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ABSTRACT 

Cement being the binder in concrete production, is an extensive industrial commodity, the production of which 

leads to the emission of a vast amount of carbon dioxide which causes greenhouse gas emission and global 

warming. There is need for alternative materials that are environmentally friendly, economical and accessible. 

The research investigates the strength properties of concrete produced with volcanic ash and metakaolin as a 

partial cement replacement. Cement was partially replaced at 5%, 10%, 15%, 20%, 25% and 30%. Volcanic-

metakaolin Fresh and hardened strength tests on mortar and concrete were carried out by adding 0–30% 

pozzolana, in which the water-to-binder ratio was 0.5 kept the same for all replacement levels. Density, 

compressive strength, flexural strength, and water absorption tests were carried out. Incorporation of volcanic 

ash and metakaolin reduces total voids in concretes. The result showed that VA-MTK has a pozzolanic effect 

on concrete properties by considering the strength activity index, higher compressive strength, higher flexural 

and splitting strength comparable to the control concrete 10% pozzolanic content. The maximum compressive 

strength at 28 days was the 10% VA/MTK as partial cement replacement, which achieved 28.5N/mm2 

compared to the control, which achieved 28.2N/mm2. The flexural strengths at 10% achieved 5.22N/mm2, while 

the control concrete achieved 5.11 N/mm2. Considering the environmental and strength performance, a 15% 

cement replacement with metakaolin was convincing. Thus, the research shows that the use of VA/MTK as a 

partial replacement for cement in concrete, at a lower volume of replacement, will enhance the reduction of 

cement usage in concretes, thereby reducing the production cost and the environmental pollution from the 

exploration of cement material and the production of cement. 
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INTRODUCTION   

Concrete is the most widely used construction material 

required to exhibit the necessary capacity to serve its intended 

purpose, dependent upon specific properties. Properties such 

as strength and durability depend on adequate curing at an 

early age and hardened state (Nodehi et al., 2022). Concrete 

is a composite material composed of coarse and fine 

aggregates bonded with cement paste that hardens over time. 

The cement and water together form a paste that binds the 

aggregates to a permanent stone-like material upon hardening. 

Cement, the binder in concrete production, is an extensive 

industrial commodity that produces a vast amount of carbon 

dioxide, which causes greenhouse gas emissions and global 

warming. Cement production releases significant carbon 

dioxide (CO2) to the atmosphere. For each tonne of cement 

produced, it is estimated that one tonne of CO2 is released into 

the environment (He et al., 2019). The amount of CO2 that 

results from the modern practices averages about 0.30kg per 

kg of cement produced, while the number of overall gases 

produced by the kiln would average as high as twice the 

amount of cement produced (Petroche & Ramirez, 2022). 

Cement is one of the essential ingredients of concrete that 

both contributes to the construction industry and 

environmental problems (Agboola et al., 2022; Naik, 2020; 

Mohammad, 2010). As cement manufacturing is responsible 

for 5% of global greenhouse gas emissions (GHG) (Crawford, 

2022; Mikulčić et al., 2016; Kajaste & Hurme, 2016), this 

process has become a worrying issue due to its negative 

environmental impact. The effect of increasing carbon 

emissions on environmental protection has led to worldwide 

interest in investigating replacements for cement as a 

construction material. 

While Nigeria is committed to actively reducing greenhouse 

emissions (CO2 emissions), the trending global issue, the 

construction industry has also been searching for ways to 

reduce its production. This leads to research in order to 

develop alternative materials that could be used as partial 

replacement, such as rice husk ash, fly-ash, saw dust ash, 

metakaolin, volcanic ash, waste glass powder (Chowdhury et 

al., 2015; Rahmat et al., 2024; Ndahi et al., 2024; Agboola et 

al., 2020). The problems of pollution and other concrete 

properties have led to research on cement alternatives or 

substitutes that will fully or partially replace cement in the 

construction industry (Ogunbode & Hassan, 2011). Dadu 

(2011) reported that the global move is to reduce the amount 

of Portland cement content used in the concrete mixtures with 

cheaper Supplementary Cementitious Material 

(SCM)/pozzolans to improve specific properties of concrete. 

The American Society for Testing and Material (ASTM 

C125-06) defined pozzolan as a siliceous or siliceous and 

aluminous material, which in itself possesses little or no 

cementitious value but which will, in finely divided form and 

the presence of moisture, chemically react with calcium 

hydroxide at ordinary temperatures to form compounds 

possessing cementitious properties. 

