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Abstract 

This paper assesses the engineering characteristics of coarse aggregates used for construction works in 

Akure Township. Aggregates of different sizes where collected from three different quarry sites in Akure, 

Ondo State, Nigeria. The aggregates were then subjected to various tests in the laboratory in order to 

determine their engineering characteristics. The tests carried out are Specific Gravity, Aggregate Impact 

Value (AIV), Aggregate Crushing Value (ACV), Flakiness Index (FI) and Elongation Index (EI) test. Some of 

these parameters were then used to determine the toughness indices. From the test results, all tested granite 

aggregates are of good quality with the ones from QUARRY C having the overall best result. QUARRY C 

aggregates have average aggregate impact value (AIV) of 15.5%, average crushing value (ACV) of 26.3% 

and an average specific gravity of 2.70. The flakiness and elongation indices are 20.8% and 19.5% 

respectively with overall toughness index being 97.5 indicating that the material is very good for road 

construction works. Aggregates from the other quarries are also suitable with average toughness index of 

97.30. For tested local gravels, they exhibit low strength characteristics of 34.2% AIV, 28.3% ACV, S.G of 

1.66, F.I of 27.2%, E.I of 21.2% and toughness index of 82.0, indicating that the material is of low strength 

and unsuitable for road works. 

 

Keywords: Aggregates, Specific gravity, Aggregate Impact Value, Aggregate Crushing Value, Flakiness 

Index, Elongation Index. 

 

1. Introduction 

Aggregate is the basic material for pavement construction. Aggregate mixes must resist plastic deformation 

and have an appropriately high resilient modulus (stiffness) in situ to resist the action of traffic. This is 

achieved through the selection of a good quality aggregate and control of the grading of the crushed product. 
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Aggregates must also have resistance to degradation and weathering in situ and should be free from plastic 

fines and relatively free draining. 

Aggregates properties are therefore of considerable importance to pavement 

Engineers and their selection and the recognition of their properties are necessary step in optimizing the 

design of the pavement structure. To establish the suitability of an aggregate as a road making material, the 

aggregate should satisfy a relevant specification.  

Coarse aggregates are the ones that have sizes between 4.75 and 7.5mm. Examples are crushed stone, stone 

ballast, gravel etc. The strength of concrete road base is greatly affected by the strength of the aggregate 

used.  

In Nigeria, the properties of selected aggregates for road construction is not often determined, this is often 

because the best available materials are used rather than those materials which are fit for the purpose. Little 

consideration is given to the suitability of an aggregate or cost savings in using an aggregate of appropriate 

quality (Sharif, 2001). If the properties of aggregates available from various quarries close to a project were 

to be studied in detail more often beforehand, a more rational decision could be made on the source and 

choice of aggregate, and this would lead to more cost effective pavement designs. The engineering 

properties of the aggregates used for road construction generally dictate the performance of the road in 

service.  

Hence there is the need for the determination of the aggregates used in Akure Township in order to assess 

the suitability or otherwise of the aggregates used for road construction within the area. Aggregates which 

are raw materials used in construction and for construction products such as lime, mortar, etc is defined in 

the European Standard (BSEN 12620: 2002) as a granular material used in construction. Aggregates come in 

three different forms; there are natural aggregates, manufactured aggregates and recycled aggregates. 

Natural aggregates come in two main types; 

i. Crushed rock: these comprises of sedimentary rocks, igneous rocks and metamorphic rocks and 

ii. Sand and gravel: these are naturally occurring granular deposits that are found either on land or sea-

bed. They are mostly loose, shallow deposits that have been spread over outcrops of solid rocks by 

the action of ice, water or wind. They are usually found in existing or historic river valleys, however, 

they may also occur in older consolidated bedrock. 

They may be found as big boulders or may exists as major rock formations but after undergoing the 

necessary process in a quarry, they become obtainable in different various sizes between 4.75 and 7.5mm. 

