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Abstract: This research work is aimed at investigating the effect of silt and clay content contained in river bed fine
sand on concrete strength. It is also aimed at establishing the percentage at which silt and clay in river bed fine sands
are not suitable for concrete production. Five major locations where large deposit of river bed fine sand is being used
for concrete works in Abuja and environ were identified. Samples were collected from these locations namely; Bwari as
sample 1, Mararaba as sample 2, Kuje as sample 3, Jere as sample 4 and Gwagwalada as sample 5. The percentage of
silt and clay in each sample was determined. Thereafter, sixty (60) standard concrete cubes (150 x 150 x 150 mm)
using a 1: 2: 4 mix ratio and water - cement ratio of 0.5 were cast for the samples and crushed at 7, 14, 21 and 28 days
and the compressive strength determined. In order to maintain constant mixing batch in all the samples, the same
coarse aggregates, cement and water mix ratio were used with these fine aggregate samples. Noticeably, the concrete
produced from these fine aggregate samples did not have the same compressive strength, as samples 1, 2 and 5 with
higher percentage of silt and clay content, compressive strength was below the specified value of 13.5N/mm?2 for 7
days and 20N/mm?2 for 28 days using mix 1:2:4.
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1 INTRODUCTION

According to [1], concrete is a construction material which consists of the mixture of fine aggregates, coarse
aggregates and cement which is proportionally mixed with certain percentage of water. All these materials
are expected to be free of debris, impurities and clay/silt particles for optimum performance. Concrete is
widely used as construction composite materials for various types of structure due to its durability. For a
long time, it was considered to be very durable material requiring a little or no maintenance [2]. Concrete
structures can come in various shapes and sizes ranging from a simple rectangular column, to a slender
curved dome or shell. [3], stated how many factors can adversely affect the strength and durability of
concrete structures such as poor design, poor supervision, and impurities in aggregates. [4], explained how
Civil Engineering structures have experienced various failures during their life spans due to various factors
such as poor quality of sand, possibly as a result of in-adequate studies of sand properties which constitute
the materials on which civil engineering structures are founded. In view of these, adequate study of sand
properties from selected location cannot be overemphasized, since failure of many structures can be
associated with inadequate concrete strength not meeting up the design strength. The research on the
effect of clay and silt impurities in sand from different sources or locations on the strength of
concrete helps in determining the suitability of sands for concrete making vis-a-vis strength and
economy. Concrete strength lies on the quality of aggregates and other materials used in the production
among which are cement and water [5]. Abuja is the Capital City of Nigeria located in the center of the
country within the Federal Capital Territory (FCT). The Federal Capital Territory is located in the
geographical center of Nigeria. It has a land area of 8000 square kilometers. It is bounded on the north by
Kaduna State, the West by Niger State, the East and Southeast by Nasarawa State and the Southwest by
Kogi State. It falls within latitudes 70 20" North of the equator and longitudinal 60 45’ and 70 39". The FCT’s
natural endowment such as; its rolling hills, isolated highlands and other enduring features make it a
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delight. The Savannah grassland of the North and the middle belt, the richness of the tropical rain forest of
the South and an equable climate all combined to make the FCT a soil-rich agricultural haven. Being the
Federal Capital Territory, construction activities are continuous and proliferate. As result of this, various
uses of concrete and its application for different construction work/projects are in place. For this study, five
different sources/sites were selected for fine aggregate (sand) collection for concrete production. They are:
Jere, Mararaba, Kuje, Bwari, and Gwagwalada. The reason for choosing these locations basically is the fact
that the locations are major areas where sand used for construction purposes in Abuja are being sourced.

2 MATERIAL AND METHODS

2.1 Coarse Aggregate

The coarse aggregate employed in this study consists of granite obtained from a quarry in Abuja, Federal
Capital Territory, Nigeria. It was clean, free of dirt and dust. The sieve analysis test was carried out to be
20mm size coarse aggregate.

2.2 Fine Aggregate

Fine aggregate used was five different samples from river bed sourced within Abuja and environs. The
samples were dried in open space in order to attained zero moisture content. The sieve analysis of the fine
aggregates was done using sieve shaker and set of sieves.

2.3 Cement
The type of cement used in this research work is the Dangote brand of Ordinary Portland Cement. It was
sourced in Abuja, Nigeria.

2.4 Water
Water used in this research work for mixing and curing concrete was clean, colourless fresh water free
from visible impurities and good for drinking.

2.5 Unwashed Samples for Compressive Strength Test

Fine Aggregate samples were collected from five major locations in Abuja and environs namely: Bwari,
Mararaba, Kuje, Jere and, Gwagwalada/Kwali. The percentage of silt and clay content of unwashed Fine
Aggregate from each of the locations were calculated. The compressive strength of the 150mm cube
concrete casts was determined for each sample at 7 days, 14 days, 21 days and 28 days. The concrete cubes
were crushed using Universal testing machine.

