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Abstract

The study is to assess the present serviceability rating of Nigerian highways and
the load damage effects of overloaded trucks. The researchers used the Amer-
ican Association of State Highway and Transportation Officials (AASHTO)
methods. In this study, the highway section of Lokoja-Abuja, Ilorin-Jebba and
Abakiliki-Ogoja via Mbok roads were selected, and data were collected through
an axle-load survey, automatic traffic count and from secondary sources. The
rate of gross vehicle weight violation was found, ranging from 20% to 94% of
the axle load distribution across the studied network. Comparing the over-
loaded vehicle damage factor (V.D.F.) and standard V.D.F., the range was
from 1.2 to 41.34 times across the road networks studied, and this explained
why the pavement structures of Nigerian roads tend to deteriorate during its
service life rapidly. Present serviceability rating was estimated at 3.45, 4.41 and
3.35 for Lokoja-Abuja, Ilorin-Jebba and Abakiliki-Ogoja roads respectively,
showing depletion from their initial conditions. The damaging effects of the
HGV are more severe at Lokoja-Abuja Road (with g = 0.30), followed by Ilo-
rin-Jebba Road (with g = 0.35) and in Abakiliki-Ogoja Road (with g = 0.43).
The heaviest overload of 94% of the 6-axle vehicles plying at the Lokoja-Abuja
road could explain this intense damaging effect on the road pavement.

Keywords

Pavement, Damage, Overloading, Pavement Serviceability Rating, Nigerian
Highway

1. Introduction

Overloading of trucks is now a common scene on Nigeria roads and it is not
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surprising to see vehicles carrying as much as twice the legally permissible axle
loads on the roads. The road network in Nigeria comprises of federal, states and
local government roads. The development of modern roads along the major ar-
terials is funded by the Federal Government. Several studies have been com-
pleted and some are still in progress for the purpose of understanding the effect
of overloading on the road pavement. It is opined globally that heavy and over-
weight trucks are a major cause of highway deterioration and that their damag-
ing effects make it clear that trucks are the principle cause of traffic related dete-
rioration of the highways. In an age of deteriorating highway infrastructure and
declining budgets for road upgrades and repairs, the sensible thing to do in or-
der to lengthen the lifespan of our roadways would be to shift even more cargo
transport from truck to rail and enforcement of weight and Axle load controls
on the existing road infrastructure.

It is essential for those responsible for the maintenance of highway infra-
structures to monitor and prevent overloading. The excess weight carried by
overloaded trucks accelerates the deterioration of the roadway, leading to rut-
ting, fatigue cracking, and in some instances structural failure [1] [2]. [3] hig-
hlighted that illegally loaded trucks were estimated to cost United States from
$160 to $670 million annually on the highway. Reference [4] did a study to
quantify state highway damage based on the impacts of overweight vehicles.
Every year, millions of dollars of damage associated with economic life, pave-
ment design, and maintenance of highways and structures are attributed to
overloaded vehicles. It was observed that for every dollar invested in enforce-
ment, there would be $4.50 in pavement damage cost avoided. It is possible to
come up with strategies that would increase the proportion of non-compliant
vehicles [5]. Overloading increases road pavement damage and its decreases in
service life has also been confirmed by [6] and an analysis of the cost of road
pavement distress due to overloading freight transportation was also presented.

The road pavement is designed based on the cumulative axle load that the
pavement is expected to carry during its design life. This is because every axle
load impact induces some permanent strain on the pavement which culminates
to cause failure. Overloading exerts more load than the pavement is designed to
carry which leads to rapid and premature failure of road pavement. Axle load
survey carried out in 2008 in Nigeria revealed over 48% of trucks are overloaded
and exceed the legal maximum axle load of 11.5 tons [7]. Hence, the above
presents overview of the present status of the Nigeria road network, policy and
practices which includes design standards and the permissible axle load stan-
dards, control, enforcement of loading regulations and the consequence of a
breach of the loading regulation of the road network. The big question is: was
there any study to determine the incremental damaging effect resulting from an
extra kilogramme of overloading? There is therefore a need for research in the
estimation of the damaging effect on the road network incidental to overloading
using data obtained from some key roads in Nigeria. This will enable us deter-

mine the commensurate penalties and appropriate charges for axle load viola-
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tion on our roads.

2. Review of Empirical Literature

Reference [8] quantified incremental pavement damage caused by overweight
trucks in Saskatchewan, Canada. They confirmed that accelerated damage from
overloading has decreased the serviceability ratings of many of the roads and al-
so increased maintenance and rehabilitation burden. The effect of overload on
the performance of articulated vehicles has been studied by [9]. Three measures
were used to assess and characterize vehicle performance, namely, dynamic sta-
bility, braking and handling gradient. Vehicle performance characteristics were
obtained with the use of a simulation software. References [9] [10] [11] observed
that high grade vehicle gross vehicle weight has a direct effect on speed, whether
the vehicle travel in a vehicle following situation or free-flow level of service. An
overloaded vehicle has more tendency to be involved in an accident and has fatal
consequences than a normally loaded vehicle [12]. Overtaking also takes longer,
and thus incurs additional risks for the other road users [12].