These materials are used to create blended cements, 

improving concrete durability, early and long-term strength, 

workability and economy (Agboola, et al., 2021; Bjegovic, et 

al., 2012). Volcanic ash, one of the classifications of Natural 

pozzolans and an area of study for this research, is 

environmentally friendly, economical and accessible 
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(Agboola, et al., 2020). Among the pozzolanic materials used 

in concrete applications, volcanic ash has been identified as 

having potential for use in the construction industry. Research 

indicated that volcanic ash has a chemical composition and 

phase comparable to traditional SCMS (Dadu, 2011; Agboola 

et al., 2020). Studies also focused on using volcanic ash as a 

partial replacement of cement in concrete production 

(Agboola et al., 2020; Agboola et al., 2021; Dadu, 2011; 

Olawuyi et al., 2012). Volcanic ash, referred to as "original 

pozzolan", is a finely fragmented magma or pulverised 

volcanic rock, measuring less than 2mm in diameter, which is 

emptied from the vent of a volcano in either a molten or solid 

state (Olawuyi et al., 2012). Olawuyi et al. (2012) further 

stated that it has been known for millennia that the mixture of 

volcanic ash or pulverised tuff (siliceous), with lime, produces 

hydraulic cement. An examination of ancient Greek and 

Roman structures provides sample evidence of this cement's 

effectiveness and durability (Olawuyi et al., 2012).  

According to Joergensen (2014), using pozzolan to replace 

OPC in concrete lowers heat development during hardening 

and improves the properties of the final concrete structures. 

Also, the deficiency of volcanic ash (VA) in the optional 

requirements for a pozzolan allows it to be further researched 

with the aim of boosting its pozzolanic activity. To assess the 

practicability of boosting pozzolanic activity of volcanic ash 

(VA), Metakaolin (MTK) was introduced in the concrete mix. 

Apart from possessing a high silica content (above the 25% 

required for a pozzolan), metakaolin (MTK) has potential for 

excellent binding properties in concrete. Metakaolin is 

obtained by heat-treating kaolin, a naturally occurring, finely 

divided, alumina siliceous mineral abundant in Nigeria 

(Agboola et al., 2024). According to Getso (2014), Kaolin can 

be obtained in abundance from the following states in Nigeria: 

Kastina, Plateau, Ogun, Imo, Rivers, Bauchi, Anambra, 

Kebbi, Ekiti, Kogi, and Akwa Ibom. Matakaolin is produced 

under controlled temperature to refine its colour and remove 

inert impurities so that a much higher degree of purity and 

pozzolanic reactivity can be obtained (Sanjay et al., 2013). 

Therefore, the research aims to assess the strength properties 

of concrete produced with volcanic ash and metakaolin as 

partial replacement of cement in concrete to create options for 

sustainability and availability of alternative cost-effective 

materials needed to produce concrete.  

 

MATERIALS AND METHODS 

Materials 

The materials for the laboratory experiment included coarse 

aggregate, fine aggregate, Cement, volcanic ash, metakaolin 

and water. Coarse aggregate was obtained from a quarry site 

within Bauchi metropolis. The fine aggregate was obtained 

from the Yelwa River flow in Bauchi state. The ordinary 

Portland cement is the Dangote of Grade 42.5 brand, which 

was procured from vendors within Bauchi metropolis and 

conforms to BS EN 196-1 (2016). The particle sizes of fine 

aggregate were those passing through a sieve with an aperture 

size of 2.36 mm but retained on sieves of 150µm. It was 

confirmed to be free from dust and free from deleterious 

substances and conform to BS 882 (1992). The coarse 

aggregates used in this study were granite and clean, with a 

particle size range between 5 mm and 20 mm, which 

conforms to 882 (1992). Volcanic ash used for this research 

was obtained from volcanic rock from Kerang in the Mangu 

local government area of the Plateau state. The volcanic rock 

is ground through a stone crusher machine, and the mortar and 

pestle were used to grind it into fine powder. Metakaolin used 

for this research was obtained from Kaolin in sufficient 

quantity from the Alkaleri local government area of Bauchi 

state. The kaolin was grounded using a stone crusher and 

mortar and pestle was used to grind into fine powder, it was 

then fired (calcined) in the laboratory at a controlled 

temperature of 700OC in a kiln furnace, the resulted 

metakaolin was allowed to cool at room temperature, after 

cooling the metakaolin was sieved through a 15 µm sieve. 

These experiments used portable water that was clean, 

colourless, odourless, and free of organic matter. For the 

purpose of this investigation, a mix ratio of 1:2:4 by weight of 

cement, sand and gravel, and a water-cement ratio of 0.50 was 

used. The cement in the mix was partially replaced with 

volcanic ash and metakaolin at intervals of 5% to 30%. The 

samples with 0% pozzolana served as the control. 

