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Abstract: The paper presents results of a study on concrete mixes containing two types of calcined clay pozzolanas obtained 
from Mankranso and Tanoso for structural application. Mankranso sample is labeled Type I whilst Tanoso also labeled as type 
II.Both clay samples were analysed to determine their physical and geotechnical properties whilst the chemical composition of 
the calcined clay samples analysed. Portland cement was replaced with 0%-25%Type I and 0-30% of Type II pozzolanas to 
formulate binder pastes and concretes. Setting times and normal consistency test were determined on the formulated binder 
paste. Three grades of concrete (25N/mm2, 30N/mm2 and 40N/mm2) containing pozzolana were prepared and their workability, 
density, compressive strength and flexural strength investigated against the plain concrete. Concretes with clay pozzolana had 
delayed setting times and lower densities. They also exhibited a reduction in compressive and tensile strength development at 
early age (7 days), with an average drop of 6 percent in compressive strength for all grades. However, the compressive and 
tensile strengths beyond 28 days notably exceeded the control un-blended mixes. This study recommends up to 20% clay 
pozzolana content of both Types I and II for concrete grades of 25N/mm2, 30N/mm2 and 40N/mm2. 

Keywords: Concrete, Calcined Clay, Normal Consistency, Concrete Grade, Compressive Strength, Flexural Strength, 
Setting Times, Workability 

 

1. Introduction 
Concrete is one of the most commonly used construction 

materials which largely affect the overall cost of buildings and 
civil engineering structures. It plays a key role in national 
development of all countries around the world. Globally 
concrete is only second to water as the most consumed 
substance with an annual estimated consumption of over 6 
billion cubic metres [1]. Mehta and Monteiro [2] have projected 
that by 2050 approximately 18 billion tons of concrete would be 
demanded for construction worldwide. The huge demand for 
concrete translates to enormous environmental problems and 
economic issues. The environmental concerns are that damages 
are caused to arable lands through the extraction of raw 
materials (aggregates, limestone and clay). Coupled with this is 
carbon dioxide emission, a greenhouse gas emitted from cement 
industries which support the concrete industry. It is reported that 
the world’s annual greenhouse gasses emission from cement 

industries is estimated to be 1.35 billion tonnes, corresponding 
to approximately 7% of the total greenhouse gasses [3]. Pursuit 
to this goal, about 1.6 billion metric tonnes of modified Portland 
cement is produced annually in the world [4]. 

Among modified cements utilized extensively is the 
incorporation of pozzolanas such as metakaolin, fly ash, 
silica fume, slag and bagasse ash. These pozzolanic 
admixtures are rich in silica and aluminas have positive 
effects on the properties of Portland cement concrete and 
mortar. With their inclusion in cement, they reduce cost of 
cement, increased compressive and tensile strength at later 
ages, improved workability, delayed setting times, reduced 
permeability, reduced thermal cracking and increased 
resistance to sulphate and chloride attacks. 

Alam et al [5] investigated into the mechanical, durability 
and economic values of pozzolanic fly ash in concrete. They 
found that between 5 and 10% of cement replacement by fly 
ash had no negative effect on strength and durability of 
concrete. The priceless nature of fly ash therefore reduced 
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cement cost. The studies of Vu et al [6] and Sumrerang and 
Prinya [12] used calcined kaolin and bagasse ash at 20% and 
30% optimum values respectively to replace cement. Their 
results showed an enhanced strength characteristics than the 
control cement mix. Pozzolans delay setting times and this 
was shown in the studies of Vu et al [6] and Fragoulis et al 
[8]. Other characteristics such as reduced permeability and 
increased resistance to sulphate and chloride with the 
utilization of pozzolanic materials have been shown in the 
studies of Al-Dulaijan [9], Shehata et al [10] and Thomas et 
al [11], Sumrerng and Prinya [12] respectively. 

