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Abstract 
Death and injuries as a result of road accidents is a recognized global problem, especially in 
developing countries were resources are scarce and there is little knowledge regarding traffic 
safety. Traffic safety issues in developing countries should be addressed in a way so that local 
resources are used to describe and understand the processes behind the traffic safety 
problems. This facilitates the planning of effective countermeasures or traffic safety 
strategies. 
 
The main purpose of this study was to introduce a simple and efficient methodology to 
perform traffic safety studies when there are few resources available to work with. The 
methodology has three steps: data collection, analysis and result. The data collection has the 
following stages: site survey, speed measurements, traffic counts and traffic conflict studies. 
Data is gathered using observers and simplified routines. The Swedish traffic conflict 
technique is used as an assessing tool to study traffic safety. The expected results are: a 
detailed description of the traffic safety, identification of traffic safety problems and proposal 
of countermeasures to alleviate the problems. 
 
Field studies were performed in the city of São Carlos, SP, Brazil in cooperation with the 
University of São Paulo and the Municipality of São Carlos. Three study locations where 
chosen on basis of their accessibility and size. In the study locations traffic safety problems 
were identified and countermeasures proposed. In one of the intersections (Roundabout UPS) 
the countermeasure was implemented and evaluated.  
 
Results show that the geometrical layout of the intersection, signalization and speed has a 
clear influence over the amount and severity of the conflicts. The implementation of the 
countermeasure (speed bumps) reduced the speeds, amount and severity of conflicts, having 
therefore a positive effect in improving traffic safety. The effectiveness of the countermeasure 
shows that the right hypotheses were used to address the problem. 
 
The study indicates that the proposed methodology and the Swedish traffic conflict technique 
can be used to perform traffic safety studies even when there are few resources available. 
However, scarce resources might affect the training of the observers and somehow reliability 
of the observations. Some problems were detected when using the traffic conflict technique to 
evaluate conflicts involving pedestrians as main road users. Detection of the conflict, proper 
evaluation and estimation of the severity of the conflict in the analysis affect the quality of the 
results. 
 
The presented methodology and the Swedish traffic conflict technique have a great potential 
as traffic safety assessment tool in developing countries. One of the advantages of the 
Swedish traffic conflict technique is that it is easy to use, does not require much equipment 
and uses local resources to perform the study. Results are accurate enough to detect and 
describe traffic safety problems and give good grounds for formulating countermeasures or 
traffic safety strategies. 
 
 
 
 
 
 



   

 

Resúmo 
As mortes e ferimentos resultantes de acidentes de trânsito são reconhecidamente um 
problema global, especialmente em países em desenvolvimento onde os recursos são escassos 
e há pouco conhecimento a respeito da segurança viária. O tema segurança viária em países 
em desenvolvimento deveria ser dirigido de maneira que os recursos locais fossem utilizados 
para descrever e entender oque acontece nos problemas de segurança viária. Isso facilita o 
planejamento de medidas de contenção ou estratégias de segurança viária. 
 
A principal proposta deste estudo foi introduzir uma metodologia simples e eficiente para 
avaliar estudos de segurança viária quando existem poucos recursos para os trabalhos. A 
metodologia contém três passos: coleta de dados, análise e resultados. A coleta de dados tem 
as seguintes etapas: caracterização do local, medição de velocidades, contagem de fluxos e  
estudo de conflitos de tráfego. Os dados são coletados por observadores e rotinas 
simplificadas. A Técnica de Conflitos de Tráfego Sueca é utilizada como uma ferramenta de 
avaliação para estudar a segurança viária. Os resultados esperados são: uma descrição 
detalhada da segurança viária, identificação dos problemas e propostas de medidas para 
moderar esses problemas. 
   
Os estudos de campo foram realizados na cidade de São Carlos, SP, Brasil em parceria com a 
Universidade de São Paulo e com a Prefeitura de município. Foram escolhidos três locais para 
os estudos, baseados na acessibilidade e tamanho. Os problemas de segurança viária dos 
locais foram identificados e as medidas foram propostas. Em uma das interseções (Rotatória 
da USP) a medida foi implementada e avaliada.   
 
Os resultados mostraram que a geometria da interseção, a sinalização e a velocidade tem uma 
nítida influência na quantidade e na severidade dos conflitos. A implementação da medida 
(lombadas) reduziu a velocidade, a quantidade e severidade dos conflitos, tendo então um 
efeito positivo na melhoria da segurança viária. A efetividade da medida mostra que as 
hipóteses certas foram utilizadas para avaliar o problema. 
 
O estudo indica que a metodologia proposta e a Técnica de Conflitos de Tráfego Sueca pode 
ser utilizada para avaliar estudos de segurança viária mesmo quando existem poucos recursos 
disponíveis. Porém, a escassez de recursos pode afetar o treinamento de observadores  e de 
alguma forma a confiabilidade das observações. Foram detectados alguns problemas 
utilização da Técnica de conflitos de tráfego na avaliação de conflitos que envolvam pedestres 
como os usuários principais das vias. A detecção, a avaliação apropriada e a estimação da 
severidade do conflito na análise afeta a qualidade dos resultados. 
 
A metodologia apresentada e a técnica de conflitos de tráfego sueca tem uma grande 
capacidade como ferramenta de avaliação da segurança viária em países em desenvolvimento. 
Uma das vantagens da técnica de conflitos de tráfego sueca é a fácil aplicação, que não requer 
muitos equipamentos e utiliza recursos locais para  desenvolver estudos. Os resultados são 
suficientemente acurados para detectar e descrever os problemas de segurança viária e 
fornecem  um bom embasamento para formulação de medidas de contenção ou estratégias de 
segurança viária. 
 
 
 
 



 

 

Sammanfattning 
 
Skador och dödsfall på grund av trafikolyckor är ett globalt problem, särskilt i U-länder där 
lite kunskap och få resurser finns för att arbeta med trafiksäkerhet. I U-länder bör 
trafiksäkerheten bearbetas på så sätt att lokala resurser används för att beskriva och förstå de 
processer som orsakar problemen. Detta kommer att underlätta planeringen av effektiva 
strategier och åtgärder. 
 
Syftet med examensarbetet var att introducera en enkel och effektiv metodik för att utföra 
trafiksäkerhetsstudier när resurserna är få. Metodiken har tre steg: datainsamling, analys och 
resultat. Datainsamlingen har följande moment: platsinventering, hastighetsmätningar, 
trafikflödesmätningar och konfliktstudier. Förenklade rutiner och observatörer används för att 
samla in data. Den svenska konfliktstudietekniken är det verktyg som används för att studera 
och beskriva trafiksäkerheten. En detaljerad beskrivning av korsningens tillstånd, identifiering 
av trafiksäkerhetsproblemen och förslag till effektiva åtgärder är resultaten som fås. 
 
Fältstudierna var utförda i São Carlos, SP, Brasilien i samarbete med São Paulos Universitet 
och São Carlos kommun. Tre korsningar studerades och de valdes på grund av dess storlek 
och tillgänglighet. Trafiksäkerhetsproblemen identifierades och åtgärder förslogs vid de 
studerade korsningarna. Åtgärden infördes och utvärderades vid en korsning.  
 
Resultaten visar att den geometriska layouten, hastigheten och utmärkningen har en tydlig 
påverkan på konflikters mängd och allvarlighet. Den införda åtgärden minskade hastigheten 
och därmed konflikternas mängd och allvarlighet. Åtgärden medför en förbättring av 
trafiksäkerheten och visar att lämpliga hypoteser användes för att lösa problemet. 
 
Studien visar att den föreslagna metodiken samt den svenska konfliktstudietekniken kan 
användas för att utföra trafiksäkerhetsstudier i U-länder. Få resurser vid träningen av 
observatörerna kan påverka kvaliteten av inlärningsprocessen och observationernas 
reliabilitet. Några problem upptäcktes när den svenska konfliktstudietekniken användes för att 
studera konflikter med fotgängaren i huvudrollen. Resultatens kvalitet påverkas av 
registrering av konflikter och utvärdering av allvarlighetsgraden. 
 
Den föreslagna metodiken samt den svenska konfliktstudietekniken har en stor potential för 
att beskriva och studera trafiksäkerheten i U-länder. Dess enkelhet och möjligheten att 
använda lokala resurser är några av fördelarna med den svenska konfliktstudietekniken. 
Resultatens kvalitet är tillräcklig god för att identifiera och beskriva trafikproblemen, samt ger 
bra underlag för planering av trafiksäkerhetsåtgärder och strategier. 
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Summary 
Death and injuries as a result of road accidents is a recognized global problem and authorities 
are aware of the consequences this global phenomenon might lead to. The road accident 
phenomenon affects all countries in the world, but industrialized and developing countries in 
a different proportion. It is estimated that in 1999 between 750,000 and 800,000 people died 
as a result of accidents (Jacobs et al, 2000). In 1998 was the economical impact of road 
accidents crudely estimated to US$520 billion and of this US$65 billion were in developing 
regions (Jacobs et al, 2000). Road accidents consume important economical and humanitarian 
resources in developing countries, resources that those countries can not afford to waste. 
 
This report is the result of a traffic safety study made in the city of São Carlos, State of São 
Paulo, Brazil. The study uses the Swedish traffic conflict technique as a tool to analyze and 
evaluate the traffic safety in the study locations. Solutions are proposed based on the analysis 
and in one intersection was the countermeasure tested and evaluated. 

Purpose the study  
The main purpose of this study was to introduce the Swedish traffic conflict technique to the 
Department of Transport at the University of São Paulo (USP) and the municipality of São 
Carlos, State of São Paulo, Brazil. The goal by introducing the traffic conflict technique was 
to give the university and municipality a new tool and methodology for evaluating and 
working with traffic safety.  
 
Improving the traffic safety in São Carlos was another objective of this study. The traffic 
safety was to be improved by studying, describing and finding solutions for the problems in 
the chosen intersections. The aim was to apply the technique using few resources and in order 
to accomplish this was necessary to create or modify the existing working methodology.  
 
To verify the applicability and validity of the Swedish traffic conflict technique in developing 
countries was also an objective of this study. This is achieved by discussing how well the 
traffic conflict technique describes the safety problems in the studied intersections.  

Measuring traffic safety 
The most common limitations of using accidents alone as a measure to evaluate traffic safety 
are the following: 
 

� Under-reporting. It was estimated that underreporting of fatalities were between 2-
5% of the police reported road accidents in industrialized countries. In developing 
countries was under-reporting estimated between 25 to 50% of those road accidents 
reported by the police (Jacobs, 2000 ). 
 

� Quality of the data. The accident description made by the police can give an idea of 
the possible causes of the accident, but the quality of the information may be 
questioned. This can be a serious limitation for the formulation of traffic safety 
strategies. 

 
� Regression to the mean. Accidents are rare events that have a random variation over 

time. This variation is more evident when short periods (less than three years) of 
accident data are used. A randomly great number of accidents during a period will 
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normally be followed by a smaller number in the next period of the same length. A 
risk reduction of 30-40% can be expected without taking any actions or implementing 
an inefficient countermeasure (Linderholm, 1992).  

 
� Long-term trends affecting the number of accidents or injured road users. When 

making observational before-and-after-studies of safety measures, it is common to 
group data for all years before and all years after. This results in a loss of information 
which makes difficult to discern the effect of a long-term trend. Because of this, it is 
possible to have the following doubt; is the accident reduction a result of the measure 
alone or is influenced by a decreasing long term accident trend? 
 

� Ethics. A critical objection to using accidents for safety evaluation and improvements 
is that it requires a large number of accidents to make a proper evaluation (Chin et al, 
1997). More than a couple of years of accident data are needed to know if the 
implemented measure is the right one. People will get injured or die while validating 
the solution. 

Traffic safety in developing countries 
Because mobility conditions, social and economical background are so different in developing 
countries, there is no reason to believe that accident situations similar to those in 
industrialized countries will be produced by the same processes (Mulhrad, 1990). Well proven 
countermeasures in industrialized countries may not have the same effect in developing 
countries because they are applied using the wrong hypotheses. 
 
In order to avoid using unsuccessful countermeasures, it is necessary to make a process 
evaluation instead of a product evaluation in developing countries. It means understanding the 
processes causing accidents and formulating strategies or countermeasures based on the 
collected local knowledge.  

The method 
The methodology has three steps: data collection, analysis and result. The data collection has 
the following stages: site survey, speed measurements, traffic counts and traffic conflict 
studies. Data is gathered using observers, simplified routines and few resources. The Swedish 
traffic conflict technique is used as an assessing tool to study traffic safety. The expected 
results are: a detailed description of the traffic safety, identification of traffic safety problems 
and proposal of countermeasures to alleviate the problems. 
 
Training of the observers and data collection lasted close to 115 hours. Dividing this figure 
among all intersections gives almost 29 hours of work per intersection. 

Boundaries 
The study covers only three intersections in the urban area of São Carlos, State of São Paulo, 
Brazil. Observations were made during the day (07.00-18.30) in weekdays, making the results 
valid only for the studied intersection during the observation period. It is not possible to 
extrapolate the results for night periods or weekends. Due to time and practical reasons, the 
proposed solutions are designed on the functional level. Details can be changed as long as the 
functionality is fulfilled.  
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Case studies 
Case studies were made in the city of São Carlos, State of São Paulo, Brazil. The intersections 
chosen for the study were Getúlio Vargas, Leopoldo Prado and the Roundabout in front of 
USP. Intersections were chosen on the basis of their size and accessibility. 

Results 
For every intersection, the results are presented in three stages; analysis, problem and 
solution. The analysis consist in representing the information obtained from the conflict 
studies in three different diagrams; type of road users involved in the conflict, severity of the 
conflicts, and severity and placement of the conflicts in the intersection.  
The problems of the intersection are identified from the analysis and observations made in the 
field, and are used as arguments for the solution. 
 
Seventy-one hour of conflict studies were carried out in four intersections during the months 
of September and October. The total amount of conflicts was higher than twenty in all the 
intersections. The roundabout before the countermeasure had the highest number of conflicts, 
forty. It was also the roundabout before the countermeasure that had the highest number of 
serious conflicts, having a rate of 1.44 serious conflicts per hour. Perpendicular conflicts were 
common in all the intersections. Studying conflicts with unprotected road users, Leopoldo 
Prado had more conflicts, almost 35% of the conflicts involved an unprotected road user. 
Getúlio Vargas had the more serious conflicts, five within severity level A. 
 
Speed bumps were implemented and evaluated as countermeasures in the roundabout USP. 
Traffic safety was improved by reducing speed with almost 40% and therefore the severity of 
the conflicts. The total amount of serious conflicts was reduced by 85%. Studying the 
distribution in the three severity levels, conflicts in severity level A were eliminated, reduced 
by 87.5% in severity level B and increased by 66.5% in severity level C. The improvements 
show that right hypotheses were used for planning the countermeasures. 

Conclusions 
The study shows that the Swedish traffic conflict technique can be used in developing 
countries to perform traffic safety studies even when there are few resources available. The 
proposed methodology gives a detailed description, identifies the traffic problems in the study 
location and gives firm grounds for planning effective countermeasures and strategies.   
 
A disadvantage of having few resources when working traffic safety is that the quality of the 
training of the observers may be affected. The reliability of the study might be affected as a 
consequence. The methodology can be used with a minimal amount of resources (as shown 
through the study). Since traffic conflicts studies and traffic counts are arduous activities, it is 
recommended to use more observers than the minimum.   
 
Some problems were detected when using the technique to evaluate conflicts involving 
pedestrians as main road users. Detection of the conflict, proper evaluation and 
underestimation of the severity of the conflict in the analysis were identified as problems. It 
was also noticed that observers have a tendency to register more severe conflicts than non 
serious conflicts. This tendency does not affect the results, but it may give an erroneous 
impression of the intersection. 
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The analysis and interpretation of the severity of the conflicts might be improved by adding a 
severity axis in TA-conflicting speed diagram. This will give a better description of the 
seriousness and consequences of the conflicts. 
 
The studied intersections had the common characteristic of being large and complex. The 
nature of the traffic safety problem was different in every intersection, but some common 
factors were identified. The geometrical design of the intersection, signalization and speed has 
a clear influence over the amount and severity of the conflicts. 

Further work 
If countermeasures are implemented in intersections Getúlio Vargas and Leopoldo Prado, it is 
recommended to make an evaluation of the intersection after the countermeasures.  
 
The evaluation made in the roundabout after the implementation of the speed bumps covers 
only the short term effects of the countermeasure. It will be very interesting if the medium and 
long terms effects of the countermeasure are studied. 
 
Due to lack of time and resources was not possible to make road users’ interviews in this 
study. This work can be complemented with interviews of road users. Road users’ interviews 
will give valuable information when analyzing the safety and security of the intersection. 
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1 Introduction 
Death and injuries as a result of road accidents is a recognized global problem and authorities 
are aware of the consequences this global phenomenon might lead to. The road accident 
phenomenon affects all countries in the world, but industrialized and developing countries in 
a different proportion. Industrialized countries are defined as highly motorized countries 
during this chapter. As seen in table 1.1, the distribution of vehicles, population and road 
accidents is unequal between highly motorized countries and the rest of the world. Highly 
motorized countries have 60% of the global fleet of vehicles, but only 15% of the accidents. 
The Asia/Pacific region has the highest proportion of accidents, but not equal amount of 
vehicles. The problem has a lower proportion in Latin America and the Caribbean, but still is 
alarming when accidents rates are related to vehicle ownership and population. 
 

Table 1.1Current distribution of global deaths and licensed vehicles (Jacobs et al, 
2000). 

