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Abstract

With the fast developing economy, the motorised level is rapidly getting higher, especially in 

Asian countries. As a result of this, urban traffic has become a serious problem that is doing harm 

to our daily life. Bus Rapid Transit (BRT) system, as an effective solution, is being deployed 

worldwide. It combines the advantages of metro, light rail and also of conventional buses. BRT 

has big capacity, good service, and the most outstanding feature, high safety level for all road 

users.

This thesis starts with nowadays traffic problems and points out that Bus Rapid Transit, as a new 

type of public transit, is an effective remedy that can improve urban traffic. Then it introduces Bus 

Rapid Transit system, and its practices from selected countries. Both evaluation and improvement 

are made for better systems in the end of the chapter. The main part focuses on Bus Rapid Transit 

system's safety level in terms of affecting other road users. Various systems with different bus lane 

layouts are discussed and some suggestions are made to improve road safety for different layouts. 

In the last part, the thesis is concluded, and future expectation is left for further researches.

Keyword: urban traffic, Bus Rapid Transit (BRT) system, road safety, safety impact, bus lane 

layout, road users.
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1. Background
Nowadays urban traffic is facing many problems in the fast developing urban economy. Private 

automobiles grow fast and compose the main part of the whole traffic system. However, the rate of 

road construction can not catch up with the growing numbers of automobiles. At the same time, 

public transits are replaced by personally owned automobiles. All these factors lead to a series of 

problems such as more and more air pollution, more road accidents, and congestions everywhere.

1.1 Developing Trend of Private Automobiles

The growth of automobiles has been rapid since the 1970s, especially in developing countries. 

Different types of motor vehicles grew with varied rates, with some types growing much faster than 

others.

As a result of todays fast developing economy and technology, vehicles, especially personal 

vehicles, are getting better and more comfortable. The industry of personal automobiles and motor 

cycles has a strong impact on urban transportation. While the human population has grown with 

almost 200%, the car population has grown with 1,750% since the 1930s. More and more 

passengers would like to travel with their own cars instead of travelling by other public transits, in 

both developing and developed countries. 

Take America for example, the number of automobiles grew much faster since 1945 then the 

population growth, which is shown in figure 1-1. It is not difficult to understand that, the growth of 

automobiles has been increasing very fast in order to catch up with the population growth. 
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Figure 1-1, Population and automobile development trends since 1905 in the USA [1].

Especially in some Asian countries, the increase of personally owned vehicles is much higher and 

growing much faster, than the growth in developed countries.

Figure 1-2 shows how personally owned vehicles developed in China between 1985 and 2007. In 

the 1980s there were only 0.2849 million automobiles that were owned privately, however, until 

2007, the total amount of personally owned vehicles within the whole country reached 28.7622 

millions. And there are still more and more privately owned automobiles getting registered 

annually. 

Figure 1-2, The growth of personally owned automobiles in China from 1985 to 2007 [2].
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1.2 Growing Trends of Buses and Reduction in Public Buses' Ridership

Public transits are shrinking rapidly, especially in terms of public buses, which have been replaced 

by different types of private transits. At the same time, the ridership of public transits is also 

decreasing.

1.2.1 Growing Trends of Buses

While the personally owned motor vehicles/cycles are increasing rapidly, the growth of public 

buses can not show a significant outcome in the whole traffic. Growing speed is almost the same as 

before or even decreasing, which can be caused by daily increasing private ridership and inadequate 

public bus system.

Take Japan for example, it can be understood with the help of figure 1-3 that, the growth of 

passenger cars has been much faster than any other type of motor vehicle, such as buses, trucks and 

two-wheeled motor vehicles. Comparing with passenger cars, the growth of buses were tiny, by 

which it can be deduced that passenger cars have taken a larger part than public buses, in Japan's 

traffic.

Figure 1-3, The trend of automobile ownership in Japan between 1971 and 1994 [3].

Looking at another Asian country, India, figure 1-4 shows a varying trend according to different 

types of automobile. In the 1970s, two wheeled motor vehicles grew fastest and were followed by 
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buses. While during the 1980s, four and three wheeled automobiles exceeded buses and came to the 

second and third place respectively. However, in the 2000s, all types of automobiles grew with a 

much lower rate, and four wheeled automobiles jumped to the first place. Buses grew with a much 

lower rate of 4.7% comparing with the rates of 16.5% in the 1970s, and 13.4% in the 1980s. Private 

transit is growing, while the trend of buses indicates the atrophy of public transit in India.

Figure 1-4, Automobile growths in Delhi, India, between 1971 and 2001 [based on reference 4].
Note: 4 M means four wheeled automobiles

           3 M means three wheeled automobiles
         2 M means two wheeled motorcycles

1.2.2 Reduction in Ridership of Public Buses

At the same time when the growth of buses is decaying, the ridership of public buses is also 

declining sharply since the 1950s. Other public transits such as metro, light rail or heavy rail might 

show a positive trend in ridership, however, when evaluating the general level of public transits, 

public transits could still not exceed private transits.

Looking at todays situation in the USA, a reduction of 11% from public buses' ridership happened 

(a reduction of 15% from rail transits' ridership) in the first 9 months in 2009 comparing with the 

same period in 2008 [5,6,7,8].

If looking back to last century, figure 1-5 and figure 1-6 clearly show that the ridership of public 

buses dropped rapidly since the 1950s in the USA. Figure 1-5 shows the situation in a selected city, 

St. Louis, USA between 1982 and 2006. Private passengers increased steadily while the total 
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number of bus passengers decreased. Light rail appeared 1993, and the ridership of light rail 

increased at a lower rate. 

Figure 1-5, The trends of different types of ridership in St. Louis, USA, from 1982 to 2006 [9].

Figure 1-6 reflects the situation of the whole country. It reveals that before the 1950s, the ridership 

of public buses was increasing significantly and buses were the main travelling mode among all 

types of transits. However, since the 1950s, bus system started to loose passenger and there were 

more and more privately owned automobiles registered. At the same time, the ridership of rail 

transits grew in a much lower pace.

Figure 1-6, Public transit riderships vs private vehicle ridership based on the situation from 1925 
in the USA [1].
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Figure 1-7 shows the trends of private vehicle and bus ridership in the U.K. at the end of last 

century. It is easy to see that, the bus ridership dropped significantly while on the contrary, the 

private ridership has significantly increased since the 1950s.

Figure 1-7, Bus riderships vs passenger car riderships in the U.K. between 1982 and 2000 [10].

Table 1-1 shows the reduction of bus ridership/public transits' ridership in selected cities, and most 

of them are from developing countries. 

Table 1-1, The reducing public ridership in several cities [5].
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When looking at India again, it is easily seen from figure 1-8 that the number of passengers carried 

by buses decreased in all cities with different sizes. The most obvious result appeared in secondary 

cities, which shows a totality around 500 million passengers between 2000 and 2001 that were 

carried by buses. In metropolitan cities and selected sample cities, the situation is better, which 

could be caused by larger population.

Figure 1-8, Trends of bus riderships and capacities in Indian cities [4].
Note: Metro cities=Metropolitan cities

Figure 1-9 shows that the public ridership in Jakarta, Indonesia, took the first place in the whole 

traffic between the 1970s and the 1990s, which however showed a declining trend. By 1992, the 

private ridership was almost as large as the public ridership, and in the following eight years, the 

private ridership exceeded the public ridership which kept on decreasing.

Figure 1-9, Trends of public transit riderships and private riderships in Jakarta, Indonesia 
between 1972 and 2000 [11].
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With the help of all figures, it is easy to see that, conventional bus systems are loosing their 

alleviating effect on daily traffic, in both developed and developing countries. There were more and 

more travellers choosing private transits instead of buses, which results in that the urban traffic is no 

longer sustainable in many cities.

1.3 The Growth of Roads vs The Growth of Private Automobiles

While public ridership is declining and private ridership is increasing rapidly, some 

countermeasures are made to relieve urban traffic problems, mostly aiming at congestions on roads. 

Most of the countries/cities have tried to meet the demands of the increased number of vehicles, by 

constructing wider and more roads. However, these countermeasures are not so effective, since the 

road constructing process can not catch up with the increasing numbers of vehicles. For example, in 

China, the increase of total road length is about 10% of the increase of the total amount of 

personally owned vehicles. Traffic jams emerge everywhere, and our personal life is affected in a 

negative way. Figure 1-10 below shows the comparison of automobile and road developments from 

selected developing countries between 1980 and 2000. 

Figure 1-10, The growth of roads vs the growth of automobiles in several countries between 1980 
and 2000 [12].

The traffic situation has steadily grown worse, since more and more privately owned automobiles 

and other vehicles are crowding on limited streets, resulting in a number of ill effects, such as more 

air pollution, longer travelling time, more expensive gas-prices, and more accidents. All these 
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influences are coming as results of the increasing ridership of personally owned vehicles, which are 

competing against public transits for the limited road space, which is actually provided for public 

transits for the first hand. 

In another word, the meaning of urban traffic planning still lies in how to improve public transits 

which provide a safer traffic environment that is cheaper to operate, and more environmentaly 

friendly. Instead of exploiting more space for more personal cars, which bring more and more 

congestions, emissions and road accidents to our daily life.

The most usual and cheapest public transit is the conventional bus. This travelling mode can save 

much space on roads and meanwhile, it is quite safe comparing with private travelling modes. 

Figure 1-11 shows clearly that buses can be the most efficient travelling mode to deliver a certain 

amount of travellers, comparing with personally owned vehicles or motorcycles. 

Figure 1-11, Different grades in space occupancy among personal automobiles, bus, and 
motorcycles when delivering 60 persons [5].

There are more accidents related to personally owned vehicles than accidents related to public 

transits. Figure 1-12 shows the trend of fatalities related to traffic accidents which are caused by 

public buses in China between 2004 and 2008. A conclusion here can be made that, to travel with 

bus, is safer than to travel with personally owned automobiles or motorcycles.
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Figure 1-12, The trend of fatalities related to traffic accidents caused by buses in China [2].

Some other public transits such as metro, light rail and heavy rail can also be good remedies to cure 

urban traffic problems. They are showing more effects than conventional bus system. Nevertheless, 

the huge capital cost, long construction time, and the strict preconditions for building these orbit-

oriented public transits, restrict the speed of urban traffic development [13]. 

How to satisfy the increasing demands of public transits, while at the same time using the least 

resources, both economical and spacial, becomes a challenge for urban traffic planning. 

Since buses take the least road space, cost the least to operate, and release less emissions than other 

transits, to make use of public buses at largest extent, is an effective solution that suits nowadays 

urban traffic situation. However, since conventional bus system is loosing its public acceptance, a 

reformation of the bus system is needed.

1.4 BRT (Bus Rapid Transit)

In the late of 1960s, a new form of public transit system – Bus Rapid Transit (BRT), was brought 

forward in Brazil, which effectively combined urban planning and solution for traffic problems in 

reality. During 30 years of researching, developing and improving, the BRT system in Brazil 

showed the world that BRT is a smart choice for solving both public transit and urban traffic 

problems, such as environment, limited space, and road accidents. In many cities, there has been an 

increase in ridership of BRT every year since the BRT systems was introduced, which came from 

converted private travellers and conventional bus passengers [14,15,16].

As shown in figure 1-13, the existing daily ridership of BRT in Los Angeles is much more than any 

other public transit's ridership, and an even bigger potential ridership of rapid transit promises a 
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possible daily capacity of 300,000 passengers.

Figure 1-13, Daily ridership comparison among different public transits in Los Angeles, USA 
[17].

Note: Rapid bus means express bus and rapid transit here means BRT.

Figure 1-14 shows most of the road users that are satisfied with BRT are daily bus passengers, 

pedestrians and cyclists. The owners of private vehicles/two wheeled automobiles are not as 

satisfied, which can be due to the reduction of their road space. 

Figure 1-14, Road users' opinions about BRT in Delhi, India [18].

It is shown by practices that, the BRT system as a new public transit, has efficiently solved urban 

traffic problems with much less resources. It supplies a safe and comfortable traffic environment for 

travellers, and at the same time, it protects the environment thanks to less emissions and noise. 

Therefore, to popularise the BRT system around the whole world, is an effective countermeasure for 

urban traffic problems, it can also integrate with sustainable long-term urban planning.
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There are currently more than 50 cities around the world that already have BRT systems with 

different layouts, and there are more than 100 cities planning for BRT.

1.5 Aim of The Thesis
The first aim of this thesis is to evaluate how BRT systems with different layout designs affect on 

road users. Then what kind of suggestions can be made to improve BRT system's safety level.

To find out the supporting safety theories behind each kind of design, will help urban traffic 

planners to plan suitable BRT systems under different, and given preconditions. When analysing the 

problems that relate to BRT systems, possible failures can be avoided thus improving BRT system 

performance.

One problem that may emerge and have slightly negative infuences on the evaluation work is that, 

there is a lack of literature that directly relates to BRT systems. However, the safety theories are 

quite similar when they are adopted to BRT systems. In this thesis, conclusions will be based on 

both general road safety theories, and BRT systems' characteristics. As a result, the error will be 

reduced as much as possible.
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2 BRT Introduction
In this chapter, BRT will be introduced, from basic system introduction, to system practices in 

different countries. Evaluation and improvements are suggested at the end of the chapter.

2.1 Definition of BRT

Bus Rapid Transit can be defined as a high qualified (with big capacities and high average speed), 

customer-oriented (comfort and convenience), low cost (comparing with other public transits), 

flexible (operation on road, on exclusively separated bus lanes or mixed lanes shared with other 

non-bus vehicles) public transit. It is an integrated system which also combines urban planning, 

Intelligent Transportation System (ITS) and management at a large extent. It works like other orbit-

oriented public transits, nevertheless, it has its own specialty and effects, and can relieve the urban 

traffic situation with the least system costs while the most contribution to both passengers and 

environment [19,20,21,22].

In some cities Bus Rapid Transit is called MetroBus, such as in Los Angeles and Washington in the 

USA, London, Kent, Surrey, Susses in the U.K., and Sydney in Australia.

2.2 BRT Elements/Features

There are no two entirely identical BRT systems in the whole world. But a BRT system has some or 

all of the following elements. BRT systems can be improved more and more based on the 

experience of earlier BRT systems. However, all BRT systems can outperform conventional bus 

system at every aspect [23,24]:

✔ Buses: Specially designed vehicles, with bigger capacities, better service, such as weather 

forecast, lower noise, and less gas emission. They are designed with high motherboards, 

which is at the same height as bus stations' platforms. Buses can be designed in a few 

different ways. The most popular vehicles, which are adopted by many countries/cities, are 

with bi-articulated cages. And there are also single articulated vehicles which runs within 

smaller areas. Buses on Corridor I in Jakarta City, Indonesia, has another outlook. It has 

only one door which is much wider than usual ( comparing with other forms BRT vehicles ) 

on every side of the vehicle, so passengers will have to share the same door to get in/off the 

bus at the same stop. BRT vehicles are usually designed with strong stylings, take color for 
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example, they usually are painted in bright colors to differ from conventional local buses.

✔ Stations/Bus stops/Terminal Stations: BRT stations/bus stops are constructed in different 

forms to differ from local bus stations. They are usually designed with good passenger 

facilities, such as benches, shelters, bus information boards, surveillance cameras and fare 

pre-payment equipments. Platforms are at the same level as the buses' motherboards, and are 

long enough for bi-articulated vehicles to stay within the station zones. There are normally 

one station on each side of the bus lane, and they are usually located opposite of each other. 

However, stations on BRT Corridor I in Jakarta city are built in the middle of BRT lanes, 

which means that vehicles from both directions will share the same station, but not at the 

same time.

✔ BRT Lane layouts: There are several popular layouts for designing BRT lanes:

1) Mixed urban traffic with median layouts: (1) Exclusively isolated bus lanes, which are 

usually located in the middle of the road, with continuous barriers to separate bus lanes 

and general traffic lanes. or (2) Partly isolated bus lanes, with smaller and lower 

partitions. or 3) No partitions at all, only painted yellow lines along BRT corridors; 

2) Mixed urban traffic with shoulder layouts, which usually do not have partitions to 

separate bus lanes from other vehicle lanes: (1) Bus lanes lie on both shoulders of a 

road; or (2) Bus lanes lie on the same shoulder of a road.

3) No special lanes for BRT on urban traffic lanes, only priority bus lanes at intersections; 

4) Specially built bus ways or bus streets, where BRT will not share the road with other 

traffic users, such as above or below the road surface, or dedicated BRT lane on 

freeways.

✔ Passenger accesses to stations: Passenger safety is a highly concerned question in the 

whole system designing. There are either overpasses/tunnels, or passenger safety channels 

which are constructed together with the stations. In the later case, passengers will have to go 

across the street with the help of crossing facilities, such as zebra crossings.

✔ Intelligent Transportation System: Intelligent Transportation System is often used in the 

BRT system. Applications such as transit signal priority at intersections, automatic vehicle 

location, sensors installed on bus doors, real-time traveller information, and advanced 

communication system can ensure the whole system to be operated at a more advanced 

level.

✔ High-leveled services for passengers: BRT systems provide more and better services for 

the passengers, such as shorter waiting time on stations, better security, and pre- or after fare 
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collection system.

✔ Operating and branding Management.

Generally speaking, BRT combines the best features of orbit-oriented public transits, and 

conventional buses. At the same time, modern BRT systems have their own special, strong 

characteristics and logos to different from other public transits. 

