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Abstract 

The study was carried out to assess the suitability of sand available in South Western Nigeria for concrete 

production. Collected samples of sand were tested in the laboratory to determine their physical properties. The 

properties considered are gradation, specific gravity, water absorption, moisture content, bulking, and 

percentage silt content. The result of the sieve analysis indicates that while the gradation of some of the samples 

is within the specified values specified in standards, others do not conform. The values of the coefficient of 

uniformity and coefficient of curvature is between the range of 3.6 – 10 and 0.53 – 2.56 respectively. The values 

of the results of specific gravity, water absorption, the moisture content are within the range of 2.67 – 2.86, 0.67% 

– 2.04%, 0.75% – 3.17% respectively. Based on the fact that the result of the test on the properties of the samples 

tested are in accordance with the specifications in relevant codes as discussed in the body of this work, it can be 

concluded that most of the samples are suitable for concrete production while the gradation of some of the 

samples needed to be modified to conform to the required grading. 
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1.0  INTRODUCTION 

According to [1], aggregates can be classified into 

coarse and fine. However, further classification can 

be based on pathological, size, shape, texture, and 

weight depending on the interest or requirements of 

the user [2]. [3], defines fine aggregates as an inert 

natural or manufactured sand having particles sizes up 

to 5mm and conforming to [4].  While in [5], fine 

aggregate is defined as aggregate that completely 

passes the 9.5mm (3/8in.) sieve, almost entirely 

passing the 4.75mm (No. 4) sieve and predominantly 

retained on the 75µm (No. 200) sieve. Fine aggregate 

is one of the essential constituent materials of 

concrete. According to the specification of [6], it can 

consist of natural sand, manufactured sand, or a 

combination thereof. It constitutes about of the 

constituent materials of concrete. There are different 

types of fine aggregates depending on the source. 

Natural fine aggregates refer to sand obtained from 

different sources. The various sources include pit, 

river, and sea. [7] stated that the most commonly used 

fine aggregate is natural river sand. However, pit sand 

is the most common source of sand in South-Western 

Nigeria.  

 

Properties of sand affect the durability and 

performance of mortar because it is an essential 

component of cement mortar. According to [8], the 

workability and cost of concrete are greatly 

influenced by the quality of fine aggregate. In the 

opinion of [7], durability and performance of concrete 

is dependent on the properties of aggregate of which 

sand is a component. [9] stated that improper use of 

materials, poor workmanship, or use of faulty 

materials can result in failure or collapse of structures. 

While [10] posited that the collapse of structures can 

be due to a lack of standard use of materials. [11] as 

well as [12] stated that poor materials will result in the 

production of poor-quality concrete. The use of 

unsuitable, unsound, reactive, or aggregate is some 

other factor that contributes to concrete failure in 

buildings [13]. 

 

[8] posited that fine aggregates (sand) are generally 
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sourced locally from various locations where they are 

available in form of natural deposits or along river 

shores.  Proper sourcing of materials is an essential 

process for the production of quality and durable 

concrete [8] advocated the necessity of provision of 

information to the local concrete industry and 

practitioners with regards to proper use of aggregates 

from different sources as a panacea of selection of 

substandard aggregates for concrete production. 

 

2.0  MATERIALS AND METHODS 

Samples of sand were collected from three different 

locations in each of the six states of South Western 

Nigeria for laboratory tests. The samples were 

collected and put into sacks which were subsequently 

transported from the various sources to the laboratory 

where tests on the physical properties of each sample 

were carried out. The tests that were carried out 

include sieve analysis, specific gravity, water 

absorption, moisture content, bulking, and percentage 

silt content. All the tests were carried out in 

accordance with relevant codes.  

 

2.1  Sieve Analysis 

The gradation of the samples was determined by 

carrying out sieve analysis in accordance with [14]. 

From the result of the sieve analysis carried out the 

fineness modulus was obtained by dividing the 

cumulative percentage passing by 100, while the 

coefficient of curvature, and coefficient of uniformity 

were determined using equations (1) and (2) 

respectively.  

 

𝐶𝑢 =  
𝐷60

𝐷30 
                                                                              (1) 

𝐶𝑐 =  
(𝐷30)2

(𝐷60)(𝐷10)
                                                                (2) 

 

2.2  Specific Gravity 

Test on the specific gravities of the samples were 

carried out in accordance with [15] and the values 

were determined using equation (3). 