The possibility of using clay as a pozzolanic material has 
been investigated previously by Tironi et al. [13] and Sabir et 
al. [14]. Other studies conducted in Ghana have shown that 
blending up to 25% of Mankranso or 30% of Tanoso with 
Portland cement produced strength classes that met the 
minimum strength requirement of 42.5N/mm2 [15]. It has 
been shown that clay deposits exist throughout Ghana 
estimated at 1.39 billion metric tonnes [16]. This study 
therefore present the outcome of the investigations performed 
on some properties of concrete using clay pozzolana as 
cement mineral admixture for structural purposes. Some of 
the properties investigated include consistency, setting times, 
workability, density, compressive and tensile strength. 

2. Materials and Experimental Program 
2.1. Materials 

Two clay deposits located at Mankranso in the Ashanti 
region and Tanoso in the Brong Ahafo region were selected. 
The samples of clay pozzolana obtained from Mankranso and 
Tanoso clays were labeled as Type I and Type II. The 
physical and geotechnical properties of raw clay samples are 
were shown in Table 1. Table 2 also gives the chemical 
composition of the pozzolana produced from Type I and Type 
II clay samples as well as the cement. The X-ray fluorescence 
instrument was used to analyze the various chemical 
compositions. From Table 2, the pozzolana samples could be 
classified as a Class N pozzolana according to the ASTM: 
C618. The LOI values obtained for Type I and Type II 
pozzolana were 9.00 and 8.00 respectively, lower than the 10% 
required according to ASTM C618.Ordinary Portland cement  
conforming to ASTM: C150 of strength class 42.5N were 

used to prepare the Portland pozzolana cement blends. Well 
graded aggregates conforming to BS882:1992 limits with 
maximum size of 20mm were used. The coarse aggregates 
used consisted of crushed granite of 19mm maximum size. 
River sand was used as fine aggregates which were in 
accordance with the grading requirement of BS 882 [17]. 
Table 3 shows the grading characteristics of the coarse and 
fine aggregates. 

Table 1. Physical and Geotechnical properties of Type I and Type II clays 

Property 
Clay deposits 
Type I Type II 

Colour Reddish brown Grey 
Specific Gravity 2.58 2.60 
Moisture Content (%) 23.90 16.43 
Plastic Limit (%) 42.80 17.60 
Liquid Limit (%) 75.00 47.00 
Plasticity Index (%) 37.20 29.40 
Clay Content (< 0.002mm) (%) 36 28 
Silt Content (0.002 - 0.06mm) (%) 35 48 
Sand Content (0.06 - 2.0mm) (%) 29 24 
Portland Cement 

  
Colour Grey 

 
Specific Gravity 3.15 

 
Blaine Fineness(m2/kg) 338 

 

Table 2. Chemical Composition of Type I and II clay Pozzolanas and 
Portland cement 

Oxides 

Type I Type II Portland ASTM:  C618-08 

Pozzolana Pozzolana 
Cement CLASS N 

(%) (%) 

SiO2 62.03 62.34 19.70 (SiO2 +Al2O3+Fe2O3) 

Al2O3 14.66 18.36 5.00 ≥ 70% 

Fe2O3 4.98 3.98 3.16 
 

CaO 0.21 0.25 63.03 (CaO + MgO) 

MgO 1.75 1.40 1.75 ≤ 5% 

SO3 0.16 0.19 2.80 
 

NaO2 2.30 1.82 - 
 

K2O 1.08 1.25 2.02 Others 

TiO2 1.04 1.35 - 
 

P2O5 0.18 0.10 - 
 

MnO 0.10 0.05 - 
 

L.O.I 9.00 7.00 2.58 10% Maximum 

 

Table 3. Grading of aggregate 

BS Test sieve (mm) 
Cumulative  percentage passing 

Coarse Aggregates 
BS 882:1992 limits 

Fine Aggregates 
BS 882:1992 limits 

comparison Table 3 : Col. 2 comparison Table 4 : F 
37.50 100 100 

  
20.00 99 90 - 100 

  
14.00 75 40 - 80 

  
10.00 28 30 - 60 

  
5.00 6 0 - 10 100 100 
2.36 

  
99 80 - 100 

1.18 
  

85 70 - 100 
0.60 

  
63 55 - 100 

0.42 
  

47 - 
0.30 

  
34 0 - 70 

0.15 
  

12 0 - 15 
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2.2. Experimental Program 

