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ABSTRACT - The study investigated strength 

properties of concrete using pumice aggregate as 

partial replacement of coarse aggregate. The 

study sought to determine whether pumice 

aggregate can be used in structural concrete and 

achieve same degree of strengths to that of 

conventional aggregate concrete. What 

necessitated the research is the rapid population 

growth and increase rate of depletion of natural 

resources. However the rate of environmental 

degradation can be reduced by diversifying 

materials and sources of aggregates for 

convectional aggregates extracted from quarrying. 

Materials such as pumice aggregate are suitable 

substitute for conventional aggregate. The study 

was conducted through experimental research 

approach whereby laboratory experiments were 

conducted before coming up with a feasible 

conclusion and recommendation. DOE mixed 

design was adopted.  Properties of aggregates such 

as aggregate crushing value and aggregate impact 

value were carried out; Slump test and 

compacting factor test of concrete were also 

carried out. Fresh and hardened concrete were 

obtained through outcome of experimental results 

and presented using tables and graphs. The study 

established that with pumice aggregate content 

the result shows slightly reduced compressive, 

tensile and flexural strengths as compared to the 

control concrete. Concrete produced with pumice 

as coarse aggregate meet the required strength at 

28 days. Control concrete had higher compressive 

strength at 28 days of 1.05% compared to 5% 

pumice aggregate. Also control concrete had 

higher tensile strength at 28 days of 0.59% 

compared to 5% pumice aggregate in addition 

control concrete had higher flexural strength at 28 

days of 4.41% compared to 5% pumice aggregate 

Concrete with pumice as coarse aggregate is 

optimum at 5% for all curing days which meet the 

required strength at 28 days but can be replaced 

up-to 15% aggregate replacement. This study 

recommends the use of admixture to improve in 

general the properties of concrete. 
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I. INTRODUCTION 
 

Concrete is a widely used construction material 

around the world. Concrete is a material synonymous 

with strength. Strength of concrete is its capacity to 

withstand loads tending to reduce or increase its 

compressive or tensile strength and longevity of this 

construction material for the infrastructure need of 

the present situation has emerged as an area of 

concern. Due to the vast usage of concrete in this 

century, concrete ingredients are in depleting stage 

[1]. 

Aggregates constitute about 70% by weight of the 
concrete. There is a great demand for natural 

aggregates as the construction activities are 

increasing every day. As the natural resources are 

decreasing every day, some alternative materials that 

will serve the purpose of the natural aggregates 

should be introduced [2]. Aggregates constitute about 

70% by weight of the concrete. There is a great 

demand for natural aggregates as the construction 

activities are increasing every day. As the natural 

resources are decreasing every day, some alternative 

materials that will serve the purpose of the natural 
aggregates should be introduced [2]. [3] observed 

that an assessment of sustainable housing provision 

over the years in the country is constrained by factors 

which include but not limited to the following: 

Escalating high cost of building materials, 

dependency on imported building materials which 

increases the overall cost of housing units, non-

acceptance of local building materials, and 
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inadequate funding of research efforts of local 

building materials. Due to increasing cost of 

producing concrete using conventional materials such 
as cement, river sand as fine aggregate and granite as 

coarse aggregate in Nigeria, Researchers have been 

working on alternative cheap materials that would 

serve perfect substitutes for such materials while still 

meeting the set requirements for concrete in the 

industry [4]. In a developing country like Nigeria, the 

use of alternative cheaper local materials or even by-

products like the quarry dust as replacement of the 

coarse aggregate will greatly enhance the production 

of concrete with desired properties at low cost. It will 

drastically reduce the cost of production and 

consequently the cost of construction. By this, the 
quarry dust will be utilized effectively than allowing 

it waste with consequential environmental hazard [5]. 

Due to depletion of natural granite stone, pumice can 

be used as an alternative material for coarse 

aggregate. Pumice is a porous rounded and irregular 

sponge like nature formed by the action of 

weathering with a volcanic origin source. The 

suitability of pumice and volcanic materials for a 

particular end-use is dependent on their physical 

properties such as toughness, grain-size, grain-shape, 

density and friability [6]. However, the porous nature 
of the aggregate enhances interlocking sites for the 