 

𝐺𝑠 =
𝑀2−𝑀1

(𝑀4−𝑀1)−(𝑀3−𝑀2)
                                                            (3)                                                                                                                                      

 

Where; M1 is the weight of pycnometer, M2 is the 

weight of pycnometer and oven dried sample of sand, 

M3 is the weight of pycnometer, sand and water and 

M4 is the weight of pycnometer and water. 

 

2.3  Water Absorption 

Water Absorption Test was done in  accordance with 

[15]. The formulae applied is: 

𝐴(%) =  
𝑊𝑠𝑎𝑡−𝑊𝑑𝑟𝑦

𝑊𝑠𝑎𝑡−𝑊𝑤𝑒𝑡
∗ 100                                                     (4)  

Where; A is Water absoption (%), Wsat is weight of 

the saturated sample, Wdry is weight of the dry sample 

and Wwet is weight of the saturated sample immersed 

in water. 

 

2.4  Moisture Content 
Moisture Content test was carried out according [16] 

and the value was determined from the equation   

                                    

𝑀 =
𝑀1

𝑀2

∗ 100                                                                         (5) 

 

Where; M is the moistture content (%), M1 is the 

weight of water from the samples the weight of water 

from the sample and M2 is the weight of oven dried 

sample. 

 

2.5  Percentage Silt Content 

Percentage silt content test was carried out in 

accordance with [4] and the values obtained from the 

equation; 

 

𝑉 =
𝑉1

𝑉2

∗ 100                                                                            (6) 

 

Where; V is the percentage Silt content, V1 is the 

volume of the silt layer and V2 is the sand level below 

the silt. 

  

2.6  Bulking 

The bulking property of the sand samples were 

determine in accordance with the procedures 

stipulated in [17] The percentage bulking was 

calculated using the formulae: 

  

𝐵 =  
𝑏(100−𝑀)

𝑐
− 100                                                             (7)

                                                                                                                           

Where b is the uncompacted bulk density of 

oven-dry fine aggregate determined according to 

6.3.4; C is the uncompacted bulk density, as 

determined in accordance with 6.3.4, of fine 

aggregate at test moisture content; M is the test 

moisture content on oven-dry basis in accordance 

with [16]. 

 

3.0  RESULTS AND DISCUSSION 

3.1  Result of Tests of Physical Properties of 

Sand  

3.1.1 Sieve analysis of sand 

The sieve analysis curve for all the sand samples is 

presented in figures 1 – 5. It was stated in [4] that the 

grading of sand shall comply with the overall limits 

given in Table 4 of [4] (see Table 1) with the 

additional proviso that not more than one in ten 
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consecutive samples shall have a grading outside the 

limits for any one of the grading C, M or F, given in 

Table 4 of [4].  

 

It is difficult to classify some of the samples into any 

of the zones or classes as stated in both [4] and [18] 

because they conform to the limit in some of the sieve 

sizes but failed in some. 

 

 Additionally, some of the samples comply with the 

requirement in more than one grading class or zone, 

while some of the samples satisfy the overall limit but 

did not fall within any of the additional limit C, M or 

F of [4], or zones I – IV of [18] (see Table 2). The 

recommendation of [4] for instances where sands do 

not comply with Table 4 of [4] an agreed grading 

envelope may be used if the supplier can guarantee 

that such materials can produce of the required 

quality.  

 

Table 1: Grading Limits for Fine Aggregates 
Sieve Size Percentage by mass passing BS sieves 

 Overall Limits Additional Limits for grading 

  C M F 

10.00 mm 100 - - - 

5.00 mm 89 to 100 - - - 

2.36 mm 60 to 100 60 to 

100 

65 to 100 80 to 100 

1.18 mm 30 to 100 30 to 90 45 to 100 70 to 100 

600 µm 15 to 100 15 to 54 25 to 80 55 to 100 

300 µm 5 to 70 5 to 40 5 to 48 5 to 70 

150 µm 0 to 15 - - - 

Source: Table 4 BS 882:1992 
 

Note: Individual sands may comply with the 

requirements of more than one grading. Alternatively, 

some sands may satisfy the overall limits but may not 

fall within any one of the additional limits C, M or F. 

In this case and where sands do not comply with Table 

4 an agreed grading envelope may also be used 

provided that the supplier can satisfy the purchaser 

that such materials can produce concrete of the 

required quality. an Increased to 20 % for crushed rock 

fines, except when they are used for heavy duty floors. 