2.2.1. Mix Proportions and Specimen Preparation 
The American Concrete Institute method (ACI) was 

adopted for the mix proportions and was designed to give 
nominal concrete strengths of 25, 30 and 40N/mm2. Ordinary 
Portland cement was partially replaced with0%, 5%, 10%, 
15%, 20% and 25% of Type I clay pozzolana and 0%, 5%, 
10%, 15%, 20%, 25% and 30% of Type II clay pozzolana. 
Table 4 presents the mix proportions of the designed 
pozzolana concrete. The standard consistency and setting 

times of the cement and pozzolana paste mixtures were 
determined with the Vicat apparatus in accordance with BS 
EN 197-1[18]. The workability of the fresh formulated 
concrete mixes was measured using the slump mould. The 
density of the concrete was also determined after 24 hours. 

100mm concrete cubes and concrete prisms measuring 100 
x 100 x 500mm were used to determine the compressive and 
tensile strengths respectively. The concrete specimens were 
cured continually under portable water for 7, 28, 56, or 90 
days prior to testing at room temperature. 

Table 4. Mix Proportion of Designed Pozzolana-cement Concrete 

Mixture NO. 1 2 3 

Class of Concrete (N/mm2) 25 30 40 

Percentage Replacement 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 

Ordinary Portland Cement 
(kg/m3) 

373 354 336 317 298 280 261 410 390 369 349 328 308 287 456 433 410 388 365 342 319 

Clay Pozzolana (kg/m3) - 19 37 56 75 93 112 - 67 41 62 82 149 123 - 23 46 68 91 114 137 

W/C 0.55 0.50 0.45 

Water (kg/m3) 205 205 205 

Fine Aggregates (kg/m3) 746 713 684 

Coarse Aggregates (kg/m3) 1026 1025 1026 

 

2.2.2. Testing of Concrete Cubes and Prisms 
The concrete prisms cured under water were removed at 

the testing time. The specimens attain a saturated dry state 
before crushing. The concrete cubes were tested to failure in 
a compressive machine at different ages to determine 
compressive strength. Flexural test was on the prisms to 
determine the tensile strength of the various mixes in 
accordance with BSEN12390-5 [26]. An average of three 
concrete specimens was tested to represent the values of the 
compressive and flexural strengths. 

3. Results and Discussions 
3.1. Standard Consistency and Setting Time 

The effect of clay pozzolana on standard consistency and 
setting times of Portland cement is as presented in Tables 5. 
The table shows that the amount of water required for the 
desired consistency for Type I and Type II pastes increased 
ranging from 3.7%-29.6% and 3.7%-37% respectively as 
compared to the control paste. The reason could be due to the 
lower specific gravity of clay pozzolana compared to the 
ordinary Portland cement, hence the requirement of larger 
volumes of clay pozzolana to replace the same mass of 
ordinary Portland cement. It was observed from the table that 
relatively, same weight replacement values between 5% and 
25% of Type I clay pozzolana required more water than its 
Type II pozzolana counterpart in the cement paste. This 
shows that Type I pozzolana may have a relatively high pore 
structure than Type II sample. 

From Table5, the initial and final setting times of both 

types of clay pozzolana cements (Type I and Type II clay 
pozzolana samples) were greater than the control paste. Both 
initial and final setting times of the pozzolanic paste 
increased with the percentages of clay pozzolana. The reason 
for this trend was that the clay pozzolana reduced the cement 
content which serves as the stiffening agent. This 
consequently reduced the rate of hydration and led to slow 
stiffening and hardening of the paste thereby prolonging the 
hydration process. 