 

Laboratory Tests  

Specific Gravity  

In determining the specific gravity, a pycnometer (a vessel of 

1 liter capacity with a metal conical screw top and a 5mm 

diameter hole at its apex, giving a water tight connection), 

tray, scoop, drying cloth and weighing balance were used. The 

test procedure was carried out per BS 812-2 (1970). The 

specific gravity was calculated using equation 1.  

Gs =
(C−A)

(B−A)(𝐷−𝐴)
    (1) 

Where: A is the weight of the empty density bottle, and it is 

the stopper, which was clean and dried 

B is the weight of the empty density bottle plus water 

C is the weight of the empty density bottle plus the sample 

D is the weight of the empty density bottle plus water and 

the sample  

 

Density Test 

This was carried out prior to the crushing of the concrete 

specimen. At the end of each curing period, the concrete 

specimens were weighed using an electric weighing machine. 

Density is calculated as the mass of the concrete specimen in 

kg divided by the volume of the concrete cube (m3) and 

expressed in kg/m3. Density tests were conducted on 100 x 

100 x 100mm cube specimens by BS EN 12390-6 (2000). 

 

Compressive Strength Test of Concrete 

The compressive strength tests were conducted by BS EN 

12390-7 (2009). Cube specimens of 100 x 100 x 100mm were 

prepared. All the cube specimens were removed from the 

moulds after 24 hours of casting and cured by total immersion 

in water until the testing age. Cubes were removed from the 

curing medium and allowed to drip off and be at saturated 

surface dry condition before being tested for strength. 

Compressive strength test was carried out on the cube 

specimens at ages 7, 14, 28, and 56 days. The cement was 

replaced with pozzolana at 5% to 30%.  

 

Modulus of Rupture 

The modulus of rupture was determined by conducting a 

simple unreinforced beam test subjected to a point loading. 

The beam specimens were produced, prepared, and tested 

following BS EN 12390-5 (2009) guidelines, and the concrete 

was tested at 7, 14, 28, and 56 days. The test specimens were 

100 x 100 x 500 mm beams and were tested under a single-

point loading test. The modulus of rupture (Mr) was 

calculated using Equation 2, which involved measuring the 

width and depth of the specimen, as well as the length of the 

span on which the specimen was supported, and the maximum 

load applied to the specimen. Modulus of rupture (Mr) in 

N/mm2 was computed using the equation below. 

Mr =
PL

𝑏𝑑2
     (2) 
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Water Absorption Capacity Test 

This test was conducted at 28 and 56 days curing per BS 1881-

122:(1983). Specimens were tested for absorption capacity, 

and on each day of testing, three cubes each were placed in 

the electric oven to dry the specimens at 1050 °c for 72 hours. 

The specimens were removed from the oven and allowed to 

cool at room temperature before determining the initial 

weight, which was recorded as (W1). The final weight was 

determined after the concrete specimen had been immersed in 

water for 30 minutes. It was removed and dried with a cloth; 

re-weighed and recorded as (W2). The equation below was 

used to compute the absorption capacity for the specimens:  

Water Absorption Capacity 

= WA =
W2−W1

W1
 𝑥 100   (3) 

Where: W1 = Weight of the concrete sample after oven 

drying  

W2 = Weight of the saturated surface dry concrete sample. 

 

RESULTS AND DISCUSSION  

Physical Properties of Materials  

Table 1 presents the result on specific gravity of coarse 

aggregate (gravel), which was determined to be 2.73. The 

result falls within the specified range of specific gravities for 

coarse aggregates, as Shetty (2005) stated that the average 

specific gravity of coarse aggregate varies between 2.6 and 

2.8. The Specific gravity of Fine aggregate (Sand) was 

determined to be 2.59. This falls within the specified range 

specified by BS 882 of specific gravities of Fine aggregate, as 

2.4 to 2.9. The specific gravity of volcanic ash was 

determined to be 3.21; This value is close to values 

determined in the research done by Agboola et al. (2020), who 

stated the specific gravity of coconut shell ash as 3.28. The 

specific gravity of metakaolin is 2.39. Siddique and Siddique 

(2008) report a value of 2.50. 

 

Table 1: Specific Gravity of Materials 

Materials Specific Gravity (g) 

Fine Aggregate 2.59 

Coarse Aggregate 2.73 

Volcanic Ash 3.21 

Metakaolin 2.39 

 

Strength activity index 

The result for the strength activity index of cement mortar is 

presented in Table 2. The result shows an increasing strength 

trend at 7 days and 28 days, respectively, for both control 

mortar and mortar produced with metakaolin and volcanic ash 

as partial cement replacement. The result also shows that, at 

both 7- and 28-day curing ages, the strength activity index of 

20% VA-MTK/cement mortar meets the minimum 

requirement specified by ASTM C311, and that the strength 

activity index of pozzolana must meet 75% of the control 

strength at 7 and 28 days. This indicates that volcanic ash and 

Metakaolin are good pozzolanic materials and can replace 

cement in concrete production.  

