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Abstract

This thesis discusses the infrastructural, vehicular and environmental factors that contribute
towards road accidents. The role of infrastructure in improving road safety is the primary

focus of the research, as infrastructure influences the driving experience.

Road design and geometry are important for the consistency of highway performance. Road
curvature, paved shoulders and the presence of an at grade intersection influence the drivers’

perception of the highway.

The Laingsburg Beaufort West N1 highway has a high incidence of accidents, namely single
vehicle accidents. For this reason, the road section has been classified as a hazardous
location. These fatal accidents may be influenced by the infrastructural and geometrical
factors of the highway. Western Cape geographical data was analysed for the period 2000 to
2007, to investigate the infrastructural and geometrical factors that influence the high
accident rate. This was done through an ArcGis analysis, which gave insight into the
properties of each of the fatal accidents. In order to get a level of confidence from the
findings of the ArcGis analysis, a road safety audit was conducted. This was done through a
general inspection of the N1 highway between Laingsburg and Beaufort West, which
included driving through the road section at a constant speed, and completing a checklist of
the operating elements of the highway. The road safety audit revealed that infrastructural
problems (lack of guardrails, sign posts located close to highway) and geometrical factors
(average paved shoulder width, single carriageway roads, and dangerous intersections) were
present on the road. The Laingsburg Beaufort West analysis was the primary focus of the

research.

Data for the years 2010 to 2013, which was updated, was obtained from SANRAL and
investigated for accident types and potential hotspots. An ArcGis analysis was also
performed on the data. Fatal accidents were analysed, to determine whether the Provincial
Government of the Western Cape would meet their accident reduction goals of reducing
accidents by 50% between the years 2009 and 2014. A high incidence of fatal pedestrian

accidents was observed in the Khayelitsha area.
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Recommendations include the relocation of poles and signs, increasing the paved shoulder
width, installation of guardrails along the entire highway, as well as provision of pedestrian

bridges and walkways in the Khayelitsha area.
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Technical Terms, Acronyms and Symbols

Technical Terms

Pedestrian

iPas

Traffic calming

A person who travels by foot and not through a vehicle

Database used by the PGWC to collect and store road accident data

Management measures designed to lower traffic speeds or redirect traffic to alternative routes to avoide congestion,

reduce accidents and injuries and prevent excess pollution.

Black spots A fatal accident hazardous location.

Hot spots A fatal accident hazardous location. Same as black spot.

ArcGiS A suite consisting of a group of geographic information system (GIS) software products. It includes ArcReader, ArcView,
ArcEditor and ArcMap.

Jaywalk To walk in or cross the road without regard for approaching traffic

Shapefile Files used in ArcGIS to store geographical data

Acronyms

PGWC Provincial Government of the Western Cape

RTMC Road Traffic Management Corporation

FID Feature Identification Class on ArcGIS

SANRAL South African National Road Agency Limited
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1. Introduction

1.1. Background to study

This research focuses mainly on the role that infrastructural, vehicular, and human factors
have on the occurrence of road accidents. The main area of focus will be the N1 highway in

the Western Cape, as there is a high incidence of single-vehicle accidents.

Developed countries generally have less fatal accidents than developing countries due to
more advanced infrastructure, and stronger legislation and road safety campaigns (Berhanu,

2003).

South Africa records a high rate of road fatalities when compared globally, with an estimated
31.79 fatalities per 100 000 inhabitants (RTMC, 2011). The loss of life not only poses a
problem to the South African economy, but also to the victims’ families’, as the victims are
usually the primary breadwinners, hence pushing families further down the poverty line

(Vanderschuren and Jobanputra, 2011).

1.2. Problem statement

This research aims to bring to attention the phenomenon of increased road accidents in
developing countries. The problem of traffic accidents is a major concern in developing
countries, because of the seriousness to develop feasible countermeasures and the limited
resources available for reducing this ever-growing challenge (Berhanu, 2003). Developed
countries have designed and implemented different strategies to reduce the scale and severity

of this problem through education, enforcement and engineering (Berhanu, 2003).

It has also been shown that an improvement of infrastructure can lead to an increase in
accidents (Noland, 2003). This may be due to motorists believing that better equipped roads
are inherently safer, thereby leading motorists to take more risks, thus increasing the

likelihood of accidents (Noland, 2003).

However, the inadequate provision of road infrastructure can lead to an even greater increase
in road accidents. This is mostly true for developing African countries, such as Ethiopia,
which have several infrastructure problems which contribute to 65% of the road accidents.
According to Berhanu (2003), ‘Traffic controls, signs and road markings are not properly

maintained and pedestrian facilities are not in place’.



This thesis, thus, aims to identify the road infrastructure measures that are important in

ensuring the increased safety of motorists on roads, and thereby a decrease in road accidents.

1.3. Description of the main problems to be investigated

The main problems to be investigated in the research therefore include:

1.3.1. What is the role of infrastructure in improving road safety?

The provision of the proper infrastructure on national roads can greatly affect the incidence of
road accidents. This can include subtle measures such as the provision of proper warning
posts at various sections of road that have a higher probability of road accidents. Other
important infrastructure intervention methods may include clear barrier lines on the road so
that motorists know which manoeuvres are acceptable on the road; the provision of guardrails
to prevent cars from veering off the road unintentionally, and the maintenance of roads to
prevent potholes from occurring which can lead to severe accidents and vehicle damage.

This research assumes that with the improvement of infrastructure, the level of accident
occurrence will decrease significantly. This infrastructure can be in the form of traffic
controls, road signs, road markings and traffic calming measures to increase pedestrian
safety. Other interventions that can be implemented to improve driver and pedestrian safety
are increasing the widths of the sidewalks (Berhanu, 2003) to give pedestrians more room for

movement.

1.3.2. What is the importance of road geometry in reducing road accidents
on highways?

‘Design consistency is the conformance of geometry of a highway with driver expectancy,
and its importance and significant contribution is justified by understanding the interaction
between driver-vehicle-highway’ (Sayed et al, 2004). The consistency of geometric design is
becoming important in highway design. Being able to identify and remedy an inconsistency

on a highway greatly improves the safety performance.

1.3.3. Is there a higher incidence of single vehicle overturning accidents
than other type of road accidents along the N1 between Laingsburg and

Beaufort West?

Some attention will be drawn to single-vehicle accidents occurring mainly on the N1

highway between Laingsburg and Beaufort West, with emphasis on overturning accidents.



Data for the years 2000 to 2007 showed that there seems to be an upsurge in these accident
types, leading to the assumption that highway infrastructure is important to ensure that there

is a decrease in accident frequency.

Due to the accidents being fatal, it is also important to determine whether this N1 section can

be classified as a hazardous location.

1.3.4. Does the available geographical data give insight into the variables

contributing to single vehicle overturning accidents?

Provincial authorities such as the Provincial Government of the Western Cape and South
African National Roads Agency Limited have made available geographical data for analysis.
The data will assist in determining the variables that contribute mostly to fatal accidents
along the N1 in the Western Cape. The data provided by the PGWC included accident data
for the Western Cape municipalities, excluding the City of Cape Town. The City of Cape
Town data was provided by SANRAL. Due to the fact that the N1 highway route traverses

along the City of Cape Town municipality, this data was also investigated for fatal accidents.

1.3.5. Has the PGWC achieved its accident reduction goals?

The Provincial Government of the Western Cape aimed to achieve a 50% accident reduction
rate between the years 2009 and 2014 through the Safely Home Campaign. The N1 highway
passes through the City of Cape Town, therefore, fatal accident occurrence was also to be
analysed within the municipality. The accident data was provided by SANRAL, as it is the
governing body of all highways in the country. The SANRAL data analysis is done as a

secondary investigation for the research.

1.4. Goals and Objectives

The main goal of the research is to determine whether the high incidence of single vehicle
overturning accidents along the N1 between Laingsburg and Beaufort West is infrastructure

related. The specific objectives of the study include:

1. To identify infrastructure and geometrical problems that contribute to single vehicle
overturning accidents.
ii.  To ascertain whether single vehicle overturning accidents occur more than other types

of accidents in the study area.



iii.  To determine whether the N1 between Laingsburg and Beaufort West can be
classified as a hazardous location.

iv.  To analyse the available geographical data of the Western Cape to determine factors
that contribute to fatal single vehicle overturning accidents

v.  To determine whether the Provincial Government of the Western Cape has achieved

its accident reduction goals.

1.5. Methodology summary

The methodology consists of different stages for the data collection, collation and analysis
procedure. Raw data for the Western Cape was obtained from the Provincial Government of
the Western Cape, for the years 2000 to 2007. The data was initially analysed using ArcGIS,
to locate the hazardous locations along the N1 between Laingsburg and Beaufort West. After
these locations were selected, the properties of each of the fatal accident locations where
analysed for the infrastructure problems which influence the frequency of fatal single vehicle
overturning accident occurrence, hence making them hazardous locations. This analysis was

performed using ArcGIS.

The properties of the hazardous locations were then extracted from ArcGIS and a numerical
analysis was performed on Microsoft Excel, to determine if any trends in the data which

relate to infrastructure problems existed.

A Road Safety Audit was also performed on the 21 of September 2013, to observe the
infrastructure that currently exists on the N1 highway, which may influence single vehicle

rollover accidents.

Data from SANRAL, for the years 2010 to 2013 was also analysed on Microsoft Excel to
determine any hazardous locations within the City of Cape Town municipality. This accident
data was the only updated information available for the City of Cape Town, as the PGWC
data did not provide information on the City of Cape Town Metropolitan Municipality.

1.6. Scopes and limitations

The research covers data provided for the Western Cape Province only. The analysis of the
data included a geographical analysis, as well as a Road Audit of the existing conditions of

the highway.



Video data collected during the road audit was for one designated day. A night-time
inspection was not conducted. This daytime video was not enough to enable the researcher to
fully capture changes that occur during the year, which may govern the occurrence of

accidents.

1.7. Chapter Summary

The research topic is the analysis of infrastructure problems which influence single vehicle
overturning accidents in the Western Cape. Infrastructure problems contribute to the rising

number of road fatalities in the country.

Road infrastructure and road geometry have the potential of reducing road accidents, if
provided correctly and adequately. The type of accidents that occur predominantly on the N1
are single vehicle overturning accidents, which are affected by road infrastructure. The
purpose of the research is therefore to highlight the importance of road safety research, as

well as the risk factors associated with single vehicle accidents.

The contents of the Thesis document include a literature review, methodology adopted in the
research, research findings. Conclusions and recommendations are discussed in the last

chapters of the document.



2. Literature Review

2.1 Introduction

This chapter reviews the already existing literature regarding road accidents and factors
influencing road accidents. Schuler (1940) suggests that the road geometry and road
environment are important factors which influence road accidents. Petridou et al. (1997)
further suggest that individuals from left side driving countries become more prone to road
accidents when the driving environment changes to a right-side driving environment. Human
factors which increase the likelihood of road accidents were investigated by Vanlaar (2006).
These included cases such as drunken driving. Vehicle factors such as defective steering were
also investigated by Hoekstra and Wegman (2011) Methods used by African countries to
increase the number of passenger seats also influenced passenger safety when accidents

occurred.

Chen and Chen (2010) further investigated the risk of single vehicle overturning accidents

increases, on straight and curved roads during inclement weather conditions.

Infrastructure impacts and improvements were reviewed by Noland (2003), with Berhanu
(2004) investigating the road infrastructure problems faced by African countries. Traffic

calming measures are investigated by Vanderschuren and Jobanputra (2009).

Collection of road accident data and problems encountered when trying to keep an updated

database are reviewed by Thwala (2012).

Two case studies are presented at the end of the chapter. The first case study investigates
hazardous locations in Cameroon, West Africa. The second case study, carried out by
Vanderschuren and Jobanputra (2011) on the Western Cape, gives information about

hazardous locations.

2.2 The cause of road accidents

Various reasons exist for the prevalence of road accidents in the present day. The most
dangerous actions considered important by more than 80% of respondents of a study
conducted in Turkey were ‘insufficient knowledge of traffic laws; dangerous parking; drug or
alcohol consumption and the three causes perceived to be least important were: bad luck,

absence of pavements and sanctions being too lenient’. (Vanlaar, 2006)



The driving environment and driving experience can be a contributing factor in the
occurrence of accidents. A study conducted by Petridou et al. (1997) showed that foreign
nationals from left-side driving countries are at an increased risk of being involved in
accidents than people originally from Greece, more so when driving a rented vehicle than a
privately owned vehicle. This is plausible, due to the major change in driving environment

for the foreign individuals (Petridou et al., 1997).

Poor road conditions were also believed to be the leading cause of accidents in 1938 by J.W.
Vickery, a highway safety engineer (Schuler, 1940). These road conditions consisted of ‘poor
visibility because of grade or alignment, slippery pavement, loose gravel, bumpy surface,
narrow roadways, at a bridge or underpass, soft shoulders, misplaced signs or signals,
obstructions caused by rocks or slides or trees or previous accidents or construction in
progress’ (Schuler, 1940). When a road faces such problems, it can be fixed through simple

physical changes and that will result in the decrease in the incidence of accidents.

2.2.1 Human factors

It is a well-documented fact that drinking and driving increases the likelihood of being
involved in a car accident. It is also reported that persons who are under the influence of
alcohol and get involved in accidents are more likely to suffer severe injuries than sober
individuals (Vanlaar, 2006). It is for this reason that road safety experts acknowledge the fact
that drinking and driving is very risky and increases the potential of a road accident
occurring. Road users are unaware of the fact that once an accident occurs, the severity of the

accident will vary according to the level of intoxication of the individuals involved. (Vanlaar

2006)

Another interesting factor is that visiting foreign nationals who are in a vacationing mood are
more likely to be intoxicated when involved in accidents (Petridou et al., 1997). Their
countries of origin usually have strict laws against driving under the influence of alcohol

however when on vacation, they are more likely to break the law of other countries.

2.2.2 Vehicle factors

Vehicle factors may also contribute to the occurrence and severity of road accidents.
According to a study conducted by Hoeskstra and Wegman (2011), defective steering was
among the causes of accidents, although it had a low prevalence but a high risk. Of the total
respondents in the study, 3.3% believed that defective steering is never the cause of an

accident and 9.5% believed that it is always a cause (Hoeskstra and Wegman, 2011).



Afukaar (2003) also noted that in some African countries, such as Ghana, the use heavy of
metal works to increase the number of passenger seats for open trucks have proven to be a

major safety risk in case of a road accident.

Although not prevalent, vehicle factors can thus be said to have a contribution towards the
incidence of road accidents. Motorists and traffic officials are to make sure that road worthy
vehicles are on the road, and vehicles that are not road worthy should either be issued hefty

fines, or impounded.

2.2.3 Legislation

Afukaar (2003) emphasizes that ‘for many years, police have played a prominent role in
improving road safety’. Developing countries tend to achieve their road safety goals through
measures, such as the imposition of speed limits, police enforcement of traffic laws and
traffic calming measures in general (Afukaar, 2003). Therefore, police presence at known

accident hot spots can be effective at making motorists reduce risky behaviour on the road.

Other variables worth considering in road accident prevention are whether there are any laws
regarding seatbelt and helmet usage. This refers to whether primary laws, laws allowing
traffic officials to fine any individuals for not wearing a seatbelt. Primary laws were found to

reduce fatalities and injuries (Noland, 2003).

European countries, such as Spain have introduced a Points demerit system according to Law
17/2005. This measure has been in effect since middle of 2006 and penalises reckless driving

by motorists (Albalate et al, 2013).

Legislation can, however, be important in reducing road accidents. Methods to enforce
seatbelt usage, decrease the incidence of drunk driving and lowering speed limits are
effective accident preventative measures. Lowering the Blood Alcohol Limit, as was done in

Spain, to 0.5mg/ml from 0.8mg/ml (Albalate et al, 2013) has also proven to be effective.

2.3 Road Environment

The road environment is an important part of the driving task. An under-stimulating driving
environment contributes significantly to fatigue and monotony. Simulator studies are usually

the preferred method of studying the effect of the road environment to the driving task

A total of fifty six male particpants were selected in a simulator study conducted in Montreal,

Canada. The male subjects were exposed to different driving environments which included; a

8



bare road environment, the second scenery (road A) presented pairs of pine trees, one tree on
each side of the road, which passed by the driver at the rate of one pair per second at a speed
of 130 km/h (Thiffault et al., 2002). The third scenery (road B) was intended to be
monotonous but without the repetitive environment of road A. Road B also included visual
stimuli representing elements that are likely to be seen in a rural setting. It was bordered by
infrequent random trees, houses and farms. There were occasional pedestrians on the roadside

and in the fields (Thiffault et al., 2002).

Subjects had a marked tendency to deviate to the middle of the road due to the presence of
pedestrians on the roadside and narrow bridges which they had to cross. This further suggests
the driver’s alertness in the presence of a variable roadside environment (Thiffault et al,
2002).

The simulator study further indicated that fatigue is likely to manifest itself quite rapidly
under driving conditions where the driver receives little sensory stimulation (Thiffault et al.,

2002).

Another simulator study was conducted in the Netherlands to study the effect of lighting and
a variable driving environment. The study carried out in Netherlands aimed to determine
whether different single-vehicle accident rates on two different roads is due to the drivers’
different appreciation of the these roads. The basic assumption for the research was that the
experience of the road environment is an important factor in driving behaviour (Frank et al.,
1994). It was expected that the more understimulating road would have more single vehicle
accidents

‘Highway hynopsis’ may be a direct result of under-stimulation from the road and traffic
environment, hence, leading the driver to ignore relevant information that the driving

environment gives.

The two roads, Drente and Polder Road, were compared under two conditions of ambient

lighting and traffic.

Figure 2.1 shows Polder Road. It is, absolutely, flat, the horizon is a horizontal line and the
road has very few curves, which can be seen for kilometres ahead. This road type has
vegetation mainly on one side, consisting of low trees and bushes of equal height (Frank et al.

1994)



Figure 2.1: Polder Road Source: Frank et al, 1994
The other road, Drente Road,( see Figure 2.2) had a road environment that ‘had bushes in
groups, a small forest with high fir-trees, open spaces and a horizon that was not a horizontal
line but consisted of the contours of bushes and forests’(Frank et al. 1994). More green
vegetation was present on Drente Road as compared to Polder Road, which had vegetation,
which was not as variable as Drente Road. The road also consisted of a certain number of

modest slopes curves were similar to Polder Road.
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Figure 2.2: Drente Road Source: Frank et al, 1994

The participants were to assess the virtual environment using the following conditions:

Changeable, Demanding, Increases alertness, Irritating, Lower Attention, Monotonous,
Threatening, Relaxing, Lowers concentration, Gives a Good View, Dangerous, Enjoyable,

Spacious, Peaceful, Boring, Increases wakefulness.