Table 5. Consistency and Setting times of Clay Pozzolanic Cement 

Code 
P K W/ Consistency Setting Time (min) 

(%) (%) (P+K) (%) Initial Final 

C0 100 0 0.27 26.8 90 196 

PT1 95 5 0.26 26.4 92 210 

PT2 90 10 0.28 28.0 95 210 

PT3 85 15 0.30 30.2 102 218 

PT4 80 20 0.32 32.0 114 223 

PT5 75 25 0.35 35.4 138 233 

PT6 70 30 0.37 37.0 157 242 

PM1 95 5 0.28 28.0 108 205 

PM2 90 10 0.30 30.0 125 210 

PM3 85 15 0.31 31.0 142 213 

PM4 80 20 0.33 33.0 163 225 

PM5 75 25 0.35 35.2 178 230 

Note: CO-Control, PM-Portland cement and Type I, PT-Portland cement and 
Type II pozzolana pozzolana, P-Portland cement, K-Pozzolana, W-Water. 

3.2. Workability and Densities of Fresh Concrete 

The workability of the fresh concrete and their densities 
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determined after 24hours are presented in Table 6. The 
control slumps were 65mm, 55mm and 42mm for concrete 
class 25, 30 and 40 MPa respectively. The table shows that 
slump for Type II clay pozzolana concrete of classes 
25N/mm2, 30N/mm2 and 40N/mm2 ranged from 54mm-
30mm, 47mm-20mm, 35mm-12mm respectively whereas 
that for Type I concretes were from 50mm-28mm, 40mm-
20mm and 30mm-10mm respectively. Concretes that 
contained any of the clay pozzolana either Type I or Type II 
had a lower slump than the control. The control mixes had 
better workabilities than the pozzolanic cement concretes 
generally. The table shows a progressive decrease in slump as 
the pozzolanic content increased. This could be attributed to 
the fact that the high surface area of the clay pozzolana 
increased the water demand for the cement-pozzolana system 
and therefore for a given water-cement ratio and cement 
content, the workability of the mix was reduced. 

In addition, it was observed that concretes prepared with 
pozzolana did not show any tendency to bleed and segregate 
as a result of high cementitious contents in terms of volume 
owing to the lower specific gravity of clay pozzolanas. 

The unit weight after 24hours which is shown in Table 6 
generally recorded a decreasing trend for both Type I and II 
pozzolana concretes for all the concrete classes (24MPa, 
30MPa and 40MPa) as compared to the control concrete mix. 
The density results also indicated a gradual fall with 
increasing pozzolana content. This trend was expected 
because the pozzolana cement concrete displayed lower unit 
weight due to the lower specific gravity of clay particles 
(2.58 for Type I clay and 2.60 for Type II clay), as compared 
to that of the ordinary Portland cement which was 3.15. 

Table 6. Slumps and Density of various mixes for specified Characteristic 
strengths 

No. Code 
K Slump (mm) Density (kg/m3) 

(%) 25 30 40 25 30 40 

1 C0 0 65 55 42 2505 2550 2620 

2 PT1 5 54 47 35 2492 2520 2590 

3 PT2 10 48 40 28 2475 2515 2570 

4 PT3 15 42 35 25 2450 2505 2555 

5 PT4 20 38 30 21 2400 2490 2510 

6 PT5 25 35 22 18 2380 2482 2500 

7 PT6 30 30 20 12 2370 2475 2495 

8 PM1 5 50 40 30 2498 2500 2595 

9 PM2 10 45 36 25 2485 2495 2580 

10 PM3 15 40 30 21 2470 2475 2570 

11 PM4 20 35 25 15 2455 2470 2530 

12 PM5 25 28 20 10 2448 2460 2505 

Note: CO-Control, PM-Portland cement and Type I, PT-Portland cement and 
Type II pozzolana pozzolana, P-Portland cement, K-Pozzolana, W-Water. 