Region 
Road 

fatalities 
(%) 

Vehicles 
(%) 

Population 
(%) 

Highly motorized 
countries 14 60 15 

Asia/Pacific 44 16 55 
Central/Eastern Europe  12 6 7 
Latin America/Caribbean 13 14 8 
Africa 11 2 11 
Middle East/North Africa 6 2 4 

 
According to Jacobs et al (2000) were road accidents in 1990 the cause number nine of death 
and disability. Forecasts suggest that in 2020 will road accidents move up to number six and 
in terms of years of life lost and disability-adjusted life year will be in second and third place 
respectively. 
 
Expressing the above figures in numbers, it is estimated that in 1999 between 750,000 and 
800,000 people died as a result of accidents. These figures are expected to increase between 
990,000 and 1.1 million in 2010, and between 1.1 and 1.3 million in 2020 (Jacobs et al, 2000).  
 
In 1998 was the economical impact of road accidents crudely estimated to US$520 billion and 
of this US$65 billion were in developing regions (Jacobs et al, 2000). Road accidents 
consume important economical and humanitarian resources in developing countries, resources 
that those countries can not afford to waste. 
 
This report is the result of a traffic safety study made in the city of São Carlos, State of São 
Paulo, Brazil. The study uses the Swedish traffic conflict technique as a tool to analyze and 
evaluate the traffic safety in the study locations. Solutions are proposed based on the analysis 
and in one intersection was the countermeasure tested and evaluated. 

1.2 Background 
It has been assumed during many years that developing countries had a pattern comparable to 
the earlier stages of development in industrialized countries. This pattern included that 
accidents will decline over some time (Mulhrad, 1998). Trend data shows that the number of 
people killed in road accidents in the developing world continues to increase, whereas in the 
industrialized countries has been decreasing since the late 1960’s (Jacobs et al, 2000).  
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Table 1.2 shows the development in population and vehicle ownership in Brazil between 1950 
and 1995.  

Table 1.2 Changes in population and number of vehicles in Brazil, 
1950-1995 (DENATRAN, 1998). 
Year Vehicles 

(millions) 
Population 
(millions) 

Person/vehicle 

1950 0.426 51.937 122 
1960 0.987 70.991 72 
1970 3.111 93.139 30 
1980 10.731 119.099 11 
1990 15.932 143.395 9 
1995 25.336 152.374 6 

 
The development shown in table 1.2 illustrates the rapid increase of the vehicle fleet in 
relation to the population. The changes in motorization in Brazil and many other developing 
countries have occurred on a much shorter time-scale than improvement of infrastructure and 
adaptation of behaviour.  
 
The increasing in the number of vehicles in Brazil had worsened the conditions of the traffic 
in the urban areas. Road accidents are increasing together with the vehicle fleet. Table 1.3 
shows the road accidents in Brazil in 1997. 
 

Table 1.3 Road accidents in Brazil, 1997 (DENATRAN, 1998). 
Type  Amount  Amount per day 
Road accidents with victims 215 287 589 
Injured  266 925 731 
Deaths 30 430 83 
Vehicles 135 242 - 

 
In table 1.3 the official figures of road accidents in Brazil are given, but if the under-reporting 
of accidents is taken in to account, the number of accidents will be even higher. The social 
cost of accidents is not estimated for table 1.3, but from amounts of dead and injured people it 
will not be surprising if the is cost in the level of billions of US$. 
 
Many are the causes of such high number of accidents in Brazil. Common causes according to 
DENATRAN (1998) are the low organization level of the traffic system, ineffective control of 
vehicles and behaviour of road users, impunity of violators of traffic laws and bad statistical 
data about accidents and road users. 
 
As an effort to improve the traffic situation, the “Política Nacional de Trânsito-PNT” was 
created in 1998. The objective is to reorganize and redefine the current traffic politic by 
introducing a new traffic code which will lead to a better transport and traffic system. In 
Brazil the responsibility of the transport and traffic system is divided in three levels: the 
federal, state and municipal level. Before the implementation of the new traffic code, the State 
government had the responsibility over aspects regarding transport and traffic. One of the 
major changes in the new traffic code is that municipalities are more independent when 
deciding their own transport and traffic politics. Another important change in the new traffic 
code is that the government organs are responsible (in the three levels) for the safety of 
pedestrians and vehicles, making a closer interaction between the State and society possible. 
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1.3 Purpose and scope of the study  
The main purpose of this study was to introduce the Swedish traffic conflict technique to the 
Department of Transport at the University of São Paulo (USP) and the municipality of São 
Carlos, State of São Paulo, Brazil. The goal by introducing the traffic conflict technique was 
to give the university and municipality a new tool and methodology for evaluating and 
working with traffic safety.  
 
Improving the traffic safety in São Carlos was another objective of this study. The traffic 
safety was to be improved by studying, describing and finding solutions for the problems in 
the chosen intersections. The aim was to apply the technique using few resources and in order 
to accomplish this was necessary to create or modify the existing working methodology.  
 
To verify the applicability and validity of the Swedish traffic conflict technique in developing 
countries was also an objective of this study. This is achieved by discussing how well the 
traffic conflict technique describes the safety problems in the studied intersections. A 
literature study was made to give a deeper insight into the applications and limitations of the 
traffic conflict technique.  

1.4 Boundaries of the study 
This study is aimed to describe and evaluate the traffic safety problems in different 
intersections. However, this description and evaluation is limited and the following situations 
restricted this study.  
 
The study covers only three intersections in the urban area of São Carlos, State of São Paulo, 
Brazil. Observations were made during the day (07.00-18.30) in weekdays, making the results 
valid only for the studied intersection during the observation period. It is not possible to 
extrapolate the results for night periods or weekends. Due to time and practical reasons, the 
proposed solutions are designed on the functional level. Details can be changed as long as the 
functionality is fulfilled.  

1.5 Structure of the report 
This Master of Science thesis is organized as follows: 
 
Chapter one:      Introduction. 
Chapter two:      Describes the complexity of the traffic safety and the problems that might 

occur when it is evaluated. It also addresses strategies to work with traffic 
safety in developing countries. 

Chapter three:    The Swedish traffic conflict technique is presented. The theoretical grounds, 
practical applications and limitations of the technique are discussed in this 
chapter. 

Chapter four:      It describes the data collection procedures. The materials and methods used 
in the study are explained in this chapter. 

Chapter five:      The study area is described. The description covers speeds, traffic flows, 
geometry and other general factors in the chosen intersections 

Chapter six:        Present and discuss the results of the traffic conflict studies in the 
intersections. 

Chapter seven:   The thesis is completed by drawing conclusions, discussion of the results and 
experiences when introducing the technique, and giving recommendations 
for further work. 
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2 Working with Traffic Safety 
Traffic safety is a complex activity that involves different levels in society. According to 
Linderholm (1992), the traffic safety problem has different dimensions: 

1. The top level. It comprehends the structure of the society. 
2. The low level. It comprehends the design of the traffic system. 
3. The detailed level. It is how the road users use the system and perform in it. 

 
Traffic safety engineers work most of the time on the detailed system. It is easier to improve 
conditions at a particular intersection than changing the design of the road system in the area 
or the structure of society regarding the needs of transportation. However, the true source of 
the problem may originate from the other levels, the low and the top level. (Linderholm, 
1998) 
 
Transport of persons or goods without accidents is the goal of traffic safety. In order to 
achieve this goal, it is important to measure the traffic safety. The most common way of 
measuring is using road accidents and their consequences, such as deaths and injuries 
(Englund et al, 1998) together with the exposure. Exposure means how many are exposed to a 
hazard under a certain period of time or distance. Risk measurements make comparing traffic 
safety within different groups, regions or countries possible. Figure 2.1 shows the fatalities 
per 100,000 licensed motor vehicles in selected countries. Large differences in the fatalities 
exists between industrialized and developing countries. 
 

Figure 2.1 Fatalities per 100,000 licensed motor vehicles in selected countries. 
Adapted from Jacobs (2000) and Englund et al (1998). 

2.1 Measuring traffic safety 
According to Chin et al (1997), it has been a common approach in traffic safety studies to use 
accident statistics to address safety related topics, such as identification of black spots, 
evaluation of safety programs or correction of irresponsible driver behaviour. Since accidents 
are a symptom of a problem originated in the traffic system, it is reasonable to assume that the 
answers to such problem can be found by studying the symptoms. While accident data can be 
useful in many situations, there are several limitations in their use.  
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An accident is the outcome of a complex interaction between the driver, his vehicle and the 
road environment. Because of this, it can be difficult to determine the process behind 
accidents by using traffic counts alone. 
 
The most common limitations of using accidents alone as a measure to evaluate traffic safety 
are the following: 
 

� Under-reporting. The traditional source of information for accident statistics have 
been the police, but other valuable sources of information are hospitals and insurances 
companies. The policy may have a good register of accidents with fatal outcome, but 
the less severe accidents are not always reported to the police. A study made by Thulin 
(1987) in Sweden established a ratio between police-reported accidents and the total 
amount of accidents including data from hospitals and insurance companies. Of all 
accidents, almost 73% of accidents involving two cars and 65% of the accidents 
involving a car and a pedestrian or bicyclist were reported to the police.  

 
According to Jacobs et al (2000), underreporting is also a common problem in 
developing countries. For example, in Indonesia only one of five medically reported 
deaths are included in police statistics (WHO, 1996 cited by Jacobs, 2000). In 
Indonesia, insurance companies report almost 40% more death than the police. 
 
Using results from a number of studies was estimated that under-reporting of fatalities 
were between 2-5% of the police reported road accidents in industrialized countries. In 
developing countries was under-reporting estimated between 25 to 50% of those road 
accidents reported by the police (Jacobs, 2000 ). 
 

� Quality of the data. Descriptions of road accidents made by the police are based on 
reconstructions made after the accident. The reconstruction is made by interviewing 
the persons involved in the accident and is used by the police to formulate hypothesis 
about the possible causes. Because an accident is a traumatic experience, it is 
reasonable to assume that the involved persons may fall into a chock and this can 
affect the impressions of the accident (Hydén et al, 1989). The accident description 
made by the police can give an idea of the possible causes of the accident, but the 
quality of the information may be questioned. This can be a serious limitation for the 
formulation of traffic safety strategies. 

 
� Regression to the mean. Accidents are rare events that have a random variation over 

time. This variation is more evident when short periods (less than three years) of 
accident data are used. A known effect of this variation is the regression to the mean. 
A randomly great number of accidents during a period will normally be followed by a 
smaller number in the next period of the same length. A risk reduction of 30-40% can 
be expected without taking any actions or implementing an inefficient countermeasure 
(Linderholm, 1992). Regression to the mean is stronger when the places chosen for 
treatment are those who had many accidents during latter years (Linderholm, 1992). In 
order to reduce the influence of the regression to the mean is necessary to use large 
amount of data during a relative long period of time. A valid evaluation using 
accidents is a process that can take a couple of years. A problem by collecting data 
over a long period of time is that many of the important factors may have changed and 
this can influence the results (Linderholm, 1992). 
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� Long-term trends affecting the number of accidents or injured road users. 
According to Elvik (1997), a long-term trend is a systematic tendency for the number 
of accidents to increase or decrease during a period of several years. When making 
observational before-and-after-studies of safety measures, it is common to group data 
for all years before and all years after. This results in a loss of information which 
makes difficult to discern the effect of a long-term trend. Because of this, it is possible 
to have the following doubt; is the accident reduction a result of the measure alone or 
is influenced by a decreasing long term accident trend? 
 
In many cases, it will be difficult to find a long term trend because of the accident data 
is from few years or subject to large random variations from year to year (Elvik, 
2000). Figure 2.2 shows the long term trend of road accidents fatalities in Sweden. 

Figure 2.2 Long term trend of road accident fatalities in Sweden. Adapted from 
Vägverket (2002). 

 
� Ethics. A critical objection to using accidents for safety evaluation and improvements 

is that it requires a large number of accidents to make a proper evaluation (Chin et al, 
1997). More than a couple of years of accident data are needed to know if the 
implemented measure is the right one. People will get injured or die while validating 
the solution. 

2.2 Traffic safety in developing countries 
From a traffic safety point of view, developing countries have the following characteristics 
(Mulhrad, 1990): 
 
Mobility conditions: 

- Motorization has grown very fast. 
- Infrastructure and education structures have not followed the sudden growth. 
- New mobility conditions are generating new ways of living, working and moving, 

which coexists with the old ways. 
Decision-making conditions: 

- Awareness of an accident problem is growing. 
- Most bases for decision-making are missing: little quality data, little knowledge about 

accident characteristics and causal processes; action is often decided on subjective 
bases instead. 

- There is little “know-how” available to traffic safety professionals. 
- Resources available for safety action are scarce and there are even less opportunities 

for evaluation. 
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According to Mulhrad (1990), two approaches have been used when working with traffic 
safety; the black-box and the glass-box approaches.  
 
The black-box approach has been largely used in industrialize countries and consists of four 
successive phases: recognition of an accident situation, catalogue of possible 
countermeasures, choice of countermeasure and implementation and evaluation of the 
countermeasure (Mulhrad, 1990). The black-box approach can be defined as product 
evaluation. 
 
The glass-box approach began in the early 80’s and implies a better understanding of the 
process generating unsafety, new forms of accident prevention strategies were designed in 
relation to specific processes and on the basis of this explicit relationship, “process evaluation 
was done to check if the measures worked” (Wegman, 1982, Biecheler et al, 1986 cited by 
Mulhrad, 1990). The glass-box is a complement to the black-box approach. The product 
evaluation is complemented by a process evaluation. 
 
Because mobility conditions, social and economical background are so different in developing 
countries, there is no reason to believe that accident situations similar to those in 
industrialized countries will be produced by the same processes (Mulhrad, 1990). Well proven 
countermeasures in industrialized countries may not have the same effect in developing 
countries because they are applied using the wrong hypotheses. 
 
In order to avoid using unsuccessful countermeasures, it is necessary to make a process 
evaluation instead of a product evaluation in developing countries. It means understanding the 
processes causing accidents and formulating strategies or countermeasures based on the 
collected local knowledge.  
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3 The Swedish traffic conflict technique 
The theoretical grounds, practical applications and limitations of the Swedish traffic conflict 
technique are discussed in this chapter. 

3.1 Basic concepts 
Conflict: is an observational situation in which two or more road users approach each other in 
space and time to such an extent that a collision in imminent if their movements remain 
unchanged. (Hydén, 1987) 
 
Conflicting speed: is the speed of the road user taking the evasive action, for whom the TA 
value is estimated, at the moment just before the start of the evasive action. (Svensson, 1999) 
 
Distance to the point of collision: is the distance of the road user taking the evasive action to 
the imaginary point collision if the movements of the road users remain unchanged. (Hydén, 
1987) 
 
Time to the accident (TA) or time to the point of collision: is the time that remains to an 
accident from the moment that one of the road users starts an evasive action if they had 
continued with unchanged speeds and directions. (Svensson, 1999) 

3.2 Background 
During the 1960’s, the first attempts to use indirect methods to measure traffic safety began. 
The studies were made by Perkins and Harris (1968) from General Motors in Detroit. The 
purpose of their study was to find a method to identify traffic safety problems in different 
types of vehicles. Perkins and Harris defined conflicts as accidents like situations in which the 
involved road user took an evasive maneuver such as breaking or swerving (Englund et al, 
1998).  
 
The results of Perkins and Harris (1968) awakened the interest of using this kind of method to 
measure traffic safety and traffic conflict techniques were developed in different countries. 
The major problem of Perkins and Harris technique was that their definition of conflicts was 
too wide to give a good correlation with accidents (Englund at al, 1998).  
 
The Transport and Road Research Laboratory (TRRL, now known as TRL) in England were 
the first ones to grade conflicts. TRL used a subjective scale of five steps which included 
preventive braking, acute braking and collision. Conflicts were filmed and then graded by 
observers in the laboratory. (Englund et al, 1998) This method was expensive and time 
consuming. 
 
The first version of the Swedish traffic conflict technique was developed by Hydén (1975) at 
the Department of Traffic Engineering at the University of Lund. The characteristics of the 
Swedish technique were that it used objective units (time to the accident) to measure the 
seriousness of the conflicts and studied only serious conflicts. The information was recorded 
in a subjective way, using observers. 
 
The basic hypothesis is that there is a close relationship between conflicts and accidents. The 
interaction between road-users can be described as a chain of safety related events. These 
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events can be illustrated with a pyramid, in which the accidents are found at the top (very rare 
events) and the safe passages at the bottom.  
 
 

 
Figure 3.1 The safety pyramid, interaction of road users as a continuum of events 
(Hydén, 1987). 

 
The different levels in the pyramid can be seen as a severity scale. In the Swedish Traffic 
conflict technique, this severity scale is accomplished by applying the TA/Speed dimension, 
which presupposes a collision course. The severity scale in the Swedish traffic conflict 
technique implies that the probability of a police reported injury accident is constant. Severity 
increases towards the top of the pyramid. (Svensson, 1999) 
 
Serious conflicts according to Hydén (1987) are characterized as a breakdown in the 
interaction between the road users that reflects an accident potential that it is high enough that 
at least one of the road users would not like to be involved voluntarily. 
 
The first definition of serious conflict was made by Hydén (1977): A serious conflict occurs 
when the time to the accident (TA) is equal or less than 1.5 seconds.  The 1.5 seconds limit 
appeared to work well in urban areas were the speed was rather low, but not in rural areas 
where speed is higher (Shbeeb, 2000). Gårder (1982) adapted the technique to be applied in 
rural environments and redefined the serious conflicts as a function of TA and conflicting 
speed. The braking distance, which was used to estimate the TA-value is inversely 
proportional to the square of the speed (the higher the speed the lower the TA-value) (Shbeeb, 
2000). Gårder (1982) use a safety margin of 0.5 seconds and that is why the graph in figure 
3.2 does not start in the origin. 
 