In [13], the study continued to classify vehicles according to broad weight
categories (primary vehicles weighing 10,000 pounds or less and heavy vehicles
weighing more than 10,000 pounds). It identified the total value of diverted
highway user funds (e.g., federal highway user funds used to support mass tran-
sit programs and ad-valorem taxes passed through to counties) but did not allo-
cate them. The study explored methods collectively fall under the umbrella of
the cost-occasioned approach, which shows cost responsibility based on the
costs occasioned by different highway user classes. The cost-occasioned ap-
proach attempts to allocate cost responsibility based on the costs imposed on the
highway network by each class of highway users, as opposed to allocating costs
simply based on relative use. The substantial truck share varies due to several
factors, including the scope and type of expenditures, the definition of the heavy
truck class (some weight threshold or vehicle configuration generally defines the
heavy truck class), the methods used in the study, and the types of expenditures
examined. The measure used to allocate costs to highway user classes, is gener-
ally tied to either travel (e.g., V.M.T.), the space vehicles take up on roads (e.g.,
passenger car equivalents [PCEs]), vehicle loads (e.g., equivalent single axle
loads [ESALSs]) or a combination of these measures. The results were conducted
concerning the equity ratios for the heavy truck class. As noted previously, the
definition of the heavy truck class is differentiated among states but generally in-
cludes all vehicles weighing over a certain weight threshold (e.g., 10,000 pounds)
or is identified based on vehicle characteristics (e.g., all vehicles with more than
two axles). The heavy vehicle class typically includes buses, single-unit trucks,
and combination trucks. The equity ratio is measured as the revenues attributed
to the highway user class divided by its cost responsibility. An equity ratio of less
than 1.0 would indicate that payments from the highway user class have fallen

short of its cost responsibility.
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In contrast, an equity ratio above 1.0 would indicate that tax payments exceed
cost responsibility. The various studies found that payments from the heavy
truck class fell short of cost responsibility. In three states (Delaware, Montana,
and Oregon), substantial truck payments were equal to or greater than their cost
responsibilities. The explanation of the results is tied to the differences in the
state tax. One of the three states (Oregon) in the over 1.0 equity ratio category
had weight-distance taxes at the time of the study, and another (Delaware) col-
lected a high proportion of its substantial truck revenues from out-of-state based
trailers [13]. There is, therefore, an ongoing need in Nigeria to inform transpor-
ters unusually heavy-duty transporters of the severe overloading consequences.
It is time to give them some guidance, where necessary, on how to load multiple
rear-axle trucks in order to make full use of permitted axle loading while still
avoiding the illegal overloading of any of the axles involved. The cooperation of
transporters in complying with vehicle axle load limits is vital if the condition of
our highway pavement is to be kept consistently good. Only when such coopera-
tion is obtained will road authorities be able to maximize the value for money
invested on the roads.

Examining the relationship between the numbers of axles of each truck cate-
gory and the changes in gross vehicle weight, the coefficient was 0.855 which was
significant at 0.01 level, indicating a great effect of the number of axle to over-
loading on the Nigerian road. The analysis showed that the axle load from
weigh-in-motion data is hugely greater than ECOWAS standard weight in Lo-
koja-Abuja road, which may lead to accelerated deterioration, reducing the ser-
vice life of the pavement structures. Overloading is most critical to the life span
of a highway pavement. There is no single enforcement of axle load regulations
in Nigeria today. The worst scenario is that the roads deteriorate as soon as the
road is commissioned. The only agency of Government enforcing overloading
regulations in Nigeria today is the Federal Roads Safety Corp whose interest is
seen only in passenger movement [14]. They cannot enforce excessive Axle load
regulations. Weighbridges are presently not in operation in Nigeria, but the
Federal Ministry of Works is in the process of returning weighbridges along with
the Federal Road network [14]. An analysis indicates that the vehicle damage
factor from axle-load survey is hugely higher than vehicle damage factor of the
conventional national standard. It may lead to accelerated deterioration, reduc-

ing the service life of the pavement structures [15].

3. Methodology

Traffic data was collected within four months beginning from January 2019 us-
ing weigh-in-motion facilities operated by Exosphere Nig. Ltd. The gross vehicle
weight (G.V.W.) of all vehicle categories, was obtained from a weigh-in-motion
system installed on survey points. A thorough analysis of the vehicle data was
obtained to determine the vehicle overloading characteristics at the study loca-

tion. The G.V.W. permissible is categorized based on vehicle class. For this pa-
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per, the focus will be given to the 1-axle, 2-axle, 3-axle, 4-axle trucks, 5-axle and
6-axle. The number of overloaded trucks will be shown at each study location.
This study made conservative assumptions to model the incremental load dam-
age effects of overweight trucks to selected federal highway pavement structures.
Modelling of traffic loadings on the pavement is vital in the pavement deteriora-
tion models. Traffic loadings on the pavement are directly related to weight
transfer to a road surface by vehicle axles. Axle load equivalency factors are used
to define the effects of different truck configurations. In addition to modelling
the effects of axle passes, it is necessary to measure the serviceability of pavement
segments for the estimation of pavement damage. The applications of truck and
pavement characteristics are critical parts in this pavement damage cost study.

