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ABSTRACT

The objective of this research was to investigate the effect of road geometric design elements on road traffic accident occurrence in the
city of Yaounde. Collection of data relevant for this study was performed in two phases, beginning with the accident data collection and
later the geometric and environment data collection. A total of 483 accident reports recorded from October 2018 to October 2019 were
collected at the General Delegation for National Security (GDNS). These served two main purposes which were the determination of general
accident characteristics and the identification of accident-prone locations (black spots) in Yaounde. On account of previous works, two main
criteria (accident frequency and injury severity density) were then used for the identification of 11 road segments and 4 intersections as
accident-prone locations. These accident-prone locations obtained were digitalized using Arch-GIS 10.3 tool to obtain an accident-prone
location map. An investigation of the identified accident-prone locations was then performed using prepared forms to determine which
roadway elements have a great influence on the occurrence of accidents. Results indicate that the reduction of road surface width, absence
of sidewalk, absence of median markings, poor road geometric alignment, lack of access control, lack of appropriate parking space, absence
of crosswalk, lack of channelization at intersections, presence of street vendors and waste accumulation have a significant impact on crash
occurrence. This led to the proposal of solutions such as the design of paved sidewalks of adequate width and the provision of marked
crosswalks for pedestrian safety, the provision of median markings to separate opposite streams of traffic, the design of appropriate chan-
nelization at intersections, provision of appropriate parking zones etc. to improve road safety.
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1. INTRODUCTION

Road transport is a critical mode of transportation in a country’s development as it improves standards of living and contributes
to economic growth. However, with the fast-growing population and competition to provide more luxurious traveling services, the
road infrastructure has grown bigger and is more difficult to manage. As a result, we experience an exponential rise in the number of
road traffic accidents worldwide which has led to road crash becoming the 9t leading cause of death for all ages in 2014 and is pro-
jected to rise to 5t place if nothing is done, thus regarded as a major economic, social and health issue [1]. Each year an estimated
1.3 million people around the world are killed and about 20 to 50 million people are injured as a result of road traffic accidents [2].
This causes not only grief and suffering but also economic losses to families and nations as it costs on average 3% of countries’ gross
national product. WHO recent reports show that African countries are one of the most touched with 23% of the victims even though
they possess only 2% of the world car fleet.

With respect to official national reports, Cameroon records averagely 16,500 road accidents yearly, killing more than 1,000
people. According to WHO reports, a total of 1,879 deaths due to traffic accidents were recorded in Cameroon for the year 2016.
Yaounde, capital of Cameroon and second most populated city after Douala is highly affected by the increasing mortality rate due to
road traffic accidents
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. Driver behavior, road geometry, traffic volume and vehicle state are among the numerous factors responsible for these road traf-
fic accidents. These factors can be categorized into three main groups namely human factors, vehicle factors and road-
way/environment factors. Among these groups, roadway/environment factors are the scope of civil engineering professionals, thus it
is within this framework relating to road safety in urban areas that the failure in considering road safety in the geometric design of
roads in Yaounde is raised as a problem. That is why the question of how the geometric design of the Yaounde road network can be
ameliorated to reduce road traffic accidents is asked.

The overall objective of this work is therefore to identify road geometric design and environment elements that contribute to
road traffic accident occurrence and crash severity and propose solutions to improve road safety.

2. RESEARCH METHODOLOGY

The methodology adopted consisted mainly of a recognition of the study area, collection of data (road traffic accident data and
road geometric data) and analysis of the collected data.