As expected, the participants tended to rate Drente Road higher than Polder Road, which
proves that Drente Road is more appreciated and provides better stimulation to the driving
experience. It would therefore be expected that Drente Road would have less single vehicle

accidents, in comparison with Polder Road, due to the stimulating driving environment.

It can therefore be concluded that the road environment is an important aspect of reducing
accident frequency of highways. Soft engineering measures are to be considered by highway
designers and urban planners. These would include lighting conditions at certain locations of
the highway, as well as variable vegetation throughout the highway section. Depending on
the location of the highway, the presence of pedestrians is shown as being important to

induce driver alertness during the driving task.
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2.4 Road Geometry and Design

Road geometry is an important aspect of highway design. It is a well-documented fact that an
improvement in highway design would result in an improvement in accident rates. Engineers
and transportation planners are constantly evaluating means to improve fatality rates. Part of
the evaluation process entails being able to predict accident rates and accident locations.
Karlaftis et al., (2002) aimed to employ a method known as Hierarchical Tree Based
Regression (HBTR) to predict accident rates, using geometrical factors as dependent
variables.

Results of the HBTR analysis showed that the existence of a median is an important factor for
low flows while when it comes to higher flows, the existence of access control seems to be
the more important factor safety wise Karlaftis et al, (2002).

For the rural two-lane case, lane width (LW) is the variable with the higher importance after
Annual Average Daily Traffic (AADT). It is obvious that the proximity of the opposing
traffic streams renders the width of the lane an important factor for safety. The next important
variables; Serviceability Index (SI), Friction (FR) and pavement type, are related to the road
pavement conditions. However, when it comes to multilane rural roads the variables with the
higher importance after AADT are the existence of a median and of access control. These two
factors, however, resulted in increased speeds on multilane rural roads. This fact renders the
above two factors more important than lane width. The existence of a median, however,
becomes more important in low flow conditions.

Although the importance of isolated variables differs for the two roadway types it is obvious
that ‘geometric design’ captured through lane width and access control and ‘pavement
condition’ captured through friction, serviceability index and pavement type are, as expected,

the two most important factors affecting accident rates.

Paved shoulders are a structural element of the total pavement, providing lateral support to
the traffic lanes, and allowing construction-related edge effects to be located away from the
trafficked section of the pavement. It allows drainage of water away from the trafficked
section of the pavement, and increases the effective width of the traffic lanes and therefore
increases the lateral clearances between opposing vehicles on an undivided road. It can also
be said that road pavements are an important geometrical and infrastructural element which
assist in the prevention of single-vehicle accidents. Ogden (1997) investigated the effect of

paved shoulders on accidents on rural highways

12



The most common type of accident was involved a single vehicle leaving the road and
hitting a fixed object. The shoulder provided a recovery area for errant vehicles, i.e. allowing
space for an out-of control vehicle to be brought under control. It also, in some instances,
provided an avoidance space, giving a driver room to avoid colliding with another vehicle
that has intruded into the traffic lane. The shoulder may be used to provide a space for very
slow vehicles to allow faster vehicles to pass. Values of a statistical analysis performed by
Ogden (1997) suggested that there appeared to be significant safety benefits resulting from
paving the shoulders on two-lane rural roads. The benefit mainly arose from reductions in
single-vehicle run-off-the road accidents (which may be due to reducing or eliminating loss
of control when a vehicle strays onto an unpaved shoulder, and also increased recovery
space) and multi-vehicle opposite-direction accidents (which may be due to increased

recovery space, together with increased avoidance space).

In cases where the geometrical design of the road may be considered hazardous and
unalterable, it is common to place warning signs and posted speeds. Sehmeida (2013)
investigated the effect of highway geometry on posted speed in multi-lane highways in Egypt
Cairo. The road geometric data was collected directly from a site investigation which
included lane width, right shoulder width, number of lanes in one direction, median width,
pavement width, and existence of side access along the section (Sehmeida, 2013). Results of
a linear regression carried out revealed that for side accesses, the operating speed decreased
with the existence of side access. The drivers become cautious when they observe side access
signs ahead; consequently, they decrease their speeds.

Conversely, a regression analysis indicated that operating speed increases when the road
shoulder width increased .This result seems reasonable as drivers would tend to take more
risks when overtaking in areas where a road shoulder existed. However, Ogden (1997),
observed safety benefits from increasing road shoulder width. The road shoulder provides
enough space for illegal overtaking opportunities for drivers. Sehmeida (2013) found that the
most influential geometrical factors on highway operating speed in Egypt are pavement
width, median width and side accesses. An increase in pavement width (6.8m to 7.1m)
resulted in an increase in operating speed of 40km/h. An increase in median width (2.2m to
2.8m) also resulted in an increase in operating speed of 27km/hour. The only variable that
was found to have a decreasing influence on highway speed was the existence of side
accesses, as motorists are wary of vehicles approaching from these accesses. This finding is

further discussed by Karlaftis et al., (2002), who noted that the existence of accesses was
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important in multi-lane rural roads, although it resulted in increased speeds. Increased
operating speeds are not the desired effects by engineers, as they may result in severe road

accidents.

Cruzado and Donell (2010) argued that speed differentials are associated with transition
zones. This can be in the form of a change in built up area, to the presence of an at grade
intersection (side accesses). In his study, speed reductions were observed when vehicles
entered a curve, when the degree of curvature increased and also when the vertical grade
increased (Cruzado and Donnell, 2010). Fwa et al, (2002) also suggested that a speed
differential is caused by speed reductions of heavy vehicles during an upslope climb (change

in vertical grade). This limits the passing efficiency of the vehicle.

Chen and Chen (2010) investigated the effect of road geometry and its effect on single
vehicle overturning accident. This study was conducted using a simulation-based vehicle

assessment model, which aimed to analyse heavy motor vehicles.

Vehicles such as trucks, emergency vehicles and sport utility vehicles (SUV’s) are often at an
increased risk of experiencing a single vehicle accident when driving conditions are harsh.
This may be due to inclement weather or complicated topographical conditions (Chen and
Chen, 2010). The vulnerability of the above mentioned vehicles is also increased due to their
mass, as roll-over and sideslip accidents are hard to prevent due to the momentum of the

vehicles.

Large vehicles such as trucks and SUV’s are specifically prone to single-vehicle accidents
(roll-over or sideslip) under hazardous driving environments on rural roads (such as
highways).When a truck travels on a straight road with a dry road surface, roll-over accidents
tend to occur first. This can be attributed to wind effects on the vehicle. The relationship
between wind speed U and Critical Sustained Time (CST) of rollover is shown in Figure 2.3

(Chen and Chen, 2010).
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Figure 2.3: Rollover accidents with different wind speeds Source: Chen and Chen (2010)

When a truck is driven on a straight road with an ice or snow surface, sideslip accidents tend
to occur first. Figure 2.4 illustrates the relationship between driving speed and the wind

speed. When the wind speed exceeds 65 km/hour, sideslip accidents start to occur.

Figure 2.4: Sideslip accidents with different wind speeds Source: Chen and Chen (2010)

When the wind speed increases, the Critical Driving Speed (CDS) will decrease. Figure 2.5
suggests that rollover accidents will occur when the heavy vehicle is on a dry road. The risk
of rollover tends to increase when the wind speed exceeds 56 km/hour. Even when the truck
is not in motion, with a wind speed of 89 km/hour, the risk of rollover still exists. Figure 2.6

shows the accident risks when the vehicle is on a snow-covered road. Sideslip accidents are
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more likely to occur when the driving speed reaches 32km/hour as shown in the figure.
Rollover accidents occur when the wind speed reaches 89 km/hour. Figure 2.7 shows the
relationship between vehicle and wind speed on an icy road. Sideslip accidents can occur

when the wind speed is below 32km/hour and the vehicle speed is 40km/hour on icy roads.

Figure 2.5: Rollover accidents on a dry road Source: Chen and Chen (2010)

Figure 2.6: Accidents on a snow covered road at different wind speeds Source: Chen and Chen, (2010)
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Figure 2.7: Accidents on an ice-covered road
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Critical Driving Speed on Curved roads

Figure 2.8 shows the relationship between different curve radii and CDS when the road is

covered in snow. Sideslip accidents will most likely occur first. Depending on the driving

speed, the curvature of 180 metres or lower with a wind speed of 32 km/hour will result in a

sideslip accident.
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Figure 2.8: Road accidents and road curvature on snow-covered roads Source: Chen and Chen (2010)

A comparison of the two figures shows that if the driving speed is more than 56 km/hour, and
the radius of curvature more than 40 metres, sideslip probability increases dramatically when

the wind speed increases from 0 km/hour to 32 km/hour.

Figures 2.9 shows that sideslip accidents will most likely happen to trucks if they are driven
at a speed of 96 km/hour on a curved road with radius of 100 metres on an ice-covered road.
The same results can be seen when a vehicle is driven at 40 km/hour on an ice-covered
curved road with radius 40 metres. This shows that moderate wind can greatly affect the
stability of a vehicle on ice covered curved roads. Once a sideslip accident occurs, there is

very little a driver can do to stop the accident from occurring.
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Figure 2.9: Sideslip accidents at 100 metres road curvature Source: Chen and Chen (2010)

Although factors such as wind and slippery road surface were controlled in the simulation
study, the transferability of results into a real life situation would be recommended. The
simulation study aimed to emulate real life conditions as much as possible, therefore, only
slight deviations from real environmental and driving conditions of trucks, emergency

vehicles and Sport Utility Vehicles are expected.

In addition, to improve the safety of highways the following recommendations are suggested

by Schuler (1940) for improving the road design, and thus road geometry

e It would be optimal to have separate roads for trucks which not only slow down traffic,
but can damage the roads themselves.

e Schuler (1940) suggested that there should be four-lane divided highways, which run for
10 miles into the cities where congestion is likely to pile up.

e In order to increase the safety of the road, sight distances should be long enough for
vehicles to see obstructions from afar (Schuler, 1940). Should passing be prohibited, it
would be ideal to have shorter curves on the highway as drivers usually lose patience and
end up taking risks.

e The super-elevation of the road should be increased on highways with high speed as it
decreases the risk of accidents occurring (Schuler, 1940).

e With regard to curves that have high accident risk, the curves should be flattened out if

possible to avoid impatient motorists that cause car accidents.

19



Most importantly there should be pedestrian areas were cars are strictly prohibited (Schuler,
1940).

2.5 Road Infrastructure

2.5.1 Pedestrian Infrastructure
The provision of infrastructure for both motorized and non-motorized traffic is important to
avoid any conflict points. Due to the fact that pedestrians in South Africa constitute majority
of non-motorized traffic, the risk of injury due to pedestrian-vehicle accidents is high.
Avoiding this conflict can be done through the provision of pedestrian infrastructure, which

separates the two forms of traffic

Gitelman et al., (2012) suggests that in Israel, pedestrians usually account for 8-10% of total
traffic injuries and for more than 30% of the total fatalities in road accidents in Israel. His
study aimed to diagnose infrastructure problems at a wide range of locations where
concentrations of pedestrian accidents were observed, in order to identify infrastructure
solutions that might improve pedestrian safety in Israel. The infrastructure variables included

section/junction types, road types, crossing locations and type of town.

Accident data for the years 2006 to 2007 revealed that 6053 pedestrian injuries and 263

pedestrian fatalities were recorded. This is shown in Figure 2.10.

Figure 2.10: Pedestrian fatalities in Israel, according to accident locations Source: Gitelman (2012)

An investigation into the Israel accident statistics further revealed that the majority of both
fatalities and injuries occurred when a pedestrian crossed the road. Considering the locations

where pedestrians crossed when the fatal accidents occurred (Figure 2.11), it can be seen that
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49% of those pedestrians (n = 212), crossed a road section but not at a marked pedestrian
crosswalk, whereas 22% crossed at unsignalized and 17% at signalized crosswalks. Among
those who were injured when crossing the road (n = 4670), 50% of the cases occurred at un-
signalized crosswalks and 28% when crossing a road. Among both fatalities and injuries, the
elderly (ages 65 and older) had the highest rate per population in comparison with other age
groups.

A black spot analysis of the pedestrian accidents was also performed. A sample of 14 Israeli
towns were selected and pedestrian accidents were mapped and black-spots/areas were
identified as follows: a junction or street “spot” (address) or street section up to 200 m in
length (including junctions) where three or more pedestrian accidents occurred within three
years. Gitelman et al., (2012) study found that black-spots of pedestrian accidents in urban
areas, were short sections/junctions with a high accident concentration, most of the locations
identified were intersections (signalized, non-signalized, roundabouts), with only some 16%
of the sites situated on street sections. This finding is common for studies of accident
concentrations in urban areas, where the accidents are typically “spread” over road
sections/areas, thus, bringing a need for an area-wide consideration of the problem.
Intervention methods for decreasing the incidence of pedestrian fatalities are therefore
important. These may include physical arrangements for pedestrians on street sections; mid-
block crosswalk treatments; traffic-calming measures for collector roads; junction design;

traffic calming measures for local streets; measures for traffic signals.

Figure 2.11: Pedestrian fatalities in Israel, according to location of crossings Source: Gitelman (2012)
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2.5.2 Infrastructure problems related to vehicular accidents

An analysis of road accident data in Portugal revealed that infrastructural factors that
influence the frequency of urban road accidents include traffic, lane balance, average lane
width on major direction, average lane width on minor direction, the presence right turn lanes
on major direction, the presence right turn lanes on minor direction, the traffic control
devices, the total number of entering lanes on major direction being equal or higher than
three, the number of lanes in both directions being equal or higher than four and the number
of legs of the intersection (Gomes, 2013). This analysis was performed on road accident data
for the years 2004 to 2007.

The variables associated with a decrease in the frequency of accidents were the number of
legs with traffic in only one direction and the median presence on major direction. This study
focused more on accidents on urban arterials, and not on rural highways. Therefore, the
transferability of findings onto the rural setting is not applicable, as intersections and traffic

controls are seldom found on rural highways.

In addition, the assumption that wider roads are of better quality, leads engineers to expect
that improvements have a significant positive impact on road safety (Noland, 2003).
However, the impact of there being a greater proportion of narrow single roadway roads (57
m) in the total road network of Spain (165787 km) was found to be a reduction in the number
of fatalities (Albalate et al., 2013). This finding is expected, as a decrease in road space
should result in a decrease in risky driver behaviour. However, having more single
carriageway roads may also induce risky behaviour among motorists as overtaking

opportunities are limited.

Under ideal circumstances, upgrading infrastructure is seen as a way of increasing road
safety. Conventional traffic engineering is based on the assumption that ‘safer’ and ‘newer’
roads reduce road fatalities dramatically (Noland, 2003). This can be illustrated by the
assumption that increasing a two-lane road to a four lane road, the risk of head-on collisions
reduces. However, this risk is off-set by the fact that drivers travel at higher speeds on these

new roads, thus resulting in no gains in safety (Noland, 2003).

The results of the model produced by Noland (2003) showed that the infrastructure
improvements implemented have not provided any safety benefits. This analysis, using the

negative binomial distribution, was done on accident data for the period 1984 to 1997. In fact,
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the results show the contrary to what is expected and that additional lane miles are
detrimental to road safety. The safety benefits were provided by other factors, such as
improved medical technology, the demographic age mix of the population and reduced per
capita alcohol consumption. Increasing the number of lanes also led to more fatalities and
injuries. This was an unexpected result as a greater number of lanes would reduce the risk of

head-on collisions as there would be more overtaking opportunities.

Increasing lane widths of roads is normally seen as an accident reducing strategy. States with
arterials having road widths of less than 2.74 metres were shown, however, to have fewer
road injuries as shown by Noland (2003). This finding is similar to Albalate et al, (2013),
who found that single carriageways have fewer accidents than wider roads. When there are
more arterial and collector roads with widths 3.65 metres or more, there is an increase in
traffic related injuries and fatalities. This can be seen in the models produced. This result
contradicts the general road safety practises which suggest increasing road safety by
increasing lane widths. This contradiction could be explained by the fact that wider roads

lead to increased driver carelessness.

Table 2-1 shows the variables that affect road traffic fatalities. It can be seen that variables
with a negative coefficient result in a decrease in road fatalities, whereas variables with a

positive coefficient result in an increase in fatalities.
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Table 2-1: Variables affecting road fatalities

A B C

Deatts (1984-1997) Injured (1984-1997) Deaths (1985-1997) Injured (1985-1997)

Coefficient t-statistic [Co-efficient tstatistic | Coefficient t-statistic | Coefficient t-statistic
Infrastructure variables
Log(total ne mies) 0355 316 0.624 455 0378 283 0.183 117
log (average mmber of interstate lanes 01731 069 2524 6.3 0.253 0.96 2843 6.87
log (average number of arterial lanes 0.101) 091 0.50 2.09 0.101 0.84 0.494 235
log(average number of collector lanes) 1.036| 261 -0.713 -0.73 1271 247 -1.246 -141
log (interstate lane s %) 0.052) 061 -0.204 -1.§ 0.061 0.66 -0.367 -281
log (arterial lane ks %) 0.5 192 0.238 17 0.132 147 0.103 0.74
log (collector lane miles %) 0.149 207 0.304 33 0.125 1.6 0.205 226
log (arterials with fane widths of9 £ or less %) 0.007 1.4 -0.021 -2.68 0.006 1.16 -0.011 -148
log (arterials with lane widths of 10 ft %) 00171 -1 -0.035 -241 -0.017 -1.52 -0.033 -2.33‘
log ( percent arterials with lane widths of 11 £ %) -0.003]  -0.24 -0011 -0.67 -0.003 -021 0.003 0.24
log ( arterials with lane widths of 121 or greater %) 0.003f 0.9 0.133 1.24 0.034 0.54 0.075 0.67
log (collectors with lane widths of 98 or less %) 0.022( -3.06 -0.034 -29) -0.022 -2.67 -0.023 219
log (collectors with lane widths of 10 £t %) 0.0 139 -0.015 -0.51 0.011 0.55 -0.008 -0.28I
log (collectors with lane widths of 11 %) 003 254 -0.044 35 -0.024 -2.34 -0.031 318
log (collectors with lane widths of 12  or greater %) 0033 121 0.008 0.14 0.048 159 0.027 042
Demographic and trend variables
log (population aged 15-24 years %) 0.566] 587 0.646 414 0.621 5.99 0.749 48
log (population over 75 yeats %) 03221 -39 -0518 -346 0.366 32 -0219 -134
log (per capita incorme) 0.955] 805 0.953 427 0877 6.71 0.73 3.3
log ( population) 0.119] 135 -0471 -4.26 0.148 14 0.045 031
Year 001 <29 0.005 0.89 -0.003 -0.85 0 -0.02
Other variables
Primary seat-belt law 00471 32 -0.048 -1.54 -0.039 -2.39 -0.103 -3.16
Secondary seat-bek law 0022 227 0.013 0.67 0.006 0.54 0.011 0.54
log (per capita alcohol consumption) 049 567 0.103 0.65 0417 452 0.147 0.95
log (white infant mortality) 0.3 267 0.013 0.18I
log ( hosptal per square mi) - - - 0.136 1.61 -0.617 -6.54
Constant 13074 223 -19.74 -1.94 -0.162 -0.02 -12.784 -1.06
N 700 057 046 607
log likefhood -3290.75 -6029.45 -3007.16 55102

Adapted from: Noland (2003)

In comparison to the above, African countries are considered less developed, and hence

always lag behind when it comes to infrastructure development for road safety. Road traffic

safety poses a major problem for developing countries, such as Ethiopia.