2.3 Advantages and Disadvantages of BRT Systems

There are both advantages and disadvantages of BRT systems. To understand the advantages and 

disadvantages of both older and existing BRT systems, can contribute to improve future BRT 

systems.

2.3.1 Advantages of BRT Systems

The BRT system as a new urban traffic solutions has many advantages, and some successful BRT 

systems can be as effective as metros. But when looking at other conditions such as system cost, the 

BRT system is much better than metros. The most obvious advantages are listed as following [25-

28]:

➢  Significantly reduced travelling time for passengers: Separated bus lanes and priority at 

intersections ensure that BRT can drive before other vehicles. Therefore, it can shorten 

travelling time even at peak hours.

➢ Less energy consumption and more friendly to the environment: Vehicles with a big 

capacity, which use usually environmental gases, can save fuel consumption by delivering 

large amounts of passengers together, which results in lower gas emissions and noise 

pollution, thus being even more friendly to the environment.

➢ Lower system cost: Total costs for the whole BRT system, such as construction, operation 

and maintenance are quite low compared to other orbit-oriented public transits such as 

metro, light rail and heavy rail.

➢ Better passenger services: Passengers can enjoy more advanced technologies while taking 

BRT. In some buses, there are even wireless internet service, weather forecasts, and so on. 

Stations are built with improved security equipments and more comfortable waiting rooms.

➢ Shorter implementation period: The whole implementation period of a BRT system is quite 

short comparing to other public transits which are orbit-oriented.

➢ More flexible operation and management: Units per hour, quantities of different bus routes, 

type of suitable buses, waiting gaps between buses and the like, can easily be re-estimated 

15



and re-adjusted according to the demands of passengers and local situations.

Generally speaking, as a new modern public transit, BRT does take all aspects into consideration. It 

gathers merits of other public transits, and does well in urban traffic planning. 

2.3.2 Disadvantages of BRT Systems

BRT, in general, has more advantages than disadvantages. And each BRT system has its own 

shortcomings, which is a result of different preconditions that decide how a BRT system was 

designed. In another word, each unique BRT system in each city has different characteristics that 

might result in that BRT, as a whole system, will perform differently from each other. Therefore to 

evaluate the shortcomings of each BRT system should be done according to urban situations. Some 

disadvantages can be concluded as following:

✗ Limited stations/bus stops: In order to decrease the average travelling time, stations involved 

in a BRT system are not built as close as for local buses. Some passengers will think that it 

is too far away if they live in the middle of two adjacent bus stations, which can result in 

less ridership.

✗ Separated bus lanes/corridors: Bus lanes have many disadvantages that need to be 

overtaken.

• Since extra space on roads are needed for bus lanes, bus stations, bus terminals and so 

on, the already limited road space will be even more limited. BRT systems with median 

layouts will either occupy the space of other vehicle lanes or green zones. And shoulder-

located BRT systems will take much spaces from pedestrians and cyclists.

• As soon as a bus is broken somewhere on the road, bus lanes with a single lane for each 

direction, will be even more difficult to drive on, since there is not enough space on the 

bus lane for other buses to drive by. At the location of the broken bus, buses from both 

directions will have to share the same lane and take turns to get through until the broken 

bus is taken away.

• At intersections, because of the priority principle, BRT lanes will be a serious problem 

for other traffic lanes, especially for them who drive on the right side of the BRT lanes 

and try to turn left (this is aiming at right traffic countries, for those countries who drive 

on the left side of the road, the result will be the opposite). Take Chengdu City, China for 

example, it is not allowed to take left turn at several main intersections which is trying to 

guarantee the priority of BRT.

✗ Painted lines/partial segregating barriers along BRT lanes: Yellow-painted segregating lines 
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or partial partitions, can be a potential risk for drivers in the dark. At the same time, 

aggressive road users will not be stopped if they take up the bus lanes, which can lead to 

accidents.

✗ Unstable BRT performance in some cities at peak hours: Take China for example, the 

efficiency of the newest built BRT systems is not high at peak hours. There are too many 

passengers, however, limited bus units can not meet the demands of waiting passengers. 

When buses can not deliver passengers fast enough, stations will be overcrowed. In 

Guangzhou City, sometimes the number of passengers released into stations must be 

controlled within a certain amount at peak hours. And since drivers have not gained the skill 

yet, it has happened that bus doors did not match platforms at station zones properly [29-

31].

✗ Traveller-information board: In some cities, while building bus information boards, planners 

did not consider various demands from passengers. Some boards are too small, so the 

travellers could not get the right information which led to that they missed the bus or took 

the wrong bus.

Table 2-1 below shows the most common advantages and disadvantages of a BRT system. In order 

to understand them easily, conventional bus is also listed to show the difference.
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Table 2-1, BRT advantages and disadvantages comparing with conventional bus. 
Advantages BRT Conventional buses
Travel time + - (in most of the countries)
Low system cost + ++
Fast + - (in most of the countries)
Comfort + - (in most of the countries)
Environment friendly + -
ITS applications + -
Good services + - 
Sustainable urban planning + +
Passenger access + -
Good flexibility + ++
Integration with other public 
transits

+ +

Easy route selection + +
Priority at intersections + -
Disadvantages 
Restriction for bus lane design - +
Easy at intersections for other 
road users

- +

Stability of the system - -
Extra space needed on the road - +
Operational requirement - High + Low

BRT system as a relatively new urban traffic solution has just started in most of the countries, 

therefore, preparation work is extremely important while designing and constructing a suitable BRT 

system which can do the most contribution to urban traffic. In the following part, guidelines of 

BRT system design will be discussed.

2.4 Construction and Design of A BRT System

How to choose a city where BRT can make sense or how to make a BRT suit in given urban 

situations is very important. Therefore, the BRT project should keep coherence with the overall city 

situation, economy and future urban planning. The basic precondition for building a BRT system 

relies on the demand of public transits. If citizens do not need buses at all, BRT systems will not 

have any effect. On the opposite, if there is still a large demand of public transits, and the existing 
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public transits still have much space left to be improved, BRT systems will work outstandingly.

2.4.1 City Planning, Where to Build BRT? 

The BRT system has successfully improved urban traffic situations in many cities around the world, 

which has shown by practices that the BRT system is suitable for both big and medim cities which 

have high population desities. However, some preconditions are required for building a BRT system 

[15,32]:

1. There should be one or more city centers which have different status in the whole city, such 

as high-density living areas, shopping areas, government-located areas, or a large university. 

Take the population density for example, for those cities which have a population density 

that is bigger than 3000 personers/km2, the BRT system will be an effective solution to 

urban traffic problems. In such cases, the daily transportation between different areas will be 

very frequent and it can be solved by public transits, through gathering passengers who have 

the same destinations from the same areas. 

2. Urban public transits are still at the first place (Most of the passengers among all citizens 

have relatively low incomes who can not afford to travel by private cars.) but the local bus 

system can not appease the demands of passengers, either service level, travelling time or 

safety problems.

3. It should be possible to build potential areas along the BRT lanes. By which mean that, the 

urban center which was the only acting area before, would be devided into several districts 

along BRT corridors. As a result, the city would grow into paralleled districts instead of in 

circles.

In general, BRT should take into consideration the whole urban situation, to see if it is suitable, 

possible, and sustainable for the urban planning in a longer term. To build a BRT system in a large 

existing city, the most important part is to evaluate the possible routes. Figure 2-1 and 2-2 below 

show how Johannesburg, South Africa, and Cartagena, Colombia are planning for new BRT routes 

in central business districts. 
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Figure 2-1, BRT route selections and city planning in Johannesburg, South Africa [33].

It is shown clearly in both figures that, a BRT corridor is usually routed to run through areas with 

high population densities. There are some routes which are shorter than others, however, the effect 

of them are the same, with an aim of connecting different central business districts inside the city.

Figure 2-2, New BRT route in Cartagena, Colombia [34].

With the help of the figures, it is clearly understood that a BRT route is selected in order to run 

through CBDs (central business districts). And on both ends of the route, it is possible to build 

future areas, which can enlarge urban areas. As a result, the city density will be lower and it suits 

the goal of sustainable urban planning.

2.4.2 Preparation of Designing A BRT System

Before designing a BRT system, some pre-investigations should be carried out to aid in the BRT 

system construction for a certain place, such as:

1. The basic situations of the city: Population, density, economy, employment, and social 
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activities.

2. Situations of local buses: Busy routs and the local buses delivery capabilities should be 

investigated. From smaller size buses to bigger sizes buses, it can be estimated which 

districts have less demands for transits, and which ones have more transportation demands 

(The results can differ very much from weekdays and weekends, and according to the size of 

the city, different number of samples should be carefully considered).

3. Private ridership: An investigation of private riderships, such as vehicles, motorcycles, 

trucks, pedestrian, and cyclists should be made. Road situation can be a very important 

factor here while assigning the lanes to buses and other road users. If the private ridership is 

much more than the bus ridership, it can happen that the reduced road space can result in 

more traffic jams for private passengers. On the contrary, if there already are more local 

buses than other private vehicles, the reduced road space will not result in too much traffic 

problems for private travellers.

4. Road conditions will allow extra space for BRT lanes, BRT stations and terminals, and 

pedestrian facilities, such as safety channels, overpasses, zebra crossings, parking places for 

cars and bicycles, and sidewalks.

5. Intersections: Is it possible to restrict other vehicles to take turns at intersections. It should 

be estimated with many points such as, traffic flows, longer traffic routes, longer travelling 

time and more emission from extra driving distances.

6. BRT system's potential influences on other traffic users: Does a BRT system suit to busier 

roads with larger traffic flow? How will the BRT system influence other vehicles on the 

crowded road, will private travellers take the BRT instead of their own vehicles or not? It is 

important to find out the potential benefits and influences of the BRT system on other road 

users, this is the key to decide if the BRT system can integrate with a sustainable urban 

planning or not.

The procedure mentioned above is also shown in figure 2-3.
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Figure 2-3, Planning procedure for a BRT system within a city.
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2.4.3 Guidelines for Designing and Constructing A BRT System

A few elements should be considered, while designing a BRT system,such as [35~40]:

1. Bus routes: The bus route should be routed through areas where residents have frequent 

activities, such as going to work, shopping, and social activities. In such a case, the whole 

BRT system can make the best contribution to the daily transportation.

2. Bus lanes: The layouts, width, accommodation with other road users, and the like are the 

key conditions for building a BRT bus lane. On busy roads, the occupancy of a BRT bus 

lane, is usually around 40% of the whole road width.

3. Vehicles: The bus capacity and the number of doors should suit the demands of the traffic 

flow. The motherboards of the buses should be at the same level as the station platforms to 

ensure safety for passengers while boarding and alighting a bus.

4. Stations/stops: The distance between every two nearest stations should be carefully 

calculated based on the situation along the bus lane. It should not be too close, since this will 

degrade the performance of the whole system, while it should not be too far either, in this 

case, the passengers being somewhere in the middle, can have problems to reach a station. 

And the facilities on the stations are important to improve the service for passengers.

5. Pedestrian accesses: How to ensure the safety for pedestrians while crossing the lanes will 

be a challenge in the whole system. The most popular solutions are passenger overpasses 

and tunnels, which can enhance the safety through travelling on the different levels above or 

below the road surface.

6. ITS applications: Such applications should provide better travel abilities for buses, and 

improve services for passengers. However, application such as priority at intersections, 

should not bring a bad sensation to other traffic users, that it will always be the buses having 

the priority at intersections.

7. Operational and marketing management: The government should strongly introduce the 

BRT system to the public and work with the whole society to help the BRT system to take 

effect. While running the BRT system, information of passenger demands and opinions 

should be re-collected all the time to improve the whole system.

Generally speaking, the BRT design and construction is divided to three parts, which are physical 

constructions, intelligent transportation system applications and operational and marketing 

management. These three parts should work together as a whole to best make a BRT system 

improve the urban transportation situation.
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2.5 BRT and Other Public Transits

There is a certain connection between BRT and other public transits. To understand the interactions 

between them is important and beneficial to urban traffic planning.

2.5.1 Comparison between The BRT System and Other Public Transit Systems

As an outstanding advanced modern traffic mode, BRT can win over other forms of public transits 

in most of the aspects, such as system cost, average speed, transportation capacity, and 

environmental contribution. Hereby, the comparisons between BRT and other public transits are 

discussed as following [41-46].

Table 2-2, Comparisons between BRT system and other public transit systems.
BRT Metro Light rail Conventional bus

System cost
($ million/km)

1 – 7 30 – 200 12.4 – 200 Lowest

Operation/maintenance 
cost ($/vehicle.hour)

60 – 110 30 million > 96 million Unknown

Highest speed
(km/h)

60 80 - 100 60 - 100 According to speed 
limitation

Average speed (km/h) 18 – 35 24 – 55 15 – 40 10 – 15 
Average waiting time 

between every two units 
(min)

2 2 10 – 12 15

Implementation period 
(year)

2 – 3 8 – 11 > 3 shortest

capacity/single unit 
(persons)

60 – 270 140 – 300 80 – 250 ~ 60

Units/hour/route 20-40 6 – 15 3 – 10 ~6
Environmental 

relationship
+ + + +

Safety + + + +
Service/comfort + + - -
ITS application + - - -

Priority at intersections + / - -
Flexibility +/- - - +

Note: Flexibility here means that BRT is not restricted by orbits like metro or light rail. 

A BRT system has the advantages of an orbit-oriented public transit system such as efficiency, 

higher average speed as shown in figure 2-4, good service, and high safety levels. While at the same 
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time, a BRT system avoids the disadvantages such as high cost as shown in figure 2-5, inflexibility, 

and long implementation period. It can be called a rubber-tired rapid transit mode that combines 

other public transits' merits. A few questions are whether BRT systems can entirely replace orbit-

oriented public transits? Does the BRT system belong to the normal public bus system or is the BRT 

system a totally independent system that is parallel to other public transit systems?

Figure 2-4, Comparisons of average speeds between BRT and light rail in the USA, 1999 [43].
Note: The empty columns represents for light rail, and the full columns for BRT.

Figure 2-5, Comparisons of costs among different types of public transits in the USA [47].
Note: Best National Bus here is BRT.

2.5.2 How BRT Is Integrated with Other Public Transits?

When comparing the BRT system with other public transit systems, especially orbit-oriented 
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transits, it can be found that, they do not go against each other. They can exit at the same time, and 

also, each one can be built alone without the others existing in the city. But BRT systems can work 

to improve orbit-oriented public transit systems, such as:

✔ Transition: In the early phase of urban traffic planning, BRT can be built in order to test the 

passenger flow for orbit-oriented transits which will be built on the same routes. The 

ridership for orbit transits for a new route can thus be observed, judged or even fostered for 

future orbit transits.

✔ Prolongation: Because of the high system cost, orbit-oriented public transits usually have 

limited routes and lengths. BRT, thereby, can prolong the lengths on each side of the orbit 

transits' routes, by gathering more passengers who are far away from the orbit-transit-

covered areas (There should be some districts which are a little bit far away from the orbit 

transit's network, and possible to build BRT corridors in between.).

✔ Connection and Complementarity: Among different routes of orbit-oriented transits, BRT 

can also work as a connection and supplement among areas with orbit transit systems, which 

can cut down the budget of urban traffic planning.

When looking at the conventional bus system, the BRT network can contribute at a high level for 

the whole bus network. The mixed traffic planning can improve the efficiency, environment, safety 

and the like. The reduced travelling time can also attract more passengers for buses thus improving 

the urban traffic situation. Passengers can choose freely between BRT and local buses depending on 

destinations. 

Therefore, the BRT system and other public transit systems do not work against each other, on the 

contrary, while working together, they can enhance the transport ability of the whole urban traffic 

environment through interactive supplement, support, connection and so on. If all components 

involved in the whole public transportation co-operate successfully, in the future, public transits can 

replace private travelling modes. Figure 2-6 shows how different travelling modes work together to 

meet travelling demands relating to population density and travelling distance. The part of ''Others'' 

can be seen as travelling with taxi and the like, which are temporary choices during daily travelling.
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Figure 2-6, Integration of all transit modes for citizens.

2.6 BRT Practices in Different Cities

From the first successful BRT system in Curitiba City, Brazil, more BRT systems have been built or 

are planned to be built in the world. BRT systems in, for example, Jakarta City, Indonesia, Bogota 

City, Colombia, Seoul City, North Korea, and Amsterdam City, the Netherlander show different 

positive results in solving urban traffic problems. Hereon, several good BRT practices are listed and 

compared, as shown in table 2-3 [48-63]. It is easily seen that most of the cities adopting a BRT 

system with a median bus lane layout.

Four selected cities, which are Curitiba, Bogota, Jakarta and Guangzhou, with different BRT 

systems will be discussed later on in this section. They represent BRT with different effects which 

emerged at different periods, and comparisons are made to see the existing effects.

27



Table 2-3, BRT practices in different countries [based on 48-63].
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2.6.1 Curitiba City, Brazil

When we talk about BRT today, we can not stop reviewing its birth place – Curitiba City, Brazil. 

Before the 1960s, Curitiba, just as most of the cities in developing countries, had many problems 

such as large population, traffic jams, serious air pollution and many accidents. But today, BRT as a 

most outstanding innovation has already solved these problems for the city, with the help of 

improved average travelling speeds and reliability on trunk roads, by reducing or eliminating all 

types of delay. And the city's achievements are affirmed by the whole world, such as better 

environment, less fuel consumption, more parallel residential areas and less traffic accidents.

