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Abstract: In this study, the engineering properties of asphaltic concrete from selected asphalt plants in
Southwestern Nigeria for road construction were sampled for three months, analysed and compared with regulatory
body specifications. The penetration test, Ductility test, Marshall Stability and flow tests results indicated good
conformity to the regulatory specification by all the plants with JBN exhibiting highest range value while LSPWC
has the least. Also, asphalt samples from all the plants passed the Ring ball and softening point test with Julius
Berger Nigeria having highest value between 53.5-53.7 while SEQUOIA has the least with 50-50.2 when
compared to standard value 47-56. For bitumen content tests with 5-8% Specification, ESPRO failed with 3.9-4.8,
LSPWC show inconsistence result of 3.9-5.6, SEQUOIA had the highest between 6.4-7.0, while CCECC and JBN
conform to specification. The density-void ratio and particle size specification were met by only JBN with major
deviation recorded from LSPWC. The result indicated JBN is the only company that satisfy all the engineering
properties specification while others exhibit inconsistency in aggregates proportion thereby making the asphalt
concrete a possible cause for pavement failure in Southwest Nigeria.

Keywords: Asphalt concrete, bitumen, ring and ball softening point test, extraction test, marshall stability and
flow, density void ratio analysis

1. Introduction

Asphalt can either be obtained in nature or manufactured in the refinery [1]. Asphalt concrete is a composite
material which contains asphaltic cement and mineral aggregates bound together. It can be utilized for road surfacing,
parking lots and airports pavement [2]. “Bitumen is a mixture of hydrocarbons of natural or pyrogenous origin, or
combinations of both, frequently accompanied by their non-metallic derivatives, which may be gaseous, liquid, semi-
solid or solid, and which are completely soluble in carbon disulphide (CS2)” [3].
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Asphalt concrete is majorly used in Nigeria for road surfacing. Some used or recycled minerals can be reused as
aggregates in asphalt-cement concrete mixture [4]. The characteristics of the asphalt constituent materials play a major
role in the determination of the adequacy; structural stability and functionality of the resulting road pavement [5].
Asphalt concrete performance largely depends on the properties of the filler, aggregates and asphalt cement used for the
production of the asphalt concrete [6].

Hot mix asphalt concrete (HMA or HMAC) is produced from the mixture of asphalt cement heated to desired
consistency and dried aggregates (with moisture completely removed) to form asphaltic concrete. The mixing, placing
and compacting of the HMA or HMAC is done at high temperature [7]. Though the asphalt cement is usually
considered as the principal binder in the asphaltic concrete mix, the combination or blending of the asphaltic cement
and filler mineral gives the binding matrix which holds the mineral aggregates together in the asphalt concrete mass [8]
Engineering design is done to stipulate the specifications or minimum requirements that has to be met for each
constituent material of an engineering component, in order to achieve a composite material which will give adequate
properties for desired results [9]. The practice in civil engineering infrastructural development is to ensure that the
current needs and the future needs of the populace are incorporated into the design and construction of facilities [10].
Adequate evaluation of and sufficient information on civil engineering works are essential for the achievement of
quality assurance and sustainable construction [9, 10].

Quality control ensures adherence to standards and requirements of the specification(s) in the production of hot

mix asphalt. It also encompasses all activities in the asphalt production such as mix design, material testing, sampling
and acceptance of the asphalt concrete produced [11]. Quality control of asphalt mixes also provides for the assurance
that materials and methods adopted in the production of the asphalt concrete will not only be adequate but also produce
asphalt concrete which can withstand the envisaged applied load and last long, without failing [11, 12]. Quality control
addresses the production and placement of asphalt for road construction works in order to determine when an operation
has gone out of control and to respond to it and correct the irregularities [13, 14].
Asphalt concrete is a heterogeneous composite material with multi-phase microstructure having aggregates, air-voids
and asphalt binder as its constituent materials [15]. Flat or round aggregate type requires more fine aggregates and
binder content to attain full compaction, however, the resulting asphalt concrete tends to be slippery when the road
pavement becomes wet [15, 16].

