of road 

which have a grade of less than 1 percent, good riding quality and very 

little transverse deformation, to avoid problems as a result of dyna-

mic forces. Up to the present time, two installations have been made. 

The installation is shown in Figure 50. 

To initiate measurements, the transducers are placed into the 

frame and the wires to the control box are fixed to the transducers, 

and the computer is connected to the control box. After completion of 

testing, the transducers are removed and replaced by dummy transducers. 
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Compa~~~on ofi WIM and Po~tabl~ Seal~ R~~ult4 

After installation of the WIM system, a truck with knownaxle 

loads is used to calibrate the system~ A necessary task is to check 

the reliability and calibration of the system in comparison with the 

portable scales. During two half-day periods. the WIM crew printed 

all the axle-load data of the vehicles passing and also noted the ve

hicle registration numbers. The portable scales were stationed about 

1 km downstream. where they would not interfere with normal highway 

speeds at the WIM site. Axle loads of most vehicles were measured, 

again noting vehicle registration numbers. A comparison of the axle 

weights is shown in Figure 51. On the average, the portable scales 

weighed an equivalent of 243 kg higher than the WIM, which is on ave-

rage about a 5-percent difference. This is an acceptable difference 

for these types of measuring devices. The slope of a regression line 

passing through the origin was calculated to be 0.435 for 237 points. 

Another way of analyzing these results is to calculate the 

equivalency factors. as discussed above. These calculations for class 

2 and 4 vehicles are presented in Table E,8 together with the sample 

sizes. 

A difference of 5 percent in axle weights would result in 

a difference of 23.5 percent in the equivalency factors because the 

error in weight is raised to the power 4.32. The WIM results presented 

in TableE.B lie within about 22 percent of the results measured with 

the portable scales, which are as would be expected from the average 

difference in weight between the two measuring devices. 

WIM R~~ult~ no~ th~ S~t~ on BR-040 

Data were collected with the WIM at the site located at 

KM 1 on BR-040, near Brasilia, and adjacent to section 006. Measure-

ments were limited to the lane carrying traffic from Bela Horizonte 

and Luziania to Brasilia. Previous measurements with the portable sc~ 

les showed that this was the lane carrying the heavier traffic. Measu

rements were taken during the day from July 19 to August 2. 1977. Me

asurements were taken over a seven-day period from August 3 to 10, for 

24 hours per day, in order to obtain comparisons between day and night 

axle loads. 

185 

Digitised by the University of Pretoria, Library Services, 2012



00 
0'\ 

MT-GEIPOT 

01 
-"' rtlo 
)( 

12 

10 

~ 8 
3: 
r 
I-

~ 
I
I 
(!) 6 
Uj 

s 

4 

2 

0 

2 4 8 12 

/ 

/ 
/ 

/ 

0 

LINE OF 
EQUALITY G) // 
Y=0.454x // 

® • / . / 

® $/ 
/ 

G> 0 ~ ftJ~. 
G> ~(~)/ ~ 

G> ~» .. ~//® 
(!) •// ® 

/ // (!) 

0//// --------
6// ® "" ••// REGRESSION LINE 

Y = 0.435x 

16 20 24 
WEIGHT WITH PORTABLE SCALES (xl0

3
1bs) 

28 32 

COMPARISON OF AXLE LOADS MEASURED WITH THE WIM AND PORTABLE SCALES 

36 

FIG. 51 

Digitised by the University of Pretoria, Library Services, 2012



TABLE E.8 - COMPARISON OF EQUIVALENCY FACTORS CALCULATED FROM 
DATA OBTAINED WITH THE PORTABLE SCALES AND THE WIM 

Equivalency Factors Sample Size 
CLASS 2 CLASS 4 

Portable WIM Portable WIM CLASS 2 CLASS 
Scales Scales 

2 August 1977 0.82 0.64 2.47 l. 96 10 57 

3 August 1977 0.92 0.66 2.76 2.15 3 20 

4 
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( 1 ) Axle-Load Vi~t~ibution 

The data collected were analyzed to give a frequency distri

bution of axle loads. The computer program, which uses the magnetic 

tape as input, uses either the class of vehicle written onto the tape 

by the operator, or the axle configuration and spacing to distinguish 

between the different vehicle classes. The frequency distributions for 

the two periods. day only, and day and night, are given in Appendix B. 

To illustrate the severity of overloading, the percentages of axles 

overladen are given in Table E.9. 

There is little difference between the severity of overlo

ading when night traffic is also considered. This point will be discus 

sed further when comparing the equivalent axles per vehicle. 

(_ 2) Equivalent Axle.-6 

The number of equivalent axles per vehicle were calculated as 

in the case of the portable scales. These results are presented i Ta-

ble E.lO for each day. together with the times during which measurements 

were made. When comparing day and night measurements, day has been de

fined as the hours between 08:00 and 17:00 hours each day, whereas night 

results were taken between j7;00 and 08:00 hours. 

To facilitate the exposition about the number of equivalent 

axles during the day and at night, histograms (Figures 52 and 53) have 

been compiled, showing the number of equivalent axles during the day 

and at night. for the different days of the week for vehicle classes 2. 

4 and 5. These classes conist of relatively large samples which make 

the comparisons meaningful. There is little variation in the equiva

lent axles per VBhicle for the buses, which vary from 0.40 to 0.63 du

ring the day and 0.35 to 0.57 at night. There is also no meaningful dii_ 

ference between the means calculated for day and night, which are res

pectively 0.48 and 0.43. 

A larger variation in the number of equivalent axles is found 

for class 4 vehicles, for which the variation during day-time ranges 

from 1.12 to 1.74, and at night from 0.68 to 1.73. There is also no 

meaningful difference between the average equivalent axles calculated 

as 1.45 and 1.53 for day and night traffic, respectively, 
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TABLE E.9 - COMPARISON OF NUMBER OF EQUIVALENT AXLES 
CALCULATED FROM WIM AND PORTABLE SCALE DATA 

Number of equivalent axles per vehicle 
Date 

WIM 
Class 2 Class 4 Class 5 Class 6 Class 7 Class 

-- (Sample 
size) 

19/7-29/7/77 0.49 1. 6 9 1.31 1. 7 3 5.41 3.82 
(Daytime) ( 2 51 ) ( 814) (322) ( 13) ( 14) ( 2 2) 

1/8-10/8/77 0.48 1. 4 5 1. 3 5 2.63 2.83 4.06 
(Daytime) (390) (1048) (57 9) ( 12) ( 3 3) ( 51) 

3/8-10/8/77 0.43 1. 53 1.28 2.22 3.68 3.21 
(Night) ( 1 9 3) ( 53 4) (295) ( 7 ) ( 14) ( 2 5) 

Portable 
Scales 

7/6-11/6/76 0.64 2.35 1.25 1. 50 4.98 7.45 
( 3 9) ( 2 1 5) ( 1 57 ) ( 4) ( 6) ( 2 9) 

8 
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Class 5 vehicles also exhibit a relatively large variation 

in the number of equivalent axles per vehicle, Daytime averages range 

from 0.94 to 1.67, whereas night results range from 1.10 to 1.62. Again 

there is no meaningful difference between the total daytime and night

time averages of 1, 35 and 1. 28, 

A further comparison was made between average equivalent ax

e results calculated for two daytime and one nighttime period from WIM 

data, as well as the results calculated from the portable-scale data 

for section 006 in the same direction. These results are presented in 

T a b 1 e E . 11 for v e h i c 1 e c 1 a s s e s 2 , 4 , 5 , 6 , 7 a n d 8 , t o g e t h e r w i t h t ha sam-

ple sizes, There are no meaningful differences for the results of class 

2, 5, 6 and 7 vehicles, considering the sample sizes. The differences 

between the WIM and portable scale data of class 4 vehicles could be 

ascribed to the r~latively large proportion of these vehicles,which we 

re carrying gravel and which were weighed with the portable scales. 

These vehicles appear sporadically since there is no permanent gravel 

pit located on this route. The difference between WIM and portable sc~ 

le results for class 8 vehicles are accepted to be normal variations in 

vehicle weights passing over the road. 

g W1M Re~ul~~ 6o~ ~he Si~e on BR-060 

Data were collected with the WIM at another site, located out 

side the DNER residence near An~polis on BR-060. The results obtained 

at this site are not directly comparable with any results obtained with 

the portable scales, since heavy traffic is generated by the sand pits 

which are located between the WIM site and the pavement study sections. 

Measurements, which were limited to the lane carrying traffic from An~

polis to Brasilia, were taken over a seven-day period from August 17 to 

24 for 24 hours per day, in order to obtain axle load distributions and 

comparisons between day and night equivalent axles per vehicle. 

(J) Axle-Load Vi~~~ibu~ion 

The axle-load distribution was calculated as for the first 

site and is presented in Appendix B. To illustrate the severity of 

overloading~ the percentagens of axles overladen are shown in TableE.l2. 
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TABLE E.ll - COMPARISON OF NUMBER OF EQUIVALENT AXLES CALCULATED FROM WIM 
AND PORTABLE SCALE DATA 

Number of equivalent axles per vehicle 

Date Class 2 Class 4 Class 5 Class 6 Class 7 Class 8 

WIM (Sample 
- size) 

19/7-29/7/77 0.49 1. 6.9 1.31 1. 73 5.41 3.82 
(Daytime) (251) (814) (322) (13) (14) (22) 

1/8-10/8/77 0.48 1.45 1.35 2.63 2.83 4.06 
(Daytime) (390) (1048) (579) (12) (33) (51) 

3/8-10/8/77 0.43 1. 53 1.28 2.22 3.68 3.21 
(Night) (193) (534) (295) (7) (14) (25) 

Portable 
Scales 

7/6-11/6/76 0.64 2.35 1.25 1. 50 4.98 7.45 
(39) (215) (157) (4) (6) (29) 
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TABLE E.l2 - PROPORTION OF AXLES LADEN ABOVE THE LEGAL LIMITS MEASURED 
WITH THE WIM ON BR-060 

Percentage of Axles Overladen 

Date (Sample Size) 

Front Axles Single Rear Tandem Rear Triple Rear 
Axles Axles Axles 

17/8-24/8/77 4.1 20.2 48.9 44.6 
(Day and night) (2385) (1495) (948) (116) 
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c 2) Equivalent Axle..o 

The calculated number of equivale~t axles per vehicle are pre

sented in Table E.l3 for each day. together with the times during which 

measurements were made. Day and night are as defined before. Histo-

grams ( Figures 54 and 55 ) have been com pi 1 e d to fa c i 1 it ate the expos! 

tion ~n the ~umber of equivalent axles during day and night for diffe

rent days of the week for vehicle classes 2, 4 and 5. There is little 

variation in the equivalent axles per vehicle for buses. which vary from 

0.56 to 1.18 during the day and 0.66 to 0.89 at night. There is also 

no meaningful difference between the means calculated for day and night, 

which are respectively 0.90 and 0.81. 

Class 4 vehicles again exhibit a large variation in the num

ber of equivalent axles, varying from 0.38 to 2.73 during the day and 

from 0.68 to 1.69 at night. There is also a fairly large different 

between the day and nighttime means of 1.89 and 1.28 calculated. 

Class 5 vehicles also exhibit some variation, but not as much 

as class 4 vehicles. Daytime averages range from 1.49 to 2.05, whereas 

at night results range from 1.58 to 2.09. Again there is no meaningful 

difference between total daytime and nighttime averages of 1.70 and 1.77. 

6 CONCLUSIONS 

Axle-load distributions obtained with the portable scales for 

34 sites show that 10 to 35 percent of the vehicles are overladen. On 

those routes located between the gravel or sand pit, or the mine where 

ore is mined and the destination of these materials, from 40 to 80 pe£ 

cent of the rear axles are overladen. 

The data for these sites were also used to calculate the num 

ber of equivalent axles per vehicle for the different classes of vehi-

cles. These results will be used together with traffic counts, since 

the road was opened to traffic to calculate the number of equivalent 

axles carried by a section during its life. Indications have also been 

given as to the number of equivalent axles to be used in case of the 

absence of data for planning purposes. Repeated measurements on the 

same section but at different time intervals, have shown that the dis

tributions of the equivalent axles are not significantly different at 

the 95-percent level of confidence, For all the vehicle classes. except 
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~ TABLE E.l3 - NUMBER OF EQUIVALENT AXLES PER VEHICLE FOR DIFFERENT DAYS OBTAINED WITH THE WIM 
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class 2, there is a meaningful difference between the number of 

valent axles in both directions. 

equi-

Some very interesting results have been obtained with the WIM 

system. Axle loads measured are similar to those measured with the por

table scales. Meaningful differences in the number of equivalent ax

les per vehicle for class 4 and 5 vehicles were recorded for different 

days of the week during the day as well as at night. However. when con 

sidering average day and average night results over a week period, the 

re is no meaningfull difference. Therefore, the procedure adopted to 

measure at one site over a five-day period during daylight hours with 

the portable scales appears to be valid, and not influenced by daily 

variations, or day-to-night variations. These conclusions will be ve

rified at future WIM installations. since the equipment is expected to 

take regular measurements at six sites. 

7 SUMMARY 

The pavement performance and maintenance studies is program 

geared to complete a model by November 1978. The experiments are, ho

wever, designed and developed to continue under the auspices of high

way authorities in Brazil after the term of the project staff has ex

pired. 

To complete a model by November 1978 it is essential that 

the different relationships being developed by our group be available 

f o r i n p u t i n t o t h e m o d e 1 b y J u 1 y 1 9 7 8 . T h i s m e a n s t h at d a t a t o be used 

in comparing maintenance alternatives will have a maximum 15 months time 

base, and many of the sections with maintenance would only be nine months 

old. 

8 WORKPLAN ANV SCHEVULE 

Figure 56 shows the activities planned for the remainder of 

the study. All of the principal measurement activities on both the p~ 

ved and unpaved test sections are shown to the very end of the study 

period. The assumption made is that this work will be carried forward 

by State highway authorities following the termination of the activi

ties of this research project. 
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MOVEL VEVELOPMENT 

In the Inception Report (Ref. 1). Te~t and Adapt TRRL/MIT 
H~ghway Co~t Model~ was identified as one of the major activities of 

the project. Envisioned was the direct adaptation of relationships d~ 

veloped in the project to the latest version of the Highway Planning 

Model. In the last half of 1976. the TRRL Model was seriously studied 

and flow charted by the project staff. Planned was the testing of the 

construction subroutines using data from recently completed construction 

projects. These tests were designed to check the suitability of the 

Kenya construction routines in the Brazil environment. 

Work with the Kenya model ceased early in 1977 when the World 

Bank announced that the TRRL model had been outdated by a new combined 

TRRL/MIT model entitled the Road Investment Analysis Model. A number 

of modifications were made to this new model by the Bank before it was 

made available to the project in mid 1977. With assistance from person

nel of the World Bank. our Computer Group attempted to make operational 

the recent investment model in Brazil. Although the program has been 

compiled it has not yet been successfully run. 

Thus far. we have made very little progress toward actually 

putting together a Brazil Road Investment Analysis Model (BRIAM). The 

reason is that we have assigned higher priority to other research acti-

vities. Each of the three study groups have marshalled considerable 

resources to generate information from which interrelationships on hig~ 

way construction, maintenance and utilization are to be developed for 

Brazil. Without these relationships, the development of a planning mo 

del is meaningless. 

However, the Brazilian Government has insisted that the fi

nal product of this research project be an operational Highway Invest

ment Model that incorporates the relationships developed during the 

study period. Also it is mandatory that the model be programmed and 

documented so that it can be readily modified and updated by users in 

Brazil after the project is complete and the research team is disman-

tled. This means that all of the coding must be oriented to a Brazi-

lian interpretation, use ~ORTRAN variable names that are based on the 

Portuguese language and have appropriate Portuguese comments to cla

rify each of the steps in the programming. 

Given the need to produce an operational model before the 

termination of the project in November 1978. it becomes necessary to 
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set forth at this time a work program to achieve this objective. 

Before detailing a workplan. the research team reviewed anew 

the Requireme~ts for a Brazil model and the current efforts of the re-

search team to develop inputs for such a model. There was no commit-

ment to adopt exactly any of the existing investment models. so it was 

considered within the prerogatives of the project staff to establish 

the shape and scope of the Investment Model to be developed for Brazil. 

The model being developed for Brazil could be directed to 

any one of a number of planning levels. To illustrate. a subjective 

scale of sensitivity is shown in Figure 57 . At the top end of the scale 

we show network planning. At this level. the planner wants to establish 

the character of the links in a state or countrywide analysis. Consi

dered are traffic patterns and benefits resulting when links are added 

to or improved within the existing network. The number of combinations 

requiring examination is large. and therefore only the most general eva 

luation of individual link costs are feasible. 

Next we have the selections of alternates. from where it is 

possible to examine any number of possible paths and roadway standards 

between two points and select an alternative based on the optimization 

of a specified value function. In this situation. one expects to eva-

luate different length routes over different terrain. A moderate le-

vel of sophistication is warranted such as predicting earthwork 

function of maximum grades and contour line crossings. 

as 

At the project link analysis level. essentially one path is 

a 

considered. The geometry may be optimized to minimize either construe-

tion or total transport costs over the link. One expects a reasonably 

good description of the terrain. and accuracy sufficient for feasibi

lity estimates of cost. 

Finally. a model can be developed to produce essentially fi

nal design details suitable for construction plans. 

During the conceptualization of this study for the Inception 

Report, the TRRL Model was examined as a guide. The level of detail 

varied considerable within that model. but the construction subroutines 

were far more sophisticated than either the pavement performance mainte 

nance routines or the user costs routines. 

The major thrust of the Brazil study is to develop improved 

relationships on pavement performance and vehicle operation costs. 
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Further. the study has been formulated so that it will be possible to 

develop routines with details comparable to those used in the TRRL 

cnnstruction subroutines. 

Instead of a generalized rise-and-fall index for vertical 

geometry. plans were formulated to evaluate the influence of individual 

grades on vehicle operation cost. The same was true for horizontal cur 

ves. The entire inference space on each experiment was made as wide as 

possible. A detailed program was outlined to monitor the behavior of 

pavements receiving two extreme maintenance responses. The objective 

was to have information at hand to develop relationships which would i~ 

prove on the sophistication of the maintenance and pavement performance 

subroutines and the vehicle operating cost routines of the TRRL model. 

Therefore, it seemed clear that the output Qf this study would 

be relationships more detailed and sophisticated than those used in the 

TRRL pavement and user costs routines. and comparable in detail to the 

TRRL construction routines. On our planning level scale shown in Figu-

re 57. the TRRL model would be rated at level 4.1. The model being en-

visioned for Brazil will be more detailed and so might receive a 3.8 ra 

ting. 

The option to generalize the detailed relationships being de

veloped is always available. and therefore they can be used in a broad 

level analysis at some future time. However. if the relationships were 

generalized now. it would not be possible to work back to the detail and 

sophistication feasible with the data being developed. 

Therefore. the model to be developed will be limited to a link 

analysis where variations in design standard can be studied for a single 

corridor. The model will be designed to permit construction. maintence 

and user cost to be evaluated for alternate surface types. maintenance 

policies and construction and maintenance methods. 

a 

As a result of the work being pursued it is expected that ma

jor modifications to some of the relationships used in the existing mo

dels will be made. Foremost will be the manner vehicle speeds and fuel 

consumption are to be handled. Instead of using a single predictor e

quation for a link or section, we propose to simulate the behavior of 

a vehicle on the study link and develop a continuous speed profile re-
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fleeting the impact of changes in vertical and horizontal alignment by 

vehicle class for given different levels of volume and various vehicle 

compositions. 

Fuel consumption also will be computed in increments and ac

cumulated for every change in speed or mode of operation defined by the 

speed profile. 

The greater number of different classifications of vehicles 

over a range of loading being studied is expected to produce relation-

ships covering a wider spectrum of the vehicle stream. Therefore.more 

classifications of vehicle types will be handled in the model than is 

currently possible. 

A high priority item in this study is the development of in

formation on the utilization rates of vehicles on different roadways. 

This will have an important impact on determining depreciation rates 

where almost no information has been developed historically on the in

fluence of the road itself on vehicle utilization. 

A completely new set of equations are expected to be develop

ed for vehicle maintenance and repair. tire wear and oil consumption. 

based on the user cost surveys. 

New and improved relationships~ permitting the impact ov va

rious maintenance levels on future pavement performance. are expected 

to be developed from our pavement performance and maintenance studies. 

Modifying the existing World Bank Model to incorporate these 

new relationships being developed during the study was originally con

sidered as an option, This model is made up of 88 different subrouti

nes. and it was thought that three or four new subroutines could be de

veloped to replace or interface with an equal number of the existing rou 

tines to make use of this model. 

Closer examination showed that many of the input routines would 

require major modifications. 

A construction routine that outputs a description of the ro

adway link in terms of each grade and horizontal curve is not part of 

the existing model, yet the project approach to developing vehicle spe

ed and fuel consumption requires this detail. To handle volume and 

composition effect on traffic congestion. hourly distributions of traf

fic by vehicle class are required. 
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Finally, documentation on the Road Investment Analysis Model 

( RIAM ) is currently incomplete, so it does not appear feasible to in 

corporate within the existing coding stream the new relationships dev~ 

loped from this study. Further, before the current model could be ado 

pted, it would need to be recoded in its entirety to satisfy the docu-

mentation requirements neeeded for Brazil. Therefore. we do not be-

lieve it is feasible to attempt to directly adopt RIAM within the re-

maining study frame, Rather, it has been decided that the more pract~ 

cal course will be to code a new model from scratch. The conceptual 

framework already exists from the first MIT study the subsequent TRRL 

model and the current version of RIAM. We propose to adopt the concepts 

used by TRRL for their construction subroutine, recode the program in 

FORTRAN with all variables and coments based on Portuguese. 

Further we propose to adopt the input documentation format 

presently used for RIAM and use the current ouput formats of RIAM as 

a guideline. We expect to develop completely new modules for pavement 

and maintenance and user cost, based on the new relationships being de

veloped. 

b 

It is proposed that work begin on the development of the Bra

zil Roadway Investment Analysis Model (BRIAM) in November 1977,atwhich 

time the conceptualization phase would commence. 

this phase would be to: 

The first task of 

- Establish the desired outputs of the final model; 

- Establish those paramenters to be generated by the model; 

- Define the necessary inputs to satisfay these needs. 

Concurrently, the relationships between each of t~e program 

modules would be defined. The general structure of the module interfa

cing shown in Figure58 would be detailed to establi3h conmon areas and 

transfer variables between modules. Also to be identified will be the 
required input and output requirements of each module. Defining these 

input and output requirements for each module provides the analyst with 

the necessary quidelines to develop each of the modules independently. 

This will permit a more detailed design of both the modules and BRIAM 

at an early stage and enable programming efforts to be carried out in

dependent of actual development of useable relationships. Into this 

last category fit the input/output subroutines. Once the inputs are 
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known, even if specifications must be made for the maximum input pass~ 

ble, appropriate subprograms can then be written to read data, to ge

nerate reports on input information, and to generate output reports. 

The documentation in these first two phases will involve the 

writing of specifications on the I/0 routines and of documentation of 

the overall model system. 

Work on the construction module will begin as early as pass~ 

ble. The data requirements for the various construction routines,i.e., 

earthwork, drainage, etc., and for the Time and Fuel Algorithm (TAFA) 

will establish the inputs for the early phases. Detailed study of the 

TRRL model construction routines will be reinitiated to permit flow-

charting of a modified routine to be used by BRIAM. Once a flow chart 

is available, programming will proceed as quickly as possible to permit 

more time for model validation. 

Documentation will consist of program specifications. input-

card layouts, and flow charts. The effort to be expended in this phase 

will be a major part of the total. 

The vehicle-performance module consists of two major tasks: 

programming. debugging and testing of TAFA. and development of the rou-

tines to calculate user-cost quantities. TAFA is currently in the pro-

cess of being defined. Before being programmed it will be reviewed and 

structured to fit the overall model requirements. 

Once the maintenance activities to be included in the model 

are established. much of the programming for this module can start. 

The key element will be the establishment of workload, an input determi 

ned from a definition of maintenance levels interacting with the condi-

tion of the pavement in the pavement condition mudule. The establishment 

of pavement deterioration relationships is a very time-dependent study, 

and final relationships are not expected to be available until mid 1978. 

Analysis work on unpaved roads will start in 1978, so the ge-

neral structure of parts of this model will start as soon as these re-

lationships are available. The conceptualization relating maintenance 

to pavement condition can begin earlier and will be developed in con

junction with the maintenance module. 

The last phase, model synthesis, should not require extensive 

time, providing care is taken from the beginning to ensure that all of 

the modules are compatible. This will leave more time for sensitivity 
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studies and final documentation. Providing each module is documented 

as it is developed, this final documentation should consist of conso

lidating existing documents into a user's manual, final model documen 

tation, and presentation of the results of the sensitivity studies an 

example applications of the model. 

The Workplan with a Time Schedule for development of BRIAM 

is shown in Figure 59 . 
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Detailed schedules are included in Chapters C through F for 

each of the major study phases. This general work plan summarizes the 

se activities for the entire project, and the project schedule shown 

in Figure 60 is an updated version of the one included in the Inception 

Report (Ref. j). Each of the activities that were completed as planned 

are unaltered. For those that required more time but are now complete, 

an achieved l~ne is shown. A cross-hatched pettern is used to show pre-

sent revised plan on all unfinished activities. Also, for each activi

ty that is not complete, a current estimate of the percentage completed 

is indicated. 

Seven of the activities that are now complete were finished 

later than originally planned. Each activity has been extended using 

the achieved coding. 

the delays. 

