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ABSTRACT

The number of accidents in Nigeria increases relatively from year to year, despite the fact that there are
many programs organized by the authority to reduce them. Several factors contribute to the occurrence of
accidents. Some of which are human behavior, vehicles condition, weather conditions, road surfaces, and
road alignments (vertical and horizontal curves). This research presents empirical research to estimate the
85t percentile operating speed limits. The speed data were obtained using a stopwatch on the selected
location along the Agaie-Katcha-Baro Road Agaie, Niger State. Spot speed study was adopted as the
method for the research. The method has successfully predicted the 85™ percentile speed limit for the Agaie-
Katcha-Baro Road Agaie, Niger State. It has established maximum and minimum speed limits for the road
and has also shown how inexpensive and quick the stopwatch method is in conducting spot speed studies
in Nigerian roads. The findings are hoped to provide a lasting solution towards the national design standard
for the highway designer and planner to improving the consistency of geometric design elements of the

two-lane highways.
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INTRODUCTION:

Road speed limits are used to set the legal maximum or
minimum speed at which road vehicles may travel on a given
stretch of road. It is mostly established to improve road traffic
safety and reduce the number of casualties from traffic
collisions. Procedures used to set speed limits have evolved
through years of experience and research. Most states and
localities set speed limits for streets and highways based on the
results of an engineering and traffic investigation (Taylor et al.,
2007; McFadden et al., 2001; Najjar et al., 2000; Agent et al.,
1998; Issa et al., 1998). Speed percentiles are the tools used to
determine effective and adequate speed limits. In the United
States, speed zoning is generally based on the principle of
setting speed limits as near as practicable to the speed at or
below which 85 percent of drivers are traveling. The 85th
percentile of speed (V85) is normally assumed to be the highest
safe speed for a roadway section (Agent et al., 1998;
Homburger et al., 1996). In this case, setting the speed limits at
V85 appears to be the safest method because it reduces speed
differentials (Najjar et al., 2000; Agent et al., 1998). When the
posted speed (PS) limit is below V85, few drivers will obey the
PS limits. Such speed differentials may result in increased
accidents (Najjar et al., 2000). Speed measurements are most
often taken at a point (or a short segment) of the roadway under
conditions of free flow. The intent is to determine the speeds
that drivers select, unaffected by the existence of congestion.
This information is used to determine general speed trends, to
help determine reasonable speed limits. Such studies are
referred to as “spot speed studies” because the focus is on the
selected “spot,” or location, on a facility. Spot speed studies are
conducted to estimate the distribution of speeds of vehicles in a
stream of traffic at a particular location on a highway.

The ability to predict accurate vehicular operating speeds is
useful for evaluating the planning, design, traffic operations,
and safety of roadways (McFadden et al., 2001). The AASHTO
design guide (2001) directly relates the design speed with the
horizontal and vertical curvature, the maximum superelevation
rate, and the sight distance. Other design components, like the
lane and shoulder widths, are not directly related to the design
speed. They are considered factors of operating speeds. The
AASHTO guide suggests that the operating speed depends
upon the capabilities of the drivers and the vehicles, the
physical highway characteristics, the amount of roadside
interference, the weather, the presence of other vehicles, and the
speed limitations established by law or traffic control devices.
The AASHTO guide recommends that the selection of the
design speed should take into consideration the topography, the
anticipated operating speed, the adjacent land use, and the
highway functional classification. Fitzpatrick et al. (1997)
found out that the most considered factors used by
transportation agencies in the United States when selecting
design speeds are: urban vs rural environment, functional class,
traffic volume, construction costs, corridor consistency, and the
agency’s design criteria. The study also found that more than
75 percent of the agencies agreed that the expected operating
speed on the highway should also be considered when selecting
a design speed. This study is framed to establish a spot speed
limit for Agaie-Katcha-Baro Road Agaie, Niger State.

MATERIALS AND METHODS

Description of the study area

Agaie town is the capital of Agaie local government located in
Niger State. The Agaie-Katcha-Baro Road Agaie is a two-way
highway. The road leads to Baro, a town in Agaie, Niger State
which may soon become northern Nigeria's next big
commercial center because of the inland water port which was
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recently inaugurated by the Federal Republic of Nigeria. Baro's
port served as a trade link between the North and other parts of
the country ferrying goods across the river down to Asaba in
the 1960s. The road which is undergoing rehabilitation is some
parts and construction in the other parts has started generating
much traffic. The route number is A124 with an approximate
length of 51.8km. It has a latitude of 9°01°53.37” N and a
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longitude of 6°24°43.44” E. Since the road is situated close to
school and it is very busy, this makes the road to be prone to
accidents. The road under investigation is a trunk A road that
links northern Nigeria to the western part. The number of
vehicles plying the road increases at a tremendous rate so does
the accident potential, thus, necessitate this study.
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Figure 1.0: Geographical Map of the Study Area (Google Map 2019)

DATA COLLECTION

The stopwatch method was employed in this study which can be used to complete a spot speed study using a small sample size
taken over a relatively short period of time. The stopwatch method is a quick and inexpensive method for collecting speed data.
Minimum two observers are to collect the data, of which one stands at the starting point to start and stop the stopwatch and the
other one stands at the endpoint to give an indication to stop the watch when a vehicle passes the end line.