The importance of proper infrastructure planning can be illustrated in, Addis Ababa. It is a

city that has seen tremendous growth in recent times but is, somehow, growing without

proper planning and control, which has resulted in mixed-up land uses (Berhanu, 2004). This

has affected the road network of the city which is not adequate to meet the requirements of its

growing traffic needs. Traffic controls, signals, road markings as well as pedestrian facilities
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are not in place. The under-developed roads, as well as the risky behaviour of pedestrians,
have resulted in the occurrence of many road accidents. The arterial roads in the city have
been the major contributor of many road accidents. Investigating the relationship between
traffic accidents as well as road infrastructure could assist road authorities in reducing the

number of fatal accidents in the city.

Fig.2.12: ADT on dual and single carriageways Source: Berhanu (2004)

Figure 2.12 shows that all types of accidents decrease when Annual Daily Traffic (ADT)
increases on undivided roads (single carriageway). With divided roads (dual carriageways),

total accidents and multiple-vehicle accidents increase with an increase in ADT.

It was also found that in order to increase pedestrian safety, increasing the width of the side-

walk can greatly decrease pedestrian accidents. This relationship is shown in Figure 2.13.

Figure 2.13: Pedestrian accidents against width of sidewalk Source: Berhanu (2004)
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Increasing the sidewalk width and paving the sidewalks reduces the probability of pedestrian

accidents as pedestrians are less inclined to walk in the road.

It can thus be said that poor road infrastructure leads to road traffic accidents. Improvements
can be in the form of raised kerbs, wider and paved sidewalks, which ultimately reduce
pedestrian accidents and improve traffic safety. Roads with higher ADT typically have higher
accidents for all types of highways. There is an increase in multiple-vehicle accidents as well
as total accidents (Berhanu, 2004). This result is in contrast to what is expected, as higher
ADT would result in more congestion, which usually prompts motorists to be cautious on the

road.

As the above literature suggests, infrastructure has a significant effect on road fatalities. The
provision of infrastructure requires proper planning as effects of not providing the necessary
infrastructure may be detrimental. Engineers should not solve problems by just increasing
road capacity and lane widths, as the effects may be off-set by careless driver behaviour.
Traffic calming measures should be considered at locations where pedestrians are vulnerable,

as well as re-designing of roads at sections that are known black spots.

2.6  Traffic Calming
Infrastructure measures can be used to improve road safety. Traffic calming is an example of
infrastructure measures adopted in Europe and have since played a huge role in the reduction

of road accidents (Vanderschuren and Jobanputra 2009).

Traffic calming measures can either be volume control measures which address cut-through
traffic problems by preventing certain movements, thus diverting traffic into streets that can
better accommodate the traffic. Speed control measures address speeding problems by
changing the wvertical alignment, horizontal alignment or narrowing the roadway
(Vanderschuren and Jobanputra 2009). For the purposes of road safety, speed control traffic

measures will therefore be discussed frequently.

Various speed traffic calming measures can be employed to reduce road accidents thus
increasing road safety. These speed control measures include speed humps, speed cushions,
rumble strips and raised intersections. These types of infrastructure measures achieve their

purpose by causing vertical deflection of vehicles. Horizontal deflection measures such as
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traffic circles, roundabouts and chicanes can also be employed. Otherwise, posted speeds and

warning signs can help improve speed control (Vanderschuren and Jobanputra 2009).

In most developing countries, the most vulnerable road users tend to be pedestrians, cyclists,
and passengers in buses, minibuses and trucks. It would, therefore, be useful for developing
countries to use less-costly speed reducing measures such as traffic calming measures.
According to a study conducted by (Afukaar 2003), rumble strips installed on the main
Accra-Kumasi at the Suhum Junction have led to a 35% reduction in crashes and a 55%

reduction in fatalities during the period January 2000 and April 2001.

The Department of Transport and the Transport and Road Research Laboratory in the UK
revealed that reducing traffic speeds and volumes tend to reduce severity of the vehicle

accidents, especially those involving pedestrians and cyclists (Vanderschuren and Jobanputra

2009)

A study in the US revealed that speeds were reduced by 23% for humps, 11% for circles and
4% for road narrowings. Other independent studies have revealed that road-based traffic
calming measures that result in a speed reduction of 14.4 km/h reduce traffic accidents by 60
to 70%. They also revealed that fatal or serious injuries were also reduced when such

measures were applied (Vanderschure and Jobanputra 2009).

Roundabouts seem to have the most desirable effect on traffic safety, particularly accidents

involving injuries (Vanderschuren and Jobanputra 2009).

Traffic calming measures can be implemented worldwide as it is a soft engineering approach

and it increases the safety of pedestrians and drivers alike.

2.7 Collection of road accident data

Traffic data is collected at every stage of project development in order for roads to be
planned, designed, constructed, maintained and operated more rationally and scientifically. It

is also collected in incidences involving road accidents.

Thwala (2012) revealed that in South Africa, the most common problem faced by transport
researchers is the frequency of poor quality data. However, this is not a problem experienced
in South Africa alone, as many developing African countries have such issues. This poor

quality data could be ‘randomly missing, uninformative, partially informative, or even
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misleading’ (Thwala, 2012). Incomplete Road Traffic Accident (RTA) data could be caused

by administrative error, defective technique, or technology failure.

It is a well-documented fact that motorists have a legal obligation to report collisions in
which their vehicles are involved. However, in developing African countries and developed
countries, there exist crash data discrepancies involving non-reporting and under-reporting of

road traffic accidents.

Salifu et al. (2011) revealed that all crashes involving fatalities were reported in an
investigation of road accident data in Ghana during the period 1997 to 2004. However, the
less severe the crash consequence, the higher the likelihood of non-reporting of accidents to

the police (Salifu et. al, 2011).

The study also indicated that night-time is generally associated with a higher non-reporting
rate (87 out of 94 accidents) than the daytime (163 out of 466 accidents). This could be due to
the decreased movement of vehicles and decreased presence of law enforcement. Drivers
cited that the reason for their non-reporting of single-vehicle collisions was that the crash did
not involve any other vehicle (Salifu et al., 2011). In such cases, drivers may opt to fix the
vehicles themselves if no fatalities occurred. This also depends on whether motorists have
vehicle insurance or not, the driver may opt not to report any occurrence of single vehicle

collisions and pay for the vehicular damage themselves.

With respect to crashes involving multiple vehicles, the drivers preferred reaching a mutual
agreement to repair their damaged vehicles than to reporting the crash to the police. This was

found to be the case with 103 out of 117 of the respondents.

The occurrence of under-reporting in the urban environment occurred 41% of the time and
36% of the time with respect to the rural environment. This situation may be due to the fact

that non-urban crashes were more severe and were most likely to be reported.

The most probable reasons for under-reporting from drivers and casualties were: did not
involve other vehicles, mutual agreement to repair damaged vehicle/s, lack of knowledge of

the legal obligation to report a crash and proximity of police station to the place of crash.

It is important to capture road accident data for statistical and analytical purposes. Therefore,
providing education campaigns to people, and making the process of reporting accidents

efficient, would encourage more reporting of road accidents, regardless of severity. Also,
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training police officials to record road accident data efficiently in a centralized system, or
dispatching officials to accident scenes immediately, would allow for the immediate and

accurate capturing of road accident data.

2.8  Collection of data in a road safety audit

Road safety audits are a cost effective way to evaluate rural highways in which highway

accident data is scarcely available.

Extensive research on the procedural methods of a road safety audit was done prior to
undertaking a road safety audit on the N1 highway. This was in the form of a literature
review and other available online resources. The literature review revealed that a similar
study had been conducted in Cameroon by Bhatiti et al. (2010) while investigating road
traffic accidents in the Yaounde-Douala road section, a rural highway in the outskirts of

Cameroon.

Cafiso et al., (2005) suggested that the main requirements for team members to actively
participate in a road safety audit are independence and qualification. According to Cafiso et
al (2005) ‘independence from the design, maintenance and operation’ of the road to be
reviewed 1s needed. Cafiso et al. (2005) suggested that a team of reviewers was to comprise
ideally of a minimum of three people, with diverse backgrounds and capable of providing an
objective opinion during the site investigations (Cafiso et al., 2005). The three reviewers

include the driver, front seat reviewer and back seat reviewer.
The road inspection was to be conducted taking the following factors into consideration:

e A preliminary inspection conducted during the day time, in order to understand the
general road safety conditions and its relationship with surrounding land use, terrain and
the road network. (Cafiso et al., 2005)

e General inspection of the road, conducted during the daytime, examining the general
safety concerns along the road segments. (Cafiso et al., 2005)

e Detailed inspection performed during the daytime, which aims to provide a detailed
inspection of the safety concerns associated with specific site (Cafiso et al., 2005)

e A night-time inspection, which aims at analysing the driving experience and road
perception without natural lighting (Cafiso et al., 2005). This was excluded as part of the

investigation due to time constraints and lack of resources to perform the task.

29



The main aim of the preliminary inspection to be performed by the researcher according to
Cafiso et al, (2005) was to investigate how different road users experience the road
environment of a particular road. The analysis not only observes the road, but also how the
adjacent environment interacts with the road and road users. (Cafiso et al., 2005)

According to Cafiso et al (2005), the preliminary inspection was to be conducted on a stretch
of road not more than 100km in length. Equipment to be used included, a GPS receiver and a

digital camera. The method of inspection included driving along the road in both directions.

It is usually necessary to run the road at the lowest permissible traffic speed on a highway, in
order to take not of all the aspects affecting the road environment. It is the duty of the driver
to note any corrective driving manoeuvres that he performed (Cafiso et al., 2005). The GPS
receiver is used to geo-reference any useful points on the road such as kilometre posts and
intersections. For the research topic conducted, the driver maintained a driving speed of 60
km/h.

Cafiso et al., (2005) suggested that the primary objective of the general inspection was to
retrieve important information about any safety concerns associated with a particular road,
and their locations along the route. The general inspection also utilizes a digital camera, with
the front and back seat reviewers compiling checklists necessary for the road audit. The road
is to be traversed in both directions, at low speeds. The driver also takes note of any
corrective manoeuvres he performs every 100m (Cafiso et al., 2005). The checklist provided
by Cafiso et al. (2005) related mainly to the main safety features which are usually present in
continuity along two lane roads. The checklist procedure was to be completed in both the
directions (to and from) traversed during the audit, by both reviewers in the front and back
seat. It was separated into two parts, Part A which is compiled on site during the road
inspection, and Part B, which is compiled during the subsequent video examination. (Cafiso

et al., 2005). This checklist is provided in Appendix A.

2.9  Case studies of road accidents in African cities (A look at Cameroon)

A case study conducted by Bhatti et al (2010) aimed at investigating the cause of road
accidents in Low and Middle-Income Countries (LMIC). LMIC’s in Africa had the highest
road fatalities as of 2007, with 32.2 fatalities per 100 000 inhabitants (WHO, 2009). Bhatti et
al., (2010) investigated the Cameroonian case, which has a total road network of 50 000 km

in length, with only 10% of the network being paved. The Yaounde-Douala road section
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(National Road 3), with total length 243km has the heaviest Annual Daily Traffic (ADT) and
passes through several small towns (Bhatti et al, 2010).

The investigation was carried out through site visits. A coding sheet was used for data
collection on built-up or rural areas, horizontal and vertical profiles, road widths, surface
regularity, verge slope, depth at 10m from verge, location and type of nearby obstacles (at a
50m radius), horizontal markings and presences of intersections were recorded (Bhatti et al.,

2010). Sites were chosen through GPS locating and video-recording.

The recorded data by the authors gave information on number of lanes, side markings,
presence of road drain, type of intersection (four-legged, three-legged, and access),
intersection control (sign, signals), intersection treatment (speed calming, improving visibility
by angling the entering side road), speed control measures (speed sign, hazard sign, road sign
with rumble strips), the maximum in both directions of the length of the straight section (the
length of closest straight section if the site is on a curve), important structures (housing and
other non-shop-buildings, shops, toll plaza). The information obtained from the video
recording, therefore, gave insight into the infrastructural and geometrical aspects of the

national road.

Variables collected both during the site visit and from the video recording showed that
accident sites were more likely to be located on a flat road profile, with an irregular surface
condition and near solid obstacles (within 54 m) , and at three- and four-legged intersections
when a model was produced. .This may be due to the facts that nearby obstacles (within 54
metres) worsen the severity of accidents of errant vehicles as they may be situated on the road
reserve. The obstacles block the driver’s view and increase the vulnerability of occupants
when an accident occurs (Bhatti et al,, 2010). Removal of these obstacles should be
considered if financially feasible, or soft engineering measures should be implemented in

such accident prone areas.

The likelihood of collisions increased in built-up areas when verge depth was 0 m (flat) as
compared to verge depth more than 0 m (inclined). The model produced by Bhatiti et al.,
(2010) also showed that the likelihood of accidents on flat road sections increased when the
road was wider than 8 m as compared to narrower road sections. This result is expected, as
the authors (Noland, 2003; Albalate et al, 2013) have shown that an increase in lane width
results in a higher occurrence of road fatalities. This is again due to the increased risky

behaviour of motorists due to more road space.
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The results of the investigation thus showed infrastructural and geometrical features that were
associated with crash sites on this 243 km Yaounde'— Douala road section. These included
flat road profiles, irregular surface conditions, nearby road obstacles and three- and four-
legged intersections. The likelihood of accidents increased with built-up areas in plain
regions. This may be exacerbated by driver fatigue from a monotonous driving environment

(Thiffault et al, 2002; Frank et al, 1994).

2.10 Hazardous location analysis in the Western Cape

South Africa, has one of the highest fatality rates with respect to road accidents. These
fatalities tend to affect all categories of road users, namely motorists, pedestrians and to a
lesser extent, cyclists. Worldwide, most victims tend to be pedestrians, and most likely, the
breadwinners (Vanderschuren and Jobanputra, 2011). Developing countries (which include
low and middle income countries) tend to experience, significantly, higher road accident rates
than high income countries. In 2002, low and middle income countries accounted for 90% of
all road traffic deaths (Vanderschuren and Jobanputra, 2011) The reason for such a
phenomenon affecting mostly the developing nations is that inadequate infrastructure does
not cater for pedestrian movement in countries, such as South Africa, whereas, most road
users travel by foot (more than 50% of South Africans complete their trips by walking) or
public transport. Sometimes, pedestrians are forced to use the infrastructure that is,

specifically, designed for vehicular movement, thereby increasing their risk to car accidents.

As of 2006, South Africa was the fourth highest generator of road fatalities with a record of
27.97 fatalities per 100 000 inhabitants (Vanderschuren and Jobanputra, 2011). However, a
2009 report by the Road Traffic Management Corporation revealed that South African
fatalities per 100 000 inhabitants were 27.91 and that Western Cape had 23.99 fatalities per
100 000 inhabitants. This shows that there has been a slight decrease in National fatalities

over the years; however, the percentage of fatalities is still too high to be acceptable.

This study also serves to compare and contrast road accidents in South Africa with those in

the Western Cape, with a concentrated focus on road accidents in the Western Cape.

Gender seems to play a significant role in determining the statistics and nature of road
accidents in the Western Cape. Females are involved in far less accidents when compared to
their male counterparts. As drivers of vehicles, they account for approximately 8% of road

accidents. However, females involved in traffic accident deaths as passengers are a staggering
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45%. This number is mainly, due to the fact that females become vulnerable and are
dependent on the driver’s road behaviour when they are passengers. Nevertheless, it is clear

that females are safer drivers than males (Vanderschuren and Jobanputra, 2011).

The population group in the Western Cape is dominated by the Coloured community which
comprises 50% of the population, Black Africans — 25%, Whites approximately 20% and

Asians and others are included in the remaining 5% (Vanderschuren and Jobanputra, 2011).

From data collected in 2007 by the Provincial Government of the Western Cape database,
iPas, it is clearly shown that the White community was involved in 43% of road accidents
and the Coloured community 40%. As the White community just comprises about 20% of
the Western Cape population, they were involved in a significantly higher accident rate than
their share in the Western Cape population. This can be explained by their high economic
activity and high car ownership rate (Vanderschuren and Jobanputra, 2011). The Black
community which had 15.3% of the crashes and the Coloured community were involved in
fewer crashes in proportion to their population. Again, this can be explained by their lower

economic activity and low car ownership rate (Vanderschuren and Jobanputra, 2011)

In terms of fatalities, even though the White community is involved in 43% of accidents,
their fatalities make up 19% of the total fatalities in the province. Coloureds however,
reportedly make up 50% of the road fatalities. Among the male victims, coloured males made

up 51.8% of the fatalities (Vanderschuren and Jobanputra, 2011).

The female statistics differed somehow. White females were involved in the most accidents
(61.7%) followed by Coloured females (29.4%). When analysing the fatalities, coloured
females comprised the majority of road deaths at a staggering 53.5%, followed by black
females at 27.9% (Vanderschuren and Jobanputra, 2011).

Driver fatalities indicate that even though females are involved in 25% of accidents, their
fatalities stand at 8% with White females being the most likely victims at 70% of reported
accidents. Again, Coloured male drivers make up most fatalities at 45% of all males and 40%
of all driver fatalities. They are closely followed by White males, which make up 33% of all
male accidents and 30.4% of total driver fatalities in the Western Cape (Vanderschuren and

Jobanputra, 2011).

An analysis of road types carried out revealed that a high number of accidents occurred on

single-carriageways and that in 40% of all accidents, a barrier line was missing. However,
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some of this data cannot be clearly proven to apply to the Western Cape and further analysis

is planned for in future research (Vanderschuren and Jobanputra, 2011).

In terms of days in which accidents are most likely to occur, fatal accidents are most likely to
happen on Weekends (Friday, Saturday and Sundays). However, accidents may occur

throughout the week (Vanderschuren and Jobanputra, 2011).

The time of day also is a factor that contributes to the number of accident occurrences. Forty
percent of collisions with animals are at night on unlit roads. Similarly, 30% of single vehicle
overturning incidences occur at night and 53% of accidents with fixed objects happen at night

under unlit conditions (Vanderschuren and Jobanputra, 2011).