The following brief explanations are offered for 

Mobilize In~e~na~ional Sta66 in B~azil - The staff was 

completed as indicated but the Instrumentation engineer 

arrival in Brazil was delayed, so that more time could 

be spent checking on equipment in the U.S.A. Also, con

tract changes in March resulted in modified internation

al staffing requirements, An economist was added for the 

full length of the study and it was decided to immediate 

ly add a modeler to project staff, and he arrived in Au

gust 1976, 

- Iden~i6y, O~de~, Reeeive, and Cheek all Equipmen~ - All 

of the equipment except the Profilometer, which arrived 

in June, and the A/D and resilient modulus soil testing 

equipment, which arrived in September,was received as 

scheduled. 

- E~~abli~h Compu~e~ Requi~emen~~ and A~~ange 6o~ Compu~e~ 
Se~viee~ - The establishment of adequate computer faci

lities for the project has proved a formidable task. The 

final configuration includes service contracts with CAEEB 

and EMBRAPA, the latter having been signed in May 1977, 

and the establishment of a remote terminal connection to 

DNER, which only became operational in May 1977. 

- Condue~ Su~vey Pilo~, Analyze and Repo~~ - The main study 

effort started as scheduled, but complete refinement of 

the data-collection documents was not finalized until De-

cember. Data collected during the first six months of 

the main survey needed to be transformed to conform with 

the final study documentation format. 
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- Seleet Pavement Te~t Seetion~ - After an exhaustive se

arch extending beyond the originally planned study area, 

it was not possible to locate test sections for all of 

the pavement study factorial cells. Therefore. the ana

lysis will be based on a reduced factorial design. 

~ Conduet Pavement Pilot Studie~, Analyze and Repo~t - Lo

cating the test sections required far more time than an

ticipated. Finalizing the measurement system to be used 

to document information being monitored on the test sec

tions was also delayed, with the last being the condition 

survey procedures which were finalized in December 1976. 

- Gathe~ Infio~mation on Road Geomet~ie~ no~ U~e~ Co~t~ Ex

pe~iment~ - In searching for experimental sections, the 

first step was establishing suitable geometric characte

ristics, and this process continued as the search for 

rough paved sections was pursued. 

A revised schedule has been established for all remaining 

project activities that were not originally projected to continue to 

the very end of the study period. The activities that were changed 

and the reason for the required extension in their schedule follow: 

- Seleet U~e~ Co~t Expe~iment~ Te~t Seetion~ - This activ

ity was expected to be completed early in the study, but 

it has proved impossible to locate some of the desired 

test sections. Rough paved sections meeting the study 

factorial requirements could not be found close to the 

operations base in Brasilia. Suitable sections were even 

tually found in Goias and Minas Gerais after extensive 

searching. The specifications for test sections require 

uniform grades 1.5 to 2-km long over a range of roughness 

and with reasonable traffic volumes for the speed studies. 

A current search has been initiated of the user surveys 

route inventory file. If the critical section cannot be 

found, the constraints will be relaxed so that all feasi

ble sections are in hand by March 78. About half of the 

remaining 35% which need to be located are associated with 

experiments not yet initiated and will only require iden

tification. 

- Conduet Pilot Studie~ ofi U~e~ Co~t Expe~iment~, Analyze 

and Repo~t - Four of the 13 main experiments have not 

been pilot tested. These are all relatively short expe

riments but have not yet started because priority has been 
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given to the completion of ongoing major experiments. Not 

included in this revised plan is the pilot testing of two 

of the nine satellite studies not programmed in the cur

rent schedule. 

- Te~t and Adapt TRRL/MIT H~ghway Co~t Model~ - The TRRL 

model is operational and has been studied. However, li-

mited work was done with the existing combined model, be

cause the latest version has not been made operational. 

There is a need to have a final model oriented to the Por 

tuguese language and completely operational by the end of 

the study. Adopting the existing model does not appear 

feasible within the remaining time because current docu

mentation is incomplete and this makes modification im-

practical. Therefore, proposed is a newly structured and 

coded model to be developed during the remaining study p~ 

riod. 

- Beg~n U~e~ Co~t Expe~~ment~, Colleet Vata, P~oee~~, P~e

Analyze, Analyze - This activity has been extended two 

months to permit maximum time to collect and analyze data 

to include in the model. Refinements to the various re-

lationships being developed can be made right up until they 

are presented in the final draft report. 

- Obta~n Pe~~od~e Mea~u~ement~ on all Te~t Seet~on~ - The 

establishment of specially trained teams to develop measu 

res of performance on both pavad and unpaved road sections, 

together with the acquisition and modification or fabrica 

tion of suitable measure equipment took many months. The 

pavement studies are expected to be carried forward into 

the future, Retaining the continuity of the measurements 

by keeping the teams in the field will help this transi-

tion, 

- Vevelop Vata on Cal~b~ation Seet~on~ to Validate U~e~ Co~t 

Model - This activity has not started although the neces

sary tachographs and fuel meters have been checked out. 

The new schedule shows this activity starting in January 

1978, when the necessary vehicles can be diverted for this 

purpose. 
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Although all project studies are progressing well, under the 

programs developed by the main study groups, the November 1978 termina 

tion date has brought into focus areas where inadequate time has pla

ced some serious constraints on the scope of the project. It seems 

clear, then, that substantial benefits would be realized if the pro-

ject could be extended. Such an extension is warranted by the many 

delays and unforessen events that have effectively shortened the actual 

study period. 

1 STATUS OF THE STUVIES 

All three main study groups have refined their field procedu

res. and a comprehensive data-collection program is well underway. 

a Road U~e~ Co~t~ Su~vey 

The User Costs Surveys Group has developed procedures that 

are generating vehicle operating-cost data from a wide variety of 

survey participants who are becoming increasingly cooperative. An ave

rage of over 6,000 vehicle/months of data, covering different items of 

user costs, are in hand and ready to be processed. Detailed inventory 

information, covering roadway characteristics on over 12,000 km of 

user survey routes, has been developed by two survey vehicles that have 

been operating continuously since the beginning of 1977. 

All of the inventory data are validated on computer files. 

but only 20 percent of operating-cost data have passed preliminary pro

cessing, and even less have been completely validated for analysis. 

Inadequate computer support, together with delay in consolidating sum

maries of the data have seriously hampered the processing operation. 

Modified procedures directed toward collecting monthly summaries of 

user data are presently being implemented. These procedures will permit 

better validation-screening in the field and will reduce the volume of 

information to be processed. 

High priority has been placed on processing all existing 

data and on establishing the exact disposition of participants in a new. 

quantified version of the user surveys design factorial. In the future, 

highest priority will be given to filling identified gaps in this fac

torial, and efforts will concentrate on developing information on those 
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items that have the most impact on user costs. 

b Road U~e~ Co~t~ and T~afifiie Expe~iment~ 

This Group has identified 13 necessary and nine desired expe

riments that they plan to conduct in developing a deterministic model 

to predict speeds and fuel consumption. This includes nine required 

speed studies with a nine-man crew, which are 44% complete, and four 

required fuel studies with a 19~man crew, which are 74% complete. Pre

liminary equations developed from the fuel data are presented in this 

report, and final relationships will be established in the near future, 

as each of the experiments is completed. 

It was necessary to expand the driver-behavior experiments 

following the implemantation by the government .of a policy of strict 

enforcement of speed limits, in November 1976. This had a major impact 

on driver speeds, and therefore complicated our data analysis require-

ments. Lack of programming support has slowed the data flow and de-

layed the analysis effort. Missing was programming to generate sum-

mary reports which would permit field data screening to locate discre

pancies and errors. 

A conceptual framework has been developed for a deterministic 

model to predict time and fuel consumption, while different traffic-si

mulation programs are being examined for use in explaining traffic-compo

sition effects on speed. 

A tight schedule has been established to finish the required 

traffic experiments. The fuel crews expected to complete their stu-

dies early in 1978 will then be diverted to help with the traffic-beha 

vior experiments. However, within this time frame it will not be 

possible to complete the proposed satellite studies that are estimated 

to require three months. 

Pavement and Maintenance Studie~ 

This Group has established 86 paved sections, having comple

ted at least one cycle of roughness, deflection and condition survey 

me a s u r e s o n e v e r y s e c t i o n . T h e m e a s u rem e n t p r o g ram i s running smooth 1 y • 

Material characterization on 21 sections is complete, and a material 

consultant is currently conducting test on another 30 sections. Ano

ther contract has been signed for 20 more sections, and the consultant 

is presently starting the work. 
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Axle-loading data have been collected on over a third of 

the sections. and this program will continue. Traffic~classification 

information has been developed for a limited number of test sections. 

However. considerable assistance is expected in the future from DNER/ 

DER agencies. so no problems are expected in this area. 

The methodology for the unpaved roads was refined on six 

sections. while the more time-dependent paved sections were being es

tablished. The major work program on unpaved roads has been started 

and a number of sections have now been established. 

Because of the large volume of laboratory work. the pavement 

studies will have to rely on the pledged cooperation from DER-DF to 

handle this work, 

A work schedule has been developed and the necessary resources 

have been established to complete the objectives of the pavement stu

dies before November 1978. Nevertheless. there is considerable concern 

that. for the paved sections. the period of observation will be too 

short to produce meaningful results. particularly for the maintenance 

studies. whose monitoring period will last only about nine months. 

RECOMMENDATIONS 

The period of the project. relating specifically to work in 

Brazil. was originally conceived to last 42 months. Two to three months 

were spent on recruiting the international ataff. and nearly half a 

year was dedicated to getting the Brazilian technical staff together. 

Additional time was consumed by the pilot tests. calibration of the 

equipment and establishment of computer facilities. It is estimated. 

therefore. that a study of the scope originally envisioned will requi

re 12 additional months. 

Well trained field teams in all areas of the research are 

now productively generating information. It has required from 12 to 

24 month to realize this level of implementation. so every month added 

to the field efforts at this point is extremely cost effective. 

A work program has been designed to keep the entire team 

together through November 1978. which is the end of the current budget 

period for the international staff. Current plans call for the Brazi-

227 

Digitised by the University of Pretoria, Library Services, 2012



lian staff to carry the project forward to February 1979. 

It is recommended that the project be extended for a year. 

in terms of participation by the international staff. and for nine 

months. in terms of the Brazilian staff. with the last six months being 

reserved for the analysis and final report. 

Such an extension would also add to the data-collection phase 

and reduce overlap between producing final relationships and incorpo

rating them into a computer model. The extension of the data-collec

tion period would especially benefit the user surveys area. where re

cently-identified participants are critical in filling the survey fac-

torial. The pavement studies area would also benefit from the exten-

sian of the observation period for alt-rnative levels of maintenance 

response. In addition. it would also permit the completion of all the 

user cost and traffic experiment satellite studies. 

Regardless of what happens related to recommended project 

extensions. the research team will need continued access to suitable 

computer facilities to finish the project. 
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4GCO - 5JC:1 
)OCO - 6000 
~O,JJ- !COO 

> 7000 

rc P.L 

< ~uoc ~G 

6000 - 9000 
?000 - lCOCO 

10'")()1) - 1l:JJO 
11 G ~; C - lZ 0 0 0 
1 2 0 c o - 1 3 a •J :> 
1.3C:;o- 14C0<) 
141:0C- l'iC'UC 
1 '.) i) 0 I) - 1 b 0 () 0 
16GGG - 17C:JO 
170~0- 1':1)•)0 

13010 - lSGCC 
1~1 'J'JO- 2C!JQ!) 

?COUC - ZlOOO 
?1~00 - 22CGC 
?2COQ - 25GCO 
?SCSC - 240CG 
2400C - 2~00J 

2~C~O - 26CCO 
?6000 - 27000 
21000 - ~eooo 

?~~00 - 29000 
ZJOCO - 3GGOO 
3GCOG - 31000 
31000 - 320CG 
~Z0GO - 33COC 
~3000 - 3400" 
3~000 - 35000 

> 3SJJO 

TC;TAL 

64 
62 
<?& 
I, 1 

2 
0 
Q 

lS:i 

c 
0 
c 
c 
c 
c 
.... 
'J 

c 
c 
c 
c 
c 
c 
p 

G 
J 
c 
0 
c 
() 

G 
c 
1 
c 
c 
1 
0 
c 
0 

2 

32.8 
'il. s 
1 3. 3 
21.0 

l • 0 
c.a 
c.o 

c. 0 
c.o 
c. 0 
G. t) 
{' ., 
\,e\.J 

c. 0 
c.o 
c.o 
c. 0 
c.o 
c.o 
c. 0 
C.Q 
c.o 
0.0 
c. 0 
c.c 
c. 0 
c. 0 
o.o 
c. 0 
c.o 

50.1) 
c.o 
c.o 

sc.o 
c. 0 
e.G 
c. 0 

7 4 

'i l 
'4 
~ r 

2 
G 

? ~ 2 

G 
c 
c 
c 

{J 

c 

c 
c 
c 
c 
c 

G 
'v 

G 
G 
0 
c 
0 
0 
0 
c 
0 
c 

c 

31 .1 
21 • 4 
3 l • 1 
i. ~ • ~) 

:j • t1 

0 • ·.~· 
!j. lj 

C ''· • J 

o.o 
o.o 
G .CJ 
c. c 
c. 0 
c. 0 
0. c 
U
. .., 

•V 

o.c 
0. 0 

0 • --~ 
~. J 
G.:J 
~. f_! 

0. (\ 
0.C 
0. <) 

().0 
o.c 
·J. c 
O.J 
o.o 
o.o 
o.o 
G.O 
'). 0 
0. •J 
o.o 

Cf) 
w 
...J 
X 
<( 

0: 
~ 
w 
0: 

w 
_J 

<!> 
z 
v; 

(/) 
w 
...J 
X 
~ 

0: 
<t 
w 
a: 

:I: 
w 
0 
z 
~ 

WEIGHT 
< 

2000 -
)(}00 -
40GO -
->OJ S -
G:JOC -
!GOO -
c.ooc ·-
Y0 0 ''J -

lOOCO -
11000 -
1200·'1 -

ZOOO KG 
3000 
4000 
5000 
bOOO 
7000 
~')00 

9000 
10000 
110GJ 
lZGCG 
13100 

l~O~C - 140GC 
14000 - 1~000 

lSQOC - 16CC0 
> 1~000 

Tc.T ~~-

< ~ ')0 o ~r, 

2000 - .50C.J 
31)•)0- 40~1_) 

4000 - '.JCOO 
? 0 0 G - r> () () l} 

~ c {;f) - f ·;·] (j 

7 0 0 0 - '; ') G r) 
•J·.)UG - -;ocr, 
~·ooo- lG.JGo 

100JO - 11000 
llOCO- UO:)'l 
12000 - 131JQJ 
130(i0 - 14:>0"•) 
140vC - 1':JI)OC 
15GCC - 1600') 
16000 - 17000 
17000 - leCGO 
tdavo - t9ooo 
19000 - 2COOO 
20000 - 21000 
21000 - 22000 
2?000 - 23000 
Z3Gao - 24COO 

> 2400() 

TC TH 

DIRECTION SC 

N!? OF OBS. PERCENT. 
44 
39 
1 3 
22 
?.2 
1 7 

5 
2 
4 
1 
2 
1 
2 
0 
1 
c 

1 75 

(; 

c 
1 

10 
c 

c 
0 
c 
I) 

0 
i) 

1 
1 
2 

0 
2 
0 
0 
b 

?2 

? '5 • 1 
22.3 

7. 4 
12. c, 
12.6 

s • 7 
2.') 
1.1 
;:>.3 
CJ.f, 
1.1 
0.6 
1.1 
c.o 
c. 0 
c. ·J 

C.Q 
c. l) 
4. ') 

4S.':i 
c.o 
4. ~ 

'•. 5 
c.c 
0. 0 
c. 0 
c. 0 
c.:) 
c. 0 
4.5 
4. 5 
9. 1 
4.5 
4.5 
4.5 
c. 0 
9. 1 
o.o 
c.o 
c.o 

DIRECTION CS 

N!? OF OBS. PERCENT. 
2 

" 
7 
4 
6 
1 
s 

10 
5 

G 
c 
-c 

21 : 

0 
c 
c 
4 
0 

22 
l~ 

c 
c 
4 
2 
2 
2 

1 
2 
2 
1 
c 
c 

{) 

c 

}9 

?4.(: 
7 • : 
Q 1 
L • J. 

11 • 4 
17. 1 
1 c. J 
7. 1 
~ . ~ 
~ • 7 
2 • ~! 

(~ . '· 
.4 
.4 . ") 
• 0 

G. r) 

0. J 
" ,, 
" ' v • •j 

l • (! 
o.v 

4!; • 9 
c.o 
~·. 2 
·, " J. v 

c. 'J 
5. 2 
4 • 1 
4. 1 

6 • 1 
? ., 
~. v 

4 • 1 
4. 1 
z.c 
0. c 
c. c 
c. 0 
o.o 
0.0 

I 
! 
I 
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N 
w 
U1 

en 
IU 
...J 
X 
<{ 

1-
z 
0 
a:: 
Lt.. 

en 
UJ 
..J 
X 
<{ 

0: 
<{ 
IU 
0:: 

UJ 
..J 
Q. 

a:: 
1-

SECTION 004 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 Klj 
2000 - 3000 
3000 - 4000 
4000 - 5000 
?000 - 6000 
6000 - 7000 

> lOCO 

TGTJ\L 

DF-20 
BR-060/Gama 
Gama/BR-060 

DIRECTION sc DIRECTION cs 
N20F OBS. PERCENT. N2 OF OBS. PERCENT. 

3 12.0 4 13.3 
1 3 52.0 20 66.7 

5 36.0 4 13.3 
0 c.o 2 6. 7 en 
c c.o c o.o IU 

..J 
0 c.o c o.o X 

0 c.o c o.o <{ 

a:: 
25 30 <{ 

IU 
a:: 

w 
..J 
(!) 

z 
V) 

en 
w 
..J 
X 
<{ 

a:: 
<{ 
w 
a:: 

~ 
IU 
0 
z 
~ 

I 

DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. N20F OBS. PERCENT. 
< 2000 KG 1 4.2 2 7. T 

20CC - 3000 3 12.5 20 76.9 
3000 - 4000 1 4.2 0 o.v 
4000 - 5000 0 o.o 2 7. 7 
5000 - 6000 0 o.o 1 3.8 
6000 - 7000 0 c.o c 0.0 
7000 - BOOG c c.o 1 3. f) 
8000 - 9000 0 c.o 0 0 ,, 

• v 

9000 - 10000 1 4.2 c " .. , u. \. 
10000 - 11000 6 25.0 c c. c 
11000 - 12000 6 25.0 c c.c 
1200.0- 13000 4 16.7 c 0. ') 
13000 - 14000 2 8.3 0 o.o 
1400C - 15000 0 0.0 c c.o 
lSOOC - 16000 0 c.o 0 O.G 

> 16000 0 c.o c c. c 
I 

TflT I\ I 24 2f1 I 
< 2000 ~G c c.o c o.u I 

2000 - 3000 0 c.c c c.o 
3000 - 4000 0 0,. 0 0 c.o 
4 coo - .5000 c c.0 1 2" (' ~·v 

5000 - 6000 0 o.o 0 0. ;:, 
6000 - 7000 0 c.o c o.c 
7000 - eooo c o.o 2 so.o 
8000 - 9000 0 o.o 0 o.o 
9000 - 10000 0 c.o c o.o 

1.0000 - 11000 0 c. 0 c " " v • · •. 
11000 - 120CO c c.o c o.o 
12000 - 13000 c o.o c o.o 
uooo - 14000 0 c.o c c.c 
14000 - 15000 c o.o c O.:J I 

15000 - 16000 0 0.0 c G .•l 
16000 -. 17COO 0 c.o 0 a.o 
17000 - 18000 1 100.0 1 25.0 
18000 - lSCCO c c.o c o.o 
DOOO - 20COO 0 c.o c o.o 
20000 - 21COO 0 c.o c c.c 
21000 - 22000 0 o.o 0 c.o 
22000 - 23000 0 c.o c c.c 
23COC - 24000 c o.o 0 c.o 

> 24000 0 o.o 0 0.1) 

TOTAL 1 4 
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N 
w 
0) 

en 
l:.J 
...J 
X 
~ 

~ 
z 
0 
a:: 
u... 

en 
lLI 
...J 
X 
~ 

a:: 
~ 
lLI 
a:: 

lLI 
...J 
Cl. 
0:: 
I-

SECTION 004 ON OF-20 
Direction SC - BR-060/Gama 
Direction CS - Gama/BR-060 

DIRECTION sc 
WEIGHT N! OF OBS. 

< 2000 KG 14 
2000 - 3000 32 
5000 - 4000 42 
4000 - 5000 0 
~000 - 6000 2 
~coc - 7ooo o 

> roao o 

TOTAL ?0 

< ~000 KG 
~aoa - qacc 
YO~C - 10000 

lCOOC - llCOC 
11000 - 12JOJ 
120UC - l)CCC 
lSJJj - 1'0~0 
l40GC - 1~000 

ljGGC - lbOOO 
l~CUG - 170JO 
17noo - 1eooa 
l··~o~ .. :c- 19oco 
1 :~ ~~ ·:~ r; - 2 G o 8 c 
2JJUG- 21Jv•l 
z~:oc- ?::·~>c-: 

Z2~J0 - ?3~JJ 

?3JJ~ - 24000 
?4COO - c::OCO 
2 ') G r) C - 2 i, 0 0 :J 
2600.") - 27000 
270·JG - 280CO 
? t\ 0 c 0 - 2 ') ,, 0 0 
? 'J .._: n 0 - 3 o ,J G o 
3:Jnoo - nooo 
31COO - 32000 
32000 - 330rJO 
33000 - ~4000 

HOOO - 35000 
> 35000 

T 0 I;. L 

0 

c 
G 
c 
0 
c 
0 
c 
c 
0 
c 
:) 

" ,, 
~ 

L 
c 
v 
0 
IJ 
0 
c 
0 
0 
0 
0 
0 
0 
0 
0 

0 

PERCENT. 

15.6 
35.6 
46.7 
c.o 
2.2 
c.o 
o.o 

0.!.) 
0. 0 
c.c 
c. 0 
c. iJ 
c.o 
o.o 
c •. a 
c.o 
c. ;J 

c.o 
c. i) 
c.o 
c.o 
c.() 

!"' ·' 

c.o 
C. D 
0.0 
c.o 
c.o 
c.o 
c. 0 
c.o 
c.o 
o.o 
c.o 
o.o 
0. 0 

DIRECTION cs 
Ni OF OBS. PERCENT. 

12 15.6 
'52 ~7 .5 
11 14.3 

2 2 • f 
C C. D 
c 0. c 
0 0. 0 

77 

(' 
v 

c 
c 
c 
c 
c 
c 

c 
'...~ 

c 
c 

c 
c 

c 
c 
c 
c 
c 
t: 
c 
0 
c 
0 
0 

100.0 
c.o 
a.o 
(). 0 
o.o 
0. c 
0. G 
t.;.i) 

c.o 
c. J 
J.l) 

.._ . 
J. 
J • 
0. 
c. 
0 • 
c.n 
;} • 0 
0. 2 
o.o 
c.o 
0.0 
c.c 
c. 0 
0 

,, 
.v 

0.0 
o.o 

(/) 
lLI 
~ 
X 
~ 

a:: 
~ 
lLI 
a:: 

lLI 
...J 
(!) 

z 
en 

en 
lLI 
...J 
X 
~ 

cr 
~ 
lLI 
a:: 

::E 
lLI 
0 
z 
~ 

WEIGHT 
< 2000 K(, 

2000 - .3000 
5000 - 4000 
4000 - 5000 
';0()0 - 6000 
oOCC - lOCO 
7()00 - tJOJO 
dOOO - 9000 
'JOCC - 1CCOO 

10000 - 11000 
110\JO - 12000 
12000 - 13800 
130UC- l42C:) 
140(J0- 1'>CO::J 
l'J\iGO - H)iJCO 

> lbOCO 

T J! r ,~ :_ 

< 00 Kf, 

?.0:)0 - '.10 
5000 - \)C 
40iJG - ·'J~v 
5000 - nOC 
G CO 0 - ,'GO 
7:;oo - ~no 

~: 0 Ci ~ - s; ~ n 
·"}J(;Q- lQC,J 

l:IJGC::- llCC 
llG\.;·J - 1200 
1 ;· :_- , , - I ~~ " ( 
13CVC - 1400 
1 4 0 c 0 - 1 1

) 0 'J 0 
1'j0CJC - lbOCG 
16000 - 17000 
1700C - lcCCC 
1:3000 - 1:1000 
19000 - 2COOO 
20000 - 21000 
21000 - 22000 
22COO - 2.3000 
2.3000 - 24CCO 

> 24000 

T (1 T ·'L 

DIRECTION SC 

N2 OF OBS. PERCENT. 
1C 12.5 

4 5. 0 
3 3. 7 

3. 7 
1 • 2 
c.o 

0 c.o 
1.2 

5 6. 3 
1e 22.5 
?C t'S.O 
12 ts.c 

0 
tJ 
0 

~c 

0 
c 
c 
c 
0 
c 

0 
c 
0 
2 
1 
0 
1 
2 
1 
0 
0 

1 r, 

3.7 
c.o 
0. :) 
c.o 

c • j 
c • t~ 
c. 0 
c. 0 

c " 
c. 0 
c.o 
c. (j 

c. c 
2C.J 
1 c • (j 
c.() 
0. 0 
c.o 
C.ll 

2C.O 
lC.O 
c. 0 

1C.O 
?C.O 
1C.O 
c.o 
o.o 

DIRECTION CS 

N20F OBS. 
s 

37 
4 
e._ 

2 
c 
1 
2 
0 
" 
c 
c 
c 
c 
c 
" v 

:, -~ 

r. 

c 
2 
c 

c 

,, 

c 

c 
c 
c 
c 
c 
G 
c 

l !I 

PERCENT 
14 • :; 
')tl.7 

6 • 3 
12. 7 

3.2 
c • ') 
1 • c 
3. 2 
0 • :) 
G. J 
0.(} 
0. G 
a.c 
C.J 
c. li 
o.o 

0 • ; 
" " I.J. V 

c.c 
4 4. 4 
!:1.1 

\.) • c 
16 • 7 

S.F 
" ' v. v 

c • 0 
o.o 
'"'). 0 

s. 6. 