 

Table 2: Strength Activity of Cement  

% CSA 
Compressive Strength (N/mm2) Strength Activity Index 

7 days 28 days 7 days 28 days 

0% Control 22.6 31.5 100 100 

20% 17.1 26.1 75.7 82.9 

 

Setting Time and Consistency Test of Materials 

Figure 1 shows the setting time of Portland cement and 

composite volcanic ash—metakaolin paste. The setting test 

corresponds with BS EN 196-3 (1995). Volcanic ash and 

Metakaolin slightly reduce the cement paste's initial and final 

setting times. The result shows that the higher the addition of 

pozzolanic materials, the longer the time it takes for the 

mortar to set. The lowest setting time was achieved at 0% 

pozzolana, while the highest setting time was attained at 30% 

VA-MTK as partial cement replacement. 

 

 
Figure 1: Setting Time Test of Composite VA-MTK as percentage replacement of PC 
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Workability test  

Figures 2 and 3 present the results for the slump and 

compacting factor tests of concrete made with volcanic ash-

metakaolin as partial PC replacement. According to Neville 

and Brooks (2010) and as specified by BS EN 12350-2 

(2000), the degree of workability for the slump test is medium 

to low from the values of the six different mixes. The slump 

test value for the Percentage replacement of cement decreases 

with the increase of pozzolana. For compacting factor test 

value, the degree of workability ranges from low to medium, 

which falls within the range specified by BS EN 12350-2 

(2000) and Neville and Brooks (2010). Mixes with 0%-15 % 

show higher workability, while 20%-30 % show lower 

workability. 

 

 
Figure 2: Slump heights Composite VA-MTK in (mm) versus percentage replacement of PC 

 

 
Figure 3: Compacting Factor of Composite VA-MTK versus percentage replacement of PC 

 

Density of Cubes  

Figure 4 present the average density of concrete samples 

produced with ordinary Portland cement and volcanic ash-

metakaolin as partial replacement of cement, cured in normal 

water (H2O) and weighed at 7, 14, 28, and 56 curing days 

respectively, and produced at 10%, 15%, 20%, 25% and 30% 

of volcanic ash and metakaolin as partial replacement of 

cement respectively. The density of concrete cube samples 

varies from 2392 kg/m3 to 2537 kg/m3, and it increases with 

increasing curing periods. The result is close to that of 

Agboola et al. (2020), who report that the density of concrete 

cubes increases with increasing curing periods. Concrete 

samples with a density higher than 2600kg/m3 are called 

higher density concrete samples (Kazjonovs et al., 2010). 

Values obtained at 28 days exceeded the 2400 kg/m3 expected 

for a normal-weight concrete. Therefore, concrete produced 

with volcanic ash and metakaolin as partial replacement of 

cement in concrete is a concrete with ordinary density, though 

samples with pozzolanic material replacements were denser 

than the control samples. 

 

 
Figure 4: Density of concrete specimen cured in H2O 

 

0

10

20

30

40

50

60

70

80

0% 10% 15% 20% 25% 30%

Sl
u

m
p

 V
al

u
e 

(m
m

)

Percentage Replacement of PC

0.86

0.88

0.9

0.92

0.94

0.96

0% 10% 15% 20% 25% 30%C
o

m
p

ac
ti

n
g 

Fa
ct

o
r 

Te
st

 
(r

at
io

)

Percentage Replacement of PC

2300

2350

2400

2450

2500

2550

7days 14ddays 28days 56daysD
en

si
ty

 o
f 

C
o

n
cr

et
e 

in
 

H
2O

 in
 (

kg
/m

3 )

Curing Period 

0%

10%

15%

20%

25%

30%



EXPERIMENTAL INVESTIGATION OF THE…            Luther et al., FJS 

FUDMA Journal of Sciences (FJS) Vol. 9 No. 6, June, 2025, pp 90 – 97 94 

Beam Density  

From Figure 5 analysis can be drawn that the concrete beams 

produced with volcanic ash and metakaolin achieved a density 

of 2467 kg/m3  to 2537 kg/m3 at 28 days, and achieved a 

density of 2490 kg/m3  to 2562 kg/m3 at 56days, the result is 

close to that of Agboola et al., (2020) who report that the 

density of beam increase with increase curing periods, the 

result from this study conform to the density of normal-weight 

concrete, which favor higher durability due to the higher 

values than 2400 kg/m3 value recorded for beam sample 

which is in line with the work carried out by (Kazjonovs et 

al., 2010). 