BRT system in Curitiba has showed with 30 years experience that it is an effective solution for 

urban traffic [64,65].

Figure 2-7, The BRT system in Curitiba, Brazil [66].

1) City planning

The most special part of the BRT system in this city is the parallel districts along the BRT corridors. 

As a result of this, the city would no longer grow from the center of the city in bigger and bigger 

circles. Downtown would not be the necessary business and political center for all the residents. 
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More and more schools, hospitals, offices, social facility associations and the like are built along 

bus corridors, or moved out of the center of the city. And there are limited areas for car parking. 

Residents do not need to travel downtown to do daily activities, and if they need to go there, there 

will be buses delivering them there instead of them taking their own cars. 

This idea encouraged the highest population densities along BRT corridors and it did make sense. In 

the first several years while promoting BRT systems, the overall population grew 73% in the whole 

city, comparing with the increase of 120% along the BRT corridors. Till the end of last centaury, 

around 40% of the population of the whole city increased within the main districts along the BRT 

arterial lanes. 

Figure 2-8 and 2-9 below show how the city was built based on BRT corridors in Curitiba. 

However, is it still reasonable today for other cities?

Figure 2-8, The structure of the BRT system and city planning in Curitiba, Brazil [49].
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Figure 2-9, The city structure of Curitiba from upside [67].

2) The bus network for the whole city

The public bus transit system in Curitiba has grown to a good extent, which is composed by 

various integrated bus systems. They work together and support each other to build an entire bus 

network, which can cover the whole city thus supply convenience to travellers who have various 

destinations, which is shown in figure 2-10.

Figure 2-10, BRT and feeder buses network [68].
Note: Maps to the left and in the middle belong to BRT systems, and the one to the right belongs to all buses. 

In this city, BRT vehicles are bi-articulated buses with high motherboards. There are pre-fare 

equipments on each tube styled stations and elevators for disabled passengers. Passenger walking 

channels in the middle of the road can make sure that it will be safe for passengers to walk in the 

middle of the road before boarding or after alighting buses.
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Reduced boarding/alighting time with around 20s/station ensures shorter time for the whole trip. 

Consequently, the average travelling time could be shortened by 15 minutes on arterial corridors, 

together with the help of signal priority operation at intersections. On the other side, passengers 

only need to pay once while changing buses at the same terminal. 

Because of the convenient, reliable, efficient and integrated bus system, more and more residents 

are choosing buses while going out. Since the beginning of BRT till today, 35% of private vehicle 

owners changed to take buses when going to work, and more than 75% of the whole population 

choose buses instead of travelling by private cars. 

3) What can we learn from Curitiba's BRT system?

Comparing to the most of Asian cities, Curitiba city has a relatively low population density. Will the 

BRT system be as effective if it is applied in other cities, such as Beijing, Seoul, Jakarta? From the 

aspect of city planning, the answer is NO. 

For the first reason, the density of a city today is much higher than the one for 40 years ago. And at 

the same time, undeveloped areas are so limited. The city has already been built toward a certain 

direction which is to enlarge the surrounding areas of the city center in circles. It is impossible to 

remove the existing constructions to suit the Curitiba styled city structure. The only thing that can 

be achieved is to build BRT corridors on the roads which allow re-constructions. 

For the second part, there are two different layouts of BRT lanes in Curitiba, and both of them need 

extra space, especially at station areas. While BRT lanes were built in Curitiba in the beginning, 

enough space was left to pedestrians, cyclists, and other vehicles while building stations for the 

system. But if the already existing roads will be re-constructed, how to make sure there is enough 

space for other road users? It is not permitted with Curitiba styled BRT layouts on nowadays streets 

if keeping the same space for other road users.

For the third reason, even though the accident data shows that bus-related accidents have decreased, 

it will still be dangerous for passengers to appear in the middle of a busy road. With almost 30 years 

efforts, road users in Curitiba are familiar with this phenomenon, and safety for vulnerable road 

users can be ensured. However, for the cities which are not used to such a  transportation 

phenomenon, how traffic users will behave is still unclear. Passengers might be aggressive road 

users who do not take pedestrian facilities, or other vehicles on adjacent lanes will not pay attention 

to bus passengers that suddenly appear on crossing facilities along the bus corridors. All these 

factors can result in more safety problems mainly in terms of passenger-vehicle accidents.

As an introduction to a new urban traffic solution, the BRT system in Curitiba did work out and 
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showed the world its success. The BRT system in Curitiba, nevertheless, can not be copied in its 

whole to other cities. The Curitiba government started 40 years ago and considered a future 

blueprint of the whole city while doing the urban planning, which is the key reason that the BRT 

system made urban traffic planning sustainable. On the contrary, nowadays mission is to find the 

most suitable BRT system which suits a preexisting urban situations. 

2.6.2 TransMilenio in Bogota City, Colombia

Another city with successful BRT systems is Bogota City, Colombia. The city started around year 

2000 to build its first BRT corridor, on the base of re-constructing the existing urban roads. 

Figure 2-11, The BRT system in Bogota City, Colombia [62].

1) City planning

Even though the BRT system in Bogota can not integrate with urban planning as shown in (figure 2-

12) at the same level as the one in Curitiba, some studies show that the BRT system can have some 

certain positive impacts on land exploitation along BRT corridors and attract higher residential 

density, therefore, contributing to the integral urban planning in a longer term [69, 70].
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Figure 2-12, BRT corridors in Bogota city [42].

2) Government enforcement for the BRT system

In order to make the BRT system be attractive and acceptable for the public, the government 

enforced a number of regulations to improve the popularisation of the BRT system among road 

users. Take the bus lane for example, some bus lanes were built in central business areas of the city, 

where no other vehicles can drive. Parking places are canceled and bigger space is reserved for 

pedestrians and cyclists. Parking for bicycles and travelling with some buses are free of charge for 

passengers, which can positively encourage an increasing ridership of BRT. With such 

enforcements, the traffic environment in central areas is enhanced and life quality is improved while 

not doing harm to the business sector. Restriction for vehicles on certain streets relies on number 

plates, and the government tries to have the city automobile free one day in every month [71].

Nowadays, BRT buses which have a capacity around 160 persons runs on the trunk line for 18 

hours a day, and the whole system is fed with smaller buses, as shown in figure 2-13. Passengers do 

not need to pay more than once if they want to change the route or from one type of bus to the 

others. The most outstanding part of Bogota styled BRT system is that passenger accesses are built 

together with stations, such as overpasses, or tunnels.
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Figure 2-13, Current TransMilenio System network, Phases I and II [72].

The pleasing impacts of TransMilenio in Bogota are, around 93% of fatalities, 75% of injuries, 79% 

of collisions related to traffic accidents are reduced, air pollution dropped 47%, travelling time was 

reduced 32%, and so on. The ridership of TransMilenio is increasing. By today, the daily ridership 

is about 1.45 million passengers and the goal of TransMilenio for the following 15 years is to 

deliver more than 80% of the total population of Bogota City [73,74].

3) Lessons learned from TransMilenio

The most successful factors that can be learned from TransMilenio are the newer design for bus 

lanes and passenger access facilities. Bus stations are built in the middle of the road, which are 

usually constructed together with overpasses or tunnels on busy streets. The double lane designed 

bus runways, as shown in figure 2-14, can provide the possibility for overtaking for other buses at 

station zones, which can ensure a smooth traffic flow thus improving the average speed of the 

whole system. And the attitude of the government is another reason that leads to the success  of 

TransMilenio. The strict regulations for road users, especially for private vehicle travellers, ensure 

the priority and specialty of TransMilenio in the whole urban transportation. 
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Figure 2-14, Transmilenio's bus lane design in Bogota City. 

TransMilenio, however, is facing a hard competition from the conventional bus system which is 

owned by private operators. Different from the situation in Curitiba City, where the commercial risk 

is taken by the government and there is no competition between BRT and conventional buses, the 

operators in Bogota City, will take the risk by themselves, and the conventional bus system is still 

competing against BRT in the same market for passengers. For example, nearby TransMilenio's bus 

routes, conventional bus routes are settled, which are located less than 0.8 km away. This 

competition is hurting both modes of public bus systems and it was shown in 2006, that the 

ridership dropped from 1,500 passengers to 1,200 per day [75].

2.6.3 TransJakarta in Jakarta City, Indonesia

Just like most of the Asian cities, Jakarta has serious traffic problems. Since the city was growing 

bigger and bigger, the average length of daily trips grew from 6.68 km in 1985 to 8.51 km in 2000 

per person. The public transport share is about 38%, which relies mostly on the bus system, and the 

urban rail share is even smaller, less than 1%. Nevertheless, the conventional bus system was far 

away from being adequate . As a result of the increasing number of  private vehicles, the 

environment problem is so serious that the World Bank ranked Jakarta as the third most polluted 

city. Besides the environmental problem, just over 700 persons dies and around 48,000 persons are 

injured in road accidents yearly [11,76-84].

In order to lighten the burden of urban transportation, the government chose a BRT system instead 

of a light rail system. In 2004, the first trunk line began to operate on the arterial south-north 
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corridor in the city, which can reduce travelling time on the whole corridor from one and a half hour 

by personal vehicles, two hours by conventional buses, to just 45 minutes by BRT. And by 2006, 

two other corridors on the same trunk line were put into operation. The goal of 15 BRT routes that 

will constitute the urban public transit network, as shown in figure 2-15.

Figure 2-15, The future TransJakarta network plan [85].

Table 2-4 lists the characteristics of TransJakarta Corridors from I to VII. Since there are literatures 

only about Corridor I, and lack of literatures about other corridors, this part will mostly talk about 

those problems related to Corridor I.

Table 2-4, Characteristics of Corridor I-VII in TransJakarta [86].

TransJakarta, since the first corridor oppened in 2004, has attracted more passengers converting 
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from other types of transit modes. The bus lane design, which are allowed by road conditions, takes 

the experience of Bogota's TransMilenio, with stations lying in the middle for both directions, as in 

figure 2-16 and 2-17. Since each bus has one door on each side, it can park at stations lying on 

either left side or right side of the bus lane, which ensures the most flexibility for staying at stations. 

Most of the stations are built together with passenger accesses just like the ones in Bogota. And 

automatic shield doors on stations can ensure the safety for passengers while boarding and 

alighting. Along bus corridors, on some locations, there are zebra crossings for passengers to cross 

the road (see figure 2-16) [87].

Figure 2-16, TransJakarta in Indonesia [62].

As shown in figure 2-17, there is only one bus lane for each direction. One thing that needs to pay 

attention to here is that, buses from both directions can not stay at the same station at the same time. 

The figure just shows how the bus lane is designed on Corridor I. 

 Figure 2-17, TransJakarta cut layout on Corridor I [94].
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TransJakarta shows promises for the public travellers and the environment. Within seven months 

after the first operation on Corridor I, the ridership increased to 320,000 passengers per day, and the 

emission of NOx dropped with 20%. The travelling time was reduced by 62.5% and accidents 

related to vehicles are significantly reduced. Since the first corridor, 14% of private ridership has 

transferred to BRT ridership, and the percentage is predicted to be as high as 34% in the near future.

The first corridor, nevertheless, has showed more negative than positive effects in the beginning. 

Lessons that should be learned to design a better BRT system are listed as follows [88-94]:

1) Take the passenger access for example, the travelling time to the station on overpasses is 

prolonged with an extra two minutes per person. Ramps and overpasses connected to the 

station will be a problem for people who are physical disabled, therefore, elevators are still 

needed.

2) Besides, the small sized bus with one door on each side limits the transportation capacity of 

the system. Before the second and third corridors were opened, the first corridor could not 

satisfy the travelling demand of passengers. There were too many passengers crowding on 

the stations, and the only door prolongs boarding and alighting time for passengers thus 

prolonging the whole travelling time.

3) Since the station will be shared by buses from both directions, only one bus is allowed to 

come into the station at one time. Also, there is no overtaking lane, which influences the 

efficiency of the whole system by blocking the road for other buses.

4) Sidewalks at some areas along the corridor are not taking effect, because either they are in 

poor status, or the passengers would not like to use them at all.

5) There is still lack of parking areas along the corridor for private travellers to leave their 

vehicles while they are willing to take BRT.

6) ITS applications such as real-time traveller information, and BRT route maps are not 

available.

7) The fare collection system along all Transjakarta corridors is not standardised. And there is 

no general fare system between TransJakarta and feeder buses. While passengers change 

from TransJakarta to other feeder buses, or the way around, passengers will have to pay for 

bus tickets again, which has also resulted in a reduced ridership of TransJakarta. In another 

word, TransJakarta on Corridor I has not been able to integrate with other buses as a whole 

system.
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2.6.4 GRT in Guangzhou, China

Guangzhou city is the capital of Guangdong province which lies in the south of China. The whole 

city area is 7,434.40 km2, while 3,843.43 km2 is dense resident areas. With a population of 12 

millions, and average population density of 1,614.2 persons/km2 (Statistics Department in 

Guangdong Province, China, 2009), the city has most of the urban problems just like other big 

cities. Even though the private vehicle ownership has been increasing fast in the last 30 years, the 

demands for buses have not decreased very sharply, which is because of the low average income of 

the city. However, the bus system can not satisfy the passengers. Buses crowd on roads with other 

motor vehicles and non-motorists. Since there are no formal sidewalks or bike lanes in some areas, 

bus passengers have to share the acting space with pedestrians and bicyclists.

In February 2010, the first BRT corridor was constructed in Guangzhou city, China, which is called 

GRT. It was built instead of the fifth metro line in the city and it seems that GRT has not earned its 

reputation or has not taken effect yet. GRT characteristics are shown in table 2-5.

Table 2-5, GRT characteristics.
Bus Lane Dedicated Middle layout; Single lane for each 

direction;
Dual lanes at station areas

Bus 12/18 meter long Two doors on the right side 
Corridor 22.86 km long East-west arterial road
Bus stations 26 880 meter (average 

distance in every two 
adjacent stations)

System capacity 25,000 persons 
/hour/direction(at peak hours)

the second biggest in the world

800,000 persons/day

System cost $ 4 – 5 millions/km (U.S dollar) /
Fuel type LPG /
Passenger access Overpass + Walking Channel

+ Zebra Crossing + Tunnel
/
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Figure 2-18, GRT in China [95].
I) The good results of GRT

The special part with GRT is that feeder buses that have already integrated with GRT system can 

also drive on dedicated bus lanes, as shown in figure 2-19, which is convenient for passengers with 

different destinations. 

Figure2-19, GRT and feeder buses [96].
Note: BRT BUS represents for GRT bus.

GRT is still new. The most obvious advantage of the whole system is that the average speed is 

increased to 22 km/h (within testing period for GRT) comparing with 11 km/h for conventional 

buses. And the second advantage could be that the ticketing system for GRT and feeder buses is 

standardised, which means that passengers can use the same ticket while changing to other buses 
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within the entire system. The third   is that, there are three stations which are integrated with metro 

stations. Therefore, GRT complements the metro to reach a bigger areas with lower costs. 

Figure 2-20, GRT and Metro I integrate at stations Shipai and Gangding [95].
Note: Thin line is for Metro I, thick line is for GRT.

II) Negative impacts from GRT

There are many disadvantages that displease other road users, from the very beginning of planning 

the GRT system in the city. The problems will be discussed according to the following two phases, 

which are planning, construction, and operational phase. Some other factors that induce failures will 

also be listed afterwards.

1) At planning and construction phase

Most impacts of GRT, however, seem to be negative and it has not been accepted by the citizens. At 

the planning phase, the government did not take the citizens' opinions into consideration. The 

citizens prefered a metro line instead of a BRT corridor on the crowded road. While under 

construction on Zhongshan Street, the already crowded traffic got worse as figure 2-22 shows, since 

several lanes were taken for GRT construction. The remaining lanes were far away from being 

enough for vehicles, which resulted in even more crowding on the main road. There were also 

vehicles that drove onto construction materials, thus getting their tires broken, which became 

another potential factor for congestions and accidents. 
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Figure 2-21, Congestions on the main road while GRT under construction [97].

The citizens of Guangzhou were not pleased at all with the whole project before it was carried out, 

which led to an unpleasant image for the GRT among the public. 

2) At operating phase

When GRT was put into operation, in order to meet the large demand of passengers at peak hours, 

there are many GRT buses running on the same bus lane. As a result, the average speed of GRT 

system can not be enhanced, and GRT buses are forced to wait in a queue as shown in figure 2-23. 

It happens quite often that the buses are overfull, however, there are still many passengers waiting 

at the stations, or even queuing on the overpasses connected to the stations. It takes about 45 

seconds for a bus to leave the station if other buses will not block the stations/bus lanes. 
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Figure 2-22, Bus congestions and passenger streams at peak hours on the GRT corridor [98].

Figure 2-23 reveals how a bus is leaving the GRT bus lane because of the long queue. Since there is 

no partitions between GRT bus lane and the general traffic lane, the bus driver could drive onto the 

general traffic beside easily. It might avoid long waiting time for bus passengers. However, this 

action of the bus driver could at the same time bring a bad image of GRT on other road users. And 

at the same time, the bus driver might be hit by the vehicle coming behind the bus.

Figure 2-23, One GRT bus trying to leave the bus lane on February 10, 2010 [99].

At the same time, there are more traffic lights along the whole corridor than before GRT was 

constructed. It loads extra burden on other traffic users on the main road, which leads to even more 

congestions, and lower speed for both GRT and other vehicles. 