0. J 
5. s 
1"\ r v. v 

s.s 
G • ~J 
0 • c 
o.o 
0. c 
"' :\ L. e\.1 

r. • ·~ 
0. Q 
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N 
w 
"""-! 

en 
w 
...J 
X 
~ 

1-
z 
0 
Q: 
IJ.. 

en 
lLJ 
...J 
X 
~ 

Q: 
~ 
w 
Q: 

w 
...J 
a. 
~ 
1-

-------

SECTION 006 ON 
Direction sc -

Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
4COO - 5COC 
5000 - 6000 
6000 - TOO!) 

> 7000 

TOT~L 

< 5000 KG 
oooo - 9000 
?OOG - 10000 

lOOCC - 11000 
11CCO - 12000 
1;:000 - 13!JOO 
13COO - 14000 
14000 - 15000 
15000 - 16000 
lbOOO - 17000 
17000 - 18000 
UJ')O :} - 19000 
1 9 D G C - 2 0 0·0 0 
2000() - 2100(} 
21000 - 22000 
Z?COO - 23000 
?. 5 0 0 G - 2 t, 0 C C 
24%3 - 25000 
?'JOOC - 2f>OOO 
ZE:OOC - 27000 
27000 - 28000 
ciiCOO - 29CCO 
z~;:co - .3C000 
~CCOQ - 31CCC 
31000 - 32000 
32000 - 1.3.CUO 
330CO - 34000 
34GJO - 3)000 

> 3 ~: 0 0 0 

rc T ~ t 
---------

BR-040 
Bras{lia/Luziania 
Luziania/Bras{lia 

DIRECTION sc DIRECTION cs 
N20F OBS. PERCENT. N9 OF OBS. PERCENT. 

45 11. 7 68 14.2 
19S 51.6 210 43.8 

98 25.5 14 3 29.9 

35 10.2 52 10.9 
3 0.8 6 1.3 
0 c.o 0 o.o 
0 c.o c o.o 

3 e '• 479 

3 11.1 c 0. (J 

4 14.8 c o.o 
2 7. 4 c o.o 
2 7.4 c c.c 
c c.o 0 o.o 
0 c.o c o.o 
c o.o c c.o 
0 c.o 0 o.o 
0 c.o c o.o 
1 3.7 c o.o 
c c.o 0 o.c 
0 c.o c c. c 
2 7.4 1 3.4 

c c. 0 G C.Q 
0 c.o 1 3.4 
1 3.7 1 3 • 4 
1 3.7 1 3.4 
1 3.7 ~ u.9 
0 .c.o 1 3.4 
0 c.o 1 3. 4 
2 7. 4 6 ?0.7 
2 7 • 4 c Q.!) 

2 7.4 7 24.1 
1 3 .7 2 &.9 
2 7.4 2 .; • 9 

0 c. a 1 3.4 
.~ o.o 1 3. 4 v 

1 Ll 1 L4 
0 c.o 1 3.4 

? 7 .t lJ 

DIRECTION sc DIRECTION cs 
WEIGHT N~OF OBS. PERCENT. N90F OBS. PERCENT. 

< 2000 KG 2e 9.3 >,7 11 .1 
2000 - 3000 77 2~.8 26 ~.4 I 
3000 - 4000 53 1E.5 22 6. ,, I 
4000 - 5000 32 11 • 1 21 G.3 
5000 - 6000 21 7. 3 H 5. 4 

en 6000 - 7000 16 5.6 25 7. s w 
...J 7000 - eooo 9 3. 1 ?7 0 • 1 
X 

8000 - 9000 1C 3.5 1 s j. 7 <t 
9000 - 10:JOO 1 3 4.5 l(l <; I 

J ... 

Q: 10000 - 11000 e 2. g 25 7.s 
<t 11000 - 12000 14 ~. 9 41 12. 3 
lLJ 
Q: 12000 - 13000 '• 1.4 ~6 1 :.) • ,, 

1300C - 14000 1 0.3 1 4 4. 2 

w 14000 - 15000 1 0. 3 1 0. 3 
...J 15000 - 16000 0 c.o G 0. ·) 
C) 

> 16000 0 0.0 c c.o z 
u; 

TOTAL 20 3:P I 
< 2000 KG u c.o c :;.c 

2000 - 3000 0 o.o s c • \j 
3000 - 4000 2 2. 2 2 -~. ft 

4000 - 5000 3 3.2 s 1 J. 8 

J000 - 5000 21 22.5 1 s 2 2. 9 
&000 - 7000 1 7 1 E. 3 3 \ • 6 

?'OOJ - eooo 3 3.2 3 ~ • 6 

dC1CO - 9000 4 4.3 c c.·~ en 
2.2 ? • 4 w :1000 - 10000 2 ~ 

J 
lOO'JO - 11000 1 1.1 6 7. 2 X 

ct 11000 - 1ZOCO c c. c 1 3 15. 7 
120GO - 1~0Cl0 3 3.2 2 ~.:. 

13000 - l400C 7 7.5 1 1 • 2 
Q: 14000 - 1')000 2 2.2 .5 3.5 
ct 
w 15000 - 1 G i) 0 0 7 7 • r.;, 1 1 • 2 
Q: 1oCOC - 1/fJOC 1 1.1 2 ·:-: • 4 

l!OJO - 15000 8 8.6 2 2. 4 

HFlOO - 17000 7 7.5 e 9. 0 
~ 

1~000 - 20000 2 2.2 3 3. E.: lLJ 
0 2ococ - 21000 1 1 • 1 3 3".6 z 

21COC - 220:30 1 1 • 1 c O.G ~ 
~ 

2~0J') - 23000 c c. 'J c 0 • r; 
:.sese - 24JDO c C'.O c G. C 

> ? 4·Jl)0 1 1.1 1 1 • 2 

H:L\L 93 n 
~ 
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N 
w 
(X) 

(/) 
w 
...J 
X 
<( 

... z 
0 
0:: 
lL 

(/) 
UJ 
..J 
X 
ct 

a:: 
ct 
UJ 
0: 

w 
..J 
a. 
0:: ... 

SECTION 007 ON 
Direction sc -
Direction cs -

WEIGHT 

< Z:)OO KG 

2000 - 3000 
3000 - 4000 
4000 - 5000 
5000 - 6CCO 
;._ c·o ·J - '7001) 

> 7000 

TOTAL 

< .. ~ooo j(G 
'JOOO - 9GOO 
'JOOO - 10000 

10COC - 110CO 
11000 - 12000 
12000 - 13000 
1300C - 140CG 
14000 - 15000 
1::> 01~ 0 - 16000 
l6:JOC - 170CG 
1!000 - 1!:000 
l~CO:J - l'.iOCO 
l!IGCO - 28000 
200•JO - ?1000 
ZlCCC - 22000 
22000 - 23000 
23000 - 24000 
zr.ooo- 25')00 
2500~ - 26000 
2b000- 270·JO 
ncoo - 28ooo 
Z'jQOG - 29000 
29000 - 30000 
~ocoo - Hooo 
31COO - 32000 
!2C90 - ~3JGtJ 

3.5000 - 34~00 

HCOO - 35'JOO 
> 3')()00 

TOTAL 

BR-020 
Sobradinho/Formosa 
Formosa/Sobradinho 

DIRECTION sc DIRECTION cs 
N90F OBS. PERCENT. N9 OF OBS. PERCENT. 

142 32.9 121 33.2 

152 35.2 1n 3b. 4 
105 24.3 77 21.1 

29 6.7 33 9.0 
4 c. 9 1 0. 3 
c 0.0 0 0. 0 

c c. 0 c c. 0 

4 32 5 () 5 

0 c.o c c.o 
0 c.o 0 o.o 
0 o.o c o.o 
c c.o c c.c 
c o.o c c.o 
0 c.o 0 o.o 
() o.o 0 o.o 
0 c.o c o.o 
0 o.o c o.o 
c c.o c o.o 
G 0.0 c c.o 
0 c. 0 c c.o 
0 o.o G o.o 
0 c.o c G.Q 
0 o.o c c. Q 
0 o.o 0 0. 0 
0 o.o c o.o 
0 c.o c c. 0 
1 1CC.O c c.o 
0 a.o c C.'J 
" c.o 0 c.o v 

0 o.o c o.o 
0 c.o 0 o.o 
0 o.o 1 100.0 
0 c.o c o.o 
c c.o G c.c 
0 c.o 0 0.0 
c c.o G iJ.o) 
0 o.o 0 0. 0 

1 1 

DIRECTION sc DIRECTION cs 
WEIGHT ~20F OBS. PERCENT. N90F OBS. PERCENT. 

< 2000 KG 112 31.8 94 31 .5 
2000 - 3000 31 e. e 5S 1 9 • E! 

3000 - 4000 26 7.4 ?4 8. 1 

4000 - 5000 ze 8.0 18 5.0 
5000 - 6000 59 16.8 25 8.4 

en 6000 - 7000 24 6.8 ?t3 9 .4 w 
..J 7000 - 8000 6 1.7 12 4. 0 
X 

9000 9 2.5 13 4 • 4 ct 8000 -
9000 - 10000 15 4.3 4 1 • 3 

0: 10000 - 11000 22 0. 3 7 2w3 
ct 11000 - 12000 9 2.6 s 3.0 w 

13000 4 1 • 1 4 1 • 3 0: 12000 -
13000 - 14000 3 0.9 1 0.3 
14000 - 150»0 4 1. 1 c o.c w 

..J 15000 - 16000 c o.o c o.o 
(!) 

> 16000 0 c.o 0 o.o z 
(i) 

TOTfll 3'52 Z?e 

< 2000 KG 0 c.u v v. '.} 
2000 - 3000 0 c.o c o.o 
3000 - 4000 1 o.e 2 2.0 
4000 - 5000 22 16.7 1 e 18.0 
5000 - 6000 59 44.7 ?.6 25.0 
GOOO - 7000 3 2.3 4 4.0 
l'JGO - eOOQ 9 s.e 1 1.0 
t'QOO - 9000 6 4.5 2 2.0 en 
')OCO - 10000 1 C.B 2 z.o w 

..J 10000 - 11000 c o.o c o.o X 
ct 11000 - 12000 2 1.5 c o.o 

12000 - 13000 3 2.3 2 z.o 
13000 - 14000 1 0.8 5 5.0 

0: 14000 - 15000 2 1.5 s 9.0 
< 
UJ 15000 - lbOOO 5 3.13 9 9.0 
0: lSOOO - 17000 e 6. 1 E e .o 

17000 - 1~000 4 3.0 6 6.0 
18UGO - 1 ~oco 1 0.8 2 2.0 

:::E 1':}000 - 20000 0 c.o 1 1.0 w 
0 20000 - 21000 2 1.5 3 .3.0 z 21000 - 1'2000 2 1.5 0 c.c ct 
1- 2~000 - 23000 0 c.o c o.o 

23000 - 24CCC a c.o 0 o.c 
> 24000 1 o. a 0 c.o 

TOfAL 1~2 100 
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N 
w 
\.0 

I 

(J) 

w 
...J 
X 
<( 

1-
z 
0 
0: 
u.. 

(J) 
w 
...J 
X 
<( 

0: 
<( 
w 
a: 

UJ 
.J 
Q. 

~ 
~ 

SECTION 007 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
4000 - 5000 
jQOC - 6000 
6CGC - 7000 

> 1000 

TOTAL 

< eooo ':'iC. 
8000 - SGCO 
%0C - lCOOO 

10000 - 11000 
11000 - 12COO 
12occ - 13000 
13000 - 14000 
1400C - 15000 
15000 - 16000 
lFJOOC - 17000 
17GOG - 18000 
1tlOOC - 19000 
19000 - 20000 
20000 - 21000 
21COC - 2?000 
2ZOOC - 230CC 
23000 - 24000 
2ttOGO - 2500Q 
25000 - 26000 
260:)0 - 27000 
ucco - 2ecoo 
2BCGC - 29000 
?9CCC - ~coco 

30COC - 31000 
31000 - 32000 
32000 - 33000 
33000 - 34000 
34oco - ~soco 

> 3SCOC 

TO f Al 

BR-020 
Sobradinho/Formosa 
Formosa/Sobradinho 

DIRECTION sc DIRECTION cs 

N20F OBS. PERCENT. N2 OF OBS. PERCENT. 

1 7 11.9 12 9.4 
57 39.9 62 48.4 
54 37.8 3.3 25.e 
i 4 c;;. 8 ?" -"' 15.6 (/) 

1 0. 7 1 0.8 w 
...J 

c c.o c 0. 0 X 

0 c.o 0 0.0 
<( 

0:: 14 ~ 128 <( 
w 
a: 

0 c.o c c.o w 
...J 

0 c.o c c.o (!) 

0 c.o 0 c.o z 
0 c.o u c.c u; 
0 0.0 0 0.0 
0 c.o c 0.0 
0 G.O G o.o 
0 c.o c o.o 
c c.o G o.o 
0 o.o c o.o 
c c.o G c.o 
0 o.o c o.o 
0 c.o c o.o 
0 c.o t: o.o (/) 

w 
0 Q.(l 0 o.o ...J 

X c c.o c o.o <( 

0 o.o c c.o 
c c.o c 0. c 
1 100.0 0 o.o 0:: 
0 G.O c o.o <( 

w 
0 c.o G c.o 0:: 

0 0.0 c o.o 
c c. 0 c c.c 
0 o.o 1 100.0 ~ 

UJ c c.o G G. 0 0 
0 c.o ·' 0. ·:J z 

<( 
0 c.o c o.o ... 
0 c. 0 c C.J 
G c.o G o.c 

1 1 

DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. NSIOF OBS. PERCENT. 
< 2000 KG 4 3.1 2 2 ? . .._ 

2000 - 3000 1 3 11.9 25 2 8 .1 
3000 - 4000 16 14.7 11 12.4 
4000 - 5C~C l 6. 4 9 10.1 
5000 - oCCC 2C 1e. 3 14 15.7 
6000 - 7000 10 9.2 13 14.6 
1000 - 8000 5 4.S 8 9. G 
8000 - 9000 5 4.6 4 4.5 
9000 - lOOJO 9 e.3 1 1 • 1 

10000 - 11000 11 1 c. 1 c o.c 
11000 - 12000 4 3.7 0 o.o 
12000 - 13000 3 2.8 1 1 • 1 
13000 - 140CO 0 o.a 1 1. 1 
14000 - 15000 2 1.8 c o.o 
1500C - 16000 0 c.o c c.o 

> 16000 0 o.o c o.o 

TOfAL 109 R S 

< 2000 KG 0 c.o c o.o 
20CC - 3000 c O.Q c c.c 
3000 - 400-0 0 c.a 1 1 • 9 
4000 - 5000 9 1 7. 0 11 21.2 
5000 - 6000 2C 3S.2 1 5 ze.e 
6000 - lOCO 1 2.0 1 1. 9 
7000 - 8000 4 7.8 0 c.v 
8000 - 9000 3 5.9 0 o.o 
YOOO - 10000 0 o.o 1 1. 9 

10000 - 11000 0 o.o c o.o 
110CC - 12000 1 2.0 0 o.o 
12000 - 1300.0 1 2.0 1 1.9 
13000 - 140\JO 0 o.o 2 3. 8 
14000 - 150CC c c. 0 4 1. 7 
15000 - 15000 1 2.0 3 s.e 
16000 - 170CC .3 5.9 4 1.7 
lfOOO - lCOOb 2 3.9 5 9.6 
1·1000- 19000 l 2.0 1 1.9 
lJOGC - 2COCO c c.o 1 1.9 i 
20COC - 21000 2 3.9 2 3.8 
21000 - 22COC 2 -~ • 9 c c.o 
22000 - 23QCC G c.c c o.o 
23000 - 240CC c c.o c o.o 

> 240Qf) 1 2.0 c c.o 

TOTAL 51 '>2 
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I.&. 

en 
LLI 
...J 
X 
c( 

0: 
c( 
UJ 
a:: 

LLI 
-' a. 
0: 
~ 

SECTION 008 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
4000 - 5000 
5000 - 6000 
6000 - 7000 

> 7000 

TOTAL 

< BOOO i{G 
8000 - so co 
9000 - 10000 

10000 - 11000 
11000 - 12COO 
1200C - 13000 
13000 - 14000 
1400C - 15000 
15000 - 16000 
l&COC - 17000 
17000 - 18000 
ltiOOC - 19000 
19000 - 20000 
2COOO - 21000 
ZlOOC - 2?000 
22000 - 23000 
23000 - 24000 
24000 - 25000 
25000 - 26000 
26000 - 21000 
27000 - 28000 
2acoo - Z9ooo 
znoo - 3ocoo 
30000 - 31000 
31000 - 32000 
32000 - 33000 
3.5000 - 34000 
34000 - 35000 

> 3SCOO 

TOTAL 

BR-020 
Sobradinho/Formosa 
Formosa/Sobradinho 

DIRECTION sc DIRECTION cs 
N'OF OBS. PERCENT. N90FOBS. PERCENT. 

17 11.9 12 9.4 
57 39.9 62 48.4 
54 37.8 33 25.8 
14 9.8 20 15.6 en 

1 0.7 1 0.8 LLI 
-' 

0 o.o 0 o.o X 
c( 

0 o.o 0 o.o 
0: 143 128 c( 
LLI 
0: 

0 o.o c o.o LLI 
-' 0 c.o 0 o.o (!) 

0 o.o 0 o.o z 
0 c.o 0 o.c u; 
0 o.o 0 o.o 
0 c.o c o.o 
0 c.o c o.o 
0 c.o c o.o 
0 c.o c o.o 
0 o.o 0 c. 0 
0 c.o c c.o 
0 o.o 0 o.o 
c c.o 0 0.0 
0 c.o c o.o en 

LLI 
0 o.a 0 o.o -' 
c c.o 

X 
0 o.o c( 

0 o.o c o.o 
c c.o 0 o.c 
1 100.0 0 o.o a:: 
0 0.0 c 0.0 ct 

UJ 
0 c.o c c.o a: 
0 o.o c 0.0 
0 o.o G c.o 
0 o.c 1 100.0 ~ 

UJ 
0 o.o c 0. 0 0 
0 c.o c c. ·J z 

< 
0 c.o c o.o ~ 

c c.o c 0. 0 
0 c.o c o.c 

1 1 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. N20F oes. PERCENT. 

< 2000 KG 4 3 • 7 2 2. 2 
2000 - 3000 13 11.9 25 2 ~ .1 
3000 - 4000 16 14. 7 1 1 12.4 
4000 - scoo 7 6.4 9 10. 1 
5000 - 6000 2C le. 3 14 15. 7 
6000 - 7000 10 9.2 13 14. 6 

4.6 8 9. G 1000 - 8000 5 
8000 - 9000 5 4.6 4 .-. .. s I 
9000 - 100\10 9 e. 3 1 1.1 

10000 - 11000 11 1 c. 1 c o.c 
llCOC - 12000 4 3.7 c c. 0 

12000 - 13000 3 2. R 1 i . 1 
13000 - 14000 0 o.a 1 1.1 
14000 - 15000 2 1.8 c o.o 
15000 - 16000 0 c.o c c.o 

> 16000 0 0. 0 0 0.0 

TOTAL lCS :\ s 

< 2000 KG 0 c.o c c.c 
2000 - 3000 c 0. 0 c o.c 
3000 - 400-0 0 c.o 1 1 • 9 
4000 - 5000 9 17.6 1 1 2 1 • 2 
5000 - 6000 2C 3S.2 1 s- 2e.e 
6000 - 7000 1 2.0 1 1.9 
7000 - 8000 4 7.8 c ,.. ' vov 

eooo - 9000 3 5. 9 0 Q.(.l 

9000 - lCOOO 0 c.o 1 1.9 
10000 - llOCO 0 o.o G o.o 
110CC - 12000 1 2. 0 c o.o 
12000 - 1300.0 1 2.0 1 1 • 9 
13000 - 14000 0 G.O 2 3 • 8 

141)00 - 15000 c c.c 4 7 • 7 
15000 - 16000 1 z.o 3 s. e 
16000 - 170CO 'l 5.9 4 7 • 7 -
17000 - lcOOb 2 3.9 : 9 • 6 
18000 - 19000 1 2.0 1 1.9 
190CC - 2COOC c c.o 1 1. 9 
20COC - 21000 2 3.9 2 3. e 
21000 - 22000 2 ~ • 9 c c.o 

I 22000 - 23000 0 C.0 c c.o 
I 

23COO - 240CC c e.G c c. 0 

> 24000 1 2.0 c c. c 

TOTAL 51 '>2 
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a: 
< w 
0:: 

lAJ 
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SECTION 008 
Direction sc 
Direction cs 

WEIGHT 

< lJOO KG 
?000 - 3000 
BOO - 4000 
4000 - 5000 
':i·JOO - 6000 
bOOO "' 7QC'l 

> lOCO 

TO f AL 

< .-' OGO Ki.J 
':lOCO - . 9000 
'JJGO - 10000 

luQJO - 11000 
11000 - 12000 
12•JCC - 13QOO 
13QOC - 14CCC 
14000 - 15000 
1:., IJ \) 0 - 15000 
1 t. 0 :) c - 1 7 0 0 0 
llCJ·J - 1·"' 0~ 0 
li-.D~G- !:JCCO 
l'JOOO - 2CCOO 
20000 - ?.lOGO 
2100C - 22000 
22000 - 23000 
23000 - 24CCO 
240GO - ?5').)0 
25000 - 2&000 
20000 - 2701)0 
27COO - 28000 
2'j0QC - 29000 
29000 - 30000 
~0000 - 31000 
31000 - 32000 
320CC - 33000 
3.S 000 - 3 4000 
34000 - 35000 

> 35000 

TOTAL 

ON BR-020 
- Sobradinho/Formosa 
- Formosa/Sobradinho 

DIRECTION sc DIRECTION cs 
N20F CBS. PERCENT. N9 OF OBS. PERCENT. 

142 32.:1 121 3 3.2 

152 35.2 133 3 b. 4 
105 24.3 77 21.1 

29 6.7 33 9. 0 

4 C.9 1 0 • 3 
~ 0.0 0 o.o 
c c.o c c.o 

4 32 .F>5 

c c.o c C.J 
0 c.o c o.o 
0 c.o c c.o 
0 o.o c c.c 
c o.o c c.o 
0 0.0 0 0.0 
c o.o 0 o.o 
0 o.c 0 o.o 
0 c.o c c.a 
0 c.o 0 0 .o 
G c.o c c.o 
0 c.o c c.o 
0 o.o c o.o 
0 c.o 0 o.o 
0 o.o " o.o iJ 

0 o.o 0 0.0 
0 o.o c o.o 
0 c. a c c.o 
1 lCC.O c c.o 
0 o.o c c.o 
0 c.o 0 c.o 
0 o.o c o.o 
0 o.o 0 0.0 
0 c.o 1 100.0 
0 c.o c o.o 
c c.o 0 o.o 
0 c.o 0 o.o 
0 c.o 0 o.o 
0 o.o 0 o.o 

I 1 

DIRECTION sc O!RECYlON cs 
---i 

WEIGHT N20F OBS. PERCENT. N90F OBS. PEFICENT. I 

< 2000 Ki2 11.2 31. 8 G4 :; l • 5 

2000 - 3 00 :J 31 e.e 5S ! r; • ~ 

30CC - 4000 2f: 7. 4 ':>4 t} • 1 

4000 - 5 !)() 0 ze 8.0 ! 5 5. J 

soco - 6000 59 16.8 2: c • !t 
C/) 6000 - 7000 24 6.8 / ~ 9. 4 w 
-' f: 1.7 12 ' •' 7000 - 8000 ..... \ ... 
X 

9 2.5 1 3 4. 4 <{ tlOOO - YOGO 
YOOC - 10000 15 4.3 4 1 • 3 

0::: lGOUO - 11000 22 (;. 3 7 2.3 
<{ llCOO - 12000 9 2.& s LQ 
w 

13GOO 4 1.1 4 1 • 3 cr 1200C -
13000 - 14000 3 0.9 1 0. 3 
14JCC - 1 J 0 i}Q 4 1 • 1 c ..,; ... 1 w c.o c i). ·~ ..J 15000 - 16000 c 

(.!) 
> lGOOO 0 G.O c c .. c z 

C/) 

TO fA~ 352 2?e 

< 2000 KG c C.J (., v • . ) 

2000 - 3JOO 0 c.o c O.Ci 
3000 - 4000 1 o. e 2 2.0 
4000 - 5000 22 1f:. 7 1 e 18.0 
~000 - £.000 59 44.7 zc; 26 .o 
6000 - 7000 3 2. 3 4 :. • Q 

7000 - dODO 9 s.a 1 l.D 
tlOQO - 9000 6 4.5 2 2.0 

C/) 
:JOCO - 10000 1 G.B 2 z.c w 

..J 10000 - 11000 c c.o c 0. ·j X 
<t 11000 - 12000 2 1.5 0 G.Q 

1200C - 13CCO 3 2. s 2 2.0 
13000 - 14000 1 c. a 5 5 .0 

a: 140JC - 15000 2 1.5 s 9. c 
<{ 
w 15000 - 1b000 5 3.13 9 :i.O 
a:: 16000 - 17000 e 6.1 E i:; .c 

17000 - teooo 4 3.0 6 o.a 
ldODC - 19QCO 1 0.3 2 2 ,-; oV 

~ 19000 - 20000 0 c.a 1 l • 0 uJ 
0 2C:Jv0 - 21GOO 2 1.5 '3 ::.. 0 
z 1.5 c c. c .: 21000 - 220CC 2 

22000 - 2300() 0 c. 0 c c.c 
23000 - 24CCC 0 c.o c c.c 

> 2~000 1 o.a 0 c.o 

TOTAL 1 32 10(1 
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SECTION 009 ON BR-060 
Direction SC - Brasilia/Anapolis 
Direction CS - Anapolis/Brasilia 

DIRECTION sc DIRECTION cs 
WEIGI-iT N2 OF OBS. PERCENT. N2 OF OBS. PERCENT. 