The detail of the survey location presented a piece of information about the
type of truck, class and their standard V.D.F. The truck information was col-
lected by interviewing the driver and his crew. There are six (6) types of trucks
that were considered in the analysis of this study. This V.D.F. standard was
compared with the V.D.F. value generated from W.L.M. data survey. The per-
centages of the overloaded truck were estimated by identifying truck axle load
that is greater than the maximum legal limit. A figure was presented to show
that the percentage of the overloaded trucks varies for each type of truck and
survey location.

Vehicle Damage Factor was used as a representation of the trucks that was
encountered on the pavement structure. It was also defined as the equivalent
number of standard axles per truck. The V.D.F. was estimated by using the em-

pirical approach through the 4th power formulas derived by Liddle [16]
DF = k(Qi/0s)" (1)

where:

DF: Damage Factor,

Qr: Actual Load,

Qs: standard single axle load 80 kN, 4: 1 for single, 0.086 for tandem and 0.053
for tridem axle load.

The vehicle damage factor was estimated from survey data. Since the survey
was conducted in different months, V.D.F. value was estimated by analyzing for
each month and location of the survey. Further analysis was done by using the
V.D.F. value of a common truck type to check the tendency of the overloaded
truck. A conventional truck type chosen is this kind of truck that constitutes the
majority in the daily traffic data. A table showed a comparison between over-
loaded V.D.F. and standard V.D.F. A percentage was used to describe the total

number of trucks that have a V.D.F. value more than V.D.F. standards.

3.1. Present Serviceability Rating

In addition to modelling the effects of axle passes, it is necessary to measure the
serviceability of pavement segments for the estimation of pavement damage. The

application of pavement characteristics in pavement deterioration models played
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another critical role in this pavement damage cost study. Based on individual
observations, the AASHTO Road Test developed the present serviceability rating
(P.S.R. or p) as the judgment of an observer as to the current ability of pavement
to serve the traffic it is meant to serve [16]. Table 1 is the basis of interpretation

of the present serviceability rating of the road pavement selected for study in this

paper.
3.2. Determination of the Index of Damage or Deterioration

The deterioration of pavements was analyzed with a damage function that re-
lated to the decline of pavement serviceability to traffic or axle passes. According

to [16], the general form of a damage function is illustrated as follows:
G=(N/z) )
where:
g =an index of damage or deterioration;

N = the number of passes of an axle group of specified weight and configura-

tion (e.g., a single 18-kip axle);

Table 1. Present serviceability rating.

Present Serviceability

Rating (P.S.R.) Rating Description

Only new (or nearly new) superior pavements are likely to be
smooth enough and distress free (sufficiently free of cracks and

4.0-5.0 Excellent patches) to qualify for this category. Most pavements
constructed or resurfaced during the data year would generally
be rated in this category.

Pavements in this category, although not quite as smooth as
those described above, give a first-class ride and exhibit few, if
any, visible signs of surface deterioration. Flexible pavements
3.0-4.0 Good e K K
may be beginning to show evidence of rutting and fine random
cracks. Rigid pavements may be beginning to show evidence of

slight surface deterioration, such as minor cracking and spalls.

The riding qualities of pavements in this category are noticeably

inferior to those of the new pavements and may be barely

2.0-3.0 Fair tolerable for high-speed traffic. Surface defects of flexible
pavements may include rutting, map cracking, and extensive
patching. Rigid pavements may have a few joint fractures,

faulting and cracking, and some pumping.

Pavements have deteriorated to such an extent that they affect
the speed of free-flow traffic. Flexible pavement may have
significant potholes and deep cracks. Distress includes ravelling,

1.0-2.0 Poor  cracking, and rutting and occurs over 50 per cent or more of the
surface. Rigid pavement distress includes joint spalling, faulting,
patching, cracking, and scaling and may include pumping and
faulting.

Pavements are in extremely deteriorated conditions. The facility

is passable only at reduced speed and considerable ride

0-1 Very poor . X X
discomfort. Large potholes and deep cracks exist. Distress occurs

over 75 per cent or more of the surface

Source: [16].
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7= the number of axle passes at which the pavement reaches failure (e.g., the
theoretical life of the pavement);

P = deterioration rate for a given axle.

3.3. Determination of Deterioration Due to Environmental Losses

A pavement will deteriorate over time due to environmental factors in the absence
of truck traffic. Thermal cracking, differential heaving due to swelling subgrade or
frost penetration, the disintegration of surface materials due to freeze-thaw cycles,
and other climatic/ageing effects on materials are primarily a function of the envi-
ronment and will result in a loss of pavement serviceability. This function suggests
that pavement condition declines rapidly when initially exposed to the environ-
mental elements, but then deteriorates at a decreasing rate over time.