 

 
Figure 5: Density of concrete Beams 

 

Compressive strength of concrete specimens 

Figure 6 shows the compressive strengths of Portland 

cement/volcanic ash-metakaolin concrete specimens crushed 

at 7-, 14-, 28-, and 56-day hydration periods. Concrete 

samples with 10%, 15%, 20%, 25% and 30% replacements of 

Portland cement with volcanic ash and metakaolin achieved 

28.5 N/mm2, 27.6 N/mm2, 25.6 N/mm2, 24.5 N/mm2 and 23.9 

N/mm2, respectively, while 0% replacement achieved 28.2 

N/mm2 at 28 days. The result shows that the 10% cement 

replacement shows a high strength ratio beyond control 

concrete, with 10% replacement showing a strength increase 

of 1.05% above control concrete. At 56 days, concrete 

produced with 10%, 15%, 20%, 25% and 30% replacements 

of Portland cement with volcanic ash and metakaolin 

achieved 29.3 N/mm2, 28.2 N/mm2, 26.3 N/mm2, 25.1 N/mm2 

and 23.9 N/mm2, respectively, while 0% replacement 

achieved 28.6 N/mm2. This represents a 2.36% increase for 

10% replacement of cement in concrete with volcanic ash and 

metakaolin over the control concrete in compressive strength. 

The result is in range with the work carried out by (Agboola, 

et al., 2020; Jehad & Kemal, 2014). The compressive strength 

achieved for control and percentage replacement was below 

the BS EN 197-01 (2000) requirement, which states that the 

concrete sample should achieve 32.5 N/mm2 at 28 days. This 

could be due to the method of compaction applied (manual 

compaction) during the concrete production. The standard 

requires the use of mechanical compaction to achieve this 

result. 

 

 
Figure 6: Average compressive strength of hardened concrete specimen cured in H2O 

 

Flexural Strength 

Figure 7 presents the flexural strengths of Portland cement 

and volcanic ash-metakaolin concrete specimens tested at 28- 

and 56-day hydration periods. Concrete specimens with 0% 

replacement achieved 5.11 N/mm2, while 10%, 15%, 20%, 

25% and 30% replacement of Portland cement with volcanic 

ash and metakaolin achieved 5.22 N/mm2, 4.86 N/mm2, 4.61 

N/mm2, 4.33 N/mm2 and 4.20 N/mm2 at 28 days. This 

represents a 2.11% strength decrease of 0% concrete from 

10% concrete produced with volcanic ash and metakaolin as 

cement replacements in strength.  

Concrete specimens with 0% replacement achieved 5.28 

N/mm2, while 10%, 15%, 20%, 25% and 30% replacement of 

Portland cement with volcanic ash and metakaolin achieved 

5.31 N/mm2, 4.88 N/mm2, 4.63 N/mm2, 4.43 N/mm2 and 4.24 

N/mm2 at 56 days. This represents a 0.56% decrease in 

compressive strength of 0% concrete from 10% concrete 

produced with volcanic ash and metakaolin as cement 

replacements. The strength increase in concrete could be 

perhaps as a result of the type of pozzolana used in concrete 

production as posited by Vijayakumar et al. (2013); Agboola 

et al. (2020) and Agboola et al. (2024b;2024c) who posited 

that the flexural strength of concrete increases with increasing 

curing days for both regular concrete and concrete produced 

with pozzolana. The percentage replacement of volcanic ash-

metakaolin up to 15% gives higher flexural strength because 

it makes good bonding and is an excellent filler between the 

aggregates and the paste of the concrete. 
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Figure 7: Average Flexural Strength of Concrete Beams 

 

Water absorption tests of concrete 

Figure 8 presents the water absorption test result of Portland 

cement/metakaolin-volcanic ash concrete specimens cured in 

water (H2O) and tested at 28- and 56-day hydration periods. 

The degree of sorption of the concrete specimen tallies with 

the work conducted by Pitroda and Shah (2014), which stated 

that the average absorption of the concrete test specimens 

shall not be greater than 5%—the level of sorptivity of 

concrete samples reduced with increase in curing days. 

Concrete samples with 0% replacement absorbed 1.76%, 

while 10%, 15%, 20%, 25% and 30% replacement absorbed 

1.79%, 1.88%, 1.98%, 2.14% and 2.33% respectively. Also, 

at 56 days, concrete samples with 0% replacement absorbed 

1.66%, while 10%, 15%, 20%, 25% and 30% replacement 

absorbed 1.73%, 1.86%, 1.94%, 2.10% and 2.15% 

respectively. At 28 days, 0% replacement absorbed less 

curing agent than 10%, 15%, 20%, 25% and 30% 

replacement. The result of this research is in line with the 

work of Agboola et al. (2020), who stated that volcanic ash 

has a glassy structure and is impermeable to water and 

chloride ions. Falade et al. (2024) also assert that metakaolin 

aids in the reduction of concrete permeation. 