Coarse aggregates are gotten from quarries through the following processes; 

i. Rock blasting: in this phase, a three-dimensional face survey is done on the quarry face, allowing the 

explosives engineer to design the blast and to plot where the shot holes should be drilled so that the 

blast can be carried out safely and efficiently. Afterwards, shot holes are drilled, explosives planted 

and detonation cord placed and connected to electric trigger wire and circuit. Then rock blasting is 

done.  

ii. Crushing and Screening: after the blast, the rocks are transported for crushing. The boulders which 

are too big for crushing are set aside for secondary breaking at a later date. Crushing can be done in 

three or four stages; primary (first stage), secondary (second stage), tertiary (third stage) and 

sometimes the quaternary (fourth stage) stages.  

iii. Each stage of screening produces progressively smaller sized stones. In order to produce a usable end 

product, the crushed rock has to be screened into various size classifications. Screening is carried out 

at various stages in the crushing process. Screens are basically box frames into which sheets of 

screen meshes of the required apertures are inserted, clamped and tensioned. 
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Aggregates from recycled and manufactured sources are making an increasingly important contribution to 

society’s needs. Recycled aggregates are produced from construction and demolition waste, whilst 

manufactured aggregates are derived from a range of industrial and mineral wastes such as power station 

ash, blast furnace slag, glass, slate waste and colliery spoil. The use of these materials not only reduces our 

need for natural aggregate extraction; it also reduces the amount of waste requiring disposal. 

 

1.2. Aggregate Properties 

The properties of coarse aggregates are much and depend on the type of construction work to be done. Some 

of the properties considered are; 

i. Particle shape 

ii. Specific gravity 

iii. Hardness 

iv. Toughness 

v. Strength (compressive strength) 

vi. Durability/Soundness 

A. Particle shape of the aggregates 

The shape of a particle can be classed into the following groups; rounded, irregular, angular, flaky, 

elongated and flaky and elongated (Smith and Collis 1993). Angular shape and rough surface texture are 

among the most desirable aggregate properties for resistance to rutting and fatigue fracture (Chowdhury et 

al., 2000). Cubic and angular aggregate shapes provide increased internal friction and improved resistance to 

rutting (Kandhal et al., 1990). Rough surface texture is also important in the frictional resistance of a 

mixture. Rough surface texture yields better bonding between the aggregate surface and asphalt binder, 

which is desirable for minimizing stripping problems.  

Excessively flaky and/or elongated aggregates are undesirable because there is a chance of those aggregates 

breaking under traffic loading, making the mixture more moisture susceptible. In concrete pavements, flat 

particles near the surface inhibit bleed water from entering mortar above particle, thus contributing to the 

deterioration of the surface [Kosmatka, 1994]. According to Shilstone [1990], flaky and elongated particles, 

principally those of intermediate sizes (between 3/8 in. (9.5mm), and No. 8 (2.36 mm), can affect the 

mobility of mixtures 

There are numerous research studies showing the importance of shape and surface texture for aggregate. The 

shape of aggregate depends mainly on the rock mineralogy, reduction ratio, and crushing methods, whereas 

surface texture is mostly dependent on the mineralogy of the rock. Tests should be performed to check the 

particle shape, whether flaky or elongated particles so as to avoid the use of poor aggregates for the 

construction. 

 

2. Location, Materials And Methods 

2.1. The Study Area 

The study area is Akure metropolis, which is the administrative capital of the Ondo state since inception in 

1976. Akure is located within latitude 7º25’ north of the equator and 5º14’ east of the Greenwich meridian 

and shares boundaries with Kwara state to the North, Edo to the East, Osun to the West, Ogun to the South-

west and Atlantic to the south of Nigeria as shown in Figure 1. The state contains eighteen Local 

Government Areas, the major ones being Akoko, Okitipupa, Ondo, and Owo. It also has 3 senatorial 

districts, which are North, South and the central with Akure within the central senatorial district.  