Many Nigerian roads are ravaged with infiltration or percolation of water from rain or other sources, improper

slopping of the roadway surface (from crown to the side edges) and unavailability or inadequacy of drainage, among
other factors [17-19]. The road surface can be hampered by weathering action, heat or rain, poor ground conditions,
poor or inadequate drainage, inadequate clearance after construction and poor maintenance[17, 19-21].
Many Nigerian roads fail because they carry loads that are heavier than their designed load [20, 22]. This may either be
due to inadequate integration of the traffic volume data in the original pavement design of the road or as a result of
developments which have caused great increase in the traffic loading on such roads beyond the envisaged traffic
volume[23]. Proper evaluation of the structural design of the road pavement is essentially important in the improvement
of roads; and the road surface should be properly maintained, repaired or reconstructed after adequate evaluation of the
road pavement layers [24-27].

Therefore, it is important to investigate asphalt cement from different sources used for the construction, repair or
reconstruction of roads in southwestern parts of Nigeria in order to determine their suitability for intended purpose(s)
and to also devise a means of improving the engineering properties of the asphalt mixtures for the achievement of
adequate asphalt cement concrete mixture for road construction.

2. Materials and Methods
2.1 Sample Collection

Asphaltic concrete samples were collected from five (5) different asphalt plants in the southwestern part of
Nigeria. The asphalt plants were China Civil Engineering Construction Corporation (CCECC), Mowe, Ogun State
(latitude 6.8110°N, longitude 3.4370°E); ESPRO Asphalt Plant, Wasimi, Osun State (latitude 7.4166°N, longitude
4.2166°E); Julius Berger Nigeria (JBN) limited, Shagamu, Ogun State (latitude 6.8832°N, longitude 3.5783°E); Lagos
State Public Works Corporation, (LSPWC), Ojodu-Berger, Lagos State (latitude 6.6396°N, longitude 3.3684°E) and
Sequoia Asphalt Plant, Ibafo, Ogun State (latitude 6.7500°N, longitude 3.4166°E). Laboratory experiments conducted
to determine the engineering properties of the asphaltic concrete samples were conducted in the Asphalt laboratory of
the Civil and Environmental Engineering, University of Lagos, Lagos State, Nigeria (latitude 6.5151°N, longitude
3.3886°E).

2.2 Methods

The laboratory tests performed under the Marshall method of mix design include; Bulk density test, Marshall
Stability and flow test, Bitumen Extraction test and Density- void ratio analysis
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Methods for Testing Asphalt Cement include Particle size distribution, Penetration test, Ring and ball Softening point,
Ductility and Air-void in asphalt

2.3 Methods for Testing Asphalt Cement Concrete

Three samples (one per month) of asphalt cement concrete were collected from each of the 5 asphalt plants. The
blended mix samples from all the 5 asphalt plants were compacted according to standard procedures[28] and were all
subjected to bulk density, Marshall stability, flow and bitumen extraction tests. These tests were conducted to
determine the compliance of the blended asphalt cement concrete with the standard specifications. The tests are briefly
described as follows:

Bulk density: This was carried out to determine the bulk specific gravity and bulk density of the asphaltic concrete
specimens according to ASTM D2726 / D2726M-19 [29].

Marshall Stability and Flow: The stability and flow of the blended asphalt samples were obtained by determining
the resistance of the asphalt concrete mixture to the plastic deformation using a compacted cylindrical bitumen
specimen which underwent loading up to the maximum load in line with ASTM D6927-15 [30].

Bitumen extraction: This was done to derive the bitumen content in the asphalt cement concrete and expressed as
a percentage of the total weight of the asphaltic concrete using centrifuge extractor in accordance with ASTM D8159-
19 [31].

2.4 Methods for Testing Asphalt Cement

The extracted asphalt cement samples were further subjected to particle size distribution, penetration, ring and ball
softening and ductility tests. Checks were done for the extracted bitumen to determine their compliance to standard
specification for quality control and their suitability or adequacy for road construction. The tests conducted on samples
of the extracted asphalt cement (bitumen) are discussed as follows:

Penetration: This is an empirical means of determining the consistency or viscosity of asphalt cement using a
specified test condition for the purpose of grading the bitumen. It is the depth penetrated by a standard needle into the
bitumen sample under specific conditions of load, time and temperature. The penetration test on the asphalt cement
samples was conducted in line with ASTM D5/D5M-19 [32].