From Equation (2), assuming this theoretical relationship holds, the decay

rate due to environmental conditions can be found using the following equation:

6 =-n(P/P)/L ®

where:
J = Decay rate due to environmental losses;
P, = Terminal PSR;
P, = Initial PSR;
L = Maximum feasible life of pavement section.
From the decay rate, the P.S.R. due to the environmental impact can be com-

puted as:
P, =Pxe™ (4)

where:

P = PSR due to the environment impact;

t = Typical pavement performance period.

From the construction or replacement and the pavement failure, the value of g
will range between 0.0 and 1.0. When N equals zero for a newly constructed or
rehabilitated section, g equals zero. However, when N equals the life of a high-
way section (7), g equals 1.0. One way to measure accumulated pavement dam-
age is through a serviceability rating. If the ratio of decline in pavement servi-
ceability relative to the maximum tolerable decline in serviceability is used to

represent the damage index, then Equation (1) can be rewritten as follows:
(B-P)/(B~P)=(N/zY %)

where:
P, = initial pavement serviceability rating;
P_= terminal pavement serviceability rating;

P = current pavement serviceability rating.

4. Results and Discussion

In this study, the vehicle damage factor was estimated from weigh-in-motion
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(W.I.M.) survey (from Equation (1)). Since the W.I.M. survey was conducted on
different days of the week, the vehicle damaging factor (V.D.F.) value calculated
by analyzing for a day. The result shows that the V.D.F. value fluctuates along
the axle configuration for the three roads studied. This can be explained by dif-
ferent categories of goods carried. In Lokoja-Abuja road, the high-grade vehicles
were observed to carry more of cement and other building materials like steel
reinforcement. The Ilorin-Jebba road was seen to carry more of petroleum
products and general goods. However, Abakiliki-Ogoja road was observed to
carry more agricultural products, mainly cocoa and a mix of petroleum products
and cement. V.D.F. result (overloaded V.D.F.) was compared with the standard
V.D.F. for each truck, as stated in Tables 2-4. From the analysis, the V.D.F. re-
sult was higher than standards vehicle damage factor except for single axle ve-
hicles which are rarely overloaded. The range comparison between overloaded
V.D.F. and standard V.D.F. is about 1.2 to 3.3 times. This is the reason why the
pavement structures in Nigerian roads tend to rapidly deteriorates during its
service life. The case is not different for Abakiliki-Ogoja road and Ilorin-Jebba
road. Abakiliki-Ogoja road has the ratio of overloaded V.D.F. and standard
V.D.E. at 41.34 times for two-axle vehicles. In Ilorin-Jebba road the ratio of
overloaded V.D.F. and standard V.D.F. ranges from 1.50 times to 7.17 times,
except for six-axle vehicles that recorded a ratio of 0 meaning there was not
overloading at all in that class of vehicles.

The gross vehicle weight (G.V.W.) permit is categorized based on the vehicle
class, and the summary was shown in Tables 2-4. For this study, the focus was
given to 2-axle, 3-axle, 4-axle trucks, 5-axle and 6-axle categories of vehicles. A
total of 43,514 commercial vehicle data obtained during a week in Lokoja-Abuja
road, 12,927 in Abakaliki towards Mbok (27" January 2019 to 2** February
2019), 296,571 in Ilorin towards Jebba (Westbound) (15™ May 2019 to 21* May
2019) from a weigh-in-motion (W.I.M.) system was analyzed. Tables 5-7 show
the summary of automatic traffic count indicating the category of vehicle counted
within each day of the week for study locations. The HGV’s have 30.49% of the
traffic components at Lokoja-Abuja road, 15.25% at Abakaliki towards Mbok

Table 2. Calculated V.D.F. for various classes of trucks along Lokoja-Abuja route.

Vehicle The ratio of

ECOWAS No. withi
Class of Standard Total A(l)lo‘::rlab;: V.D.E Damaging Overloaded
Vehicle Limit Gross Weight Gross Weigh (overloaded) Factor V.D.F. and
& (Standard) Standard V.D.E
2-axle 160,000 158,490 8 1.926 3.898 0.49
3-axle 156,000 172,300 3 4.464 3.679 1.21
4-axle 2,812,000 3,444,860 10 9.009 5.934 1.52
5-axle 720,000 815,040 4 8.210 6.222 1.32
6-axle 3,519,000 4,728,340 4 19.557 6.003 3.26

Source: Authors’ Computation, 2020.
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Table 3. Calculated V.D.F. for various classes of trucks along Abakiliki-Ogoja road.

Vehicle The ratio of

ECOWAS No. within
Class of Standard Total Allovv\:rable V.D.F. Damaging Overloaded
Vehicle Limit Gross Weight Gross Weigh (overloaded) Factor V.D.F. and
& (Standard) Standard V.D.F.

2-axle 160,000 479,370 28 161.15 3.898 41.34
3-axle 156,000 222,070 6 12.32 3.679 3.35
4-axle 2,812,000 994,690 20 0.06 5.934 0.01
5-axle 720,000 310,150 6 0.17 6.222 0.03
6-axle 3,519,000 254,830 8 0.00 6.003 0.00

Source: Authors’ Computation, 2020.