2.1. Study area

This research was performed in Yaounde which is the political capital of Cameroon and headquarter of the Centre Region. Nick-
named “La ville aux sept collines”, Yaounde has a relief dominated by hills and valleys with altitude ranging from 586m to 1277m,
where reigns a tropical wet and dry climate with annual average temperature of 23.7°C. The average precipitation is 1650mm of rain
per year and average humidity is 80%. The city has a population of at least 2,800,000 inhabitants and economic activities based on all
sectors. The city’s road network consists of three main types of roads namely primary, secondary and tertiary roads. Primary roads
which serve as national roads for vehicles crossing the city are generally 2 lanes paved roads with a painted central median and a few
4 lanes roads with raised central median. Secondary roads are mainly 2 lanes paved roads which link primary roads and the urban
center to different quarters and peripheries while tertiary roads provide access into the quarters of Yaounde. These access roads are
either 1 lane or 2 lanes with no median, often unpaved, very dusty and easily accessible by motorbikes.

2.2. Data collection

Two main types of data were necessary for this study namely road traffic accident data and road geometric data.

2.2.1. Road traffic accident data

All registered accident reports for a period going from October 2018 to October 2019 were collected from the General Delegation
of National Security (GDNS). These reports included general information on accidents such as the day of the week, the time of the
day, crash severity, accident location, road type, type of collision, illumination, weather conditions, driver’s faults, car defaults, infra-
structure defaults, vehicle service years, vehicle type, vehicle activity, vehicle ownership, insurance validity, driver’s age, gender, so-
cio-professional category, driving license, use of safety devices (seat belt, helmet) and other necessary information. The reports were
gathered and transferred into Excel sheets to determine the general characteristics of accidents and identify accident-prone locations
in Yaounde.

2.2.2. Road geometric data

The road geometric data obtained from accident-prone sites investigations was comprised of cross-sectional elements (surface
width, number of lanes, sidewalk width, median type), road alignment (number of horizontal curves and vertical grades), intersection
geometry and some road environment parameters. This study focused on road segments and intersection parameters presumed to
have a direct or indirect influence on the occurrence of road traffic accidents. These data were gotten through actual measurements
and visual inspections using prepared forms.

2.3. Data analysis method
2.3.1. Road traffic accident data analysis method

The raw accident data collected on excel sheets was organized and grouped for easy analysis. This was used to explain the general
characteristics of road traffic accidents in Yaounde and obtain accident-prone locations.

Prior to the identification of accident-prone locations, the road network was divided into segments and intersections with respect
to the homogenous segment approach to ensure homogeneity of parameters and sites with less than 2 accidents were considered
insignificant. The homogeneous highway segment approach consists of dividing the highway into segments separated by either ma-
jor intersections, a change in horizontal alignment and geometric elements or a major change of land use [3]. Hence the road seg-
ment length varied from approximately 100m to 1000m.

Two criteria were then considered for the identification namely accident frequency and injury severity density (ISD). Accident fre-
quencies gotten with (1) were used to eliminate false hazardous locations. With respect to a similar study carried out in Canada, the
accident frequency of each site was compared to threshold frequencies of 4 accidents for intersections and 8 accidents per km for
road segments [4]. Sites with frequencies greater than the threshold value were considered potentially problematic and tested using
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the second criteria.
. A (1)
Accident frequency = T
Where: A: Total number of accidents
L: Length of road section studied (For intersections, L is assumed to be 1km)

The ISD represents the average accident severity and is obtained by weighting accidents differently according to their severity [5].
With severity levels being property damage only (PDO), Light (slight) injury, Serious injury and Fatal accident, the more serious the
accidents, the higher their weight. ISD was evaluated using (2) with weightage points obtained by modifying those used in Malaysia,
valid for developing countries [6]. Due to the lack of distinction between severe and light injury accidents in the accident reports, a
point weight of 3 (which is the average point weight of serious and slight injuries) was assumed for accidents with injuries. The acci-
dent-prone locations were then obtained by comparing the ISD values of each potentially problematic site with a threshold value
calculated using (3) as proposed by [7].

6*FA + 3*IA + 1*PDO (2)
ISD = 1

Where: FA: Fatal accident

IA: Injury accident

PDO: Property damage only

L: Length of road section studied (For intersections, L is assumed to be 1km)
6,3,1: weightage points
(3)
Threshold = maxi{X, m)

Where: X: Average ISD value

m: Median ISD value

The identified accident-prone locations were then listed and subjected to mapping using ArcGIS. The mapping was simply done
by highlighting the hazardous segments and intersections on the Yaounde road network map to obtain the accident-prone locations
map.