The area towards Ado-Ekiti and Idanre are hilly and studded with large granite formation, rising to 410 

meters and 496 meters above sea level respectively. These granitic formations are said to be of volcanic 

origin, underlined by basement complex rocks, which are mostly impermeable gneisses and granites. In 
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2.2. Material  

The coarse aggregates used are crushed aggregates and local gravels. The crushed aggregates were gotten 

from 3 different quarries in and around Akure metropolis. The names of the quarries are as follows; 

i. Quarry A (Along Akure - Owo road) 

ii. Quarry B (Akure - Ado road) 

iii. Quarry C (Akure - Ondo road) 

The gravel was gotten locally at three construction sites in Alagbaka, Shagari estate and Ondo road, all in 

Akure. 

The different sizes tested are 3/8 inch, ¾ inch, ½ inch, 1 inch and 11/2 inches as shown in the plate below 

 

    
Fig 3: Samples of Coarse Aggregates used 

 

2.2.1. Laboratory Tests 

The tests carried out on each of these aggregates are as follows; 

1. Aggregate impact value (AIV) test 

2. Aggregate crushing value (ACV) test 

3. Flakiness index test 

4. Elongation index test 

5. Specific gravity (relative density) and water absorption test 

6. 10% Fines value Determination 

After collection of aggregates from quarries, aggregates were properly washed and dried (oven dried) and 

allowed to cool before testing. Testing was performed according to British Standard BS 1975.  

 

2.3. Results and Discussion 

The various tests on the collected aggregates were performed according to the British Standard are to 

determine the shape characteristics, Hardness and toughness characteristics. Three representative samples 

from each of the locations were tested and the average result taken as necessary values. The results are as 

presented below: 

 

2.3.1. Specific Gravity (S.G) 

Table1 shows the result of the specific gravity test for Quarry A samples 
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Table 1: Specific Gravity for Quarry A samples 

Material Quarry A1 Quarry A2 Quarry A3 

Mass of glass jar (g), A 224.0 224.0 224.0 224.0 224.0 224.0 

Mass of glass jar + sample, B 449.0 452.0 453.0 445.0 452.0 449.0 

Mass of glass + sample + water, C 865.0 868.0 869.0 861 867.0 864.0 

Mass of glass  + water only, D 724.0 724.0 724.0 724.0 724.0 724.0 

Specific Gravity 

(� − �)
(� − �) − (� − �) 

2.68 2.71 2.72 2.63 2.68 2.65 

Average  2.69 2.68 2.67 

 

Table 2 shows the result for the Quarry B samples 

Material Quarry B1 Quarry B2 Quarry B3 

Mass of glass jar A 224.0 224.0 224.0 224.0 224.0 224.0 

Mass of glass + sample, B 445.0 452.0 453.0 452.0 452.0 450.0 

Mass of jar + sample+water, C 861.0 868.0 869.0 864.0 867.0 866.0 

Mass of glass jar + water only, D 724.0 724.0 724.0 724.0 724.0 724.0 

Specific Gravity 

(� − �)
(� − �) − (� − �) 

2.63 2.71 2.72 2.65 2.68 2.68 

Average 2.67 2.69 2.68 

 

Table 3 shows the result for the Quarry C samples and the Gravel samples 

Material Quarry C1 Quarry C2 Quarry C3 

Mass of glass jar  

A 224.0 224.0 224.0 224.0 224.0 224.0 

Mass of glass + sample, B 453.0 452.0 453.0 452.0 452.0 450.0 

Mass of jar + sample+water, C 869.0 868.0 869.0 864.0 867.0 866.0 

Mass of glass jar + water only, D 724.0 724.0 724.0 724.0 724.0 724.0 

Specific Gravity 

(� − �)
(� − �) − (� − �) 

2.72 2.71 2.72 2.65 2.68 2.68 

Average  2.72 2.69 2.68 

 