Table 4. Calculated V.D.F. for various classes of trucks along Ilorin-Jebba road.

Vehicle The ratio of

ECOWAS No. within
Class of Standard Total AlloV:vable V.D.E. Damaging Overloaded
Vehicle Limit Gross Weight Gross Weigh (overloaded)  Factor V.D.F. and
& (Standard) Standard V.D.F.
2-axle 160,000 309,370 3 27.96 3.898 7.17
3-axle 156,000 267,040 1 25.76 3.679 7.00
4-axle 2,812,000 3,433,190 20 8.89 5.934 1.50
5-axle 720,000 1,071,470 8 24.52 6.222 3.94
6-axle 3,519,000 878,140 4 0.02 6.003 0.00

Source: Authors’ Computation, 2020.

Table 5. Summary of automatic traffic count showing axle load distribution for Loko-

ja-Abuja.
2aR 3aR 4aR 3aA 4aA 5aA 6aA
2/4/19 705 148 134 3 303 165 357
3/4/19 634 113 133 0 392 186 419
4/4/19 751 122 173 3 390 186 505
5/4/19 746 124 161 3 382 216 449
6/4/19 723 112 173 3 396 156 365
7/4/19 692 112 161 2 325 193 382
8/4/19 502 93 149 0 330 166 328
Total k 4753 824 1084 14 2518 1268 2805
% overloaded 20% 50% 86% 50% 86% 73% 94%
Number of HGV’s overloaded 951 412 932 7 2165 926 2637

Note: a-axle, R-Rigid Vehicles, A-Articulated Vehicles. Source: Authors’ Computation, 2020.

(Northbound) and 11.32% at Mbok towards Abakaliki (Southbound) on a daily
average. In the several days of the week, the survey was conducted. HGVs have a

reasonable share of the traffic components.
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Table 6. Summary of automatic traffic count showing axle load distribution for Abakili-
ki-Ogoja.

2aR 3aR 4aR 3aA 4aA 5aA 6aA

27/01/19 705 26 73 1 64 20 42

28/01/19 634 25 83 0 70 18 40

29/01/19 751 47 41 0 46 12 30

30/01/19 746 57 36 1 39 14 21

31/01/19 723 74 29 1 27 8 18

01/02/19 692 77 40 1 51 12 23

02/02/19 502 67 26 1 25 7 18

Total k 1755 373 328 5 322 91 192

% overloaded 28% 40% 35% 40% 35% 33% 0%

Number of HGV’s overloaded 491 149 115 2 113 30 0

Note: a-axle, R-Rigid Vehicles, A-Articulated Vehicles. Source: Authors’ Computation, 2020.

Table 7. Summary of automatic traffic count showing axle load distribution for Ilo-
rin-Jebba.

2aR 3aR 4aR 3aA 4aA 5aA 6aA

15/05/19 490 70 118 1 904 290 264

16/05/19 556 73 124 0 953 282 273

17/05/19 527 65 123 2 964 316 306

18/05/19 476 63 116 1 954 295 263

19/05/19 447 49 119 0 1236 359 339

20/05/19 409 41 96 0 864 238 279

21/05/19 527 64 120 0 990 303 322

Total k 3432 425 816 4 6865 2083 2046

% overloaded 80% 88% 75% 88% 75% 64% 73%
Number of HGV’s overloaded 2746 374 612 4 5149 1333 1494

Note: a-axle, R-Rigid Vehicles, A-Articulated Vehicles. Source: Authors’ Computation, 2020.

In Ilorin-Jebba road, 80% of the 2-axle trucks are found to be overloaded fol-
lowed by 3-axle vehicles, 88% and 4-axle vehicles, 75%. Three axles articulated
were 88% overloaded, four axles articulated 75%, and five axles articulated 64%,
while 6-axle articulated were also overloaded at 73%. In all the roads studied,
there was a considerable level of overloading on the highway. This validates the
implication of overloading on the service life of the road pavement in Nigeria.
The pattern is consistent throughout the study. Compared to other countries,
the percentage of overloading is exceptionally high. Another study in Poland, the
percentage of overloaded vehicles varies from 6 to 16.5 percent, which is quite
low when compared to these results [17].

Tables 8-10 indicate the outline of Automatic Traffic Count showing axle
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Table 8. Summary of axle load survey indicating axle load distribution for Lokoja-Abuja.

vT TNV NV< N.V.> % of Overloaded Vehicles
2A 10 8 2 20%
3A 6 3 3 50%
4A 74 10 64 86%
5A 15 4 11 73%
6A 69 4 65 94%
Total 174 29 145

Note: A-axle, VT-Vehicle Type, TNV-Total Number of Vehicles, NV<-Number of Vehicles within limit,
N.V.>-No. of Vehicles above Tolerance limit. Source: Authors’ Computation, 2020.