The operation of GRT, however, seems to have much potential for improvements. According to a 

questionnaire sent to 1,131 passengers, there are not enough bus units at peak hours, and the 
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headway is quite long. 38.8% of the passengers think the travelling time has increased, and they 

need to change at least one more time than before to reach their destinations.

Table 2-6 lists the results compared between travelling with GRT or other vehicles on the same GRT 

corridor. It is easy to see that, even though there is no speed limit for GRT, the average speed of 

buses at peak hours was much lower than other vehicles. And to travel along the whole corridor, it 

took 82 minutes for GRT, which was almost twice as long as for other vehicles with a speed limit of 

60 km/h. With these results, it could be concluded that, GRT has not had a positive effect in the 

whole traffic system yet, and the impacts are so far mostly negative. This result can be caused by 

improper operation of the GRT system.

Table 2-6, Comparison between GRT and other vehicles on GRT bus lane 
[based on reference 99].

GRT Other vehicles
Speed Limit None 60 km/hour

Travelling time 
on Corridor I

82 minutes 45 minutes

Average speed 
at peak hours

17 km/hour 30.53 km/hour

3) Human factors that lead to GRT's failures in road safety

Incorrect behaviours of all road users can lead to GRT's safety problem for all road users. 

• First of all, aggressive pedestrians trying to cross the road through the barriers, or other 

vehicles, illegally, driving on the bus lane (as shown in figure 2-24) are impeding the 

performance of GRT.

• Secondly, the matching between buses and stations while buses are driving into stations, is 

another potential factor that results in passenger safety problems while boarding and 

alighting, as shown in figure 2-25.

• Along the corridor, there are zebra crossings for passengers to go across the street: However, 

vehicles' speeds on other lanes can reach between 60-80 km/hour at along the GRT corridor, 

which can lead to serious traffic accidents.
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Figure 2-24, An aggressive driver taking turn onto the GRT lane [100].

Figure 2-25, GRT's failure at stations by bus driver on February 21, 2010 [101].

4) Citizens' attitudes about GRT

While I interviewed (on the internet) several citizens in Guangzhou, they did not show positve 

attitudes toward GRT, because of the following reasons:

✗ Inconvenient to reach stations.

✗ Much longer travelling time and much longer walking distance on the way to or out of a bus 

station.

✗ Busier for other general vehicle lanes and much more congestions on the main road.

✗ Less green zones.

✗ Doubt about the effects at intersections 

According to these people that I talked with, GRT is a failure for the city to solve its traffic 

problems. What must be admitted here is that, the interviewed number is quite small. To understand 

how the reality is, more citizens should be interviewed with a formal questionnaire, which may be a 

necessary future work for urban planners if they want to improve GRT's performance.
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III) What can be learned

GRT has the second biggest system capacity around the world, and it should work out according to 

urban traffic planners. However, the main reason for its failures at the moment is that, the 

government did not really communicate with the citizens, thus the public had already an resistant 

and suspicious attitude which leads to that road users are not willing to co-operate with GRT.

Secondly, aggressive road users are still taking every possibility to occupy or cross the bus lane. 

Therefore, traffic accidents happened quite often in the beginning. This can be solved with strict 

enforcements or building fully segregated barriers between the bus lane and general traffic lanes.

Thirdly, the operational system for GRT and feeder buses must be improved. There are more than 

one parking point within station zones and nowadays system has not assigned how buses will park 

when coming into station zones. As shown in figure 2-26, there are three substations at Gangding 

Station, and parking points are as many as 11. There is no decided positions for different buses 

within the stations' parking zones. As a result of this, the one who drives in the station first will have 

the chance to take any position to stay at. Therefore, passengers will not be able to know where to 

board. It often happens that passengers need to rush to the right position while seeing a bus 

approaching, which can result in both boarding and safety problems.

Figure 2-26, GRT stations at Gangding Station.

Besides the personal factors, some physical constructions can also lead to potential safety problems. 
Take shield doors at stations for example, some shield doors can open without any reason. And 
overpasses, do not have any shelter against rain or wind. During waiting at peak hours, it can be an 
unpleasant experience waiting on a crowded overpass. 

2.6.5 Conclusion of Selected BRT Practices

While comparing all the BRT systems discussed in the chapter, several BRT elements have been 

talked about such as city planning, BRT design, integration with conventional buses, advantages 
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and disadvantages. More detailed comparisons are listed in table 2-7.

The BRT layouts are quite similar, which has bus lane in the middle of the road, with full or partial 

barriers between bus lanes and other lanes, stations with good weather protection and passenger 

accesses. However, the effects of these BRT systems are quite different. 

In Curitiba, the BRT and feeder buses can cover almost the whole city and urban planning is based 

on BRT corridors. New central business districts are built in accordance with of the BRT network. 

As a result, there will not be much traffic congestions on the roads and the bus system can handle 

the demands of public ridership. Since the system has been existing for more than 30 years, all 

traffic users have also gotten used to it, so the co-operation among them is harmonious. 

In Bogota, even though TransMilenio was built a few decades later, the success of it has also 

showed that TransMilenio is a suitable solution for urban traffic problems. The land development 

has been influenced by TransMilenio and it is possible to achieve the goal of distributing the only 

urban center into more sub-areas. However, the integration with conventional buses should be 

improved. The government should standardise the ticket system between TransMilenio and 

conventional buses. They should work together for an integrated bus system, instead of competing 

for passengers. The enforcement of giving TransMilenio priority before any other vehicles, helps 

TransMilenio to take effect in transportation. 

In Jakarta, the system on Corridor I also showed promise in the beginning, with higher ridership, 

better safety and etc. Nevertheless, there is still lots of areas that can be improved. Both the design 

work of buses, stations, overpasses, ramps and so on, and the operational work such as the ticket 

system, integration with feeder buses, ITS applications should be improved. The lack of a good and 

reasonable designs has been a major reason why the ridership is decreasing. However, the system is 

relatively new, and the results so far are positive. There are still not so many studies about other 

corridors in Jakarta, so it is hard to see the total effect of TransJakarta.

In Guangzhou, GRT is far away from being welcomed by the public, which could be because of a 

lack of communication between the government and the public while planning it. The public does 

not understand why GRT is needed, and why it has to be built on the busiest street. From the 

construction phase to nowadays operation phase, the traffic situation did not get any better, which is 

complained by most of the road users, including both private vehicle owners and public transit 

passengers. The operational part of GRT needs to be reformed and it must be done as soon as 

possible, such as how to run both feeder buses and GRT buses on the same corridor, how to solve 

the passenger streams on overpasses and stations, and how to reduce the waiting time for buses at 
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stations. The government should also take actions to help GRT work better, stricter enforcements 

should be made in order to reduce aggressive traffic behaviours, in order to reduce traffic accidents 

related to the GRT. GRT is still quite new, and it will take some time for the public to see the 

advantages.

It is shown by practices that BRT systems have some impact on land development. However, if it 

can efficiently integrate with urban planning nowadays, when the structure of a city is almost 

decided,  remains as a question. How to efficiently utilize the limited road space, and at the same 

time, attracting more private ridership will be the biggest challenge in most of the developing 

countries, where more and more travellers choose personally owned vehicles instead of public 

transits.
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Table 2-7, BRT in four cities and improving suggestions.
BRT Curitiba, 

Brazil
Bogota, 
Colombia

Jakarta, Indonesia Guangzhou, China

Bus + + - -
Improvement No No 1, Bigger buses;

2, More doors
Bigger buses

Bus lane layout + + +/- Not known yet
Improvement No No Dual lanes at station 

areas
Not known yet

Station + + - -
Improvement No No 1, Elevator for 

disabled passengers;
2, Better ITS 
applications.

1, Bigger capacity; 
2, More service;
3, Better operational 
system.

Passenger access + +/- +/- +/-
Improvement No Shelter 

against wind 
and rain

1, Shelter against 
wind and rain;
2, Shorter walking-
in time on overpass;
3, Better protection 
at zebra zones.

1, Shelter against 
wind and rain;
2, Shorter walking-in 
time on overpass;
3, Better protection at 
zebra zones.

Fare system + + - +
Improvement No No Integrated system No
ITS applications + + - Has not taken effect 

yet
Improvement No No 1, Electrical route 

map;
2, Real-time 
information.

Not known yet

Cooperation with 
conventional bus

Has 
integrated 

Competition 
with each 

other

Has not integrated 
yet

Has not integrated yet

For sustainable 
urban planning

+ - Unknown Unknown 
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3 BRT and Road Safety
The BRT system has a higher safety level for urban traffic, which has been proved by some 

successful cases. However, how to evaluate safety problems that may be involved in a BRT system, 

remains a research area that is lacking in acadamic literature. In this chapter, safety problems of a 

few elements involved in a BRT system will be discussed. The aim is to understand the connection 

between a BRT system and road safety for all road users.

Some BRT systems, which have absolutely exclusive bus street/bus road have a certainly higher 

safety level than other layouts. This part will only be touched upon. However, the most popular 

layouts of BRT systems, which are median layouts and shoulder layouts in urban areas, are adopted 

in most of the cities who are planning for the BRT system, therefore, this chapter will focus on 

them.

3.1 Road Safety Introduction

To understand road safety for all road users and its meaning is very important for urban traffic 

planning, since it can help urban planners to create an as safe as possible environment for all road 

users. Therefore, the first section will be an introduction of road safety in general.

3.1.1 Background

Traffic accidents have been an underlying threat that is doing harm to our daily life. By 2000, there 

were 1.26 million people who died due to road accidents around the world. People who died of road 

accidents took up 2.2% of the total deaths all over the world. 25% of people who died of traffic 

accidents on roads, were between 15 to 44 years old. It has been predicted that traffic accidents will 

rise from the 9th place in 2000, to the 3rd place in 2020 [102].

Most of the traffic accident injuries due to happen in developing countries. by 2000, the total 

number of injuries/deaths caused by traffic accidents was more than a million, which took 90% of 

the total fatal number around the world. And one third happened in the southeastern area in Asia. 

On the other side, the number of injuries/deaths in developed countries was only 125,000. Figure 3-

1 and figure 3-2 show the distributions of fatalities classified by different type of road users, 

respectively in South Africa and in the U.K.

If comparing developing countries with developed countries, it can be found that, people who got 
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injured or killed in developing countries mostly consisted of pedestrians, cyclists, and public transit 

passengers. Take Abidjan city (Capital of The Republic of Cote d'ivoire) for example, 75% of the 

persons that were injured/killed in traffic accidents were pedestrians, with respectively 65% in 

Naiobi (Capital of Kenya) and 89% in Addis Ababa (Capital of Ethiopia).

Figure 3-1, Fatalities among different type of road users in South Africa between 2006 and 2007 
[103].

Note: The column to the left represents for car drivers, the one in the middle represents for passengers and 
the one to the right for pedestrians.

On the contrary, most fatalities happen to vehicle drivers in developed countries, take the U.K. as 

shown in figure 3-2, for example, 54% of all fatalities were vehicle drivers, and pedestrians and 

cyclists took up 20% of the total fatalities.

Figure 3-2, Casualties divided by classes in Hampshire, UK, 2008 [104].
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It has been confirmed that there is a certain connection between an daily increasing motor vehicle 

ownership and the total numbers of people who died or got injured in traffic accidents, especially in 

developing countries. The growth of motor vehicles is fast, however, there is no good enough traffic 

system to ensure the safety of vulnerable road users. The lack of formal sidewalks, bike lanes, or 

pedestrian crossing facilities can be the main reason. And also, the lack of strong enough 

enforcements and education for all road users results in incorrect and dangerous road activities, 

which lead to high accident rates between motorist and non-motorists.

3.1.2 Factors That Contribute to Road Accidents

The number of people killed or injured in road accidents depends on three basic factors, which are 

exposure, accident rate and injury severity [Nilsson 2002].

Exposure: The total activities appeared on roads by people, where accidents may happen in the 

traffic. And the modes of exposure, such as pedestrian, cyclist, car driver, and bus passenger. They 

have different risk levels in traffic accidents.

Accident rate: It is the risk of accident per unit of total amount of activities on the road, which can 

work as an indicator of the future accident occurrence.

Injury severity: It is used to evaluated the result of an accident that leads to personal 

injuries/fatalities or property damages.

Figure 3-3 shows the structure of the three factors. It is easy to understand interactions between 

road injuries and all three factors. The more exposure, the more serious injury severity and the 

higher accident rate a road user has, the bigger chance for him/her to get killed or severely injured 

in an accident.

Figure 3-3, Three factors that influence road injuries [105].
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The crucial factors that lead to traffic accidents can be divided into three areas, which are road (road 

conditions that relate to environment will also be included here), human, and vehicle[106-112]: 

• Infrastructure factors:

✗ Road types: Different types of roads such as urban main road, motorway, collector 

road and access roads, have different influences on accident risks. The main road 

type can have a 11 times bigger risk than on the motorway which is shown by 

statistics from Denmark, and roads within urban areas have a higher rate of accidents 

than roads in rural areas in general. Figure 3-4 shows that in 1999 most of the 

casualties happened on urban roads which could reach 68% of the total fatalities, 

comparing with 32% on rural roads in the USA.

✗ Elements of road design: The width, number of lanes, intersection design and so on 

will also influence accident rates on the road.

✗ Road conditions: Poor road surface, sloped curves, inadequate lighting system, poor 

traffic signs, defective traffic signals and the like can also result in higher level of 

accident rates.

✗ Environment factors: Accidents that are caused by environment such as darkness, 

weather, animals can also result in higher accident risk level.

• Road users: Aggressive road users can contribute to serious traffic accidents, such as 

speeding, drinking and driving, talking on the phone while driving, not using seat belt. 

On the other side, lack of protection for pedestrians and cyclists, such as helmets, or 

light during the darkness is another important reason that leads to severe accidents. The 

accident levels are also different depending on age. Especially children, is over 

represented in the accident statistics.

• Vehicles: The design of bumper and engine cover of a vehicle can severely harm a 

person in the head, thus resulting in death or serious injuries. By enhancing the safety 

factor of the front part of a vehicle, can lower the severity of the accident. Also, lack of 

annual vehicle examination leads to a more dangerous traffic environment for all road 

users. Compulsory yearly inspection for vehicles will reduce the possibility of traffic 

accidents that are caused by broken vehicles.

Except for the elements that were listed above, traffic enforcements and medical care systems 

should also work efficiently in order to lower the possibility of a fatal outcome and severe injury 

caused by traffic accidents. At the same time, different travelling modes can also result in severe 

accidents at different grades.
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Figure 3-4, Casualties and killed/severely injured on different types of roads in 1999, the USA 
[113].

Figure 3-5 shows different types of factors that lead to fatalities and injuries related to traffic 

accidents in the U.K. 2005.

Figure 3-5, Contributory factor types for fatalities and injuries at different grades in the U.K.,  
2005 [114].

Note: the columns in the middle represent for serious injuries, and the columns to the right represent for 
slight injury.

3.1.3 Road Safety Countermeasures

To enhance road safety, the three crucial factors that result in accidents have to be considered. The 

countermeasures are listed as follows:
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✔ Reducing exposure, which means to reduce the total trips on roads; or

✔ Changing travel modes thus lowering risk level; or

✔ Decreasing the accident rate (which could not really be achieved); or

✔ Reducing accident severity through better protection for road users.

Theoretically, the most efficient way is to choose a lower risked transit mode while travelling, as it 

is showed by figure 3-6 and 3-7, bus passengers have the smallest risk to get killed or severely 

injured in an accident, comparing with other travelling modes (metro and light rail passengers are 

not discussed here) in five European countries. And the risk of pedestrian and cyclist fatality can be 

higher compared with car drivers in the USA. The possibility of a pedestrian to get killed can reach 

36 times as high as for a car driver, and the cyclist has a 11 times higher fatality rate of a vehicle 

driver during an accident [115].

Figure 3-6, Different accident rates among different travelling modes in five European countries  
(Sweden, Denmark, The U.K., The Netherlander and Norway) between 2002 and 2008 [105].

Figure 3-7, Casualties divided by travelling modes in Hempshire, U.K., 2008 [104].
Note: PTW means Power two wheelers.
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Looking at the data, taking the bus is the safest travelling mode among all types of transits. As an 

advanced variation of conventional buses, BRT has certainly an even higher level of safety. In the 

following sections, the safety impacts on road users of BRT elements will be discussed. 

3.2 BRT and Road Safety

BRT is an effective method for a sustainable traffic development, the safety of the whole system has 

been proven to be high. Especially in developing countries, where public transits still take up the 

first place, it has become an outstanding remedy for urban traffic problems.

Some cities with BRT systems have witnessed a significant reduction in traffic-related fatalities and 

injuries. As shown in figure 3-8, the total number of bus-related accidents decreased from 658 per 

month in 2003, to 516 per month in 2004, in Seoul, Korea. Thanks to the BRT system, 26.9% of all 

bus-related accidents were reduced after the BRT system was constructed. 

Figure 3-8, Reduced accidents related to buses in Seoul, Korea before and after the BRT system 
[116].

While looking at another city Taiwan, the bus accident rate dropped from 4.68 cases/million-km 

before the implementation of the BRT system, to 0.19 case/million-km in 2003 after the BRT 

system, which means an average yearly decline in accident rate of 63% [117]. Take another city 

Bogota, Colombia, for example, two years after the implementation of TransMilenio, the traffic-

related injuries dropped by 76% and fatalities by 94% along the corridors where the system operates 

[118,119].