cement paste to infiltrate and to form dense uniform 

interfacial zones between aggregate [7]. Pumice is 

excessively cellular, glassy lava and has the same 

basic composition of rhyolite. Scoria is irregular in 

form and generally very vesicular and has the basic 

composition of basalt. Scoria is usually heavier, 

darker and more crystalline than pumice [8]. Pumice 

is an extremely light, porous raw material. It can be 

found in many parts of the world including various 

developing countries with areas of past or present 

volcanic activities [9].  Because of their lightweight 
nature and insulation properties, both pumice and 

scoria are used as lightweight aggregate in concrete 

products for structural concrete, plaster aggregate and 

loose fill aggregate [6]. The use of light weight 

aggregates to produce light weight concrete has the 

advantage of reducing the dead weight in building 

structures [10]. Lightweight Aggregate Concrete 

(LWAC) is vital and flexible material in modern 

construction. 

The properties of concrete produced with 

conventional aggregate are known which are mostly 
of standard while properties of concrete produced 

with Kasuwar Kurmi pumice deposit are yet to be 

assessed. The availability and affordability of pumice 

deposit at Kasuwar Kurmi area had necessitated this 

research. Therefore, this research is to assess the 

suitability of Kasuwar Kurmi pumice deposit as 

partial replacement for coarse aggregate in concrete 

in order to, determine the optimum percentage 

replacement of conventional aggregate with non-
conventional aggregate of pumice deposit in Kasuwar 

kurmi Kano state. Therefore the objective of this 

study sought to the strength properties of concrete 

using pumice aggregate as partial replacement of 

coarse aggregate. 

 

II. MATERIALS AND METHODS  

 

All the materials used for laboratory experiment were 

procured from the immediate environment. The 

relevant standards were used in the process of 

conducting the experiments.  

 

2.1 Materials The materials for this study included, 

coarse aggregate fine aggregate, Cement, pumice 

aggregate, acrylic acid and water. Pumice was gotten 

from kasuwar kurmi in Kano state, Nigeria, and 

crushed with hammer to determine the size of the 

coarse aggregate needed for this work. It was soaked 

in water for 48 hours after which it was air dried for 

an hour under shed. The coarse aggregate was 

obtained from a quarry site within Bauchi metropolis. 

The fine aggregate was obtained from Bayara River-
flow in Bauchi state. The ordinary Portland cement is 

the brand of Dangote of Grade 42.5 which was 

procured from vendors within Bauchi metropolis.  

 

2.2 Aggregate Crushing Value Test 

In determining the aggregate crushing value for both 

pumice aggregate and normal coarse aggregate, the 

weight of the empty mould was determined and 

recorded as W1, the material which were sieved using 

sieve 14mm and 10mm that is, materials passing 

14mm sieve and retained on 10 mm sieve size were 

poured in the mould, tam with 25 struck of 16mm rod 
in two layer and was weight and recorded as W2, after 

that the mould and the material were placed on the 

machine and the plunger was placed on the leveled 

material in the mould and was crushed between 10-

15 minutes. The crushed sample was then brought out 

and sieved with a sieve of 2.36mm, the material 

retained and the one passing were weight and 

recorded as W3 and W4 respectively.  

The aggregate crushing value ACV was determined 

using equation 1. 
𝑊4

𝑊2−𝑊1 
× 100  - - - - - - - - - - - - - - - - - - (1) 

 

2.3 Aggregate Impact Value Test  

This test is for aggregate in concrete that 
undergoes impact as in runways and airport. 

Materials passing through 14mm and retained as 
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10mm was filled in the standard mould in 2 layers, 

each layer was tamped with 25 strokes of an iron rod. 

A hammer weight 14kg is dropped from a height of 
380mm 15 times and the resulting material is sieve 

through a 2.36mm sieve. The percentage fine is the 

aggregate impact test value. This was determined 

using equation 2. 
𝑊4

𝑊2−𝑊1 
 × 100  - - - - - -- - - - - - - - - - - - (2) 

 

2.4 Workability Tests of the wet Concrete Slump 

test and compaction factor test was conducted using 

the relevant cone for measurements. The tests were 

conducted in accordance with [11].  

 

2.5 Density Test: This was carried out prior to 

crushing of the concrete specimen. At the end of each 

curing period, the concrete specimens were weighed 

using an electric weighing machine balance. Density 
is calculated as mass of concrete specimen in (kg) 

divided by volume of concrete cube (m3) and 

expressed in kg/m3. 