2.6 Washed Samples for Compressive Strength Test

Fine aggregate from Gwagwalada/Kwali was selected as the control sample. It thoroughly washed to
achieve 0% silt and clay, and dried to achieve zero moisture content. Using a 1:2:4 mix ratio, the sample
was subjected to laboratory analysis to determine compressive strength at 7days, 21days, 14days and
28days with injection of silt and clay at 0%, 2%, 4%, 6%, 8%, 10% and 12% respectively in order to
determine the percentage at which silt and clay content in the sand will no longer be suitable for
engineering purposes.

3 RESULT

3.1 Compressive Strength of Fine Aggregate Samples

Table 1: Shows the average compressive strength results of unwashed fine aggregate samples sourced
from five major locations in Abuja and environ. The 7 days average compressive strength results at 2.99%
and 5.7% silt and clay content in fine sand in samples 3 and 4 are greater than 13.5N/mm? and at 28 days
the compressive strength results are greater than 20.00N/mm?. This indicates that samples with 2.99% and
5.7% silt and clay content in fine sand are fit for engineering uses particularly concrete production. The 7
days average compressive strength result in samples with 9.76%, 9.68% and 15.38% silt and clay content in
fine sand samples 1, 2 and 5 are less than 13.5N/mm? at 7 days and 20.00 N/mm? at 28 days. Indicating that
sample 1, 2 and 5 with 9.76%, 9.68% and 15.38% silt and clay content respectively are not fit for engineering
uses particularly concrete production.
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Table 1: Average compressive Strength Result of Unwashed Fine Aggregate Samples 1 - 5
AGE | Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5
(days) | (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
7 12.61 12.49 15.94 17.03 11.28
14 15.29 15.36 18.94 19.89 14.92
21 17.40 17.75 22.14 22.33 16.18
28 19.17 18.98 23.40 24.42 17.68
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Figure 1: Average Compressive Strength Results of Unwashed Fine Aggregate Samples 1 -5

3.2 Compressive Strength of Washed Fine Aggregate
Table 2: Shows the results.of Gwagwalada sample which was thoroughly washed and dried to zero
moisture content and used at 2% interval partial replacement with processed silt and clay to 12%. The 7
days compressive strength result of 0% to 8% partial replacement of washed sand with processed silt and
clay are greater than 13.5N/mm? and 20.00 N/mm? at 7 and 28 days (though the 28 days average
compressive strength of 8% replacement is less with small margin of 19.86 N/mm? as against 20.00N/mm?),
indicating that 7% silt and clay content in sand is fit for engineering uses particularly concrete production.

At 10% - 12% partial replacement of washed sand with processed silt and clay, the 7 days compressive
strength results is less than 13.5N/mm?and for the 28 days, the compressive strength result is equally less
than 20.00 N/mm? indicating that at 8% silt and clay content and above in sand is not fit for engineering
uses particularly concrete production.

Table 2: Average Compressive Strength of Washed Sand

AGE 0% 2% 4% 6% 8% 10% 12%

(days) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)

7 18.50 17.87 16.17 15.70 13.96 12.34 12.48

14 20.60 19.90 18.91 18.50 15.80 15.21 15.10

21 24.40 23.80 21.72 19.60 18.39 17.57 16.10

28 25.72 24.42 23.54 23.36 19.86 18.16 17.80
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Figure 2: Average Compressive Strength of Washed Sand

Table 3: Compressive Strength Values of Concrete @ 7 & 20 days as Specified by BS 1881 which was
used in this Research Work as Control Values

Grade of Concrete Minimum  Compressive  Strength | Specific = Characteristic =~ Strength
N/mm?2 @ 7 days N/mm?2 @ 28 days
M20 (1:2:4) 13.5 20
4 CONCLUSIONS

From the results of this research work, it could be concluded that:

1. The fine aggregate samples average compressive strength results both at 7 and 28 days for samples
with higher silt and clay content falls below the specified standard under constant mix ratio 1:2:4 and
0.5 w/c ratio, that is sample 1, 2 and 5.

2. The percentage of silt and clay content present in all the fine aggregate samples considered falls
between 2.99% to 15.38%. Sample 1 from Bwari is 9.76%, Mararaba 9.68%, Kuje 5.7%, Jere 2.99% and
Gwagwalada 15.38% respectively.

3. When the load is applied on the cubes the mode of failures shows that samples with higher silt and
clay content cracked completely, that is samples 1, 2 and 5.

RECOMMENDATIONS
From the findings and discussion of results in this study, the following recommendations are

suggested.

1. The Jere sample river bed fine aggregate has the least silt and clay content with higher average
compressive strength results at 7days and 28 days and meets engineering uses particularly concrete
production follow by Kuje compressive strength results at 7 and 28 days.

2. The study showed that all fine aggregates sample sourced within Abuja and environs that have silt
and clay content within the range of 9.68% to 15.38% are not advisable for concrete production based
on the compressive strength results obtained at 7 days and 28 days.

3. From the partial replacement of washed sample at 2% interval, the result and analysis shows that to
achieve quality concrete production, silt and clay content in a sand should not be more than 7%.
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