2.11 Black spot identification

The crux of civil engineering involves providing a service to the civil society. It can therefore
be said that the loss of lives, which can be prevented through proper infrastructure planning,
is a disservice to the civil society. Identification of black spots is important to prevent and

provide remedial measures in those specific locations.

Flahaut (2004) suggested that in places where there is an abrupt observed change in speed,
the area might potentially be a black spot. Potentially hazardous locations, such as ‘sharp
curves, narrowing roads, minor crossroads and agglomerations in roads’ were observed to be
significant variables in black spot identification. In these environments, warning signs are
more suitable so that the risk of accidents, due to the transitions in speed, is reduced (Flahaut,

2004).

In identifying black spots, Flahaut (2004) also suggests that major at grade junctions seem to
be a risk factor and cause numerous accidents. Flahaut (2004) suggests that intersections
should rather be changed to roundabouts to make them safer. In comparison with other
intersections, Flahaut (2004) suggests that roundabouts are known to improve safety by

fluidizing traffic flows and making accidents less severe.

Identification of black spots appears to be an important aspect of highway design. This is
usually done by statistical analysis of accident data. However, a simpler method of
identifying blackspots was suggested by Gitelman et al. (2012) in his study of fatal pedestrian

accidents.
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Pedestrian accidents were mapped using co-ordinates and geographical data. Black-
spots/areas were identified as follows: a junction or street “spot” or street section up to 200 m
in length (including junctions) where three or more pedestrian accidents occurred within three
years (Gitelman et al, 2012). This method of black spot identification is easy to apply and
implement, as any accident type involving three or more fatal accidents in a three year period
can be identified as a black spot, provided that the section is 200m in length. Depending on
the length of road section, linear interpolation can be applied to the length of road section to
investigate whether the section is a black spot. The explanation can further be adapted to

include accidents that may or may not be fatal in nature, as long as serious injuries occur.

Argawal et al, (2013) developed a framework for identification of hazardous locations using
the Analytical Hierarchy Process (AHP). The methodology presents a hierarchical structure
for identification of safety factors. Road safety hazardous conditions are decomposed into
safety hazardous condition at straight sections, safety hazardous condition at curve sections
and safety hazardous condition at intersections. Analytical hierarchy process (AHP) is used to
determine the weight of the different identified safety factors. The higher the value of the
Safety Hazardous Index at a particular location indicates more hazardous locations in the

road network.
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A framework for ranking hazardous locations is presented in the following figure 2.14

Figure 2.14: Framework for the proposed methodology for Ranking Road Safety Hazardous Locations

Source: Argawal et al., 2013

Safety factors are also identified using a hierarchical process that is shown in figure 2.15:

Figure 2.15: The Hierarchical structure of the Road Safety Hazardous Condition  Source: Argawal et al., 2013
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The relative importance of safety factors is also important in the hierarchical structure. Table

2.2 allocates the relative importance of the different road safety factors.

As can be seen from Table 2.2, Hazardous Surface Conditions, as well as Hazardous
Geometrical Conditions are allocated the highest factors. Accidents occurring at intersections
have the highest share of the weighting, followed by accidents at curved sections and then
accidents at straight sections.

In this method, Argawal et al., (2013) also requires the condition rating of the different safety
factors. Argwal et al., (2013) suggests that a 0 rating represents no deviation from standard

condition and 1 represents a very poor quality.

Table 2-2: Weighting of Safety Factors for Straight Section, Curved Section and an Intersection.

Straight | Curve
Section | Section | Intersection
S No Name of Safety Factors (SFS) | (SFC) [ (SF)
1 | Hazardous Geometrical Condition 0.027 | 0.0675 0.17
2 | Hazardous Surface Condition 0.033 | 0.0825 0.19
3 | Hazardous Shoulder Condition 0.0114 | 0.0228 0.07
4 | Hazardous Drainage Condition 0.0086 | 0.0172 0.04
Hazardous Street Lighting
5 | Condition 0.0075 | 0.0175 0.0363
Hazardous Road Marking
6 | Condition 0.0051 | 0.0119 0.0242
7 | Hazardous Island Condition 0.0016 0.014 0.029
Hazardous Traffic Sign and Signal
8 Condition 0.0158 | 0.0266 0.0705
Total of Weights 0.11 0.26 0.63

Adapted from: Argawal et al., 2013

For a straight section, the Safety Hazardous Index is determined as follows
SHIs = Z Wsfs X Rsf's
SF

SHIs=Safety Hazardous Index at Straight Section
Wsfs=Weight of safety factor at Straight Section
Rsfs= Condition rating of safety factor at Straight Section
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For a curved section:
SHIc = Z Wsfc X Rsfc
SF

Where:
SHIc=Safety Hazardous Index at Curved Section
Wsfc=Weight of safety factor at Curved section

Rsfc= Condition rating of safety factor at Curved section

For an intersection
SHIi = z Wsfi X Rsfi
SF

Where:
SHIi=Safety Hazardous Index at Intersection Section
Wsti=Weight of safety factor at Intersection section

Rsfi = Condition rating of safety factor at Intersection section

To determine the safety hazardous index of an entire road section, the summation of all

Safety Hazardous Index is required as follows:
SHIrs=SHIs + SHIc +SHIi

Where:

SHIrs= Safety Hazardous Index at Entire Road Section

SHIs= Safety Hazardous Index at Straight Section

SHIc= Safety Hazardous Index at Curved Section

SHIi= Safety hazardous index at Intersection Section

It can therefore be said that a high Safety Hazardous Index at a certain location would
indicate the presence of many hazardous locations at that particular section of road. This
section would then be classified as a black spot.

This method suggested by Argawal et al., (2013), although intensive and human dependent,
presents an alternative to statistical analysis. It requires the analyst to have a deeper
knowledge of the road section being reviewed. It also gives the analyst an opportunity to have
a visual perspective of the defects and potential hazardous locations of the road section under

investigation.
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2.12 Chapter summary

In this chapter, various research publications were reviewed. The literature suggested that
road accidents were caused by deficiencies such as poor visibility, slippery pavements or due
to loose gravel among many other infrastructural deficiencies. It also highlighted the risk that
foreign nationals face when driving in unfamiliar driving environments, and these accidents

were more likely to occur with rented vehicles.

The literature also highlighted factors that affect road accidents, with human factors being
cases of drunken driving, and vehicular factors being cases of defective steering and

transportation of heavy metalworks, which pose as a safety risk in cases of accidents.

The importance of legislation was also investigated, with measures such as speed limits,

police enforcement and traffic calming being more effective in developing African countries.

Chen and Chen (2010) showed that single-vehicle accidents occur more in harsh driving
conditions, such as rollover or sideslip accidents which occur mostly on rural roads. Wind

effects are also believed to affect the occurrence of single-vehicle overturning accidents.

Several methods of improving the safety of highways were suggested through geometrical
changes. These included 4-lane divided highways, shorter length curves on highways to
decrease risk-taking, increased super-elevation to reduce vehicle speeds. All these measures

should increase the safety of the road.

Other infrastructure improvements suggested by Vanderschuren and Jobanputra (2009) were

traffic calming measures such as speed humps, and road-narrowing.

The issue of under-reporting and non-reporting was also investigated by Salifu et al. (2011)
and it was shown that fatalities are mostly always reported and that the less severe the
accident, the higher the likelihood of non-reporting as people are unlikely to know about their

legal obligation to report accidents.

The chapter then concludes with a case study conducted in Cameroon on a road, with a high
ADT. The investigation was carried out through site visits and collection of data using coding
sheets and video surveillance. The information found included data on road widths, surface
irregularities and road profiles. The video footage included data on intersections, road

markings and road drainage. Another Western Cape case study conducted by Vanderschuren
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and Jobanputra (2011) on black spot analysis is in the Western Cape is included in the
literature, as well as a black spot identification methodology by Argawal et al., (2013).

In light of the above sections, the following factors pertaining to the research topic can be

highlighted.

The geometry in terms of lane width, existence of a median, and existence of side accesses
are variables that are important when performing road safety audits of rural highways. Road
infrastructure in terms of paved shoulders is particularly important in preventing passenger
vehicles from veering off the road. These geometrical and infrastructural factors are relevant
to the N1 highway study. Other factors that are relevant towards improving the safety of

highways include the driving environment, which can exacerbate fatigue when driving.

The case study conducted by Bhatti et al., (2010) in Cameroon (on a rural highway) also
forms an important basis for the research of the N1 highway, as it shows that flat road
profiles, irregular surface conditions as well as road obstacles that are in close proximity
contribute towards making a road section a hazardous location. These findings can also be
investigated in the South African N1 highway case between Laingsburg and Beaufort West to

determine if the same findings are applicable.
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3. Research Methodology

3.1 Introduction

This chapter presents the procedure followed in the research design. The main elements of
achieving the research objectives are shown in figure 3.1. The flow chart indicates the
procedure followed from the start of the thesis, followed by the research proposal, as well as

the research design followed to complete the thesis.
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Figure 3.1: Flow chart showing the different research methodologies used and data analysis methods
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3.2 Desk Study

3.2.1 Literature Review
An extensive literature review detailing existing work that has been done on road accident
factors was undertaken. The existing body of literature placed emphasis on factors such as
road condition, road environment and human factors such as drunk driving, which may
ultimately lead to fatal accidents. Problems such as infrastructure and geometry were

discussed, as mentioned in Chapter 1.

The literature review also gave the researcher insight on data collection methods, and gave
the researcher theoretical knowledge that made the research design to be centralized. The
literature also gave insight into a hazardous location analysis that was performed throughout

the Western Cape in 2011.

An important aspect of the literature review was the obtaining information on how to perform

road safety audits on highways.

3.3 Data collection

3.3.1 PGWC geographical data

The Provincial Government of the Western Cape provided geographical data on fatal
accidents in the Western Cape Province. This data was specifically for the years 2000 to
2007 and was retrieved from the iPas system. The data, however, did not include
geographical information on the City of Cape Town municipality. The Laingsburg-
Beaufort West N1 highway was the primary study area. Analysis of the data for
infrastructure and geometrical variables which influence single vehicles overturning

accidents in this road section, was the primary objective of the research.

3.3.2 SANRAL data
The South African National Road Agency Limited also provided geographical data on

fatal accidents which occurred in the City of Cape Town municipality. This data,
however, did not include information on accident types and road conditions at time of
accident. This part of the research was conducted as a secondary investigation, which

included identifying potential hazardous locations within the municipality which may be
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considered for future research. It was also included to evaluate whether the PGWC has

achieved the goal of accident reduction of 50% by the year 2014.
3.4 ArcGis Analysis

3.4.1 Accident type analysis

The ArcGis 10.1 software package was used to map the geographical data. As already
mentioned in Chapter 3.3.1, the study area was between Laingsburg and Beaufort West.
Mapping of the geographical data allowed for the analysis of the accident type, with the aim
of comparing the frequency of single vehicle overturning accidents with other accident types.
This is shown in Appendix B. Analysis of the accident data would also assist the researcher
in determining whether the geographical data was sufficient to determine the factors that

influence the single vehicle overturning accident type.

3.4.2 Infrastructure analysis
ArcGis was used to analyse the infrastructure conditions at the single vehicle overturning
accidents locations. The following factors were considered when analysing the infrastructure:
e Road markings
e Road signs
e Obstructions on the road
e Presence of a barrier line
The infrastructure analysis aimed to achieve the research objectives posed in Chapter 1,
which included determining whether infrastructure has an effect on the frequency of road

accidents on highways.

3.4.3 Geometrical conditions analysis
Geometrical conditions of the road were also analysed using ArcGlIs and could be displayed
in a map. These geometrical conditions, which are important to the driving experience

include:

e Road surface

e Road grade

e Type of junction
e Built up area

e Presence of overtaking opportunities
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The research aims to determine how the presence or absence of the above geometrical factors

may reduce road accidents.
3.5 Microsoft Excel analysis

3.5.1 Quantification of results

The main purpose of the Microsoft Excel analysis was to quantify the results obtained in the
ArcGis analysis. This was done in the form of producing bar graphs, as well as producing
tables to identify any significant patterns in the data. Quantification of the results would also
assist in determining whether single vehicle overturning accidents had a higher frequency

than other accident types.
3.6 Case Study

3.6.1 Laingsburg-Beaufort West Case study

The case study included a road safety audit of the study area. This was done after the
geographical analysis, as the geographical analysis provided input for the Case Study. The
road audit was performed through the method described in Chapter 2.8. The geometrical and
infrastructural conditions of the N1 in the study area were analysed through a checklist which

included infrastructure elements necessary along a highway.

A site visit was performed on the 21 of September 2013, which allowed for the Road Safety
Audit to be conducted. The purpose of the road safety audit was also to evaluate the outputs

obtained in the ArcGls analysis.

3.6.2 City of Cape Town potential hotspot analysis

The City of Cape Town data was also analysed geographically for potential hotspots during
the years 2010 to 2013. Infrastructure conditions at fatal accident locations were also
evaluated. The fatalities per month for the period 2010 to 2013 were also quantified through
bar graphs, to show the trends in data for the four year period within the municipality. The
purpose of this analysis was to determine whether the goals of the Safely Home campaign

have been achieved by the PGWC.
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3.7 Chapter summary

This chapter presents the process followed in order to conduct the thesis. A literature review

was done for the research proposal, as well as for the final thesis.

The flow chart indicates that the research design commenced with a desk study on black spot
identification, road infrastructure and geometry, driving environment as well as data

collection.

The data collection and analysis included analysis of PGWC data for single vehicle

overturning accidents, as well as SANRAL data.

The geographical data was analysed using ArcGis 10.1 and the graphical representation of the
findings done using Microsoft Excel. The factors considered during the analysis were mainly

infrastructural and geometrical factors.

Thereafter, a case study of the Laingsburg-Beaufort West single vehicle overturning
accidents was conducted, including a road safety audit to determine the infrastructural and

geometrical factors that influence these accident types.

A secondary investigation of the City of Cape Town data was done, to determine the most
prominent accident type and whether the Western Cape government has achieved its goals to

reduce accidents by 50%.
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4. Research findings

4.1 Introduction

This chapter aims to present the findings of the research. It focuses mainly on the results
obtained from the PGWC 2007 data, a field investigation (case study) in which a road safety
audit was conducted, as well as recent data provided by SANRAL of fatal accidents, which
have occurred in areas close to the City of Cape Town Municipality. A discussion of these

findings is presented in Chapter 5.

4.1.1 Laingsburg-Beaufort West N1  hazardous location

identification

A total of 130 fatal accidents occurred in the Laingsburg Beaufort West road section between

the years 2000 to 2007.
Using the method suggested by Gitelman et al, (2012):
e 3 or more accidents over a 200m section
This would therefore require
e 3000 or more fatal accidents over a 200 kilometre road section.

Currently, the 130 accidents would not render the road section to be identified as a black spot.
However, it should be taken into account that the frequency of accidents is currently
relatively high and the term ‘black spot’ is used narrowly. The definition of a black spot
should preferably be a location that has a high frequency of accidents, and not necessarily
fatal accidents. The geographical data only has a record of fatal accidents, however, other
accidents may have occurred, with no immediate fatalities or no fatalities at all. It is therefore

important to have a record of all accident types, regardless of fatality occurrence.

This road section, however, has been pre-identified by the Provincial Government of the

Western Cape as a black spot.
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Figure 4.1 shows the different types of fatal accidents that occurred in the road section. It can

be seen that single vehicle overturning accidents have a high incidence than all other accident

types

All accident types between Laingsburg and
Beaufort West N1 highway

Figure 4.1: Laingsburg Beaufort West single-vehicle overturning accidents Source: iPas

4.2 Study area

The study area is shown in Appendix B. Appendix B also shows the area in the Laingsburg
municipality which is considered to be a hotspot. During the period 2000-2007, a total of 55
fatal accidents occurred on the N1 between Laingsburg and Beaufort West. As mentioned in
Chapter 1, the study focused on the 55 single vehicle overturning accidents, which resulted in
a total of 75 fatalities. The hazardous location analysed was a 200km stretch of road between

Laingsburg and Beaufort West, and was mainly a single carriageway (undivided road).

The area circled in red shows the study area. Appendix B also shows that in the identified

area, the accident types of interest are single vehicle overturning accidents along the N1.

Appendix C shows all the accident types within the study area during the 2000 to 2007

period.
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4.3 Geographical Analysis of the data

ArcGIS 10.1 was used to determine the hazardous locations. The geographical data obtained
from the PGWC allowed for the identification of hazardous locations through clustering of
accidents in a specific area. This clustering of accidents is also shown in Appendix C and
thus the area can be identified as a hazardous location for accidents occurring between the

2000-2007 periods.

The geographical analysis also aimed to illustrate infrastructural deficiencies which govern
single vehicle overturning accidents and this will be further discussed and illustrated in the

following sections.

4.3.1 Road grade

Appendix D is an ArcGIS generated map which shows the road grade in terms of its
steepness. The area analysed is the hazardous location between Laingsburg and Beaufort
West. ArcGIS was used to determine whether the road was either flat or on a gradient. The
green dots show that the N1 stretch of road investigated was predominantly flat. The blue
areas within this stretch of road indicate that the gradient of the road is unknown. This further
shows the importance of road safety records and the disadvantages of missing data hindering
road safety analysis of the road. Appendix D also shows that no parts of the road stretch were

considered to be on a steep gradient (no blue spots within the road section).

4.3.2 Type of junction
Appendix E shows the location of the accidents at time of occurrence with respect to the type
of junction at which they occurred. The majority of the overturning accidents did not occur at
junctions or intersections. Only one of the accidents occurred at a crossroads and one other at
a junction type specified as ‘other’. This is expected as the N1 is a straight highway with

limited intersections.

4.3.3 Obstructions on road
Appendix F was generated to determine if there were any obstructions on the road at the time
of accident occurrence. The map shows that at the time of accident occurrence, there were no
obstructions on the road in the form of roadblocks, road works and other obstructions which

may lead to hazards
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4.3.4 Road markings
Appendix G shows that road markings on this stretch of road between Laingsburg and
Beaufort West are considered to be in ‘Good’ condition and thus cannot be a factor in the

high accident rate of the hotspot.

Appendix H was generated to determine the presence of the road markings at the hazardous
locations. The map also gives an indication of the types of road markings on the road which
are important for overtaking opportunities. As depicted, there are a significant number of
spots where the presence of road marking is indicated as ‘unknown’, as shown by the dark
purple spots. The light green spots on the map show that a presence of a barrier line was
noted in the road audit conducted during the 2000-2007 period. The red spots in the map
show that there was no visible barrier line to motorists in that particular section of road.
Although there are only a few spots with no barrier line, the safety of motorists is still

compromised.