Hydén (1987) studied different definitions of serious conflicts and found that the limit 
proposed Gårder (1982) was appropriate, but increased the safety to 1.0 seconds. Later the 
safety margin was set back to 0.5 seconds and this has remained until the present. The 
definition of serious conflicts is shown in figure 3.2.  
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Figure 3.2 Limit between serious and non serious conflicts. 
 
The Swedish traffic conflict technique appeared to work well describing traffic safety and 
predicting accidents of serious conflicts between vehicles, but results were not as accurate 
when unprotected road users were involved in the serious conflicts. Linderholm (1992) 
adapted the technique for traffic safety analysis when bicyclists were involved in conflicts. 
Shbeeb (2000) adapted and developed the technique to pedestrians in different environments. 
Johansson (2001) is using traffic conflicts, video recording and other parameters to develop a 
method to describe road safety especially in children pedestrian environments. 
 
Svensson (1998) investigated if the shape of the pyramid could be used to describe the traffic 
safety in different environments. According to Shbeeb (2000), Svensson (1998) introduced 
the concept of severity hierarchy that is supposed to describe events of different severity in 
traffic; at the top of the hierarchy are the injury accidents. Figure 3.3 shows Svensson’s 
(1998) severity hierarchy. 
 

Figure 3.3 Svensson’s (1998) severity hierarchy. 
 
Svensson’s (1998) severe hierarchy (figure 3.3) in combination with the TA-graph (fig 3.2) is 
used in this study to analyze the results. Serious conflicts are between severity levels 25 and 
30 in Svensson’s (1998) severe hierarchy. By dividing the severe conflicts in subgroups, is 
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possible to have a better description of the conflicts and is easier to perform comparisons. 
Towliat (2000) classified serious conflicts in three groups; A, B and C. Groups C and B are 
equivalent to severity levels 26 and 27. Group A is equivalent to severity levels 28-30. Due to 
the pyramidal distribution of conflicts (figure 3.1) is more likely to have a greater amount of 
serious conflicts in groups C and B than in A. That is why group A include more severity 
levels than B or C. 

3.3 Practical applications 
The Swedish traffic conflict technique uses serious conflicts to analyze and describe the 
traffic safety at a certain location. Two variables are used to determine the seriousness of a 
conflict; the time to the accident and the conflicting speed.  
 
The time to the accident is obtained by dividing the distance to the point of collision by the 
conflicting speed. The conflicting speed and the distance to the point of collusion are recorded 
by trained observers in the field. The TA-value is plotted together with the conflicting speed 
in figure 3.2. The seriousness of the conflict increases the closer it gets to the upper left corner 
of the figure. 
 
Results can be used to propose countermeasures based on hypothesis about accident causes 
(based on the conflict descriptions made by the observers) and/or to predict the amount of 
accidents. 
 
Using the Swedish traffic conflict technique, traffic safety can be measured in the following 
forms: 
 

� If there is access to accident statistics, it is possible to estimate the accident frequency 
and this can be used as a measure of the safety. 

� If there is no access to accident statistics, the traffic safety can be measured in two 
different ways: 

1. Risk estimates: the total amount of conflicts is divided by the relevant 
exposure of the opportunity (i.e. vehicle flow). 

2. Expressing the relation between conflicts and the observation period (conflicts 
per hour of observation). 

 
Some examples of practical applications of the Swedish traffic conflict technique in studies 
are: 
 

� Compare traffic safety (for example conflicts) between different types of intersections. 
� Compare traffic safety between intersections with similar conditions at different 

locations. 
� Before and after studies, analyze the effects of countermeasures. 
� Analyze conflicts between specific traffic groups, for example: pedestrian/car, 

bicyclist/car, car/car, car/bus. 
� Analyze different kinds of conflicts in a traffic group. 
� Analyze the traffic safety at specific road sections and give suggestions for 

improvement (based on the analysis). 
 
The following are examples of results obtained using the Swedish traffic conflict technique in 
Sweden (Hydén et al, 1989): 
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� The two directional bicycle paths on one side of the road cause a very high accident 
risk at the intersections for those bicyclists who travel in the ‘wrong’ direction. 

� High-speed intersections are approximately three times more dangerous for bicyclists 
than low-speed intersections. 

� The incoming left turning vehicles consist the major source of risk for straight forward 
bikers. 

� The zebra ought to be installed less than two meters or more than ten meters away 
from the intersection; this produces a pedestrian risk of about half the one on a zebra 
with a distance of 2-10 meters from the intersection. 

� The pedestrian risk for accidents is approximately twice as big at high speed 
intersections as at low speed intersections. 

� When crossing distance is doubled, pedestrian risk is also doubled. 
 
The Swedish traffic conflict technique has been used extensively in Scandinavia and other 
European countries. The technique have been introduced and traffic safety studies performed 
in Uganda, Tanzania, South Africa, Thailand, Sri Lanka, Jordan, Turkey, Costa Rica, Jamaica, 
Brazil and Bolivia (Almqvist, 2001). 

3.4 Reliability and validity  
The reliability means how well the technique describes the events that are intended to be 
described. Reliability is measured by testing how well the observer detects and classifies 
conflicts. Reliability tests are usually made after training the observers. According to Hydén 
(1987), reliability is considered satisfactory if more than 80% of the conflicts are detected and 
classified properly. After five days of training, the results show that 86% to 90% of all serious 
conflicts were recognized (Hydén, 1977). A study made by Grayson (1984) shows that the 
TA-value estimated by the observers was only 0.5 ± seconds from TA-values estimated from 
video recordings. These results indicate that observers are reliable in detecting and estimating 
conflict parameters.  
 
Validity means how well serious conflicts describe the safety in the studied location. Two 
types of validity are studied; product and process validity. 
 
Product validity is also known as predicting ability and indicates the statistical correlation 
between serious conflicts and accidents. Migletz et al (1985) made a major validation study in 
the United States. Migletz et al (1985) drew the conclusion that conflict studies predicted the 
average accident frequency and the estimates were as precise as the ones using accident data. 
This characteristic of the serious conflicts allows using them to study traffic safety without 
having to wait for accident data (Englund et al, 1998). 
 
Process validity means that the process leading to accidents and conflicts is the same. Hydén 
(1987) studied process validity of the technique making detailed reconstructions of accident 
causes and then comparing them to conflict descriptions. His results showed that accidents 
and serious conflicts have a similar severity distribution in the TA diagram shown in figure 
3.2, accidents being more serious (a displacement close to 0.5 seconds). Evasive maneuvers 
preceding accidents and serious conflicts also had great similarities.  
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3.5 Problems identified with the Swedish traffic conflict technique 

3.5.1 Pedestrian conflicts 
According to Shbeeb (2000) there is a tendency in the Swedish traffic conflict technique to 
treat the vehicle as the relevant road user, even if the vehicle is not making the evasive action. 
When the pedestrian is the road user taking the evasive action, most of the situations seems to 
be less severe than they are.  
 
The underestimation of serious conflicts with pedestrians taking the evasive action is even 
more evident when the technique is applied in developing countries, where a higher amount of 
serious conflicts occur. 
 
Shbeeb (2000) points out several causes to this phenomenon. It is obvious when a vehicle 
brakes, but if a pedestrian is walking and stops it might appear as part of a previous planned 
course of action. The detection of the evasive action of the pedestrian by the observer 
becomes even more difficult when the estimation is needed for a fast vehicle not close to 
point of collision and a pedestrian at a distance away from the same point. It might be difficult 
for the observer to register the trajectory of both road users to the potential point of collision.  
 
A characteristic of pedestrians is that they can stop instantly, something which is not possible 
for other types of road users. This might confuse the observer and the conflict can be 
classified as non serious, even if it was a serious one. 

3.5.2 Subjective observation versus automatic detection 
The use of observers makes the collection of field data easier and cheaper than using 
automatic or semi-automatic systems. But the subjective nature of observers may influence 
the results in the following ways: 
 

� The observer is sensible to weather conditions (rain, wind, temperature, light…). 
Observations performed during bad conditions may not be as accurate as the ones 
performed during good conditions. 

� In places with low traffic volumes, longer periods of time are needed to record serious 
conflicts (due to the stochastic nature of the conflicts). The use of observers in such 
areas makes the technique expensive to use (Shbeeb, 2000). 

� Observers might influence the traffic behavior due to his/her presence (Hydén, 1987). 
� In heavily trafficked intersections, the observer(s) is exposed to many simultaneous 

situations and the possibility exists that not all conflicts are registered because of the 
overflow of information. In such situations, it is recommended to use video 
recordings. 

3.5.3 Dynamic nature of the conflicts 
Hydén (1987) showed that similarities existed between serious conflicts and accidents, 
especially in the last phase. According to Shbeeb (2000), the conflict process can be divided 
into three stages; pre-event, event (conflict) and post-event. The Swedish traffic conflict 
technique studies conflicts in the pre-event and event stages. Since the variables used to 
recollect information are limited (speed, distance, type of maneuver), it is not possible to 
explain or capture the whole event, thus missing information during this process (Shbeeb, 
2000). It seems that the inclusion of other dimensions to describe the dynamic mechanism of 
conflicts will be an enhancement to the present Swedish traffic conflict technique.
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4 Method and Materials  
This chapter describes the materials and methods used in this study. The study was made in 
three stages; preparatory work, field work and writing of the rapport. The preparatory work 
and writing of the report were made in Sweden; the field work was made in São Carlos, 
Brazil. 

4.1 Preparatory work 
The preliminary work consisted mainly of two parts; training on traffic conflict technique and 
a literature survey. The training covered primarily the practical aspects of the technique. 
During three days in May 2001, the skills of visually measuring speed and distances were 
trained, as well the recognition and classification of conflicts from video and field 
observation. Training was performed by Charlotta Johansson and the same material as in 
Lund (Department of technology and society, 1993 and 1999) was used to train observers. In 
August, before the journey to Brazil, a follow up training was made to calibrate and polish 
observation skills. 
 
The literature survey was made in the month of August and covered suitable areas for the 
study, such as applicability, limitations and use of the Swedish traffic conflict technique. 

4.2 Field work 
The selection of intersections to study was made as follows: on august 30th a meeting was 
held with the “Secretario de Transportes” (Secretary of Transport) of the municipality of São 
Carlos, about suitable intersections to study. Eleven intersections were proposed. Of the 
proposed intersections, seven had been studied by the municipality. In those cases was 
required to verify the hypothesis and solutions proposed by the municipality. Four 
intersections were studied by Domingues (2001) in an attempt to validate a Brazilian traffic 
conflict technique, but no solutions were proposed. Three of the intersection had not been 
studied. 
 
Three intersections were chosen on the basis of their size and accessibility. They were; the 
roundabout in front of USP (before and after study), Getúlio Vargas and Leopoldo Prado.  
 
The field work began the second week of September and lasted until the second week of 
November. The field work consisted mainly of two parts. 

1- Training the observers. 
2- Data collection 

 
Training of the observers and data collection lasted close to 115 hours. Dividing this figure 
among all intersections gives almost 29 hours of work per intersection. 

4.2.1 Training the observers 
When making conflict studies it is extremely important to have well trained observers. The 
first stage of the field work was to train observers. The persons receiving training were five 
Master of Science students and one PhD student from the Department of Transport, campus of 
São Carlos, University of São Paulo. 
  
The training of the observers was divided in two stages; a basic and a practical stage. 
Materials and procedures used were based on the training program proposed by Hydén (1987) 
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and the training material used by the University of Lund to train observers (Department of 
technology and society, 1993 and 1999). However, modifications were made to adapt training 
to the schedule and needs of the observers. The first stage of the training was done the 22nd of 
September and the structure of this stage is described in table 4.1. 
 

Table 4.1 Training of the observers, structure of the basic stage 
Activity Length Description 

Theory 3 hr Introduction, problems when working with traffic safety, using 
accidents as data, applicability and limitations of the Swedish 
traffic conflict technique, examples and results 

Outdoors training 2 hr Practical considerations regarding positioning, distance and 
speed measurement, and site investigation 

 
The literature survey done in Sweden was used as main material for the theoretical part. 
During this stage, the theoretical grounds of the Swedish traffic conflict technique were 
introduced and discussed. Emphasis was given to practical applications of the technique. The 
material was written in English and given to the observers one week before the training, this 
was done to save time and make the comprehension of the material easier. 
 
In the outdoors training, the practical considerations when using the technique were 
introduced. This part of the training was done using less equipment than the training done in 
Sweden. One reason was the difficulties to get a video camera from the university and speed 
radar from the police. The second and most important reason was to demonstrate that the 
technique can be used when there is lack of resources (human and material) and only 
elementary equipment at hand.  
 
In the outdoors training, measuring distances using steps and to visually estimate speed and 
distance was taught. The speed estimation was trained during one and half hours and 
observers made significant progress, but more training was needed. 
 
During the second stage of the training, the group was divided in three groups of two 
observers each. The idea of this stage was to work with one group at a time and make it easier 
to evaluate the individual progress. Training went as follows; the visual speed estimation was 
trained half hour before performing conflicts studies. It was noticed that observers gave better 
speed estimations when working in smaller groups. Training continued until the observers 
were able to make speed estimations with an error margin of ± 5 km/h, which is the margin 
recommended by Johansson (2001). During the conflict studies, it was discussed which 
situations were or not conflicts, the characteristics and proper evaluation of speed and 
distance to the point of collision. When the observers were able to manage the technique, 
conflicts studies were made individually and then the results were compared. Conflict studies 
were trained until observers could properly identify and classify the conflicts. Two observers, 
Cira and Kârenina, were chosen to help with the conflict studies of the project. 

4.2.2 Data collection 
Data collection began the second week of September and ended the second week of 
November. The following activities were part of the data collection: 

1. Site survey.  
2. Speed measurements. 
3. Counting of traffic flows. 
4. Traffic conflict studies. 
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Site survey  
The site survey was made following the checklist made by SweRoad (Olsson, 2001) for site 
investigations. The first activity was to measure the dimensions and draw an initial layout of 
the intersection. Dimensions were measured using steps. A distance of ten meters was used to 
calibrate the measuring; twelve steps were equal to ten meters. After taking the dimensions, 
the existence and placement of the road elements, such as light posts, road signs and road 
marking, pedestrian lanes, traffic signals, etc… was documented. Visibility, quality of the 
pavement, difference in levels, land use and characteristics of the surroundings were also 
documented in this stage. Photos were used to visually document the intersection. This stage 
lasted between one and two hours per intersection, depending on the size and complexity. 

Speed measurements 
As mentioned before, lack of resources was common during this project. The police of São 
Carlos did not have speed radar and because of this, it was necessary to adopt alternative ways 
to measure speeds. It was decided to evaluate speeds by measuring the travel time over a 
known distance. Distances of ten, twenty, twenty-five and thirty meters were tested. It was 
found that ten meters were too short and thirty meter too long to make accurate 
measurements. It was decided to use a distance of twenty meters for the speed measurements. 
To make the work easier, a handheld computer was used to process time and distance in the 
field. The program used to make the speed calculations was Stop3match© version 2.02 by A. 
K. Leung. 
 
The speed of one hundred vehicles per location was registered for the speed analysis. During 
a few days in the beginning of November it was possible to use speed radar to make 
measurements. Speeds in the roundabout after the construction of the countermeasure were 
measured using the speed radar, for other intersections speeds were measured using the 
alternative method. Using the alternative method took between thirty minutes and two hours 
per intersection, the time depended of how much traffic the intersection had. 
 
Speed data was stored in tables and analyzed to obtain the 90-percentile and the average 
speed. 

Traffic flows 
Traffic flows were studied to have a better understanding of the traffic situation in the 
intersection. Following the idea of using few resources to make the study, traffic flows were 
counted using only pen and paper. Traffic counts were performed by one person and a special 
form was designed for this purpose. Since traffic flows were not used to make calculations, 
only to understand the performance of the intersection, it was possible to simplify the counts. 
The road users registered were vehicles, pedestrians and bicyclists. They were counted in 
intervals of thirty minutes during traffic peak hours. Since this was arduous activity, usually 
combined with other activities before or after, it was difficult to do more than two hours of 
counting per day. 
 
The information obtained from the counting was the amount of road users per category and 
direction. Data was stored in tables and the average flow per hour was calculated for each 
category and direction. 

Traffic conflict studies 
The main purpose of this work was to introduce and use traffic conflict studies in São Carlos. 
The first step before making conflict studies was to calibrate the visual speed estimation. This 
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calibration process was performed at every new intersection and lasted almost thirty minutes. 
The second step was to find an observation point with good visibility and if possible protected 
from the sun. Observations were made in periods of one hour and with a break of fifteen 
minutes between periods in agreement with recommendations of the Department of 
technology and society (1999). The schedule described in table 4.2 was used to make 
observations: 
 

Table 4.2 Observation schedule for conflict studies. 
Period Description 

0700-0800 
0815-0915 

Morning peak hour 

1130-1230 
1245-1345 

Lunch peak hour 

1530-1630  
1645-1745 
1800-1900 

Afternoon peak hour 

 
Most of the time, one person was making conflict studies and because of this, it was difficult 
to do more than five hours of observation per day. The sun, warm temperatures, high noise 
levels and some times contamination made the observation process strenuous and difficult to 
keep attention. A study made by Guedes (Guedes et al, 1997) in Brazil also pointed that noise, 
contamination and temperatures reduced the attention of the Observers. 
 
The observation period during the morning peak hour was modified from two periods to one 
period between 0730 and 0830. The observation period between 1800 and 1900 was not always 
possible to make. The sun went down around 1830, visibility decreased and it was conditioned 
to street lighting (which quality varied between intersections).  
 
From the conflict studies the TA-value was obtained, description and placement of the 
conflicts. This information was stored in tables, the severity level calculated and with the 
description of the conflicts, it was possible to formulate hypothesis about the causes of the 
problems. 
 