< 20CG K:G 
zr:oc - 30oo 
3COO - 4000 
4JOG- 5U0~) 

'JOOO - oOOO 
ilOOO - 1000 

> 700() 

Jr.; f AL 

< •:0011 t\:1 
I'>J:JO - :1000 
90:JO - lCOOO 

FJDIJG- 11000 
llOvC - 1200Q 
120'JC - 130CC 
130GO - 14QOO 
lltOOC - 15000 
15000 - 10000 
1E'OOO - 17COO 
170GC - ltOOO 
HOUO - 19000 
11000 - 2COOC. 
Z00JC - 21000 
2 1 0 C C - ? ? 0 'J G 
2200~ - 23000 
23COC - 24000 
24000 - 2~000 

2':l000 - 26000 
2SCOC - 21000 
ZIGOQ- 21J!J00 
2:JOJC - 2~000 

2SIQ•JO - 3COOO 
30CJO - 31000 
~l,~'\;o - "!2ncc 
) ~~ 'l r, ;) - ?, .~ ~1 () (l 

~ .) :~ c ~ - :~ ~ 0 0 0 
5 t~ G J ~ - ~ 50 'J C 

> 35000 

rr: r ~,_ 

62 
251 

:.s 
1 7 

2 
0 
0 

.31q 

0 
0 
c 
1 
c 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
c 
c 
1 
1 
c 
1 
1 
0 
0 
0 
0 
0 

10 

16.3 
ss. 9 
12. 9 

4.5 
0.5 
o.o 
c.o 

-~c. 0 
c.o 
c.o 
c. 0 

10.0 
o.o 
c.o 

lC.O 
o.o 
c.o 
o.o 

lC.O 
o.o 
c.o 
c.c 
c.o 
c.o 
o.o 
c.o 

10.0 
lC.J 
o.o 

10.0 
10.0 
c. 0 
c.c 
c.n 
I).:J 
c.o 

53 
FO 
l.'~ 2 

3 6 
7 
c 
c 

4t, e 

2 
2 
1 
0 
0 
0 
c 
c 
c 
c 
c 
1 
0 
c 
2 
G 

2 

4 
3 
G 
c 

c 

? 3 

1: • 3 
) 7 • 9 
4ll • f: 
e.o 
1.6 
o.o 
c.o 

e • r 
3.7 
4 • 3 
c.c 
0.0 
o.o 
0.0 
c.c 
0 • •.} 

c. c 
c.o 
4 • .5 
G. 0 
c. 0 
~. 7 
c. 
lj • 

4. 
t • 7 

~1 • 7 
4 •. ~ 

l 7 • 4 
1) • i) 

o.o 
'.;. 

'··. 
t.,. 
0. 

(/) 
1.1.1 
-' 
X 
~ 

Q: 
~ 
1.1.1 
Q: 

1.1.1 
-' 
(!) 

z 
U) 

(/) 
1.1.1 
-' 
X 
~ 

Q: 
~ 
1.1.1 
Q: 

:;! 
lLJ 
0 
z 
~ 
1-

WEIGHT 
< 2000 K(; 

?.OliO - 3DOO 
300() - 4000 
4G08 - 5000 
5 C. 0.0 - 6 C G 0 
6000 - 1000 
1ooo - eooo 
eOOO - 9000 
9000 - 10000 

10000 - 110\.l:-J 
llOOC - 12000 
120(;0 - 13000 
13GCO - 14COO 
14000 - l~JOO 

15000 - 16000 
> 16000 

TCTAL 

< 2000 KG 
2000 - 3~00 

3000 - 4COC 
4000 - 5000 
5000 - oOOO 
6000 - 700Q 
7000 - 8000 
BOOO - 9000 
YOOG - lGOOO 

10000 - 11000 
llCOC - 12000 
lZDCO - 13COO 
13~0C - 14000 
1 4 ·~ 1) c - 1 s \; 0 0 
1 S 0 G C - 1 t) G G C 
1SOCC - 17000 
u:::;·~ - ~11occ 

15000 - 19000 
1'/000 - 20000 
2C;CGC - ?liJCJO 
2 1 c () 0 - ·~ ;_: () () 0 
22CCC - CC 
zsooJ - oa 

> 00 

Tf:f.\L 

DIRECTION SC 

N2 OF OBS. PERCENT. 
H 

10 3 
35 
l 6 

E: 
11 
s 
4 
e 
7 
4 
2 
0 
c 
G 
0 

239 

c 
0 

12 
14 

7 
5 
6 
3. 
4 
0 

13 

b 
0 
c 
f' 
.) ,, 
'; 
c 
0 

9 ,, 

14.2 
4 3. 1 
14. f, 
6. 7 
2.5 
4.6 
3.8 
1.7 
3. 3 
2.9 
t.l 
0.8 
c.o 
c.o 
c.o 
G.!J 

o.o 
c. 0 

12.2 
14. 3 

7. 1 
'i.2 
6.1 
3 • 1 
4. 1 
c. 0 

1.3. 3 
1.0 
1 • 0 
3 • 1 
5. 1 
7. 1 
7. 1 
(:,. 1 
c.o 
o.o 
" ~ \.,.,. 'J 

c. 0 
c.o 
c. 0 

DIRECTION CS 

N2 OF CBS. PERCENT. 
?l 
~-

1 3 
1.6 

7 
9 

l3 
1 2 
.) 5 , ~ 
I.) 

:, e 
;? 7 

3 
2 
G 
G 

2')4 

0 
0 

5 
4 

lC 
2 
5 
2 
3 
7 
0 
4 

9 
1 s 
1-4 

1 
1 7 
11 

s 
2 
2 
c 
1 

1?. (I 

..., ' I •..:... 

s . 
4 • 
c; 

(_ ..... 
3 • 1 
4. 4 
4 • 1 
: • 9 
4 • ~ 
6. 3 
9.7 
1 • c 
C.l 
o.n 
0. 'J 

c.o 
0. :J 
0. ·~ 
3.9 
3.1 
7.8 
l. 6 
3 • 9 
.t • t:: 

2. 3 
5.5 
C.J 
3.1 
7. c 

1 4 • ~ 
10.9 

0 • 8 
1 3 • 3 
~ • c 
7 • c 
1 • {_; 
l . t•J 

G. G 
:~ • a 
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SECTION 010 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
l.oo~ - socc 
5000 - saoo 
oOGO - 7001) 

> 7000 

TOTAL 

i 

I 

DF-08 
Taguatinga/Brazlandia 
Brazlandia/Taguatinga 

DIRECTION sc DIRECTION cs 
NiOF OBS. PERCENT. N9 OF OBS. PERCENT. 

181 66.5 1:?4 68.~ 

46 16.9 3 3 U!.l 
21 7.7 1 7 9. 3 
1 8 6.5 4 2.2 V) 

1 0.4 4 2.2 w 
..J 

5 1.~ c o.o X 
<( 

0 o.o c c.o 
0:: 

272 1R2 <( 
I.LJ 
0:: 

I.LJ 
..J 
(!) 
z 
u; 

V) 
I.LJ 
..J 
X 
<( 

0:: 
<( 
I.LJ 
0:: 

~ 
I.LJ 
0 
z 
~ 

I 

DIRECTION sc DIRECTION cs I 

WEIGHT N90F OBS. PERCENT. N!?OF OBS. PERCENT. 
< 2000 KG 1')2 59.6 ~· b 

Sd.) 

2000 - 3000 25 9.8 2 1 1? " 
3000 - 4000 1 7 6. 7 l 2 ' • 3 
4000 - 5000 13 5. 1 11 5. 7 
5000 - 6000 16 6.3 11 6 • 7 
bOOC - 7000 s 3.5 3 1 • ~~. 

7000 - 8000 7 2.7 3 ~ •. "i 

f::000 - 9000 6 2.4 5 1 • e 
9000 - 10000 2 0.8 ~ 1 • i\ 

10000 - 11000 5 2.0 1 '·' • 5 
11000 - 12000 2 c. 8 G ~) . ') 

1200(1 - 13:)00 0 c. 0 c U.0 
13000 - 14000 1 c. t. c ~ ... ., 

14000 - 15000 0 o.o " ~ ,, 
u v. ; 

15000 - 16000 0 c.o 0 c.s 
> 16000 0 c.o c O.iJ 

TOTAL 255 154 

< 2000 KG c e.G c c.o 
2000 - 3000 0 0.0 0 0. 0 
3000 - 4000 0 c.o 1 3.3 
4000 .. 5000 14 35.9 12 4 0 .o 
5000 - 5000 1 2.6 4 1 J. 3 
&000 - 7000 1 2.6 4 13.3 
7000 - eooo e 20.5 3 10.J 
8000 - 90 0 0 0 c.o 1 .3 • ~ 
9000 - 10000 0 c. '1 0 O.J 

10000 - 11000 6 1 s. 4 " o.o v 

llOOC - 12000 0 c.o 1 3. 3 
12000 - 13000 3 7. 7 c o.o 
13000 - 14000 1 ?.5 c c.c 
14GCO - 15000 3 7.! Q c.(} 
15;)00 - 16000 1 2.6 1 3 • 3 
16000 - 17000 0 o.o 0 u.D 
17000 - li.iCOO c c.o 3 1(;. c 
15000 - 19000 1 2.6 0 O.".J 
19000 - 20000 0 c.o 0 0 .·0 
20Q:JO - ett)QC c c. 0 0 O.G 
210JC - 220CO c c .·0 c o.o 
2200-C - 23000 c C.0 IJ Q.:J 
25000 - :?!tOO;) 0 c. a c c.o 

> 24~JGO c c.o c c.o 

TDTA.L '9 5 ., ... 
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SECTION 011 ON 8R-070 
Direction sc - Taguatinga/8. Descoberto 
Direction cs - 8. Descoberto/Taguatinga 

DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. Ni OF OBS. PERCENT. 

< ?000 Kf.i 177 45.2 10~ 3 8. 3 
<f) ?000 - 3000 1e 1 46.2 7€: ?7. 7 
w BOO - 4000 .z 6 6.6 ·'17 31.8 _J 
X 4 0') c - 5000 e 2.0 6 2. '2 
~ :JQLC - 6000 c o.o 0 c .1 

bOOO - 7000 0 o.o G o.o ..... > 7000 c c.o c o.o z 
0 
a: TCTAL 392 '?.?4 1.1.. 

(/) 
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_J 

X 
~ 

0: 
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0: 
< 
LLJ 
0: 

::?! 
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-:{ ..... 

I 
DIRECTION sc DiRECTION cs I 

WEIGtH N20F OBS. PERCENT. N20F OBS. PERCENT. 
< 2000 Kf:i 134 35.0 6 7 ? 4 • 7 

2000 - 3000 164 4~.8 16 :, . ·; 
3000 - 4000 45 11.! s 3.) 

40Cr) - 5000 1 1 2.9 1 4 ~, .. ? 

50:)0 - 5000 12 3.1 1 c -~ • ! 

bOJC - lOGO 7 1 • r~ 1 n .. ~., 

I rooo - eooo 4 1 • () .5 1 • 1 
I 

aooc - 9COO 1 c. 3 ?S 1 i) • 7 

9000 - 10000 3 0.8 \ /j 14.0 
10000 - 11000 1 c. 3 44 1" • '.: 
11000 - 12000 1 0. 3 33 12.? 
1200C - 13000 0 c.o 5 ? • 2 
131() c - 14GJC c c.o 1 ~. 4 

14000 - 15000 0 c. 0 I) c• .~ 

15000 - 16000 c e ... o I (' 
' 0 •. ' 

> 16000 0 c. 0 () o.o 

Tnr n '3P'3 ;)7 1 I 

< ?ncn K.i .s L'O c Q. ·2 
2000 - 3000 0 c.c c Q.J 
300~ - 4000 1 'J. 3 0 0.0 
4000 - ':>000 3 15.8 c c.a 
5000 - 6000 1 3 E:e.4 1 3 3 • "5 
6000 - 7000 1 5. 3 c ,.., .~ 

" • v 
lOCO - 6001) 0 c.o 1 3 3. 3 
eooc - 9000 0 c.o c c • () 
9000 - 10000 c 0.0 c ~-.f) 

10000 - 11000 c c.o c c ·,., . \. 
1100C - 120CC c c.o c c.c 
12000- 1·3()00 0 c.o c 0 (\ 

uooc - 14000 1 5.3 0 c.c 
14000 - 15000 0 o.o c o.o 
15000 - 16CGC c c. c c ,...,. ,., 

· .... '.j 

1b01)0 - 17000 c o.o 1 3 3 • 3 
17001J - 1 HOOO c c.o c r"\ '" 

"' • 'J 

1!3000 - 19000 G c .·0 c (). 0 
1900C - 2GCOO 0 c.o c 0. ,) 
21)()00 - 2100() 0 C.:J c c. u 
21000 - 22000 0 c.o G ('\ ,··, 

~· . \.' 
.?2GOC - 2.3000 0 c.·} ,.. 

" c. 1) 

2)00G - 24000 c c.() c V.v 
') 21,Qr. 0 c c.o c c • '...~ 

1 L1 6 L 1 9 .S 
~-~-~--
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SECTION 201 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2()00 - 3000 
30CO - 4000 
4000 - scoo 
5COO - 6000 
6000 - 7000 

> fGOO 

TOTAL 

I 

DF-21 
DF-10/BR-020 
BR-020/DF-10 

DIRECTION sc DIRECTION cs 
N~OF CBS. PERCENT. N9 OF OBS. PERCENT. 

l! ee.9 12 lOC.C 
c c.o c c.c 
1 11.1 c c.o 
0 c.o c o.o (/) 

w c c.o c c.o ...J 

0 o.o c o.o X 
ct 

0 c.o 0 c.o 
0: 

9 12 ct 
w 
0: 

w 
...J 
(!) 
z 
en 

U) 
w 
..J 
X 
ct 

cr 
<( 
w 
cr 

~ 
w 
0 
z 
<l .... 

I 
l 
I 

DIRECTION sc DIRECTION cs I 
i 

WEIGHT N20F OBS. PERCENT. Nt>OF OBS. PERC[ NT. I 
< 2000 KG 7 77. P; e 1)6. 7 I 

2000 - 3000 0 c.~ 1 ~ • s 

I 300C - 40CO 1 11.1 0 c. ·J 

4000 - 5000 0 c.o 1 P. • 3 

5000 - 6CCO c c.o c " "' I Vov 

6000 - 7000 0 c.o c 0.0 
7000 - eo co 1 11.1 c o.o 
8000 - 9000 0 0. '] 1 6 • 3 
?000 - 10000 c c.o 1 e.~ 

lOCQ("! - llCOO c C.0 " c.c I '• I 
11000 - 12CGC c c.o c o.o I 

12000 - 13000 0 c.o 0 o.o I 
I 13000 - 14000 c c.o c o.c 

I 14000 - 15000 c c •. J 0 O.D 
15000 - 16000 0 c.o 0 c ,~ 

• v 

> lbOOO 0 o.o c o.c 
! 

T!HAL ., 12 

I 
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SECTION 202 ON DF-21 
Direction sc - Una:l/BR-020 
DirEction cs - BR-020/Una:l 

DIRECTION sc 
WEIGHT N20F OBS. PERCENT. 

< 2000 KG 12 66.7 
2000 - 3000 3 16.7 
3000 - 4000 3 16.7 
4000 - 5000 0 c.o 
5000 - 6000 0 c.o 
5 Q ;j 0 - 7000 c c.o 

> 7000 0 c.o 

TOT ~L 1 8 

------- ~ 

DIRECTION cs 
N9 OF OBS. PERCENT. 

19 86.4 
1 4.5 
2 9.1 
c o.o en 
c c.o w 

..J 
0 c.o X 

c o.o <t 

0: 22 <t 
w 
a:: 

w 
..J 
(!) 

z 
u; 

en w 
..J 
X 
<t 

0: 
< w 
0: 

~ 
w 
0 
z 
<t .... 

DIRECTION sc DIRECTION cs 
WEIGHT N20F 085. PERCENT. N20F OBS. PERCENT. 

< 2000 KG 11 61.1 1 3 61 • 9 
2000 - 3000 1 5.6 4 19.0 
3000 - 40CC 1 5.6 c o.o 
4000 - 5000 3 16.7 2 9.5 
5000 - 6000 0 c.o c c.c 
6000 - 7000 c o.o 0 o.o 
7000 - eeoc 1 s.s c o.o 
8000 - 9000 1 5.6 1 4.8 
9000 - 10000 0 c.o c c.o 

10000 - 11000 0 c.o c o.o 
11000 - 12000 0 o.o c o.o 
12COC - 13000 0 c.o 1 4 • c 
13000 - 14000 c o.o c o.o 
14000 - 15000 c c.o c c.o 
15000 - 16000 0 0 .,o c c.o 

> 16000 0 c.o 0 c.o 

TOTAL 1 8 21 

I 

I I 
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SECTION 203 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
4COO - 5000 
5000 - 6000 
6000 - 7000 

> 7000 

TOTAL 

DF-12 
EPCT/Papuda 
Papuda/EPCT 

DIRECTION sc 
N20F OBS. PERCENT. 

5 12.2 
36 87.8 
c c.o 
0 o.o 
0 c.o 
0 o.o 
0 o.o 

41 

DIRECTION cs 
N2'QF OBS. PERCENT. WEIGHT 

< 2000 KG 
2000 - 3000 

11 zo.c 3000 - 4000 
29 52.7 4000 - 5000 
15 27.3 5000 - 6000 
c o.o (/) 600:} - 7000 

lU 7000 - 8000 c c.o ...J 

c c.o X 8000 - 9000 
<( 

9000 - 10000 0 O.G 
10000 - 11000 a: 
11000 - 12000 '55 <( 

lU 12000 - 13000 a: 
13000 - 14000 
14000 - 15000 

lU 15000 - 16000 ...J 
(!) > 16000 z 
iii 

TOTAL 

< 2000 KG 
2000 - 3000 
3000 - 400D 
4000 - 5000 
5000 - 6000 
6000 - 7000 
7000 - 8000 
8000 - 9000 en 
~000 - 10000 lU 

...J 10000 - 11000 X 
<( 11000 - 12000 

12000 - 13000 
1JOOO - 14000 

a:: 14000 - 15000 
<( 
lU 15000 - 1&000 
a: 16000 - 17000 

1700C - leOOO 
11:!000 - 19000 

~ 190CC - 2CCCC w 
0 20000 - 21000 z 21000 - 22000 <( .... 22000 - 23000 

23000 - 24000 
> 24000 

TQTI\L 

DIRECTION sc DIRECTION cs 
N!?OF OBS. PERCENT. N20F OBS. PERCENT. 

c a.o a c. 0 

36 92.3 2 3.6 
2 5.1 2 L5 
0 o.o 4 7 • 3 
0 c.o 1 1 • 8 
c c.o 2 3.6 
0 0.0 c 0.0 
1 2.6 3 5.5 
0 0.0 s 16.4 
0 c.o 13 23.6 
0 o.o lC 1B. 2 
c c.o 5 9 • 1 

I 
0 c.o 4 7. 3 
c c.o c o.o 
0 o.o 0 (J·. !] 

I 
0 c. 0 c o.c 

55 39 I 

0 c.o c o.c i 
0 c.o 0 o.o I 

c c.c c c.c 
2 100.0 0 0.0 
0 a.o c c.c 
c o.o c o.o 
0 c.o c o.o 
0 c.o 0 o.o 
0 c.c c c.o 
0 c.o 0 c.o 
0 o.o c o.o 
0 0.0 0 0.0 
0 o.o 0 o.o 
0 o.o 0 0.0 
0 o.o 0 o.o 
0 0.0 0 0.0 
0 o.o 0 c.o 
c o.o 0 o.o 
0 c.o c o.o 
0 o.o 0 o.o 
0 c.o G c.o 
c c.o c o.c 
0 0.0 c c.o 
0 c.o 0 0.0 

2 0 
-
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SECTION 204 ON OF-17 
Direction sc - Border OF-GO/BR-020 
Direction cs - BR-020/Border OF-GO 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. N9 OF OBS. PERCENT. 

< 2000 KG 2 7. 1 1 3.4 
2000 - 30CO 1 7 60.7 1C 34.5 
3000 - 4000 4 1 4. 3 14 4 B. 3 
40CC - scoc <:; 1 7 • 9 4 13.8 J 

5000 - 6000 () o.o c o.o 
oOCO - 7CCO c c.o c c. 0 

> 7000 c c.o c c.o 

TOf~L 2E 29 

WEIGHT 
< 2000 KG 

2000 - .3000 
3000 - 4000 
4000 - 5000 
5000 - 6000 

cn 6000 - 7000 
LU 7COC - ecce ..J 
X dGOO - noo 
<t 

9 GO C - 1CCOC 
10000 - 11000 a: 
11000 - 12000 <t 

LU 1200C - 13·J00 a: 
13000 - 14000 
14000 - 15000 

LU 150CC - 16')00 ..J 
(!) > 16CCC z 
cn 

TOTf\L 

< 2000 KG 
2000 - 3000 
5000 - 4000 
4000 - 5000 
5CUC - 60CC 
60GO - 7000 
70CC - eeoc 
cOCO - 9000 

cn YCOC - lCCCC LU 
..J 10000 - 11000 X 
<t 1100C - 12COO 

12GOC - 130,00 
UCGC - 11.000 

a: l!tCOO - 15000 
<t 
LU 1 ~' G 0 C - 1onoo 
a: 16COC - 110CC 

170i.JC - lcCOO 
15COC - 19000 

~ 19000 - 20000 w 
0 20GOC - 21000 z 21CGC - 22CCC <t .... 22000 - 23000 

2.5000 - Z40CC 
> 24000 

TOT-"L 
- -------~----

DIRECTION sc DIRECTION cs 
N90F OBS. PERCENT. N90F oes. PERCENT. 

c c.o G G. C 
6 2e.6 1 6. 7 
6 28.6 c o.o 
1 4. 8 c o.o 
2 '/.5 1 s. 7 

1 4.8 1 G.! 
,, C.O G o.o " 
1 4.8 4 26.7 
2 s.s 7 4 6. 7 
1 4.8 1 6. 7 
1 4.8 0 o.o 
0 o.o c c.o 
0 c.o G 0.1) 
G c.o c 0.0 
0 c.o c c. •J 
0 c. 0 0 o.o 

21 15 

c o.o c 0.0 
c o.c c c.o 
0 o.o 1 6. 3 
0 0.0 4 25.0 
0 c.o 5 31.3 
0 c.o 2 12.5 
0 c.o 0 C. G 
0 c.o c 0.0 
c c • :) c c.o 
0 c.o 0 0 ,, .v 
1 llt. 3 1 6. 3 
0 c. 0 1 6. 3 
0 0.0 1 6. 3 
0 c.o c c.c 
:1 1).0 c o.o 
c c.o 1 6 • 3 
1 14.3 c o.o 
c c.o c c.c 
2 2€.6 c ~ ., 

\. • v 

2 2e.o c 0 • ~j 
1 1 ,, • 3 c c (' • v 

0 c. 0 0 C. G 
c c.o 'J c.\: 
0 c.o c c.o 

7 1f: 
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SECTION 021 ON BR-050 
Direction sc - Cristalina/Campo Alegre 
Direction cs - Campo Alegre/Cristalina 

DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. NiOFOBS. PERCENT. 

< 2000 KG 6 9.2 5 5. 7 
tJ) 2000 - 3000 32 49.2 :n 35.6 
w 3000 - 4000 1 7 26.2 27 31.0 ...J 
X 4000 - 50 CO 7 10.8 1 7 19.5 
<t 5000 - 6000 3 4.6 7 8.0 

6000 - 7000 0 o.o 0 o.o .... > 7000 0 c.o 0 o.o z 
0 
0: 
lL TOTAL 65 87 

< eooo KG 0 c.o 1 8.3 
8000 - 90CO 1 50.0 3 25.0 
900C - 10000 1 sc.o c o.o 

10000 - 11GOO 0 o.o 0 o.o 
11000 - 12000 0 c.o c o.o 
12000 - 13000 c c.o c o.o 
13000 - 14000 0 o.o ·c c.o 
14.0 C C - 15 0 G 0 0 c.o a o.o 
15000 - 16000 0 o.o 0 o.o 
lSOOC - 17000 0 o.o c o.o 
17000 - 18000 0 G.O '() a.o 
leOGG - 19C 0 0 0 c.o c c. 0 
19COO - 20000 0 c.o c o.o 
20000 - 21000 0 o.o c c.o en 
21000 - 22000 c o.o 0 o.o w 

..J 22000 - 23000 0 c.o 0 o.o X 
<t ?~OCC - c4CGO c o.o 0 o.o 

24000 - 25000 0 c.o 0 o.o 
25000 - 26CCO G c.o 0 o.o 

0:: 
~ 2 6 0 {) 0. - 2 7 0 0 0 0 c.o c c. 0 
w 21ccc - 2eooo c c.o 1 L3 a: 

28CCC - 29CCO c c.o 2 16.7 
('<jCGO - 30000 c o.o 1 'I • 3 

I.LJ 3COCC - 310CC 0 c.o 1 e.3 
..J 
a. 31000 - 32000 0 o.o 1 e • :s 
0: 32000 - 33000 0 c.o c o.o .._ 

3~000 - 34()00 0 o.o 1 8. 3 
~4COO - 35000 0 o.o 1 a.J 

> 35000 c c.o 0 c.o 

rn r AL 2 12 

tJ) 
I.LJ 
...J 
X 
<t 

0: 
<t 
w 
a: 

w 
..J 
(!) 

z 
v; 

tJ) 
w 
..J 
X 
< 

a: 
<:( 
w 
a: 

~ 
w 
0 
z 
<t .... 

i 
I 

DIRECTION sc DIRECTION cs 
WEIGHT N!OF OBS. PERCENT. NSIOF OBS. PER"....ENT. 