 

 
Figure 8: Average Water Absorption of Hardened Concrete Specimen  

 

CONCLUSION  

The density of concrete increases with the curing period. 

There was more density loss in control concrete samples than 

in 5% and 10% volcanic ash-metakaolin concrete samples. 

The workability of concrete at all replacement levels was 

lower than that of ordinary Portland cement concrete (control) 

specimen for slump, while concrete with 10% cement 

replacements had workability compared to that of control 

concrete samples for the compacting factor. The control 

concrete had the maximum compressive strength at 7 days 

and 28 days. It was observed that up to 10% replacement of 

cement with volcanic ash and metakaolin resulted in an 

increase in the strength of concrete at later stages of 56 and 90 

days. Compressive strength of concrete increases at higher 

curing ages and with volcanic ash and metakaolin as cement 

replacement up to 10%. The flexural strength results revealed 

that the concrete with a 10% replacement level at the ages of 

28 and 56 days was comparable to that of control concrete and 

met the expected 4.0N/mm2 flexural strength of concrete at 28 

days. Adding volcanic ash and metakaolin in concrete 

significantly reduces water absorption by blocking capillary 

voids and making a denser concrete microstructure, mainly 

through the pozzolanic materials and cement's pozzolanic 

reaction. Replacement of cement up to 20% by metakaolin has 

reduced compressive strength range only marginally, and 

therefore it still has potential for applications in flexible and 

rigid pavements and mass concrete. The results indicate a 

potential use of volcanic ash and metakaolin in concrete 

production for structural and non-structural building 

materials—the addition of 30% VA-MTK yields acceptable 

strength of concrete for non-structural purposes. Strength 

properties of hardened concrete specimens showed that 

concrete with 10% replacement of cement with metakaolin 

and volcanic ash has optimal compressive and flexural 

strengths for pozzolanic concrete. Generally, metakaolin as 

cement replacement up to 20% improves the mechanical 

properties of concrete, in addition to protecting the 

environment from pollution compared to conventional 

concrete. Durability properties, such as exposure to other 

aggressive environments and elevated temperature, should be 

carried out on a composite of metakaolin and volcanic ash 

concrete as cement replacement. Research should be carried 
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out on the effects of admixtures on the properties of composite 

metakaolin–volcanic ash concrete, especially admixtures that 

may improve the curing of pozzolans in general. Research 

should be carried out on the effects of a different water-

cement ratio on the porosity of metakaolin–volcanic ash 

concrete.  

 

REFERENCES 

Agboola, S. A., Abbas, K. A., Musa, A. K., Shabi, M. O., 

Abdulwaheed, A. A., & Zakari, A. (2024). Performance of 

Concrete Using Metakaolin as Cement Partial Replacement 

Material. ARID ZONE JOURNAL OF ENGINEERING, 

TECHNOLOGY AND ENVIRONMENT, 20(4), 749–759. 

 

Agboola S.A., Aliyu A.A., Abbas K. I., Akewusola R.A., 

Musa A.K. & Shabi M.O. (2024b). Experimental 

Investigation of The Durability Properties of Concrete 

Produced with Metakaolin as Partial Cement Replacement. 

FUDMA Journal of Sciences (FJS). 8(2), 149 – 162. DOI: 

https://doi.org/10.33003/fjs-2024-0802-2127. 

 

Agboola S.A., Abbas K, A., Musa A.K., Shabi, M. O., 

Abdulwaheed A.A., & Zakari A. (2024c). Performance of 

Concrete Using Metakaolin as Cement Partial Replacement 

Material. Arid Zone Journal of Engineering Technology and 

Environment (AZOJETE). Vol. 20(4), Pp. 749 – 759.  

 

Agboola S.A., Bappah H., Adamu S. A., and Tukur M. 

(2022). Effect of Rice Husk Ash on the Durability Properties 

of Concrete Subject to Aggressive Chemical Environment. 

African Journal of Environmental Sciences & Renewable 

Energy. (AJESRE). 5(1), 16 – 37, ISSN: 2617-3072X.  

 

Agboola S.A., Amina O.S., Simdima G.G., & Solomon W.P. 

(2021). Effect of Volcanic Ash as Partial Replacement of 

Cement in Concrete Subject to Aggressive Chemical 

Environment. International Journal of Engineering Applied 

Sciences and Technology (IJEAST). 6(5). 100 – 108, ISSN: 

2455-2143. September 2021. 

 

Agboola S.A., Mamman A.I., Tapgun J., and Bappah H. 