2.3.2. Road geometric data analysis approach

Once the accident-prone locations were identified and geometric data obtained, the factors investigated in the geometric design
of these road sections were organized and presented in summarized tabular format for making further analysis. A descriptive analysis
of the geometric and environment data was done with the aim of understanding the influence road geometric and environment pa-
rameters can have on accident occurrence in Yaounde.

3. RESULTS AND DISCUSSIONS
3.1. General characteristics of road traffic accidents

From October 2018 to October 2019, 483 accidents were officially registered in the city of Yaounde. Among these accidents, 289
resulted to property damage only, 149 resulted to both light and serious injuries and 45 were fatal accidents which resulted to one or
more deaths. A total of 812 vehicles were involved in these crashes with at least 1073 identified victims. Here are some variations of
road traffic accidents by type of victims, time of the day, vehicle type, collision type and light condition.

3.1.1. Victims of road traffic accidents

Amongst the 1073 victims identified, 76% were drivers, 11% were passengers, 8% were pedestrians and 5% were not specified
(Figure 1). The very high percentage of drivers is mainly due to the fact that they are the most exposed to this hazard and also be-
cause in many accident cases, passengers or pedestrians involved leave the accident scene before the arrival of police, thus are not
registered in the accident report.
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Figure 1. Victims of road traffic accidents

3.1.2. Accident variation by time of the day

Road traffic accidents vary with time depending on road users’ activities, their condition, working schedules and many other fac-
tors. As shown on Figure 2, streets were relatively safe at time intervals 10PM-6AM and 6AM-10AM with just 14% of accidents each,
compared to 39% and 33% for the time intervals 10AM-4PM and 4PM-10PM respectively. However, the intervals 4PM-10PM and
10PM-6AM have the highest number of fatal accidents with 15 and 14 accidents respectively as this englobes dawn, night and dusk,
when streets are dark, and visibility reduced.
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Figure 2. Accident variation by time of the day

3.1.3. Accident variation by vehicle type

As shown in Table 1, automobiles represent 55% of the total number of cars involved in road accidents during the study period.
Motorbikes and heavy trucks share the second place with 6.5% each. 4X4 automobiles, utility vehicles, light trucks and articulated
trucks all fall within the range 4 to 6%. Bicycles occupy the last spot with just 0.5%, mainly because very few people use bicycles as
Yaounde road network is not adapted for bicycle movement. 5.3% of the vehicles were not properly identified.
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Table 1. Accident variation by vehicle type

VEHICLE TYPE TOTAL PERCENTAGE
BICYCLE 4 0.5%
MOTORBIKE 53 6.5%
TRICYCLE 17 2.1%
AUTOMOBILE 447 55.0%
AUTO 4X4 34 4.2%
UTILITY VEHICLE 44 5.4%
LIGHT TRUCK 47 5.8%
HEAVY TRUCK 53 6.5%
MINIBUS 18 2.2%
BUS 10 1.2%
ARTICULATED TRUCK 33 4.1%
OTHER 9 1.1%
UNKNOWN 43 5.3%
SUM 812 100.0%

3.1.4. Accident variation by collision type

816

A variation was noticed on the percentage of road crashes and severity according to the type of collision. As presented on Figure
3, the highest percentage of road accidents was recorded for rear end collisions (28%), with side swipe crashes coming second (25%)
and head on collisions third (14%). On the other hand, vehicle to pedestrian collision was far ahead in terms of fatal accidents with
19 crashes (more than 42% of the total fatal accidents), indicating that pedestrians’ lives are the most at risk in case of an accident.
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Figure 3. Accident variation by collision type
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3.1.5. Accident variation by light condition

Figure 4 summarizes crash occurrence by different light conditions during the study period. This shows that 64.8% accidents oc-
curred during daylight and 14.2% of accidents occurred at night with dark roads (no public lighting + public lighting off), which is
about 3 times greater than the 5.6% of accidents which occurred at night with public lighting on.