Even though the statistics from cities with successful BRT systems have shown that the BRT system 

is quite safe, however, there is lack of literatures directly related to BRT's safety value. As a result 

of this, different safety theories are borrowed to evaluate the safety of different BRT systems.
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Since motorcycles do not share the bus lane, they will be classified to the group of motor vehicles in 

this thesis. In most of the countries, motorcyclists share the lanes with other motor vehicles. 

Therefore, their safety problems will be the same, which will not contribute much when evaluating 

the safety of BRT systems. Hence, the safety problems of motorcyclists will not be separately 

discussed.

3.2.1 Shared Traffic Lanes or Dedicated Lanes? 

The most special element in most of the BRT systems that differs BRT from conventional buses is 

that it has its own dedicated bus lanes. On both rural highways and urban streets. The effects can be 

a little bit different regarding road safety. The safety effects of BRT systems might differ from rural 

areas to urban areas, due to the different speeds of BRT on an arterial street inside the city and on 

rural roads.

I) On rural road

There are some BRT systems, which have absolutely isolated bus runways, or running on highways, 

with full partitions on both sides of the bus lane. This design of the bus lanes can ensure the priority 

and specialty of BRT, and the safety as well. BRT with bus lanes built above or under the road 

surface or on BRT-only streets in urban area, have almost the same safety level, since they do not 

have interactions with other road users. Therefore, they will be discussed together here. 

BRT systems with isolated bus runways (on highways), work similar to when buses running on a 

bus only one way street (not considering the intersection areas) or a two way street for just buses. 

Compared with two way streets, an one way street has a much lower accident risk for both vehicle 

and pedestrian. It has been shown in different countries that when converting two way street to one 

way streets, accidents that involved all road users, especially pedestrians and cyclist are decreasing 

sharply, as shown in table 3-1. On the opposite, while converting one way streets to two way streets, 

the accident rates for all types of road users increased, which can be caused by more complicated 

interactions among all road users.

As to the roads with more than two traffic lanes, it will be more danger for road users while 

travelling on the road.
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Table 3-1, Reduced accident rates caused by converting two way streets to one way streets [120].
City and Year Year Total accident rate Pedestrian accident rate

Modesto, California, 1957 -10.00% -57.00%
Hamilto, Ontario, 1956 – 1960 -17.00% Unknown
Portland, Oregon, 1959 -58.00% -60.00%
New York City, 1966 -38.00% -28.00%
London, England, 1987 -40.00% Unknown 
Cincinnati, Ohio, 1975 -39.60% -21.70%

BRT systems with full partitions on both sides of the bus lane, have even lower accident rates for all 

types of collisions in general, compared with normal one way bus streets. Because they do not share 

bus ways with other vulnerable road users such as pedestrians, or cyclists. Therefore, the only type 

of accident that can appear along the bus lane is collisions between buses and partitions (not 

considering intersections), which will be discussed in the following section. In this case, there are 

usually no fatalities or severe injuries caused by a bus-partition collision. 

II) On urban areas

Most BRT systems in urban areas, run on dedicated bus lanes, while some BRT shares traffic lanes 

with other motor vehicles, and only have a specialised lane when approaching intersections, in order 

to carry out signal priority function. Is there a special need for a dedicated BRT bus lane and will it 

be safer?

BRT running on a mixed traffic lane, works just like conventional buses. In most of the countries, 

conventional buses share lanes with other road users (excluding pedestrians), such as private vehicle 

travellers, moped passengers, cyclists, and motorcyclists, which results in increasing accidents 

under such a situation. Because of overtaking actions, lane changing or turn taking at intersections, 

accident can happen more often on mixed roads where all types of road users are involved. 

Besides, buses (and trams) are more often involved in accidents where other road users are injured, 

compared to other vehicles, which can be explained as following: the heavier weight of buses/trams 

means bigger impacts when accidents happen. According to Norwegian accident data, the number 

of injuries in accidents where buses were involved is three times higher than the number of injuries 

related to private cars and trams have about 50 times bigger impacts. Therefore, to separate buses 

and trams from other traffic can reduce the number of injuries or fatalities, at the same time, it can 

increase bus mobility, and thus shorten the travelling time.

Table 3-2 shows different impacts on accidents from different types of bus lane designs. It can be 
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found that dedicated bus lanes have a smaller influence on injuries and property damages, than the 

mixed traffic where all types of road users are involved. Accidents on bus lanes with partitions 

result mostly in property damages, and not personal injuries or fatalities. Trams with dedicated 

lanes or streets have, in general, less accidents than buses.

Therefore, dedicated bus lanes in a BRT system leads to a higher level of safety for the whole 

traffic.

Table 3-2, Different impacts on road accidents classified by bus lane layouts [105].
Accident 
type

Mixed 
traffic 

Bus only
at rush 
hours

Permanent 
bus lane for 
bus and taxi

Street for 
bus and 
taxi

With bus 
bays

Permanent 
lane for 
trams

Street for 
trams

Unspecified 61.00% Unknown Unknown Unknown Unknown 16.00% 16.00%
Personal 
injury

/ 12.00% 27.00% 11.00% -74.00% / /

Property 
damage

/ 15.00% Unknown -46.00% 120.00% / /

For other reasons, the more complicated situation road users will have to face, the bigger the chance 

that they will behave wrong, thus leading to accidents.To provide an absolutely dedicated bus lane 

along the bus corridor, not only within intersection zones, will simplify and make the traffic 

situation easier to understand for all road users, thus decreasing the possibility of behaving 

incorrectly, and furthermore, leads to a higher safety level on the road.

Since most of the BRT systems are built in urban areas, the following part of this chapter will focus 

on safety problems of the most popular urban BRT layouts.

3.2.2 BRT Bus Lanes in The Median of The Road

Figure 3-9 shows the most popular median bus lane layout that is adopted by many cities. The 

assignment to different road users has a certain effect on road safety. The bus lane is separated from 

general traffic lanes by either median barriers or green zones, which can ensure that there will be 

less bus-related accidents on the road. At the same time, vulnerable road users' acting areas are 

settled on both shoulders of the road, which lowers the accident risk for them to be caught in an 

accident related to motor vehicles. 

There will still be risks between vehicle and vulnerable road users, when one of the interactive 

partners behave incorrectly: However, appointed lanes for each type of road user make sure that, 

interactions among them are minimised, thus resulting in a much lower accident risk.
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Figure 3-9, Median bus lane layout [121].

Two median BRT layouts are BRT systems with full (or partial) or without partitions along the bus 

lanes. The safety level of each layout will be discussed separately in this section, since different 

elements can result in different safety problems.

Note, very few BRT systems has green zones instead of partitions on both sides of the bus lane, 

because of the space limitation. It works similar as running on a bus-only street with dual 

directions. Since this thesis focuses mostly on BRT systems with and without partitions along bus 

lanes, this kind of BRT layout with green zones along BRT bus lanes will not be discussed in this 

thesis.

I) Bus lane with partitions

Physical partitions on both sides of a BRT bus lane, ensure the priority and specialty of buses. There 

are two types of partition selections, full or partial. The following sections will discuss them 

separately, since their safety influences are different on road users. 

A) Fully partitioned BRT bus lanes

BRT bus lanes with full partitions (except for intersection areas), have different impacts on different 

road users that are involved. Consequently, the safety level will be evaluated according to different 

interactive partners separately.

i) Full partitions' safety impacts on BRT buses

Partitions that isolate BRT bus lanes from other vehicle lanes, work similar as median barriers. 

Although they are in a much weaker material, for buses running within the barriers, however, it will 

still be quite safe. The possible collision only exits between buses and barriers. As it has been 
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mentioned earlier, BRT systems are mostly built in urban areas with a very busy traffic situation, 

therefore, the low-speed bus usually results in mostly property damages, and no severe personal 

injuries when a bus-barrier collision happens.

A bus-barrier collision crash test that was done by VTI, Sweden is shown in figure 3-10. The barrier 

is one meter high, 0.6 meter wide and the testing length is 54 meters. A bus with a weight of 13 ton 

runs into the barrier at the speed of 70 km/h (impact angle unknown).

It is easy to see the result from a video. The contact part is at the left front side of the bus, little 

above the left front wheel. At around 0.04 second, the front wheels start to leave the ground. At 

about 0.07 second, the moving direction is changed slightly and the front wheels have already left 

the ground. From about 0.13 second, the bus starts to lean slightly toward the barrier, and leaning 

angle is getting bigger and bigger. By 0.14 second, the end of the bus on left side contacts the 

barrier, and the bus' right back wheel is going to leave the ground at about 0.16 second. At 0.20 

second, the back wheels leave the ground and the bus starts to get its balance back while driving 

ahead. By 0.27 second, the bus lands on the ground with all wheels and with a direction that is 

parallel to the barrier's.

Figure 3-10, The impact test between a bus and a barrier by VTI, Sweden [122].
The result shows that there is mostly property damages to the bus and barrier. There is no 

windshield contact, and there is no rollover action of the bus. There might be personal injuries, 

however, the injury extent would not be very severe.
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From this crash test, it can be deduced that, when a bus on a BRT bus lane, with much lower speed 

(around 20 – 30 km/h at peak hours) runs into the partitions. There will not be any serious property 

damages.There will be an even lower risk for fatalities and injuries, even though the barrier 

involved in a BRT system can be weaker. The partitions along a bus lane will not cause severe 

safety problem for bus occupants. At the same time, the partitions can make sure there is no other 

vehicles occupying the bus lane, thus minimising interactions between buses and other vehicles.

ii) Full partitions' safety impacts on other vehicles on lane beside

There are some BRT systems which have opposite traffic movements for bus lanes and vehicle 

lanes, while most of the BRT systems do not, both options will be discussed.

With opposite traffic movement directions
For vehicles driving on the lane beside the bus lane, having an opposite traffic movement direction, 

the barriers in the middle of the road have a similar function as median barriers on freeways. Where 

the barriers' function is to protect vehicles from head-on accidents. Therefore, median barriers on 

freeways are discussed here to evaluate the safety of median barriers along BRT corridors. 

However, the vehicles on urban streets usually do not have a speed as high as on freeways, in 

another word, the risk level is even lower taking this aspect into consideration.

Since median crossover activities often can result in fatalities or severe injuries, the installation of 

median barriers can reduce these activites on a heavy road. Take the USA for example, where only 

2.4% of all crashes were crossover median crashes, which resulted in 32.7% of all fatalities. And in 

South California, USA, there were more than 70 persons who lost their lives in 57 crossover 

median crashes between 1999 and 2000. The estimation from North Carolina, shows that  crossover 

median crashes are three times as deadly as other freeway crashes and median barriers are expected 

to lead to a 90% reduction in the total number of crossover crashes [123].

Experience from the USA
In the 1990s, the Washington State Department of Transportation installed about 40 kilometers of 

cable median barriers at three locations along Interstate 5, and the crossover crashes reduced from 

16 with an 1.6 fatal crash, to 3.83 crossover crashes with no fatal crashes annually, which meant a 

76% reduction of crossover crashes stopped by cable median barriers. And in South California, in 

order to solve the serious problem related to crossover crashes on freeways, around 507 kilometers 

cable median barriers were installed along the roads. As a result of this, 11,913 vehicles were 

stopped by the cable median barriers and only 15 vehicles penetrated the cable median barriers 

which resulted in eight fatalities in the following three years. Also in Oklahoma state, cable median 

barriers were installed on a 11.3 kilometers long section in 2001, which resulted in only three 
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injuries (no fatalities) in 238 accidents until May, 2004, comparing to 22 crossover crashes with 10 

fatalities between 1996 and 2001 [124].

Experience from Sweden
Since most of the BRT systems with median bus lane layout have dual lanes for each direction at 

station zones (while only single lane for each direction outside station zones), the whole bus route 

can be assumed as a ''2+1 road''. Therefore, experiences of this type of road from Sweden is 

borrowed to evaluate safety impacts.

In Sweden, in the beginning of the 2000s, 603 km of 13-meter wide roads were changed to 2+1 

roads in Sweden, with speed limits of respectively 90 km/h on regular single carriageways and 110 

km/h on semi-motorways. The outcome by May 2001 was a total of 121 accidents with only six 

person severely injured but no fatality on the treated semi-motor roads with barriers. The fatalities 

were reduced with 90% on semi-motor roads, and 76% fatal reduction on regular single-

carriageways. Collisions with barriers along the roads, where expected to increase because of the 

median barriers and narrow one lane segments, collisions might be as frequent as one crash per 

week (NCHRP, 2003), but usually without any injury to vehicle occupants. Table 3-3 shows the 

differences in accident results between the SNRA safety prediction model and reality with the help 

of cable median barriers. As shown in the table, even though there were more accidents, both 

injuries and fatalities were much smaller in reality than the model predicted, by which it could be 

concluded that cable median barriers had an positive effect on road safety [125,126].

Table 3-3, Pleasing results in reality compared to SNRA model predictions with cable median 
barriers in Sweden. 

Predicted Observed Remark
Number of accidents 80 121 Significantly more 
Injured persons 50 37 No significant difference
Severe injured or killed Around 14 6 Significant on the limit 
Killed Around 4 0 No significant difference 

Note: It included one single vehicle accident that ran into the ditch on the other side of the road. 

It can be concluded that, partitions along bus lanes are especially important for BRT and vehicles 

driving on the lane beside. Because of the opposite movement directions, there is still a risk for 

head-on collisions, which can result in higher fatality and severe injury rates. The driver of the 

vehicle that runs into the partition with a low speed can be stopped effectively and thus avoids a 

collision. 
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Buses running within the partitions may be influenced by vehicle-partition collision, however, there 

will be a very low risk that they will be caught in the collision and bus occupants will be hurt. 

With same traffic movement directions 

For the traffic with same movement directions, partitions between bus lanes and other vehicle lanes, 

work similar as roadside barriers, whose function is to stop high speed vehicle running off the road. 

The difference here is to stop vehicle on the lane beside running into the bus lane. 

As mentioned before, speeds of all automobiles on arterial streets inside urban areas are usually 

low, especially at peak hours. As a result of this, there will be few vehicle-barrier collisions that 

result in fatalities and severe injuries. Collisions, on the contrary, will mostly lead to minor property 

damages, and it is usually easy to repair these damages.

Another two features of partitions can also ensure safety for vehicles driving beside, which are 

concluded as following: 

✔ There will be no possibility for other vehicles to take up the bus lane, which can minimise 

unnecessary interactions between buses and vehicles, thus reducing bus-vehicle accidents.

✔ Even though there may be a collision on general vehicle lanes, the partitions can protect 

buses on bus lanes from pileup. It can reduce the injury possibility for vehicle occupants 

when buses are not involved.

One thing that needs attention is that, there is a balance between the width of median barrier and the 

accident rate. If the barrier is too thin, the protecting ability during a collision will decrease. On the 

contrary, if the barrier is too wide, it will take up much space from vehicle lanes, thus doing harm to 

traffic flow, and may lead to more collisions. As a result of this, while establishing barriers for 

traffic lanes, in order to find the balance point, special guidelines for barrier design must be 

followed, and the road situation must be taken into account.

iii) Full partitions' safety impacts on non-motorised road users along BRT bus lanes

a) Impacts on pedestrians and cyclists

Pedestrians and cyclists are vulnerable road users in the traffic. They can be the main components 

of road users in most of the developing countries. They are also mostly likely to be killed in traffic 

accidents. Take China for example, in the 1990s, 50.45% fatalities happened to pedestrians and 

cyclists, and by 2005, the percentage of fatalities for the same group was 40.21%. The reduction 

could be caused by higher motorisation of the nation [127]. Figure 3-11 shows how pedestrians 

were killed by different types of vehicles in Sweden between 2003 and 2007 (Sweden has high 
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priority and safety for pedestrians, therefore, it is exemplified here.). 

Figure 3-11, Fatalities and severe injuries of pedestrians divided by accident types between 2003 
and 2007 in Sweden [128].

Figure 3-12 and figure 3-13 show the pedestrian fatality distribution, classified by different 

activities in Japan 2005, and in the USA between 1999 and 2000 respectively.

Figure 3-12, Pedestrian fatality distributions from hits by automobiles in Japan, 2005 [129].
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Figure 3-13, Factors for single vehicle-pedestrian fatal crashes in the USA between 1998 and 
2000 [130].

It is easily concluded that the largest pedestrian and cyclist safety problem is crossing streets. A 

dedicated BRT corridor with barriers prevent non-motorised road users from crossing the street 

wherever they like to along bus lanes, thus improving the safety for them in general.

More discussions about non-motorised road users' safety problems while crossing the road will be 

discussed in a later section in this chapter.

b) Safety impacts on bus passengers

The main safety problem of a BRT system with median bus lane layouts lies in how bus passengers 

will go across the road to reach the bus station that lies in the middle of the road, or after alighting, 

how they will reach the sidewalk safely.

For the passengers, it will be difficult to reach bus stops that lie in the middle of the road, since they 

need to cross other traffic lanes, usually fast traffic lanes. The wider the roads the users will have to 

go across, the higher the risk they will be hit by a vehicle at-grade, which has been discussed above. 

Therefore, for bus passengers the safety level is much lower under such conditions.