 

2.6 Compressive Strength Test of concrete: The 

compressive strength test was conducted in 

accordance with [12]. The 1: 1.8: 2.3 mix ratios were 

adopted using a water cement ratio of 0.5. The ratio 

of pumice was that of coarse aggregate and acrylic 

acid was that of percentage of cement. The cubes 

were cast and cured for 7 days, 14 days and 28 days 
respectively. For each mix, 3 cubes were crushed to 

obtain the average strength of the concrete samples. 

The compressive strength is the ratio of the weight of 

cube and the cross sectional area.  

 

2.7 Split Tensile Strength Test of Concrete: In the 

determination of tensile strength of concrete, the 

procedures as in accordance with [13] were followed. 

The split tensile strength Fct in N/mm2 was computed 

using equation 1. 

Fct = 
2𝐹

π x L x d
    - - - - - - - - - - - - - - -- - - (1) 

F is the maximum load in (KN) 

L is the average measured length in (mm)  

d is the average measured diameter in (mm) 

The spilt tensile strength is measured is expressed to 
the nearest 0.05 MPa. 

 

2.8 Flexural Strength Test of Concrete: In the 

determination of flexural strength of concrete beams, 

the procedures as in accordance with [14] were 

followed.  

 

III. RESULTS AND DISCUSSION  

 

3.1 Aggregate Crushing Value: The results of the 

crushing as presented in Table 1 and Table 2 shows 

that value for coarse aggregate is 21.1% and that of 
pumice aggregate is 28.4% respectively.  

 

3.2 Aggregate Impact Value: The results of the 

impact test as presented in Table 3 and 4 shows that 

value for coarse aggregate is 16.11% and that of 

pumice aggregate is 28.63% respectively.  

 

3.3 Workability: The Slump test results are 

presented in Figure 1. The slump values increased 

with increase ratio of pumice aggregate content 

except for 5% replacement which retains same value 
as that of 0% replacement of aggregate. All the 

values fall within the low range of slump (35mm – 

75mm) in accordance with [11]. According to [15], 

0%, 5% and 10% replacement was in the S1 

classification (10mm – 40mm) while the remaining 

were in the S2 classification (50mm-90mm). The 

result of the Compacting factor test is shown in 

Figure 2. The value of 0% pumice aggregate has the 

highest compacting factor value with 0.93 while 5%, 

10%, 15% and 20% has values of 0.92, 0.92, 0.88 

and 0.86 respectively. The Compacting factor values 

can be categorized as very low (0.78), low (0.85), 
medium (0.92) and high (0.95) in accordance with 

Building research establishment and specified by 

[16].  
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Figure 1: Slump test 

 

 
Figure 2: Compacting Factor test 

 

3.4 Density of the Concrete: The results of the 

density test are shown in Figure 3, 4 and 5. The 

densities of concrete cubes at 0%, shows higher 

densities at 28 days period of curing more than 5% 
and 10% replacement level, while the density of 15% 

and 20% show decreased in density of the cubes 

specimen as compared to 5% , 10% and the control 

concrete specimen. 

 

 
Figure 3: Density of Concrete Cubes against Curing 

Period 

 
Figure 4: Density of Concrete Cylinder against 

Curing Period   

 
                                              Figure 5: Density of Concrete Beams against Curing Period 
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3.5 Compressive strength of the Concrete: The 

results of the compressive strength test are shown in 

Figure 6. At 7 days the result shows maximum 
compressive strength with 0% aggregate 

replacement, 5% aggregate replacement with pumice 

aggregate showed increased strength than other 

aggregate replacement level but reduction in strength 

index of 1.13% as compared to 0% aggregate 

replacement, while the at 5% and 10% pumice 

aggregate replacement shows improvement in 

strength index. Furthermore at 28 days curing the 

result of the experimental study shows that 0% 

aggregate replacement of with pumice aggregate 

indicate higher strength than all other replacement. 

However optimum aggregate replacement was 
observed at 5% replacement of aggregate but 10% 

and 15% aggregate shows promising result.  

 

Figure 6: Compressive strength of Concrete  
 

 

3.6 Split tensile strength of the Concrete: The 

results of the tensile strength test are shown in Figure 

7. The maximum tensile strength was observed at 0% 

pumice aggregate replacement; however there was 

significant strength increase at 5% and 10%. The 5% 

and 10% replacement ratios show high strength but 

less than the plain concrete specimen. The optimum 

replacement was observed at 5% level, however 

aggregate can be replaced up-to 15% due to observed 
strength increase index. 