< 2000 KG 1 2.5 1 1 • 9 
2000 - 3000 10 25.0 6 11 • 5 
3000 - 4000 ·s 22.5 s 1 7 • 3 
4000 - 5 GO :J 1 2.5 6 11.5 
5000 - 6000 e 2C.O 2 ~ • 3 

6000 - 7000 3 7.5 3 5.3 
7000 - eooo 3 7.5 0 o.o 
tlOOO - 9000 1 2.5 4 7 • 7 
9000 - lCOOO 1 2.5 4 r. 7 

10000 - 11000 2 s.c s 17.3 
11000 - 12000 1 2.5 4 7.7 
12000 - L~OCO 0 c.o i 1 • 9 

13000 - 14000 c o.o 3 s.a 
14000 - 15000 0 o.o c o.o 
15000 - 16000 0 c.o c o.o 

> 16000 0 c.o c c.o 

TOTAL 40 52 

< 2001J KG c o.o 0 o.o 
2000 - 3000 0 o.o c c.o 
3000 - 4000 0 a. c c c.o 
4000 - 5000 2 e.3 3 8.6 
5000 - 5COC 2 €.3 2 ~;. 7 
6000 - 7000 3 12.5 0 a.c 
7COC - ecce 1 4.2 2 5 • 7 
8000 - 9000 1 4.2 1 2.9 

1 4.2 2 'j • 7 9000 - 1COCO 

l 10000 - 11000 0 o.o 1 2.9 
11000 - 12000 1 4.2 1 2.? 

16 • ' 2 '). 7 
I 

12000 - 13000 4 I 
13000 - 141)01) 2 ~. 3 2 5 .7 I 

14000 - 15000 1 4.2 4 11.4 i 
15000 - 16000 0 c.o 2 5. 7 
16000 - 17000 1 4.2 5 17 .1 
17000 - leOOO 1 4.2 5 14.3 
18000 - 19000 3 12.5 1 2. 9 
19000 - 20000 1 4.2 1 2.9 
2CCOC - 21000 0 c. 0 0 0 • i) 

21000 - 22CCC c c.o c c. J 
22000 - 23000 G c. 0 c c. c 
23000 - 2~000 0 0.() G G.O 

> 24000 0 0. 0 0 c.o 

TO f.:\L 24 ~~ 
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SECTION 022 ON BR-050 
Direction SC - Cr1stalina/Catalao 
Direction CS - Catalao/Cristalina 

DIRECTION sc 

WEIGHT N~ OF OBS. 

< 20CO KG 6 
200J - 3080 32 
3000 - 4000 17 
4000 - 5000 7 
5000 - SOOO 3 
60GO - l\)JC 

> 7000 0 

TOiAL 65 

< ecco KG c 
tooo - ~occ 1 
9COC - lCCCC 1 

lJOGO ~ 11000 0 
11000 - 12000 0 
12000 - 13000 c 
13000 - 14000 0 
140GG - 15000 C 
15CCC - 16000 0 
160GC - 17CCC C 
17080 - lcOOO 0 
l~COC - 19COO 0 
19000 - 20000 0 
20000 - 21000 0 
21000 - 22000 c 
22CGC - 23COO 0 
?~OOC - 24CG2 C 
24000 - 25000 0 
2SOGC - 26000 0 
2b000 - 27000 0 
21ccc - zecoc c 
28CCC - 2SCCO C 
?'JCJQ - 3C,JOJ 
3000C - 31CCC 
31COC - 32COG 
32GC~l - 33000 
3~COO - i;J.JO 
34000 - 5000 

> 5000 

TCHL 

c ,, 
v 

0 
0 
0 
0 

2 

PERCENT. 

c; '/ 

49.2 
26.2 
10.8 
4. 6 
c.o 
c.o 

c.o 
5-C. 0 
sc.o 
o.o 
c.o 
c.o 
c.c 
c.o 
G.O 
c.o 
c.o 
c.o 
o.o 
c. 0 
o.o 
c.o 
o.o 
c.o 
c.o 
c.o 
c. 0 
c.o 
0. 0 
c.o 
c.o 
c.o 
c.o 
0.0 
c.o 

DIRECTION cs 
N2 OF OBS. PERCENT. 

5 s ·' 
31 35.6 
27 31.0 
17 19.5 

7 3. 0 
c o.o 

R7 

1 
3 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
0 
0 
G 
0 
0 
G 
1 
2 

1 
c 
1 
1 
0 

12 

0.0 

8 • 3 
25.0 
c.o 
o.o 
o.o 
o.o 
c.o 
c.o 
0.0 
C 0 .v 

0.0 
c. 0 
o.o 
o.o 
o.o 
0.0 
0.0 
0. 0 
c.o 
0.0 
8. 3 

16.7 
:l • 3 
8.3 
8 { 

0. 0 
8.3 
8. 3 
0. 0 

I 
! 
i 

(/) 
lU 
..J 
X 
<( 

0:: 
<t 
w 
cr 

w 
..J 
(!) 

2 
(/) 

(/) 
w 
..J 
X 
<( 

~ 
<! 
w 
c.: 

:£ 
uJ 
c 
z 
<! 
!-

WEiGHT 
< 2000 KG 

2000 - 3000 
3CGC - 40CG 
4CvC - 500.) 
5000 - 6000 
6000 - 7000 
1000 - 8000 
bOOO - 900J 
900C - 1CCOO 

10000 - llOOC 
11000 - 12000 
12000 - 13CCO 
13000 - 14000 
14000 - 15000 
15000 - 16000 

> 16000 

TOTH 

< 200'} KG 
2000 - 3000 
3000 - 4000 
4000 - soco 
SOGG - SCCO 
6000 - 7000 
7ooc - ecce 
8000 - 9000 
9QOG - lCOOO 

lOOJO - 11000 
llC:JG - 12000 
l?OCC - 13CCG 
13COC - 1400(; 
14000 - 15000 
15000 - lbOuG 
lSOOO - l!CCO 
17000 - 12000 
13CJC - 19CCO 
11008 - 2CSOC 
20CGC - 21000 
2tQ·jC - 2ZCCC 
220CQ - 23CCC 
23000 - 24000 

> z.:.ooo 

TCfAL 

DIRECTION SC 

N2 OF 08S. PERCENT. 
1 2. 5 

10 25.0 
s 22.5 
1 2. 5 

2 c. 0 
7.5 
7. 5 
2. 5 
2.5 

2 5. 0 
1 2.5 
C G. 0 
c 0. 0 
0 c.() 
0 c. 0 
0 " li Vov 

40 

C 0. G 
0 c. 0 
c c.c 
2 c. 3 
2 E. 3 
3 12.5 

4.2 
4.2 
4.2 

0 0. c 
4.2 

1S. 7 
2 ;:: • 3 
1 4. 2 
0 c. 0 

} 

1 
0 
0 
0 
0 
0 

2 ' _., 

4.2 
!..2 

12.5 
4.2 
c.o 
c.o 
c.o 
o.o 
o.o 

D!RECT!QFJ CS 

NZOF OeS. 

6 
s 
c 
2 
3 
G 
L, 

4 

G 
c 
c 

52 

c 
c 
c 
3 
2 
0 
2 

2 
2 
4 
2 
£ 
5 

c 
c 
c 
u 
c 

~ ~ 

PEa-cr~t·~T. 

l • > 
ll . ~ 
1? • 3 
':"' L:" .... ..:.. ...... 

... 1t: 
s. ~ 
O.G 
? • ? 
7 • ( 

:.7 • 3 
7.7 
l. 9 
s.a 
n. (\ 

v • v 

c.c 
G. C 

·2. 0 
,.. .'"': 
v ...... 

c.c 
6.6 
) • 7 
c. c 
5. 7 
2.9 
5 • ? 
2. ~ 
2. 9 
') • 7 
') • 7 

11 • 4 
5. 7 

17 • 1 
1 t. • 3 

2.9 
• :J 

• u 
.:) 

........ u 

'v. 'J 

c. 0 
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I 

SECTION 024 ON BR-060 
Direction sc - Rio Verde/Goiania 
Direction cs - Goiania/Rio Verde 

DIRECTION sc 

WEIGHT N20F OBS. PERCENT. 

< 2000 KG 17 10.8 
(/) 2000 - 3000 eo 51.0 
w 

3000 - 4000 32 20.4 ..J 
X 4000 - 5000 24 15.3 
<t 

5000 - 6000 4 2.5 
7000 0 o.o 6000 -1-

0 o.o z > 7000 
0 
0:: 

157 1.1.. ro r n 

< eooo KG 0 c.o 
3000 - 9000 1 8.3 
9000 - 10000 1 e. 3 

10000 - 11000 2 16.7 
11000 - 12000 0 c.o 
1200C - 13000 c c.o 
13000 - 14000 0 c.o 
14CCO - 15000 c c.o 
lSCOO - 16000 c o.o 
1bOOC - 17000 0 0.0 
17000 - 1t:CGO 0 o.o 
18000 - 19000 0 c.o 
19000 - 20000 0 c.o 
20001} - 21000 0 o.o 

(/) 

LU 21CCC - 22CCO 0 c.o 
.J c o.o X 22000 - 230:)0 
<t 23000 - 24000 c c.o 

24000 - 25000 1 8.3 
25000 - 26000 0 o.o a: 
25000 - 27000 2 lE:. 7 <t 

\.U 27000 - 23000 0 c.o a: 
ZdOGO - 29000 2 1&.7 
290CC - 3COOO 1 e • 3 

liJ 30000 - 31000 1 e.3 
.J 

E. 3 0.. 31000 - 32000 1 
c:r 320GC - 33000 c o.o 
1- 330CO - 34000 0 c.o 

3400C - ~5000 0 o.o 
> 35000 0 c.o 

TOTAL 12 

DIRECTION cs 

N~ OF OBS. PERCENT. 

1 4 8.2 
&e 40.0 
s 1 _) 5. 9 
22 12.9 

4 2. 4 
1 0.6 
0 o.o 

170 

2 22.2 
3 33.3 
1 11.1 
0 o.o 
0 c.o 
0 o.o 
c o.o 
0 c.o 
c 0.0 
c o.o 
c 0. 0 
0 o.o 
c o.o 
0 c.c 
c o.o 
0 c.o 
c o.o 
0 o.o 
c o.o 
0 o.o 
c o.o 
1 11.1 
2 22.2 
c o.o 
c o.o 
0 o.o 
c o.c 
c o.o 
0 o.o 

9 

DIRECTION sc DlRECTICN c::; ! 
I 

WEIGHT N20F OBS. PERCENT. N20F OBS. PERCENT. I < 2000 KG 3 2. 8 c c .~ 

I 
2000 - 3000 23 21.5 s T • 7 
3000 - 4000 25 24.3 12 1 Q • -~ 

4000 - 5000 11 10.3 1 b ! 3.7 I 
5 co c - 6CCO 1 c. 9 5 .... 3 ! 

(/) 6000 - 7000 7 6.5 3 2.6 I L/..1 
.J 7000 - 8000 1 0 9. 3 7 G. 0 

I X 8000 - 9000 3 2.8 e 6 • e <t 
9000 - lCOOO 5 4 • 7 15 12 • ~ I 

cr 10000 - 11CCC e 7.5 1 9 1 u .,? 

I 
<t 11000 - 120JO 7 6.5 9 r • r 
L/..1 
cr 12000 - ur-oo 3 2. e s 7 • 7 

13GOO - 14000 c 0. ·J j I 7 .... -' I 
14000 - 15000 0 c.o c c .~ 

I 
• v 

1.1.1 
15000 - 16000 c c.o c o.o .J 

CD > 16000 0 c.o c 0 o I) z 
i (/) 

TOTAL 1~7 117 I 
I 

< 2000 KG 0 c.o c o.c i 
2000 - 3000 0 c. c 0 c.c I 

I 

3000 - 4000 c c.o 1 1 • 9 
4000 - soao 6 12.0 1:~ 2 4 • 1 
5000 - 6000 12 24.0 3 5. ~· 
&000 - 7000 6 12.0 3 5. 6 
7000 - ~ceo 4 8.0 c 0 ,, 

eeoc - 9000 2 4.0 0 c (' 

I 
(/) 

9000 - 10000 0 c.o G 0. () w 
.J 10000 - 11000 1 2.0 1 1 • 9 ')( 

<t 11000 - 12000 2 4.0 c o.o I lZOOC - 13CCC 3 6.0 3 ').6 

I 13000 - 14000 1 z.o 4 7 • 4 
cr 14000 - 150{)0 3 s.o 2 j • 7 <t I UJ 15000 - 16000 5 10.0 G c.u 
cr 16000 - 17000 3 6.0 4 ? • 

J ·'f 
17000 - lCOGO 1 2.0 4 7. 4 
1BOOC - 19000 1 2.0 7 1 3 • \) 

~ 19000 - zooco 0 c.o 2 3.7 UJ 
0 ?001..\G - 210·JO 0 c.o 2 3.7 z 

21000 - 22000 c c.o I <t 4 f • f. 
1- zzooc - z.:saoo 0 c. 0 1 1.:1 

I 
L 

I 
23000 - 2400\J c c.o c c. c 

> 24000 0 c.o c ' " v. '.1 

TOfAL 50 ')4 
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N 
(.}1 

N 

f - -- ~--~-~- ~ ---~ --~--~ 

<li 
w 
....I 
X 
~ 

i
~~ 
0 
c; 
I.L.. 

(/) 
w 
....J 
X 
~ 

0: 
"'~ 
u.J 
c.: 

\.:.! 
...J 
c._ 

1-

SECTION 025 ON G0-070 
Direction SC - Inhumas/Goiania 
Direction CS - Goiania/Inbumas 

WEIGHT 

< zono KG 
000 - 3000 
000 - 4000 
000 - 5000 
OOQ - GCCC 
'::JD - 7000 

> 7CGO 

TOTAL 

< 
-:IO'JC -

tO()oJ KG 
9CCQ 

DIRECTION SC 

N20F OBS. 

e 
1 2 
1 1 

44 
4 
G 
0 

369 

c 

PERCENT. 

10.3 
41.2 
35.5 
11.9 

1 .1 
c.o 
c.o 

0.0 
sc.o 

O:R£CTION cs 
Ni OF OBS. PERCENT. 

4 c; 
17: 
105 

52 
li 
0 
c 

385 

c 

12.7 
4:;. 5 
27.3 
13.5 

1 • 0 
0.() 
o.o 

20.0 
0.0 

S8CC - 1COOQ C C.C C C.O 
lJOGC - 11000 0 C.O C 0.0 
llCJO - 12C:CC C 0.0 0 C.O 

(/) 
w 
..J 
X 
<( 

a: 
< 
ljJ 
a: 

w 
....I 
(!J 

z 
(/) 

0: RECT ~ON SC 

'!.1EIGHT ~~OF 08S. PERCE\li. 
< zoo::; K:J s :.1 

ZGCO - 3000 
30GO - 4000 
4COC - 5000 
5000 - 6000 
600C - 7000 
lOGO - cOCO 
cOOC - 9000 
'ICC.C- lCCGC 

10000 - 11000 
11CCC - 12CQO 
120CC - 13CCC 
uooc - 14000 
14000 - 150CC 
15000 - 1600J 

> 15000 

TOTAL 

ld 
;>S 
25 
59 
24 

s 
9 

33 
32 
14 

7 
2 
c 
c 
D 

L 95 

1 c; .~ 
~ • 7 

s. :~ 
e.5 

20.0 
c. 
~. 

! . 
11.2 
10 .. 8 

4. 7 
2.4 
0.7 
c.o 
0.0 
c.o 

r)t:-: :.:.~-! ::· ~-j ....... .:.-~ 

N~o:= Ci~S. 

~:: 
')'; 

~ 1 
~} 3 
-~ 9 
: 2 

3 
6 

1 3 
iC 

2 
c 
c 

32 3 

?:;~<:.E~.,~T. 

1 • .i 
c. 0 •. ) 

~ 1 • ;) 
9.S 

19.5 
r;.u 

• 7 
• s . ~ 

4. 0 
3 • i 
2.5 
:; • b 

O.G 
0.0 
" ~ "' . ...; 

12oac- 130co a c.o o o.o 1 < 2coo KG o c.o c c.c 
13000- 140CC 0 c.o c c.o I 2CCC- 300C c c.o c :J~C 
14 G-0 C - 1 5 G 0 0 0 C • 0 G 0 • 0 3 0 0 0 - 4 0 0 0 0 C • G C :; • C 
!5000 - lbGOJ 0 0.0 0 0.0 4COC- SCCC 13 5.3 15 16.7 
16CGC- l7CCI.) C C.O C C.O 5000- 6000 cC 42.9 3 3.3 
170GO- UOOC G C.O 0 0.0 6000- 7GOO 25 17.9 3C n.3 
leOOG - 19000 0 C.O C 0.0 lOCC - 8000 16 11.4 C :;.s 
l':ICOC- ZJOOO C C.O C 0.0 8000 - 9000 C C.O 4 oi.~ 
20CCC- 210CO C C.O 1 20.0 ~ 90CO- lGCOO 1 0.7 C O.S 
21COC- 22000 C C.O C 0.0 ~ 10000- 110C0 1 0.7 1 ~.: 
22CCO- 2300\l 0 C.O 1 20.0 <( llOOC- 12GOO 1 ·J.7 0 J.') 
2EOC- 240CC 1 SC.O 0 0.0 12000- 130CO E 5.7 2 2.2 
z:.ooo- zsooo o c.p o o.o uooc- l4000 3 2.1 2 2.2 
25CJC- 26000 0 C~O C 0.0 r:r 14000- 15COC 1 0.7 2 2.2 
2SCGC - 27CJO 0 C.O C C.C ~ 150CO - 15000 1 0.7 17 1?. .9 
2fC:JC- 2f.OOO C 0.0 C 0.0 cr l&COC- 17CCC 1 C.7 5 5.:: 
2JCOC- 2SC,OC 0 0.0 C 0.0 li"OCO- lt:JOO 3 2.1 2 2.2 
2'}0CIJ- 30000 G C.O C O.C li\CCC- 19000 5 3.6 S S.o 
3 C 0 0 C - 3 1 0 0 0 C C, • 0 1 2 0 • C ~ 1 9 0 Q 0 - 2 C 0 0 C 1 0 • 7 C 0 • G 
31000- 320•)0 0 0.0 C .C.C 0 200CC- 21000 0 C.O 2 ?..? 
3 Z 0 S 0 - :n 0 G C C C • 0 'C 0 • 0 ~ 2 1 0 0 C - 2 2 C C 0 C C • 0 C C • ;.; 
3::0:JC- 3400G 0 0.0 1 20.0 1- 22000- 23000 0 C.O C C.G 
3.:.coc- 3sooo o c.o c o.o 23ooc- 24ooo c c.o c c.c 

> 35000 0 c.o 0 o.o > 24000 0 0.0 u 0.0 

l TGT•\L 2 5 I TCTAL 140 tiC 
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N 
U1 
w 

SECTION 026 ON BR-153 
Direction SC - UruaQu/Ceres 
Direction CS - Ceres /UruaQU 

DIRECTION SC 

(/) 
LLJ 
_J 

X 
<t 

.... 
z 
0 
a:: 
u.. 

WEIGHT 

< 
2000 -
3000 -
£, oc c -
50CC -
6CCC -

> 

2000 KG 
3CCO 
4000 
5COC 
6CCO 
rcoo 
7000 

TOTAL 

N2 OF OBS. PERCENT. 

1 3 
C3 
90 
44 

E 
1 
c 

217 

6.0 
29.0 
41.5 
20.3 
2. 8 
0.5 
c. 0 

r 
I 

l 
I 

I 

i 
! 

(/) 

LU 
_J 

X 
<( 

a: 
<( 
w 
0:: 

l.\.1 a: 
0:: 
!-

< 8000 KG 
8000 - ']COO 
')COG - 10000 

10000- 1lOCC 
11000 - 1.2000 
12000 - 13000 
13000 - 14000 
14CJC - 1"5000 
1':>00~ - 160CC 
16000 - 17000 
17000 - !COCO 
1bOOG - liOCC 
l?OCC - 2CCCC 
20000 - 21000 
2100C - 22JOC 
22COC - 2.~CCO 

23COO - 24000 
24000 - 25CCO 
2') 0 0 c - 2 6 0 0 c 
26COO - 27000 
uooo - zeooo 
2oCOO - 29000 
2YCOO - 30000 
30000 - 31000 
31000 - 32CCO 
32·::;c- 330CC 
33000 - 340C'J 
34COC - 35QOO 

> 35000 

rc H.L 

0 
0 
0 
0 
c 
0 
c 
0 
c 
0 
0 
0 
1 
a 
0 
c 
a 
0 
c 
1 
c 
1 
c 
3 
1 
0 

0 

0.0 
o.o 
c.o 
c.o 
0.0 
c.o 
c. 0 
c.o 
o.o 
c.o 
c.o 
c. 0 

12.5 
c.o 
c.o 
c.o 
c.o 
c.o 
c.o 

12.5 
o.o 

12.5 
0. 0 

37.5 
12.5 
c.o 
c. 0 

12.5 
o.o 

DIRECTION C S 

N~ OF OBS. PERCENT. 

1 7 6 .1 
105 37.5 
119 42.5 

3C 10.7 
9 3. 2 
0 c. 0 
0 0 .o 

280 

1 
c 
c 
c 
c 
c 
c 
0 
c 
0 
1 
c 
c 
c 
c 
c 
c 
" 1.1 

c 
0 
1 
c 
c 
1 
0 
2 
c 
1 
2 

11.1 
c.o 
o.o 
c.o 
o.o 
o.o 
c.o 
o.c 
o.o 
0. 0 

11.1 
o.o 
o.o 
c.o 
0 .0 
o.o 
0.0 
o.o 
a.o 
c.o 

11.1 
o.c 
c.o 

11.1 
o.o 

22.2 
o.o 

11.1 
22.2 

(/) 
LLJ 
_J 

X 
<( 

0: 
<( 
w 
0: 

LLJ 
_J 
(!) 

z 
(/) 

(/) 
LLJ 
_J 

X 
<( 

0: 
ct 
w 
0: 

~ 
l&J 
0 z 
~ 

WEIGHT 
< 2000 KG 

2000 - 3COO 
3COO - 4000 
4000 - 5000 
5000 - 6000 
6000 - lOCO 
7000 - B·JGO 
.'!COO - 9000 
YOOC - 10000 

10000 - 110CO 
11000 - 12000 
12000 - 13000 
1300C - 14COO 
14000 - 15CCC 
15000 - 16000 

> 16000 

TOTAL 

< 
2000 -
3000 -
4000 -
5000 -
6000 -

2CC8 KG 
3000 
4000 
5000 
6000 
7000 

7000 - 8000 
aooo - :~ooo 

'} 0 0 0 - 1 c c 0 c 
lOOOC - llCGO 
11000 - 12000 
l?DOO - 13000 
13000 - 14000 
l4COO - 15000 
lSCOC - 16000 
16CCC - 170CC 
11occ - leOll0 
UlOOC - lQCGI) 
19oco - zcoor. 
zococ - 21000 
21000- 220!)0 
22000 - 230JO 
23000 - 24Ci)l) 

> 24000 

TCT n 

DIRECTION SC 

NS? OF OBS. PERCENT. 
0 0. 0 
7 5. 9 

17 14.3 
14 11.8 
10 e.4 
1 c e. 4 

5 4. 2 
12 10.1 
12 10.1 

6.7 
15 12.6 

E 5. G 
o.o 

2 1. 7 
0 0. 0 
0 c. 0 

11 9 

c c. 0 
0. G. a 
c c. 0 

" 3. tl 
5 4. 8 

10 9.5 
2 1. 9 

13 12.4 
13 12.4 

5 4.8 
e.6 
2.9 

3 2. 9 
2 1. 9 
s e. s 

16 15.2 
1 1. ·J 
1 1.0 
1 1. 0 
1 1. 0 
6 5. 7 
1 1. a 
c c.c 
(J c.o 

105 

l 
I 
I 

DiRECTION cs I 
I 

N20F OBS. 
c 

l 
PERCENT. I 

c.o 
9 

10 
14 

s 
5 

10 
1 0 
1! 
H 
?.2 

s 
4 
c 
1 
0 

144 

c 
0 
c 
7 
7 
6 
3 

11 

5~3 

6 • 9 
9 • i' 
b. 3 
3.5 
6.9 
6 • s 
l • f, 

20.8 
15. 3 
s • -~ 
2 •. ~ 
c.o 
0.7 
c.o 

0. fJ 

o.o 
c.o 
s.s 
5.9 
5 .1 
2.5 
9. 3 

'• 3. 4 
4 3. 4 
3 2. '3 
5 4.2 
5 4. 2 
6 5 .1 

12 10.2 
23 19.5 

1 o. a 
1 o. e 

16 13.6 
2 1. 7 
C G. C 
2 1 • 7 
0 o.o 
c c.o 

1 i. e 

I 
I 
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N 
U"1 
~ I 

I 

(/) 
LIJ 
..J 
X 
<l: 

._ 
2 
0 
a: 
u. 

(/) 
LIJ 
..J 
X 
<l: 

0: 
< 
LIJ 
0:: 

LIJ 
..J 
0.. 
0: .... 

SECTION 029 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
4000 - 5000 
5000 - 6000 
6001) - 7000 

> 7000 

TOTAL 

< 8000 KG 
8000 - 5GCC 
9000 - 10000 

lCOCC - llOCO 
11000 - 12000 
12000 - 13000 
13000 - 1400C 
14000 - 15000 
15000 - 16000 
16000 - 17000 
1700C - 18000 
HlOOC - 19000 
19000 - 20000 
20000 - 21000 
21000 - 22000 
22000 - 23000 
23000 - 24000 
24000 - 25000 
25000 - 26000 
26000 - 2700C 
21000 - zeooo 
28000 - 25f000 
29000 - ~0000 
30000 - 31000 
31000 - 32000 
32000 - 33000 
33000 - 314000 
34000 - 35000 

> 35000 

TOTAl 

GO- 0 8 0 
BR-153/Goianesia 
Goianesia/BR-153 

DIRECTION sc DIRECTION cs 
NiOF OBS. PERCENT. Ni OF OBS. PERCENT. 

