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ABSTRACT

The increasing cost and scarcity of portland cement has impacted negatively on the delivery of affordable housing
and infrastructural development in developing countries like Ghana. This study investigated the use of natural clay
pozzolana as partial replacement of portland cement in the production of concrete. Concrete cubes measuring
150mm:<150mm:=150mm were made from six different concrete mixes prepared by using pozzolana to replace
0%,10%, 20%, 30%, 40% and 50% of portland cement by mass. The workabilities of the fresh concrete mixes were
evaluated using the slump test and compacting factor test while compressive strengths of concrete cubes were
evaluated at 7, 14, 21 and 28 days. The maximum compressive strength at all ages of testing was obtained at 30%
replacement, corresponding to an increase of 3%,12%,24% and 19% compared to the 7-day, 14-day, 21-day and
28-day compressive strengths. Workability decreased with an increase in replacement percentage. Pozzolana can be
used to partially replace ordinary portland cement in the production of concrete without compromising strength.
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INTRODUCTION

Concrete is the world’s most utilized constructioaterial [1]. The need for infrastructural develagin both the
developing and developed countries has placeda degnand on ordinary portland cement (OPC), irawitly, the
main binder in the manufacture of concrete. Desttite advantages of concrete as a construction ialattre
production of cement comes at a great cost tortkiganment [1, 2, 3, 4].

In view of environmental and sustainability coneerassociated with the production of cement, the afse
pozzolanas to replace part of portland cement é¢eivang a lot of attention. Replacing portland &kn either
partially or entirely is also being investigatedaasalternative to carbon dioxide emissions [2]p 70% of portland
cement can be replaced by using materials suchiragndy fly ash, slag, silica fume, natural pozzoés, rice-husk
ash, wood ash, and agricultural products ash [Efiéial pozzolanas used in modern commercial cafrere
derived from fly ash produced by coal burning pdarnibcineration of municipal solid waste etc [6P0zzolanic
materials do not possess any cementing propeifiggeio own, but they contain silica and aluminaéactive form.
Ancient Romans produced exceptional cement by mipiozzolanic materials with lime to build structime of
which are standing today [6].

Pozzolanic materials chemically react with calcilmydroxide in the presence of water to form compacund
possessing cementitious properties [6]. THozzolanic reactions are silica reactions in thesence of calcium
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hydroxide and water to produce calcium silicaterayes(C-S-H) [7, 8 ]. C-S-H creates a denser minrogire that
increases strength, reduces the permeability ofred@ and improves its resistance to chemical latfBlee partial
replacement of ordinary portland cement by pozzdaare known to improve the resistance of contoetelphates
[9]..As additives in modern cements pozzolanas awpmechanical strength and provide resistancéysigal and
chemical weathering [6]. The addition of pozzolaneduces pore sizes and porosity leading to ineckatrength
[10]. The aim of the study is to investigate expenntally the effects of partial replacement ofGOMith pozzolana
on the workability and compressive strength of cetec This study seeks to contribute to effortsnike use of
locally available materials in infrastructural demgment in line with the Ghana Government’s objezf using at
least 40% of local building materials in governmiarfitastructural projects.

MATERIALSAND METHODS

The cement used was ordinary portland cement @hgth class 32.5R. The cement conformed to [11].The
pozzolana used is of ASTM Type N. Table 1 showscti@mmical compositions of binders used in the st@yshed
granite of nominal size 20mm used in producing cetec The water used in mixing looked clean and frem any
visible impurities. It conformed to the requiren®of [12]. Natural river sand with a specific gtgvof 2.53 and a
bulk density of 1550kgi was used. Six different mixes were used for thelyst A control mix of ratio 1:2:4
batched by mass using a water-binder ratio of OI'B&. control mix was produced using OPC only asld&irwhile

in other mixes, pozzolana was used to replace 20%, 30%, 40% and 50% of the mass of ordinary cémethe
control mix. The details of mix proportions are wiman Table 2.

Table 1 Chemical composition of OPC and pozzolana

Componer | Ordinary fortland cement % (by ma: | ASTM Type N Pozzolana%(by ma
LOI 2.04 1.18

SiO, 18.24 78.71

CaO 60.82 >0.01

Al,03 4.88 12.72

Fe2Q 3.47 4.49

MgO 3.2C 0.3¢

SO 3.25 >0.01

Na,O 0.02 0.31

K,0 0.44 0.91

Table 2.Concrete mix details

Percentage replacement (%) Mass of constituents(kg)
‘Cement| Pozzoland Sarld Crushed Grahite
0 7 0 14 28
10 6.3 0.7 14 28
20 5.€ 14 14 28
30 4.9 2.1 14 28
40 4.2 2.8 14 28
50 3.5 3.5 14 28

The slump test [13] and compacting factor test [IMere used in assessing the workabilities offtesh concrete
mixes. No test measures workability directly, biuere are tests that measure properties relatedotkability.