(2020). Strength Performance of Concrete Produced with 

Volcanic Ash as Partial Replacement of Cement. International 

Journal of Engineering Research and Technology (IJERT). 

9(3), 372 – 378, ISSN: 2278-0181.  

 

American Society for Testing and Materials. (2006). Standard 

Terminology Relating to Concrete and Concrete Aggregates. 

American Society for Testing and Materials, West 

Conshohocken, No. C125. USA. 

 

Bjegovic, D., Stirmer, N., & Serdar, M. (2012). Durability 

properties of concrete with blended cements. Materials and 

Corrosion, 63(12), 1087-1096. 

 

BSI, BS EN 196-1: 2016: Methods of testing cement. 

Determination of strength. London, UK, BSI. 

 

BS EN 12390-7 (2009)'' Testing Hardened Concrete: 

Compressive Strength of Test Specimens” British Standard 

Institution, London. 

 

BS EN 12390-5 (2009) “Testing Hardened Concrete. Flexural 

Strength of Test Specimens". British Standards Institution, 

London. 

 

BS EN 12390: part 6 (2000) ‘’Testing Fresh Concrete - 

density” British Standard Institution, London. 

 

BS EN 12350: Part 2 (2000). Method for Determination of 

Slump. British Standards Institution, London. 

 

British Standard European Norm (1995). Cement: 

Composition, specification and conformity criteria for 

common cements. BS EN 197-1, BSI, Linfordwood, Milton 

Keynes MK14 6le, U.K. 

 

British Standard European Norm (1995). Methods of testing 

cement: Determination of setting time and soundness. BS EN 

196-3, BSI, Linfordwood, Milton Keynes MK14 6le, U.K. 

 

British Standard, (1992). Specification of Aggregate from 

Natural Sources for Concrete. BS 882, BSI, London 1997. 

 

British Standard, (1983). Testing concrete: Method for 

determination of water absorption. BS 1881-122, BSI, 

Linfordwood, Milton Keynes MK14 6le, U.K. 

 

British Standard, 812 part 2 (1975). Methods for 

determination of relative densities and water absorption of 

coarse aggregate (Specific gravity of aggregate). BSI 

Publication British Standards Institution, London. 

 

Chowdhury, S., Mishra, M., & Suganya, O. M. (2015). The 

incorporation of wood waste ash as a partial cement 

replacement material for making structural grade concrete: 

An overview. Ain Shams Engineering Journal, 6(2), 429–

437. 

 

Crawford, R. H. (2022). Greenhouse gas emissions of global 

construction industries. In IOP conference series: Materials 

science and engineering (Vol. 1218, No. 1, p. 012047). IOP 

Publishing. 

 

Dadu, D. W. (2011). Investigation into Pozzolanic 

Characteristics of Jos Plateau Volcanic Deposits for Partial 

Replacement of Portland Cement in Concrete. Unpublished 

Ph.d. Dissertation Work. Department of Building, Faculty of 

Environmental Design, Ahmadu Bello University, Zaria, 

Nigeria.  

 

Falade A.A., Agboola S.A., Ishaq S. A., Muhammed A.J., 

Shabi M.O., & Musa A.K. (2024). Interdisciplinary Effects of 

Metakaolin as a Pozzolanic Material on Chloride Ingress in 

Concrete. NIPES Journal of Sciences and Technology 

Research. Vol. 6(4), Pp. 55 – 72. DOI: 

https://doi.org/10.5281/zenodo.14316852 

 

Getso, A.  (2014). Evaluation of the Properties of Binary 

Cementitous Matrix Concrete Containing Metakaolin. 

Unpublished Master’s Thesis. Department of Building, 

Ahmadu Bello University, Zaria. 

 

He, Z., Zhu, X., Wang, J., Mu, M., & Wang, Y. (2019). 

Comparison of CO2 emissions from OPC and recycled 

cement production. Construction and Building 

Materials, 211, 965-973. 

 

Joergensen, S. W. (2014). Grinding of Clinker Replacement 

Materials. Special Report by General Manager Grinding 

Technology, 1-15. 

 

https://doi.org/10.33003/fjs-2024-0802-2127
https://doi.org/10.5281/zenodo.14316852


EXPERIMENTAL INVESTIGATION OF THE…            Luther et al., FJS 

FUDMA Journal of Sciences (FJS) Vol. 9 No. 6, June, 2025, pp 90 – 97 97 

 ©2025 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 
International license viewed via https://creativecommons.org/licenses/by/4.0/ which  permits  unrestricted  use,  
distribution,  and  reproduction  in  any  medium, provided the original work is cited appropriately.  

