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Abstract

Spot speeds of vehicular traffic along Otukpo, Ghdkafia and lorchia-Ayu highways in Makurdi towrhere
examined. Manual traffic count was carried outgoeatain traffic volume per hour per lane on eactelof the
sampled road segments, and spot speeds of velieleslling in both directions of the highways where
randomly measured using a Brushel speed gun a&treiiff spots for a period of 12 hours (6: 00 am06 ¢m)
daily. Data analysis using statistical techniqumsealed that vehicles travelled at average spe&d &m/h, 53
km/h, 63 km/h and 50 km/h on the Otukpo, Gboko,id,afind lorchia-Ayo highways respectively. Alsoe th
range of travel pace and correspondirgegntages of traffic (in brackets) on highways in Makurdi town were;
46-56 km/h (57%), (47-57km/h (50%), 55-65(32%) @6d56(49%) for the Otukpo, Ghoko, Lafia and lorehia
Ayu roads respectively. Therefore speed limit raggbetween 50-55km/h was proposed for highways in
Makurdi town to guarantee safe travel. The studp akvealed that highways in Makurdi town operatead
design speed below design specifications of 80-fth required by the Nigeria Highway Design Manual
except the Lafia road that has design speed of 80kBpeed calming devices, high traffic volume,rgetrical
layout or highway capacity and possibly pavemenid@mn were identified as factors affecting vebagkpeeds
on highways in Makurdi town. Road rehabilitatiorr fmproved capacity and traffic volume to satisisn
speed, and use of speed limit warning signs toaguee travel safety were recommended.

Keywords: Highways in Makurdi townspot speed, speed limit, design speed, travel pace.

1.0 Introduction

Despite the huge benefits of highway transportaiiois not without some negative externalitieasnsoof which
include congestion, noise and air pollution, delergshes, etc. Traffic engineers and transportngienneed
information about road traffic to be able to dewelsolutions for these problems and propose operatio
framework for efficient and sustainable transpggtems development, hence the need for trafficissuahich
is a systematic way of collecting data and analysi®e used for the various traffic engineeringvétas.
Among the various traffic studies that are conddichy traffic engineers to evaluate current roadfitra
conditions and develop solutions is the spot spztedy, the purpose of which is to estimate theribigtion of
speds of vehicles in a stream of traffic at a particular location on a highway (Garber and Hoel, 2009; Roshandeh
et al., 2009). The presentation of a visualizedcoue of such analysis simplifies or makes the aislsnore
meaningful since key parameters of the data catydrmsdeduced from the visualized plots. Speeshis of the
basic parameters used for describing the charatitsriof traffic flow and it is an important tramspation
parameter because it relates to safety, travel tijumality of travel (in terms of traffic density @enroad segment -
congestion), and the regulation and control offizadperations (Hashin2011; Federal Republic of Nigeria,
2013). Data obtained from spot speed studies agd fog evaluating important speed chargsties such as;
average speed, median speed, modal speed, pexapdids, the standard deviation of speeds, etseTdpeed
characteristics are used in many traffic enginege@amalyses including to: establish parameters faffi¢
operation and cortl (such as speed zones, speed limits, passing restrictions, etc); evaluate the effectiveness of
traffic control devices; monitor the effectiveness of speed enforcement programs, evaluate and or determine the
adequacy of highway geometric elements; evaluate the effect of speed on highway safety; determine speed
trends, to determine the validity of complaints atgpeeding and to carryout simulation programsrp2007;
Garber and Hoel, 2009; Hashim, 2011). Generally, speed studies have gignif impact on the Level of service
(LOS) of highway facility in terms of travel speeaid time (HCM, 2010). To achieve an efficient tgzors
system in a city partly depends on the performasfcBighway facilities where vehicles spot speeda key
indicators (Maler et al., 1993; Homburger et al., 1996; Currin, 2001; ODOT, 2014;). Information derived from
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spot speed studies could also be used for measuring the compliance of drivers with the posted speed limits;
check the conformity of speed data with normalritistion, and for development of simulation progeam
(Hashim, 2011). Other uses of spot speed datadacto determine traffic signal timing, evaluate dway
capacity and the effectiveness of road improvemsmategies (Manual on Uniform Traffic Studies, 2D1Thus,

a boost in administrative, commercial and recr@atiotivities in a city requires the understandifigehicular
speed characteristics for the development of effici sustainable and enhanced performance of wansp
systems for sustainable development of cities (&nee2010).