Some other reasons that can influence safety problems for bus passengers are:

✗ The risk will also be enlarged if bus passengers are in a hurry to catch an arrived bus, 

because unstable factors can appear such as not seeing other vehicles, or running against the 

red light, which can lead to deadly interactions between passengers and vehicles on other 

lanes (For bus passengers appearing in the middle of the road, the risk will appear after 

alighting the bus and crossing the road.).
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✗ Another problem is that, if there are plenty of passengers waiting at the station, more space 

will be needed to build bigger stations in order to provide big enough waiting areas which 

are a good protection from other traffic lanes. As a result of this, the size of the station will 

be a problem for spacial distributions between BRT and other traffic. Neither wider nor 

higher stations will be a good choice here, since both have a negative effect on traffic flow, 

since they will prolong the travelling time thus enlarging the exposure risk in general.

BRT systems with full partitions along bus lanes, therefore have a safer impact on vehicles driving 

on general traffic lanes, and pedestrians/bicyclists who act far away from the median bus lane, than 

on bus passengers, who are forced to cross the road with several busy traffic lanes. To overcome 

this weakness of the whole system, some useful countermeasures have been implemented. 

Note, only bus passengers after alighting a bus will be discussed here, since for bus passengers who 

are trying to reach the station in the middle of the road, the situation will be the same.

iv) Countermeasures

Countermeasures from both advanced software technology and physical constructions are used in a 

BRT system to improve road safety for bus occupants. Since this thesis is mostly focusing on BRT 

bus lane layouts, physical constructions will be discussed in more detail here.

1) Intelligent transportation system applications

As an advanced countermeasure, ITS applications are used in BRT systems, such as automatic 

vehicle location, transit signal priority at intersections, sensors installed on vehicle doors, real-time 

traveller information, and advanced communication system. 

These applications can ensure road safety for bus occupants through predicting potential dangers 

ahead, which can help bus occupants (mostly drivers here) to react correctly. Take the advanced 

communication system for example, the bus driver who receives real-time traffic information about 

an accident, can take a decision to choose another route while driving. As a result of this, both 

exposure and the risk of being involved in an accident for bus occupants can be reduced. If looking 

at sensors that are installed on buses, they can make sure that bus doors will only open when buses 

stay still at station zones, which can lower the risk for waiting passengers to board too early.

2) Physical constructions

Considering from bus passengers' aspects, a few unique features of median BRT bus lanes are 
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needed for better safety protections along the corridor, which can lower the potential accident risk 

for passengers while crossing the street [131-134]:

➢ Bus stations need to have an isolating function that protects passengers from other traffic 

lanes. It means that the enclosed station will be built together with an enclosed walking 

channel along the sections between the bus stop and the nearest intersections, which works 

similar as a pedestrian tunnel on the road surface. In this case, passengers can walk directly 

to the chosen intersection inside the channel after alighting and then go across the road. 

Passenger tunnels or overpasses are not needed here, however, safety problem will come up 

at intersections as usual while passengers are crossing the street.

➢ Bus stations are only enclosed at station areas, and providing:

✔ Safe channels (not exclusively enclosed, just like safe island zones) which lie in the 

middle of the BRT bus lanes and other traffic lanes, with the aim of connecting the 

stations and the intersections toward both directions, which can make sure that 

passengers can go in both directions to cross the road. The widths of the channels are 

important. Both spacial conditions and passenger flow should be taken into 

consideration. After the safe islands which transfer passengers to the intersections, there 

should be zebra crossings, either with signal controlled traffic lights or without to cross 

the street. If the width of the whole road is too wide, pedestrian refuge islands should be 

considered to be built. However, such crossing facilities could still not totally protect the 

passengers from traffic accidents.

✔ Passenger tunnels or overpasses need to be constructed together with the stations. The 

size of both facilities should be based on passenger flow.

a) Zebra crossings at intersections

Zebra crossings along BRT corridors with full partitions are usually situated at intersections, with or 

without signal controlled traffic lights, just like at any other intersection. Several factors can 

contribute to safety problems, such as distractions, confusion, following others (elder people with 

lower speed is prone to do this), taking shortcuts, running against yellow/red lights, and vehicles 

driving against yellow/red lights.

Figure 3-14a and 3-14b show how a passenger will go across the road after alighting the bus 

running in the middle of the road. The traffic light is not decided here, zebra crossings can be either 

signalised or non-signalised 
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Figure 3-14a, Pedestrian's and passengers' choices while crossing the road in a fully  
segregated median BRT system.

Note: Pa represents passenger, and Pe represents pedestrian.
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Figure 3-14b, Pedestrian's and passenger's choices while crossing the road in a fully  
segregated median BRT system.

Note: Pa represents passenger, and Pe represents pedestrian.

It can be easily understood that, the situation at the intersection is quite complicated, which leads to 

higher accident rates. It has been verified with different in studies, that the more interactions among 

different types of road users at an intersection, the bigger risk of an accident happening.

Take the USA for example, where around 23% of the fatalities and 49% of the injuries occurred at 

intersections, both signalised and non-signalised. Table 3-4 shows how intersections and 

intersection-related accidents affected fatalities and injuries in the USA, 1999. The data included 

both vehicle-vehicle accidents and vehicle-pedestrian/cyclist accidents, which happened mostly at 

non-signalised intersections. It was also shown, by the same study, that the more complicated the 

intersections are, the higher risks of both fatality and injury (with about 16% higher on four-legged 

intersections than on T-intersections). 

Table 3-4, Intersection and intersection -related accidents in the USA, 1999 [based on 135].
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Crash Severity Intersection and 
Intersection-Related

At Signalised 
Intersections

At Non-Signalised 
Intersections & Others

Fatal 8,514 (23%) 2,734 (32%) 5,780 (68%)
Injury 1,015,000 (49%) 476,000 (47%) 539,000 (53%)
Total 2,806,000 (45%) 1,279,000 (46%) 1,527,000 (54%)

Figure 3-15 below shows how traffic flow works at a four-legged intersection comparing with a T 

intersection for roads with dual traffic lanes. It is not hard to find that, there are more interactions at 

a four-legged intersection than at a T-intersection, which means that, there may be a much higher 

risk being active at a four-legged intersection.

Figure 3-15, Traffic flow sat a four-legged intersection and T intersections with dual lanes [136].

Since this thesis is focused on discussing the safety impacts of BRT systems, vehicle actions at 

intersection along a BRT corridor have similar effects as in normal traffic: Therefore, they will not 

be further discussed here. The discussion will focus on bus passenger/pedestrian/cyclist safety at 

intersections or at zebra crossing facilities along a BRT corridor. 

➔ Without signal controlled traffic lights on a barriered street

Zebra crossings without traffic lights are quite usual in lots of countries along urban streets. These 

non-signalised crossing facilities can result in safety problems because of aggressive behaviours in 

traffic. Factors from both non-motorised road users and vehicles can lead to accidents at these 

locations. Aggressive behaviours such as pedestrian not using crossing fatalities properly, or 

vehicles speeding up while approaching crossing fatalities, will lead to accidents between 

vulnerable road users and vehicles.
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Some studies show that quite many vulnerable road users do not use the crossing facilities properly 

at intersections without traffic lights. Take China for example, a study done on vulnerable road 

users at non-signalised crosswalks in Beijing. The study analysed different behaviours from non-

motorised road users while crossing the street with barriers outside Beijing Technology University. 

61.4% of all samples acted carefully in terms of using the formal crossing facility, which are shown 

in figure 3-16a and 3-16b. The rest of observed samples chose other ways to cross the street, such as 

walking sideling, running instead of walking, or not taking the crosswalk at all.

Figure 3-16a, Pedestrian crossing types on a barriered street in Beijing, China [138].

Figure 3-16b, Pedestrian crossing types on a barriered street in Beijing, China [138].
Note: The study was carried out on the street with barriers, between every two rows of median barriers, or 

median barrier to adjacent sidewalk it is only 6 meters wide.
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Many studies also show that vehicle drivers are not likely to break down for pedestrians/cyclists 

while approaching a non-signalised zebra crossing, neither along a traffic lane nor at an intersection.

A study showed how drivers behaved while approaching zebra crossings at intersections without 

traffic lights in Tallinn. In central Tallinn, at the studied area, the average speed at a non-signalised 

intersection was as high as 50.3 km/h, and 40 – 50% of drivers were driving faster than the speed 

limit [137].

More driver behaviours on zebra crossings along the bus lane will be discussed in later sections.

➔ With signal controlled traffic lights on a barriered street

Intersections with signalised zebra crossings along a BRT corridor works in the same way as on 

normal roads for all road users, and have a lower risk than intersections without traffic lights. 

Therefore, safety problems of vulnerable road users remain almost the same as on normal 

intersections with traffic lights.

Since the median barriers stop non-motorists from crossing the road at any location, bus passengers 

of a BRT system with this layout will only face the risk at intersections. However, the priority at 

intersections for BRT systems leads to shorter crossing times for people who want to cross the road, 

which can result in a higher risk from this point of view, especially for elder and disabled people. 

More complicated situations at intersections can also make all road users behave wrong, thus 

causing accidents.

Signal controlled pedestrian crossings, in general, compared with non-signalised ones at 

intersections, can increase safety with the help of traffic lights. Nevertheless, some additional 

reasons can still lead to accidents, such as aggressive behaviours from both motorists and non-

motorists.

Pedestrians 

Pedestrians might wrongly judge the time gap and distance to a vehicle driving toward him/her. 

Besides, distractions at an intersection, playing or rushing against the traffic light can also be the 

main reasons that lead to accidents.

Motorists 

Vehicle speed is the crucial element in accidents with vulnerable road users. Because of various 

reasons, drivers fail to or do not want to slow down at an intersection, which means a higher 

accident risk. The same study in Tallinn, for example, showed that the average speed at signalised 

zebra crossings was as high as 47 km/h, and about one fifth to one third of the drivers drove faster 

than the speed limit of 50 km/h [137].
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Also, not being able to see the traffic lights due to vegetation over growth or errors in judgement 

happen quite often, thus leading to accidents at the intersections.

Environmental factors

Environment such as darkness, weather, and seasons can affect road safety.

Other factors

Other factors such as traffic volume, is also important. Most of the accidents happen at peak hours 

when the road conditions are good. Therefore, the higher the traffic volume, the bigger the 

probability of an accident. Road layouts at an intersection, as mentioned above, can contribute to 

the happening of accidents. A more complicated road layout, with several lanes for example, make 

the situation more difficult for all road users at an intersection.

b) Pedestrian tunnels or overpasses

Many BRT systems adopt pedestrian fatalities such as tunnels and overpasses within station zones, 

to decrease the accident risk for bus passengers while crossing the street. Pedestrian tunnels or 

overpasses allow a more fluent movement of non-motorised road users, and at the same time, 

vehicle traffic at the street level will not be negatively effected. However, facilities for disabled 

people or cyclists such as ramps or elevators should be taken into consideration.

If judging the safety of overpasses or tunnels on a normal barrier-free road, pedestrian safety can 

not be increased significantly. According to a study on overpass safety impact in Uganda, 2000, 

there were only about 29.2% male passengers and 49.1% female passengers taking the overpass to 

cross the street, which are consisted of 79.3% children and 27.3% adults. The rest of the observed 

people still crossed the road at the street level. The reasons for not using the overpass could be the 

extra walking distance, not identifying the overpass as an appropriate safeguard, inconvenience, 

security problem on the overpass, and wrong attitudes toward the overpass [139].

The overpass or tunnel within the BRT station zones on a dedicated median bus lanes with full 

barriers, however, is the only choice to go across the street. When non-motorists take the tunnel or 

overpass to cross the street, pedestrian-related conflicts and crashes can be reduced significantly. 

According to the statistics from Japan Road Association, six months after the construction of 

overpasses in urban areas, the pedestrian-vehicle crashes were reduced with 91% within 100 meter 

of all overpasses and reduced with 85% within 200 meter, compared with the same time period 

before the crossing facilities were installed. Pedestrian-related crashes also decreased near the 
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overpasses. Also experience from the Netherlander showed a reduction of 20% in serious accidents, 

and a 50% reduction in less serious accidents thanks to the pedestrian tunnels. At the same time, 

there was a 30% drop in vehicle-pedestrian/cyclist collisions [140,141].

Both pedestrian overpasses and tunnels can improve safety for non-motorists by separating them 

from high volumed traffic. Nevertheless, some characteristics can affect their functions. Advantages 

and disadvantages [142], which are quite normal problems during the planning for overpass or 

tunnel, are listed in table 3-5. Note, that the characteristics here are referring to overpasses with 

open design.

Table 3-5, The advantages and disadvantages of pedestrian overpasses and tunnels.
Advantage Disadvantage

Overpass 1, Good visibility from surrounding 
areas (greater sense of user safety);
2, Good light during daytime;
3, Open and airy;
4, Less cost (around one third to one 
forth of the tunnel cost) and shorter 
construction period.

1, Greater elevation change is 
required thus being difficult for 
disabled persons;
2, Downward speeds/gravity can be 
a safe hazard if falling down;
3, Danger at night (with bad 
illumination);
4, Objects may fall onto the vehicle 
below the overpass.

Tunnel 1, Good protection from the weather;
2, Less ramps and change in elevation 
than overpasses because of spacial 
conditions;
3, Less influences on surroundings.

1, Worse visibility;
2, May have bad illumination;
3, May be difficult to maintain;
4, May cause scary personal feelings 
or disease (claustrophobic for 
example);
5, Higher cost and longer 
construction period;
6, Bigger negative effects for the 
traffic during construction.

v) Conclusions of fully segregated BRT systems

Fully segregated BRT systems, generally speaking, are much safer for motorists than for 

passengers. Passenger safety can be improved with the help of highly isolated passenger walking 

areas and crossing facilities.

Even though the fatality and injury rates can be much lower with the help of median barriers, 

several disadvantages are associated with them, for example:
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✗ Crashes within a barrier protected BRT lane, however, can lead to a difficult situation for 

traffic flow. How to drive by the crashed buses is the weak point in the whole system.

✗ Barrier-separation can create problems with viewing errors at horizontal curves, especially 

in the dark. Thus, in this case, enough illumination facilities are required along BRT 

corridors.

✗ How an ambulance can drive into a dedicated bus lane if there is an accident inside the 

barrier area. The extra travelling time for the ambulance can lead to higher fatality rates.

B) Partly partitioned BRT bus lanes

BRT bus lanes with partial partitions, such as TransJakarta, which has low and constant partitions 

along the bus corridor, have better flexibility for non-motorised road users to cross the road. There 

are zebra crossings situated at various locations along the bus corridor, without traffic lights, which 

works almost like zebra crossings on normal roads without any barriers, whose safety problems will 

be discussed here to do a comparison and evaluation.

Since the safety problem between buses and partitions are quite similar here as on fully segregated 

bus lanes, it will not be repeated again.

i) Safety impacts on vehicles driving on the lane beside the partitions

The safety problem here are similar to the safety problems of BRT bus lanes with partitions. 

However, the situations can be a little different because:

✗ Motorcyclists can usually drive through these partly (but constantly) settled partitions, 

leading to accidents.

✗ Vehicles that collide with the partitions can not be stopped easily. Thus it may happen that 

vehicles run into BRT lanes and crash with buses.

✗ Lack of illumination is still a risk factor for drivers in the dark.

ii) Safety impacts on pedestrians and cyclists trying to cross the road 

a) Pedestrian behaviour 

Pedestrians can behave differently on a partly barriered street while crossing the road. The risk is 

therefore higher than on a street with full barriers, since accidents can occur both at intersections 

and at any location on the road. Besides, more pedestrians are likely to not using zebra crossing 

fatalities on these partly barriered roads which are easy to cross. Consequently, the risk level is 

higher for those who do not take zebra crossings, which are usually unsignalised. Accident risks for 
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cyclists, who have a higher speed than pedestrians, can be higher, because they may make 

erroneous judgements of the surroundings on the road. Many crashes between cyclists and vehicles 

were caused since drivers had not seen the cyclists.

Figure 3-17a and 3-17b explain how bus passengers and pedestrians on sidewalks, parallel to the 

BRT corridor, choose to cross the road. The choices are many, with risks at various extents-

Figure 3-17a, Pedestrians' and passengers' choices while crossing the road in a partly segregated 
median BRT system.

Note: Pa represents for passenger and Pe represents for pedestrian.
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Figure 3-17b, Pedestrians' and passenger's choices while crossing the road in a partly segregated 
median BRT system. 

Note: Pa represents for passenger and Pe represents for pedestrian.

From the figures, it is easily seen that, both pedestrians and passengers have a high flexibility to 

cross the street wherever they like to. Accident rates for pedestrians are much higher on a partly 

segregated street than on a fully segregated street.

Experience from the U.K.
According to a study that was made at five locations in the UK, the risk of crossing the road is 

much higher more than 50 meters away from crossing facilities, with a rate of 150 events in 1000 

which should be compared with the risk when using crossing facilities, having a rate of less than 30 

events in 1000. This result could be caused by that outside crossing areas, pedestrians were 

speeding up to cross the road in a hurry when seeing a coming vehicle, while on the contrary, at 

signalised crossing facilities, more vehicles slowed down to give priority to the pedestrians 
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[143,144].

Experience from the USA
According to the statistics from the USA, 65% of all crashes that involved pedestrians occurred at 

non-intersections in 2003 all over the country. The data was classified by ages, and it showed that 

for children under nine years old, the accident rate was particularly high. While for middle aged 

pedestrians being caught in an accident, the accidents appearing at intersections are approximatel 

equal to at non-intersections. People elder than 65 are more likely to get killed or injured at 

intersections, with a 59% accident rates, compared to at non-intersections with a 41% accident rate 

for being caught in an accident along the road at non-intersections. Elder persons tended to cross the 

street at intersections more than younger people. However, pedestrians choosing the most direct 

path could put them in greater danger [145].