RESULTS AND DISCUSSION
Table 1.0: Descriptive Statistics Of Vehicles Spot Speed

LOCATION A LOCATION B LOCATION C
Mean (km/h) 67.67 60.33 60.83
Standard Error(km/h) 243 1.97 2.27
Median(km/h) 67.50 57.50 62.50
Mode(km/h) 62.50 52.50 57.50
Standard Deviation(km/h) 13.29 10.80 12.44
Sample Variance 176.70 116.70 154.71
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Kurtosis -0.42 1.93 0.89
Skewness 0.48 1.49 0.92
Range 50.00 45.00 50.00
Min. Speed(km/h) 47.50 47.50 47.50
Max. Speed(km/h) 97.50 92.50 97.50

Table 1 revealed that LOCATION A has the highest average spot speed of 67.67 km/h, followed by LOCATION C, while
LOCATION B has 60.33 km/h. The high average vehicular traffic spot speed on LOCATION A is attributed to its relatively low
traffic volume and possibly better pavement conditions and geometrical features as observed during the fieldwork. According to
research conducted by (Maksid and Hamsa, 2014), they found that the speed of vehicles is highly influenced by the geometrical
design features of the highway. Their results indicated that vehicles tend to travel faster on relatively straight road stretches than
on curve portions. Hence, concluded that for the effective arrest of the vehicles' speeds along arterial roads, a curve alignment
should be introduced. It was also identified in another study by Collins (2008) that, on average, drivers would drive fast on a straight
open road, followed by a straight road in bad weather, a bendy open road, a bendy road in bad weather, a straight road in the dark
and, finally, a closed bendy road. Also, the route along LOCATION A has a relatively high standard deviation of 13.29 km/h which
indicates a significant spread of data points over the range of data obtained. The spread of data points on the other highways is
within a relatively closer range (about 10.0 — 12.0 km/h) with an average spot speed measuring between 60 — 64 km/h. Figures
2(a), 2(b), and 2(c) showed a histogram plot of vehicular traffic spot speeds for the three locations.
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Figure (2c): Location C
The modal spot speeds are deduced from histogram plots as the longest bar for each highway location. Figure 2 revealed that the
three locations have modal spot speed within the range of 52 — 67 km/h. Location A road has a relatively high modal spot speed
within the range of 62.5 - 67.5 km/h. Corresponding statistical measures of dispersion of vehicular traffic spot speeds on highways
in the locations were further examined using superimposed spot speed distribution plots as shown in Figures 3: a,b, and c.
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Figure (3a): Location A
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Figure (3b): location B
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Figure (3c): Location C

From figures 3a,b, and c, it can be seen that the speed
distribution from all the locations is not normally distributed,
which indicated the presence of shockwaves in the traffic
stream. This might be due to the presence of slow and at the
same time fast-moving vehicles in the traffic stream that result
in the shockwaves.

The Federal Road Safety Commission of Nigeria FRSC (2008)
pegged 50km/h as the speed limits for cities in Nigeria. But
previous studies like (Adeke, 2011) shows that most operating
speed of vehicles in Makurdi, Benue State were above 50km/hr,
which conformed with the results obtained in this study at all
the locations in Niger state. This indicates that most drivers
plying roads in cities were operating above the stipulated speed
limits, which indicates a lack of safety culture by the drivers as
was stated by (Farouq et al., 2017). To this end, it should be
highlighted that proper speed monitoring efforts be emphasized
to improve safety on our roads. According to research
conducted by (Hany et al., 2017), driver’s behavior towards
speed limit compliance was found to be highly influenced and

affected by the presence of speed management devices (speed
camera, speed radar, speed limit signs, enforcement police, etc).
There was a drastic reduction in the speed of vehicles as
compared to before the full implementation of the speed
management devices. It shows the importance of speed
monitoring efforts to improve safety on the road (Arintono,
2019).

The current speed limit of 50km/h pegged by the Federal Road
Safety Commission of Nigeria (FRSC) is considered low
compared to the 85™ percentile speed obtained for both
locations in this study. Thus, the 85" percentile speed could be
used as a guideline in revisiting and determining a new speed
limit on these routes because it is assumed to be the highest safe
speed for roadway sections under ideal conditions which are
used to impose speed limits.

Although this study was carried out successfully, the data
collected can not be said entirely correct due to human error and
the actions of some drivers. Instead of driving at their normal
speed, some drivers slow down upon sighting people employed
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to take readings. Hence, making it practically impossible to
accurately get the exact vehicle spot speeds at those locations.
Using some expensive instruments like radar guns could
increase the accuracy of the 85™ percentile speed estimates as
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the instrument could be used simply without drivers noticing
personnel working at those stretches, thereby eliminating the
driver's effect of slowing down at those locations.

Table 2: Speed Data Result Summary from the above histograms of the observed spot speed and spot speed distribution

curves of vehicular traffic on Agaie-Katcha-Baro Road, Agaie.

Speed Limits Mean Speed Standard Deviation Pace (km/h)
(km/h) (km/h) (km/h)
Spot A 77.50 67.67 13.29 62.50-68.00
Spot B 68.00 60.33 10.80 52.50-58.00
Spot C 72.00 60.83 12.44 50.00-61.00
CONCLUSIONS AND RECOMMENDATION
CONCLUSIONS
From the foregoing study, it could be seen that the analysis of  REFERENCES:

the spot speed data collected shows no significant differences
in the mean speeds of vehicles traveling at various locations
where the studies were conducted. It was also observed that the
prevailing operating speed of vehicles at all study sites exceeds
the design speed limit of 50km/h. The high percentages of
driver non-compliance with speed limits require that speed limit
enforcement be actively increased.

The 85 percentile speeds at spot A, B, and C were 77.50km/hr,
68.80km/hr, and 72.00km/hr respectively, indicating poor
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RECOMMENDATION

It is recommended that the 85" percentile speed acquired from
this study be employed to set the legal speed limit on Agaie-
Katcha-Baro Road, in Agaie, Niger State, so that crash rates can
be properly managed and minimized.

And further research should focus on assessing speed as a
contributor to vehicle crashes on this road
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