Considering these numerous applications of spadpata and the fact that they are essential éod#sign and
operation of highways, the need for speed studiesa be over-emphasized. Where speed data areatbly
available at the town or local government couranilprivate transport management organisationss #sei case
for roadways in many Nigerian cities, speed-relatedisions cannot be reasonably made. This pagsepts
the findings of a study that was conducted to eramiehicular traffic spot speeds on major highways
Makurdi town. The objectives of the study were tmeasure and record the spot speed of vehicles ¢or ma
highways in Makurdi town; determine the speed characteristics of vehicles in Makurdi town based on its present
vehicular traffic volume and composition and check the conformity of speed data with normal distribution; and

to propose a reasonable and safe range of spesltiat could be applicable to most road segmientakurdi
town.

2.0 Materials and M ethods

2.1 Description of the Study Area

Makurdi is the capital city of Benue State in Nigedt falls within Nigeria’s North-central geoptitial zone.
The town is located in the Benue trough. It is teater of administration and commerce in BenueeSaad
hosts two major universities and other tertiantiftnsons. Just like any other urban centre in NigeMakurdi
has recorded a huge growth in traffic volume oves years following rapid increase in population and
corresponding car ownership. Traffic streams witkimkurdi town are best described as being homogenao
nature, as they basically consist of private camstorcycle (Okada), tricycles, minibuses, taxicabs trucks
travelling on the same roadways at the same timimibMses which are the dominant modes of public
transportation in the town cruise mainly the majtreets, picking up and dropping off passengersvhage
along the routes. Okada in addition to competinthwhe minibuses on the major streets, serve lomsitie
routes and the outlying neighbourhoods which areseoved by the minibuses. The mixed or homogeneous
traffic streams in Makurdi town are characterizgdstgnificant variations in speeds of various meahsavel.
This study considered four major highways in Makuodvn which included the Otukpo Road, Gboko Road,
lorchia Ayu Road and Lafia Road all of which intsrt at the Wurukum roundabout, a major and cemtrall
located rotary intersection in the town. The OtuRRmad serves neighbourhoods south of the townjsaaldo a
major route for inter-city travel to the southemrts of Nigeria. Gboko Road is the only corridoniecting the
town with cities in the North-eastern part of tlwitry, and is also a major arterial that serveghtmurhoods
east of Makurdi town. Lafia Road is an inter-citykl for vehicles travelling to and from the northgrarts of the
country; it also serves neighbourhoods at the northern part of the town. Iorchia Ayu Road is also an arterial that
serves the western parts of the town. Figure h sesial view of Makurdi town showing its major higays.
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Figure1: Aerial view of Makurdi town showing its M ajor Highways (Google M ap, 2017)

2.2 Data Collection

Spot speeds of randomly selected vehicles were uredat different road segments using a Brusheddgen
(radar meter). The fieldwork exercise lasted betw@®:00 am to 05:00pm daily. Study sites were kedait
mid-blocks of the highways, ensuring that they wiee from the effects of intersections, packedialeh,
influence of curvature and grades, pedestrian mewenand other obstacles to free flow of vehictdatfic. The
instrument was held and positioned such that itgeaaf inclination with the travel path or angle d#flection
was significantly minimal to ensure high degreeao€uracy of measurements. Care was taken to cotiezal
instrument from drivers, and to ensure that thesipersonnel remained inconspicuous throughoutsthey.
Spot speeds were measured for vehicles travellinboth directions. Vehicular traffic volume coumsre
carried out simultaneously at the speed study giteg the manual traffic count method. The traffic
enumerators carried out classified manual traffiant to establish volume and compositions of ttaff the
highways.

3.0 Results and Discussion
Table 1 presents the geometric features and tnadfieme characteristics of highways in Makurdi tothiat were
considered by this study.

Table 1: Characteristics of Major Highway in Makurdi Town

Highways
Description Gboko Lafia | orchia-Ayo
Otukpo Road Road Road Road

Lane width (m) 3.6 3.9 4.6 3.7
No. of Lanes in one direction 1 2 1 2
Avg. Traffic Volume in one direction 1,127 1,939 1,014 1,484
(Veh/h).
Traffic Compositions (%)
Motorcycles 66.91 66.65 62.04 61.22
Cars/Mini Buses 31.45 31.83 35.02 38.23
Trucks 1.01 0.90 1.71 0.25
Trailers 0.63 0.61 1.23 0.21
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Table 1 revealed that Otukpo and Lafia roads acelame single carriageway roads, while Gboko amdhia-
Ayu roads are four-lane divided highways. Resultgaific volume counts reveal that the averagerhotaffic
volume on all the highways was above 1000 veh/lthHaghway recorded high proportion of motorcycles
volume in the traffic stream which is due to thetfdnat motorcycles are also a major source ofiputansport
system in Makurdi town.

31 Analysis of Spot Speeds
The descriptive statistics of data obtained fromt §peed survey of vehicular traffic travelling thre sampled
highways in Makurdi town is as shown in Table 2.