Figure 3-18, Pedestrians crossing the road at a non-intersectioned location, with no crossing 
facility in the USA [145]. 

Experience from China
In China, as mentioned above, there are more than 50% road users that are pedestrians and cyclists. 

Therefore, it will be interesting to study how they cross the road under different situations. It can be 

generalised to the whole population with the help of the study. Figure 3-19a and 3-19b show how 

vulnerable road users are crossing a barrier-free street in Beijing, China. According to the study, as 

many as 72% of the observed vulnerable road users did not take the crossing facility properly while 

crossing the street, which could be a potential safety problem [138]. 
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Figure 3-19a, Non-motorised road users crossing types on a barrier-free street in Beijing, China 
[138].

Figure 3-19b, Non-motorised road users crossing types on a barrier-free street in Beijing, China 
[138].

Note: This study was carried out on the street with a width of more than 20 meters between the median line 
and adjacent sidewalk.

Experience from Sweden
Results from a study of 5,289 crossing actions in Sweden, showed that among the observed 

passengers, most of them did not use crossing facilities. 3,319 crossing activities occurred at 

unsignalised crosswalks, 1,466 happened at signalised crosswalks, and only 447 of them used the 

overpasses or tunnels. The same behaviour could be observed for cyclists. 2,871 cyclists crossed the 

street wherever they felt like to, comparing with 921 who used unsignalised crosswalks for cyclists, 

562 crossed the signalised cyclist-crossing, and 371 cyclists who took the tunnels or overpasses to 

cross the street [146]. Not using the crossing facilities can put vulnerable road users in more danger 
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of being caught in an accident.

b) Driver behaviour 

At the same time when pedestrians not willing to use zebra crossings on a barrier-free street, the 

drivers do not usually slow down when approaching zebra crossings either. Faster speeds increase 

the possibility of a pedestrian being hit. The higher speed of a vehicle driving on the road, the less 

possibility a driver will have to see a pedestrian, and less time for both partners to react and take 

actions in time to avoid an accident. 

Different speeds lead to different consequences in an accident, figure 3-20 shows how the 

possibility of fatality changes for a pedestrian hit by a vehicle at different speed levels.

Figure 3-20, The connection between speeds and fatal possibilities in pedestrian-vehicle 
accidents [147].

Várhelyi (1996) has carried out an in-depth study about driver and pedestrian behaviour at an 

unsignalised zebra crossing, on a seven meters wide street in Lund, Sweden. The study was 

focusing more on driver's speed choice and a radar gun was used about 70 meter away from the 

zebra crossing. The result showed that there were only 5% of the pedestrians who were able to cross 

the road before the vehicle arriving at the crosswalk, which could be caused by that pedestrians 

were four seconds ahead appearing on the crosswalk than the drivers, in all 824 interactions 

between drivers and pedestrians. Table 3-6 shows how recorded drivers behaved in speed while 

approaching the zebra crossing. As shown in the table, 73% of all drivers chose to keep the same 
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speed or accelerate, with a speed even faster than the speed limit of 50 km/h, while only 27% 

slowed down to give the priority for pedestrians. 

Table 3-6, Driver behaviour while approaching the zebra crossing in Lund, Sweden [148].
Speed behaviour Number of drivers Percentage (%)
Reduce speed 16 11
Braking 24 16
Keep the same speed 86 57
Accelerating 25 16
Total 151 100

iii) Conclusions of partly segregated BRT systems

Consequently, road safety on BRT corridors with partial partitions for non-motorists remains an 

important factor in the whole BRT designing, because of aggressive road activities. The safety level 

of BRT systems with partly segregated bus lanes is much lower for non-motorists than systems with 

fully segregated bus lanes.

Pedestrian should follow traffic rules while crossing the road, and drivers need to look out for 

vulnerable road users, especially when arriving at crossing facilities. Some traffic signs are needed 

to warn the drivers to slow down. Illumination at pedestrian facilities is also a good solution in 

night conditions.

II) Bus lane without partitions

BRT lanes without partitions have a flexibility as good as on normal mixed traffic lanes (station 

areas are not taken into consideration here). Thus, safety problems can be similar as on mixed 

roads.

Figure 3-21 shows how pedestrians cross a barrier-free road under different conditions. The 

crossing facilities are without traffic lights. It is easy to see that, interactions between non-motorists 

and motorists are often and dangerous. Since non-motorists can cross the street (or walking along 

the traffic lane) wherever he/she feels like. Accidents can happen when one part fails to yield.
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Figure 3-21, Pedestrian behaviours while crossing the road with different situations [149].

Since most of the problems haven been discussed above, detailed analysis will not be repeated in 

this part. Only general conclusions will be listed as follows:

i) Safety impacts on vehicles

BRT lanes without partitions lying in the middle of the road works just like normal mixed traffic 
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lanes, for automobiles in general, which can not ensur that other vehicles will not take the bus lane. 

Therefore, the situation will be similar. If other vehicles do overtaking actions, there is still a big 

possibility for accidents. Important countermeasures here are enforcements and education to 

aggressive road users, especially in most of the Asian countries where aggressive traffic actions 

appear quite often.

ii) Safety impacts on bus passengers

Without median barriers that separate bus lanes and other vehicle lanes, there will be a higher risk 

for bus passengers to be caught in an accident. There are usually safe channels built together with 

the station in both directions, which connect the nearest intersections and the station. However, the 

protection can be far than enough if they are not entirely enclosed. It means that bus passengers can 

be hit by buses, if they want to reach the station lying on the opposite, or by vehicles on the lanes 

beside, when they are trying to cross the street. Therefore, overpasses or tunnels will be a better 

choice than safe channels under this condition.

iii) Safety impacts on pedestrians and cyclists

For vulnerable road users, dedicated bus lanes without partitions works similar as on mixed traffic 

lanes. Aggressive road users can cross the street wherever they like to and result in serious 

accidents. One problem that can contribute to a higher injured rate is that buses on BRT lanes, 

usually run at a higher speed than other vehicles, which can cause more serious consequence if an 

accident happens.

iv) Other factors that can result in accidents along BRT lanes

Another factor that can affect safety level for drivers is that, the painted line (usually in yellow 

colour) that separates a BRT lane and other traffic lanes can not be seen clearly in the dark. 

Therefore, mistakes such as driving on the wrong lane will happen for both bus drivers and other 

vehicle drivers.

Generally speaking, BRT systems without partitions along bus lanes have a lower safety level for all 

road users, even though the space for barriers is saved on the road. As mentioned above, 

enforcements and education for all road users should be strengthened to make sure the priority for 

BRT and passenger safety. However, the problem of taking up BRT bus lanes from other road users 

remains uncertain in most of the developing countries, especially in Asia. 

III) Conclusions of BRT systems with median layouts

The center located BRT systems, either with or without median barriers to separate bus lanes from 
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general traffic lanes, have both advantages and disadvantages. It seems that,  there are more 

problems than benefits for other road users (especially non-motorists). The most obvious advantage 

is that it has a lower risk for overtaking (crossover for systems with opposite traffic movement 

directions) collisions between buses and vehicles, thus improving road safety. On the contrary, the 

disadvantages are more, such as:

✗ First of all, even though the BRT system that is built in the middle of the road, reduces 

crossing distance for some of the bus passengers who previously needed to cross the whole 

street before the BRT system was constructed, nevertheless, it also forces those who did not 

need to cross the street to cross half way after the BRT system reformation. The street 

crossing action therefore carries a even higher accident risk for bus passengers as a whole.

✗ Secondly, walking in the middle or the traffic, either with barrier protections or without, 

pedestrians still have a greater risk than walking on sidewalks on the shoulders of the road.

✗ Thirdly, complicated traffic situations at intersections and zebra crossings along bus 

corridors are another factor that can lead to pedestrian-vehicle accidents. Especially when 

the bus has priority to drive ahead at an intersection, the traffic situation can be even more 

intricate for all road users who will feel more confused to behave.

✗ Fourthly, the physical designs of the whole BRT system, such as stations, partitions, and 

pedestrian crossing facilities, affect all road users who exist on the same road. If there will 

be something wrong with any of theses elements, the whole traffic can become paralysed 

because of the median layout.

✗ Lastly, pedestrian overpasses and tunnels can ensure pedestrian and cyclist safety. However, 

they are expensive to build, and many conditions need to be discussed such as height, width, 

facilities for disabled persons, security, illumination, weather protection, and the most 

important part, pedestrian flow (cyclists, and other groups who use these facilities).

Table 3-7, Impacts of a median BRT system on road users.
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Positive impacts Negative impacts
The BRT system in 
the middle of the 
road

1, Lower risk for bus-vehicle 
collisions;
2, Less fatalities and severe 
injuries for vehicle occupants;
3, Less influences for pedestrians 
and bicyclists acting on the 
shoulders of the road.

1, Bus passengers will be in greater 
danger to do traffic actions in the 
middle of the road;
2, Intersections and zebra crossings 
can lead to misunderstanding between 
motorists and non-motorists;
3, Pedestrian overpasses and tunnels 
can be difficult to suit the traffic 
situation if designed wrong or 
insufficiently;
4, Bigger danger to paralyse traffic if 
some elements break down;
5, Median barriers (both fully and 
partly constructed) can result in worse 
traffic fluency.

Generally speaking, BRT systems which are built in the middle of the road, have better safety for 

motorists than for vulnerable road users. However, since vulnerable road users have the lowest 

safety level in the traffic, especially while crossing the road, this layout will not be the best from 

their aspects. The safety level can be improved if good crossing fatalities, and strong enforcements 

work together. Enough illumination along BRT lanes is another factor that can contribute to less 

accidents in the dark.

3.2.3 BRT Lanes on The Shoulder(s) of The Road

Another choice of locating a BRT system is on the shoulder(s) of the road, either on one shoulder 

(with dual traffic movement directions) or both shoulders (with single traffic movement direction), 

which is shown in figure 3-22:

1. Layout 1: The bus lane for one direction lies on the outer lane of each shoulder. The bus lane 

and vehicle lanes beside have the same traffic movement direction.

2. Layout 2: The bus lane for both directions lies on the same shoulder of the road, which leads 

to more opposite traffic movements for all motor vehicles.
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Figure 3-22, Tow types of BRT shoulder layouts.
Note: BRT system with dual traffic movement directions can be built on the right should of the road also.

Except for the safe island at station zones, there are usually no partitions that are established along 

BRT bus lanes for shoulder BRT layouts. This part will talk about this situation. 

Since safety problems exist for all road users at intersections, there is no special contribution for 

evaluating the safety of BRT with shoulder layouts from this point of view. Therefore, the focus will 

on factors that are related to BRT systems in this section, such as interactions between BRT bus 

lanes and sidewalks, and bus lanes and traffic lanes beside. Meanwhile, some pedestrian and 

bicyclist safety problems related to BRT systems with shoulder layouts, will also be talked about 

here. 

I) BRT systems with shoulder layout 1

For the first layout, BRT runs on the outer lane between other vehicle lanes and the pedestrian 

sidewalk (and bike lane). BRT has still dedicated lane, and there are usually no partitions that 

separate the BRT lane from general traffic lanes. Therefore, the problem between other vehicles and 

buses can still occur, such as side collisions at intersections, crossover collisions, or rear-end 

88



collisions, if incorrect traffic actions take place. 

Comparing with the median layout, nevertheless, the shoulder layout has a higher level of safety for 

bus passengers in general. Since at bus stations, bus passengers will not exist in the middle of the 

busy traffic, and does not need to cross the road to reach the sidewalk, which has the similar effect 

as conventional bus stops. Vulnerable road users' safety problems, none the less, may occur just like 

travelling on normal mixed roads. Since these problems have already been discussed in the earlier 

sections of the thesis, they will not be repeated here once again. 

There are several points that need to be considered while building a BRT system with shoulder 

layout 1:

➢ The width of the bus lane should be adjusted to both other vehicle lanes and sidewalks. 

There should be formal pedestrian sidewalks and bicyclist lanes, which can ensure that these 

non-motorists act on their own dedicated lanes. Accident rates can be decreased by 

separating vulnerable road users from buses.

➢ Partitions between bus lanes and crowded sidewalks (when pedestrian volume is high) are 

needed.

➢ Good illumination systems at station areas at night time is important.

➢ There should be dual lanes at station areas, which can improve BRT ability, with one 

parking lane and one pass-by lane.

➢ BRT signs must be easy for bus passengers to find. Otherwise passengers may take the 

wrong actions or travel with the wrong bus. Which means that the station design for 

shoulder BRT systems is more important than median BRT systems.

➢ Bus bulbs (see figure 3-23) at station zones can create additional space thus to reduce 

congestions on the sidewalk between pedestrians and bus passengers while alighting and 

boarding. And at the same time, it can improve pedestrian-carrying capacity on the sidewalk. 

However, it will reduce the space for bus lanes, the passing-by lane may be difficult to build 

on a crowded road with limited space, when the bus bulb exists [150];

➢ Bicyclist safety is another problem here. Some aggressive cyclists can take the bus lane thus 

leading to accidents. Therefore, either providing a dedicated bike lane beside the pedestrian 

sidewalk (not in the middle of the bus lane and the sidewalk), or bicyclist can share the 

sidewalk with pedestrians, will be the safest for bicyclists to travel on the road. More 

detailed analysis will be discussed in next subchapter. Figure 3-24 shows possible collisions 

between bikes and vehicles.
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Figure 3-23, A bus bulb at a station zone [151].

As shown in figure 3-24, when bicyclists share traffic lanes with motor vehicles, there will be more 

interactions between them. As mentioned above, cyclists travel at a higher speed than pedestrians, 

as a result, they will not be able to be seen or to stop when an accident is going to happen. 

Therefore, to separate bicyclists from automobiles, can minimise the possibility of a bike-vehicle 

accident.

Figure 3-24, Possible bike-vehicle collisions [152].
Note: The blue vehicle here in the figure is assumed to be a bus.
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BRT systems with this layout, has a higher level of safety for all road users. However, it may take 

up more space from pedestrians and bicyclists. If the urban situation allows widening road widths, it 

will be a good choice for BRT lanes. However, there are seldom central business districts which 

allow an increased road width, since the traffic volume is so high, and at the same time, there are 

usually buildings for residential and business already existing.

II) BRT systems with shoulder layout 2

In this kind of BRT systems, with dual traffic movement directions on the same side of the road's 

shoulder, it can be explained by moving the median BRT system to the shoulder of the road. The 

difference is that there are just one edge of the BRT lane that has a tight contact with other 

motorists, while the other edge has more contacts with sidewalks.

Since shoulder layout 2 combines characteristics of both the median layout and shoulder layout 1, 

while evaluating the safety of it, the discussion will be made based on both layouts. The points that 

have been discussed for median BRT systems will not be repeated here.

i) Safety impacts on pedestrians and bicyclists

BRT systems with shoulder layout 2 have different impacts on pedestrians and bicyclists 

respectively. As a result, they will be discussed separately.

a) On pedestrians

As mentioned above, sidewalks, which lie on the shoulder(s) of the road, beside the BRT lanes, 

ensure that along the bus lane, pedestrians will not be interrupted by the BRT. Acting areas are 

parallel, and there is no need of a tangent action for them to cross the bus lane, except for 

intersections. There are usually no partitions between bus lanes and sidewalks either, except for 

station areas (in some BRT practices). As a result of this, there is still a possibility of aggressive 

actions from vulnerable road users in terms of crossing the street incorrectly. Since pedestrian 

safety has been talked about in earlier sections, there will not be more analysis about it. 

To improve the safety in this case, enforcements and education are needed to be strengthened for 

both non-motorists and bus drivers. Bus drivers from both directions need to watch out for those 

who rush to cross the road, especially at areas with a high traffic volume. 

b) On cyclists

The bike lanes is another characteristic in a shoulder BRT system. Since stations lie beside the 

sidewalks, there is no possibility for cyclists to share the outerest lane with buses. As a result of this, 

there are bike lanes existing along BRT lanes. 
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Either dedicated bike lanes or shared sidewalks with pedestrians, can improve bicyclist safety on 

roads, since bike riders do not have to travel on the same lanes as motor vehicles on a busy road, 

which minimises the possibility of conflicts by separating non-motorists from motorists. Many 

studies show that the most frequent bike-related accidents happen between a bike and a motor 

vehicle, when one of the participants take turns or cross into the other's lane.

Good experience 

Most of the European countries have good facilities for bike riders to improve safety. Take the 

Netherlander for example, from 1978 to 1996, the bike lane network was doubled from 9,282 km to 

18,948 km to provide wider acting areas for bicyclists. Also in Germany, the network of bike lane 

was almost tripled from 12,911 km to 31,236 km. In both countries, there were so-called bike 

streets covering both rural and urban areas serving everyday travel. At the same time, other 

measures were used to complement separate bike lanes, such as special bike turn lanes leading 

directly to intersections, separate bike traffic lights with advance green lights for bicyclists, and 

bicyclist-activated traffic signals at key intersections.

As result of this, the travelling of non-motorised road users increased to over 40% in the 

Netherlander. And the total number of cyclist fatalities fell by 57% in the Netherlander (72% of 

pedestrian fatalities dropped) and by 66% in Germany (79% of pedestrian fatalities were reduced). 