4.3.5 Road signs

Appendix I was generated to determine the condition of the road signs at the location of the
fatal single vehicle overturning accidents. The map shows that the road signs on this section

of the N1 are in good condition as shown by the light blue spots within the circle.

Appendix J was generated to determine whether road signs were present at the accident
locations. The map shows that the entire road section is equipped with the proper road
signage necessary for motorists to perform the driving task with ease and with the necessary

precautions.
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4.3.6 Road surface

Appendix K is an ArcGIS generated map which shows the condition of the road surface at the
hazardous locations. At the time of accident occurrence, the road surface was predominantly

dry with only one single vehicle accident occurring in wet surface conditions.

Appendix L shows the type of road defects that were on the hazardous locations. The map
also shows that the road surface was good at the time of accident occurrences, with no

potholes or bumpy road surfaces, which may trigger or exacerbate accidents.

Appendix M was generated to show the type of material used to construct the road surface.
The map shows that the road surface at the time of accident occurrence was made up of
tarmac, with only one accident recorded as occurring on a concrete surface and one accident

which occurred on a surface indicated as ‘other’

4.3.7 Builtup area
Appendix N was generated to determine whether the accidents occurred near built up land
uses. The map shows the distribution of accidents with regards to the nature of the
surroundings adjacent to the accidents spots. Almost three quarters of the accidents occurred
in areas that are adjacent to built-up areas, as indicated by the pink spots on the map. It can
thus be said that the likelihood of accidents increases in built up areas near plain regions, as

the Central Karoo is a plain desert region..
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4.4 Graphical representation of the fatal accident data

This section aims to provide a graphical representation of all the accident fatality data
associated with the Laingsburg Municipality. The accident data investigated showed that a

total of 55 accidents occurred in the N1 section under the Laingsburg Municipality

4.4.1 Road type

Figure 4.2 shows the different road types that are encountered on the hazardous locations. It

also quantifies the data, showing how many accidents occurred on the different road types.

Road type

9 ) 8 1

Single DIVE] Freeway Other Unknown
carriageway carriageway

Figure 4.2: Type of road at accident spots Source: iPas

The fatal accidents were found to have occurred on different road types. Some 35 accidents
were found to have occurred on a single-carriageway, 9 occurred on a dual-carriageway, 2
occurred on a freeway, and 8 occurred on an ‘other’ type of road. Only 1 accident was found

to have an unknown road type.
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4.4.2 Builtup area
Figure 4.3 shows the number of fatal single vehicle overturning accidents which occurred on

built-up and non-built up adjacent land uses.

Built up area

Figure 4.3: Graph showing number of built up land uses near accident hotspots Source: iPas

Figure 4.3 shows the number of accidents that occurred near adjacent built up areas. The built
environment is necessary in determining how conducive the road environment is to the
driving experience. Of the 55 accidents investigated, 36 were confirmed to have occurred

near a built up area, and 19 did not occur near a built up area.

Table 4-1: Carriageway type and built up land uses

Built up area

Carriageway | Yes No
Single 16 19 35
Dual 9 9
Freeway 2 2
Other 8 8
Unknown 1 1

36 19 55

Table 4.1 depicts the relationship between carriageway type and built-up area adjacent land
uses. As can be seen, 19 accidents occurred on a single-carriageway with no built up adjacent
land uses, and 16 accidents occurred in areas with built up land uses. Some 9 accidents
occurred on a dual carriageway, 2 on a freeway and 8 on ‘other’ type of carriageway and one

unknown and all accidents on these road types occurred near built up adjacent land uses.
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4.4.3 Road grade
Figure 4.4 shows the number of single vehicle overturning accidents which occurred on a flat

or uphill road grade.

Flat or slope road profile

Unknown

Figure 4.4: Numerical analysis of road profile at accident spots Source: iPas

The super-elevation of the road is important as it relates to the road geometry. The gradient of
the road should be appropriate for the driving task to be performed. Figure 4.4 shows that 32
accidents occurred on a flat road profile and 1 accident occurred on an uphill road surface.

There were 22 incidents that were unknown, which infers missing data.

4.4.4 Road marking

Figures 4.5 and Figure 4.6 show the number of single vehicle overturning accidents that
occurred in areas where the road marking was good, and the type of road markings that were

available in the hazardous locations.
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Road Marking

1

Not good

Figure 4.5: Condition of road marking Source: iPas

Figure 4.5 shows that the road markings were found to be in good condition when 52 of the

accidents occurred. Only 1 incident was recorded as the road marking being ‘Not Good’

Road Marking

Barrier line

Figure 4.6: Numerical analysis of type of road markings at accident location Source: iPas

Upon further investigation of the accident data, 11 accidents occurred when there was a
visible barrier line, 9 occurred in conditions when there was no barrier line and 1 accident site
had road markings recorded as ‘other’. For 34 accidents, the road markings were unknown,

however, it can be deduced from Figure 4.5 that they were at least in good condition.
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Table 4-2: Condition and type of road markings

Road Markings
Good Not Good N/A

Barrier

line 11 11
None 7 2 9
Unknown 32 1 1 34
Other 1 1

51 1 3 55

Table 4.2 depicts the relationship between the condition of the road markings, and the
presence of the road markings. As can be seen above, 32 accidents occurred in an areas where
the road marking was good, although unknown. Some 11 accidents occurred where there was
a good barrier line. Some 7 accidents occurred in areas where the road markings were

recorded as good, although there were no road markings.

4.4.5 Road signage

The number of accidents which occurred in areas where there was a presence of road signs

and the condition of these road signs is depicted in Figures 4.7 and 4.8 respectively.

Road signage

Figure 4.7: Graphical representation of the presence of road signs at time of accident Source: iPas

Some 52 fatal accidents were found to have occurred with proper road signage in place, and

only one accident was found to have occurred in an area with no road signs.
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Road signage

1

Unknown

Figure 4.8: Condition of road signs at accident locations Source: iPas

In the sections were the accidents occurred, 52 of the accidents had good road signs, and 1

accident site had an ‘unknown’ road sign quality.

Table 4-3: Condition and presence of road signs

Road signs
Yes No N/A
Good 51 1 52
N/A 2 2
Unknown 1 1
52 1 2 55

Table 4.3 shows the condition of road signs relative to their presence at the accident
locations. Some 51 accidents occurred in locations where there was a presence of road signs,
and which were in good condition. Only one accident occurred in a location where there was

no road sign, although the condition of the road sign was recorded as being good.

4.4.6 Road surface

The condition of the road surface and material used to construct the road surface, may affect
the frequency of accidents. Figures 4.9 to Figure 4.11 show the number of accidents that

occurred on the different road surfaces.
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Road surface

Figure 4.9: Condition of road surface at time of accident occurrence Source: iPas

Figure 4.9 shows that in 54 of the 55 accidents, the road surface was dry.

Road surface

1

Unknown

Figure 4.10: Road surface condition at accident location Source: iPas

Figure 4.10 shows that 51 accidents occurred on a good road surface. A total of 3 accidents
occurred on a bumpy road surface and for 1 accident the road surface quality was recorded as

unknown.
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Road surface

1 4

Concrete Gravel Tarmac

Figure 4.11: Road surface type at accident location Source: iPas

Figure 4.11 depicts that 49 fatal accidents occurred on a tarmac surface, 4 occurred on a

gravel road, and 1 accident occurred on a concrete road surface.

Table 4-4: Condition of road surface and road surface material

Road surface

Concrete Gravel Tarmac Other

Bumpy 3 3
Good 1 1 49 51
Unknown 1 1

1 4 49 1 55

Table 4.4 depicts the relationship between the road surface, and the type of material used to
construct the road surface. As can be seen, 49 fatal accidents occurred on tarmac, and in
locations where the road surface was good. Also, 3 accidents occurred on bumpy road

surfaces, where the road was constructed using gravel material.
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4.4.7 Junction type

Figure 4.23 depicts the number of fatal single vehicle accidents that occurred on the different

junction types.

Junction type

1 1

Not at junction Unknown Crossroads

Figure 4.12: Junction type at location of fatal accident Source: iPas

Figure 4.12 shows the type of junctions where accidents occurred. As can be seen, 51 of the
55 accidents did not occur at junctions along the N1. Only one accident occurred at a
crossroads. A total of 2 accidents occurred at a location observed as ‘other’ and 1 accident

location is unknown.

4.5 Summary of Laingsburg Accidents

Figure 4.13 gives an overview of the single vehicle accidents statistics for the Laingsburg
area for the period 2000-2007. During the period investigated, 75 fatalities were recorded.
Only 14 people were not injured, 189 people slightly injured and 43 people seriously injured.
A total of 6 pedestrians were involved in the recorded accidents and 56 vehicles were
involved altogether in the single vehicle overturning accidents during the period of

investigation.
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Laingsburg accidents 2000-2007

Figure 4.13: Summary of statistics for single vehicle overturning accidents

Source: iPas
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4.6 Case Study: Laingsburg Beaufort West N1 highway Road
Safety Audit

4.6.1 Introduction
This chapter presents the Road Safety Audit findings of the highway between Laingsburg and
Beaufort West. Owing to the findings of the geographical analysis, it was important to
conduct a road safety audit of the route under investigation. The road section is 200
kilometres in length. The audit findings were recorded every 10 kilometre of road section.
Owing to the fact that the geographical data is for the years 2000 to 2007, it was imperative

to perform an audit to determine:

e Current infrastructure conditions of the road

e To identify whether there have been any significant changes in infrastructure and
operating elements between the years 2000 to 2007.

e To obtain a correlation between the 2000 and 2007 data by comparing the
geographical findings to the road audit findings.

e To analyse the geometric conditions of the N1 between Laingsburg and Beaufort

West, for a suitable driving environment.

The analysis criteria for the checklist relate mostly to the infrastructure, road geometry, road
marking, road signing as well as road surfacing conditions along the N1 highway. The results
of the checklist are summarised in Table 4.5 to Table 4.10. The results from the case study
form an important aspect of the research, as a comparison can be done between the road

safety audit findings and the geographical analysis findings for the years 2000 to 2007.

The road audit was performed according to the specifications and criteria listed in Chapter
2.8 by Cafiso et al. (2005) and potential highway problems, as observed by Bhatiti et al.

(2010) were also to be observed in the road safety audit.

A summary of the features observed during the road safety audit are shown in Appendix O.
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4.6.2 Road surface bleeding
Figure 4.14shows the frequency of observations which had road surface bleeding on the N1
between Laingsburg and Beaufort West.

Road surface bleeding
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Figure 4.14: Road surface bleeding on highway

According to Figure 4.14, two observations were made were there was a presence of road

surface bleeding. This was at 10-20 kilometres, and 110-120 kilometres.

Road surface bleeding would compromise motorists and results in skidding of vehicles in
harsh weather conditions. At the time of investigation, road repairs were underway. These are
usually done to make sure that the surface is free from any potholes, grooves and rutting,
which was not observed during the investigation. There were no deformations observed on

the road surface.
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4.6.3 Visibility of road markings

Figure 4.15 shows the observations which had visible road markings

Visibility of road markings

Observations

Figure 4.15: Visibility of road markings on highway

Figure 4.15 shows that there was a visible and clear presence of road markings at 19 of the 20
observations. Obscure road markings were visible at only 1 of the 20 stretches observed

between Laingsburg and Beaufort West.

4.6.4 Road shoulder type
Figure 4.16 shows the road shoulder types on the N1.
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Figure 4.16: Road shoulder types on highway
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Figure 4.16 shows that the type of road shoulders found on the N1 highway were hard
shoulders, which were present in 16 of the 10 kilometre stretches. Gravel shoulders were
present in four of the 10 kilometres stretches. Table 4.5 and Table 4.8 show that gravel
shoulders which were present between 10-20 km; 50-60 km; 80-90 km; and 110-120 km.

4.6.5 Average width of road shoulders
Figure 4.17shows the width of edge road shoulders on the highway.
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Figure 4.17: Average width of road shoulder on the highway

Figure 4.17 shows that the average width of road shoulders was 0.5 metres. At section 110-
120 kilometres, there was no road shoulder outside the yellow line. The width of the road

shoulder was 0.3 metres between 10-20 km and 100-110 km.
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4.6.6 Vegetation alongside highway

Figure 4.18 shows the frequency of vegetation observations along the N1.

Vegetation alongside road
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Figure 4.18: Vegetation along the highway
Visible vegetation on the road comprised mainly of cactus plants, which is consistent with a

dry desert environment.

The vegetation could be said to be old and unlikely to protect the road or motorists from any

disasters or floods that may occur. This is also revealed in Table 4.7 and 4.10.
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4.6.7 Monotonous vegetation

Figure 4.19 describes the frequency of observed monotonous vegetation.

Monotonous vegetation
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Figure 4.19: Monotonous vegetation along highway

Observations on the presence of vegetation were made for every 10 km road section. There
were no visible scars on any nearby trees or signposts that indicated that the area was a

hotspot for accidents.
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4.6.8 Presence of guardrails

Figure 4.20 describes the observations which had adequate guardrail presence on the

highway.

Adequate guardrail length
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Figure 4.20: Adequacy of guardrail length on highway
Figure 4.20 shows that there were 13 observations where the guardrail length was considered

inadequate.

4.6.9 Presence of drainage system

Figure 4.21 shows the number of observations which had drainage infrastructure.

Presence of drainage system
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Figure 4.21: Presence of drainage system
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Figure 4.21 shows that 3 observations where made were there was a presence of a drainage
system. Drainage systems were located at 0-10 kilometres; 110-120 kilometres and 190-200

kilometres.

The cambering of the road, which is designed for road drainage purposes, is considered to be
constant throughout the straight sections of the route investigated, which is the entire

highway. This is also illustrated in Table 4.5 and Table 4.8.

4.6.10Perpendicular intersections present on the highway

Figure 4.22 shows the number of observations in which an intersection was observed.

Presence of intersection

T T Y
O N D O

>
Q
<
[}
=}
o
(5
S
w

Figure 4.22: Presence of intersections on highway

According to Figure 4.22, there were four observations were there was a presence of an at

grade intersection, this was at 10-20 kilometres, 110-120 kilometres and 120-130 kilometres.
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4.6.11Built up area

Figure 4.23 shows the numbers of observations of built up areas.

Built up area

Observations

Figure 4.23: Built up areas located on the highway

Figure 4.23 shows that there were 3 observation were built up areas. These were between 20-

30 kilometres, 100-110 kilometres and 110-120 kilometres.

4.6.12Street-lighting on highway

Figure 4.24 shows the number of observations in which streetlamps were observed on the N1.
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Figure 4.24: lllumination presence on highway
The route was poorly illuminated as street lights were not present throughout the highway.
This is illustrated in Figure 4.24, as there was one observation, between 0-10kilometres, were
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there was a presence of streetlights. They were only detectable in town, although not entirely

helpful in detecting pedestrians within the roadway.

4.6.13Cross-section
Table 4.5 and Table 4.8 reveal that there were no locations where there were small radii with
wide pavements. Figure 5.4 reveals that the width of the road shoulder was constant

throughout the highway at 0.5 metres.

Due to the fact that the carriageway was a single carriageway, no narrowing to increase
traffic safety is required, but rather widening of the carriageway, to increase over-taking

opportunities would be beneficial.

4.6.14 Alignment
The existing speed limit of the highway is 120 km/hour. This speed limit was thought to be

adequate for the horizontal and vertical elements of the alignment.

Table 4.5 and Table 4.8 also shows that the line of sight for the driver was not obstructed by
safety barriers such as fences, road equipment, parking areas, traffic signs, landscaping,
bridges and buildings in the vicinity of the site. Motorists were made aware of any possible

hazards due to road repairs on the road in advance of approaching these sections.

The route did not have any sharp curves, hence visibility was ensured at all times. However,
overtaking opportunities in this route were observed to be insufficient. The route is a single

carriageway with very few overtaking opportunities, which lead to risk taking by motorists.

Optical illusions that may affect the driving experience were noted to be hot-road mirages,
which are due to heated air above tarmac in hot weather conditions. These created an illusion

of spilled water on the road.

4.6.15Service and rest areas

The route 1s well-equipped with service and rest areas, along with parking facilities on both
sides of the road. This is shown in Table 4.6 and Table 4.9. These rest areas are located every
10 kilometres of road travelled. However, the sizes of these areas do not include sufficient
parking for trucks, buses and passenger vehicles. The parking and rest areas are also not
separated according to vehicle type. These areas are clearly marked and demarcated from the

carriageway, with delineators prominent across the rest areas.
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Figure 4.25: Rest area situated along the N1 hotspot outside Laingsburg Source: Nasiphi Dinga 2013

The location of these areas does not obstruct sight distance for road users of the road
carriageway. This area can be considered to also provide access for rescue and maintenance

vehicles.

4.6.16 Road Signing
Table 4.6 and Table 4.9 reveal that there was sufficient road signing on the highway. The

highway was also equipped with reflectors for night visibility. The presence of road signs did
not obstruct traffic and any other road signs. It was noted that there were no warning signs
visible that prohibited overtaking on the route, even though there were very few overtaking
opportunities and motorists were likely to take risks. The rest areas were clearly marked with
appropriate road signs, which were also consistent throughout the route. There was a lack of
greenery in the vicinity, which was unlikely to lead to future problems such as compromising
road signs by covering them. The signs on the highway were readable from a distance to
motorists, as they were at required heights to ensure visibility to the motorists. However, they

were not located at safe distances above the carriageway, which has a minimum of 3 metres.