Table 2: Descriptive Statistics of Vehicular Spot Speeds on Highwaysin M akur di

Highways

Statistical Parameters Gboko Lafia lorchia-Ayu

Otukpo Road Road Road Road
Sample Size 407 400 413 400
Min. speed (km/h) 34 38 31 25
Max. speed (km/h) 74 75 98 81
Range (km/h) 40 37 67 60
Mean (km/h) 50.678 52.883 63.648 49.893
Variance (km/h) 48.259 47.001 237.3 64.894
Std. Deviation (km/h) 6.9469 6.8557 15.405 8.0557
Coef. of Variation (km/h) 0.13708 0.12964 0.24203 0.16177
Std. Error (km/h) 0.34734 0.34279 0.77023 0.40278
Skewness (km/h) 0.26118 0.44055 0.31257 0.05882
Excess Kurtosis (km/h) -0.10603 -0.0134 -0.67165 6795

Table 2 reveals that Lafia road has the highestaaeespot speed of 63.64 km/h, followed by Gbokmk@o
and lorchia Ayu roads having 52.88 km/h, 50.68 karid 49.89 km/h respectively. The high averagecudéi
traffic spot speed on Lafia road is attributed teorelatively low traffic volume and possibly betgavement
condition as observed during the fieldwork. Theteolias relatively high standard deviation of 15 tkmwhich
indicates significant spread of data points over rdnge of data obtained. This could also be atgibto the
fact that the Lafia highway serves both townshipté and interstate travelling vehicles. Its refglty high
percentage composition of heavy trucks also hasifgignt impact on travel speed characteristics tio@
highway. The spread of data points on the othemnays is within a relatively closer range (about 8 km/h)
with average spot speed measuring between 50 #1883, ithese highways majorly serve township traviels.
addition, the Gboko road is characterised by taféilming bumps sited at intervals of approximagfl) meters
apart covering total length of 3 km which reducehigles travel speed significantly for safety remsdtukpo
and lorchia-Ayo roads recorded relatively low ampr@ximately equal vehicle spot speeds, these haghw
equally serve as collectors connecting major drdetnce traffic flow on them is significantly imepted more
than the Lafia and Gboko roads. Also, becausedtahia-Ayu road is an intercity highway which sexseveral
distributor roads, it has several junctions andt@ios insignificant number of heavy vehicles. Thizalysis
shows the representative values of spot speedshifles travelling on the highways. Figure 2(alp)22(c) and
2(d) show histogram plots of vehicular traffic sgpeeds for the Otukpo, Gboko Lafia and lorchia-Ayads in
Makurdi town respectively.
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Figure 2: Histograms of Observed Spot speeds on Highwaysin Makurdi.

The modal spot speeds are deduced from histograis @ the longest bar for each highway. Figurevaled
that, the Otukpo, Gboko and lorchia-Ayu roads hanaglal spot speed within the range of 46 — 50 kind#fia
road has a relatively high modal spot speed withenrange of 56 — 60 km/h, this is attributed torélatively
low volume since traffic speed is inversely proforal to density which is a function of traffic wwhe (Findley

et al., 2016). On the other hand, most vehiclegetiad at speeds ranging between 41 — 60 km/h akpdtroad,
46 — 60 km/h on Gboko road and 41 — 55 km/h onhliaréyyu road as shown in Figures 2(a), 2(b) and 2(d
respectively. Unlike Lafia road which had a multitabspot speed distribution pattern, most vehitiageled at
56 — 70 km/h and 86 — 90 km/h, traffic stream omlthfia road was characterized by series of shoe&ilaw
pattern. Corresponding statistical measures ofedsspn of vehicular traffic spot speeds on highwiayslakurdi
town were further examined using superimposed spe¢d distribution plots as shown in Figure 3.
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(d) lorchia-Ayu Road
Figure 3: Spot Speed Distribution Curves of Vehicular Traffic on Highwaysin Makur di