Not specified . 4.0%

Night with public lighting off | 4.0%

Night with public lighting on [l 5.6%
Night without public lighting - 10.2%
Twilight or dawn - 11.5%

ul oy I o o

0% 10% 20% 30% 40% 50% 60% 70%

Figure 4. Accident variation by light condition

3.2. Identification of accident-prone locations

With respect to the homogenous segment approach and the basic criteria of at least 2 accidents per site set, 34 road segment
and 15 intersections were preselected as accident locations in the city of Yaounde and their frequencies calculated. From these pre-
selected accident locations, 20 road segments were found to have frequencies greater than the threshold frequency of 8 for road
segments, and 7 intersections were found to have frequencies greater than the threshold value of 4 for intersections. The ISD’s of
these potential accident-prone locations were then gotten using (2) and the corresponding ISD threshold values for both road seg-
ments and intersections gotten with (3) were 20 and 2 respectively. After comparing the different ISD’s with the calculated threshold
values, the lists of the identified accident-prone locations are presented in Table 2 and Table 3. The accident-prone location map
(Figure 5) was then obtained using ArcGlIS.

Table 2. Identified accident-prone segments

No Code Road Segment Length (m) Frequency ISD
1 T1 Descente bellemere — Anguissa 92 22 22
2 T2 Montée Zoe 86 23 23
3 T3 Carrefour Bastos — Laboratoire Meka 392 15 20
4 T5 Rue Tamtam 275 15 29
5 T6 Marché huitieme 120 25 25
6 T9 Carrefour Ekounou — Carrefour Ekié 452 9 20
7 T10 Carrefour Mvog Mbi — Coron 419 19 33
8 T12 Cimetiére — Total Ngousso 766 14 23
9 T15 Descente Etoa Meki 306 13 33
10 T19 Entrée Emia — Fin Gendarmerie Nat. 788 13 23
11 T27 Carrefour Nkomo — Awae Escalier 1169 8 24

Table 3. Identified accident-prone intersections

No | Code Intersection Frequency ISD
1 C2 RondPoint Express 4 2.25
2 C9 Carrefour Texaco Omnisport 5 2
3 C11 | Deuxiéme échangeur Ahala 5 3.4
4 C12 | Carrefour de I'Amitié 4 3.25
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Figure 5. Map of accident-prone location

3.3. Investigation of accident-prone locations

This consisted in collecting road geometric and environment data from accident-prone locations using prepared forms, then
doing a descriptive analysis of the collected roadway data in order to know the effects of existing road geometric design elements on

the occurrence of road traffic accidents.

3.3.1. Collected road geometric design data

Some of the primary road geometric design elements susceptible of influencing road safety along accident-prone road segments

and intersections, investigated in this study are presented in Table 4 and Table 5 respectively.

Table 4. Geometric data of accident-prone road segments
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Table 5. Geometric data of accident-prone intersections
Identified accident-prone intersections
Road Geometric and Envi- Identified Accident-Prone Segments
ronment Data T1 T2 T3 T5 T6 T9 T10 T12 T15 T19 T27
1 | Surface width 7.2 7.2 7.5 14 7 7.3 10 7.5 7 7.2 7.5
2 Sidewalk Left 0 0 1.7 1 0 0 2.5 0 0 2 0
width (m) | piont 0 0 15 1 0 0 0 0 0 2 0
3 | Median type None None Painted | Raised | None None Painted None None Painted None
4 | Median width (m) 0 0 0.12 0.45 0 0 0.12 0 0 0.12 0
5 | Median height (m) 0 0 0.1 0 0 0 0 0
6 | No of lanes 2 2 2 4 2 2 2 2 2 2 2
7 | No of horizontal curves 1 2 1 0 0 1 0 3 2 2 4
8 | No of vertical grades 1 1 1 2 1 1 1 1 1 1 1
9 | No of access points 2 3 5 5 2 3 3 10 3 5 4
10 | No of access controls 0 0 2 1 0 1 1 1 0 1 0
11 | Parking availability No No Yes No No No Yes No No Yes No
12 | Crosswalk No No No No No No No No No No No
13 | Street vendors Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes
14 | Waste accumulation Y%'g No . No No Yes No No Yes No Yes No
No Data C2 Cc9 Cl1 C12
1 Intersection type Four-leg Four-leg Three-leg Four-leg
2 Intersection control Gyratory Gyratory Priority Gyratory
3 Central island type Raised Raised None Raised
4 Channelization Partly None None None
5 Crosswalk No No No No
6 Street vendors Yes Yes Yes Yes
7 Waste accumulation No No No No