4.6.17 Location of fixed objects

Table 4.5and Table 4.8 reveal that fixed objects were not located at distances greater than 9
metres relative to the highway. These objects pose as a hazard in case of vehicle skidding in
inclement weather conditions. The requirement for a 100 km/hour safety zone, obstacles
should be placed 9 metres from the road, in an 80km/hour zone, obstacles should be placed 6
metres away and for a 60 km/hour zone should be placed 3 metres away. The route inspected
was considered to be a 120 km/hour speed zone; hence objects were to be located at 9 metres

or more from the highway.
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Table 4.5 to Table 4.10 present the research findings of the road audit. These findings will
assist in determining whether a correlation exists between the road audit findings and the
geographical analysis findings. They will also assist in determining whether further
precautions need to be taken in order to improve the safety of the highway. Appendix O
shows the location of the different findings of the road audit, and where potential hazards

may occur due to insufficient infrastructure.
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Table 4-5: Summary of checklist showing Operating elements, cross-section, alignment and intersection of highway for distances 0-100 kilometres

Kilometres 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Function,

operating elements

and surroundings | Built up area X X v X X X X X X
SSD v v v v v v v v v v
Fixed objects>9metres X X X X X X X X X X

Cross-section Surface bleeding/potholes X v X X X X X X X X

gravel

Hard or gravel shoulders Hard edge hard hard hard gravel hard hard gravel hard
Crossfall camber camber camber camber camber camber camber camber camber
Median present X X X X X X X X X X
Medium width of shoulders 0.5 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
small radii with large pavement
width X X X X X

Alignment Visibility obscured X X X X X X
Overtaking possibilities v v v X v X X X X X
Optical illusions v v v v v v v v v v

Intersections Intersections perpendicular v X - - X X - - v X
Clearly recognizable X - - - - - - - X -
Sight obstructed X - - X - X X - X X
Type and design suitable for
function v «

Speed limits obeyed




Table 4-6: Summary of checklist showing Service areas, Traffic signing, Road Markings and Lighting for distances 0-100 kilometres

Kilometres 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Service and rest
areas Sufficient parking bays v v v v v v v v v v
Parking separated from carriageway v v v v v v v v v v
Illegal parking on carriageway
avoided v v v v v v v v v v
Traffic signing Appropriate speed limits \ \ \ S S S
Signing for rest areas clear v v v v v v v v v
Signing obstruct visibility X X X X X X X
Signs located where needed v v \ \ \ v \ \ \ \
Road marking Road markings clearly recognizable v v \ \ X v \ X S S
Markings appropriate for function
of road v v \ \ S v \ X S S
Markings visible under all expected
conditions v v \ \ X v \ X S S
Lighting Road sufficiently illuminated X X X X X X X X X X
Pedestrians visible v - - - - - - - - -
Traffic signs and road alignment
visible v X X X X X X X X X
Stationary lighting at rest areas
properly situated X X X X X X X X X X
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Table 4-7: Summary of checklist showing Plantings, Civil Engineering Structures, and other road equipment for distances 0-100 kilometres.

Kilometres 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Plantings Vegetation along the road present v X v X X X X S X X
Sight obstructed by trees or plants X X X X X X X X X
Vegetation monotonous X X X \ i \ S S S
Vegetation protect the road from
natural disasters v v v v v v v v v v
Civil engineering
structures Drainage system present v X X X X X X X X
Adequate guardrail length v X X X X X X X X
Other road
equipment Game fencing present X v \ \ \ v \ v \ \
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Table 4-8: Summary of checklist showing Operating elements, cross-section, alignment and intersection of highway for distances 100 - 200 kilometres

100-110 | 110-120 120-130 130-140 140-150 150-160 160-170 170-180 180-190 | 190-200
Function, operating
elements and
surroundings Built up area v X X X X X X X X
SSD v v v v v v v v v
Fixed objects>9metres X X X X X X X X X X
Cross-section Surface bleedingpotholes X v X X X X X X X X
Hard or gravel shoulders hard gravel hard hard hard hard hard hard hard h
Crossfall camber camber camber camber camber camber camber camber camber
Median present X X X X X X X X X
Medium width of shoulders 0.3 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
small radii with large pavement
width X X X X X X X X X X
Alignment Visibility obscured X X X X X X X X X X
Overtaking possibilities X X X X X X X X X X
Optical illusions v v v v v v v v v v
Intersections Intersections perpendicular X v v X X X X X X
Clearly recognizable - X X - - - - - - v
Sight obstructed - X X - - - - - -
Type and design suitable for
function ’
- X X - - - - - -
Speed limits obeyed - - - - - - - - - X
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Table 4-9: Summary of checklist showing Service areas, Traffic signing, Road Markings and Lighting for distances 100 - 200 kilometres

Kilometres 100-110 | 110-120 120-130 130-140 140-150 150-160 160-170 170-180 180-190 | 190-200
Service and
areas Sufficient parking bays \ v v v v v \ \ S Y
Parking physically separated
from carriageway Y v v S S S \/ \/ S Y
Illegal parking on carriageway
avoided \ \ \ \/ \/ \/ \/ \/ \ \
Traffic signing Appropriate speed limits \ v v \ \ \ \ \ S X
Signing for rest areas clear \ v v \ \ \ \ \ S V
Signing obstruct visibility X X X X X X X X X X
Signs located where needed \ v v \ \ \ \ \ \ X
Road markings clearly
Road marking recognizable \ N N \ \ \ \ \ S \/
Markings appropriate for
function of road \ v v \ V V V V \ V
Markings visible under all
expected conditions X v v \ \ \ y y \ V
Lighting Road sufficiently illuminated X X X X X X X X X X

Pedestrians visible

Traffic signs and road alignment
visible

Stationary lighting at rest areas
properly situated
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Table 4-10: Summary of checklist showing Plantings, Civil Engineering Structures, and other road equipment for distances 100 - 200 kilometres.

Kilometres 100-110 | 110-120 120-130 130-140 140-150 150-160 160-170 170-180 180-190 | 190-200
Vegetation along the road
Plantings present X v v v v v v v v v
Sight obstructed by trees or
plants X X X X X X X X X X
Vegetation monotonous N v v N N N v v v N
Vegetation protect the road from
natural disasters \ v v \ \ \ \ \ \ \
Civil  engineering
structures Drainage system present X v X X X X X X X \
Adequate guardrail length \ X v X X X \ \ X Y
Other road
equipment Game fencing present \ v v \ \ \ \ \ \ \
Legend
Yes \
No
Not
applicable -
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4.7 Findings for City of Cape Town Municipality

4.7.1 Introduction
The geographical analysis was performed on data for the Western Cape region. This data was
for the years 2000 to 2007. The Road Safety Audit was performed on the N1 section between
Laingsburg and Beaufort West, which has a high incidence of single vehicle overturning
accidents. The data from the PGWC did not have any information on accidents within the
City of Cape Town municipality. Data from SANRAL was obtained, and investigated on
whether there were any prevalent accident types, and how severe the fatalities were. It was

part of the Provincial Government of the Western Cape’s mandate to reduce accidents by

50% between the years, 2009 and 2014 ( END 5047Z notes, 2012).

Figure 4.26 shows the injury types present within the municipality for the years 2010 to 2013.
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Fatality trends for the City of Cape Town
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Figure 4.26: City of Cape Town municipality accident data for the period June 2010 to July 2013 Source: SANRAL

Figure 4.26 above depicts the accident data for the period 2010 to July 2013. During the
period June 2010-June 2012, a total of 112 fatal accidents were recorded, 28 serious injuries,
34 slight and 6 minor injuries were suffered by the victims. For the period July to December
2012, the worst fatalities were observed in the month of August with 12 fatalities, 8 serious

injuries, 9 minor and 58 slightly injured victims. During the December period, which is
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associated with the festive season, there were no fatalities recorded and 5 seriously injured
people. However, January 2013 reflects significantly different statistics as there are 5

recorded fatalities, 12 serious injuries, 18 minor and 52 slightly injured victims.

The month of July recorded the worst fatalities to date, with 11 fatalities, 18 serious injuries,

5 minor, and 95 slightly injured victims.

Appendix P shows the location of fatalities within the City of Cape Town municipality for
the period 2010 to 2013.

For the period May to December 2010: 14 fatalities were recorded.
2011 Period: 44 fatalities were recorded
2012 Period: 80 fatalities were recorded

January to July 2013: 13 fatalities were recorded

4.7.2 Accident types within the City of Cape Town municipality

Analysis of the city of Cape Town accident data revealed that the accident types were not
recorded, therefore an analysis of any single vehicle overturning accidents could not be done
along the N1 highway within the municipality. However, further analysis showed that
pedestrian fatalities had a high incidence rate. Appendix Q shows the location of pedestrian

accidents.

According to Gitelman et al., (2010), a location with 3 or more pedestrian fatalities within a 3
year period can be identified as a black spot. This leads to the identification of the
Khayelitsha area (outside N1 study area) as a black spot as indicated by the number of
pedestrian fatalities in Appendix Q.

4.8 Chapter Summary

This chapter presents the research findings for the geographical analysis performed on the
PGWC data, as well as the Road Safety Audit performed on the Laingsburg Beaufort West
study area. Further findings are presented on data obtained from SANRAL.

Findings of the geographical analysis revealed that singe vehicle overturning accidents had a
high incident rate in the study area. The study area, Laingsburg-Beaufort West, was also

revealed to be predominantly a single carriageway throughout the N1 section. This factor is
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closely related to the road geometry, and overtaking opportunities available on the road

section.

The geographical analysis also revealed that majority of the fatal accidents occurred near

built up land uses. Built up areas are important as they provide a variable road environment.

The N1 section was also a flat road surface, with no accident occurring on uphill road

sections.

Road markings, which form part of the road infrastructure, were revealed to be in good
condition and barrier lines were visible at time of accident occurrence. Road signs were also
present at accident locations and were in good condition. The road surface was made of

tarmac with no potholes and other defects at the accident locations.

The geographical analysis also revealed that no accidents happened at junctions and that there

were no obstructions on the road at the time of accident occurrence.

The road safety audit revealed that the road infrastructure, which includes road markings,
road signs were in good condition. However, road signs were located at distances too close to

the highway.

The road surface was also in good condition, although there was some road surface bleeding
observed at certain locations. Gravel shoulders were also observed at specific sections of the

highway.

Part of the road infrastructure includes guardrails, which assist in preventing vehicles from
veering off the road surface. These were found to be lacking on the highway, with few

highway sections having adequate guardrail length.

The road environment, which includes vegetation and built up land uses, was revealed to be
monotonous. There were a small number of road sections with built up land uses, and the
vegetation was not variable. There was also insufficient illumination along the highway,
hence visibility was compromised especially at night. Factors such as stopping sight distance,
which form an important part of the road geometry, were considered sufficient. Overtaking

opportunities are limited, which may result in risky driver behaviour.

The analysis of the City of Cape Town data revealed the injury types and fatalities from the

years 2010 to 2013. However, this data only showed pedestrian accidents and no other
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accident types. Pedestrian accidents may warrant pedestrian infrastructure (pedestrian
bridges, walkways) in locations where there are conflicts between pedestrians and vehicle

movements.
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5. Discussion of results

5.1 Introduction

This chapter aims to discuss the findings of the research investigations. This includes the
findings of the geographical analysis, as well as the results of the road audit. The results of

the City of Cape Town hazardous location analysis are also discussed.

The main sections discussed include the road grade, which can either be flat or uphill. The
presence and type of junctions are also discussed, as there is an increased risk of accidents
near junctions. Obstructions on the road represent a potential hazard to vehicles that veer of

the road surface, and thus increase the likelihood of fatalities.

Road marking and road signage are important road infrastructure, as it greatly influences the
driving experience. Obscure road markings may lead to driver error, as motorists may have
an incorrect perception of the road geometry and regulations. Road surfaces can also
influence fatalities of accidents, as accidents on gravel surfaces are likely to be more severe.
The occurrence of road surface bleeding, which results in a smooth road surface, are also
discussed. Defects in road infrastructure compromise the safety of motorists, especially at

night.

The lack of illumination on the highway is also discussed, as it decreases the visibility of
obstacles as well as nearby junctions. The sufficient provision of rest areas, are important in
combating fatigue, as monotonous driving environments (due to non-built up areas and

monotonous vegetation) exacerbate fatigue.

Civil engineering infrastructure such as guard rails and road drainage, were found to be
lacking, according to the results of the investigation. The consequences of non-provision of

engineering infrastructure increase the likelihood of road accidents.

5.2 Laingsburg Accidents for period 2000-2007

Figure 4.24 gives a graphical representation of all the accident data for the period 2000-2007.
A total of 75 fatalities occurred in the Laingsburg-Beaufort West road section, as a result of
single vehicle overturning accidents. Altogether, 56 vehicles were involved in the fatal
crashes. The route is predominantly a highway, with no built up land uses in adjacent areas,

however, 6 pedestrian were fatally wounded in the accidents.
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The research does not give an account of any animals involved in the accidents, as there were
no facilities that cater for animal-drawn or pedestrian facilities. Due to the fact that only 6
pedestrians were fatally wounded in the seven year period covered, municipal engineers may
see no need for pedestrian facilities, but rather mitigate any further accidents through
enforcement and discouraging possibly drunk pedestrians from using the highway, especially

at night when visibility is obscured.

A total of 189 people were slightly injured during this period, and the single-vehicle
overturning accidents resulted in a total of 43 serious injuries. Having such a high number of
fatalities and serious injuries, which may render vehicle occupants incapacitated, has severe
economic consequences for the country. This is due to the fact that fatalities not only result in
loss of skills and labour, but government has to compensate families of those injured on the
road through the Road Accident Fund. Fatalities also serve to push families of the victims
further down the poverty line, as victims were usually breadwinners, who have multiple
dependents. In such cases, the government should consider paying out victims’ families
monthly stipends, and ensuring their children have access to education. This may prove to be

controversial however, as it suggests that a price can be put on a human life.

Only 14 persons were not injured as a result of these single-vehicle overturning accidents.
The objective was to eliminate or reduce the severity of these accidents. This translates to
decreasing the number of fatalities, and increasing the number of persons not injured in road
crashes. Although this may appear to be a difficult goal to achieve, the initial steps would be

to create an environment that is suitable for motorists to perform the driving tasks.

5.3 Road grade

The results from the ArcGIS show that the road grade is predominantly flat as shown in

Figure 4.4. Some 32 of 55 accidents occurred on a flat road profile.

Only 1 uphill accident locations was noticed, although several unknown data points were

observed.

There were no sharp curves on the route, but some slight curvature on the road was observed,
which was visibly marked by warning signs at the specific locations. Schuler (1940) revealed
that in cases where there are curves which are high accident risk, the curves are to be
straightened out. Schuler (1940) also suggested that the super-elevation of the road should be

increased in highways with high speed limit, to reduce accident rates. For the highway
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investigated, the speed limit was set at 120 km/h. Road curvature was revealed to pose a
problem for heavy vehicles, as it may result in rollover and side-slip accidents, especially
when wind speed effects are also considered (Chen and Chen, 2010). The authors also
revealed that when a truck travels on dry road surface, rollover accidents tend to occur first,
especially on rural roads (highways), as this is also due to wind effects. The route
investigated between Laingsburg and Beaufort West, was considered to be a rural road. The
findings of the literature review and site investigation are consistent with the ArcGis analysis
on roll-over accidents, as wind effects were prevalent on the N1. The risk of roll-over still
exists even when the truck is not in motion. Figure 5.1 shows a warning sign for motorists to

be aware of the prevailing wind effects on the highway.

Figure 5.1: Warning sign for prevailing wind along the highway Source: Nasiphi Dinga, 2013

5.4 Type of Junction

The ArcGIS analysis showed that no accidents occurred at any junctions during the period
2000-2007. According to literature, traffic calming measures are best suited for locations
such as junctions, which may have high accident probability. Such measures would include
rumble strips and speed humps, to warn motorists ahead of reaching the junction that a
potential hazardous location is ahead. Flahaut (2004) stated that major junctions were a risk
for black spots, and intersections should rather be changed to roundabouts, which would help
fluidize traffic flow. The footage showed different types of junctions across the route, other

than the junction previously shown by figure.

The Road Audit revealed three junctions that were perpendicular to the highway. These were
located at 10-20 kilometres, 110-120 kilometres and 120-130 kilometres from the town of

Laingsburg. No warning signs were observed prior to reaching the junction.
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Figure 5.2: Junction along N1 highway Source: Nasiphi Dinga, 2013

For the speed at which the vehicles travel along the national road, the junctions did not have
clear warning signs which were located at safe distances from the highway. Figure 5.2

represents a dangerous access. The visibility of the junction is not ensured at night.

5.5 Obstructions on the road

The ArcGis and Microsoft Excel analysis showed that there were no obstructions on the road
at the time of the fatal single vehicle overturning accidents. These obstructions can be in the

form of fixed objects, or human beings.

Road audit requirements stipulate that on highways with speeds greater than 100km/hour,
fixed objects are to be placed at distances greater than 9 metres from the highway (Cafiso et
al., 2005). Table 4.5 and Table 4.8 show that fixed objects were not placed at the stipulated
distance throughout the N1 highway. These fixed objects on the side of the road present a

potential hazard when vehicles veer of the road.

5.6 Road markings

Figure 4.5 and Figure 4.6 show that 52 of 55 fatal single vehicle accidents occurred in areas
with good road markings. However, there were several locations which had obscured road
markings along the route, and this was mainly due to bleeding of the road surface. Figure 5.2

also shows that there was an obscure road marking, at 70-80 kilometres from Laingsburg.

Figure 5.3 shows part of the road markings affected by surface bleeding
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Figure 5.3: Obscured road marking on N1 highway Source: Nasiphi Dinga, 2013

Road markings form part of the transport infrastructure, which were a major component of
the investigation. They served to give motorists an indication of the overtaking opportunities
that were available on the stretch of road being investigated, hence them being compromised
by surface bleeding poses a major threat to motorists. This is further exacerbated at night-
time when visibility is also minimal. Due to the nature of the single-carriageway, the most
important feature investigated in terms of road markings was thus the presence of a barrier
line. According to Vanderschuren and Jobanputra (2011), 40% of accident locations had a
missing barrier line. With respect to the route under investigation, a missing barrier line
occurred in only 20% of the fatal accident cases. This was shown in the excel analysis in

figure 4.15.

5.7 Road surface

At the time of accident occurrence during the period 2000-2007, the road surface was
revealed to be dry. This could be due to the prevailing weather conditions on that particular
day. The site audit was conducted under sunny weather conditions, which also affected the
credibility of the results. In case of inclement weather conditions, road drainage facilities
would have been important to remove any water on the road surface which might
compromise the safety of vehicles. The ArcGIS analysis also revealed that the accidents took
place on tarmac material, which was the material that the road surface is made of. The
ArcGIS analysis also revealed the road surface at time of accident occurrence, with no visible
potholes and bumpy road surface. There were several road sections which suffered from road
surface bleeding, as shown in the figure 5.4. According to Noland (2003), provision of more

paved road per capita lessens fatalities, but the provision of more road space for vehicles is
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shown to increase fatalities. This is due to higher travel speeds that may be achieved on rural

roads with more road space, which in turn lead to more accidents.

Road surface bleeding also affects the driving experience as there is less friction between the
vehicle and road surface. Observations of surface bleeding were made at 10-20 kilometres

and 110-120 kilometres as shown in Table 4.5 and Table 4.8.

Figure 5.4: Road section affected by road surface bleeding Source: Nasiphi Dinga, 2013

Figure 4.16 of the road audit shows that four observations were made indicating a presence of
a gravel shoulders. These were at 10-20 kilometres, 50-60 kilometres, 80-90 kilometres and
110-120 kilometres. The average width of road shoulders was also greater than 0.5 metres, as
observed in the audit. The edges of road shoulders were observed to be made of gravel
material (stones), and not hard shoulders. The figure 5.5 shows the material used in

constructing the road shoulders.

Figure 5.5: Gravel material on edge of road shoulders Source: Nasiphi Dinga, 2013
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This could prove to be a problem to vehicles that veer of the road, as vehicles tyres might not
provide sufficient grip on the road surface. This in turn can lead to single-vehicle overturning

accidents during inclement weather conditions such as excessive wind or icy roads.