11 9.6 7 6.7 
65 57.0 41 39.4 
34 29.8 33 31 • 7 

4 .!.5 21 20.2 (/) 
LIJ 

0 c.o z 1.9 ..J 
c c.o c o.o X 

<t 
c o.o 0 o.o 

0: 
114 10 4 <t 

LIJ 
0: 

0 o.o c o.o LIJ 
..J 3 100.0 0 o.o (!) 

0 o.o 0 o.o 2 

c c.o c o.o Vi 
0 o.o 0 o.o 
0 c.o 0 o.o 
0 o.o 0 o.o 
0 o.o 0 o.o 
0 o.o c o.o 
0 c.o 0 o.o 
c c.o 0 o.o 
0 o.o 0 o.o 
c c.o c o.o 
0 o.o 0 o.o (/) 

UJ 
0 c.o 0 o.o _, 
0 o.o 0 o.o X 

<t 
0 o.o c o.o 
0 o.o c o.o 
c c.o c o.o 0: 
0 c.o 1 100.0 ct 

UJ 
0 o.o c o.o a: 
0 c.o c o.o 
0 c.o c o.o 
0 o.o 0 o.o 2 
c o.o c o.o LIJ 

0 
0 c.o c o.o 2 

<t 0 o.o a o.o .... 
0 c.o c o.o 
0 o.o 0 o.o 

3 1 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. N20F OBS. PEW....ENT. 

< 2000 KG 0 c.o c c.c 
~000 - 3000 1 3 1E. 6 7 9.2 
3000 - 4000 6 8.6 11 14.5 
4COC - 5000 11 15.7 9 11.8 
5000 - 6000 e 11.4 12 15.8 
6000 - 7000 11 15.7 E 7 • 9 
7000 - 8000 2 2.9 1 1 • 3 
BOCO - 9000 1 1.4 c c.o 
9000 - 10000 6 8.6 3 3 • 9 

10000 - 11000 5 7 • 1 16 21.1 
11000 - 12000 7 10.0 9 11.8 
1200C - 13000 0 c.o c 0 i' 

13000 - 14000 0 o.o 2 2.6 
14000 - 15000 c c.o c 0. 0 
15000 - 16000 c c.o 0 1).0 

> 16000 0 o.o 0 o.o 

TOTAL 70 76 

< 2000 KG 0 c.o c o.o 
2000 - 3000 0 o.o 0 o.o i 

3000 - 4000 4 9 .1 c o.c I 

4000 - 5000 25 SE.8 2 7. 1 
5000 - 6000 5 11.4 2 7.1 
&000 - 7000 1 2.3 2 7 • 1 
7000 - 8000 0 c.o 1 3. 6 
8000 - 9000 1 2.3 2 7 .1 
9000 - 10000 c c.o 1 3. t 

10000 - 11000 0 o.o 0 o.o 
11000 - 12000 0 c.o 1 3.6 
12000 - 13000 2 4.5 c o.o 
13000 - 14000 2 4.5 1 3. 6 
14000 - 15000 0 o.o 4 14. 3 
15000 - 16000 2 4.5 3 10.7 
1&000 - 17000 1 2.3 3 10.7 
17000 - 18000 1 2.3 3 10.7 
18000 - lSOOO c c.o 2 7 .1 
19000 - 20000 0 o.o 1 3.6 
20000 - 21000 0 c.o c o.o 
21000 - 22000 0 o.o 0 c.o 
22000 - 23000 0 o.o 0 c.o 
23000 - 24000 c o.o c c.o 

> 24000 0 0.0 0 o.o 

TOTAL 44 ze 
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SECTION 030 ON BR-050 
Direction sc - Border MG/GO/Catalao 
Direction cs - Catalao/Border MG/GO/Catalao 

DIRECTION sc DIRECTION cs 
WEIGHT N20f OBS. PERCENT. N9 OF OBS. PERCENT. 

< 2000 KG 11 2.9 7 4 .1 
2000 - 3000 156 40.5 75 44.4 
3000 - 4000 110 2e.6 52 30.8 
4000 - 5000 92 23.9 31 18. 3 
5000 - 6000 16 4.2 3 1.8 
6000 - 7000 0 o.o 1 0.6 

> 7000 0 0.0 0 o.o 

TCT<\L 3 es 16 ~ 

< 8000 KG 0 c.o 2 14 • 3 
80'JO - 9000 0 o.o 2 14.3 
9000 - 10000 0 0.0 3 21.4 

liJCOC - !lOCO 2 5.6 2 14.3 
11000 - 12000 1 2.8 0 o.o 
12COO - 13000 0 o.o 0 o.o 
1301)0 - 14000 0 o.o 0 o.o 
14000 - 15000 c c.o 0 o.o 
15000 - 16000 0 o.o c o.o 
u:,ooo - 17000 1 2.8 0 o.o 
17000 - leOOO c o.o 0 o.o 
lbCCO - 1900C 0 c.o 0 o.o 
19000 - 20000 0 o.o 0 o.o 
20000 - 21000 1 2.8 0 o.o 
21000 - 22000 2 5.6 0 o.o 
22000 - 23000 1 2.8 0 o.o 
23000 - 24000 0 o.o 1 7 .1 
24000 - 25000 3 e.3 0 o.o 
25000 - 26000 2 5.6 0 o.o 
2€.000 - 27000 3 e.3 2 14.3 
uooc - zcooo 3 8.3 1 7 .1 
25000 - 29000 5 13.9 1 7 .1 
291)00- 30000 3 L3 0 o.o 
~0000 - 31000 4 11.1 0 o.o 
31000 - 32000 2 5.6 0 v.o 
32000 - 33000 2 5.6 0 o.o 
.ncoo - 3400C 1 2.8 0 o.o 
34000 - 35000 0 o.o 0 o.o 

> 35COO 0 o.o c o.o 

TO TA.L 36 14 

DIRECTION sc DIRECTION cs 
WEIGHT N20f OBS. PERCENT. N20f OBS. PERCENT. 

< 2000 KG 0 o.o 1 1.0 
2000 - 3000 6 3.0 24 23.8 
3000 - 4000 15 7.5 17 16. e 
4000 - 5000 1 e 9.0 20 19.8 
5000 - 6000 17 8.5 10 9. 9 

(/) 6000 - 7000 13 6.5 5 5.0 l.IJ 
...J 7000 - 8000 15 7.5 6 5.9 
X eocc - 9000 31 15.6 10 9 • 9 cs: 

9000 - 10000 32 16.1 1 1.0 
0: 10000 - 11000 24 12.1 4 4.Q 
cs: 11000 - 12000 11 5.5 3 3.0 
LIJ 

12000 - 13000 10 5.0 c c.c 0: 
13000 - 14000 5 2.5 0 o.c 

l.IJ 14000 - 15000 2 1. 0 0 o.o I _. 150l)0 - 16000 0 o.o 0 0.0 

I 
<!> > 16000 G o.o 0 o.o z 
v; 

TOTAL 1 99 10 1 

< 2000 KG 0 o.o () o.o 
2000 - 3000 0 c.o 0 o.o 
3000 - 4 000 0 c.o 2 3.8 
4000 - 5000 6 5.5 3 5.8 
5000 - 6000 6 5.5 9 17. 3 
6000 - 7000 14 12.8 5 9.6 
7000 - 8000 3 2.8 7 13 .s 
8000 - 9000 2 1. 8 2 3. 8 

(/) 
9000 - 10000 5 4.6 0 o.o LU 

...J 10000 - 11000 s 8.3 2 3.8 X 
cs: 11000 - 12000 10 9.2 1 1. 9 

12000 - 13000 9 €.3 c c.o 
13000 - 14000 6 5.5 0 o.o 

0:: 14000 - 15000 6 5.5 6 11.5 cs: 15000 - 16000 1 0.9 1 1. 9 UJ 
0: 16000 - 17000 1 0.9 5 9.& 

17000 - leOOO 15 13.8 2 3. e 
18000 - 19000 e 7.3 3 5.8 

~ 19000 - 20000 4 3.7 3 5.8 UJ 
Cl 20000 - 21000 1 0.9 0 0.0 z 21COO - 22000 1 C.9 c c.o 
~ 22000 - 23000 2 1.8 1 1.9 

23000 - 24000 0 o.o c Q. 0 
> 24000 0 o.o 0 o.o 

HJT Al 109 52 
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SECTION 031 ON BR-060 
Direction sc - Anapolis/Bras1lia 
Direction cs - Brasflia/Anapolis 

DIRECTION sc 
WEIGHT N20F OBS. PERCENT. 

< 2000 KG 3 2.5 
2000 - 3000 H 15.6 
3000 -· 4000 66 54.1 
4000 - 5000 26 21.3 
5000 - 6000 7 5.7 
6000 - 7000 1 0.8 

> 70CC 0 c.o 

TOTAL 122 

< aooo KG c c.o 
8000 - 9000 0 o.o 
9000 - 1COCO c c.o 

10000 - 11000 c c.o 
11000 - 12000 c c.o 
12000 - 13000 c o.o 
13000 - 14000 c c.o 
14CCC - 15000 0 o.o 
15000 - 16000 0 c.o 
16000 - 17000 c c.o 
17000 - 18000 c o.o 
113000 - lSOOO a o.o 
19000 - 2COOO c c.o 
20000 - 21000 0 o.o 
21000 - 22000 c o.o 
22000 - 23000 c o.o 
23000 - 24000 0 c.o 
24000 - 25000 0 c.o 
25COC - 26000 1 33.3 
26000 - 27000 0 o.o 
zrooo - zeooo c c.o 
213000 - 29000 c c.o 
2?000 - 30000 0 0. 0 
30000 - 31000 0 c.o 
31000 - 32000 c c. 0 
32000 - 33000 2 66.7 
33000 - 34GCO c c.o 
HOOO - 3)000 ;... c. 0 

> 35CCC c c.o 

TOTAL 3 

DIRECTION cs 
Nt OF OBS. PERCENT. 

7 3.7 
113 59.5 

45 23.7 
2C 10.5 V) 

2.1 
IJJ 

4 .J 
c 0.0 X 

<t 
1 ().5 

cr 
190 <( 

I.IJ 
cr 

1 10.0 I.IJ 
..J 

5 50.0 (!) 

c o.o z 
c c.o u; 
1 10.0 
0 o.c 
c c.o 
0 c.o 
0 o.o 
c o.o 
c c.o 
c o.c 
c o.o 
c 0.0 V) 

IJJ 
c c.o _, 

X c o.o <t 
c c.c 
c o.o 
c c.o cr 

<t c o.o w 
c c.o a:: 
c o.o 
() o.o 
c o.o :2 

I.IJ 
1 10.0 0 
j_ 1C.J 2 

<t ,- c.c 1-

1 1 0 • (j 
u o.o 

1C 

l 
i 

I 

DIRECTION sc DIRECTIOt.J cs 
WEIGHT N20F OBS. PERCENT. N20F oas. PERCENT. 

< 2000 K~ 1 • ? 
Loc.. 3 2.5 

2COC - 3000 1 l. 2 !C 25.4 I 3000 - 4CCC 4 4 • 7 44 3 7. 3 
4000 - 5000 7 e. 1 10 8.5 
5000 - 6000 2 2. 3 4 3 • 4 
6000 - 7000 7 ::l. 1 s 4. 2 
7000 - eooo f: 7.0 1 o.a 
8000 - 9000 4 4. 7 l 5.9 
?CCC - 10000 4 4. 7 1 ~. 8 I 

10000 - 11000 5 5 • ': c c.o 
110CO - 12000 16 1e.s 7 5.9 
12000 - 13CCO 21 24.4 2 1 • 7 
13000 - 14000 6 7.0 3 2. 5 
14000 - 15000 2 '2.3 1 0.5 
15000 - 16000 0 G.O c c.r 

> 16000 c o.o c o.o 

TOTAL eo t: e. 

< 2000 KG 0 o.o c o.c 
2000 - 3000 c o.o c c.c 
3000 - 4000 a c.o 1 2.3 
4000 - 5000 1 2.9 e 18.6 
5000 - 6000 c o.o 11 25.6 
6000 - 7000 1 2.~ 4 9 • 3 
7000 - 5000 1 2.9 2 4. 7 
8000 - 9000 0 o.o 0 o.o 
9000 - lOCCC 0 c.o 1 2.3 

10000 - 11000 0 c.o 2 4. 7 
11000 - 12000 0 c.o 2 4. 7 
1200G - 130;)0 1 2.9 3 7.0 
13000 - 14000 0 c. 0 0 o.o 
14000 - 15000 1 2. 9 2 4.7 
15000 - 1&000 5 14. 7 1 2. 3 
lbCOC - 17COO 3 E. e 1 2.3 
17000 - 18000 6 17.6 1 2.3 
lBOOO - lJOOC 7 2C.6 2 4 .7 
19000 - 20000 1 2. 9 2 4.7 
20000 - 21000 3 8. '\ c 0. 0 
2100C - UOCO 1 2. 9 " c.c 
2? co c - nee c 2 ,-~ • 9 c G. J 
? .~ c 0 () - ? '· t) \) :l c ,_; r ' 

I 
·~ • v v. ·..,· 

> z:.ooo 1 2.9 c o.o 

TC r AL 34 4 _) 
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WEIGHT N20F oss. PERCENT. N2 oF oss. PERCENT. WEIGHT N20F oas. PERCENT. Ni>OF os.s. PE2C£ta. I 

< 2000 KCi 1 1.2 ~ 2.5 i 

2000- 3008 1 1.2 3C 25.4 l 
< 2000 KG 3 2.5 7 3.7 3000- 40CC 4 4.7 44 37.3 I 

(/) zooo- 3ooo 1~ 15.6 113 59.5 40oo- sooo 7 e.t 1c 3.5 i 
~ 3ooo - 4ooo 66 s4.1 45 23.7 sooo - 6ooo 2 2.3 '· 3.4 1 
X 4000- 5000 26 21.3 2C 10.5 ~ 6000- .7000 7 8.1 5 ~-2 I 
oct 5ooo- 6oco 7 s.7 4 2.1 ...J rooo- eooo E 7.CJ 1 •J.c 

1 
5000- 7000 1 0.8 0 o.o ~ 3000 - 9000 4 4.7 7 ').9 l 

I I; > 70CC C 0.0 1 0.5 900C- 10000 4 4.7 1 ·'}.c i 
0 1ouoo- 11000 .. s.e " c.o I 

I a: TOTAL 122 190 ~ 11000- 12000 16 18.6 7 5.9 
t... ~ 12000- 13000 21 24.4 2 1.7 ' 

I uooo- 14000 6 7.0 3 z.s j 

I 
14ooc - 1sooo 2 2.3 1 c~:, 1 

< acoc KG o c.o 1 tc.o ~ 1sooo- 16coo o c.o c c.c. i 

I 
80JO- 9CJO 0 C.O 5 50.0 (!) > 16000 C O.G C C.J ~ 
9000- 1CCCC C C.O 0 0.0 ~ i 

I lOOQO - 11000 c o.o c o.o (/) TOTAL 86 110 I 
1100C - 12000 0 0.0 1 10.0 l 

l 12000- 13000 C 0.0 0 0.0 < 2000 KG C 0.0 C () •. :; 
13000- 14000 0 c.o c o.o 2000- 3000 c o.o c c.c 

I 
14CCC - 15000 0 0.0 0 0.0 3000 - 4000 0 0.0 1 2.3 
15000- 16000 0 0.0 0 0.0 4000- 5000 1 2.9 E lJ.r. 

• loOOO- 17COO C C.O C 0.0 5000- 6000 C 0.0 11 25~6 

I llOOC- ldOOO 0 o.o 0 o.o 6000- 7000 1 2.9 4 9.3 I 

, 180UC- 1~000 0 0.0 C 0.0 7000- 8000 1 2.9 2 4.7 t 
1 lYOOO - 20000 c o.o 0 o.o 8000 - 9000 0 0.0 c c.o I 

20000- 21000 0 0.0 c 0.0 ~ 9000- 10CCC 0 c.o 1 ?..3 II 

t1 21000 - 220QQ c 0.0 Q CoO ~ 10000 - 11QQO Q 0.0 2 !; ol I 

~ zzoco- 23000 0 o.o 0 o.o oct 11000- 12000 0 c.o 2 4.7 t 
oct 23000- 24000 o c.o a a.c 12000- 13000 1 2.9 3 7.0 1 

I 
24ooo- zsooo o c.o c o.o 13ooo- 14000 a c.o o o.J 

1 25CCC- 26000 1 33.3 C 0.0 a: 14000- 15000 1 2.9 2 4.7 • 
' ~ 26000 - 27000 0 o.o c o.o ~ 15000 - 16000 5 14.7 1 2.3 ll 

~ 21000- 28000 C 0.0 C 0.0 a:: lbCOC- 17COO 3 E.8 1 2.3 
2aaoo- 290oc c c.o c o.o 11ooo- 1eooo 6 17.6 1 2.3 I 
2?000- 30000 0 0.0 C 0.0 18000- 19000 7 2C.& 2 4.7 

w 30000 - 31000 o c.o o c.o a 19000 - 20000 1 2.9 2 :...7 
! 0: 31oco - 32000 o c.o 1 10.0 o zocoo - 21000 3 e.a o ~.o 
I C: 32000 - 33000 2 65.7 1 10.0 ~ 21000 - 22000 1 2.9 c c.o 
I ;- 3.3000- 34000 c c.o 0 o.o .... 22000- 23000 2 5.9 c C.;J 
1 3 4 o o o - 3 s o o o o c • o 1 1 o • o z 3 o o o - 2 4 o o o o o • o c rr. -~ 
1 > 35Coc o c.o o o.o > 24000 1 2.9 c o.o 

I T:JTAL 3 lC TOTAL 34 43 
j 
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SECTION 033 ON 
Direction sc -
Direction cs -

WEIGHT 

< 2000 KG 
2000 - 3000 
3000 - 4000 
40UO - 5000 
5000 - 5000 
6~00 - 7000 

> 70GO 

TOTAL 

< 8000 KG 
8000 - 9000 
9000 - 10000 
~oooc - 11000 
11000 - 12CGO 
12000 - 13000 
13000 - 14000 
1400C - 15000 
15000 - 16000 
16000 - 17000 
17000 - 18000 
18000 - 19000 
19COO - 20000 
20COC - 21000 
21000 - 22000 
22000 - 23000 
23000 - 24000 
2.:.000 - 25000 
25000 - 26000 
26000 - 27000 
21000 - 2eooo 
28000 - 29COC 
29000 - 30000 
30000 - 31000 
31000 - 32000 
.32000 - 33000 
33000 - 34000 
34000 - 35000 

> 35000 

TOTAL 

GO- 0 7 0 
Goianira/Inhumas 
Inhumas/Goianira 

DIRECTION sc DIRECTION cs 
N20F OBS. PERCENT. Nt OF OBS. PERCENT. 

38 10.3 49 12.7 
152 41.2 175 45.5 
131 35.5 105 27.3 

44 11.9 52 13.5 Cl) 

4 1.1 4 1. 0 ll.l 
...J 

0 c.o 0 o.o X 

0 c.o 0 o.o ct 

0:: 369 385 ct 
ll.l 
0:: 

l 20.0 0 o.o ll.l 
..J 

1 sc.o c c.o (!) 

0 o.o c o.o z 
0 c.o 0 o.o ii5 
0 o.o 0 c.o 
0 o.o 0 o.o 
0 o.o c o.o 
0 c.o 0 o.o 
0 o.o 0 o.o 
0 o.o c o.o 
0 o.o 0 o.o 
0 c.o c o.o 
c o.o c c.o 
0 c.o 1 20.0 Cl) 

I.LI 
0 c.o c o.o ..J 

0 o.o 1 20.0 
)( 

ct 
1 sc.o 0 o.o 
0 c.o 0 o.o 
0 c.o c c.o 0:: 
0 o.o G c.o ~ 

I.LI 
0 o.o c 0.0 0:: 

0 o.o c o.c 
0 c.o 0 0.0 
0 c.o 1 20.0 ::\! 

w 
0 o.o G 0. 0 0 
c c.o ·c c.c z 

<( 

0 o.o 1 20.() .... 
0 c.o c c.o 
0 c.o 0 0.0 

2 5 

DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. N20F OBS. PERCENT. 
< 2000 KG 5 1.7 6 1. :i 

2000 - 3000 47 15.9 85 26.3 
3000 - 4000 29 9.8 55 17.0 
4000 - 5000 25 e.s 3 1 9.G 
5000 - 6000 59 20.0 63 19.5 
6000 .. 7000 Z.4 8tt 2 9 9.0 
7000 - eooo s 3.1 12 3 • 7 
8000 - 9000 9 3. 1 3 0 • 9 
9000 - 10000 33 11.2 6 1.9 

10000 - 11000 32 10.8 13 4.0 
11000 - 12000 14 4.7 10 3.1 
12000 - 13CCO 7 2.4 e 2.5 
13000 - 14000 2 0.7 2 0. 6 
14000 - 15000 0 c.o 0 o.o 
15000 - 16000 0 o.o c o.o 

> 16000 o· c.o c o.o 

TOTAL 295 32 3 

< 2000 KG 0 c.o 0 o.o 
2000 - 3000 c c.o c o.o 
3000 - 4000 0 c. 0 c c.o 
4000 - 5000 13 <;.3 1 5 16.7 
5000 - 6000 6C 42.9 3 3.3 
6000 - 7000 25 17.9 3C 3 3. 3 
7000 - 8000 16 11.4 0 0.0 
8000 - 9000 0 o.o 4 4.4 
9000 - 10000 1 0.7 c o.o 

10000 - 11000 1 0.7 1 1 • 1 
llOOC - 12000 1 0.7 0 o.o 
12000 - 13 0 c.c E 5.7 2 2.2 
13000 - 14000 3 2.1 2 2.2 
14000 - 15000 1 C.7 2 2.2 
15000 - 16000 1 0.7 17 18.9 
16000 - 17000 1 C.l 5 5. 6 
17000 - leOOO 3 2.1 2 2.2 
18000 - 1.9000 5 3.6 5 5.6 
19000 - 2COOC 1 0. 7 c o.o 
20000 - 21000 0 c.o (: 2. 2 
210.00 - 22000 c c.o c o.o 
22000 - 23000 0 c. 0 c c.o 
23CGC - 24COO c o.o c c.c 

> 24000 0 0. 0 c o.o 

TOTAL 14C oc 
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SECTION 034 ON G0-206 
Direction SC - BR-452/C. Dourada 
Direction CS - C. Dourada/BR-452 

WEIGHT N20F OBS. PERCENT. N2'0F OBS. 

< 2000 KG 1 ~ 1~.5 16 
2000 - 3.000 50 52.1 42 
3080 - 4CGO 11 11.5 20 
4000 - 5000 21 21. 9 1 3 
':• cc 0 - 6000 1 1.0 c 
F~OGC - 7C'::C 0 c. 0 G 

> 7000 0 c.o c 

TCTAL <;(, 91 

< ecce KG c c.o c 
~00 0 - sooc 0 o.o c 
900C - 10000 c c.o c 

10000 - llCOO c c.o c 
11GGC - 12000 c c.o G 
l2GCG - 13000 c c.o c 
13000 - 14000 0 o.o c 
14000 - 15000 0 o.o 0 
15COC - 16000 c c.o c 
lbCCD - 17000 0 o.o 0 
17COC - lcCOO 0 c.o c 
HlCOO - 1:1000 a o.o c 
bOCO - 20000 0 o.o c 
208CC - 21CCC 0 o.o c 
2 1 0-0 () - 2 2 0 0 0 0 o.o G 
Z20CC - 23GOO 0 c.o c 
230GC - 24COG " c.o 0 v 

24CGO - 25000 1 100.0 c 
25000 - 26000 c c.o c 
h) ~ ·j ·) - ~ 7 0 0 G 0 o.o c 
ztoco - zeooo 0 o.o c 
2dOOC - 2SOOO 0 o.o c 
2:JCCC - 30000 0 o.o 0 
300CQ - 31000 0 c.o c 
31000 - 32000 0 o.o c 
32000 - ~3000 c o.o c 
ncoc - 34CCO 0 c.o c 
34000 - 35000 0 o.o c 

> 3~000 0 c.o c 

TOTAl 1 0 

PERCENT. 