Ring and ball softening: The temperature when the asphalt cement samples attained a level of softening by which
a standard ball passed through the asphalt cement samples falling through 250 mm high mould with the application of
heat under glycerin or water at specific test condition was conducted in line with ASTM D36/ D36M-14 [33].

Particle Size Distribution: The grading of aggregates extracted from asphaltic concrete was determined in line
with ASTM D5444-15 [34]. The outcome of the gradation showed the agreement of the size distribution of the
aggregates with the specified standard requirements and also provided required data for quality control of the
aggregates for the production of asphalt cement concrete.

Ductility: This is the measure of the adhesive property of asphalt cement (bitumen) and its capacity to show its
elasticity. It is measured in centimeters (cm). Each bitumen sample stretched before breaking as a result of pulling from
two ends of a standard briquette specimen of bitumen at a given speed and known temperature. The ductility of the
bitumen samples was determined in line with ASTM D113-17 [35].

Air-Void in Asphalt: This is the proportion of void spaces inside the aggregate-binder matrix that are not filled
with binder-sufficient voids should be provided to allow for a small amount of additional compaction under traffic and
a small amount of asphalt expansion without flushing, bleeding, or loss of stability due to temperature increases. The
air-void test was carried out in line with ASTM D3203 / D3203M-17 [36].

3. Results and Discussion

The results obtained from the asphalt cement concrete samples collected from the 5 different plants in the south-
western parts of Nigeria at 3 consecutive months is presented in Table 1.

Table 1 - Analysis of asphaltic concrete from different plants

FMWH
Standard LSPWC SEQUOIA CCECC JBN ESPRO

5(‘3%5;6”5'““ 523 1.98-2.17 227-2.31 234235  2.36-2.39 2.33-2.35

Marshall

Saoly (k> 35 6.19-7.56 8.01-10.29 7851098  12.94-1653  85-10.71

Marshall Flow 4 ¢ 3.5-4.0 3.6-3.8 3.5-4 3338 3.6-38

(mm)
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Average

Bitumen 5-8 3.956 6.4-7.0 6.2-6.3 5.1-6.3 3.9-48
Content (%)

(Vo;g)'d Ratio 5 g 17.6-20.9 7.4-8.7 5.9-6.7 455.0 5.4-6.2
f;’;ﬁ)”a“on 60-70 60.7-61.4 63.4-63.7 65.3-66.2 65.8-67 61.4-62.3
Softening 47-56 50.3-50.7 50.0-50.2 50.3-50.5 53.5-53.7 51.3-51.7
point (°C)

SZI"J:'W > 100 1465-152.3  152.3-153 155.4-156 162.3-163 151.6-152.2

The bulk density results indicate that the asphalt samples collected from CCECC, ESPRO and JBN met the
minimum specification and fell within the specified limits. The samples from the 3 samples above had their bulk
density results complied with the FMWH [37] specifications of not less than 2.3 kg/m®. However, all the samples
collected from LSPWC did not comply with the recommended specification for the bulk density. The asphalt samples
collected from the SEQUOIA asphalt plant also had bulk densities of 2.27 - 2.31 kg/m? indicating inconsistency in
conformity to the FMWH [37] recommendation.

The Marshall Stability and Flow of Asphalt Concrete Cement results indicate that all the asphalt samples obtained
satisfactorily comply with the FMWH [37] recommendation.

The Bitumen Extraction of Asphalt Concrete Cement results indicate that the asphalt samples collected from
CCECC, SEQUOIA and JBN met the minimum specification and fell within the specified limits of not less than 5%
while samples collected from LSPWC and ESPRO did not comply with the recommended specification.

The Density-void ratio results indicate that only JBN samples comply with the specification of density void ratio
by FMWH [37]. However, the samples obtained from LSPWC were greater compared to CCECC, ESPRO and
SEQUOIA despite the fact they failed to comply with the requirement.

The penetration test which indicates the consistency of bitumen results indicate that all of the asphalt plants
conform to the FMWH specification. A value of 60/70 grade bitumen shows that its penetration value lies between 60
& 100 used in warm climate to avoid softening because the value of temperature affects the use of the bitumen.
Bitumen is viscous elastic material without sharply defined melting points. They gradually become softer and less
viscous as the temperature rises. Therefore, this is a major reason why softening point of bitumen is determined during
road construction. The Ring ball and Softening results shows that asphalt samples collected from five (5) asphalt plants
comply with the FMWH specification. The higher the softening point value, the tendency of the bitumen to flow at
elevated temperature encountered in service.