The total amount of hours of conflict studies per intersection was eighteen hours, distributed 
during one week; making close to four hours of conflict studies per day.   
 



The Swedish Traffic Conflict technique. Case studies in the city of São Carlos, Brazil. 
Characteristics of the study area 

 

19 

5 Characteristics of the study area 
São Carlos is a middle size city situated in the State of São Paulo, southeast region of Brazil 
(see appendix 1). The city lies at 854 m above sea level (IBGE, 1997) and have a temperate 
climate. The city was founded in 1857 and it has evolved from a coffee center to an important 
regional technology center. São Carlos has adopted the name of “Capital of technology”, 
mainly for research centers established here as well as the two universities; University of São 
Paulo (USP) and the the Federal University of São Carlos. Figure 5.1 shows the State of São 
Paulo and the geographical position of São Carlos. 

Figure 5.1 Map of the State of São Paulo (Guianet, 2000). 
 
Of the 192.998 inhabitants, 95% live in the urban area (IBGE, 2000). São Carlos has good 
level of development in transport infrastructure, 95% of roads paved being and 90% 
illuminated (IBGE, 1999). The urban structure of the city is also well defined. Avenida São 
Carlos and rua Episcopal are two important roads that connect the nort and south part of the 
city. Avenida Getúlio Vargas and “a marginal”(a partly build road system) are important for 
connecting the east and west part of the city (see figure 5.2 and appendix 2). 
  
The highway Washington Luis communicates São Carlos with São Paulo, the capital of the 
State (approx.230 km). 
 
The intersections chosen for the study were Getúlio Vargas, Leopoldo Prado and the 
Roundabout in front of USP. Intersections were chosen on the basis of their size and 
accessibility. Figure 5.2 shows the map of São Carlos’ downtown, placement of the studied 
intersections and important roads. 
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Figure 5.2 Map of São Carlos’ downtown.  Letters A, B and C denotes the studied intersections. 
A (Intersection Getúlio Vargas), B (Intersection Leopoldo Prado) and C (Roundabout USP). 
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5.1 Intersection Getúlio Vargas 
In this intersection, located in the southeast part of the city, avenida Getúlio Vargas meet rua 
Aquim Botelho da Fonseca and rua Santa Filomena. Avenida Getúlio Vargas is the busiest 
road, it is one of the access roads to São Carlos from the highway Washington Luis and 
makes connection with avenida São Carlos. The land use along this avenida has a commercial 
and industrial character. The rest of the neighboring area has a mixed land use, combining 
residences with small and medium size industries and commerce. The major traffic generators 
in the area are the assembling plants of Electrolux and Tecumseh, as well a social and activity 
center. A school and children garden was also found in the area. 
 
Visibility in the intersection is good in avenida Getúlio Vargas and poor in connecting roads. 
The poor visibility is the result of the connecting angle of the road, which is close to 45 
degrees. At night the intersection do not have enough light, some of the street lamps were not 
working. The quality of the paved surface is good and there are no potholes in the area. There 
are no road marks in the intersection, not even lanes are marked in avenida Getúlio Vargas. 
Figure 5.3 shows the intersection from avenida Getúlio Vargas, east approximation. 
 

Figure 5.3 View from avenida Getúlio Vargas, east approximation. 
 
Avenida Getúlio Vargas has the priority and stop signs are placed in the connecting roads 
before entering the intersection. Photos of the intersection are shown in appendix 7. Figure 5.4 
shows the signalization and layout of the intersection. 
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Figure 5.4 Signalization and layout of the intersection. 

5.1.1 Geometry 
The geometrical design of the intersection is quite peculiar, here avenida Getúlio Vargas 
meets with four other roads and all of them have a connecting angle close to 45 degrees. The 
intersection covers an area of 40 by 25 meters and gives the road users the opportunity to 
meet in a lot of places. Appendix 4 shows the dimensions and layout of the intersection. 
 

5.2.2 Speed 
Avenida Getúlio Vargas has a speed limit of 60 km/h, the connecting road have a speed limit 
of 40 km/h. Speed measurements were made at two locations twenty meters before the 
intersection (see appendix 16). Figure 5.5 shows the location of the measurements. 

Figure 5.5 Location of the speed measurements in the intersection. 
 

 
Table 5.1 shows the values for the 90 percentile and average speed with the average standard 
deviation for the chosen locations shown in figure 5.5 
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Table 5.1 Average speeds and 90 percentile for measurements made in locations 
E1 and W1. 
Location Value (km/h) 
E1 average 59.29 ± 1.25 
E1 V90 75.70 
W1 average 62.42 ± 1.12 
W1 V90 76.00 

 
Being used as an access or exit to the highway, avenida Getúlio Vargas is expected to have 
higher speeds than the official speed limit. As seen in table 5.1, speeds are higher than the 
official speed limit. Both sites show small differences when the speeds are compared, being 
the common speed in the range of 60 – 65 km/h. Speeds higher than 75 km/h were observed, 
see appendix 16. 

5.2.3 Traffic flow 
Traffic was counted one day during the peak hours of the morning and lunch traffic. Traffic 
counts are shown in appendix 22 and the traffic count’s form in appendix 20. As seen in 
figure 5.6, avenida Getúlio Vargas was the busiest road, close to 520 veh/h in each direction. 
Traffic volumes in connecting roads were small in comparison to the main road. The 
distribution of road users varied, mostly cars, but also a considerable amount of trucks were 
observed. 
 
The pedestrian and bicycle flows were low, at highest six pedestrians per hour and two 
bicyclists per hour, as seen in figure 5.7. Considering the high speeds, lack of road markings 
and dimensions of the intersection, it seems normal that unprotected road users do not want to 
cross the intersection. During the conflict studies, children alone or with adults were observed 
crossing the road in direction to the school in the area. 

Figure 5.6 Traffic flow, vehicles per hour in the intersection. 
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Figure 5.7 Pedestrians and bicyclists per hour in the intersection. 

5.2 Intersection Leopoldo Prado 
This peculiar intersection is situated in the southeast part of the city and here rua Leopoldo 
Prado meets avenida Grecia, avenida Theoureto Camargo and rua Sallum. Land use in the 
area is mixed, the area being a combination of residential area with commerce and small 
industries.  
 
Avenida T. Camargo and Grecia run in the east-west direction and are used as an alternative 
access to the road to neighboring cities of Ibaté and Brotas. Avenida Leopoldo Prado connects 
with avenida São Carlos and is also used to access avenida T. Camargo and Grecia. Rua 
Sallum is an important road for public transport in the city, especially for the routes to the 
residential areas in the south and southeast parts of the city. Avenida Grecia, T. Camargo and 
Leopoldo Prado (before passing rua Sallum in the northeast direction) have traffic in one way. 
Figure 5.8 shows the intersection from rua Leopoldo Prado, northwest approximation. 
 

Figure 5.8 View from rua Leopoldo Prado, northwest approximation. 
 
The visibility is good when entering the intersection from avenida Leopoldo Prado and poor 
in avenida Grecia (southeast direction) and in avenida T. Camargo (northwest direction). The 
poor visibility is caused by the connecting angle of avenida Grecia and Camargo to avenida 
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Leopoldo Prado, an angle close to 135 degrees. The quality of the paved surface is good, only 
one pothole was detected. Rua Sallum, avenida Grecia and T. Camargo have a light slope 
down towards avenida Leopoldo Prado, making the access bumpy for low cars and long 
trucks. Zebra crossings, lanes and other road marks are not marked in the intersection. 
 
Avenida Leopoldo Prado has the priority and there are stop signs in all connecting roads, the 
exception being avenida T. Camargo where the stop sign was missing. Photos of the 
intersection are shown in appendix 8. Figure 5.9 shows the signalization and layout of the 
intersection. 

Figure 5.9 Signalization and layout of the intersection. 

5.2.1 Geometry 
As seen in figure 5.9 above, the geometrical design of this intersection is not common. Wide 
streets and a length close to 100 meters give the road users many places to meet in this large 
intersection. Avenida Grecia and T. Camargo connect avenida Leopoldo Prado with an angle 
close to 135 degrees and rua Sallum connects in a perpendicular way. To make the 
intersection more complicated, a displacement occurs in avenida Grecia and T. Camargo 
when crossing avenida Leopoldo Prado. The dimensions and layout of the intersection are 
shown in appendix 5. 

5.2.2 Speed 
All incoming roads have speed limits of 40 km/h. Speed measurements were made at two 
different locations within the intersection (see appendix 17). Locations are shown in figure 
5.10.  

Figure 5.10 Placement of the speed measurements in the intersection. 
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The result of the speed measurements as 90 percentile and average speeds with the average 
standard deviation are shown in table 5.2. 
 

Table 5.2 Average speeds and 90 percentile for measurements made in locations 
NW and SE. 

Location Value (km/h) 
NW average 36.77 ± 0.93 
NW V90 47.70 
SE average 36.87 ± 0.92 
SE V90 48.10 

 
Speeds in the intersection are lower than the official speed limit of 40 km/h, as seen in table 
5.2 above. This behavior differs from previously studied intersections were the speed was 
higher than the official speed limit. Considering the dimensions of the intersection, 
geometrical layout and the amount of roads meeting there, the results from table 5.4 are 
reasonable.  

5.2.3 Traffic flow 
Traffic was counted by the municipality during one day in the peak hours of the morning 
lunch and afternoon traffic. Figure 5.11 shows the average vehicle flow in the intersection. As 
seen in the figure below, traffic was evenly distributed between avenida Grecia, T. Camargo 
and rua Leopoldo Prado. The highest traffic flow was register during the afternoon peak hour. 
The vehicles types in this intersection were mostly cars, but a significant number of trucks 
were observed in avenida T. Camargo. Avenida Sallum is part of the road network served by 
public transport and many buses use this avenida.  

Figure 5.11 Traffic flow, vehicles per hour. 
 
Pedestrian counts were made by the municipality during one day and only in the lunch peak 
hour. Figure 5.12 shows the results from the count done by the municipality. During the 
conflict studies, it was observed that pedestrian flows were lower in other hours than during 
lunch time. Students were the main group of pedestrians crossing the intersection during the 
lunch peak hour. 
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Figure 5.12 Pedestrian flows during lunch peak hour, pedestrians per hour. 

5.3 The roundabout in front of USP 
Situated in the north part of the city, avenida Trabalhador Sancarlense meets in this 
roundabout rua Aldino del Nero and the main entrance of the university. Avenida Trabalhador 
Sancarlense is also called “a marginal” and is part of a partly build road system which in the 
future will work as a fast link between the east and west part of the city. Rua Aldino del Nero 
collects mostly local traffic from the residential area Parque Arnoldo Schmidt and 
surroundings. The university, USP, has 4511 students and 1226 employees (Gestão, 2001) 
and can be accessed by car through three different entrances. The main entrance is the only 
one situated in avenida Trabalhador Sancarlense. Figure 5.13 shows the intersection seen 
from the observation point. 
 

Figure 5.13 Roundabout USP seen from the observation point. 
 
The land use of the area is mostly residential and except the university, there are no large 
working places or industries in the surroundings. It is common for students to live in the 
residential area across the road from the university. 
 
Visibility is good in all accessing roads and during night the intersection is well illuminated. 
The quality of the paved surface is good and potholes were not found in the area. Zebra 
crossings were marked in the roads towards and from USP as well in avenida Trabalhador 
Sancarlense when entering the roundabout. The lanes were marked only in the east direction 
of avenida Trabalhador Sancarlense. Photos of the intersection are shown in appendix 9. 
Figure 5.14 shows the roundabout. 
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Figure 5.14 Signalization and layout of the intersection. 
 
For drivers, it is compulsory to stop and give priority to vehicles in the roundabout. To remind 
the driver about this, there are stop signs placed in all the roads when entering the roundabout 
and an information sign in avenida Trabalhador Sancarlense is placed 50 meters before the 
intersection. One line of reflectors is placed 40 meters before the roundabout in avenida 
Trabalhador Sancarlense (east direction).  

5.3.1 Geometry 
The geometrical design of the intersection reminds of a roundabout, but since there is no 
deflection in avenida Trabalhador Sancarlense when crossing the intersection, it is more like 
an elliptic or square intersection than a roundabout. Roads are wide, particularly in the 
roundabout were the width varies between 11 and 12 meters. The dimensions of the 
roundabout are shown in appendix 6. Avenida Trabalhador Sancarlense lies on a lower level 
than the surroundings and therefore rua Aldino del Nero and the roads to/from USP have a 
light down slope towards avenida Trabalhador Sancarlense. 

5.3.2 Speed 
In avenida Trabalhador Sancarlense, the speed limit is 60 km/h. Within the university, the 
speed limit is 30 km/h and in rua Aldino del Nero is the speed limit 40 km/h. Speed 
measurements were made at four different locations in the intersection (see appendix 18). 
Two were made 30 meters before the roundabout to verify the speed of the vehicles before the 
roundabout. The other two speed measurements were made in the roundabout and the 
objective was to check if there were any variations from the speed measurements made before 
the roundabout. Figure 5.15 shows where the speed measurements were made. 
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Figure 5.15 Placement of the speed measurements in the 
intersection. 

 
Table 5.3 and 5.4 shows the values for the 90 percentile and average speeds with the average 
standard deviation for the locations shown in figure 5.15. 
 

Table 5.3 Average speeds and 90 percentile for measurements made in locations 
E2 and W2. 
Location Value (km/h) 
E2 average 55.36 ± 1.15 
E2 V90 67.20 
W2 average 62.84 ± 1.02 
W2 V90 78.00 

 
Table 5.4 Average speeds and 90 percentile for measurements made in locations 
E1 and W1. 
Location Value (km/h) 
E1 average 51.47 ± 1.30 
E1 V90 66.00 
W1 average 50.61 ± 1.22 
W1 V90 68.00 

 
Before the intersection speeds are higher than the 60 km/h official speed limit. There is a 
difference of almost seven kilometers per hour between the speed in the east and west 
direction. The reflectors placed before the roundabout in the east direction and the slope 
towards the roundabout in the west direction might be some of the factors causing this 
difference. 
 
Because of the compulsory stop before entering the roundabout, speeds should be lower in the 
roundabout. The speed difference is small when comparing the results from the measures 
made before and in the roundabout.  

5.3.3 Traffic flow 
Traffic was counted two days during the lunch peak hours. Traffic counts are shown in 
appendix 22 and the traffic count’s form in appendix 21. Results are shown in figures 5.16 
and 5.17. Avenida Trabalhador Sancarlense is the road with more traffic, an average 600 
veh/h in each direction. Considering the size of USP, the traffic figures below might seem 
low. This is because only road users passing the roundabout in order access USP were 
counted; those who could access USP without passing the roundabout were not included. 
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The higher movements for pedestrians were at the crossing avenida Trabalhador Sancarlense 
in the west side of the roundabout. Most of the pedestrians were students going to or coming 
from the university. The bicyclist flow was low.  

Figure 5.16 Traffic flow, vehicles per hour in the roundabout. 
 

Figure 5.17 Traffic flow, pedestrians and bicyclists per hour in the roundabout.  
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6 Results of the traffic conflict studies 
Seventy-one hour of conflict studies were carried out in four intersections during the months 
of September and October. Conflict studies are shown in appendices 12-15. Table 6.1 
summarizes the results of the conflict studies. 
 

 Table 6.1 Results from the conflict studies. 

Intersection Leopoldo 
Prado 

Getulio 
Vargas 

Roundabout 
before 

Roundabout 
after 

Observation hours 18 17 18 18 
Total amount of conflicts 25 20 40 20 
Severe conflicts 20 15 26 12 
Severe conflicts/hr 1.11 0.88 1.44 0.66 
Perpendicular severe conflicts 7 3 8 7 
Rear severe conflicts 5 4 2 0 
Frontal severe conflicts 0 2 0 1 
Angular severe conflicts 1 5 10 1 
Severe conflicts with unprotected RU 7 1 6 3 
Conflicts severity level A 1 5 4 0 
Conflicts severity level B 4 4 16 2 
Conflicts severity level C 15 7 6 10 

 
As seen in table 6.1, the total amount of conflicts was higher than twenty in all the 
intersections. The roundabout before the countermeasure had the highest number of conflicts, 
forty. It was also the roundabout before the countermeasure that had the highest number of 
serious conflicts, having a rate of 1.44 serious conflicts per hour. Perpendicular conflicts were 
common in all the intersections. Studying conflicts with unprotected road users, Leopoldo 
Prado had more conflicts, almost 35% of the conflicts involved an unprotected road user. 
Getúlio Vargas had the more serious conflicts, five within severity level A. 
 
For every intersection, the results are presented in three stages; analysis, problem and 
solution. The analysis consist in representing the information obtained from the conflict 
studies in three different diagrams; type of road users involved in the conflict, severity of the 
conflicts, and severity and placement of the conflicts in the intersection.  
 
The type of involved road user’s diagram shows the amount and placement of the conflicts. 
The categories represented are vehicle, bicyclist/motorcyclist and pedestrian. The amount of 
conflicts is represented by red number for serious conflicts and blue number for non serious 
conflicts. 
 
The severity diagram plots the time to point of collision against the conflict speed. Three 
severity levels are used, being A the most severe level. The severity scale used is adapted 
from Towliat (2001) and correspond to severity levels 30 till 25 of the severity scale proposed 
by Svensson (1999). For a better comprehension of the results, conflicts are plotted with their 
severity level in the intersection, making possible to identify where the most serious conflicts 
occurred. 
 