3.3.2. Effects of existing road geometric design elements on the occurrence of accidents
3.3.2.1.Surface width

From the eleven accident-prone segments investigated, nine were found to have surface widths between 7m and 7.5m with aver-
age lane width of 3.6m. Traditionally, wider lanes are associated with increased safety but from previous studies, the optimal lane
width for urban road safety has been agreed to lie between 3.4m to 3.7m [8]. This is because when the average travel lane width is
wider than 3.7m, the positive safety effect is offset by higher operational speeds and unsafe maneuvers such as over taking despite
oncoming traffic. However, a reduction of the surface width below optimal width as observed along most road segments due to loss
of pavement and/or inappropriate parking has a negative safety effect. This is because the available lane width is insufficient to ac-
commodate large vehicles like 4x4 automobiles, trucks, and buses, hence increase the risk of head-on and side swipe collisions be-
tween opposite moving vehicles.

3.3.2.2.Sidewalk

For pedestrian safety in urban areas, AASHTO guide recommends the design of paved and continuous sidewalks on both sides of
roadways with minimum width of 1.5m. Out of the eleven segments investigated, only two respect this norm. One has sidewalks on
both sides but not of required width, one has the required sidewalk width on one side and seven do not have sidewalks at all. In
most cases where sidewalks are present, they are occupied by street vendors and parked vehicles. As a result, pedestrians are ob-
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liged to move on the road surface and the mixture of road users and motorized traffic leads to a considerably larger set of potential
crash risk opportunities for pedestrians. In general, the absence of appropriate sidewalks in the design of Yaounde streets and lack of
maintenance of existing ones is a major road safety issue.

3.3.2.3. Median type

From the data collected, out of the eleven accident-prone road segments, the only 4 lane road segment has a raised median,
three of the ten 2 lane road segments have painted medians while seven do not have medians. The absence of median has the effect
of increasing the risk for specific types of accidents such as head-on and side swipe collisions which together account for about 39%
of road accidents in Yaounde. Painted medians allow vehicles maneuver at any locations of the road segments thus offer less safety
with respect to raised medians which partially (or fully) control vehicles’” movements from one direction to the other. However, raised
medians are more appropriate for 4 lane roads as they increase traffic speed by reducing the perceived friction of opposite traffic
flow and occupy space that can be used for sidewalks or on-street parking. Hence, the use of raised medians on 4 lane roads is not a
threat to road safety but the absence of medians on 2 lane roads can be regarded as one of the most contributing factors to road
insecurity in Yaounde.

3.3.2.4.Number of lanes

Ten road segments out of the eleven investigated are 2 lane roads. Almost all studies do conclude that the higher the number of
lanes, the higher the crash rate on urban roadways. This can be explained by the higher speeds and frequent change of lanes by driv-
ers, increasing the probability of occurrence of road traffic accident. The number of lanes cannot therefore be regarded as an influen-
tial factor to traffic safety in Yaounde.