 

The sieve analysis curve for all the sand samples from 

Ekiti State are presented in Figures 1. The percentages 

passing the 5mm sieve size in all the three locations 

are lower than the overall grading limits specified in 

[4]. Also, the percentage passing the 2.36mm sieve 

size in locations 2 and 3 are lower than the grading 

limits specified in [4].  However, the percentage 

passing the lower sieve sizes of 1.18mm, 600µm, 

300µm and 150µm for samples from all the locations 

are within overall grading limits specified in [4]. 

Consequently, the sand from all the locations can 

neither be classified into zones as specified in [18] nor 

the classes specified in [4].  

 

 
Figure 1:  Sieve Analysis Curve of Sand Obtained 

from Ekiti State 

 

 
Figure 2:  Sieve Analysis Curve of Sand Obtained 

from Ogun State 

 

From the sieve analysis curve for all the sand samples 

from Ogun State presented in Figure 2, samples from 

all the locations fall within the percentages passing all 

the sieve sizes except that of location 1 which has a 

slightly lower value for the 2.36 sieve size as specified 

in [4].  
 

In Figure 3 the sieve analysis curve and the percentage  

passing the various sieve sizes for samples from Ondo  

State indicates that only the samples from location 3 

falls entirely within the range of the overall grading 

limits stated in [4]. It can be classified as class C 

according to [4] and Zone I according to [18]. 

 

While samples from locations 1 and 2 are in 

conformity with the overall grading limits in the 

smaller sieve sizes of 1.18mm to 0.15mm, the 
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percentage passing the bigger sieve sizes are lower 

than the values stated in [4]. Consequently, samples 

from these locations cannot be classified in 

accordance with stipulations in either [4] or [18]. 

 

 
Figure 3:  Sieve Analysis Curve of Sand Obtained 

from Ondo State 

  

    
Figure 4:  Sieve Analysis Curve of Sand Obtained 

from Osun State 

 

Observations from the sieve analysis curve and 

percentage passing the various sieve sizes for samples 

from Osun State as presented in Figure 4 reveals that 

samples from all the locations have lower values of 

percentage passing the 5mm and 2.36mm sieve sizes 

than the overall grading limits. It however falls within 

the limits in smaller sieve sizes of 1.18 to 0.15mm. 

Due to variations in gradations for the various sieve 

sizes, class and zone classifications are difficult. 

Figure 5 presents the sieve analysis curve of samples 

from Oyo State. From Figure 5, it can be deduced that 

all the samples from the three locations fall within the 

overall grading limits. Sample from location 1 can be 

classified as class M or zone II according to [4] and 

[18] respectively, sample from location 2 is in class F 

and that of location 3 is class M zone 2. 

 

 
Figure 5:  Sieve Analysis Curve of Sand Obtained 

from Oyo State  

 

3.1.2 Fineness modulus of sand  

 
Figure 6:  Bar chart of the Fineness Modulus of 

sand 

 

 
Figure 7:  Bar chart of the Coefficient of Curvature 

of Sand   

 

The values of the fineness modulus for most of the 

samples are higher than the maximum value 

recommended in literature. Only the samples from 

locations two and three in Ogun State, location three 

in Ondo State and all the locations in Oyo state falls 
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within the recommended value of 2 – 4. Samples from 

all other locations are higher than the recommended 

values as can be seen in Figure 6. According to [19], 

this method is not widely used today but the concept 

of being able to describe particle-size distributions by 

an index number remains useful for many purposes. 

 

 
Figure 8:  Bar chart of the Coefficient  of 

Uniformity of Sand  

 

 
Figure 9:  Bar chart of the Specific Gravity of Sand 

 

According to the unified classification system sand 

can be classified as well graded if the coefficient of 

uniformity Cu is greater than 6 and the coefficient of 

curvature is between 1 and 3 i.e., Cu ≥ 6 and 1 < Cc < 

3. The range of values of D10 are 0.18 – 0.2, 0.17 – 

0.2, 0.08 – 0.28, 0.2 – 0.4 and 0.08 – 0.19 for Ekiti, 

Ogun, Ondo, Osun and Oyo States respectively. That 

of D30 are 0.75 – 0.9, 0.22 – 0.8, 0.3 – 1.18, 0.8, 0.19 

– 0.5; while D60 has the range of 1.1 – 1.32, 0.75 – 

1.19, 1.09 – 1.36, 1.2 – 1.3 and 0.9 – 1.03 for Ekiti, 

Ogun, Ondo, Osun and Oyo States respectively. The 

result of the Cu and Cc presented in Figures 7 and 8, 

only the sample from location 3 in Oyo State meet up 

with both criteria, that implies that that is the only 

sample that can be described as well graded. While 

most of the samples from all other locations have 

satisfactory values for Cc, they fail to meet up with the 

criteria for Cu and as such cannot be classified as well 

graded. 