17.6 
46.2 
22.0 
14. 3 

o.o 
o.o 
o.o 

o.o 
o.o 
c. 0 
o.o 
o.o 
6.o 
o.o 
c.o 
c.o 
o.o 
c.o 
o.o 
c.o 
c.o 
c.o 
c.o 
c.o 
o.o 
o.o 
c. 0 
c.o 
0.0 
o.o 
o.o 
c.o 
o.o 
c.o 
o.c 
c.o 

I 
WEIGHT N20F OBS. PERCENT. N20f. OBS. PE;:(CENT. I 

< 2000 KG c c.o 4 ') .<; I 
2000 - 3000 22 29.3 1 c 1 't • l I 
3000 - 4000 E e.o 7 1 c • 3 
4000 - 5000 3 4.0 9 13.2 
5000 - 6000 18 24.0 9 13.2 

(/) f>OCC - 7000 l 9.3 16 23.5 
LIJ eooo 4 5.3 2 ?. • 9 ....l lOOC -
X 8000 - sooc 2 2.7 1 1 • 5 <( 

1000 - 10000 4 5.3 2 2. 9 

a:: 10000 - 110iJC 2 2.! e 11 • 8 
<( 11000 - 12000 ~ 6. 7 c o.o 
LIJ 12000 - 13000 1 1.3 c o.o a:: 

13000 - 14000 1 1.3 c o.o 
1400C - 15000 0 0.0 c o.o 

LIJ 
15CCO 0 c.o G o.o ....l 15000 -

(!) > 16000 0 o.o c c. 0 z 
Vi 

TOT.\L 75 se 

< 2000 KG 0 c.o c o.o 
2000 - 3000 a o.o c c.o 
3000 - 4CCO 0 o.o 3 13.0 
4COO - 5000 7 33.3 s 3 9 .1 
5000 - 6000 2 S-5 2 e. 7 
5000 - 7000 1 4.3 0 o.o 
7000 - ~oco c c.o c c.o 
8000 - 9000 1 4. 8 c c.c 

(/) 
9000 - 10000 1 4.1l 0 c.o LIJ 

....l 10000 - 11000 1 4.8 2 8. 7 X 
<( 1100C - 12000 1 4.8 2 8.7 

12000 - 13000 0 0.0 0 c.c 
130CC - 14000 c c. 0 2 e. 7 

a:: 14000 - 15000 0 0. 0 1 4. 3 
<t 15000 - 16000 4 1 s. 0 c c.o LIJ 
a:: 16000 - 17000 1 4.8 1 4. 3 

17ooo - 1eooo 1 4.ft c o.c 
1<3000 - 19000 0 o.o 1 4.3 

:i 19000 - 20000 0 o.o c o.o LIJ 
c o.o 0 20000 - 21CCC c o.o z 21000 - 22000 c o.o G 0. 0 <( 

1- 22000 - 2300C 1 4. 8 0 0. 0 
23000 - 24000 c c.o c c. 0 

> 240GC 0 c.o c o.o i 

TOTAl 21 ?3 
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SECTION 035 ON G0-206 
Direction SC - BR-452/C. Dourado 
Direction CS -C. Dourada/BR-452 

DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. N2 OF OBS. PERCENT. 

< 2000 KG 13 13.5 16 17.6 
2000 - 3000 sc SZ.l 42 46.2 
3000 - t, coo 11 11.5 20 22.0 
4000 - 5000 21 21.9 13 14. 3 
5000 - 6000 1 1.0 0 0.0 
6000 - lOCO 0 c.o c o.o 

"> 7000 0 o.o c 0.0 

TCT n 96 'i 1 

< eCCC KG 0 c.o c c. 0 
oOOO - sooo 0 o.o 0 o.o 
90JC - 10000 0 c. 0 c o.c 

10000 - 11000 c c.o c o.o 
llCGC - 12000 0 c.o c o.o 
12000 - 13000 c c.o c o.o 
1SCOC - 11.,000 0 0.0 c 0.0 
14000 - 15000 0 0.0 0 c. 0 
15000 - lCCOG c c.o c c.c 
16000 - 17000 0 o.o 0 c. 0 
HCOC - lcCOO 0 0.0 0 c.o 
13000 - 19000 0 o.o c o.o 
190CO - 20000 0 0.0 c 0.0 
ZOCCC - 21GCO 0 c.o c c.c 
210CC - 22000 0 o.o c 0.0 
220CC - 230CC 0 c.o 0 c. 0 
23CCC - 24000 0 c.o 0 o.o 
24CGC - 25000 1 lOC.O c c.c 
2500:) - 26000 0 c.o c o.o 
26C0·)- 27000 0 u.o c c. 0 
27ooo - 2eooo c c. 0 0 o.o 
23000 - 2SGOO 0 o.o 0 0.0 
29CJC - ~coco 0 o.o c o.o 
300CO - 31000 c c.o G 0.0 
31000 - ~2000 0 o.o c o.o 
32000 - 33000 c 0.0 0 o.o 
33000 - 34000 0 c.o 0 c.o 
34000 - 35000 0 o.o c o.o 

> 35000 0 c.o c c.c 

TCfAL 1 0 

I 

I 

DIRECTION sc DiRECTION cs 

WEIGHT N~OF OBS. PERCENT. N!?OF OBS. PERCENT. 
< 2000 KG c c.o 4 5 • :; 

2000 - 3000 22 29.3 1 c 14.! 
3000 - 4000 6 e.o 7 10. 3 

') 13.2 I 
4QQO - 5000 3 4.0 

I 
5;)00 - 6000 1E 24.0 9 13.2 

(/) 7 9.3 1& 23.5 60CC - lCOO w 
4 5.3 2 2.9 l .....J 7000 - sooo 

i X 800C - 90CC 2 2.7 1 1. 5 <t 
·;oco - lCOGO 4 5. 3 2 2.9 , 

a: 10000 - 110GC 2 2.7 e 11.8 I <t 11000 - 12000 5 6.! c c.o I w 1 1.3 c o.o cc 12CCO - 13000 I 13000 - 14000 1 1.3 c o.o 

I 
14COC - 15000 0 o.o c 0.0 w 

0 c.o c o.o .....J 15000 - 16000 
(!) 0 o.o c c.o z > 16000 
(/) 

TOTAL 75 s e 

< 2000 K~ G c.o c 0-G 
3000 0 0.0 c c.o 

I 
2000 -
30CO - 4CCO 0 o.o 3 13 .o 
4 co 0 - 5000 7 33.3 9 3 9 .1 
5000 - 6000 2 9.5 2 a. 7 I 

I 
6000 - 7000 1 4.8 0 0.0 

I 
7000 - eO CO c c.o c o.c 
cOCO - 9000 1 4. 8 0 c.c 

(/) 
9QCO - 10000 1 4.a G ~. t) I l.U 

.....J 10000 - 11000 1 4.8 2 5. 7 X 
<( 1100J - 12000 1 4. 8 z 8.7 

12000 - 13000 c 0.0 0 " "' v. v 

13000 - 140CO 0 c.o 2 e.. 7 
a: 14000 - 15000 c o.o 1 4. 3 I <! 15CCC - 16000 4 1S.O 0 c. 0 I l.U 
0:: l&CQG - 17000 1 4.8 . 4. 3 ~ 

I 
17000 - 18000 1 4.8 c c.c 
1acoc - i~ooo 0 o.o 1 4~3 

~ 19000 - 20000 0 o.o 0 0 ~ .~ w 
c 0 " I 0 20COC - ZlCOC c 0.0 ""' z 21000 - 22000 0 0.0 c 0 • () 

I 
<t 
1- 22000 - 23000 1 4. 8 0 0.0 

" c.o c c.o 23000 - 24000 v I > 240CC 0 c.o c c.o 
i 

TOTAL 21 23 I 
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SECTION 251 ON BR-414 
Direction sc - Anapo1is/Corumba 
Direction cs - Corumba/Anapo1is 

WEIGHT 

< 2000 KG 
20GO - 3000 
3000 - 4000 
4COC - 5000 
sooc - 6000 
6000 - 7000 

> 7000 

TO f .'\L 

DIRECTION SC 

N20F OBS. 

22 
3E 
26 
14 

2 
0 
0 

t02 

PERCENT. 

21.6 
37.3 
25.5 
1 3. 7 
2.0 
0.0 
c.o 

DIRECTION cs 

N2 OF OBS. PERCENT. 

15 22.5 
?.6 .H) .6 
1s zc.e 

9 12 .l 
1 1. 4 

0.0 
G C. 0 

7 1 

r--------------------------------------------------------~ 

en 
w 
...J 
X 
<t 

a: 
<t 
lU 
0:: 

w 
...J 
u. 
a: .... 

< ~ceo KG c c.o c c.0 
3000 - 9000 0 0.0 
9000 - lCCCC 1 25.0 

lOCGC - llOGO 0 0.0 
llCCC - 12CCO C C.O 
lZOCC - 13000 0 0.0 
130CC- 14CCC C D.O 
!40CC - 15000 C C.O 
15COC - 1&000 0 0.0 
lbOOC - 170CC C C.O 
11000 - 1E000 0 C.O 
ldCCC - lSOCO 0 C.O 
19GGO - 20000 0 0.0 
2CCOC - 21000 0 C.O 
21CCJ - 22000 C 0.0 
220CC - 23000 0 0.0 
25COC - 24000 0 C.O 
24GOC - 25000 C 0.0 
2SCCC - 2oCCC 0 C.O 
2&CCC - 27000 1 25.0 
2/CCC - 2ECGC C C.O 
2~CGC - 25000 0 C.O 
29cco - ~eeoc 1 25.o 
30000 - 31000 c c.o 
310CC - ~2000 0 0.0 
32CCC - 33CCC C C.O 
33000 - 34000 0 c.c 
34ccc - ~socc c c.o 

> 35000 1 25.0 

TOT f>L 

0 0. J 
c c. c 
c 0. 0 
c c. c 

0. () 
c 0. 0 
G C. C 
c 0. 0 

0 
,, 

•V 

c c. c 
c o.o 
G C. 0 
c c. c 
C G. t1 

C C. G 
C G. C 
~ o.c 
c c. c 
c a. a 
c c. 0 
C 0. G 
C C. G 
c c. 0 
c 0 .IJ 
0 0. 0 
3 lOG .0 
c 0. c 
c c.c 

en 
w 
...J 
X 
<t 

a: 
<t 
L&J 
a: 

L&J 
...J 
(.!) 

z 
Ui 

en 
liJ 
...J 
X 
<t 

a: 
<t 
L&J 
a: 

~ 
L&J 
0 z 
~ 

WEIGHT 
< 2000 KG 

2000 - 3000 
3000 - 4000 
4000 - 5CCO 
scoc - &oao 
6COO - 7000 
7oco - eooo 
cOOO - 9COO 
9000 - lCOOC 

1000C- 11GGC 
llOCC - 12000 
1 2 c. 0 c - 1 3 0 0 0 
13000 - 14000 
14000 - 15000 
150CC - 16CCC 

> 16000 

TCP.L 

< 2000 KG 
ZCGO - 3CCC 
3000 - 4000 
4occ - sees 
5000 - 6000 
cOG:J - 7000 
Tocc - eeoc 
tCCC - SOCC 
YOCO - 10000 

lOCOC - llCCC 
11000 - 12000 
12CCC - 130GC 
130CC - 14000 
l4CGC - 15000 
15CCC - lfOOO 
loeGO - 17CCO 
tTccc - teccc 
PICuC - 19000 
1 9·0 0 c - 2C c 0 0 
20000 - 21000 
21000 - 2200C 
2ZCOC - 23000 
23COC - 24000 

> 24000 

TOTA:. 

DIRECTION SC 

N2 OF OBS. PERCENi. 
13 le.l 
24 33.3 
e 11. 1 
2 2. e 

4.2 
7 9. 7 
2 2. 3 
1 1. 4 
2 2.5 
0 c. 0 
4 s. & 
4 5. 6 
2 2. C3 
0 c. 0 
a c. o 
0 c.o 

72 

0 c.::: 
c c.o 
0 c. 0 
e 2 5. e 
5 1S. 1 
c 0. ') 
0 c. 0 
0 c. 0 
c c.~ 

G C. 0 
c c. 0 
0 c. 0 
1 3. 2 
G C.O 
c 0. c 
2 6. 5 
5 16 .1 
7 22.6 

s • 7 
0 0. 0 
0 c. 0 
c 0. 0 
c c.o 
0 c. 0 

~1 

l 

I 

DIRECTiON cs I 
N~OF OBS. 

5 
4 

1 4 
4 

G 

6 
1 
c 
c 
c 

c;c 

c 
c 
0 
0 
3 
1 
1 
c 
1 
c 
c 
c 
c 
c 
c 
0 
c 
3 
4 

2 
4 

2 
c 
c 

? 1 

l 
P~P.C~Ni. I 

~ 0. ·) I e ,, 
2 8. 0 
c. c 
5. G 
6 • c 
z.o 
c. 0 
2 • r_; 

6. G 
10.0 
12.C 
2. G 
U' " .v 
c ,, 
(J. 0 

c • ..: 
c.(.; 
c.c 
0. c 

14. 3 
4 • p 

4 • f> 

C. D 
..... 3 
C.IJ 
c.o 
c • c 
G • c 
c. c 
0. G 
c.o 
c. j~ 

14 • 3 
1 9. D 
9. 5 

19 • c 
9.5 
(). c 
e.G 

I 
I 
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SECTION 252 ON BR-414 
Direction sc - Anapolis/Corumba 
Direction cs - Corumba/Anapolis 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. NSI OF OBS. PERCENT. 

< 2000 KG 22 21.6 1C 22.5 
20CC - 3COC 3e 3 7. 3 26 36.6 
3COO - 4000 26 25.5 19 26.a 
4COC - 5000 14 13.7 9 12.7 
50CC - cOOO 2 2.0 1 1. 4 
6000 - 7COO 0 c.o 0 o.o 

> 7COO 0 c.o 0 c.o 

TO L\ l 102 71 

< >::000 KG c c.o c c.u 
~000 - 9000 0 c.o 0 o.o 
9000 - lCCCC 1 25.0 c o.o 

lOCCO - llC•.JC 0 c.o c 0.0 
11000 - ucoo c c.o 0 o.c 
120CC - 13000 0 o.o 0 o.o 
1300C - 14000 c o.o 0 o.o 
140·JC - 15000 c c.o c c.o 
15GCC - 15000 0 0.0 c 0.0 
16000 - 17000 c c.o c o.o 
17000 - 18000 0 c.o c c.o 
1dCOC - lSOCC 0 c.o 0 o.o 
19COO - 20000 0 o.o 0 o.o 
20COC - 21000 0 c.o 0 c.o 
21CCC - 22000 c c.o 0 o.o 
22CCC - 23000 0 0.0 0 0.0 
23CCO - 240CC c 0.0 c c.o 
24GCC - 25000 0 c.o c o.c 
25CCC - 26CCC c c.o c o.c 
c&COO - 27000 1 25.0 0 o.o 
21ooo - zeccc c c.o c c.o 
2t!CGO - 29000 0 c.o c o.o 
29c::;o - ~coco 1 25.0 c c.o 
30COC - 31000 0 c.o c c. 0 
310CC - ~2000 0 0.0 0 o.o 
32CCG - 33CCO c c .o 0 o.o 
33000 - 34000 0 c.o 3 10 c. 0 
.34000 - 35000 c c.o c o.c 

> 35000 1 25.0 0 o.o 

TOTAL 4 3 

WE!GHT 
< 2000 KG 

2000 - 3000 
3000 - 4000 
4000 - 50CC 
5000 - 6000 

7000 f./) 6COO -w 
cOOO ..J lOCO -

X cOCO - 9000 <( 
9000 - 10000 

0:: 1000C - 11GOC 
<( 11000 - 12000 w 
cr 12CCC - 13000 

13000 - 14000 
14COC - 15000 w 
lSCOC - 15COC ..J 

(!> > 16COC z 
u; 

TOTAL 

< 2000 KG 
2000 - 3CCO 
3VOO - 400G 
40CC - sccc 
5000 - 6000 
6CG~ - 7000 
7000 - eooo 
ecce - 5000 f./) 

10000 w 9000 -
..J 
X 1000C - 11CCC 
< 11000 - 12000 

12CCC - 130GC 
13000 - 14000 

0:: 14000 - 15000 <( 
15CCC - 16000 LIJ 

0:: 16000 - 17000 
llCOC - 1ecco 
18 c l) 0 - 1 9·0 0 0 

~ 19COC - 2CCCO LIJ 
0 20000 - 21000 z 
<( 21000 - 22000 
1- 22000 - 23000 

23000 - 24000 
> 24000 

TOT~L 

DiRECTION SC DIRECTION CS 

N20F OBS. PERCENT. N20F OBS. PE P.CEl.JT. 
13 1e .1 ') 10.G 
24 3 3. 3 4 e • J 
e 11.1 1 4 28.0 
2 2. a 4 a.c 
3 4.2 3 5.0 
7 9.7 3 b. 0 
2 2.8 1 z.c 
1 1. 4 0 c.o 
2 2.8 1 2.C 
0 c. 0 3 6. 0 
4 5.6 5 10.0 
4 s.s 6 12.-B 
2 2. 8 1 z.c 
0 c.o c 0.0 
0 c.o c c. 0 
0 c.o c o.o 

72 .c;c 

0 c. 0 0 C.J 

0 c. 0 0 C • G 
0 o.o c o.c 
e 25.8 c c.c 
5 1 f:. 1 3 14.3 
c o.o 1 4.8 
0 c. 0 1 4. e 
0 c.o 0 o.o 
c c.o 1 4 R 

0 c.o c c. 0 
c c.o 0 a.o 
0 c.o c c.c 
1 3.2 c o.o 
0 c.o G o.c 
c o.o G o.o 
2 6.5 c 0.0 ! 

5 16.1 c o.o 
7 22. s 3 14 • 3 
3 S.7 4 19.0 
c o.o 2 9.5 
0 c.o .. 19. G 
c o.o 2 9.5 
0 0.0 c 0.0 
0 c.o c c i\ 

31 2 1 
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SECTION 101 ON MG-188 
Direction sc - Paracatu/Una::L 
Direction cs - Una::l/Paracatu 

DIRECTION sc 
WEIGHT N20F OBS. PERCENT. 

< 2000 KG 13 13. e 
2000 - 3000 65 69.1 

(I) 3CvC - 4000 7 7.4 I.IJ 
..J 40GO - 5000 s 'J.S 
X 
<.t 5000 - 6000 c o.o 

5000 - lOCO 0 c.o 
~ > 7000 0 o.o 
z 
0 

TOTAL 0: 9 lt 
t.r... 

I 
I 

Cl) 
liJ 
..J 
X 
<( 

0: 
< 
UJ 
0: 

I.IJ 
..J 
0.. 

o: 
1-

DIRECTION cs 
N2 OF OBS. PERCENT. WEIGHT 

< 2000 KG 

11 2000 - 3000 10. 3 
62 57. s 3000 - 4000 

?4 4000 - 5000 
2 2. 4 

lC 9. 3 
5000 - 6000 

(/) 6000 - 7000 
0 0.0 I.IJ 

c o.o ..J 7000 - ~000 
X BCOC - 9000 

0 o.o <t 
9000 - 10000 

lOCOC - 11000 
1-'J 7 0: 

<( 11000 - 12000 
I.IJ 
0: lcOCC - 13GOO 

13000 - 14000 
14000 - 15000 

I.IJ 
..J 15000 - 16000 
(!) 

> 16000 z 
ii) 

TGrAL 

< ZCCG KG 
2 00 0 - 3000 
3000 - 4000 
4001) - 5000 
'JOG C - 6000 
6000 - 7000 
7000 - ecce 
cOOO - 9000 

(/) 
900C - 10000 I.IJ 

..J lOCOO - 11000 X 
<t 11000 - 12000 

12000 - 13000 
13000 - 14000 

0: 14000 - 15GCC <t 
I.IJ 15000 - 16000 
0: 16000 - 17000 

17000 - HJOO 

~ 
1~000 - 19000 
19000 - 20000 I.IJ 

0 20000 - 21000 z 
210CC - 22000 <t 

~ 22000 - 23000 
2300C - 24000 

> 24000 

TOT ,~L 

DIRECTION sc DIRECTION cs 
N20F OBS. PERCENT. N20F OBS. PERCENT. 

2 2. 7 1 1.3 
42 57.5 c; 6. 3 J 

e 11.0 4 5 • 1 
3 4. 1 e lC.l 
e 11.0 12 15.2 
~ 4 • 1 ~ .3 3 • tl 
3 4. 1 2 2.5 
0 o.o B 10.1 
1 1 • 4 23 2 9 .1 
2 ? • 7 10 12. 7 
1 1.4 2 2.5 l 
0 c.o 1 1.3 ! 
0 o.o 0 0.0 
c c.o 0 c. 0 
0 o.o c o.o 
0 c.o c o.o 

73 '9 

c c.o c c.c 
0 o.o 0 0 " • v 

2 9.5 0 c. 0 
7 3~.3 5 17.9 
1 4. e c c.o 
4 19.0 3 1J.7 
1 4. e G o.o 
3 1 4. 3 c o.o 
1 4. e c c. c 
G o.o c o.o 
0 o.o G o.o 
0 o.o 3 10.7 
0 c.o 1 3. 6 
c c. 0 3 1C.7 
2 5.5 7 25.0 
c c.o 2 7 .1 
0 o.c 3 10.7 
c G.b 1 3 • f: 
0 c.o 0 o.o 
0 o.o c o.o 
0 o.o c c.s 
0 c.o 0 0. :l 
D c.o 0 0. G 
{) 0. 0 c c.o 

21 28 
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N 
0'\ 
..p:. 

,~-~ --- -~~~ T I~ N 1 0 4 ~ N---; R -0 50 ~--~ ------ -- ~-~ ~--~-- ~-- I 
Direction sc - Ara gu ari/ Border MG/GO 
Direction cs - Border MG/GD/Araguari 

DIRECTION sc DIRECTION cs DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. Ni OF OBS. PERCENT. WEIGHT N20F 085. PERCENT. N20F OBS. PERCENT. 

< 2000 KG 0 c.o 1 1. G 
2000 - 3000 6 3.C 24 2 3.d 

< 2CCO KG 11 2.9 7 4 .1 
3000 - 40CO 15 7.5 1 7 16. E 

U) 20GO - 3COO 156 40.5 75 44.4 
400C - 5000 te 9.0 20 l 9. K 

w 3000 :._ 4000 110 28.6 52 30.8 
5000 - 6000 17 e.s 10 9. 9 -' 

X 4000 - ~000 92 23.9 31 19.3 (f) 60CC - lCCO 13 6.5 5 5.0 I <t 5COO - 6000 16 4.2 3 1.8 I.IJ 
-' 7000 - 8000 15 7.5 6 5.9 

600C - 700C 0 o.o 1 0.6 X aooc - SGOO .51 15.6 10 s. 9 
0 o.o <t ... > lCOO 0 0.0 

'JCOC - lCCOO 32 16.1 1 1.') z. 
0 

0: 10000 - llCCC 24 12.1 4 4vJ n:: TCnL 3e5 16 s <{ 11000 - 12COO 11 5.5 3 3.C lL.. 
I.IJ 

12000 - 13000 lC 5.0 c c.c 0: 
13000 - 14000 5 2.5 c o.c 
14000 - 15000 ? 1 • 0 c o.c < 13000 KG 0 c.o 2 14.3 w ~ 

-' 15000 - 16000 c c.o c (;.;) 
P·JOO - ~ooa 0 a.o 2 14.3 (!) 

> 16000 G c.o c o.u I /000 - 10000 0 0.0 3 21.4 2 

100CC - llOCC 2 5.6 2 14.3 (f) 

llCOC - 12COG 1 2.8 0 o.o TCTAL 1 9 ~ 1 :J l 

12:}QC - 13CCC c o.o 0 o.o < 2GCO KG 0 o.o 0 c.o 
13000 - 14CJOC 0 o.o 0 o.o 2000 - 3000 0 o.o c G • :J 
140CC - 150CC c c.o c o.o 3000 - 4000 c c.o 2 3 • 1:'! 
lSCOO - 16000 c o.o c o.c 4000 - saoo 6 5.5 3 5.8 
16oco - l?Ovo 1 2. tl c o.c 5000 - 6000 E 5.5 9 17.3 I 17COC - lEGOO c o.o 0 c.o 6000 - 7COO 14 12.8 5 9.6 
1~c·cc - 1%CC 0 c.o 0 o.o 7000 - 8000 3 2.8 7 13.5 
19GOO - 20000 c 0.0 c o.o 8000 - 9000 2 1. 8 2 3. 8 
20CCO - 21000 1 2.8 0 c.o (J) 

?COO - lCOOO 5 4.6 0 c.o U) I.IJ 
w 210CC - 22000 2 5.6 c o.o -' 10000 - 11COO s E • 3 2 3.d 
-' 22CCC - 23000 1 2.8 0 0.0 

X 
X <t 11000 - 12000 10 9.2 1 1. ~ 
..;.( 2 3 c-o c - 2 4 co c 0 o.o 1 7 .1 12000 - 13CCO $ e. 3 c O.G 

24CQC - 25000 3 e. 3 0 o.o 13000 - !4COO 6 5.5 c o.o 
2'5000 - 2oCOO 2 5.6 0 o.o r:r: 1400C - 15000 f:: 5.5 6 11.5 0: 
2SC0C - 27000 3 e.3 2 14.3 ~ 1500C - 16000 1 0.9 1 1 • 9 <l: I.IJ w UCGC - 22000 3 8.3 1 7.1 cr 16000 - 17000 1 0.9 5 9.b cc 
2BCOO - 29000 5 13.9 1 7.1 llOOC - leOOO 15 13.8 2 3.8 
29000 - 30000 3 e. 3 0 o.o 18000 - 1~000 e 7. 3 3 5. 5 

w ~ocoo- 31coo 4 11.1 0 0.0 ::! 1S'OOO - 20COC 4 3.7 3 5.5 I 
_J 

32000 a:; r UJ I c.. 31CCC - 2 ;eO 0 1.1.0 a 20000 - 21000 1 0.9 0 0.0 

I 
32000 - ncoo 2 5.6 c 0.0 z 21000 - 22000 1 C.9 c c. 0 I G: <t 

!- 33CGO - 340CC 1 2. e 0 o.o .... 2 z-oo o - 2 3 o o o 2 1.8 1 1.9 

I 
3!.,000 - 3~000 0 o.o a o.o 23COO - 24000 0 c.o c J.O 

I 
> 35COO 0 c.o c o.o > 24000 0 c.o 0 o.o 

j TOfH 36 14 TOTAL lOS 52 
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SECTION 105 ON BR-365 
Direction sc - Uberlandia/Patrocinio 
Direction cs - Patrocinio/Uberlandia 

DIRECTION sc DIRECTION C$ 

WEIGHT N!O-.oBS. PERCENT. N9 OF OBS. PERCENT. 