3.3.2.5.Road alighment

Accident rates are higher on sections with curves or grades and highest on roads having combinations of curves and grades than
on level tangent roadway sections. From the eleven road segments controlled, eight segments have combinations of horizontal
curves and vertical grades which cause safety problems to inattentive drivers and those practicing high-speed. This tends to increase
the potential of head on and rear end collisions, so poor road alignment is a significant parameter influencing road safety in Yaounde.

3.3.2.6. Access points and access control

Road segments associated with a high number of access points are exposed to unexpected traffics that collide with high-speed
oncoming vehicles, hence the need for access controls to create less opportunity for conflicts and thus reduce the risk of accident
occurrence. 45 access points in total were identified along the eleven road segments studied and only 7 of them are controlled. This
means 84% of the access points are uncontrolled (conflict points), thus susceptible of generating rear end and side swipe crashes
which account to over 50% of the total crash types in Yaounde. Consequently, uncontrolled access points are a major influence of
road traffic accident occurrence in Yaounde.

3.3.2.7. Parking availability

Only three road segments out of eleven have appropriate car parking facilities provided by either public services or private insti-
tutions. The other road segments either do not have parking space at all or part of the road surface and sidewalks are transformed to
parking which is inappropriate. The main consequences are that the total road surface available for circulation is reduced and pede-
strians are forced to move on the roadway close to moving vehicles. The numerous poorly parked cars along these road segments
create several conflict points and therefore have a great impact on road traffic accidents.

3.3.2.8.Crosswalk

Crosswalks should be marked at all intersections and along road segments where there exists conflict between pedestrian and
vehicle movements and other appropriate points of pedestrian concentration. Marked pedestrian crosswalks are completely absent
along all road segments and at all intersections investigated. The absence of crosswalks and the lack of appropriate sidewalks are
important factors influencing vehicle-to-pedestrian type of collisions which contribute to 11% of the total crashes and 42% of the
total fatal accidents in Yaounde. Thus, the absence of crosswalks greatly influences pedestrian safety in the city.

3.3.2.9.Street vendors and waste accumulation

Among the fifteen accident-prone locations (road segments and intersections) investigated, a total of fourteen have street ven-
dors and four have waste accumulation. These street vendors and wastes occupy the road surface and roadsides, thereby reducing
the available road surface width, acting as visual clutter to oncoming vehicles and obliging pedestrians to walk on the roadway. The
presence of street vendors and waste accumulation along these road segments and at intersections create danger zones with high
risk of traffic accidents.

3.3.2.10. Intersection type and control

The number of conflict points at an intersection increases exponentially with the number of legs (6 vehicle-vehicle conflict points
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for three-legged, 24 for four-legged and 60 for five-legged intersections), meaning accidents will be more prone at four-legged inter-
sections than at three-legged intersections. The most effective way of reducing crashes and crash severity at intersections is using
gyrators or mini roundabouts as they help reduce the vehicular approach speeds, the potential for wrong way driving and the num-
ber of conflict points. Given that three out of the four intersections identified as accident-prone are four-legged intersections with
gyratory control, this cannot be regarded as a main safety parameter affecting road safety in Yaounde.

3.3.2.11. Central island

Three of the identified accident-prone intersections have a raised central island while one does not have a central island. Normal-
ly, the number of traffic accidents is greatly reduced at intersections with central island compared to intersections without. Raised
central islands offer more specific guidance to drivers, thus more safety. Hence, road insecurity at these identified accident-prone
intersections is influenced by other geometric parameters other than the presence of a central island.

3.3.2.12. Channelization

None of the four intersections controlled have adequate channelization. Three are unchannelized and one is partly
channelized. Without channelization of movement, a driver traversing the intersection is confronted by a large surface
area without any positive guidance on the route to be followed and the unpredictable selection of travelled path
represents a distinct hazard to other vehicles in the intersection area. The absence of channelization makes road users
vulnerable to road crashes at intersections and is therefore a major road safety issue in the city of Yaounde.