5.8 Built-up area

The road environment greatly affects the driving experience. The ArcGIS analysis showed
that 36 out of 55 accidents occurred in built up areas, and that 19 of the 55 did not occur in
built up areas. This was actually a surprising result because the location was in a desert

environment, with a small number of built up land uses visible.

Results of the road safety audit showed that built up areas were located at 20 — 30 kilometres,
100 — 110 kilometres and 110 — 120 kilometres as shown by Table 4.5 and Table 4.8. These
built up areas were in the form of informal housing in the desert terrain and did not provide a

variable road environment.

5.9 Road signs

The road signage, which included warning and information signs, was revealed to be in good
condition according to the ArcGIS analysis. This was further shown to be the case when the
Road safety audit was conducted, with road signs located at required heights to ensure
visibility to motorists. They were however located too close to the carriageway, which posed
as a potential obstacle should a vehicle veer off the road, hence worsening the severity of
possible accidents. Road signs should be located about 9 metres from the carriageway instead

of 3 metres from the carriageway.

Moreover, it should be noted that road signs form part of the road infrastructure, which
contribute towards to making a safer road environment. Geometric design standards dictate
that road signs are to be placed at locations where the road geometry is not sufficient to
achieve safe standards; hence motorists are warned beforehand of any driving manoeuvres

that have to be adjusted.

Figure 5.6 shows the location of road signs relative to the single-carriageway highway. This
image clearly shows that the road signs are located too close to the carriageway. This renders
them a high risk problem as road signs have the potential of being an obstacle that worsens
the severity of a collision, should a vehicle veer of the road. They also have the potential of

obstructing the motorists’ line of sight.
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Figure 5.6: Road sign location relative to the highway Source: Nasiphi Dinga, 2013

Table 4.6 and Table 4.9 reveal that road signs were located where necessary, and did not
obstruct visibility of motorists. However, there was a lack of warning and information signs

near junctions, which were observed in the road audit.

5.10 Streetlamps

Table 4.6 and Table 4.9 of the road audit reveal that street lighting is only located in the 0-10
kilometre section of the highway. The lack of street lighting is shown in figure 5.7.
Insufficient lighting is a problem for motorists who use the highway, especially at night. Not
only will motorists not be able to see pedestrians travelling on the highway at night, but other
hazardous objects and important information signs may be missed. Currently, the reflectors
on the road surface can be observed, but these are not sufficient to provide proper
illumination. The presence of streetlighting may serve to both reduce accidents and accident

severity, especially at night.

Figure 5.7: Absence of streetlighting on the N1 highway Source: Nasiphi Dinga, 2013
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Due to the length of the road section (> 200km), illumination would require copious amounts
of energy. The looming energy crisis in South Africa renders it uneconomical to provide
energy along the entire route. However, alternative methods to mitigate accident severity

(solar powered lighting) can be utilised.

5.11 Rest areas

Rest areas are located every 10 kilometres on the highway, for use by fatigued motorists as
shown in Table 4.6 and Table 4.9. These tables also revealed that there were sufficient
parking bays at the rest areas. However, the route is also frequented by heavy vehicles such
as trucks, carrying freight between Johannesburg and Cape Town. These heavy vehicles also

make use of the rest areas. Figure 5.8 shows a truck that is parked in one of the rest areas.

Figure 5.8: Truck occupying entire rest area along the N1 highway Source: Nasiphi Dinga, 2013

It can be deduced that these rest areas do not provide sufficient parking for passenger
vehicles and trucks alike. However, due to the fact that the rest areas are located every 10 km,
motorists can make use of other unoccupied stalls. These areas are also to be monitored
frequently as truck drivers can take advantage of the rest stops and park their vehicles for

extended periods of time, thereby leaving motorists with no places for taking recesses.

5.12 Drainage facilities

Table 4.7 and Table 4.10 reveal that drainage infrastructure was located at 0-10 kilometres,
110-120 kilometres and 190-200 kilometres. Other locations in the highway did not have

drainage facilities.

Drainage facilities are important in the efficient removal of water from the road surface. The

removal of water prevents skidding and hyro-planing of vehicles.
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Cambering of the road surface was also observed, as shown in Table 4.5 and Table 4.8. This

allows for drainage of water on both sides of the road.

It would not be cost-effective to provide drainage facilities for 200 kilometres of highway,
although alternatives should be considered. This is mainly due to flooding incidents in
Laingsburg in January 1981 and more recently, January 2014. These flooding incidents led to

road closures of the highway, which limited access to surrounding areas in Laingsburg.

Natural drainage facilities such as water channels, as well as vegetation which provides flood

protection, should be considered on the highway.

5.13 Guardrails

Guardrails were observed at four locations on the highway, mainly at 100-110 km, 120-130
km, 160-180km and 190-200 km. Guardrails protect vehicles for straying off the road space.
It was therefore expected that the highway would have guardrails located at regular intervals
on the highways. This infrastructure would lower single vehicle overturning accidents on the

N1 between Laingsburg and Beaufort West, by providing a protective barrier.

5.14 Vegetation

Figure 4.19 reveals that vegetation found on the highway was monotonous. Variable
vegetation, in the form of trees, was only found at locations 0-10km, 20-30 km, 110-120 km,
and 190-200 km. These locations were mostly near rest stops. A monotonous driving

environment may exacerbate fatigue, resulting in an accident.

The observations of the road showed that the vegetation was consistent with that found in a
desert area. In case of a natural disaster, this vegetation would not offer flood protection by

absorbing the flood water.
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5.15 City of Cape Town fatalities

The City of Cape Town fatalities showed an increase in number for the subsequent years,
2010 (14 estimated fatalities) to 2013 (31 estimated fatalities). Therefore, the accident
reduction goals of the Western Cape provincial government were not realised as yet in the
City of Cape Town. However, these results are for one Municipality and do not reflect the
overall results of the Provincial Government of the Western Cape fatal accidents, during the

2009 to 2014 period.

Pedestrian fatalities were observed mainly in the Khayelitsha area, and these may warrant a

pedestrian bridge and sidewalks.

5.16 Chapter Summary

This chapter discusses the findings of the geographical analysis, road safety audit, as well as

City of Cape Town data analysis.

The road gradient was predominantly flat, with no sharp curves observed during the road
audit. There were no accidents that were recorded at the junctions, although dangerous at

grade intersections were observed during the road safety audit.

Fixed objects were located at distances less than 9 metres from the highway, although the
geographical analysis revealed that there were no obstructions on the road at the time of fatal

accident occurrence.

The road markings were in good condition, as well as the road surface, although road surface
bleeding was observed during the audit. Gravel shoulders were also observed, which are

undesirable for errant vehicles, as they have less road recovery space.

Accidents occurred on built up adjacent land uses, although the road safety audit revealed

few built up adjacent land uses on the highway.

There was also no highway illumination, which may be problematic at night. Guardrails are
located at few locations, which is not ideal for the road section which is classified as a

hazardous location.
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The vegetation observed during the road audit is monotonous, and it may affect the driving
experience. Soft engineering measures like the planting of variable vegetation, would

improve the driving experience, as well as provide a barrier for errant vehicles.

The analysis of the 2010-2013 SANRAL data revealed that the City of Cape Town had an
increase in road accidents, and that there were significant pedestrian fatalities on the N2 near

Khayelitsha.
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6. Conclusions

6.1 Introduction

This chapter aims to conclude on the findings of the research. Conclusions will be based on
the findings of the geographical analysis, as well as the road audit, as well as the SANRAL
City of Cape Town data. Infrastructure and geometrical factors, which affect the prevalence

of single vehicle accidents, are also discussed.

6.2 Infrastructure provision influences road safety

Infrastructure is an important component of road safety for both motorized and non-
motorized traffic. The literature review revealed that pedestrian accidents can be decreased
through the provision of marked pedestrian crosswalks, as well as signalized crosswalks. For
vehicular accidents, the literature review revealed that improving infrastructure through the
increasing of lane widths does not provide any road safety benefits. Data from the iPas
system, provided by the PGWC, revealed that there were no visible infrastructure problems,
when analysed through ArcGis. Road signs and road markings were in place, and in good
condition, at the fatal accident locations. Therefore, the relationship between infrastructure
and single vehicles overturning could not be determined. The road safety audit, however,
revealed a lack of guardrails in the road section between Laingsburg and Beaufort West. The
purpose of guardrails is to provide a barrier for errant vehicles. The close proximity of utility
poles and road signs was also observed during the audit, as these may exacerbate the severity

of accidents.

The lack of pedestrian infrastructure in the City of Cape Town is a contributor to the
frequency of pedestrian fatalities. The ArcGis analysis revealed the locations where there was
a high incidence of pedestrian accidents in Appendix Q. There is no pedestrian infrastructure
in the Laingsburg N1 as well as within the hotspots identified within the City of Cape Town

municipality.

There were a small number of trees and vegetation observed during the road audit. Trees and
vegetation are road infrastructure which help in providing a variable and stimulating driving
environment, and decreasing monotony in the driving experience. It can thus be said that

infrastructure is a major contributor in road accidents.
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6.3 Road geometry important for reducing road accidents

The literature review revealed that for routes having rural two-lane roads, the lane width is an
important factor for increasing the safety (Karlaftis et al, 2002). Narrow lanes result in the
decrease of vehicle operating speed, and this result can be transferred to the Laingsburg-
Beaufort West case, which is a rural two lane highway. The existence of side accesses also
provides significant safety benefits, as motorists tend to lower their speeds when approaching
junctions. The geographical analysis revealed that the majority of fatal accidents did not
occur at junctions. The road audit, however, did reveal a number of dangerous accesses

adjacent to the highway.

Ogden (1997) also revealed that paved shoulders provide recovery space for errant vehicles,
thus decreasing single vehicle overturning accidents. The road surface was in good condition,
as revealed by the geographical analysis, as well as road safety audit. However, gravel
shoulders having average width of 0.5 metres, may be detrimental for road users, as there is
insufficient recovery space for vehicles. The road was predominantly flat, as shown in the
research findings, as well as road safety audit. However, Bhatti et al., (2010) did illustrate the
rural accidents had a high frequency on flat road surface. A flat road surface, combined with

wind effects (Chen and Chen, 2010) may result in single vehicle overturning accidents.

These findings are relevant towards the prevention of single vehicle overturning accidents, as

improving on these features would reduce fatal accident occurrence.

6.4 Single vehicle overturning accidents have a higher incident

rate

The primary purpose of the research was the analysis of single vehicle overturning accidents
on the N1 between Laingsburg and Beaufort West. Data for the year 2000 to 2007 retrieved
from the iPas system, was analysed using ArcGlIs, with a subsequent road safety audit. Figure
4.1 showed that there were 55 fatal single vehicle overturning accidents, over a total of 130
accidents along the road section. This accident type had a higher occurrence than all other
accident types that were in the iPas system. This further supports the research objective,
which was to determine whether there was more single vehicle overturning accidents in the
Laingsburg Beaufort West study area, than all other accident types. The high frequency may

be due to the road geometry (narrow road shoulder width) as well as road infrastructure (lack
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of guardrails), which exacerbate these accidents and result in more fatalities. Out of the 55

single vehicle overturning accidents, 75 fatalities were recorded.

6.5 Geographical data insufficient to analyse accident

contributory variables

There were several missing data points in the iPas system data. As a result, a geographical
analysis of the data could not determine the distinct variables that contribute towards single
vehicle overturning accidents. The geographical data also did not include the road shoulder
width, road shoulder paving, distance of utility poles from highway and presence of

guardrails at the accident locations.

Problems regarding traffic data collection are discussed in depth by Thwala (2012), who
describes road accident data in South Africa as being ‘randomly missing, uninformative,
partially informative or even misleading’. Salifu et al., (2011) also revealed that for less
severe accidents, the likelihood of non-reporting increases. However, fatal accidents are

always reported to the police.

The PGWC data may thus be affected by administrative errors or non-reporting. This results
in a skewed representation of the factors that lead to accidents, as the geographical analysis
could not determine the factors which result in single vehicle overturning accidents, hence a

road audit was necessary.

6.6 PGWOC accident reduction goals not achieved in CoCT

The Safely Home project, implemented by the PGWC in 2009 aimed to reduce road accident
by 50% by 2014. The City of Cape Town accident data, therefore provided a representative
sample for the analysis of the objectives of the project. For the period 2010, there were 14
fatalites, 2011-44 fatalities, 2012 — 80 fatalities, and 2013 had more than 13 fatalities. This
represents an upward trend in fatal accidents in the municipality. However, the sample is too
small to draw inferences on the success of Safely Home Campaign. There is also a high
incidence of pedestrian accidents along the N2 near Khayelitsha, owing to a lack of

pedestrian infrastructure such as pedestrian bridges, as well as grade separated walkways.
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6.7 Chapter Summary

This chapter concluded on the research questions posed in Chapter 1. It reiterates that road
infrastructure does in fact influence road safety. In Laingsburg, the road infrastructure to be
improved includes guardrails, as well as the relocation of road signs from the single

carriageway.

The road geometry in terms of shoulder width and paving were found to be insufficient to
provide any safety benefits. However, the presence of side accesses was observed, and these

result in a speed reduction of approaching vehicles on highways.

The research revealed that single vehicle overturning accidents have a high incidence rate on
this N1 road section. The geographical data does not provide adequate information on the

infrastructure and geometrical features necessary for further analysis.

The reduction of fatal accidents by 50% within the City of Cape Town has not yet been

achieved, as an upward trend in fatalities was observed in some years.

The research also revealed a high incidence of pedestrian accidents in the City of Cape Town.
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7. Recommendations

Based on the conclusions in chapter 6, the following recommendations are suggested.

7.1 Improved infrastructure planning

The main infrastructural problems identified in the research include insufficient guardrails
along the route, as well as the close proximity of road signs and utility poles. The installation
of guardrails along the route may not be cost effective, but may provide significant safety
benefits. The relocation of signs and utility poles should also be considered, to lessen the

severity of potential accidents.

Soft engineering infrastructure must also be implemented, to provide a variable driving
environment, and decrease monotony on the highway. The planting of trees and vegetation to
create a variable driving environment, may also act as a barrier for errant vehicles. To
increase the safety of pedestrians, pedestrian bridges, as well as pedestrian walkways, are

necessary within the City of Cape Town, especially near Khayelitsha.

7.2 Improved consistency of geometric design to reduce

highway accidents

The research has shown that geometric conditions are an important component of road safety.
To decrease the frequency of single vehicle overturning accidents, the road shoulder
pavement is to be increased from the current average width of 0.5 metres, to provide recovery
space for errant vehicles. The existence of side accesses is also an important aspect of road
safety, as vehicles tend to decrease their speed when approaching intersections. The
intersections observed during the road safety audit were considered to be dangerous, as there
was no advanced warning to motorists. Providing illumination at these locations, as well as

warning signs (reflective signs), is recommended.

Owing to the fact that wind may contribute to overturning accidents (Chen and Chen, 2010),
planting of trees is further shown to be important as a decrease in wind effect may be
experienced by motorists as excessive wind warning signs were observed during the road
safety audit. Trees and vegetation, therefore, are necessary for providing a variable road

environment, as well as decreasing the effect of wind on vehicles.
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7.3 Implementation of better data collection measures

An improvement of road accident data collection is necessary. The frequency of missing and
unknown data points can be decreased through the training of traffic officials, and medical
personnel, who are usually first on the scene at accident locations. A centralized system,
which allows for easy data capturing and access to accident records can greatly improve road

accident data collection.

To decrease the instances of non-reporting, a combination of education and enforcement may
be beneficial. The public, and officials, must be educated on the importance of reporting
accidents, even non-fatal accidents. This will greatly improve the quality of the data.
Providing penalties for non-reporting through hefty fines, may also encourage the reporting

of accidents.

7.4 Further research on highway accidents in the Western Cape

Further research should be considered, especially within the City of Cape Town.. Further
research is necessary to observe existing gaps in the research, as well as to hold Transport
Bodies such as PGWC and SANRAL accountable for their goals. Research in this field may
also help to identify road accident mitigation measures which are successful, as well as

identify areas which need improvement.

Updated data, which includes all Western Cape municipalities, should be obtained and
analysed, in order to achieve a level of confidence in the data upon analysis. Obtaining
updated data, as well as training traffic officials to capture the data, will help decrease the

gaps (‘unknown data points) that were found in the geographical analysis.

7.5 Chapter Summary

This chapter gives recommendations based on the research findings. These are in the form of

relocation of poles, installation of guardrails, planting of vegetation across the N1 highway.

The collection of road accident data should be improved through the training of traffic
officials who are first on an accident scene. Penalties for non-reporting of accidents, should
also be considered. Fatal and non-fatal accidents should be available for analysis by

researchers.
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Increasing pavement width is also recommended, to increase the recovery space of errant
vehicles. The provision of illumination at the existing side accesses is strongly recommended,
to improve their visibility. The planting of vegetation to provide a stimulating road

environment is also recommended.

Further research is suggested within the City of Cape Town municipality, as well as any

sections that have high accident rates.
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poduntrirn ared Droyckas to stared and vkt

Are the Einds abowe the lesel of the camrdoeway (ouded
iSands)? or only reade by reerkings?

15 thave 3 dasges of Lrdeimatng speed and
Qeaiesimating dsmance of Dossing wehickes?

Are the istanes cey?y Watie and of 3 satie geson?

Aew i approaches 15 sundedous sacki 10 e comre? s
e desg sullie 10 ergare 2 om speed levsl aed
spport the g of way?

PR

15 theee 3 SUMCET defaction LD ensure an appecgrise
pead when passing the roundasbout?

*

In thw contral sbared of the roused abont shugms s o b

tag

15 the Swougesbd ty eMecdtvey dopped Ly Be soud
aboast and e 7

*

18 the cirtral mand of the rouncebout Ses of froed
ctatacies wach could be reached by weicha)

i

In the case of & hagh rasmber of powered buo wheelers
ermare the rood surfece an wuBiaert orp?

i

153 low peed vl sippaned by constucacnal moeomures
2rd by wary of marking?

s the s2opping ke coreynd with the trafic sgnal <o
thet the Sgnd on be seen?

Hawe aty Taning ecwenents bood eechucien! from wgrad
cortrod? 1Y 80, 5 traffc munagenent al?

Aee trafic worels cosdy recognaatie, are there
repeaiagidostind sgrek?

[n rex: with Diopcisns: Haws DiCyd 515" reguiramens been
consdered (2.9 route Fvough the ntersecson]?

I v sith bopchans: e siop hies fr motorsts st
buck for the Berefit of bicycts?