Table 4 is the result for the local gravels 

Material Local Gravel A Local Gravel B Local Gravel C 

Mass of glass jar, A 224.0 224.0 224.0 224.0 224.0 224.0 

Mass of glass jar + sample, B 441.0 444.0 449.0 445.0 443.0 439.0 

Mass of glass+ sample + water, C 808.0 808.0 815.0 809.0 811.0 814.0 

Mass of glass jar + water, D 724.0 724.0 724.0 724.0 724.0 724.0 

Specific Gravity 

(� − �)
(� − �) − (� − �) 

1.63 1.62 1.68 1.63 1.66 1.72 

Average  1.62 1.66 1.69 
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According to BS 882-2 (1973), the specific gravity of a material used for road construction should be in the 

range of 2.6 to 2.7 with an overall maximum of 2.9.  

The results above show that the materials acquired from the quarries fall between this range, with the lowest 

value being 2.67 and the highest specific gravity being 2.72 for Quarry C sample. This shows that all the 

crushed aggregates are suitable. 

For the local gravel material, the result obtained gave values that range from 1.62 to 1.69, which is not 

suitable for road construction. 

 

2.3.2. Shape Characteristics 

The following tests were used for the determination of particle shape properties. 

 

2.3.2.1. Flakiness Index 

The flakiness index test was carried out to determine the amount of flaky aggregates in the material. All the 

tests were carried out according to the specifications given in BS 882-2 (1973), the results are presented in 

figures 5. 

 

Table 5: Flakiness Index and Elongation Tests for Quarry Sample A, B, C and Local Gravels (LG) 

Quarries A1 A2 A3 B1 B2 B3 C1 C2 C3 LG1 LG2 LG3 

Flakiness 

Index (%) 

20.6 18.4 23.1 12.8 15.4 16.0 20.5 20.5 20.5 27.2 26.5 26.5 

Elongation 

Test (%) 

15.4 20.3 21.3 10.7 14.4 19.4 19.1 19.1 18 21.2 18.3 18.9 

 

Flakiness is the tendency of a rock to break along some plane of weakness. According to BS 882-2 (1973), 

when the flakiness index value of an aggregate is less than 45% (FI < 45%) the material is good for road 

surfacing. When the value is less than or equal to 30% (FI ≤ 30%), the material is suitable for surfacing and 

base layers. 

From the results above, it is shown that the materials tested are within the range of the specifications i.e. all 

of the samples have a flakiness index value which are less than 30%, therefore, the material provided are ok 

for surfacing and base layers. 

 

2.3.2.2. Elongation Index (EI) 

Elongation is the tendency of a rock to be longer than necessary, when they have a length of more than 1.8 

of their mean sieve size. From specifications given in BS 812, if the elongation index value of an aggregate 

is less than 45% (EI < 45%), generally the material is suitable for road surfacing. Specifically, if it’s less 

than or equal to 30%, the material is good for road bases and surfacing. 

From the results above, the elongation index of the materials that were tested range from 10.7% for to 21.3% 

for sample. All samples from all the other locations including the gravels have results less than 30 showing 

that they are suitable based on their elongation. 

 

2.3.3. Aggregate Impact Value (AIV) 

For this test, three representative samples each from all the locations were tested. For each of the 

representative sample, testing was repeated thrice and the average result determined as the AIV.  All tests 

were carried out according to the specifications given in BS 812. The results are as shown below. 
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Table 6: Aggregate Impact value for Quarry Sample A, B, C and Local Gravels (LG) 

Quarries A1 A2 A3 B1 B2 B3 C1 C2 C3 LG1 LG2 LG3 

Aggregate Impact 

Value (AIV) (%) 

14.5 16.97 15.3 14.7 18.6 19.6 15.0 14.9 15.5 34.2 27.8 26.5 

 

According to BS 882-2 (1973), a lower aggregate impact value indicates greater resistance to impact. 

Aggregate impact value less than 10% shows that the material is of high grade; values between 10% and 

20% indicates a good material suitable for road bases. Aggregate impact value between 20% and 35% are 

used for sub-base while values greater or equal to 35% can be used for lower layers of construction such as 

improvement of subgrade materials.  