The problems of the intersection are identified from the analysis and observations made in the 
field, and are used as arguments for the solution. 
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6.1 Leopoldo Prado 
This large intersection was studied eighteen hours during one very warm week in November. 
Twenty five conflicts were observed, twenty were serious conflicts. Twenty serious conflicts 
may not seem much when compared with the twenty six serious conflicts in the roundabout, 
but Leopoldo Prado had the highest proportion of serious conflicts among the studied 
intersections, 80% of the observed conflicts. Seven serious conflicts (35%) involved 
unprotected road users. The causes of those conflicts were visual obstruction by a parked car 
(one case), cyclist and vehicles turning without care (two cases) and confusion caused by too 
many movements to observe when crossing the road (four cases). As seen in figure 6.1, most 
of the conflicts occurred in the southeast section of the intersection.  

Figure 6.1 Registered conflicts in the intersection, classified by the type of road user involved in the conflict. 
 
In the southeast section of the intersection, the traffic flows from avenida T. Camargo, Sallum 
and rua Leopoldo Prado meets. It was between those traffic flows that most of the conflict 
occurred. Perpendicular and rear conflicts were common between vehicles. According to 
conflict descriptions, common causes were bad visibility, long waiting times, confusion 
caused by too many movements to observe and driving against the traffic flow.  
 
Part of the road users in the intersection were trucks and buses from local public transport. 
Those large vehicles often blocked the road, reducing visibility when crossing rua Leopoldo 
Prado. 
 
Leopoldo Prado had most conflicts in the lowest severe level, 75% of serious conflicts were in 
severity level C. The average conflict speed was 27 km/h (excluding pedestrians). The low 
average conflict speed agrees with the average speed in the intersection, which is close to 37 
km/h. The effect of speed in the severity of the conflict can be observed in figure 6.2. 
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Figure 6.2 Severity of the conflicts in the intersection. 
 
There was only one conflict within severity level A and it occurred between two motorcycles. 
It was a rear collision conflict and happened when one of the motorcycles stopped to enter 
avenida Grecia from rua Leopoldo Prado. Serious conflicts with unprotected road users were 
all in severity level C. The few conflicts with severity level B occurred between vehicles 
entering avenida Grecia and T. Camargo. Figure 6.3 illustrates were the conflicts occurred 
and the severity level they had. 

Figure 6.3 Registered conflicts in the intersection classified by severity level. 

6.1.1 Problems of the intersection 
The following situations were observed during the conflict studies: 

- Large vehicles (trucks and busses) obstruct the road when crossing rua Leopoldo 
Prado. 

- Illegal maneuvers to access avenida Grecia from rua Leopoldo Prado. 
- Too many movements to observe to when crossing the road caused confusion in the 

road users. 
- Missing stop sign in avenida T. Camargo caused conflicts and confusion regarding 

priority in the intersection. 
- Lack of respect for unprotected road users. 
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The described situations are graphically explained in figure 6.4. The figure shows conflictive 
traffic movements and problematic areas of the intersection. The red areas marked show 
where the conflicts between vehicles occurred, the blue areas show where the conflicts with 
unprotected road users occurred.  

Figure 6.4 Description of the conflictive movements in the intersection 
 

Figure 6.5 shows a vehicle (white pick-up in the center of the picture) driving against the 
traffic flow to enter avenida Grecia from rua Leopoldo Prado.  

 

Figure 6.5 An illegal maneuver in the intersection. 

6.1.2 Solution 
Based on the observations made about the problems in the intersection, the solution should 
have the following characteristics: 

- Improve the geometrical layout of the intersection 
- Better coordinate the traffic flows in the intersection 
- Improve the conditions for the unprotected road users 
 

Improving the geometrical layout of the intersection aims to eliminate confusion and illegal 
maneuvers, and improve visibility. A better coordination of traffic will result in a more 
efficient use of the intersection, reducing waiting times during peak hours. Summarizing, the 
solution should reduce the amount and severity of the conflicts and improve the performance 
of the intersection 
 
Two solutions were analyzed, one of them proposed by Lacon engenharia (Masaferra, 1999) 
and the other proposed by the municipality of São Carlos (Schick, 2001) (see appendix 24).  
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Lacon’s solution dates from 1999 and consists in the implementation of a roundabout. Besides 
making major changes in the intersection and taking a lot of space, the proposed solution did 
not properly address the problems of the intersection.  
 
São Carlos municipality’s proposal dates from 2001 and improves the intersection by 
applying restrictions on the traffic movements, small changes in the geometrical layout and 
using traffic lights to coordinate the traffic flows. The proposal addresses the problems of the 
intersection in a proper way and agrees with the conclusions drawn in this study. 
 
The proposal of the municipality of São Carlos has three major parts; apply restrictions in 
actual traffic movements, modification of the intersections layout and regulation of traffic 
flows using traffic lights (see appendix 23). The restrictions in traffic movements are shown 
in figure 6.6. In the current intersection avenida Sallum and rua Leopoldo Prado (after 
meeting avenida Sallum in the northwest direction) are two way streets. In the proposal 
becomes avenida Sallum one way street until meeting rua Miguel Dahma. Traffic in avenida 
Sallum is rerouted to rua Bernandino de Campo, from there is possible to access rua Leopoldo 
Prado. Rua Leopoldo Prado becomes one way street until meeting avenida Grecia in the 
northwest direction.  
 

Figure 6.6 Solution proposed by Schick (2001) for the intersection, regulation of the traffic 
movements (red arrows represent the direction of the traffic flow). 

 
The layout changes and implementation of traffic light are shown in appendix 20 and 21. 
Physical changes imply marking lanes and zebra crossing, an extra lane for returning vehicles 
from avenida T. Camargo to avenida Grecia and restrictions to accomplish the rerouting. 
 
Positive aspects of this alternative are that it solves the traffic problems without major 
changes in the infrastructure, it does not affect the surrounding area of the intersection and 
coordinates the traffic flows. Negative aspects can be increased traffic in the rerouted routes 
generating higher noise and pollution levels. 
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6.2 Getúlio Vargas 
Seventeen hours of observation during one week were necessary to understand the problems 
and characteristics of the traffic in this intersection. Five percent of the serious conflicts 
involved an unprotected road user. The results are not unusual considering the low flow of 
bicyclists and pedestrians in this intersection. The unprotected road user involved was a 
pedestrian and the cause of conflict was a car u-turning without care. Figure 6.7 shows 
conflicts classified by type of road user involved. 
 

Figure 6.7 Conflicts in the intersection classified by the type of involved road user. 
 
As seen in figure 6.7, the geometrical layout of the intersection has an important roll in the 
generation of conflicts. Eleven of fifteen serious conflicts (73%) occurred in the 40 by 25 
meters opening in the intersection. Vehicle flows in avenida Getúlio Vargas and rua Aquim 
Botelho are more involved in conflicts. The geometrical design of the intersection leads the 
vehicles to meet in the opening, causing confusion about the priority and obstruction of 
avenida Getúlio Vargas. Avenida Getúlio Vargas have a speed limit of 60 km/h, it is not 
convenient for vehicles to stop in order to make a U-turn. It was noticed that the gas station 
caused some vehicles to drive against the traffic flow to enter it. In one situation, this resulted 
in a serious conflict very close to end up as accident.  
 
Speed was a common factor in the serious conflicts, the average conflict speed being 45 km/h. 
If the conflict speed of vehicles driving through in avenida Getúlio Vargas is analysed, 
increases the conflict speed to 55 km/h. The effect of the high speed can be observed in figure 
6.8. 
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Figure 6.8 Severity of the conflicts registered in Getúlio Vargas. 
 
Thirty percent of serious conflicts were classified within severity level A. No other studied 
intersection showed such a high percentage in this level. The five conflicts in level A had 
speeds higher than 55 km/h and all of them involved vehicles in avenida Getúlio Vargas 
making the evasive action. Two of them were caused by U-turning vehicles, one by a vehicle 
driving against the traffic flow to enter the gas station and two by vehicles accessing or 
exiting rua Aquim Botelho. Figure 6.9 shows the placement and severity of conflicts in the 
intersection.  
 
The most serious conflicts occurred when approximating the intersection. The severity level 
decreases in the opening due to the lower speed of involved road users. 
 

Figure 6.9 Registered conflicts in the intersection classified by severity level. 
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6 2.1 Problems of the intersection 
As a summary, the following situations were observed in the intersection: 

- Vehicles in avenida Getúlio Vargas drive through the intersection with speeds higher 
than 60 km/h. 

- Accumulation of vehicles in the opening. U-turning vehicles obstruct the flow in 
avenida Getúlio Vargas. 

- Confusion about the priority in the opening. 
- Vehicles driving against the flow to enter the gas station. 
- Lack of attention of the drivers when turning. 
- Lack of respect for unprotect road users. 

 
The above described situations are graphically explained in figure 6.10. The figure shows 
conflictive traffic movements and problematic areas of the intersection. 
 

Figure 6.10 Description of the conflictive movements in the intersection. 

6.2.2 Solution 
Based on the observations made about the problems in the intersection, the solution should 
have the following characteristics: 

- Reduce the speed in avenida Getúlio Vargas. 
- Improve the geometrical layout of the intersection. 
- Improve the conditions for the unprotected road users. 

 
Reducing the speed in avenida Getúlio Vargas aims decreasing the severity level of the 
conflicts. An improved geometrical layout will result in a better understanding of the 
functioning of the intersection, reducing waiting times and eradicating conflicts caused by 
vehicles driving against the traffic flow to enter the gas station. Conditions for the unprotected 
road users need to be improved in order to encourage the use of the intersection by such 
groups. 
 
From the above characteristics of the solution, two alternatives were studied: 

1. Alternative 0, restriction of the access. 
2. Alternative 1, rearrangement of the traffic. 
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Alternative 0 
This basic solution consists in restricting movements trough the intersection. As seen in figure 
6.10, the opening in avenida Getúlio Vargas is eliminated and by doing this an improvement 
in the geometrical layout is achieved. The purpose of rumble strips is to increase drivers’ 
attention when entering the intersection and to reduce the speed. Improvement of the 
conditions for unprotected road users is achieved by reducing the crossing distance and 
marking zebra crossings in avenida Getulio Vargas. 
 
Negative aspects are vibrations, wearing of vehicles and increased noise levels. In studies 
have been observed that some drivers use the side of road to skip the rumble strips (Svenska 
Kommunförbundet, 1996), this can be dangerous for pedestrians. Another negative side is the 
reduced accessibility for the surrounding area and an eventual migration of the problem to the 
next intersection.  

Figure 6.11 Alternative solution 0, restriction of the access. 
    
Alternative 1 
This solution consists of two parts; rerouting the traffic flows and implementation of 
modifications in the geometrical layout. Traffic is rerouted by making rua Santa Filomena and 
Aquim Botelho one way streets. Vehicles in avenida Getúlio Vargas will have to enter rua 
Santa Filomena for access to rua Aquim Botelho or returning to Av. Getúlio Vargas. The 
physical modification consists in reducing the size of the opening from one large to two small 
openings and reducing the crossing distance for the pedestrians. 
 
The above described measures improve the geometrical layout and performance of the 
intersection; as well improve conditions for unprotected road users. Figure 6.12 shows the 
proposed changes in the intersection. 
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Figure 6.12 Alternative solution 1, rerouting traffic in the intersection. 
 
A small school, church and green area are located in the surroundings, as seen in figure 6.12. 
A speed hump is proposed to reduce speeds close to the school area. The solution can be 
implemented in two different ways, with or without a traffic light. The solution without traffic 
light is called alternative 1A (see appendix 25) and with traffic light is called 1B (see 
appendix 26). Both alternatives are illustrated in appendix 22 and 23.  
 
Since traffic flows in the rua Santa Filomena and Aquim Botelho are small, a negative aspect 
of using a traffic light is the unnecessary interruption of the traffic during low periods  (under 
the assumption that a traffic light with fixed times is to be used). An alternative is to install a 
traffic light with sensors. Solution 1A is an alternative using rumble strips instead of using a 
traffic light. Negative aspects of using rumble strips are increased noise level, vibrations and 
wearing of the vehicles. Noise levels also might increase in the residential areas due to the 
rerouted traffic.  
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6.3 Roundabout USP 
The roundabout was the first intersection studied and the one with the highest number of 
conflicts. Of the forty observed conflicts, twenty six (65%) were serious. The rate of serious 
conflicts per hour was 1.44 and when comparing with other studied intersections (see table 
6.1), Leopoldo Prado is closest with a 22% lower rate. As seen in figure 6.13, most of the 
serious conflicts (almost 85%) occurred in the approximations of avenida Trabalhador 
Sancarlense to the roundabout.  
 

Figure 6.13 Registered conflicts in the intersection classified by type of involved road user. 
 
Six serious conflicts involved unprotected road users; four with cyclists and two with 
pedestrians. The common denominator was lack of respect for unprotected road users and 
difficulties to stop due to speed of the vehicle. Cyclists coming from rua Aldino del Nero 
towards the university did not stop or slow down when entering the roundabout, gaining speed 
and complicating the interaction with other road users.  
 
Perpendicular and angular conflicts were common involving vehicles as road users. Due to 
the geometrical layout of the intersection, most of the angular conflicts occurred in the north 
approximation and perpendicular conflicts in the south approximation of avenida Trabalhador 
Sancarlense. High speed and no respect for the stop were common causes of the conflicts.  
 
In one occasion during conflicts studies, a vehicle driving in the wrong direction in the 
roundabout was observed. No conflicts were generated. During the after study was one 
serious conflict caused by a vehicle driving in the wrong direction in the roundabout. From 
those situations can be speculated if road users can properly use the roundabout. It might be 
one of the explanations to high number of registered conflicts. The situation is illustrated in 
figure 6.14. 
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Figure 6.14 A vehicle driving against the traffic flow in the roundabout. 
 
The severity of the conflicts can be observed in figure 6.15. As seen in figure 6.15, most of 
the serious conflict had severity type B and a few conflicts had severity type A. Of the four 
conflicts in severity level A, two of them involved Cyclists. High speed was the common 
factor in those four conflicts. In severity level B, angular and perpendicular conflicts were 
common. The average conflict speed was close to 44 km/h (excluding pedestrians).  
 

Figure 6.15 Severity of the conflicts registered in the roundabout. 
 
Figure 6.16 illustrates the severity and location of the conflicts. The most serious conflicts 
occurred in the approximations of avenida Trabalhador Sancarlense. Few conflicts occurred in 
the other approximations.  
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Figure 6.16 Registered conflicts in the intersection classified by severity level. 

6.3.1Problems of the intersection 
During the conflict studies were observed the following situations: 

- It was common that vehicles driving in avenida Trabalhador Sancarlense did not 
respect the sign. Vehicles not respecting the stop often had speed higher than 50 km/h 
when entering the intersection. 

- Due to good visibility and the slope, drivers entering the roundabout from rua Aldino 
del Nero often gained considerable speed in the roundabout. This complicated the 
interaction with vehicles coming from the west approach of avenida Trabalhador 
Sancarlense. 

- The movements in the roundabout were not well defined, causing confusion about the 
road users’ destination. 

- Pedestrians and bicyclists were usually not respected, especially bicyclists who were 
forced to stop even when they had the priority. 

 
Figure 6.17 describe conflictive traffic movements and problematic areas of the intersection. 
The problem with unclear movement is illustrated in the figure. For example, a vehicle in the 
west side of the roundabout can make two movements; turn to avenida Trabalhador 
Sancarlense or continue straight forward to USP. The width of the roads is close to 11 meters 
and if the vehicle is in the middle of the road is difficult for the road users in avenida 
Trabalhador Sancarlense to know if the vehicle will continue forward to USP or turn to the 
avenida. The meeting point for the road users will be different if the vehicle inside the 
roundabout will enter USP or will turn to the avenida. A vehicle headed to USP will meet 
other road users in the beginning of the roundabout and with a 90 degrees angle. The vehicle 
turning to the avenida might meet other road users in the middle of the roundabout, almost 30 
meters after the start of the intersection. Unclear movements in the roundabout in combination 
with lack respect for the stop sign deteriorates the interaction between road users. 
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Figure 6.17 Description of the conflictive movements in the intersection. 

6.3.2 Solution 
Based on the observations made about the problems of the intersection, the solution should:  

- Improve the geometry of the roundabout. 
- Reduce the speed in the roundabout. 
- Improve the conditions for unprotected road users. 

 
An improved geometry together with a lower speed will result in a reduction in the amount 
and severity of the conflicts. It is also aimed to eliminate bad interactions resulting from 
unclear movements, high speed or misunderstanding of the function of the roundabout. 
 
Based on the characteristics of the solution, three alternatives were studied: 

- Alternative 1, basic solution. 
- Alternative 2, intermediate solution. 
- Alternative 3, geometrical redesign. 

 
Alternative 1 
This is the most basic of the solution and requires the minimal amount of money for the 
countermeasure. In consist in the implementation of two humps, one in every approximation 
of avenida Trabalhador Sancarlense to the roundabout. The humps are placed fifteen meters 
before the intersection, this to comply with article 12, resolution 39 (1998.02.22) of the 
Brazilian traffic code. For a better efficiency of the countermeasure, an alerting sign should be 
placed before the intersection and the humps properly signalized. Figure 6.18 describes the 
solution 
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Figure 6.18 Alternative 1, the basic solution. 
 
The implementation of speed humps is expected to reduce the speed and increase the attention 
of drivers when entering the roundabout. It is aimed to eliminate conflicts generated by high 
speeds and reduce the severity for other types of conflicts. Lower speeds will improve the 
conditions for the unprotected road users. 
 
According to different studies (Svenska kommunförbundet, 1996), it is possible to reduce 
accidents between 35 and 70% when the hump is properly placed and designed, and the traffic 
flow remains the same. A negative aspect of the solution is that buses, heavy and emergency 
vehicles can be affected by the implementation of humps in the road (Ranatalo et al, 1998). 
Another aspect is that the geometrical layout is not affected by the humps and problems 
caused by unclear movements in the roundabout will thus remain. 
 