Table 9. Summary of axle load survey indicating axle load distribution for Abakaliki to-

wards Ogoja/Mbock.
vT TNV NV< N.V.> % of Overloaded Vehicles
2A 39 28 11 28%
3A 10 6 4 40%
4A 31 20 11 35%
5A 9 6 3 33%
6A 8 8 0 0%
Total 97 68 29

Note: A-axle, VT-Vehicle Type, TNV-Total Number of Vehicles, NV<-Number of Vehicles within limit,
N.V.>-No. of Vehicles above Tolerance limit. Source: Authors’ Computation, 2020.

Table 10. Summary of axle load survey indicating axle load distribution for Ilorin-Jebba.

vT TNV NV< N.V.> % of Overloaded Vehicles
2A 15 3 12 80%
3A 8 1 7 88%
4A 80 20 60 75%
5A 22 8 14 64%
6A 15 4 11 73%
Total 140 36 104

Note: A-axle, VT-Vehicle Type, TNV-Total Number of Vehicles, NV<-Number of Vehicles within limit,
N.V.>-No. of Vehicles above Tolerance limit. Source: Authors’ Computation, 2020.

load distribution for Lokoja-Abuja, Abakiliki-Ogoja and Ilorin-Jebba roads. We
can deduce the number of G.V.W. violations (based on maximum permissible
G.V.W. of ECOWAS standard). The rate of G.V.W. violation is found to range
between 20% and 94% of the axle load distribution. Heavy vehicles in Nigeria is
conventionally classified by the number of axles, namely from the 2-axle up to
the 6-axle trucks. In Lokoja-Abuja road, 20% of the 2-axle trucks are found to be
overloaded followed by 3-axle vehicles, 50% and 4-axle vehicles, 86%. Three

axles articulated were 50% overloaded, four axles articulated 86%, five axles ar-
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ticulated 73%, while 6-axle articulated were predominantly overloaded at 94%.
In Abakiliki-Ogoja road, 28% of the 2-axle trucks are found to be overloaded
followed by 3-axle vehicles, 40% and 4-axle vehicles, 35%. Three axles articulated
were 40% overloaded, four axles articulated 35%, and five axles articulated 33%,
while 6-axle articulated were not overloaded at 0%. They are not overloaded at 0%.
It can be seen from Tables 8-10 that of 174 vehicles surveyed at Lokoja-Abuja;
approximately, 83.3% (145 numbers) of the trucks were found to be overloaded.
Six axle trucks was observed to be more overloaded, closely is followed by
four-axle and five-axle vehicles. Also, all the multi-axle trucks passing through
this section are found to be overloaded. At Abakaliki towards Ogoja/Mbock,
more than 29% (29 numbers) of the trucks were found to be overloaded. Three
axle trucks contribute a considerable amount of overloaded truck which is fol-
lowed by four-axle and five-axle vehicles. Also, all the multi-axle trucks passing
through this section were not overloaded at all. Also at Ilorin-Jebba, more than
74% (104 numbers) of the trucks were found to be overloaded. Three axle trucks
contribute a considerable amount of overloaded truck which is followed by
two-axle and four-axle vehicles. Also, all the multi-axle trucks passing through

this section are found to be overloaded at 73%.

4.1. Analysis of the Serviceability of Pavement Segments

In addition to modelling the effects of axle passes, it is necessary to measure the
serviceability of pavement segments for the estimation of pavement damage. The
application of pavement characteristics in pavement deterioration models played
another crucial role in this pavement damage cost study. Based on individual
observations, the researchers developed study instrument to assess the present
serviceability rating (P.S.R. or p) as the judgment of road users and other trans-
port practitioners were sought as to the current ability of pavement to serve the
traffic it is meant to serve. The P.S.R. scores were generated by respondents who
drove along the sections of the road network being studied and rated their ride
quantitatively. This subjective scale ranges from 5 (excellent) to 0 (Very Poor).
As Table 11 depicts, the smoothness of the ride, as well as the extent of rutting
and other, distresses. Modelling a decline in P.S.R. is, to a certain extent, model-
ling the occurrence of individual distresses as well.

Using a weighted average for the one hundred responses from the road users,
the present serviceability ratings for the various road segment under study is
shown in Table 11.

4.1.1. Analysis of Present Serviceability Rating of Lokoja-Abuja Road

The present serviceability rating for this road is estimated at 3.45. The road is
relatively in good condition. By implication, the Lokoja-Abuja road, although
not quite as smooth as when it was initially commissioned in 2014, give a
first-class ride and exhibits some signs of surface deterioration. The road is be-
ginning to show evidence of rutting, alligator cracks, and peeling. Table 12 gives

a concise picture of evidence of deterioration on the road segment.
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Table 11. Present serviceability ratings.

Road Excellent Good Fair Poor Very Poor  P.S.R.
Lokoja-Abuja Road 0 61 24 14 1 3.45
Tlorin-Jebba Road 51 39 10 0 0 4.41
Abakiliki-Ogoja Road 2 44 41 13 0 3.35

Excellent = 5, Good = 4, Fair = 3, Poor = 2 and Very Poor = 1. Source: Authors’ Computation, 2020.

Table 12. Evidence of road failure along Lokoja-Abuja road.