The focus here has been on vulnerable road user fatalities, however, severe injuries still remain a 

serious problem, in both countries which have advance bike networks. There were 53,214 cyclists 

who got injured and 233 fatalities in 1996 in the Netherlander, and 52,750 cyclist in Germany and 

761 deaths [134,153].

Bad experience

According to a study that was aiming to bicycle-motor vehicle collisions in Palo Alto, between 

1985 and 1989, in the USA, a total of 85% of all accidents belonged to the bike-vehicle type (The 

accidents involving single bicycle or collisions with another bike, a pedestrian or a train, led to the 

only fatality during the study period.). Among all collisions (371), 64% happened at intersections 

and 74% of these intersection-related collisions were of the bike-vehicle type [154]. The data is 

listed in table 3-8.

92



Table 3-8, Observed samples in Palo Alto, USA between 1985 and 1989 [based on 154].
< 17 years old Accident reported > 18 years old Accident reported

With traffic 1135 11 1418 45
Against 
traffic

298 19 125 14

Roadway 740 9 1265 39
Sidewalks 693 21 278 20

Note: Roadway here includes both vehicle lanes and bike lanes beside vehicle lanes.
Sidewalks here include pedestrian sidewalks and crosswalks.

Another research that was carried out in the early 1990s in different states of the USA (California, 

Florida, Maryland, Minnesota, North Carolina, and Utah), showed that crash types of a bike rider 

were distributed as following [155]:

➔ Parallel paths accounted for 36% of all observed crashes: 34.4% of the crashes were caused 

by motorists trying to turn into the bicyclists' paths; 24.2% of the crashes were caused by 

motorists' overtaking actions; and 20.6% were caused by cyclist who turning into mortorists' 

paths.

➔ Crossing paths accounted for 57% of all observed crashes: 37.7% of the crashes occurred 

when motorists failed to yield; 29.1% were caused by cyclists who failed to yield at 

intersections; and 20.5% happened when cyclists failed to yield midblock.

➔ Unspecific circumstances accounted for 6% of all observed crashes. 

As shown by the data from both studies, most of the crashes happened when there was a close 

interaction between motorists and bicyclists, for example, overtaking actions on parallel paths. 

Therefore, to separate bicyclists from motor vehicle lanes, can enhance bicyclist safety. However, 

there is still a high risk for a bike-vehicle collision at intersections. Cyclist safety should be 

considered at a systematic level, including sufficient examination at intersections or junctions, well 

designed facilities, bike riding practices, and increased awareness by motorists. On the other hand, 

cyclists should still behave properly and use good protection, such as helmets while riding a bike.

Note: the trend of fatalities of bicyclists in the USA has decreased sharply, because that there were a 

much slower growth of absolute bike rider (only 0.9% of all road users in the USA), compared with 

the growth of vehicle drivers.

ii) Safety impacts on bus passengers

Because of the shoulder layout 2, there will be one side of the bus lane which lies together with the 
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sidewalk, and the other side will have a close contact with the vehicle lane beside. 

a) Stations on the same side of sidewalks
Bus passengers who alight on the same side of the sidewalk, just like bus passengers alighting buses 

involved in BRT shoulder layout 1, will have the lowest risk. The reason is that there is no cause for 

him/her to do a crossing action. He/she can take the sidewalk and cross at the nearest intersection if 

the person have to reach the other side of the road. With proper behaviour, there will not be more 

safety problems because of the BRT system. BRT passengers have the same accident rate as 

pedestrians or cyclists travelling on the same sidewalk. 

The station, however, can have a negative effect on the sidewalk. If the sation zone is overfull, 

which usually happens in central business districts, they will have to occupy the sidewalk, thus 

leading to a crowded situation. Therefore, this design will not be a good choice for districts with a 

high pedestrian and cyclist volume, since BRT bus lanes are built on arterial roads, and daily system 

load is quite high.

b) Stations in the middle of the bus lane and the vehicle lane beside

For those bus passengers who alight at a station lying in the middle of the bus lane and the vehicle 

lane beside, the situation is similar as for bus passengers in a median BRT system. These bus 

passengers will face the same problems, such as crossing the street to reach a sidewalk, and being 

hit by a vehicle because of incorrect actions. Some can also decide to walk along the bus lane until 

they want to take the next action for example, to cross the street.

There are usually small safe areas usually with partly established partitions for passengers to stay 

for a short time, until they cross the street, which is shown in figure 3-25. Zebra crossings between 

safety areas and sidewalks on the other side of the BRT bus lanes, which are usually non-signalised 

in this layout, are the most usual pedestrian facilities for bus passengers to cross the street after 

alighting. Thanks to the advanced operational system of a BRT system, there should not be a risk 

that passengers have a huge conflict with the buses running on the same lanes from both directions. 

Therefore, crossing the road on a zebra crossing is safe for passengers from this point of view, if 

they behave correctly.

On the other side, however, aggressive passengers who refuse to use zebra crossings, will have a 

higher risk compared to those who use zebra crossings. Wrong actions can cause them to be hit by 

both buses and vehicles on other lanes. The accident risk is as high as on a mixed road. 
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Figure 3-25, Passengers'and pedestrians' choices while crossing a road in a shoulder BRT 
system, with layout 2.

Note: Pe represents pedestrians and Pa represents passengers.

BRT systems with this layout usually only have zebra crossings cutting lane 1 and 2. The answer of 

if it is possible to set a zebra crossing cutting lane 3 and 4 is certainly 'No', since it will increase the 

accident risk while crossing a dual-directions road (Under this condition, there is usually no traffic 

lights established). However, it may bring some negative effects, such as prolonged travelling time 

for passenger who wants to reach the other shoulder of the road, and one more crossing activity if 

he/she take the zebra crossing toward the nearest sidewalk, which can lead to a double risk to be hit 

by buses running on lane 1 and 2.

iii) Safety impacts on vehicles on all lanes 

Since there are usually no partitions along BRT lanes that separate bus lanes and vehicle lanes, the 
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most frequent accident type here is head-on collision when one motor vehicle, either bus or other 

vehicle, run out off its own lane.

A head-on crash can happen when a vehicle cross the median and collides with a vehicle driving in 

the opposite direction, which can also be called a cross-median crash or median-crossover crash. It 

can also be caused when a vehicle driver travels in the wrong way on opposite traffic lanes, due to 

weather, or carelessness for example.

Head-on collisions happen when there is no median barriers that can stop the meeting vehicle from 

the other direction. And when two vehicles collide, it can lead to high fatalities and severe injuries 

for vehicle occupants. A study in the state of Iowa, USA, showed that there were only 2.4% cross-

median crashes between 1990 and 1999. However, they caused 32.7% of the total fatalities that 

happened within the same period for the state. Another study by the North Carolina Department of 

Transportation (NCDOT) in 1998 showed that there were more than 38 persons killed and 300 

injured in head-on crashes every year [156].

Figure 3-26 shows the traffic movement directions on a four-lane road with BRT and other vehicles 

under different preconditions. What should be paid attention to is that, the more traffic lanes exit on 

the same road, the higher risk for traffic accidents, for all road users. The figure shows that, it does 

not matter under which precondition, the driving directions of every two adjacent lanes, are 

opposite. 

Figure 3-26, Traffic directions for all lanes under different preconditions.
Note: 1,2,3 and 4 represents for Lane 1, Lane 2, Lane 3 and Lane 4 respectively.
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As shown in table 3-9, it is easy to conclude that, Lane 2 and Lane 3 have the highest accident risk 

in terms of head-on collision, and on Lane 1 and Lane 4 both collisions with sidewalks and head-on 

collisions with the reserved lane can happen. 

Table 3-9, Possible accident types on four lanes. 
Lane Collision 

with 
sidewalks

Head-on collisions Rear-end 
collisions

Side 
collisions

Crossover 
collisions

1 Yes Yes, with Lane 2 Yes, on Lane 1 Yes Maybe
2 No Yes, with Lane 1 (bus-bus),

and Lane 3 (bus-other 
vehicle)

Yes, on Lane 2 Yes Maybe

3 No Yes, with Lane 2 (vehicle-
bus)
and Lane 4 (vehicle-vehicle)

Yes, on Lane 3 Yes Maybe 

4 Yes Yes, with Lane 3 Yes, on Lane 4 Yes Maybe 

From this point of view, the risk for head-on accidents on Lane 2 and Lane 3 is doubled, since they 

will face two lanes that have the opposite traffic directions. The vehicle in the middle will have to 

look out for the traffic from both lanes. The head-on collision can lead to a milder result since in 

most of urban areas during daytime, the vehicle speed is usually not as high as on highways. 

However, the potential risk still exits, and when it is getting dark or in bad weathers, there will be 

more accidents under this condition. 

Note, this road lane distribution is the most simple one, there can be another four to six vehicle 

lanes beside BRT lanes, with dual directions. If taking this into consideration, there will be more 

collision types, such as overtaking collisions for example for vehicles running toward the same 

traffic direction.

Several physical factors can also affect accident results, such as the weights of vehicles, the speed 

of vehicles, and impacting angle when two motor vehicles are caught in a head-on collision on the 

road, as showed in figure 3-27.
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Figure 3-27, Power distributions described as a clock 1-12 [157].

Some good countermeasures aimed at decreasing head-on collisions with BRT shoulder layout 2 are 

as follows:

✔ Median barriers are installed between lanes that have opposite traffic directions. Considering 

the limited space on roads, cable barrier will be the most suitable type.

✔ Raised pavement markers or rumble strips can be chosen instead of painted lines that 

separate every two lanes.

✔ Good illumination along lanes is still a good way to ensure road safety.

✔ Traffic calming policy (functional period should be adjusted to different preconditions in 

each city) should be highly enforced.

III) Conclusions of BRT with shoulder layouts

BRT systems with shoulder layouts, generally speaking, have a higher safety level for pedestrians 

and cyclists, since they travel on parallel streets, along the bus lane. Safety problems still exist at 

intersections, as at any intersection. For layout 2, one group of passengers will have to cross the bus 

lane to reach the nearest sidewalk, which involves a higher risk for them, compared with the 

passengers in layout 1.

The negative effects on other vehicles running beside each other as in layout 2 has an even worse 

impact than layout 1. Because interactions among buses and vehicles become more and unsafer, 

especially for vehicles running in the middle, which in this case on Lane 2, and Lane 3 for example 

in figure 3-26.
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3.3 Conclusions of The Chapter

Each BRT layout has different impacts on other road users, and as a result of this, the safety level is 

different for different road users. Therefore, it is quite hard to directly conclude which one, as a 

whole is the safest. It is easy to understand that all BRT layouts have a strong impact at 

intersections where accidents easily happen on urban roads, because of the priority characteristic of 

BRT systems.

Table 3-10 shows the impacts of all BRT layouts on other road users. As shown in the table, a BRT 

system with shoulder layout 1 has the most positive impacts and least negative impacts on other 

road users. However, this layout may need even more space on the road, especially at station zones 

to not take up the space from sidewalk and bike lanes. For areas where the space is limited, this 

layout will be hard to build.

The next safest layout is median BRT systems with full partitions. Since it has the most impacts on 

bus passengers and biggest impacts at intersections, the whole system need to take crossing 

facilities into extra consideration at station zones such as pedestrian overpasses or tunnels, which 

can ensure bus passenger safety. By providing these crossing facilities, the traffic flow can be 

improved and accidents can be reduced.
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Table 3-10, Safety impacts on other road users involved in BRT systems with median and 
shoulder layouts.

Note: Motorcycle is included in vehicle here when they share the same lanes.

Table 3-11 shows the advantages and disadvantages of all four layouts. It is easy to see that, median 

layouts with full barriers has the best effects on other vehicle drivers and pedestrians/cyclists 

moving on sidewalks/bike lanes (or bike paths). It has the worst effects on bus passengers, which 

can be improved by building exclusively enclosed crossing facilities, such as tunnels or overpasses. 

However, it will take longer time and cost more to build up the whole system. And bus lanes may 

take up the space of green zones or middle lanes which can lead to an unpleasant environment and a 

100



busier traffic on arterial roads.

Shoulder layouts have, generally speaking, better impacts for all non-motorists if dedicated 

pedestrian sidewalks and bike lanes/paths are provided. Crossing facilities needs to be constructed 

in shoulder layout 2, where BRT lanes lie on one shoulder of the road. Also they may have worse 

impacts on vehicles driving on the adjacent lane. If establishing cable median barriers, bus-vehicle 

collisions can be minimised thus improving safety. 

Table 3-11, Advantages and disadvantages of BRT systems with different layouts.
BRT system with Advantages Disadvantages 
Median 
Layout (in general) 

1, Less impacts on vehicles 
moving on shoulder lanes;
2, No impacts on pedestrians 
and cyclists moving on 
shoulders of the road;
3, Easy to plan priority at 
intersections.

1, Occupying middle lanes' or 
green zones' space;
2, Worst for bus passengers;
Higher requirement for road 
space;
3, Higher cost;
4, Inflexible for broken buses;
5, Inconvenient for ambulances 
after a collision.

1, Fully segregated median 
bus lane layout

Better protection for bus-
vehicle overtaking/crossover 
collisions

Hard for vehicles beside to take 
turns at intersections

2, Partly segregated or 
    No segregated bus lanes

1, Less better protection for 
bus-vehicle 
overtaking/crossover collisions;
2, Better convenience for 
pedestrian at crossing facilities 
along bus lane.

1, Possible collision between 
bus/vehicle beside and 
partitions;
2, Possible aggressive crossing 
actions from pedestrian and 
cyclist.

Shoulder Layout
(in general)

1, Less impacts on bus 
passengers;
2, Less cost;
3, Easier to build.

1, Occupying sidewalks/bike 
lanes or parking zone/shoulder 
lanes' space;
2, Bigger impacts on road users 
moving on the shoulder(s) of 
the road;
3, Hard for buess to run straight 
ahead due to the turning vehicle 
on the lane beside.

1, On two shoulders of the 
road (layout 1)

Best for bus passengers 1, Bigger impacts on both 
shoulders at intersections;
2, Hardest with priority at 
intersections for BRT systems.

2, On one shoulder of the 
road (layout 2)

Affects only one shoulder of 
the road.

1, Bigger impacts than layout 1 
on bus passengers;
2, Bigger impacts on vehicle 
lane beside.
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All layouts show a difficult situation at intersections for all road users, therefore, an advanced 

operational system is the key solution here. At the same time to ensure a safe travelling 

environment, a good operational system for the BRT system can also help to build a harmonious co-

operation with other road users.
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4. Conclusions and Future Expectations

The BRT system is a new transit system that combines the advantages of metro, light rail and 

conventional bus. With more and more practices of BRT systems around the world, the results show 

that BRT is a successful solution to urban traffic problems, and is beneficial for sustainable urban 

planning. This thesis focuses firstly on BRT practices in different countries, and then mainly on the 

safety values of BRT systems with different layouts.

4.1 Main Conclusions of The Thesis

Some results have been concluded in this paper, listed as following:

✔ There is a need for popularising the BRT system for urban traffic, especially for developing 

countries, where there is still a huge demand for public transits, however, the conventional 

bus system can not satisfy the public.

✔ Based on related researches, the characteristics, elements, advantages and disadvantages of 

the BRT system have been summarised. As a new solution to urban traffic problems, the 

BRT system is a better choice than metro or light rail system.

✔ Good practices from countries with successful BRT systems can be borrowed, but not 

entirely copied. For example, Curitiba's BRT system is hard to adopt for most other cities, 

since the city layout has already been settled, and is difficult to reform.

✔ There is still room for improvements for those relatively new BRT systems in some 

countries where the effects of BRT remains to be see. Some suggestions were made in order 

to improve BRT systems in these countries.

✔ With evaluating the most common BRT layouts, safety values and safety problems have 

been discussed, compared and suggested with better improvements. BRT systems with fully 

partitioned median bus lane layouts, and with shoulder layout 1 are much safer than BRT 

systems with partly partitioned or with no partitioned median bus lane layouts. The safety 

level of BRT systems with bus lanes locating on the same shoulder of the road is in the 

middle.

4.2 Limitations of This Thesis Work

There are some limitations in this work, especially while discussing BRT systems' safety values:
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✗ There is a lack of accident statistic directly related to BRT systems from different cities.

✗ There is a lack of literature about safety theories that directly support BRT systems with 

different layouts. Related and similar theories have been borrowed in this thesis. As a result 

of this, the safety values of BRT systems might be insufficient and there might be errors 

during the evaluation.

4.3 Future Expectations

The BRT system is a complicated system, and there is still a long way to go to integrate this system 

with future urban development. While planning and implementing a BRT system, urban situations 

must be considered, and there is still some problems left to be solved. 

Take the signal priority function for example, it becomes the bottleneck for almost all BRT systems. 

Especially for BRT systems with full partitions along bus lanes, which can be defined as the safest 

model (with better improvements for passenger crossing facilities). The safety problems will most 

likely appear at intersections. Consequently, how to solve the problems at intersections for the BRT 

system is the next work that needs to be done as soon as possible, since it directly and at a high 

extent affects the safety level of the BRT system for all road users. Other problems involved in BRT 

systems such as unstable system performace at peak hours, or unintegrated ticket system for BRT 

buses and feeder buses should also been considered when traffic planners improve BRT systems.

In the distance future, a better personal BRT as shown in figure 4-1 is the goal for urban transits. By 

travelling with personal BRT transits, passengers will get the best travelling environment while not 

affecting road users in a negative way.

Figure 4-1, Future personal BRT [158].
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