Alternative 2 
The intermediate solution, alternative 1 is complemented with the demarcation of lanes in 
avenida Trabalhador Sancarlense and in the roundabout. This is aimed to increase attention 
and give a better orientation for road users in the roundabout. It is expected that conflicts 
caused by unclear movements are reduced or eliminated. The alternative is described in figure 
6.19. 
 

Figure 6.19 Alternative 2, intermediate solution. 
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Alternative 2 combines better orientation with the speed reduction effects of alternative 1. An 
aspect to consider with this alternative is that the lanes should be painted periodically, 
otherwise the wearing off will reduce their visual impact and effectiveness. As well as 
alternative 1, the geometrical layout is not affected with this solution.  
 
Alternative 3 
This is probably the most radical and expensive of the studied solutions. As explained in 
chapter 5.3, the lack of deflection in avenida Trabalhador Sancarlense gives the roundabout an 
elliptical shape instead of a circular one. The aim of this alternative is to induce a deflection in 
avenida Trabalhador Sancarlense and with this eliminate the elliptical characteristic of the 
current roundabout.  
 
An expansion of the actual roundabout is necessary for alternative 3, but the green area in the 
north and the university in the south impose physical restrictions. Light posts are another 
limitation since they are placed closed to the road and moving them surely will be expensive.    
Since roads are wide in the roundabout, it is possible to use part of the road area to expand the 
roundabout.  
 
The expansion is done by increasing the east and west inner sides of the roundabout with four 
meters. The north inner side is increased by 2.5 meters and the south inner side by 6.50 
meters. Light posts in the north side are the reason for the difference between the north and 
south increasing. The outer east and west sides of the roundabout suffer small modifications 
to follow the new alignment. The outer north side do not suffer modifications. Two meters of 
the university’s grass area is used for the expansion of the outer south side. Figure 6.20 
illustrates alternative 3. 
 

Figure 6.20 Alternative 3, Geometrical redesign of the roundabout. The marked 
area denotes the roundabout before the modifications. 

 
As seen in figure 6.20, the redesign gives deflection in avenida Trabalhador Sancarlense. The 
deflection will make the stop more natural and a speed decrease is expected. The lanes are 
marked and the width of the roads modified, from eleven to eight meters. By reducing the 
road widths and marking the lanes is expected to achieve more defined movements and better 
orientation in the roundabout. The conditions of unprotected road users’ are improved by the 
expected speed reduction.  
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6.4 Roundabout USP- after the countermeasure 
During the third week of October, the countermeasure was built in the roundabout. The 
countermeasure chosen was described in alternative 1, using speed bumps instead of speed 
humps. Speed bumps were dimensioned according the Brazilian traffic code and had the 
following sizes: (width of the road) x (3.50m) x (0.09m). Figure 6.21 shows the speed bump 
in the west approximation of avenida Trabalhador Sancarlense. 
 

Figure 6.21 Speed bump in avenida Trabalhador Sancarlense. 
 

According to article 12, resolution 39 (1998.02.22) of the Brazilian traffic code, speed bumps 
must be placed with a minimum distance of 15 m from the beginning of the intersection. 
Respecting restrictions, speed bumps were placed in avenida Trabalhador Sancarlense at 
distance of 14 and 24 m from the roundabout. The placement of the speed bumps is illustrated 
in figure 6.22. 

Figure 6.22 Implemented countermeasures in the roundabout. 
 
As seen in figure 6.22, speed bumps were placed at two different distances from the 
intersection. If the speed bump was placed fifteen meters from the intersection in avenida 
Trabalhador Sancarlense in the west direction, it would have covered the entry road to the 
university. Due to this, the speed bump was placed before the entry road to the university. 
 
Eighteen hours of conflict studies and speed measurements of 200 vehicles were used to 
evaluate the countermeasure. The results from the evaluation are shown in table 6.2 
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Table 6.2 Results from the evaluation of the countermeasure. 

Intersection Roundabout 
before 

Roundabout 
after 

% change 

Observation hours 18 18  
Total amount of conflicts 40 20 -50.0 
Average conflict speed (km/h) 43.96 27.27 -37.9 
Severe conflicts 26 12 -53.8 
Severe conflicts/hr 1.44 0.66 -54.2 
Perpendicular severe conflicts 8 7 -12.5 
Rear severe conflicts 2 0 -100.0  
Frontal severe conflicts 0 1  100.0 
Angular severe conflicts 10 1 -90.0 
Severe conflicts with unprotected RU 6 3 -50.0 
Conflicts severity level A 4 0 -100.0 
Conflicts severity level B 16 2 -87.5 
Conflicts severity level C 6 10 66.5 

 
As seen in table 6.2, the implementation of speed bumps improved the safety in the 
roundabout, reducing the speeds and severity level of the conflicts. 

6.4.1 Speed 
Due to the implementation of the countermeasures were speeds measured only in the 
roundabout (see appendix 19).  Table 6.3 shows the values for the 90 percentile and average 
speed with a 95% confidence interval for the roundabout after the implementation of 
countermeasures. Locations E1 and W1 are the same shown in figure 5.12. 
 

Table 6.3 90-percentile and average speeds and with 95% confidence 
interval for the speed measurements made in the roundabout after the 
implementation of countermeasures. 

Location Value (km/h) 
E1 average 32.43 ± 1.18 
E1 V90 39.20 
W1 average 32.46 ± 0.85 
W1 V90 38.20 

 
The effect of the speed bumps on the speed is evident when the results of table 6.3 are 
compared with table 5.4. The average speed in E1 is reduced from 51.47 km/h to 32.43 km/h, 
and in W1 is reduced from 50.61 km/h to 32.46 km/h. The highest 90 percentile was register 
in E1 and it means that 90% of the vehicles have speeds inferior to 38.20 km/h. The highest 
percentile in the roundabout before the countermeasure was 68.00 km/h in W1. 
  
As a summary, the average speeds were reduced by 36% and the 90 percentiles were reduced 
by 42% after the implementation of speed bumps in avenida Trabalhador Sancarlense. This 
speed reduction is more clear when the accumulative speed distributions before and after the 
implementation of the countermeasure are compared, as seen in figures 6.23 and 6.24. 
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Figure 6.23 Accumulative speed distributions in location E1 before and after the implementation 
of the countermeasure. 
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Figure 6.24 Accumulative speed distributions in location W1 before and after the 
implementation of the countermeasure 

 
As seen in figures 6.23 and 6.24, the distribution after the implementation of the roundabout 
is displaced to the left and has a steeper slope. The left displacement of the figures indicates 
lower speeds and the steep slope that speeds are normal distributed between 15 and 45 km/h. 

6.4.2 Conflicts 
The implementation of speed bumps had a positive effect in the roundabout, reducing the 
amount and severity of the conflicts. During the eighteen hours of observation 20 conflicts 
were registered, being 12 of them serious conflicts (see table 6.2). The total amount of serious 
conflicts was reduced by almost 54% and this can be seen comparing the severe conflicts per 
hour; from 1.44 before to 0.66 after the countermeasure.  
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Angular conflicts were reduced with 90% and conflicts involving unprotected road users were 
reduced by 50%. Figures 6.25 and 6.26 show the conflicts before and after the 
countermeasure, classified by type of conflict 

Figure 6.25 Register conflicts in the roundabout before the implementation of 
countermeasures, classified by type of conflict. 

 

Figure 6.26 Registered conflicts in the roundabout after the implementation of 
countermeasures, classified by type of conflict. 

 
As seen in Figures 6.25 and 6.26, no conflicts were registered in the west approximation of 
avenida Trabalhador Sancarlense. The east approximation had most of the conflicts, 11 of 12 
serious conflicts occurred there. Comparing only the east approximation before and after the 
countermeasures, 13 serious conflicts were observed before and 11 after. Perpendicular 
conflicts occurred mostly in the east approximation and there were also small variation in the 
amount, from 8 conflicts before to 7 conflicts after. The small variations can be interpreted as 
the countermeasure did not have a pronounced effect in reducing the amount of conflicts in 
the east approximation.  
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Analyzing the effect of the countermeasure in the severity of the conflict (see table 6.2), 
conflicts in the severity level A were eliminated, in severity level B reduced 87.5% and in 
severity level C increased by 66.5%. The decrease in the severity level is a clear effect of the 
lower speeds in the roundabout. Figure 6.27 shows the displacement in the severity level of 
the conflicts 

Figure 6.27 Severity of the conflicts in the roundabout. 
 
Figure 6.28 and 6.29 show the severity of the conflicts in the roundabout classified by the 
severity level. 

Figure 6.28 Registered conflicts in the roundabout after the implementation of 
countermeasures, classified by severity of the conflict. 
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Figure 6.29 Registered conflicts in the roundabout before the implementation of 
countermeasures, classified by severity of the conflict. 
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7 Discussion and conclusion  

7.1 Discussion 
Lack of resources when evaluating traffic safety has been a central issue in this study. This 
work shows that the Swedish traffic conflict technique can be used to evaluate traffic safety in 
developing countries. However, lack of resources affects the quality of the study in different 
ways. 
 
Training the observers could have been enhanced by using video recordings from the 
intersections. Video recordings give the observer opportunity to review if his/her own 
assessment is correct. Because of the lack of video camera the reliability of the observers was 
not tested in an objective and systematic way.  
 
Distances in the intersection were measured using steps. Steps are used to give an 
approximate description of the distances and size of the intersection. Because the proposed 
solutions are given on a functional level, it was not important to have high precision in the 
measurement. 
 
Interviews of road users are a valuable source of information. Due to lack of human resources 
and time, it was not possible to interview road users in a systematic way in the study 
locations. However, informal conversations took place with residents and some pedestrians, 
helping to see the traffic safety problems from their point of view. This was especially useful 
when analyzing the problems of the intersection. 
 
Traffic flows were counted only by one person. As a result of the complexity of the activity, 
traffic counts were limited to a couple of hours and the possibility exists that the observer 
missed or misplaced some of the vehicles in the counting. Counts were aimed not to describe 
exactly the traffic flows, but to give an idea of how are the traffic movements in the 
intersection. 
 
Access to speed radar was not possible in three of four intersections. Speeds were evaluated 
measuring the travel time over a known distance. This activity was exposed to error because it 
was difficult to start or stop the watch exactly in the moment the vehicle was entering or 
exiting the area. 
 
Traffic conflicts studies are an activity that demands a lot of concentration. External factors 
such as high temperatures, pollution, noise and rain affect the concentration and therefore the 
evaluation of conflicts by the observer. Due to the circumstances it is not possible to give a 
highly accurate description of the traffic safety. 
 
During the field work, problems with the detection and severity of conflicts involving 
pedestrians as the main road user were observed. The detection of serious conflicts was 
difficult when the vehicle had a speed higher than 50 km/h and it was not close in time or 
space to the pedestrian. Another aspect is that pedestrians have the ability to stop suddenly 
(Shbeeb, 2000), giving the impression that the stop is planned and therefore putting the 
observer in doubts about the severity of the encounter. Comparing results from the analysis 
with field observations, it was noticed that a good proportion of conflicts with pedestrians as 
main road users were classified as non serious conflicts. Conflicts were almost under the 
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threshold for serious conflicts. In analysis, conflicts with pedestrians appeared to be less 
serious than in reality. 
  
An interesting aspect to discuss is the peculiar distribution of the conflicts. According to 
Hydén (1987), the conflicts have a pyramidal distribution in which serious conflicts are at top 
and non serious conflicts in the lower levels. This means that in the field observations the 
amount of non severe conflicts should be at least as much as the severe conflicts. It can be 
observed in table 6.1 that there is more severe than non severe conflicts in the observations. 
The subjective factor of the technique (the observer) may have an important roll in this 
behavior. It is difficult to detect conflicts that are not close to limit. This is because the 
distances to the point of collision are to great or the speed low to properly detect and classify 
the situation as a conflict. Since only serious conflicts are used in the analysis, there is a 
tendency to overlook those conflicts which are far away from the threshold. The actual 
conflict distribution do not affect the analysis or results, but it may give an erroneous 
impression of the traffic safety in the intersection. 
 
An alternative to improve the analysis and interpretation of conflicts could be to add a 
collision outcome dimension (severity Z) in the analysis of the conflicts. This is done by 
having an extra axis in the TA-conflicting speed diagram. The enhanced graph is shown in 
figure 7.1. 
 

 
Figure 7.1 Enhanced graph for the analysis of conflicts.  

 
Severity Z will depend of the speed, type of collision and type of road user involved in the 
conflict. For example, a serious conflict between two vehicles with low speed and with an 
angular collision will have a lower severity Z than a conflict involving two vehicles at high 
speeds or a pedestrian in the conflict. The analysis is to be done only for serious conflicts and 
non serious conflicts very close to the threshold. The enhanced graph will give a better 
description of the seriousness and consequences of the conflicts. 
 
Despite the above described limitations, it is believed that the Swedish traffic conflict 
technique have a great potential as traffic assessment tool in developing countries. One of the 
great advantages of the Swedish traffic conflict technique is that it is easy to use, does not 
require much equipment (as demonstrated during this study) and uses local resources 
(observers) to perform the study. The results are accurate to detect and describe traffic safety 
problems and give good grounds for formulating countermeasures or traffic safety strategies. 
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It is hoped that the methodology presented in this traffic safety study will be used as model or 
source of inspiration for future traffic safety studies in Brazil or other countries. 

7.2 Conclusions 
The study shows that the Swedish traffic conflict technique can be used in developing 
countries to perform traffic safety studies even when there are few resources available. The 
proposed methodology gives a detailed description, identifies the traffic problems in the study 
location and gives firm grounds for planning effective countermeasures and strategies.   
 
A disadvantage of having few resources when working traffic safety is that the quality of the 
training of the observers may be affected. The reliability of the study might be affected as a 
consequence. The methodology can be used with a minimal amount of resources (as shown 
through the study). Since traffic conflicts studies and traffic counts are arduous activities, it is 
recommended to use more observers than the minimum.   
 
Some problems were detected when using the technique to evaluate conflicts involving 
pedestrians as main road users. Detection of the conflict, proper evaluation and 
underestimation of the severity of the conflict in the analysis were identified as problems. It 
was also noticed that observers have a tendency to register more severe conflicts than non 
serious conflicts. This tendency does not affect the results, but it may give an erroneous 
impression of the intersection. 
 
The analysis and interpretation of the severity of the conflicts might be improved by adding a 
severity axis in TA-conflicting speed diagram. This will give a better description of the 
seriousness and consequences of the conflicts. 
 
The studied intersections had the common characteristic of being large and complex. The 
nature of the traffic safety problem was different in every intersection, but some common 
factors were identified. The geometrical design of the intersection, signalization and speed has 
a clear influence over the amount and severity of the conflicts. 
 
The implementation of speed bumps in the roundabout USP decreased the speed in almost 
38% and therefore the severity of the conflicts. The total amount of serious conflicts was 
reduced by 85%. Studying the distribution in the three severity levels, conflicts in severity 
level A were eliminated, reduced by 87.5% in severity level B and increased by 66.5% in 
severity level C. The improvements show that right hypotheses were used for planning the 
countermeasures. 

7.3 Further work and recommendations 
If countermeasures are implemented in intersections Getúlio Vargas and Leopoldo Prado, it is 
recommended to make an evaluation of the intersection after the countermeasures.  
 
The evaluation made in the roundabout after the implementation of the bumps covers only the 
short term effects of the countermeasure. It will be very interesting if the medium and long 
terms effects of the countermeasure are studied. 
 
Due to lack of time and resources was not possible to make road users’ interviews in this 
study. This work can be complemented with interviews of road users. Road users’ interviews 
will give valuable information when analyzing the safety and security of the intersection.
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Aim 
 
The aim of this paper is to complement the general course material in the Swedish traffic 
conflicts technique with a more comprehensive description of the traffic safety work. This 
paper focuses mostly on the problems of using accidents counts alone to evaluate traffic 
engineering measures and then in the applicability and limitations of the Swedish traffic 
conflict technique. 
 

1 Introduction 
 
Traffic accidents around the world kill half a million people and make close to 15 millions 
people injured every year. The society’s cost for the loss of human (mostly) and material 
resources is estimated to be at least 20 billions USD. (The Brazilian Ministry of Transport, 
2001) A significant part of those accidents occurs in developing countries. 
 
Close to 110.000 accidents occurred in Brazil Last year, causing 6.500 deaths and injuring 
350.000 people. The society’s lost in terms of human and material resources are estimated to 
four billions USD (The Brazilian Ministry of Transport, 2001).  
 
The traffic safety problem have different dimensions (Linderholm, 1992): 
1. The top level. It comprehends the structure of the society. 
2. The low level. It comprehends the design of the traffic system. 
3. The detailed level. It is how the road users use the system and perform in it. 
 
We, as traffic engineers, work most of the time in the detailed system. It is easier to improve 
conditions at a particular intersection than changing the design of the road system in the area 
or structure of the society regarding needs of transportation. However, the true source of the 
problem may originate from the other levels, the low and the top level. 
 
Traffic engineers have done most studies in traffic safety relying on accidents statistics to 
address a range of safety-related problems, such as identification of dangerous places (black 
spots), evaluation of safety programs or correction of irresponsible driver behavior. Since 
accident occurrence is likened to a symptom of some undesirable problems in the traffic 
system, it is reasonable to assume that the answer to such problems can be obtained by 
studying the symptoms, for example, the frequency of accident occurrence. While accident 
data can be very useful in many situations, for example, in public education campaigns to 
highlight driving risks, there are nonetheless several limitations in their use. (Chin et al, 1997) 
 

2 Limitations when evaluating traffic safety using accidents 
alone 
 
The traditional definition of safety had meant fewer accidents or less severe consequences. 
Accidents have been used in order to evaluate it. However, in most of the cases, the 
occurrence of an accident may not be attributed to a single cause (Chin et al, 1997). An 
accident is the outcome of a complex interaction of the driver, his vehicle and the road 



Appendix 3   

 

environment. Because of this, it can be difficult to determine the main causes of the accidents 
by using traffic counts alone. 
 