Workability is related to the compatibility, mohyliand stability of fresh concrete [15]. Castingooincrete was
done in cast iron moulds measuring 150mm x 150mB0mm internally. A total of seventy-two cubes werade.
The specimens were made in accordance with[16krAfasting, the moulds were covered with plastieesho
prevent water loss through evaporation. Demouldiag done after 24 hours and the specimens imménsad
curing tank to cure for strength gain. Curing img® both the physical and mechanical propertieonérete. The
compressive strengths were determined by crushimgrete cubes at 7, 14, 21 and 28days of curingguai
1,500kN Matest compression testing machine (Fig 1).
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Figure 1. Compressive Strength Testing

Before crushing, the concrete cubes were remowed the curing tank and placed in open air in th®tatory for
about two hours. The results presented are theageeof three tests. All tests were conducted atMhterials
Laboratory of the Department of Civil Engineerirfglte Cape Coast Polytechnic.

RESULTSAND DISCUSSION

Workability
The results of workability tests are presentedabl& 2.

Table 2 Resultsof workability tests

. Cement Replacement (%)
Workability 0 [ 10 ] 20| 30] 40| 50
Slump (mm) 20 18 16 14 10 8
Compacting Factor (%) 088 0.80 0.Y4 0J[f6 0}69 Q.62

From the results it can be seen that as the pemgemeplacement of OPC with pozzolana increasesytinkability

of concrete decreases. Replacing cement by an egasd of pozzolana causes an increase in volurce e

density of cement is higher than that of pozzolghis. therefore increases the water demand andeagatzolana
content increases the workability reduces sincetlantity of water remains the same for all mixdse results also
showed the interrelationship between the resulth@tompacting factor test and the slump test.

Compressive strength
The results of the compressive strength testsrasepted in Table 3.

Table 3. Compressive Strength (Nmm?)

. Pozzolana Replacement (
Age at testing(days ) 1 20 20 20 50
7 16.4| 16.1| 15.4 16.9 131 106
14 18.1| 17.8] 17.3 202 13)8 114
21 19.1| 18.3] 178 23.Fy 15/8 129
28 21.7| 196 179 259 16J1 136

The variation of compressive strength of concrstpresented in Fig 2.1t seen that the variatiostangth shows
similar trends with respect to pozzolana replacdmarngeneral, the compressive strength reduced free control
concrete (0% replacement) to 20% replacement. théuarrise in replacement increased the comprestiemgth
until a maximum strength was reached at 30% repilao¢ of OPC with pozzolana. On further increase stinength
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reduced as percentage replacement increased. réhib is similar at all ages of testing.. It iscaleen that the
strength of concrete increases with age.
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Figure2. Variation of compressive strength with age

Pozzolanic reaction begins immediately after hydrabf cement and continues for a long time therieloyeasing
strength. Concrete attained its maximum strengtn @bzzolana replacement of 30&6rresponding to an increase
of 19% in the 28-day strength compared to the condmicrete. Similarly, the 7-day, 14-day, and 21-day
compressive strengths respectively show increa8%0011% and 24% compared to the compressive gitresf

the control concrete (Fig 3).

Concrete derives its strength from the pozzolaeaction between silica in pozzolana and the caldiydroxide

liberated during the hydration of OPC. At low perges of replacement, the quantity of silica is,ltherefore,
only a limited quantity of C-S-H can be formed,ugb a large quantity of calcium hydroxide is lidethdue to the
relatively large quantity of portland cement. Howgvat high percentage replacement, the quantipoafolana in
the mix increases. C-S-H formed reduces due tadtlmn of a small quantity of calcium hydroxide rfrothe

hydration of the relatively small quantity of partld cement available. The strength of concretett low and high
percentage replacement is therefore low. An optintewnel of replacement exists at which compressivength is

the highest. It can also be concluded that thengtheof concrete depends on the relative propastiaisilica in

pozzolana and ordinary portland cement available.

From Fig 2, it is seen that the average rate ehgth growth is constant for the first seven dayter which, the
average rate of growth reduces to a constant,dbatively lower rate. The rate of strength gainhwiéspect to time
is highest for concrete with 30% replacement of AR(pozzolana. This is due to optimum reactionscihake
place at 30% replacement of OPC by pozzolana.

The variation of the relative compressive streraftboncrete with is presented in Fig 3. It can éersthat, with the
exception of concrete with 30% pozzolana replacénasnthe age increases the strength ratio desreasa though
the strength of concrete increases with age. Bhilie to the rate of increase of the compressieagth of control
concrete, which is higher than concrete at all ptzara replacement levels with the exception of 36ptacement.
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Figure 3. Relative compressive strength of concrete

CONCLUSION

At the end of the study, the following conclusi@me drawn:

* Replacement of cement with pozzolana significaimtyeased the strength of concrete

* Replacement of 30% of the mass of cement with damzo achieved the maximum value of compressive
strength.

» The 7-day, 14-day,21-day and 28-day compressieagtins at 30% replacement respectively showedaseseof
3%, 11%,24% and 19% compared to the compressigpgttr of the control concrete at those ages

* Increase in pozzolana replacement decreased thahility of concrete
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