3.4. Solutions to improve road safety

With respect to the general condition of road segments and intersections in Yaounde, safety of pedestrians, vehicles and their
occupants can be guaranteed to an extent with the following series of improvements
e The design of paved sidewalks on both sides of roadways with adequate width, continuous, travel free and well maintained to

guarantee pedestrian safety.

e Median markings should be provided through the entire length of roadways while road dividers can be implemented along the
most dangerous road segments with frequent head-on collisions.

e Avoid sharp curves, steep grades and the combination of both in the design of new roads and reconstruction of old ones.

e Manage and control access points by means of driveway regulations, traffic signals and geometric design features such as raised
curbed medians and appropriate median openings to improve traffic performance and safety.

e Appropriate off-street parking areas should be designed in zones with high. commercial activities.

e On-street parking should be prohibited along road segments with average surface width of 7.2m and where necessary, provided
on curb lanes of at least 3m wide, with signs and road markings indicating where to park.

e Restrict parking services at road segments with several access road facilities.

e Street crossing locations should be reviewed and provided with marked crosswalks plus additional safety treatments like count-
down signals.

e Provide safety refuge islands along road segments with raised medians to shorten crossing distance.

e Speed calming devices should be placed near schools, hospitals, recreational and residential areas and before crosswalks to re-
duce over speeding.

e The implementation of roundabout (gyratory control type of intersection) at intersections with heavy traffic is the best design
option as it is safer, more efficient, less costly and more aesthetically appealing than conventional intersection design.

e Appropriate channelization (splitter islands) should be placed at all intersections such that proper course of travel is immediately
obvious, easy to follow and continuous.

e Ensure adequate lighting at night by installing traffic lights and repairing existing ones especially at crossing locations.

e Provide special lanes for motorbikes and/or bicycles and traffic separators.

e Provide well designed selling points to relocate street vendors who illegally occupy the sidewalks and roadsides

e Avoid the accumulation of waste on the road surface and roadsides by promoting regular and effective cleaning campaigns.

4. CONCLUSION

The main objective of this study was to identify road geometric design elements that contribute to crash occurrence and crash
severity in Yaounde and propose appropriate solutions to improve road safety. The two main types of data collected were road traffic
accident data and road geometric and environment data. Based on road traffic accident records for a single year (from October 2018
to October 2019), 11 road segments and 4 intersections were identified as accident-prone locations. Investigation of the effect of
relevant road geometric and environment elements on road safety at these locations showed that parameters having a great impact
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on road safety in Yaounde are the reduction of surface width, absence of sidewalk, absence of median markings, poor road geome-
tric alignment, lack of access control, lack of appropriate parking space, absence of crosswalk, lack of channelization at intersections,
presence of street vendors and waste accumulation. This led to the proposal of solutions such as the design of paved sidewalks of
adequate width and the provision of marked crosswalks for pedestrian safety, the provision of median markings to separate opposite
streams of traffic, the design of appropriate channelization at intersections, provision of appropriate parking zones, management and
control of access points and many others. Since road traffic accidents generally occur due to a combination of two or more factors, it
is possible to compensate for other factors with appropriate geometric design elements which optimize road safety. Hence, these
findings will be helpful for future revisions of current road design standards and for the establishment of adequate policies to limit
the influence of road geometric elements on traffic accidents and improve road safety.

Some limitations were the lack of information on traffic characteristics (traffic volume and traffic composition), lack of informa-
tion on operational speeds, high level of underreporting, inaccurate accident localisation and lack of information on road geometry
in the accident reports. These limited the choice of criteria for the accident data analysis, made it difficult to determine the exact
accident-prone locations and identify the factors related to road geometry that contribute to accidents.

For future works, it could be interesting to consider other parameters like traffic characteristics, operational speeds, sight dis-
tances, horizontal degree of curvature, vertical grade steepness, set back distances and land uses. Also, a more detailed evaluation of
road safety at intersections is recommended with parameters like angle between approaching roads, perception-reaction distance,
maneuver distance and queue-storage distance.
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