The major problems of using accidents as a measure to evalute traffic safety are the following: 
 

� Not all accidents are reported. The traditional source of information for accident 
statistics had been the police, but other valuable sources of information are hospitals 
and insurance companies. The police may have a fairly good register of accidents with 
fatal outcome, but the less severe accidents are not allways reported to the police. An 
study done in Sweden by Thulin (1987) established a ratio between the police reported 
accidents and the total amount of accidents including data from hospitals and 
insurance companies. Almost 73% of the accidents involving two cars and 65% of the 
accidents involving a car and a pedestrian or bicyclist were reported the police. In 
Brazil, the relation between the reported and non-reported accidents to the police 
might be lower. 

� Quality of the information. Descriptions of accidents made by the police are based 
on reconstructions after the accident. The reconstruction is made by interviewing 
persons involved in the accident and then the police formulates hypothesis about 
possible causes. Due to an accident is a traumatic experience; it’s reasonable to 
assume that the involved persons might fall into a chock and this can affect the 
impressions of the accident (Hydén et al, 1989).  Accident descriptions made by the 
police can give an idea of the possible causes of the accident, but the information may 
not be good enough to determine the true cause of the accident. This can be a serious 
limitation for the formulation of traffic safety strategies and measures. 

� Regression to the mean.  Accidents are rare events that have a random variation over 
the time. This variation is more evident (strong) when using short periods (less than 3 
years) of accident data. Regression to the mean is a known effect of this variation. A 
randomly great number of accidents during a period will normally be followed by a 
smaller number in the next period of the same length. A risk reduction of 30-40% can 
be expected without taking any actions or with implementing an inefficient measure. 
(Linderholm, 1992). The regression to the mean is strongest when the selection of the 
places for treatment has been taken because of they have had many accidents during 
the last years (Linderholm, 1992). To reduce the influence of the regression to the 
mean effect is necessary to use large amounts of data from a relative long period of 
time. This is a serious limitation when accidents are used to evaluate a traffic safety 
measure. A valid evaluation using accidents is a process that can take a couple of 
years. A problem of taking data over a long period of time is that many of the 
important factors may have changed and this can influence the results (Linderholm, 
1992). 

� Ethics. A critical objection to using accidents for safety evaluation and improvements 
is that it requires a large number of accidents to make a proper evaluation (Chin et al, 
1997). More than a couple of years of accident data are needed to know if the 
implemented measure is the right one. People will get injured or die while validating 
the solution. 

 
When formulating traffic safety strategies or measures is important to consider the following 
aspects: 
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� Every place has it’s own characteristics (vissibility, traffic volumes, topography, road 
users, driving traditions…) that make the place unique. Due to that, a solution that 
worked well in a location may not have the same effect at another location. 

� Accident migration. This phenomena occurs when a measure is implemented at the 
intersection and the amount of conflicts or accidents decreases. But the reason of the 
reduction is that the problem (along with his consequences, i.e. accidents) migrates to 
other place. 

� Risk compensation (theory of homeostasis). Wilde (1985) formulated a theory in he 
predicts that the attempt to increase the traffic safety by improvments of the vehicle, 
road or even road competence are likely to fail. He states that almost  any 
improvement will in fact compensated by faster or less cautious driving. (Drasckoczy 
et al, 1989) 

3 The Swedish traffic conflict technique 
The Swedish traffic conflict technique is a powerful tool to study or evaluate the traffic safety. 
It uses conflicts instead of accidents as a measure of the traffic safety.  
 
Serious conflicts are in the same way as traffic accidents, the result of a breakdown in the 
interaction between the road-user, the environment and his vehicle. A serious conflict has the 
characteristic that no one voluntary gets involved in such situation. 
 
The basic hypothesis is that exists a close relationship between conflicts and accidents. The 
interaction between road-users can be described as a chain of safety related events. Those 
events can be illustrated with a pyramid, in which accidents are found at the top (very rare 
events) and safe passages at the bottom. The different levels in the pyramid can be seen as a 
severity scale. In the Swedish TCT, this severity scale is accomplished by applying the 
TA/Speed dimension, which presupposes a collision course. The severity scale in the Swedish 
TCT implies that the probability of a police reported injury accident is constant and increases 
towards the top of the pyramid. (Svensson, 1999) 

Practical applications 
Using the Swedish traffic conflict technique, traffic safety can be measured in the following 
forms: 
 

� If there is access to accident statistics, it is possible to estimate the accident frequency 
and this can be used as a measure of the safety. 

� If there is no access to accident statistics, the traffic safety can be measured in two 
different ways: 

1. Risk estimates: the total amount of conflicts is divided by the relevant 
exposure of the opportunity (i.e. vehicle flow). 

2. Expressing the relation between conflicts and the observation period (conflicts 
per hour of observation). 

 
Some examples of practical applications of the Swedish traffic conflict technique in studies 
are: 
 

� Compare traffic safety (for example conflicts) between different types of intersections. 
� Compare traffic safety between intersections with similar conditions at different 

locations. 
� Before and after studies, analyze the effects of countermeasures. 
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� Analyze conflicts between specific traffic groups, for example: pedestrian/car, 
bicyclist/car, car/car, car/bus. 

� Analyze different kinds of conflicts in a traffic group. 
� Analyze the traffic safety at specific road sections and give suggestions for 

improvement (based on the analysis). 
 
The following are examples of results obtained using the Swedish traffic conflict technique in 
Sweden (Hydén et al, 1989): 
 

� The two directional bicycle paths on one side of the road cause a very high accident 
risk at the intersections for those bicyclists who travel in the ‘wrong’ direction. 

� High-speed intersections are approximately three times more dangerous for bicyclists 
than low-speed intersections. 

� The incoming left turning vehicles consist the major source of risk for straight forward 
bikers. 

� The zebra ought to be installed less than two meters or more than ten meters away 
from the intersection; this produces a pedestrian risk of about half the one on a zebra 
with a distance of 2-10 meters from the intersection. 

� The pedestrian risk for accidents is approximately twice as big at high speed 
intersections as at low speed intersections. 

� When crossing distance is doubled, pedestrian risk is also doubled. 
 
The Swedish traffic conflict technique has been used extensively in Scandinavia and other 
European countries. The technique have been introduced and traffic safety studies performed 
in Uganda, Tanzania, South Africa, Thailand, Sri Lanka, Jordan, Turkey, Costa Rica, Jamaica, 
Brazil and Bolivia (Almqvist, 2001). 
 
The technique also can be used to evaluate in large scale the traffic safety in urban areas. An 
example of this if the doctoral thesis of Towliat (2001). He evaluated the effects of traffic 
safety measures for safer pedestrian and cycle crossing on arterial roads. The evaluation was 
done using traffic conflicts in combination with other tools, such as behavioral studies, 
interviews and speed measurements. When the traffic conflicts are combined with other tool 
i.e. behavioral studies, is possible to obtain a fairly detail description (evaluation) of the traffic 
situation.  

Restrictions and comments 
Pedestrian conflicts 
According to Shbeeb (2000) there is a tendency in the Swedish traffic conflict technique to 
treat the vehicle as the relevant road user, even if the vehicle is not making the evasive action. 
When the pedestrian is the road user taking the evasive action, most of the situations seems to 
be less severe than they are.  
 
The underestimation of serious conflicts with pedestrians taking the evasive action is even 
more evident when the technique is applied in developing countries, where a higher amount of 
serious conflicts occur. 
 
Shbeeb (2000) points out several causes to this phenomenon. It is obvious when a vehicle 
brakes, but if a pedestrian is walking and stops it might appear as part of a previous planned 
course of action. The detection of the evasive action of the pedestrian by the observer 
becomes even more difficult when the estimation is needed for a fast vehicle not close to 
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point of collision and a pedestrian at a distance away from the same point. It might be difficult 
for the observer to register the trajectory of both road users to the potential point of collision.  
 
A characteristic of pedestrians is that they can stop instantly, something which is not possible 
for other types of road users. This might confuse the observer and the conflict can be 
classified as non serious, even if it was a serious one. 
 
Subjective observation versus automatic detection 
The use of observers makes the collection of field data easier and cheaper than using 
automatic or semi-automatic systems. But the subjective nature of observers may influence 
the results in the following ways: 
 

� The observer is sensible to weather conditions (rain, wind, temperature, light…). 
Observations performed during bad conditions may not be as accurate as the ones 
performed during good conditions. 

� In places with low traffic volumes, longer periods of time are needed to record serious 
conflicts (due to the stochastic nature of the conflicts). The use of observers in such 
areas makes the technique expensive to use (Shbeeb, 2000). 

� Observers might influence the traffic behavior due to his/her presence (Hydén, 1987). 
� In heavily trafficked intersections, the observer(s) is exposed to many simultaneous 

situations and the possibility exists that not all conflicts are registered because of the 
overflow of information. In such situations, it is recommended to use video 
recordings. 

 
Dynamic nature of the conflicts 
Hydén (1987) showed that similarities existed between serious conflicts and accidents, 
especially in the last phase. According to Shbeeb (2000), the conflict process can be divided 
into three stages; pre-event, event (conflict) and post-event. The Swedish traffic conflict 
technique studies conflicts in the pre-event and event stages. Since the variables used to 
recollect information are limited (speed, distance, type of maneuver), it is not possible to 
explain or capture the whole event, thus missing information during this process (Shbeeb, 
2000). It seems that the inclusion of other dimensions to describe the dynamic mechanism of 
conflicts will be an enhancement to the present Swedish traffic conflict technique. 

Future developments 
The Swedish TCT is developing towards the following areas: 

� The use of automatic video processing to analyze the videos. This can technique will 
help to save resources, simplify the analysis and give more accurate results (Almqvist, 
1989)  

� To extend the observation in the traffic environment in order to include not only the 
exceptional road user behavior, but also the normal user behavior in order to better 
understand the traffic safety process towards accidents (Svensson, 1999) 
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5 5 5 5 DDDDimensions of the Roundabout USPimensions of the Roundabout USPimensions of the Roundabout USPimensions of the Roundabout USP    
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7 Photos intersection Getúlio Vargas 
 

View from rua Aquim Botelho, NE approximation. 

View from rua Aquim Botelho, SW approximation. 

View from avenida Getúlio Vargas, East approximation. 
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View from rua Santa Filomena, NW approximation. 
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8 Photos intersection Leopoldo Prado 
 

View from avenida Grecia to rua Leopoldo Prado. 
 

View from rua Leopoldo Prado, NW approximation. 
 

View from avenida Theodureto Camargo to rua Leopoldo Prado. 
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View from avenida Sallum to rua Leopoldo Prado. Students crossing the intersection at lunch 
time. 
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9 Photos Roundabout USP 

View from USP, West entrance. 

View from USP, East exit. 
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View from avenida Trabalhador Sancarlense, West approximation. 
 

 
View of the roundabout from the observation point. 
 

 
View of the speed bump in the East approximation. 
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10 Observation form for conflict studies 
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11 TA-diagram and table 
 

 
Table with estimated TA-values 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Distance (m) 



   

 

 

12 Conflict studies Getúlio Vargas 

 
 

Date Time Involved Speed Distance TA Seri
ous

Seve
rity Action Type of 

collision
Locat

ion Type of problem

1 2001.10.03 11.48 car/mot 20 5 0,9 1 C Braking ⊥ D Confusion about priority when turning

2 15.40 car/car 65 10 0,6 1 A Braking / 
swerwing

□� B High speed of the vehicle and proximity

3 15.49 car/other 60 30 1,8 1 C Braking ∠ B Turning without care

4 2001.10.04 13.35 car/car 55 40 2,6 0 NS Braking / 
swerwing

□� D Obstruction of the lane when turning

5 13.45 car/car 75 30 1,4 1 A Swerwing �� E Car driving against the flow (to the gas station)
6 16.11 car/car 30 8 1 1 C Braking ∠ E Changing lane without care to turn
7 16.27 ped/car 3 1 2,2 0 NS Braking �� F U turning vehicle and pedestrians

8 17.36 car/car 55 10 0,7 1 A Braking / 
swerwing ∠ C U turning vehicle without care

9 2001.10.09 12.09 car/car 35 5 0,6 1 B Accelarating ∠ E Turning without care

10 17.13 ped/car 5 2 1,4 0 NS Accelarating �� E Crossing the road without care

11 17.18 car/bike 30 3 0,4 1 B Swerwing �� B Turning without care
12 17.23 car/car 60 8 0,5 1 A Swerwing □� E Obstruction of the lane when turning
13 2001.10.10 13.51 car/car 55 25 1,6 1 C Braking ∠ B Turning without care
14 16.00 car/car 5 1 0,7 0 NS Braking ∠ D Overtaking without care

15 16.24 car/car 55 35 2,3 0 NS Braking / 
swerwing ∠ A U turning without care

16 17.01 car/car 10 2 0,7 1 C Braking ⊥ A Confusion about priority when turning
17 17.15 car/car 50 20 1,4 1 B Braking ⊥ B Turning without care

18 17.32 car/car 50 15 1,1 1 B Braking / 
swerwing □� C Obstruction of the lane when turning

19 17.42 mot/car 20 4 0,7 1 C Braking / 
swerwing �� D Confusion about priority when turning and 

obstruction of the trayectories

20 18.08 car/car 60 10 0,6 1 A Braking / 
swerwing □� C Obstruction of the lane when turning



   

 

13 Conflict studies Leopoldo Prado 
 
 
 Date Time Involved Speed Distance TA Serious

Sever
ity Action

Type of 
collision Location Type of problem

1 2001.10.16 11.50 car/car 25 6     0,9 1 C Braking ⊥ 1 Bad visibility + too long waiting time
2 12.50 car/car 40 15     1,4 1 C Braking ⊥ 1 Bad visibility + too long waiting time

3 11.55 ped/car 5 0,5     0,4 1 C Braking �� 3 Visual obstruction due to a parked car

4 2001.10.17 07.51 car/car 30 4     0,5 1 B Braking / 
swerwing □� 2

The car enter Grecia with an ilegal 
maneuver, causing confusion to the 
car behind

5 08.03 car/car 45 10     0,8 1 B Braking / 
swerwing

□� 2
The car tries to enter Grecia with an 
ilegal maneuver, causing confusion to 
the car behind

6 11.47 bike/car 20 3     0,5 1 C Braking / 
swerwing

�� 3 The biker turn without care

7 12.45 car/car 5 0,5     0,4 1 C Swerwing □� 2
The vehicle does an ilegal movement 
in order to access Av. Grecia from 
Leop. Prado south

8 13.27 bike/bus 25 5     0,7 1 C Swerwing �� 3 The bus turns without care

9 16.00 car/car 20 5     0,9 1 C Braking ⊥ 3
Confusion due to the amount of 
movements in order to cross 
Leopoldo Prado

10 17.28 ped/car 5 1     0,7 0 NS Accelarating �� 1 The vehicle don't reduce the speed for 
the pedestrians

11 2001.10.18 11.42 car/truck 15 3     0,7 1 C Braking ∠ 2

The truck coming from Sallum opens 
too much when going into Grecia 
(giving the impression that it was 
going to turn in another way) and 
causing confusion to the vehicle 
behind

12 11.54 ped/car 5 0,5     0,4 1 C Braking �� 4
Lack of attention and confusion due to 
the amount of movements to watch in 
order to cross Leopoldo Prado



   

 

13 12.04 bike/car 15 0,5     0,1 1 C Braking �� 3 The vehicle turns with high speed and 
without indicating

14 12.18 car/car 35 5     0,5 1 B Braking / 
swerwing ⊥ 2

Confusion due to the amount of 
movements in order to cross 
Leopoldo Prado

15 12.28 car/car 15 3     0,7 1 C Braking ⊥ 3 The vehicle don't stop (there isn't a 
stop sign)

16 12.56 bike/car 5 1     0,7 0 NS Braking / 
swerwing

�� 4

The vehicle coming from the gas 
station don't see the biker, prob 
because of the amount of movements 
to watch in order to cross the road

17 13.13 bike/car 15 3     0,7 1 C Braking �� 3
Confusion due to the amount of 
movements to watch in order to cross 
Leopoldo Prado

18 18.09 bus/ped 30 8     1,0 1 C Braking �� 3
Confusion due to the amount of 
movements to watch in order to cross 
Leopoldo Prado

19 2001.10.23 11.54 ped/car 3 0,5     0,6 0 NS Braking �� 3 The vehicle turns with high speed and 
without indicating

20 15.45 mot/mot 55 15     1,0 1 A Braking / 
swerwing

□� 2
High speed of the moto behind and 
ilegal maneuver of the moto coming 
from Sallum

21 16.00 car/car 15 1     0,2 1 B Braking □� 1 The vehicle makes a sudden stop due 
to bad visibility

22 16.15 car/car 15 5     1,2 0 NS Braking ⊥ 1 Bad visibility

23 16.25 ped/car 5 1     0,7 0 NS Braking �� 4
Confusion due to the amount of 
movements to watch in order to cross 
Leopoldo Prado

24 17.25 car/car 20 5     0,9 1 C Braking ⊥ 2 Too long waiting time
25 12.45 car/truck 35 13     1,3 1 C Braking ⊥ 2 The truck block the road

Date Time Involved Speed Distance TA Serious
Sever

ity Action
Type of 
collision Location Type of problem

1 2001 10 16 11 50 / 25 6 0 9 1 C B ki 1 B d i ibilit t l iti ti



   

 

14 Conflicts studies Roundabout USP before the countermeasure 
 
 Date Time Involved Speed Distance TA

Seri
ous

Seve
rity Action

Type of 
collision Location Type of problem

1 2001.09.25 11.53 car/car 25 15 2,16 0 NS Braking ⊥ 1 The vehicle didn't stop at the 
sign