S/IN Type of failure Location Photograph Remark
Alligator cracks, Failure on the centre of
1. . KM18+800 .
Peeling. R.H.S. carriageway
Fail h tre of
2. Pothole KM19+050 ailure on the centre 0

R.H.S. carriageway

Alligator cracks, Failure on the centre of

3. . KM19+800 .
Peeling. R.H.S. carriageway
Repair of Fail
4. Rut KM25+750 cpair of rafiure on
R.H.S. carriageway
Alligat ks, Repair of Fail
5. igator cracks, L\ oo 200 epair o zT ure on
Pothole R.H.S. carriageway
Repair of Failure on
6. Rut KM28+250

R.H.S. carriageway

Source: Authors’ Compilation (2019).

4.1.2. Analysis of Present Serviceability Rating of Ilorin-Jebba Road

The present serviceability rating for this road is estimated at 4.41. This falls
within the category of excellent rating. Along Ilorin-Jebba Road new (or nearly
new) superior pavements are smooth enough and distress free (sufficiently free
of cracks and patches). This road is relatively new, being constructed or resur-
faced in. Table 13 gives a concise picture of evidence of the present state of the

road segment.

4.1.3. Analysis of Present Serviceability Rating of Abakiliki-Ogoja Road

The present serviceability rating for this road is estimated at 3.35. Similar to that
of Lokoja-Abuja road, the road is relatively in good condition. Pavements are
not quite as smooth as those of Ilorin-Jebba, but it gives a first-class ride and ex-
hibits some few signs of massive deterioration at some few locations. The flexible
pavements are beginning to show evidence of pothole, alligator cracks, depres-
sion and upheaval. Table 14 gives a concise picture of evidence of the present

state of the road segment.
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Table 13. Evidence of road failure along Ilorin-Jebba Road.

S/N  Type of failure Location Photograph Remark
T -
,./
Failure on the
1. Raveli KM39+450
aveing right-hand side
Fail th
2. Pothole  KM76+750 _arure on e
right-hand side
Fail th tre of
3. Peeling KM77+600 arture on the centre 0
the carriageway
Fail h
4. Pothole  KM79+500 ratture on the
right-hand side
Fail th
Alligator cracks, X ature 01,1 ¢ X
5. KM76+080 right-hand side with
Pothole
the patched pothole
6. Rut KM?76+300 Repair of Failure

Source: Authors’ Compilation (2019).

Table 14. Evidence of road failure along Abakiliki-Ogoja Road.

S/IN Type of failure

Location Remark

1. Potholes, Alligator cracks

Pothole, block cracks,
depression.

Pothole, Alligator cracks,
depression, upheaval.

4. Alligator cracks, depression.

5. Alligator cracks, pothole

Photograph

Fail h
KM8+600 ailure on bot!
lanes.

Fail h
KM10+900 ailure on bot
lanes.

KM12+500 Failure on both
lanes.

Failure on the left

KM13+700
lane.

Failure on both
KM15+000
lanes.
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Continued

Failure on full road
width.

Potholes, Depression,
. KM15+100
Alligator cracks, upheaval.

Fail the right
7. Potholes, Alligator cracks ~ KM19+400 arure 10 " hetls
ane.

Failure on the right

8. Pothole, Alligator cracks.  KM20+200 lane

Fail both
9. Potholes, Alligator cracks. KM22+600 a ulr conbo
anes.

Failure on both

10. Pothole, Alligator cracks.  KM22+700
lanes.

Failure on full road
width.

Pothole, Alli ks,
11 othole. igator cracks. KM224750

depression.

Source: Authors’ Compilation (2019).

4.2. Incremental Load Damage Effects of Overweight Trucks on
Federal Highway Pavement Structures

Traffic loading, for example, is such a heterogeneous mixture of many factors,
varying from road to road, over time with traffic growth and changes in tech-
nology. We are compelled to satisfy two extreme demands, namely: to define a
practical and relevant summary statistic representing the joint effects of traffic
loading for use in design; and to determine the relative damaging effects arising
from individual axle loadings, axle configurations, tire sizes, types and pressures,
and from the dynamic effects associated with vehicle speed and individual sus-
pension-types, in such a way that the impact on the marginal costs of road dam-
age and the optimum vehicle design and loading regulations can be evaluated for
each factor.

The standard approach now for road pavements is to reduce mixed traffic
loadings to the single unit of equivalent standard axle loadings (ESAL), which is
the number of passages of a standard axle load that cause the same amount of
damage as the mixed traffic. The attraction of a normalized damage function is
that it expresses the fraction of terminal damages. It so relates readily to an in-
terpretation of the “consumed life” or “remaining life” of a pavement. In this
study, indices of measuring the deterioration effects of the high grade vehicles
(HGVs) are shown in Table 15.
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Table 15. Highway deterioration indices.

Road ADT PSR Py é B Bis g
Lokoja-Abuja Road 2852 3.45 3.93 0.027 0.44 0.46 0.30
Tlorin-Jebba Road 2248 4.41 4.38 0.027 0.49 0.46 0.35
Abakiliki-Ogoja Road 662 3.35 3.63 0.027 0.44 0.46 0.43

Source: Authors’ Computation, 2020.