Jehad, A. and Kamel, K. (2014). Effect of volcanic tuff on the 

characteristics of cement mortar Cerâmica 60, 279-284. 

alzboon@bau.edu.jo. 

 

Kajaste, R., & Hurme, M. (2016). Cement industry 

greenhouse gas emissions–management options and 

abatement cost. Journal of Cleaner Production, 112, 4041-

4052. 

 

Kazjonovs, J., Bajare, D. and Korjakins, A. (2010). Designing 

High-Density Concrete by Using Steel Treatment Waste. 

Paper Presented on Modern Building Materials, Structure and 

Techniques International Conference May 19-21, 2010. 

Vilnius, Lithuania, 138-142. 

 

Mikulčić, H., Klemeš, J. J., Vujanović, M., Urbaniec, K., & 

Duić, N. (2016). Reducing greenhouse gas emissions by 

fostering the deployment of alternative raw materials and 

energy sources in the cleaner cement manufacturing process. 

Journal of Cleaner Production, 136, 119-132. 

 

Mohammad, N. F. (2010). Performance of Concrete by Using 

Pulverised Fuel Ash (PFA) as Cement Replacement Material. 

Unpublished B.Sc Project. Department of Civil Engineering 

and Earth Resources, University of Malaysia Pahang. 

 

Naik, T. R. (2020). Sustainability of the cement and concrete 

industries. In Sustainable construction materials and 

technologies (pp. 19–25). CRC Press. 

 

Ndahi, A., Agboola, S., Abubakar, A. S., Olawale, S. M., 

Abdulmutakabir, S., & Ibrahim, A. K. (2024). Effect Of Corn 

Cob Ash and Locust Bean Pod Ash on the Mechanical 

Properties of Concrete. coou African Journal of 

Environmental Research, 5(2), 113-129. 

 

Neville, A.M. & Brooks, J.J. (2010). Concrete Technology. 

2nd edition. Longman Group United Kingdom Limited, 30–

269. 

 

Nodehi, M., Ozbakkaloglu, T., Gholampour, A., Mohammed, 

T., & Shi, X. (2022). The effect of curing regimes on physico-

mechanical, microstructural and durability properties of 

alkali-activated materials: A review. Construction and 

building materials, 321, 126335. 

 

Ogunbode, E. B. and Hassan, I. O. (2011). Effect of Addition 

of Calcium Nitrate on Selected Properties of Concrete 

Containing Volcanic Ash. Leonardo Electronic Journal of 

Practice and Technologies, 29-38. Retrieved from 

http://www.lejpt.academicdirect.org. 

 

Olawuyi, B. J., Olusola, K. O. and Babafemi, A. J. (2012). 

Influence of Curing Age and Mix Composition on 

Compressive Strength of Volcanic Ash Blended Cement 

Laterized Concrete. Civil Engineering Dimension, 14(2), 84-

91. 

 

Petroche, D. M., & Ramirez, A. D. (2022). The environmental 

profile of clinker, cement, and concrete: a life cycle 

perspective study based on Ecuadorian data. Buildings, 12(3), 

311. 

 

Pitroda, J. and Shah, D. S. (2014). An Experimental Study on 

Durability and Water Absorption Properties of Pervious 

Concrete. International Journal of Research in Engineering 

and Technology, 3(3), 439-444. Retrieved from 

http://www.ijret.org   

 

Rahmat, Y., Abdulazeez, A. S., Gambo, I., Audu, I., & Isah, 

A. A. (2024). Investigation of the Properties of Concrete 

Made with Fly-Ash and Dry Waste Okra Powder. ARID 

ZONE Journal of Engineering, Technology and 

Environment, 20(2), 473-482. 

 

Sanjay, N. P., Anil, K. G. and Subhash, S. D. (2013). 

Metakaolin-Pozzolanic Material for Cement in High Strength 

Concrete. In: Proceedings of the 2nd International Conference 

on Emerging Trends in Engineering (SICETE'13), 46-49. 

 

Shetty, M. S. (2005). Concrete Technology – Theory and 

Practice. New Delhi, India, S. Chand and Company Ltd. 

 

Siddique, R., & Siddique, R. (2008). Metakaolin. Waste 

materials and by-products in concrete, 41–92. 

 

Vijayakumar1, G., Vishaliny, H. and Govindarajulu, D. 

(2013). Studies on Glass Powder as Partial Replacement of 

Cement in Concrete Production, International Journal of 

Emerging Technology and Advanced Engineering (ISSN 

2250-2459, ISO 9001:2008 Certified Journal, Volume 3, 

Issue 2, February 2013). Retrieved from www.ijetae.com. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/
mailto:alzboon@bau.edu.jo
http://www.lejpt.academicdirect.org/
http://www.ijret.org/
http://www.ijetae.com/