< 2000 KG 18 6.5 1 9 6.7 

(/) 2000 - 3000 170 61.6 17 3 61.3 
lLJ 3000 - 4000 68 24.6 66 23.4 
_J 

4000 - 5000 1 7 6.2 23 8.2 X 
<t 5000 - 6000 3 1.1 1 0.4 

6000 - 7000 0 o.o 0 o.o 
..... > 7000 z 0 o.o 0 o.o 
0 
a: TOTAL 276 282 
LL 

< 8000 KG 0 c.o 0 o.c 
~000 - 9000 0 c.o 1 100.0 
9000 - 10000 0 o.o c o.o 

10000 - 11000 0 o.o c o.o 
11000 - 12000 0 o.o 0 o.o 
12000 - 13CCO 0 c.o 0 o.o 
13000 - 14000 c o.o 0 o.o 
14000 - 15000 0 o.o 0 o.o 
15'JCO - HOQO 0 c.o 0 o.o 
loOOC - 17000 c o.o c o.o 
17000 - UJCOO 0 o.o c c.o 
1e000 - 19000 0 c.o c o.o 
19000 - 20000 0 o.o 0 o.o 
20000 - 21000 0 c.o c c.o en 

llJ 21000 - 22000 0 o.o c Q.O 
_J 

22000 - 23000 0 c.o 0 o.o X 
4 23000 - 24000 0 c.o c o.o 

24000 - 25000 0 0.0 c o.o 
25000 - 26000 0 c.o c o.o 

a: 
26COC - 27000 2 66.7 c c.o <t 

UJ zrcco - zeooc 1 33.3 0 o.o a: 
2dOOC - 29000 0 o.o 0 o.o 
29000 - 30000 0 c.o c c.o 

1./J 30000 - 31000 c o.o 0 o.o 
..J 0 0.0 c 0.0 a. 31000 - 32000 
ct 32000 - 33000 0 o.o c c.c 
..... 33000 - 34000 0 o.o c o.o 

34000 - 35000 0 c.o 0 o.c 
> 35000 c o.o 0 0.0 

TOfAL 3 1 

DIRECTION sc OI~ECTION cs 

WEIGHT N20F 085. PERCENT. N20F 08S. PERCENT. I 

< 2000 KG 1 c.s 5 2. 5 
2000 - 3000 78 42.2 28 13. e 
3 00 c - 4000 23 12 • 4 1 s s. 4 
4000 - 5000 1C 5. 4 11 5. 4 
5000 - 6000 12 6.5 9 4. 4 

en 6000 - 7000 5 2. 7 3 1.5 
llJ 

7000 - 2000 <; 4. 9 1 c 4. 9 _J 
X eeoc - 9000 6 3.2 27 1-3 • 3 <t 

9000 - lCOOO 19 10. 3 4 1; z 1. 2 

a:: lOOOC - 11000 15 e • 1 .50 14 • tJ 
<t 11000 - 12000 5 2. 7 7 3.4 
llJ 12000 - 13000 2 1.1 10 4 0.:: a: 

13000 - 14000 0 c. 0 1 .J. 5 
14000 - 15000 c c.o c c.o 

lLJ 1500C - 16000 0 c.o 0 0.0 _J 
(!) > 10000 0 c.o c c. c z 
u; 

TOTAL le5 203 

< ZOOC KG 0 c. 0 c 0. 0 
2000 - 3000 0 0. 0 G o.o 
3000 - 4000 4 4. 4 2 2.6 
4000 - 5000 25 27.5 11 1 4. 5 
5000 - 6000 1 3 14.3 7 9. 2 
6000 - 7000 Ei 6.6 12 1s.e 
7COO - 8000 2 2.2 8 1J. 5 
8000 - 9000 0 o.o 2 2.6 

(/) 
9000 - lCOOC 4 4 • 4 1 1.3 l&J 

_J 10000 - 11000 1 1.1 1 1.3 X 
<t 11000 - 12000 c c.o 1 1.3 

12000 - 13000 0 o.o c o.o 
13000 - 14000 4 4. 4 3 3 • 9 

cr 14000 - 15000 e e.-~ 4 5 • 3 
<t 1500C - 16000 1 1 • 1 6 r.9 UJ 
a: 16000 - 17000 12 13.2 4 5. 3 

17000 - leOOO 10 11.0 e 10.5 
1(jQQO - lSCCC 1 1 • 1 4 5.3 

::E 19000 - 20000 0 c.o 1 1 • 3 UJ 

I 
0 20000 - ?!CCC c c.o l 1 • 3 :z 21000 - 22000 0 c. ·.J 0 c.o <t ..... 22000 - 23000 c c.o 0 0. 0 I 

23000 - 24000 c o.a c " " 

I 
" • .J 

> 24000 0 c.o 0 O.:J 

TQTAL 91 !b 
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N 
0'1 
0'1 

I 

I 

I 
I 

I 
' i 
I 

! 

SECTION 106 ON BR-365 
Direction SC - Patroc1nio/Guimarania 
Direction CS - Guimarania/Patroc1nio 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. N2 OF OBS. PERCENT. 

< 2000 KG 17 13.9 13 15.) 
2000 - 3000 50 41.0 52 6 3.4 (/) 

w 3000 - 4000 44 36.1 11 13.4 
...J 4000 - soon B 6.6 5 f> .1 X 
<( 5000 - 6000 3 2.5 1 1.2 

6Q:JO - 7000 0 o.o 0 o.o 
1- > 7000 0 c.o 0 0.0 
z 
0 
0::: TOHL 122 82 u.. 

< eOOO KG 1 25.0 0 o.o 
cOCO - 9000 0 c.o 1 50.0 
9000 - 10CCC c c.o 0 C. G 

10CQC - 11000 0 c.o c 0. () 
llGOC - 12000 G c.o G G.G 
lZGOQ - 13000 0 o.o 0 o.o 
1.5000 - 14000 c c.o c c.o 
14GCO - 15000 0 c.o G c.o 
l)GOG - 16000 0 o.o c c.o 
lbGOC - llCCO 0 c.o 0 c.o 
170CC - lt!OOO 0 o.o 0 0 .0 
lSGOC - 19000 0 c.o c o.o 
bGGO - 20000 0 o.o c c.o 
2CCOC - 21000 c c.o c c.c 

(/) 
2tCCG - nooG c c " 0 1). 0 !J.I 

...) 22000 - 23000 0 c.o c 0.0 X 
<( 23001} - 24000 1 25.0 G 0. 0 

2 1, C tJ Q - 2 5 Q Q 0 0 o.o c 0.0 
250 1JC- 2&000 2 50.0 c c. c a: ZbOOC - 27000 0 c.o (' G • ~J <( " UJ 27GCC - 2eCCC c c.o c o.c 

0::: 2cCCC - 2~000 c G. 0 c.o v 

2JOOC - 3C80C c c.o 1 50.0 
lJ.S 30GOC - 31000 0 o.o c c. 0 
...J !lOCO - 32CCO c c.c c c.c 0.. 

0: 3?c;...c - ~.h'J[) 0 o.o ' ~; • t. 

1- 3~CGO - 3L.GCO c c.o r. c. c 
~4GvC - ~SOCQ " c. 0 '.) c i' 

> 3SOCO 0 c.o c " " ". v 

TOT"L 4 2 

DIRECTION sc DiRECTION cs 
WEIGHT N20F OBS. PERCENT. N20F 08$. PERCENT. 

< 2000 KG 2 2.0 1 1. 8 
2000 - 3000 14 14 • 3 21 3 6. 5 
3000 - 4000 7 7 • 1 11 B .3 
4000 - 50CC 5 5 .1 4 7 • 0 I 5000 - 6000 7 7. 1 3 5. 3 

(/) 6000 - 7000 15 15.3 4 7.0 
w 7000 - eooo 7 7. 1 2 3.5 ...J 
X oOOO - 9000 6 6.1 2 3.5 
<( 

9000 - 10000 4 4. 1 1 1 • 8 
10000 - 11000 1 B 1e.4 1 1 • t3 a: 
11000 - 12000 11 11.2 2 J.S <( 

w 12000 - 13000 2 2.0 4 7. 0 a: 
1300C - 14000 c c.o 0 o.o 
14000 - 15000 0 c.o 1 1 • 8 

w 15000 - 16000 0 c.o 0 c.o ...J 
(!) > 16000 0 c.o c voV z 
u; 

TOT4L 98 ~ 7 

..- ~000 K~ 0 e.G \.; 0.0 
2000 - 3CCC 0 c.o '.) o.c 
~000 - 4000 0 c.o 2 8.0 
4000 - 50CC 5 1':5.2 11 !~ 4 • 0 
:JOOO - 6000 e 24.2 6 24.0 
6000 - 7000 1 3.0 c a.c 
7000 - eO CO 3 9. 1 0 0.0 
~oac - 9000 1 3.0 c o.o 

(/) noo - lCCOO 0 c. 0 0 0.0 w 
_j 10000 - 11CCO 0 c.o 1 4.0 X 
<t 11000 - 12000 1 3.:) 0 0. i) 

12000 - 1300C 0 c.o c o.o 
13000 - 14000 1 3.0 0 o.o 

a: 14000 - 15000 1 3.0 0 c.o 
<t 15000 - 16000 3 9.1 2 8.0 w 
a: 16000 - 17000 6 18.2 1 4.0 i 

17 C)Q 0 - 1eooo 2 fJ • 1 1 4.0 
18000 - 19000 1 3.0 0 o.o 

~ 19000 - 2COOO c o.o 1 4.0 w 
20000 - 21000 0 o.o 0 0. t) 0 

z 21::10C - 22000 G c. 0 c c. lJ <t 
1- 22000 - 23000 c o.o ,. 

0. •J \.) 

2.5000 - 24000 0 c.o c c.c 
> 24000 c c.o c C.'J 

TOTAL 33 ? 5 
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N 
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SECTIOf\! 107 ON MG-428 
Direction sc - Araxa/Border MG/SP 
Direction cs - Border MG/SP/Araxa 

DIRECTION sc 
WEIGHT Nl?OF OBS. PERCENT. 

< 2000 KG 7 9.2 
(/) 2000 - 3000 33 43.4 
u.s 3000 - 4000 28 36.8 
_J 
X 4000 - 5000 7 9.2 
oo:t: 5000 - 6000 1 1.3 

6000 - 7000 0 o.o 
..... 
z > 7000 0 c.o 
0 
0: TOTAL 76 
1.1.. 

< 8000 KG 0 c.o 
aooo - 9000 0 c.o 
9000 - 10000 0 o.o 

10000 - 11000 0 c.o 
110~0 - 12000 0 o.o 
12000 - 13000 0 c.o 
13000 - 14000 0 o.o 
14000 - 15000 0 o.o 
15000 - 16000 1 33.3 
1600C - 17000 0 o.o 
17000 - HOCO 0 c.o 
1-3 o.c 0 - 1 9 0 0 0 0 o.o 
19CCO - 20000 0 o.o 
20000 - 21000 0 o.o (/) 

I.LJ 21000 - 22000 0 0.0 _, 
22000 - 23000 X 0 c.o 

<t 23000 - 24000 0 c.o 
24COG - 25000 c c.o 

cr 25000 - 26000 0 o.o 
26COO - 27000 0 < c.o 

w 27000 - 28000 0 o.o cr 
2:3000 - 29000 0 o.o 
29000 - 30000 1 j3.3 

w 30000 - 31000 c c.o 
..J 
0. 31000 - 32000 1 33. 3 
0: 32CCG - 33CCC 0 c.o 
1- 35000 - 34000 0 o.o 

3~tGCO - 35000 0 c.o 
> 35000 0 o.o 

TCTI\L 3 

DIRECTION cs 
N2 OF OBS. PERCENT. 

e 8.5 
se 61.7 
24 25.5 

4 4. 3 (/) 

0 o.o lLI 
..J 

0 o.o X 

c c.o <t 

a: 94 <t 
u.s 
a: 

6 54.5 w 
..J 

4 36.4 (!) 

1 9. 1 z 
c o.c (/) 

0 0.0 
0 o.o 
0 o.o 
0 o.o 
0 o.o 
0 o.o 
0 o.o 
a c.o 
0 o.o 
c o.o (J) 

lLI 
c o.o ..J 

X 
0 o.c <t 
0 o.o 
0 o.o 
0 o.o cr 

<C( c 0.0 u.s 
c o.o cr 
0 o.o 
0 c.o 
0 o.o :E 

UJ 
c 0.0 0 

c o.o z 
<t 

c o.o .... 
c c.c 
0 o.o 

11 
-

I 
DIRECTION sc DIRECTION cs I 

WEIGHT N20F OBS. PERCENT. N~OF OBS. PERCENT. 
< 20CO KG c c.o 1 : • 2 

2000 - 3000 e 12.7 )C 36. f: 
3000 - 4000 4 6.3 1 e 22.0 
4000 - 5000 3 4. 8 1 3 15 • s 
5000 - 6000 7 11.1 lC 12.2 
6 00 0 - lCOO 2 3.2 1 1.2 ! 
1000 - eooo 2 3.2 c o.o ! 
8000 - 9COC 1 1.6 ; 4 • 9 
9000 - 10000 7 11. 1 1 1.2 

10000 - 11000 4 6. 3 2 2. ~ 
llOCC - 12000 8 12.7 1 1.2 
12000 - 13000 10 15.9 1 1.2 
1300C - 14000 6 s.s 0 c.o 
14000 - 15000 1 1 • & 0 ~. Q I 
15000 - 16000 0 c.o G :~ • _l I 

> 16000 0 c.o c o.o i 
I 

TOTAL 63 P.2 I 
< 2CCO KG c c.o 0 c.c i 2000 - 3000 0 o.o 0 o.o I 

3000 - 4000 0 o.o 1 5.6 I 
4000 - 5000 2 13.3 6 3 3 • 3 

I 5000 - 6000 3 20.1J c c. 0 
5000 - lOCO 3 zc.o 2 11 .1 
7000 - 8000 1 f:.. 7 1 5.6 
8000 - 9000 1 6.7 5 27.8 
9000 - 10000 0 o.o 0 o.o 

10000 - 11000 0 c.o c c. c 
11000 - 12000 1 6.7 0 c.o 
12000 - 13000 0 o.o 1 'J.o 
13000 - 14000 1 f:.l 1 ':). 6 
14000 - 15000 2 13.3 1 5.5 
15000 - 16000 0 o.o 0 o.o 
16000 - 17000 0 c.o 0 o.o 
17000 - 18000 0 c.o c o.o 
18000 - 19000 1 6.7 a o.o 
19000 - 20000 0 c.o c 0. f) 
20COC - 21000 0 o.o c c.o 
21000 - 22000 0 o.o 0 C.J 
22000 - 23000 0 0. 0 0 o.o 
23000 - 24000 0 c.o c O.G I > 24000 G c.o c c • •J I 

I 

TOTAL 15 l ~~ ! 
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N 
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(X) 

I 
SECT ION 109 ON BR-040 
Direction sc - J un ct. B R -3 6 5 I B R- 0 4 0 I J . Pinheiro 
Direction cs - J. PinheiroiJunct. BR -365IBR-040 

-
DIRECTION sc DIRECTION cs 

WEIGHT N20F OBS. PERCENT. N2 OF OBS. PERCENT. 

< 2000 KG 10 s.s 11 4.8 
2000 - 3000 59 32.6 100 44.1 

(/) 3000 - 4000 69 38.1 70 30.8 
w 4 GOG - 5000 3e 21.0 3S 17 .2 
...J 
X 501}0 - 5000 5 2.8 7 3.1 
~ scco - 7000 0 o.o c o.o 

> 7000 0 c.o 0 o.c 
I ~ 

I z 
TCTAL 181 227 0 

I a: 
"'-

< 5000 KG 1 5.3 0 0.0 
8000 - 9000 3 15.8 c o.o 
91JOC - 1COOO 2 10.5 1 6.7 

1COQO - llCOO 1 5.3 0 o.o 
llCOC - 12CGC 3 15.8 c o.o 
12CCC - 13COC 0 c.o 0 0.0 
1300C - 14000 0 c.o c c.o 
14000 - 15CCC c c.o c o.o 
15GCn - 160CO 0 o.o 0 c.o 
lbCCC - 17000 0 c.o c o.o 
llOGC - lcOOO c o.o 0 o.o 
ldCOC - 19000 c 0.0 c o.o 
lHvC - 20000 0 o.o c c.o 
20COC - 21000 0 c. 0 0 o.o 

I 
(f) 

21CGO - 22CCO 0 o.o G c.c L:J 
_J 22CCC - 23000 0 c.o c c.o 
X 

I <l 23COC - 24COC 2 10.5 0 0.0 
24000 - 25000 0 o.o G o.o 
25000 - 26000 1 5. 3 1 6.7 

0:: 26COG - 27COC c c.o 1 6. 7 < 
tu 21coo - zeooo 0 c.o 1 6.7 
0:: 

2%00 - 290()0 2 10.5 1 6.7 
21CC·J - ~0000 0 c.o 2 13.3 I ... !0000 _ 31000 1 5.3 4 26.7 

cr 31001) - 32000 1 5.3 1 6.7 
~ 32000 - 33000 c c.o 1 6. 7 
~ 33000 - 34000 1 5.3 2 13.3 LOGO- JSOOO 1 5.3 G 0.0 

> 35CCO c o.o 0 o.o 

Tfl T ~ L 19 1 5 

(/) 
lU 
...J 
X 
<l 

a: 
<l 
lU 
0:: 

w 
_J 
<!) 

2 
C/) 

C/) 
w 
...J 
X 
<l 

a: 
<l 
LIJ 
0:: 

:E 
LLJ 
0 z 
<l 
~ 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. N20F OBS. PERCENT. 

< 2000 KG 4 4.0 G 0. Q . 
2000 - 3000 7 7 • 1 s 8. 3 
3000 - 4000 14 14. 1 8 7. 3 
4000 - 5000 16 16.2 18 16.5 
5000 - 6000 5 5 • 1 15 13. B 
6000 - 7000 6 6 • 1 12 11.0 
70CC - eo co s 9.1 8 7.3 
8000 - 9000 7 7. 1 7 6.4 
9000 - 10000 6 6.1 7 6.4 

10000 - 11000 8 e. 1 8 7. 3 
11000 - 12000 6 6.1 8 7 • 3 
12CCC - 13000 e e • 1 3 z.e 
uocc - 14000 3 3.0 5 4.6 
14000 - 15000 c c.o 1 0. s 
15000 - 16000 0 o.o c c.o 

> 16000 0 c.o c c.o 

TOTA.L 99 10 9 
I 

< 2000 KG 0 0.0 0 G.O ' 
2000 - 30CO c c.o 0 " " voV 

.HOO - 4000 0 c.o c 0.0 
400C - 5000 7 1 0 • 1 20 18.5 
5000 - 6000 2 2.9 15 1 4. B 
6000 - 7000 7 10.1 c c.c 
7000 - tOOO 1 1. 4 1 0.9 
11000 - 9000 c c.o 3 2. 8 
9000 - 10000 3 4. 3 6 'j • ~1 

c c.o 6 5.6 10000 - 11000 

I c.o 2 1.9 11000 - 12000 0 
12000 - 13000 c f.. 7 1 0.9 
13000 - 14000 3 4 • 3 2 1 • :1 
14000 - 15000 1 1. 4 5 4. 6 
15000 - 16000 1 1. 4 1 3 12.0 
16000 - 17000 15 21.! 1 '' n 'J • ';I 

17000 - lCOOO 1 1. 4 1 0.9 
18000 - 19000 5 7.2 13 16. 7 
19000 - 2CCCO 11 15. 9 4 3.7 
20000 - 21000 5 7.2 3 2.8 
21000 - 22000 1 1.4 4 3.7 
22000 - 23000 0 o.a 1 0.9 
23000 - 24000 0 c.o 1 c • 9 

> 24000 0 o.o c o.c l 

I TOTAL 59 1 o e 
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N 
0'\ 
1.0 

SECTION 110 ON BR-040 
Direction SC - Paracatu/Border MG/GO 
Direction CS - Border MG/GO/Paracatu 

DIRECTION sc DIRECTION cs 
WEIGHT N20F OBS. PERCENT. N2 OF OBS. PERCENT. 

(/) 
w 
..J 
X 
<t 

1-
2 
0 
0:: 
IJ.. 

(/) 

LU 
..J 
X 
<t 

c: 
< 
LU 
a: 

w 
..J 
Cl. 

a: 
..... 

< 20CO KG 
2000 - 3000 
3000 - 4GCC 
:.noo - S'<Joo 
'j 0 ') 0 - 6 0 c 0 
f:G·JQ - 7JOC 

> 7000 

TCTAL 

< ~CCC KG 
800C - 9000 
9QCC - lCC:CG 

1 0 0 :; G - 1 1 0 G ') 
llOCC - 12000 
12000 - 13000 
uccc - 14000 
1:.ooo - 1sooo 
15GOC - 1&000 
loCCC - 17000 
L'OQC - 1'-:'JGO 
ldCOC - lYCOO 
1'?00C - 2COOO 
20CCC - 21000 
21CJG - 22000 
2200C - 23000 
23GOC - 24COO 
2401.)0 - 25000 
z:,0oc - 2&ooc 
26CC•J - 27000 
27cuo - 2eoco 
zacoo - 2sooo 
29COC - 3COOO 
30000 - 31CGC 
31GOO - 32000 
32000 - 33000 
33000 - 34000 
340CC - 35000 

> 35000 

TOr .AL 

5 
33 
23 
1 3 

4 
c 
0 

7e. 

0 
0 
c 
c 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
c 
0 
c 
0 
1 
c 
0 
1 
0 
0 
0 
0 
0 
1 
0 

6.4 
42.3 
2S.5 
H. 7 
5. 1 
(' " ". J 

c. 0 

o.o 
c.o 
c.o 
o.~ 

c. 0 
c. 0 
o.o 
0.0 
O.J 
c.o 
c. I) 
c.o 
o.o 
c.o 
c.o 
c.o 
c.o 
o.o 

33.3 
o.o 
0.0 

33.3 
o.o 
c.o 
c.o 
o.o 
o.o 

33.3 
c.o 

4 • .3 
~ 9 4 • 4 
~ c ~ • 6 
1. 7 1 • 5 

2 2. z 
c 0. 0 
c c. c 

') 2 

2 
c 
u 
2 
c 
0 
c 

7. 7 
15.4 
c.c 
•""' :"'\ v • ~) 

15.4 
O.G 
0.'0 
0. 0 
C " o•J 

•:: G. 0 
c 
c 
0 
c 
c 
c 
c 
G 
c 
c 
1 
0 
2 
2 
0 
2 
0 
0 
1 

13 

\). lj 

C n . .., 
c.o 
0. Q 
c.o 
c.c 
G. C 
o.o 
c.o 
o.o 
7. 7 
o.o 

15.4 
15.4 
o.o 

15.4 
o.o 
o.o 
7. 7 

(/) 
l.LI 
..J 
X 
< 

0: 
<( 
w 
a: 

l.LI 
...J 
(!) 

z 
(/) 

(/) 
LU 
..J 
X 
<t 

0: 
< 
LLI 
a: 

::E 
LU 
0 
z 
~ 

WEIGHT 
< 2000 l~G 

2000 - 3000 
-~000 - 4000 
4CCC 
50CC -
60CO -
7CCC 
.:'-OoJO -
9COC -

10'j~\8-

1100C -
12JOG -
nco -
l4QU -
1")00 -

5000 
60CC 
7000 
ecco 
~l c 0 0 

lCCOG 
lltl :~ () 
12CCC 
13000 
14000 
1~0::0 

HGOO 
'> l~<:CG 

TCT·~L 

< OJ() K1; 

2000 - GGtJ 
Hoc - no 
40GC - SOOC 
~coo - Lc~o 
GGoc - rccc 
roco - ~oJo 

hCOC - 90CG 
9QOC - 10000 

10000 - 11000 
llCOC - 12C'JC 
12GOC - 13GGO 
13COO - 140CO 
1400C - 15000 
1500C - l&OQO 
l&OOC - 17000 
17000 - 18000 
180()0 - 19000 
19000 - 2000'J 
20COC - 21COO 
210CC - 22000 
22COC - 2.3CCO 
23000 - 24000 

> 24000 

TCT o\l 

DIRECTION SC 

N~ OF OBS. PERCENT. 

5 
c; _, 

2 

3.2 
16. 1 
16 • 1 
6.5 
3.2 
~-2 
s. 7 

2 5.5 
) • t 
9. 7 

12.9 
o.c 
3.2 
c.o 

a c. 0 
c Q. 0 

31 

c 0.) 

c. J 
G 

,, 
• v 

4 ~. 3 
l • C' 
? • 3: 

v 

4 
0 
c 
5 

2 
10 

1 
1 
0 
4 
2 
0 
0 

43 

c. J 
2 • 3 
? 7 
~. J 

2.3 
9. 3 
C.:J 
c.c 

11.6 
7 ,., 

4.7 
2~.3 

2.3 
2.3 
o.a 
9. 3 
4. 7 
c.o 
o.o 

DIRECTION CS 

N~OF OBS. 
c 
3 
6 
6 
6 
1 
2 

z 
3 
4 
2 
1 

c 

~ 9 

c 
c 
() 

4 

c 
G 
1 
1 
c 

1 
f: 
3 
7 
5 
3 
2 
G 
0 
1 
c 

'd": 

PEPCENT. 
·J. (: 
l • 1 

1 5. 4 
1 5. 4 
15.4 

2 • 6 
') • 1 
2.~ 

J • 1 
r • 1 

1 (). 3 
- . ::> • ~ 

2.5 
5. 
c . 
G. 

c.c 
c. 0 

" " v • J 

P,. 7 
c' 3 • 9 

('. 0 
c.o 
2 • 2 
2 

., 
• <.. 

C.G 
:.c 

2.2 
2.2 

13.C 
6.5 

1 s. 2 
10.9 
b.S 
4 • -~ 

o.o 
C.:J 
2.2 
c. c 

I 

I 
I 
I 
! 

i 
I 
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I 
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I 

I SECTION 118 ON MG-154 1 
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AXLE WEIGHT DISTRIBUTION AT THE WIM SITE FOR DAY AND NIGHT DURING PERIOD 08/17/77 TO 08/24/77 
AT DNER RESIDENCE IN ANAPnLIS 
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