The Ductility Test indicates a measure of elongation or ability of the bitumen to get stretched before failure. The
ductility value obtained on bitumen comply with the FMWH specification in all the samples.

Table 2 - Ductility test on bitumen for 5 asphalt plants
Ductility FMWH

SIN Sample location Description ~ Value Specification Remark
1st 155.4 > 100 Okay
1 CCECC 2nd 155.7 > 100 Okay
3rd 156.0 > 100 Okay
1st 151.6 > 100 Okay
2 ESPRO 2nd 151.9 > 100 Okay
3rd 152.2 > 100 Okay
1st 162.3 > 100 Okay
3 JBN 2nd 162.7 > 100 Okay
3rd 163.0 > 100 Okay
1st 146.5 > 100 Okay
4 LSPWC 2nd 146.9 > 100 Okay
3rd 147.2 > 100 Okay
1st 152.3 > 100 Okay
5 SEQUOIA 2nd 152.6 > 100 Okay
3rd 153.0 > 100 Okay

The particle size distribution for the asphalt cement concrete samples collected from the five (5) different plants in
the south-western parts of Nigeria at 3 consecutive months are depicted in Figure 1-5. The results indicated conformity
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of asphalt samples collected from JBN to specified standard while others are inconsistent in meeting the FMWH [37]
Volume 11 specification sample size for wearing course; 1200g.

% Passing

% Passing

100
20
80
70
60
50
40
30
20
10

0

100
90
80
70
60
50
40
30
20
10

|
a 4 TN
M N
NG T
TN
‘.\..\_ \x\\
e [}
= [Q
100 10 1 0.1 0.01
Particle size
B Month 1 ¢ Month 2 ® Month3 —*—FMWHMin ——FMWH Max
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Fig. 2 - The particle size distribution for the asphalt cement concrete from SEQUOIA
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Fig. 5 - The particle size distribution for the asphalt cement concrete from ESPRO

4. Conclusions

Based on the micro-structural and mechanical properties of asphaltic concrete and asphalt cement, the following
conclusions were drawn from this project which includes;

In balancing mixing makes the samples fall short of required stability to perform effectively under loading, majorly due
to poor mixing ratio of the constituents.

Only JBN samples obtained for the three months (i.e. June, September and October) and blended mix satisfies the
standard requirements of FMW’s specifications for the quality control such as bitumen grade, air void, bulk density and
Marshall Stability &flow but other selected batching plants were not satisfactory enough.

The observed engineering properties of the asphaltic concrete are not consistent in the selected asphalt plants.

The above observations are the evidences that these properties are even more important and it is one of the factors
responsible for untimely deterioration of road way in South west of Nigeria. So, over dependence on the materials’
certificates from manufacturers should be eradicated.

Finally, it was observed that human errors also contribute to the poor quality of the asphalt concrete mixes being
produced.

Asphalt concrete production plants should carry out trial designs before producing from fresh stockpiles of
materials.

Proper evaluation of the characteristics of aggregates to be utilized for production of dense graded asphalt concrete
should be conducted. The process of crushing appropriate rock materials into different aggregates sizes should be
strictly monitored.

Materials to be employed for production of asphalt concrete should be tested in the laboratory before usage. Of
special concern is bitumen because a large percentage of bitumen imported into the country is not 60/70 pen grade as
recommended.

Regular laboratory tests should be conducted after each batch of asphalt concrete produced in asphalt plants in
order to ensure that the mixes produced are in conformity with the standard stipulated in the Federal Ministry of Works
Roads and Bridges Specifications. Thus, deficiencies detected could be corrected in the next batch.

Batching plants used in the production of asphalt concrete should be in proper working condition to ensure that the
correct amount of constituents’ materials is batched and conveyed in the mixing drum at the right temperature and the
mix is also turned out at the appropriate time and temperature to prevent the production of overheated asphalt.
Government should make it compulsory for every asphalt plant to build and operate laboratories that are well equipped
to test materials purchased for asphalt concrete production.
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