 

3.1.3 Specific gravity of sand 

[20] gave the range of the Specific gravity of 

aggregates to be between 2.6 and 2.7 while [21] gave 

the range as 2.6 – 2.8. However, [22] stated that the 

specific gravity of aggregates ranges from 2.5 to 3.0 

while [23] gave a range of 2.4 to 2.9 but [15] specified 

the minimum value of apparent specific gravity for 

both fine and coarse aggregate as 2.6. The range of 

values of the specific gravity of all the samples of sand 

tested in the study is between 2.67 and 2.86 which are 

higher than the specified value in the British standard 

and within the ranges given by [21], [20], [22] and 

[23], hence also very suitable for use in the concreting 

work. 

 

 
Figure 10: Bar chart of the Water Absorption of 

Sand                         

 

 
Figure 11: Bar chart of the Moisture Content                                                

of Sand 

 

3.1.4 Water absorption of sand 
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The Specification for water absorption of aggregates 

according to [24] is 3%. The water absorption values 

of all the samples as presented in Figure 10 are all 

lesser than the specified 3%. This is an indication that 

all the samples have acceptable water absorption 

values for concrete production. This further implies 

that concrete works produced with sands from the 

various locations are not likely to be susceptible to 

absorb water, hence deterioration of structures due to 

water absorption will be minimal and consequently, 

the structure will be durable. 

 

3.1.5 Moisture content of sand 

The result of the moisture content of sand samples 

from all locations is presented Figure 11.                              

The result shows that values obtained in Ondo and 

Osun States alongside those from locations one and 

three in Ekiti State, locations two and three in Ogun 

State and locations two and three in Oyo State are in 

accordance with the specified values of moisture 

content of less than 3% stated in relevant standards 

and literature [24]. The sample from location one in 

Oyo State with the value of 3.17% is very close to the 

specified value but those from location two in Ekiti 

State and location one in Ogun State with 5% are at 

very wide variation from the specified value. 

 

 
Figure 12: Bar chart of Percentage Silt Content of 

Sand 
             

3.1.6 Percentage silt content of sand 

From the results of the percentage silt content obtained 

and presented in Figures 12, only samples of the sand 

obtained from location three in Ekiti and Ogun State 

as well as that of location one in Oyo State conforms 

to the specification of 8% stated in stated in [4] 

respectively. Samples from location two in Ekiti, 

location one in Ogun State and location three in Oyo 

State are close to the specified limit but all others are 

outside the specified limit. The effect of high 

percentage silt content of sand on concrete includes 

reduction in the bonding between cement and 

aggregate, increase in water/cement ratio and an 

attendant reduction in concrete strength and 

durability.  

 

 
Figure 13: Bar chart of Bulking of Sand 

 

3.1.7 Bulking of sand  

There is no specified limit for bulking of sand in 

literature but [25] stated that sand may have a bulking 

value of as high as 30 percent of the original dry 

volume of sand in fine sands and 15 percent in the case 

of coarse sands. From the result of the bulking test for 

samples of sand as presented in Figure 13, it is clear 

that samples from locations 2 and 3 in Ekiti State and 

location 2 in Osun State have high values of 29.13%, 

29.13%, and 17.25% respectively, and can be 

classified as fine sand. However, samples from all 

other locations have values less than 15% and as such 

can be classified as coarse sand. Bulking properties of 

sand are not needed in concrete mix design but it is 

required when volume batching is to be used in 

proportioning the constituent materials of concrete to 

make up for the reduction in the volume of sand as a 

result of bulking.  

 

4.0  CONCLUSION 

From the results of the laboratory tests conducted on 

samples of sand collected, it can be concluded that: 

The gradation of some of the samples conform to 

specified standard curves and falls within the range of 

either class C, M, or F, some did not conform and 

could not be classified into any of the three classes. 

The values of coefficient of uniformity and coefficient 

of curvature indicate poorly graded aggregate, with a 

few that is well graded. The specific gravity, water 

absorption, and moisture content of all the samples are 

within the range specified in the relevant codes and 

standards. Most of the samples have a percentage silt 

content that is greater than the permissible 

specification in the codes. 
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