10000

Suppan for [mpaneating Malsures for South East Core Regicnal
Teansport Network Multi Annesd Plan 2008-2012

uly 2009

WYG Enginéering Ltd

Source: Cafiso et al., (2005)
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Inspection Checklist

Highway Number ...... from km ....... to km ....... Date:

Characterstic

| N

Yeu (V)

Question o (X0

1n arean with pecdesian traffc: e o ap prosetes
agupzed Mt peckedrin and cycle croesnge?

= @reeas wih pedermian tafic: Arw pecetiies camangs
Chialy sosatratend? Iy sech maction scpapped with

_wgreb®
Are eaciusive proen phases provided for padestians and

BUpIEs W fecesseyT

In aveps with padesyian raffc. Con padesrians cross the
ed N One §O7 Is e groen time SutSoent?

10

in aress with padessman UaMC [T Here & 00 esthusive
pedestrion prase, is 3 leding padestrian ntervy
providess

11

In areas with pecestran rafMmic e phase offeets regared
$or pedestrions and Dicyd s TN the running oycke”

Bra the type a2 st of SRR CTonMeg Imdaliel o
ocechaslied [n g rafamy oossings, oeffe sigrals, sebra
rosinge)?

3

Fev the Sgeaks are sffected & dararydask by ceelt
sanhgher

18

e adwaronc werTEngs provided for Imsfic signals Tt
nok be seen N teme?

15

Hawe e DCators for the signab been selected Coredtly
(MO0 SOl Ovarnead Sgnalks, o J*

Does e exs3ng roas Song lead 1o conficts s
recooning the yel on Inchcation {sodum decharpe

2

s acceeas from abuttng peoperties stiacted ana, If
necesswy, ndecied In sgnal control?

- —

Are riEks avoidad for o " see Trough e by
IMWtMmmwus? |

94

fee Me UATC Signaks property SINuaIe S0 U they can be |
dstinguishad by eadh ganiculy >afic Now?

Gre Tere dry MO TONS SHIs Coreted W e raitc
SONYS 10 Zhowm the draction 50 which that rafTic sigral is
feyring to®

21

bnmdmmm:mmom
cyy?

9

15 e S0aping e coselted wih the valfe 902l 50
thex the <0 can be seen?®

bR

At Sgreds coweret)) cdroctad (0 g by il S90S,
Igtting messs, plnts, traffc wava}l?

s the type of Dhe rafavey 0rosing sccoediing weth the
raffic volume?

Acw pecew salety chavices 4% Hwe reguired ooeton

AR The LT g0 COMeRESd wiih 20e fye of rabaay
cromsng ?

B thes ey Croms ng b Stumtecd 17 8 Curve e Hhe rafTe
=gn's Ooublesd On the otfwr saxde of th road?

-

E1000C

Suzport for Implememing Measeres for Sosth Last Core Regonal
Transport Network Multi Arnusl Plon 20068-2012

Juy 2008
WYG Engimeering Lid

Source: Cafiso et al, (2005)
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Inspection Checklist

P,

Questson

Are DATC COmros ceaices raguired and opamady set up
with regand %0 future BaMc dessiopments?

s the peragrscn from & =fficesl Sotarce guiriesd !

Is gocd vnddty quiranesd?

s bagvirg revpered and appecgriately yodaled?

Does the ambient bghting prageat any pacsl
negurements?

fon probitrton of overtsians andd spewd Limts in place s
recessry”

7. Services and
rest woas

Ao Service and rest avees and perking
fackies on boes Sdes of the roas?
In case nat. ore thave lek tum Dnes lnes?

Aoe Tere decrlerption and scceleration res or taperny of
| the ertranow wexd wat?

5 e rurrder of the parkong arees o perkng o
prisesger vehahes, Tocks and Luses safSdent?

- —
gy
P Ay

At e dimensons of the parking areas suMcent for
paviang for pessenger weliches, Sucks and buses?

Ase Mreas for Dunses s pasenger cars soparaled l1oes
the truck Lreffc On Hhw cose of lasge nest e

Are e Dyout and OTss secthon of the senvice of nest
e pEeTprine for the diesent DATC mawements? And
if 50, 15 byyout suitadie i access aredes 4o and from

Ts the by i such & sy, et vehicles ane running o1
the appeopriste spend?

Arw (lw parking aceas irpucaly aqaeated o S
Carmiageniy [gasiedrad, harly, Oroen aree et )/

ASe there S3e FOORDaE CONDECTION tO NSNS, 1t
00Mms MC{nouding safe oossngs of) ¥

Fysm measses boan tyear 15 ensare syl aooess for
restue vehickenmainiesence wehiclesViee service?

Are et808s] 2athiyg ekt prowoed 9 maseTie 8 ega
parking on foipetts and on e carrisgeawy st the
COmmponcryy hanands or haww comngaondng ¢

15 SO oatyucsed Dy pRnking eas o Dy Sagady paread
el s? |

& Noeds of
wulsereble Road

Arw vcon ey and sefe scomabbe %o pecestrens
PO WRT PRIty CrSRIS Loy Tl

£1m0nc

Supgont for Implementing Marseras for Seuth East Core Regonal
Transport Natwork MUl Anaual Man 20022012

Juy 2009
WYG Ergineering Lid

Source: Cafiso et al., (2005)
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Chickbas for Inerarban Highrvays- Annes 1.2 10 B Guldehngs: Fevised Fral sersan

Inspection Checklist

Qoartioes

Toodpailri cormmactas ae |+

Mumber ...... from km ....... to km ...,... Date:

s )
Mo (K]

Comments

.1 AL Public

Fire B1E BUm stnps B pnpostied ar denactelis by e
draner (5 pepaacibabilisy P 3 iongar dssanoe
parsndeer?

| Eransgort stops b3

fing B Gus sopes ¥ iusterd cotsice of [he carriagewes
where sppropsisleT

ArE B qumuing sress lon welting pessengeey sufhcesT

Iz 5ight cbetruscted, far Bxamgie by Safety baress, fences,
o iRl pa kg S, At S,

Ly P oy g eesy, brid ge sbutments, belSngs?

| I the Cee of Deoymie pathes: 15 cpchim roling s2fel
desgned in the Gves nedr pUbSC trasapan SopsT

B2 Oy needs

B g e sesuaead™ Ared i 62, b i appenpranaly
(LSS

o Pedestian I

Frp [hp perdesdrian croemires weie] pbers rest rerperend
vy padeatrian raffe?

i ol Ltel i raaialind s U roed will fot De
i ol ofiEr peislaT

[ T e e rea———— e S

Bs ihere o sk of peckesivion und erpeases §nd bricges
b brppaessed® A coitabl e M e in placs?

i Turtier crissing sids necpd

Ao e e welting perdesdrinne prel cpclats s fcent™

A refunes lsnge and wide @asugh for ooasiag
pecesirane an hiryclaty. to stand prd wal?

A PERinGE e ikl Follbvery st of o ke
ideaigri®

ﬂ.m“m‘mm Sl padiniriaam
and melerndsd

A e peadesnian weons presoally seporansd by beeh
Sloress, Baiviars oF Qroenery?

dre the peadesdrian cromings senposted and delesfalie by
the drivery?

| e e ks Cleasty visisie ard progerly plaoed?

[F]

In kg hting) promded whes necrssary '

B3 Ricyribas. 3

Are thene separate hicycks (a0 ines?

oy imi Hhae e o
of puinting)
Laciles]

Are cimerieng. and pevement suidsbisT

Hapve gl s’ requinemeatls besn conediened | g, soube
acroes cervral refuges, Botierscks]?

Ta e visinbny for rotorkeed T adipians o s
eytnls dlerg e road®

Support for Implementing Measenes Tar South East Tore Regional
Trareport Refmorc Mulll Anousl Plen 2008-21012

Tuly 2009
WG Enginpering Lbd

Source: Cafiso et al., (2005)
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Inspection Chechklist

Highway Numbar ...... from km ..,... to km ... Dabe:

Chii kgt

G Hin

i (4
Ha (%)

7

B pririoid i Sbatnasing Han viibiity of B foed
sy regarding cytints

m

19

Fi ik whine CpElEns DFDES ISR MO praveen
with lewe (aartsidorizd

Commarm

16 raght o veey o ity thelirmd &l puisls mbvere Cyciis
oo inin porlecd with mach obher o with ol
el ?

it clear ie the malorsd wisther he in Crossing & cne-
g or han-wey oyche pash

Ei

P adwatdnd vl g o placd or Nl Ml Lol
Lt iy iy el 7

Arm malerbianl b comarkible piecrdags o ha rafiey

Hare dovices: of Sbjeos hat meghn dedabiioe 2
rretoreyee biin vosded on e roed susleoe™

T e mal sl rlar ol mednehans maare meborrp s
rrowy [ inlo carees?

Wl wprning o delinention Be poeguurie for moborhikes?

Haral borrer Rbs Boen awteded i high coeed anee?

Irs arews. e lkely ko heve motoropoisds nun oM e ol
i M madilde ooy or sl shiasalv

vl apSOQTLE I e IS Desn SQned appropsalel
ey, enad, Pesghl, localon )

A e speed §midions abead of intersedions and
Bl up oniae and i theough road sedionst

5t viskely o tha a0 C0UrSe meE S by aage
celneption?

[5 Sagisl S=aructen By e ik or by e Sigiees

15 pephition of rasrsking for trucks, s, s
Bpproa ristely designey pred gmied? Are there ssmeng
sgrs ghepd of R ImerEscion peohiiiting eersbng?

.,

Emh-;'-h:h.h'nnqmd.dnldh-ﬁlf_
sera Arel cs the: migme corvinrm Bn He crami e of
3

o thase miose than 2 Bfenet raMic sgre ai one place?

%8 rechusiion in speesd when apemesr hing @ nbersscson
masigred in the sorrent plaee and progpery desigred?

i‘"-\.l |I F-

B igeing bogpead @l posmmtanl ) Do, L &hEw e gl o
wry rimarky?

T migring ko senice and nes aree claar?

ELOTIC

o Ll bl

psechung rad ades

Suppart for Implementng Messunss for South Erst Cone Rigional
Tramepedt Motk Mulli Sanual Pan J008-2012

Miky B
WG Engincesing Lid

Source: Cafiso et al., 2005
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Inspection Checklist

Quastion

Highway Number ...... from km ...,... to km ......

You(¥)
Ko (X)

Tt 500
cominued

9.2 Merkings

| Coukd grearury boas o sty prokiems ¥ the vegetason

OWs (2. it 1 rewut of cowred 1208 Sgre)?

e

At 206 boCaMe 11 Sk & Ay 18 B 2 SRR ARG
vadnlty from agxroeces o inbemecsing roads?

% e roundaboust ully westie ind ncograntie Som 21
AP oRches a2 are the markings s sagos ceer and
W Qus?

14

Aoe Sns (e selectig o are ey |rinated o reghtr
nng::m«mmmw

1%

Jor S sdctiored infoeration paneds unifen?

foe e NSO Aandng or mesgadng bl g or
NN IFONTINLN panis?

I seaabity ermured % the requred GEECe? Ave ese
bockprrassé periterrs?

Whieoe neacod hina s Dass ited stow the
Qrieay?

Dot wgra Save » dimension sooonding to the type of
roudt?

few tha sk proviied with profectiee edges?

e the signs ot & uniform gostion, convgersd 1 the
fowwment?

£0 TR S s ard foundatinns wilcently provected
ageind colivers)

“De e trathe sy inciusheg thate spports hyes
wMicenl peew sefuty by: om mens orfand® Dreak oway
rucire orfind? Ase ey Beyoed the salety mons?
Py salety iratalicon?

D2 dedneaioes have 2 Dresk day Snachure?

D2 Wl worms ared markisgs comeenond ML 20w
axreadxtony?

A the rodd markengs dear and recograas v’

S 2 Eeed

Hira 02 mArtngyuges bees corpintely removed
(phwrtom markings)?

Are thee rarkigs 1 & peralel boe 1o B aope of the rod
surfuce!

M-";Mm- Vma.m. -b.minﬁmmd
catwgry of the ross?

P.\; v l-'.;' 9

oo Tuni Hes)

E1070C

Support for Implementing Meacuros for Scuth East Cora Rug sl
Tronsport Network Mdti Anwl Fan 2008-2012

Juy 209
WYG Engincenng Led

Source: Cafiso et al., (2005)
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Highway Number ...... from km ...,... to km ...,... Date:

Inspection Checklist

Characeeristic Mo,

Question

fre the mridags sy to be effectve under ¥ especied
ConaNons (Say, nght, wet, dry, fog, 15ng and ssting

AR

| 15 e abbzation to 40 right of way enkorces by
Mrkings 2coosding % the ane enforced by Soning?

9.3 Lighting

s 1he road wulSoently Pumireted? [y thew a4 need I
hya Bumiaaton?

W r PXY - AL Mon

s the satiosery Ighting aporopeate?

15 the ighting of specii shiyions [traretion ones,
changes I Cross secton | sutstly designad®

N a..",'\

Doss the easing rosd Koeng lead 1o conficts In
recoging the yediow ndication {sodium dechargs
angsl?

A ,‘.'(-

=

Doss ighting need to be hanpas w0 thyt Oresieg
pedesrars ye Cewly walie?

15 contrast Lghang neguad X the meesaction?

e

DO 110 arladn! NIVINg prasan | iy Specid
requdenots’

Can the sivtcrary Iohting cause pesbleric n ncoginng
oe 1298 wgrvs o the shonment of the rosd?

Arw thw bohting munds wuled cutsde of the salety sone
¢ properly grotected!

15 SHatonasy bghiing i AVoesortinsSsenvice and rest
drees properly stued?

fee theve any featines within the ety one?
100 kefh w5 m
Sl riem
Hmme3im

L Kreern dod ok wdt

Has miabie o equpment [fog warming wgm,

mwmm&«xvqm?mmn.)
been nzabied and | & Ay Nnctiony

foe these game fences? 1s the bagiming and end of garme
fercrg cormectly detrrmined™

]

T e 3 minge wystom and s & proper sqrpasad !

1
10.2 Pantings

l Is hese any vagelation dong the s

|

| Aew thece reer?

——————

]. Ase e UnES froe of scs hom aockdants?

EL070C

Support for Implementing Measures for South East Cone Regicnal

Transport Nebwork

Mult) Aanuo! Plan 2006-2012

by 200%
WYG Engnessing Lid

Source: Cafiso et al., 2005
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Inspection Checklist

Highway Number ...... from km ....... t0 km ...,...

Cherecteratic | No

Question

| Yes(v)
| NeX)

4

Does the greerwry or wel the growth of Srisnery lead 1o
future sofety problere?

nd

Dmnymmﬁ;dmmm
1o the rodd wses {eq. Jgnnanty®

[s Sght chutrucind by Mie plniing? [ good vadiy
[T R T e

7

D waiad contiet et N
greerery’ -

wolat retricted by

| Doss vegetation geotect the s hom et dsssters
Fee g sAdes eoc?

5 the vepetation 2ionyg the road oM and coutd kead ©
ety problens?

0

Does rosd wcde vegeledon guade e drieess 1 curwss
crrirnoaty

3]

Does it olaruct e wabity on the rodd course (el
cearance)?

10.3 Covd enge- 1

15 the vegeyson nmonotonaes? Or does £ heip 1o 3woid »
MONCLONOus Characier of e road?

;;—;;MMQWMMM

Are s ety talasors o U 8 the regerad
locations?

mwmm_maommammm
wed?

Have 1aas, UInents, S0000 wals, tridge ral ings
2ic bees s¥epiyded®

foe ere 3t Bodkges s3I0t Domsras safety Iraisiaiors,
are theve rogerly corrected wit the Suandeads yiong e
Joef?

Hawe cychers’ seusmements baer conssered (e g
separete cpche foolktes )

15 e Sradnage sysaem a hnodr ok wilh deep dnches
n the sefety tone?

Orawvame oyl o
L \/ f| 4 P
e P, 20 %1] -|A )!' ) | & S ,-"A‘L‘;-

O

7| e mere turnnds b e roed sectee)

Ave e construtions of oavernts abstade |he?

Aow T Sarreds sate, srw there srawgency e, et
BuTiestion ot (1he wee He demareh of EU - Turne
<

2
IS T vertical Ceadnce Of Lnoe QwapRases §Lavonend?

B S

Vst s the desancn of the road drectonad Bgang % the

Are the bR ook 10 De considered 3% an sbetadie (s,
ConCrete Corstrucnon)?

ELO7DC

Support for implementing Measures for South Eost Core Regionad
Tronsport Network Mt Anoual #an J008-2012

Judy 2005
VIYG Ergneering Ltd

Source: Cafiso et al., (2005)
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" Inspection Chechlist

Highway Numbser ...... frem km ....... to km ...,... Dabe:

G i=liin

i3

1= st ek 15

B e uprofcted suppert Mo oifsy’ Calkes: Than

Img=lung 1n Pae ohecd arhe-Friss pore

s traffic sigre: (othes Shas read dicegticeal sgre o e
poesigened ot dangeeps chracesT

Fre Hhep prgrotactid acdeer] semipet boarts or cier busd
oiedacien uisde [he salery sore A Hey aeorahle, o
sa'epenresd?

105 Padddve

ibalat ons

e fivesd obstackes pvoidable, s=i up a1 sificient
desiarces. o sfepiaimicnd (Tersis, abutmeis, aupating
walis, bwioiges s, Dressssic TF

S

Hani fadarad calely rrlalalons Do b U ot e
ripnind s

dire al rod safety barrien b5 plade i Gy lecasd &0
Huit Hury e ret ootk Hearreavaia?

B i lewng i of g giendesl adeguaie?

=
e :
N
I'\.
=
LY

Ll

= Fw merdad cormecty 1ol noandeg - Ered

Incalrtmitse - Brecheoeagisi, © Mot spaorgy o« ot deginy,
i crvariap®

AR RN UE winedows: of guidesl i srasded [ormmend
WnOrwE Shiamer than S0 e showld Do e avoided)™

A beeviees plapsd 50 thal they dond restrich vislhiiy?

Eloenc

Support for Emplementing Measures for Souts Eist Cone Reganal
Transport Metwork Myl Anfudl Plas 2008201 F

WG Engifssiring LI

Juky 2008

Source: Cafiso et al, (2005)
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Appendix B

Laingsburg-Beaufort West Single vehicle overturning accidents
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Appendix C

Accident types between Laingsburg and Beaufort West
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Appendix D

Road Grade
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Appendix E

Type of Junction
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Appendix F

Obstructions on the road
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Appendix G

Condition of the road markings
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Appendix H

Type of road markings
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Appendix |

Condition of road signs
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Appendix J

Presence of road signs
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Appendix K

Condition of road surface
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Appendix L

Road surface problems
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Appendix M

Road surface material

130



Appendix N

Built up land uses
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Appendix O

Road safety audit findings
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Appendix P

City of Cape Town fatalities
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Appendix Q

City of Cape Town pedestrian fatalities
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