Figure 7: Split Tensile Strength of Concrete 

 

3.7 Flexural strength of the Concrete: The results 

of the compressive strength test are shown in Figure 

8. The flexural strength was tested at 7 and 28 days 

only. At 7 days the maximum strength of the beams 

was observed at 0% aggregate replacement level, 

while at 5% replacement level shows significant 

strength increase than all other replacement level, in 

addition 10% and 15% replacement level has same 

strength index but less than 5% and the control, while 

at 28 days the maximum strength was observed at 0% 
replacement level, while 10% and 15% shows 

increased strength but less than 5% replacement level 

and control at 0%. The 5% aggregate replacement 

was slightly less than control specimen. However the 

result shows that the optimum replacement level of 

pumice aggregate is at 5% but 10% and 15% shows 

significant and promising result.  

 

 
Figure 8: Flexural Strength of Concrete  

 

IV. CONCLUSION 
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compressive strength was observed at 0% 

replacement level for all curing ages. The 

compressive strengths at 5% replacement level of 
aggregate shows significant increase in strength of 

concrete although less than that of the plain concrete 

specimen. The result indicates that all replacement 

levels meet the requirement of BS EN 206-1: 2000 

for class C25/30 and C20/25 respectively for heavy 

weight concreting and LC25/28 and LC20/22 

respectively for light weight concreting. In 

conclusion, while the maximum tensile strength was 

also observed at 0% aggregate replacement level, the 

optimum replacement level of pumice aggregate was 

at 5%. The maximum flexural strength was also the 

plain concrete, however all replacement levels shows 
improve tensile strength up-to 20%. The study 

suggests that pumice aggregate could be replaced up-

to 15% with 5% represent the optimum replacement 

level. The density related values shows higher 
density at 0% replacement level, also 5% 

replacement indicate high density but less than the 

plain concrete, in addition 20% replacement level 

shows reduced density. The research concluded that 

the pumice aggregate shows optimum replacement at 

5% which can produce very strong concrete but can 

be used up-to 15%. Further study are recommended 

on other properties such as water absorption capacity, 

abrasion resistance, durability on concrete made with 

pumice aggregate. Admixtures may be added to 

improve performance, using different mixes and 

altering water cement ratio also recommended. 

 

Table 1: Aggregate Crushing Value for Coarse aggregate 

  Description Sample 

A B C 

Weight of  empty mould W1 (kg) 12.10 12.10 12.10 

Weight of mould + sample W2 (kg) 15.15 15.17 15.25 

Weight of sample Retained W3 (kg) 2.45 2.42 2.44 

Weight of sample passing. W4 (kg) 0.60 0.65 0.71 

ACV= 
𝑊4

𝑊2−𝑊1
×100 (%) 19.67 21.17 22.54 

Average ACV (%) 21.1 

 

Table 2: Aggregate Crushing Value for Pumice Aggregate 

  Description Sample 

A B C 

Weight of  empty mould W1 (kg) 12.10 12.10 12.10 

Weight of mould + sample W2 (kg) 16.15 16.20 16.35 

Weight of sample Retained W3 (kg) 2.91 2.95 3.02 

Weight of sample passing. W4 (kg) 1.14 1.15 1.23 

ACV= 
𝑊4

𝑊2−𝑊1
×100 (%) 28.15 28.05 28.94 

Average ACV (%) 28.4 

Table 3: Aggregate Impact value for Coarse aggregate 

  Description Sample 

A B C 

Weight of  empty mould W1 (kg) 2.55 2.55 2.55 

Weight of mould + sample W2 (kg) 3.15 3.15 3.21 

Weight of sample Retained W3 (kg) 0.51 0.50 0.55 
Weight of sample passing. W4 (kg) 0.09 0.10 0.11 

AIV= 
𝑊4

𝑊2−𝑊1
×100 (%) 15.00 16.67 16.67 

Average AIV (%) 16.11 

Table 4: Aggregate Impact Value for Pumice aggregate 

  Description Sample 

A B C 

Weight of  empty mould W1 (kg) 2.55 2.55 2.55 
Weight of mould + sample W2 (kg) 3.48 3.51 3.49 

Weight of sample Retained W3 (kg) 0.67 0.69 0.66 
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Weight of sample passing. W4 (kg) 0.26 0.27 0.28 

AIV= 
𝑊4

𝑊2−𝑊1
×100 (%) 27.96 28.13 29.79 

Average AIV (%) 28.63 
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