Figure 3 is a superimposed plots of frequency ibigion and cumulative frequency distribution cus\a spot
speeds of vehicles travelling on highways in Makumivn. The shape of frequency distribution curyes
Otukpo, Gboko and lorchia-Ayu roads shown in Figug¢a), 3(b) and 3(d) respectively indicated tlsaipt
speed data on these highways conform to a perfechal distribution as established by other researsch
(Roshandeh et al., 2009), where the median speed is approximately equal to the mean speed value; except spot
speed data for Lafia road which gave a multi-matistribution curve as shown in Figure 3 (c). Thdicated
that the speed data is not normally distributeds Tack of conformity to normal distribution wadrdiuted to
the significant presence of slow-moving trucks oa toad alongside fast moving cars thereby givisg to the
wide variation in the speed distribution causedées of shockwaves in the traffic stream. ThotlnghFederal
Road Safety Commission of Nigeria (2008) stipulatespeed limit of 50 km/h for towns and cities igé¥ia.
The cumulative distribution curve of vehicles sppeeds on highways in Makurdi town indicate thatspeed
limit of 50km/h is below the operating speeds dfiekes traveling on highways in Makurdi town. Coggently,
posting a speed limit that is below thé"§%ercentile spot speed which constitutes the mastid travel speed
by drivers may lead to driver non-compliance andespdifferential on the highway, which may resaltroad
crashes as reported by previous studies (Hashifrl)20Qsing the cumulative distribution curve, thaimum
speed of vehicular traffic on the highways was deduas the 1% percentile, while the median speeds were
estimated as the B(ercentile. The 85percentile gave the operating speed of vehicudfi¢ on the highways
since it represent the most convenient speed fionimost motorist, while the $8percentile represented the
design speed. The normal distribution curves weesluo estimate the pace of vehicular travel orhigbways
and then projections made to ascertain the pemgerthtraffic traveling at the specified pace. Buenmary of
key parameters as deduced from the analysis aigoae in Table 3.

Table 3: Summary of Key Speed Parameterson Highwaysin M akurdi Town

Highways
Parameters Gboko Lafia lorchia Ayu
Otukpo Road Road Road Road
Minimum Speed (km/h) (15%) 43 45 47 42
Median Speed (km/h) (50%) 50 52 61 49
Modal Speed (km/h) 46 - 50 46 - 50 56 - 60 46 - 50
Speed Limit (km/h) (85%) 58 60 80 57
Design speed (km/h) (98%) 65 65 90 65
Travel Pace (km/h) 46 — 56 47 - 57 55 -65 46 — 56
(57%)* (50%)* (32%)* (49%)*

* Percentage of vehicles travelling at the giver@a

Table 3 revealed that the minimum travel speed afficular traffic on highways in Makurdi town ranges
between 42 - 47 km. The maximum also known as piegational travel speed of vehicles rages betw&en &0
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km/h which is greater than the standard speed b0 km/h as specified by traffic safety enforesmagency
in Nigeria. This study also revealed that, the glespeed of 80 - 100 km/h specified by the Nigehahway
design manual does not depict reality or is notiegple to Makurdi town highways, hence calls foreziew.

This study also revealed that approximately 50%edficles in Makurdi town travel at a pace rangiegween
46 — 57 km/h, except the Lafia road where 32% efwbhicles travel within the aforementioned ranfjgavel

pace. This variation is attributed to the fact theteed characteristics of vehicles travelling @fid_road is
described by a multimodal pattern caused by hommgeriraffic stream having different travel speeds o
shockwave flow trend, since it serves both intgrtibvel demand and interstate traffic flow whicbnsists

majorly trucks conveying agricultural produce (swmhtimber, oranges, yams), cement and crude patrol
produce to the northern part of Nigeria.

4.0 Conclusions and Recommendations
4.1 Conclusions
Based on the findings of this study, the followaanclusions were made:

(@) The average speed of vehicular traffic on highwiayslakurdi town ranged between 50 — 53 km/h except
for the Lafia road which recorded an average speed of 64 km/h approximately. This discrepancy was

attributed to its homogenous traffic compositiorthwhigher percentage composition of heavy vehiales
very fast moving vehicles.

(b) The modal speed of vehicular traffic on Makurdithigrys falls within the range of 46 — 50 km/h exdbet
Lafia road which recoded a modal speed ranging éatvb6 — 60 km/h due to its peculiar charactesistic

(c) Though the national speed limit of 50 km/h as défmd by the Federal Road Safety Commission for
Nigeria towns and cities was below the"8%ercentile vehicular speed on highways in Makutiosin. A
general speed limit within the range of 50 - 55 tkn¥ reasonable and guarantees safety of motaorist a
pedestrians travelling on highways in Makurdi town.

4.2 Recommendations
The following recommendations were made;

i. Road rehabilitation by installing roadway facilgisuch as hard shoulders, pavement markings, sthnda
minimum lane width, etc so as to improve highwagazity to accommodate increased traffic volume and

satisfy design speed are essential strategiesfamoived traffic flow and guarantee safety of roadrs.
ii.  The erection of speed limit warning signs in linghwindings of this study along each highway dest=d
spots in Makurdi town shall guarantee vehiculavataafety to a reasonable extent.
The findings of this study should be employed bgalocouncil and state government authorities for
planning and development of transportation faefitin Makurdi town to improve liveability and guatee
safe, efficient and sustainable transportationesysh the town.
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