2 11.55 ped/car 5 1 0,72 0 NS Accelerating �� 1 The vehicle didn't stop for the 
pedestrian at the stop sign

3 12.00 mot/car 30 10 1,2 1 C Braking ⊥ 1 The vehicle didn't stop at the 
sign

4 12.54 car/car 35 15 1,543 0 NS Braking ⊥ 1
Confusion at the moment of 
doing the stop. Vehicle 1 
passes

5 bike/car 20 10 1,8 0 NS Braking / 
swerwing

�� 3
Cyclist comes with speed from 
USP, tries to pass but decide 
to stop

6 15.35 car/car 40 15 1,35 1 C Braking / 
accelerating ⊥ 1 The vehicle didn't stop at the 

sign

7 17.17 car/car 65 30 1,662 1 B Braking ∠ 4

The vehicle comes with high 
speed to the intersection and 
brake strongly in order to stop 
for the other vehicle

8 2001.09.26 15.50 car/car 70 40 2,057 1 B Braking ⊥ 5

The vehicle comes with high 
speed to the intersection and 
brake strongly when seeing 
the other vehicle

9 16.58 car/car 40 30 2,7 0 NS Braking ⊥ 1

Car coming from the park with 
speed, brake when seeing the 
other car and then accelerates 
to drive to USP

10 17.11 car/car 40 15 1,35 1 C Braking ⊥ 1

11 17.41 car/car 25 10 1,44 0 NS Braking ⊥ 1 The vehicle didn't stop at the 
sign

12 17.43 car/car 25 12 1,728 0 NS Braking ∠ 4 The vehicle don't respect the 
stop sign

13 2001.09.27 07.48 car/car 25 12 1,728 0 NS Braking ⊥ 1 The vehicle don't respect the 
stop sign



   

 

 

14 08.15 car/car 25 12 1,728 0 NS Braking ⊥ 1 The vehicle don't respect the 
stop sign

15 08.16 car/car 20 8 1,44 0 NS Braking ∠ 4 The vehicle don't respect the 
stop sign

16 08.29 car/car 50 30 2,16 0 NS Braking ⊥ 1 The speed complicates the 
stop

17 11.30 car/bike 35 8 0,823 1 B Braking �� 1 Problem with respecting the 
stop for the bicyclist

18 11.44 car/car 50 20 1,44 1 C Braking ∠ 4 The speed complicates the 
stop

19 12.10 car/car 50 15 1,08 1 B Braking ⊥ 1 The speed complicates the 
stop

20 16.15 mot/car 30 5 0,6 1 B Braking / 
swerwing ∠ 2

See the sketch for more 
details (they are in the same 
direction)

21 16.38 car/car 45 20 1,6 1 C Braking ∠ 4 Respecting the stop sign
22 2001.09.28 08.49 car/car 25 15 2,16 0 NS Braking ∠ 1(2) Respecting the stop sign

23 09.05 car/mot 60 10 0,6 1 A Braking / 
swerwing □� 5

Irregularity in the pavement 
cause the slow down of the 
vehicle, the moto comes with 
high speed and it is forced to 
brake and swer (they are in the 
same direction)

24 15.50 ped/car 5 1 0,72 0 NS Braking �� 5(1) Pedestrian not using the zebra

25 16.24 car/car 60 30 1,8 1 C Braking ∠ 4 Respecting the stop sign
26 2001.10.04 12.05 car/car 35 15 1,543 0 NS Braking ⊥ 1 Respecting the stop sign
27 12.15 car/car 40 10 0,9 1 B Braking ∠ 4 Respecting the stop sign

28 12.25 car/car 70 30 1,543 1 B Braking ∠ 4 Respecting the stop sign, high 
speed

29 13.15 car/car 35 6 0,617 1 B Braking ⊥ 1 The vehicle didn't stop at the 
sign

30 13.25 car/bike 50 8 0,576 1 A Braking �� 1 The speed complicates the 
stop

31 13.30 car/bike 45 4 0,32 1 A Braking �� 1 Problem with respecting the 
stop for the bicyclist

32 13.40 car/car 60 10 0,6 1 A Braking ∠ 4 Respecting the stop sign, high 
speed

Date Time Involved Speed Distance TA
Seri
ous

Seve
rity Action

Type of 
collision Location Type of problem



   

 

 

33 2001.10.05 12.10 ped/mot 5 0,5 0,36 1 B Accelerating �� 5 Respecting the stop for the 
pedestrian

34 12.15 ped/car 5 0,5 0,36 1 B Accelerating �� 4 Respecting the stop for the 
pedestrian

35 11.50 car/car 45 12 0,96 1 B Braking □� 1

Car is forced to brake in order 
to avoid a back collision with 
the car in front (who is braking 
at the stop sign for another 
car)

36 12.47 car/mot 20 0,5 0,09 1 B Braking ⊥ 1
Respecting the stop sign, 
confusion at the moment of 
doing the stop

37 13.03 car/car 30 5 0,6 1 B Braking ⊥ 1 Respecting the stop sign

38 13.10 car/car 40 7 0,63 1 B Swerwing ∠ 4 The vehicle didn't stop at the 
sign

39 13.18 car/car 30 6 0,72 1 B Braking ∠ 4
Respecting the stop sign, 
confusion at the moment of 
doing the stop

40 13.26 bike/car 15 2 0,48 1 B Swerwing / 
accelerating

�� 1 The bicycle didnt respect the 
stop

Date Time Involved Speed Distance TA
Seri
ous

Seve
rity Action

Type of 
collision Location Type of problem



   

 

15 Conflict studies Roundabout USP after the countermeasure 
 

 
 
 
 

Date Time Involved Speed Distance TA Serious
Sever

ity Action
Type of 
collision Location Type of problem

1 2001.10.25 13.35 car/car 5 0,5 0,4 1 C Braking ⊥ 1 Problem with respecting the stop

2 16.00 car/car 25 7 1 1 C Braking ⊥ 1
Vehicle from rua Aldino comes with speed and  
complicates the stop for the other vehicle

3 2001.11.05 16.29 mot/car 25 5 0,7 1 C Braking ⊥ 1 Problem with respecting the stop

4 2001.11.06 11.45 ped/car 5 0,8 0,6 1 C Braking �� 1
The pedestrian assume that the car is going to 
stop, but the car wait until the last moment

5 12.10 car/car 20 5 0,9 1 C Braking �� X The car drives in the wrong direction

6 12.52 ped/car 5 1 0,7 0 NS Braking �� 1

Um carro se detiene para dar la pasada al 
pedestre, mientras que el carro em el outro carril 
no lo hace, obligando al pedestre a correr

7 12.54 car/car 30 10 1,2 1 C Braking ⊥ 1 Problem with respecting the stop
8 16.19 ped/car 5 1 0,7 0 NS Braking �� 1 Lack of atention of the pedestrian

9 17.05 car/car 35 8 0,8 1 B Braking ⊥ 1 Problem with respecting the stop
10 17.35 mot/car 45 30 2,4 0 NS Braking ⊥ 3 Speed of the moto

11 2001.11.07 13.10 car/mot 35 10 1 1 B Braking ∠ 2

Problem with respecting the stop and the moto 
turns in the roundabout in a confusiong way 
(giving another impression of the destination)

12 13.16 ped/car 5 1 0,7 0 NS Braking �� 5
Turning vehicle obstructs the visibility of/for the 
pedestrians

13 16.25 car/bike 30 7 0,8 1 C Braking �� 1 The vehicle didn't respect the stop

14 16.39 car/ped 35 20 2,1 0 NS Braking �� USP Lack of atention from the pedestrian

15 17.25 car/car 45 22 1,8 1 C Braking ⊥ 1
Vehicle from rua Aldino comes with speed and  
don't respect the stop



   

 

 
 

16 2001.11.08 16.10 ped/car 5 1 0,7 0 NS Braking �� 5 Lack of atention from the pedestrian

17 16.55 ped/car 5 1 0,7 0 NS Braking �� 5 Lack of atention from the pedestrian

18 17.20 bike/car 25 8 1,2 1 C Braking �� 1 The biker with speed and without care

19 2001.11.09 16.10 bus/moto 25 8 1,2 1 C Braking ⊥ 1 The vehicle didn't respect the stop
20 16.20 car/car 18 6 1,2 0 NS Braking ⊥ 1 The vehicle didn't respect the stop

Date Time Involved Speed Distance TA Serious
Sever

ity Action
Type of 
collision Location Type of problem
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16 Measured speeds in Getúlio Vargas

87 60 89 62
87 59 87 62 E1 W1
82 59 87 61 90 percentil 75,7 76
82 58 86 61 Average 59,29 62,42
81 58 80 61 STD 12,47 11,23
81 57 79 61 STDavg 1,25 1,12
81 57 79 61
79 56 77 60
77 55 76 60
77 55 76 60
76 54 76 60
75 54 76 60
75 54 75 58
74 54 75 58
73 54 75 57
72 53 74 57
72 52 73 57
71 51 73 56
71 51 73 56
70 50 73 56
70 50 72 56
70 49 71 54
70 49 70 54
70 48 70 54
70 48 70 54
68 48 70 54
67 48 70 54
67 47 70 54
66 47 69 53
66 46 69 53
66 46 69 52
65 45 68 52
65 45 68 52
65 45 68 51
65 45 68 51
64 45 68 51
64 44 68 50
64 43 67 50
64 43 67 50
64 42 67 49
63 42 66 49
62 42 66 48
62 42 65 47
62 42 65 47
61 39 65 45
61 38 64 42
61 37 64 41
61 35 64 40
61 33 64 34
60 65 63 31
60 63
60 63
60 63
60 63

E1  W1
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17 Measured speeds in Leopoldo Prado 

 
 

16 35 15 38
17 35 19 41
19 36 20 41 SE NW
23 37 20 41 90 percentil 48,1 47,7
24 37 22 41 Average 36,87 36,77381
24 37 22 41 STD 9,23 8,51
24 38 24 41 STDavg 0,92 0,93
24 38 26 41
25 38 27 41
26 38 27 42
26 38 27 42
27 39 27 42
27 39 28 42
28 39 28 43
28 39 29 44
28 39 29 45
28 40 29 45
29 41 30 45
29 41 30 46
29 41 30 46
29 41 31 46
29 42 31 47
30 42 31 47
30 43 31 47
31 43 31 47
31 43 32 47
32 44 32 48
32 44 32 48
32 44 32 51
32 44 33 52
32 44 33 52
32 45 33 54
32 45 33 55
32 46 34 55
32 46 34 58
32 46 34
33 46 34
33 46 34
33 46 35
33 48 35
33 48 35
33 49 35
33 50 35
34 52 35
34 54 36
34 56 36
35 57 36
35 57 37
35 57 38

SE NW
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18 Measured speeds in the Roundabout USP before  

91 60 85 53
90 60 85 53 W2 E2
87 60 82 53 90 percentil 78 67,2
85 60 76 53 Average 62,82 55,36
83 60 74 52 STD 11,51 10,09
82 60 73 52 STDavg 1,15 1,02
82 59 72 52
81 59 72 51
81 59 70 51
81 59 68 51
78 58 67 51
76 58 66 50
76 58 66 50
75 57 64 50
74 57 63 50
74 57 63 50
73 55 63 49
73 55 63 49
70 55 63 49
70 55 62 48
70 55 62 48
70 55 62 48
70 54 61 48
70 54 60 47
69 54 60 47
69 53 59 47
69 53 59 47
68 53 59 47
68 53 59 47
68 53 58 47
67 52 58 47
67 51 58 46
67 51 58 46
67 51 57 45
66 51 57 43
66 51 57 42
65 50 57 42
65 50 57 42
65 50 56 41
64 49 56 41
64 49 55 40
64 47 55 40
64 47 55 39
64 46 55 38
64 45 55 37
62 40 55 32
62 38 54
62 25 54
61 54
61 54
61 54
60 54
60 53

W2 E2
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79 51 75 53
79 51 73 53 W1 E1
75 51 70 52 90 percentil 68 66
73 51 70 52 Average 50,61 51,47
71 50 69 52 STD 13,64 12,80
71 50 68 51 STDavg 1,30 1,22
70 49 68 51
70 48 67 50
69 48 67 49
69 47 66 48
69 47 66 48
68 45 65 47
68 45 65 47
67 45 64 47
67 45 64 47
67 44 64 45
65 43 64 45
64 42 63 44
64 42 63 44
63 42 63 43
62 41 63 43
62 40 62 42
62 39 62 41
62 39 62 41
61 39 62 41
60 39 62 40
60 38 62 40
60 38 61 39
60 38 61 39
60 38 61 39
60 37 61 38
59 37 60 38
59 37 60 38
59 37 60 37
59 35 60 37
59 34 59 37
59 34 59 37
58 34 59 36
58 33 59 35
58 33 59 34
58 33 58 34
58 32 58 33
58 32 57 32
56 31 57 32
55 30 57 31
55 30 56 30
55 30 56 30
55 29 56 28
54 29 56 27
54 29 56 27
53 26 54 26
53 26 53 24
52 23 53 23

W1 E1
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19 Speeds in the Roundabout USP after the 
countermeasure  

 
 

43 33 62 31 E1 W1
43 33 49 31 90 percentil 38,2 39,2
42 33 46 31 Average 32,36 32,43
42 33 43 31 STD 4,82 6,03
41 33 42 31 STDavg 0,48 0,61
40 32 40 31
39 32 40 31
39 32 40 30
39 32 40 30
39 32 40 30
38 31 39 30
38 31 39 30
37 31 39 30
37 31 39 29
37 31 39 29
37 31 38 29
37 31 38 29
36 30 38 29
36 30 38 29
36 30 38 29
36 30 37 29
36 30 37 29
36 30 36 29
36 30 36 29
35 30 36 28
35 29 35 28
35 29 35 28
35 29 35 28
35 29 34 28
35 29 34 28
35 28 34 28
34 28 34 28
34 28 34 28
34 28 34 28
34 27 34 28
34 27 34 28
34 27 33 28
34 27 33 27
34 27 33 27
34 27 33 27
34 26 33 27
33 26 33 26
33 25 33 26
33 25 32 25
33 23 32 25
33 23 32 24
33 23 32 24
33 22 32 24
33 22 31 22

19 19

E1 W1
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20 Form for traffic counts, Getúlio Vargas 
 
 

 

P

B

P

P

B

B

P

B

Date:
Time:
Observer:

P

B

P

P

B

B

P

B

P

B

P

P

B

B

P

B

Date:
Time:
Observer:
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21 Form for traffic counts, Roundabout USP 

 

Date:
Time:
Observer:

USP USP

P

B

P

P

B

B

P

B
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22 Traffic counts 
 
Intersection Getúlio Vargas 
 2001.10.02 

Movement 08.15-
08-45 

08.45-
09.15 

11.00-
11.30 

11.30-
12.00 

12.00-
12.30 

12.30-
13.00 

Getúlio Vargas, E 255 246 245 294 310 268 
Getúlio Vargas, W 228 228 250 319 310 211 
Sta Filomena NW 3/0 3/3 3/5 3/0 2/2 4/4 
Sta Filomena SE 2/10 5/8 0/6 2/8 4/13 11/5 
Aquim Botelho NE 16/30 13/36 15/44 11/55 15/56 18/37 
Aquim Botelho SW 10/13 10/16 11/17 8/40 13/60 13/22 
Ped A 4 1 3 4 2 3 
Ped B 4 2 0 3 7 2 
Ped C 4 6 2 8 10 4 
Ped D 3 4 1 7 6 3 
Bike A 0 2 1 0 0 0 
Bike B 0 0 0 0 1 0 
Bike C 4 1 3 2 2 0 
Bike D 0 1 2 4 4 3 
 
Intersection Leopoldo Prado 
 
 
Roundabout USP 
 2001.10.25 2001.01.26 

Movement 11.40-
12.10 

12.10-
12.40 

12.45-
13.15 

13.15-
13.45 

11.30-
12.00 

12.00-
12.30 

12.30-
13.00 

13.00-
13.30 

USP-in 58 48 51 70 16 24 95 81 
USP-out 214 138 29 22 79 86 87 26 
ATSc W 317 208 333 302 303 401 283 196 
ATSc E 391 282 225 268 248 290 318 371 
Aldino del nero-in 23 37 6 9 293 45 42 43 
Aldino del Nero-out 35 37 28 29 36 38 56 86 
Ped A 23 15 8 9 11 12 15 7 
Ped B 30 17 21 15 21 17 22 23 
Ped C 2 8 4 3 6 7 11 10 
Ped D 3 1 1 0 0 2 8 1 
Bike A 3 3 5 1 2 6 3 4 
Bike B 5 1 2 1 2 3 3 3 
Bike C 6 2 6 7 4 4 3 3 
Bike D 5 7 1 1 10 5 14 2 
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23 Traffic light’s phases in intersection Leopoldo 
Prado.  

 

24 Layout changes proposed by Shick (2001) for 
intersection Leopoldo Prado

Phase 1 (long)

Pahse 2 (short)

Phase for pedestrians

Phase 
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25 Solution 1A, intersection Getúlio Vargas 

 
 
 

26 Solution 1B, intersection Getúlio Vargas 
 
 
 
 
 
 

NN

Rumble strips

Reduction of the width of the road

Reduction of the walking
Distance for pedestrians

P

P

PP

PP

NN

Av. Getulio Vargas

Rua Aquim 
Botelho da Fonseca

Pejo Aquim
Cipriano

Rua Sta.
Isabel

Rua Bispo
Dom Gastão

Phase 1 (long)

Av. Getulio Vargas

Rua Aquim 
Botelho da Fonseca

Pejo Aquim
Cipriano

Rua Sta.
Isabel

Phase for pedestrians Rua Sta.
Filomena