From the results above, the AIV from all the quarries range between 10% to 20%, indicating that they are 

good as base materials, the local gravel is of weak strength but it falls within the range of 20% to 35%, 

therefore, though weak, it can still be used for the sub-base. 

 

2.3.4. Estimation of the Toughness Index, TI for tested Aggregates 

The toughness index, TI of an aggregate is an overall, weighted and comprehensive value for qualitative 

assessment of aggregates. TI is calculated by combining the values gotten from the several tests which 

contribute to the toughness of the aggregate as follows: 

 

T. I =  (A + B + C + D)
4  . … … … … … … … … … … … … … … … … … … … … 1 

 

Where; 

� = 1.1 × (�. �)
2.9 × 100  … … … … … … … … … … … … … … … … … … … …  2  

B =  If ACV ≤ 30%, therefore, B = 100 

 If ACV >  30%, � = (100 − ��")
(100 − 30)  × 100 … … … … … … … … … … … … .3 

C = if TFV ≥ 50KN, C = 100 

If TFV ≤   50, � = %&'"
50 ( × 100 … … … … … … … … … … … … … … … … .4 

 

D = If AIV ≤ 30%, D = 0.9 × 100 

If AIV >  30%, � = 0.9(100 − �)")
(100 − 30)  × 100 … … … … … … … … … … … … .5 

 (S.G is the specific gravity of the aggregate; ACV is the aggregate crushing value; TFV is the 10% Fines 

value and AIV is the aggregate impact value) 

The TI’s are calculated using the above relationship as follows: 

The calculated Toughness indices for the aggregates tested using equations 1 to 5 is presented in Table 7. 

 

Table 7: Toughness indices for Tested Aggregates 

TI/Location QUARRY A QUARRY B QUARRY B LOCALGRAVEL  

Toughness Index 97.92 97.92 98.1 83.4 
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Generally from specifications, if the toughness index, T.I, falls within 95 to 100, then the material is of very 

good quality and would be good for both base and surfacing. If T.I falls within the range of 90 to 95, the 

material is good for sub-base works and if T.I is less than 90, then the material is weak. 

From the results above, it is seen that the samples from all the quarries fall within the range of 95 to 100, 

thereby indicating that all three samples are all very good materials for base and surfacing of roads. 

Whereas, the Gravels tested having a toughness index of 83.4, which is less than 90 does not meet up to 

specification for road layers and should not be used for road construction. 

 

3. Conclusion 

From the test results, the followings conclusions were made: 

i. The specific gravities of the crushed aggregates vary 2.68 to 2.7 indicating good grades while the 

gravel is 1.66, indicating weak grades. 

ii. Aggregate Impact Value of aggregates gotten from the quarries in Akure range from 14.5% to 22.7% 

indicating that these aggregates conform to specifications provided by BS812. Therefore, these 

aggregates are good for road construction 

iii. The Aggregate Crushing Value of aggregates quarried in different locations around Akure range 

from 25.3% to 26.3%, which falls right into the range of specifications provided by BS812, 

indicating that the aggregates are good for the construction of roads. 

iv. Flakiness Index and Elongation Index gotten for the quarried aggregates average at 18.1% and 17.2, 

indicating that the mass contains well shaped aggregates for road construction. 

v. The toughness index of the quarried aggregates vary between 97.9 and 98.1 showing that the crushed 

aggregates from the study locations are of high grade and are highly resistive to impact forces and 

are good materials for road construction. 

vi. The properties obtained for the local gravel indicated that the aggregates are very weak and of low 

quality, with aggregate impact value averaging 31%, Aggregate Crushing Value of 28.8%, Flakiness 

index and Elongation index of 26.7% and 19.5% respectively. 

vii. The toughness index of the local gravel of 83.4 indicates that they are poor materials for road 

construction. 
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