The damage index g defined the fractional change of serviceability index are
0.30, 0.35 and 0.43 for Lokoja-Abuja Road, Ilorin-Jebba Road and Abakili-
ki-Ogoja Road respectively. This ratio explains the loss in serviceability at time t
to the potential loss taken at a point where P.T. = 3.0. The trend of the damage
function, therefore, expresses the performance of the pavement about two stan-
dards, the quality of original construction or initial condition (2) and the “ter-
minal” level of distress at which maintenance or rehabilitation is deemed neces-
sary (P;). The base of the function, therefore, changes as one or other of these
two standards alters. The predictive models of AASHTO all take this form of
dimensionless damage functions. Hence, the damaging effects of the HGV are
more severe at Lokoja-Abuja Road (with g = 0.30), followed by Ilorin-Jebba
Road (with g = 0.35) and Abakiliki-Ogoja Road (with g = 0.43). The more sub-
stantial overload of 94% of the 6-axle vehicles from cement carrying articulated
vehicles plying at the Lokoja-Abuja road could explain this intense damaging ef-
fect on the road pavement.

While time (and thus age) is a universal dimension, the environmental factors
which influence non-traffic-associated damage are not captured. Although the
effects of individual factors such as rainfall, temperature, oxidation, materials
and freezing can be identified conceptually, and to a minimal extent theoretical-
ly. The overall impact is so complicated by the interactions and combined effects
that empirical distinctions are impracticable and regional averaging is inevitable.
In the present study, the non-traffic-associated effects have been quantified in
coefficients (Py), and these are being related to environmental factors through
comparative studies with independent databases from other climates. The ap-
proach of environmental classification appears to be the most practical since it
captures the significant effects and makes empirical validation feasible. In Table
15, the P.S.R. due to the environmental impact (P;) for Lokoja-Abuja Road, Ilo-
rin-Jebba Road and Abakiliki-Ogoja Road are 3.93, 4.38 and 3.63, respectively.
This is closely related to the P.S.R. estimated by traffic users and operators sur-
vey of 3.45, 4.41 and 3.35 for Lokoja-Abuja Road, Ilorin-Jebba Road and Abaki-
liki-Ogoja Road. This shows that the present serviceability ratings of Nigerian

road are more traffic-loading determined than from environmental concerns.

5. Conclusions

The present serviceability rating for Lokoja-Abuja Road is estimated at 3.45. The
road is relatively in good condition. By implication, the Lokoja-Abuja Road, al-
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though not quite as smooth as when it was initially commissioned in 2014, gives
a first-class ride. It exhibits few, if any, visible signs of surface deterioration. The
road is beginning to show evidence of rutting, alligator cracks, and peeling. The
present serviceability rating for Ilorin-Jebba road is estimated at 4.41. This falls
within the category of excellent rating. Along Ilorin-Jebba Road, new (or nearly
new) superior pavements are smooth enough and distress free (sufficiently free
of cracks and patches). This road is relatively new, being constructed in 2019.
The present serviceability rating Abakiliki-Ogoja Road is estimated at 3.35. Sim-
ilar to that of Lokoja-Abuja road, the road is relatively in good condition.

The pavement surface is not quite as smooth as those of Ilorin-Jebba, but it
gives a first-class ride and exhibits few signs of surface deterioration. This flexi-
ble pavement is beginning to show evidence of pothole, alligator cracks, depres-
sion and wheel rutting. Hence, the damaging effects of the HGV are more severe
at Lokoja-Abuja Road (with g = 0.30), followed by Ilorin-Jebba Road (with g =
0.35) and more in Abakiliki-Ogoja Road (with g = 0.43). The more substantial
overload of 94% of the 6-axle vehicles mostly carrying cement plying at the Lo-
koja-Abuja road could explain this intense damaging effect on the road pave-
ment. The P.S.R. due to the environmental impact (2;) for Lokoja-Abuja Road,
Ilorin-Jebba Road and Abakiliki-Ogoja Road are 3.93, 4.38 and 3.63 respectively.
This is closely related to the P.S.R. estimated by traffic users and operators sur-
vey of 3.45, 4.41 and 3.35 for Lokoja-Abuja Road, Ilorin-Jebba Road and Abaki-
liki-Ogoja Road. This shows that the present serviceability ratings of Nigerian
road are more traffic-loading determined than from environmental concerns.

In this paper, we recommend further systematic pavement damage estimation
procedure that will synthesize several existing methodologies including Highway
Economic Requirements System (HERS) and American Association of State
Highway and Transportation Officials (AASHTO) methods. The procedure will
provide a practical approach to estimate pavement damage costs attributed to
truck traffic on specific pavement segments. Using this approach, general pave-
ment damage costs associated with high grade vehicle could also be estimated if
the truck traffic volume and predominant truck types were known. The metho-
dology will enable the government to proactively maintain its critical transporta-
tion infrastructure in a state of good repair without compromising traveler safety
and costs. It helps to develop win-win strategies for both road users and road
managers, and it helps to maximize economic returns on Nigeria’ Road Trans-

portation System.
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