3.3. Properties of Hardened Concrete 

3.3.1. Compressive Strength 

Compressive strength results of Type I and II pozzolana 
and cement concretes are shown in Figures 1 and 2. The 

figures show that the concrete strength increased with curing 
time for both the controlled concrete and Portland pozzolana 
concretes. The improvement of Portland pozzolana concretes 
was more pronounced after 28days of moist curing. It was 
noticed that the compressive strength of both pozzolanic 
concretes (Type I and Type II) decreased with increasing 
substitution of pozzolana at ages 7 days and 28days and 
virtually all were less than the reference mixes except 
strength class 30MPa of Tanoso pozzolana of which up to   
15% replacement at 28days was greater than the control. The 
results showed that for 10% replacement at 28day curing, the 
strengths obtained for Type II and Type I specimens were less 
than the reference specimen by an average of 3%. However 
at 56days and 90days curing age, the compressive strength of 
pozzolana incorporated concrete specimens improved. They 
exceeded the reference mixes by 9% at 56days and 14% at 
90days on the average. Similar trends were observed for 15% 
substitution. The decrease in strength for all the grades was   
4% at age 28days. The results further showed an increase in 
strength of pozzolana blended specimens over the plain 
specimens at ages 56days and 90days. The increases were     
6% and 11% for ages 56days and 90days respectively for 
both samples on the various grades of concrete. On 20% 
cement replacement, the compressive strengths averaged     
94% of the referenced strength at 28days. At age 56days, the 
Type I clay pozzolana specimens was similar to the control 
while the Type II specimens had about 103% of the 
compressive strength of the control for all the grades. An 
increase in strength was also observed at 90days. The 
compressive strength after 90 days averaged 111% of the 
control. The compressive strength dropped sharply beyond 
20% partial replacement for both samples. It was observed 
that beyond 20% for both samples, the compressive strength 
dropped sharply for all the curing ages. This implies that 
partial substitution of Type II and Type I clay pozzolana 
beyond 20% may not be beneficial to the chosen mix design 
concrete in terms of compressive strength. 

These results indicate that clay pozzolana Portland cement 
concrete gains strength slowly at early curing age.  This 
affirms existing knowledge of low early strength which has 
been a major setback in the use of pozzolana cement for 
mortar and concrete works. A longer curing period is 
therefore needed to achieve its positive effects. The results 
are in agreement with the compressive strength results 
presented by Khatib and Hibbert [20] and Sata et al. [21]. 
These results further indicate that 20% of clay pozzolanas 
were sufficient to react with the liberated lime (calcium 
hydroxide) generated from cement paste to form stable 
compounds possessing cementitious properties leading to 
increased strength. The drop in the gain of compressive 
strength of clay pozzolana in Portland cement leads to the 
conclusion that, the 20% replacement for Type II and Type I 
pozzolanas was the optimum. Beyond this any addition of 
pozzolana acts as mere filler in the concrete matrix due to the 
depleted source of liberated calcium hydroxide (CaOH2). 
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Fig. 1. The relationship between compressive strength and curing time of Type II clay pozzolana blended mixes. 
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Fig. 2. The relationship between compressive strength and curing time of Type I clay pozzolana blended mixes. 

3.3.2. Tensile Strength 
Figures 3 and 4 present the flexural strength results of Type 

II and I cement and pozzolana concrete mixes. Similarly, the 
flexural tensile strength or modulus of rupture of clay 
pozzolana concrete increased as compressive strength 
increased with curing age for all grades of concrete. On the 
other hand it decreased with the increasing substitution of clay 
pozzolana. From Figures 3 and 4, the Portland pozzolana 

concrete mixes at age 7 days, exhibited lower modulus of 
rupture compared with the conventional Portland cement 
mixtures except grade 40 where 5-20% of Type II and 5-15% 
of Type I clay pozzolana contents exceeded the control. The 
situation was different at ages 28, 56 and 90 days for partial 
replacement between 10% and 20% for both samples where 
higher flexural strengths were recorded for the blended 
specimens. At age 28days, the flexural strengths of Type II and 
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Type I pozzolana incorporated specimens averaged 112% and 
105% of the control specimens respectively. The tensile 
strengths of Type II specimens at ages 56days and 90days were 
109% and 110% of the control mixes respectively. For Type I 
specimens the strengths were 102% and 117% greater than the 
control at ages 56days and 90days respectively. 

It was observed from the tests that fracture occurred within 
the central one-third span of all the prisms. 

The relationship between the flexural strength (ftc) and 
compressive strength (fcu) is presented in Table 7.For the 
control specimens the ratio ftc/fcu ranged from 9 to 14%. For 

the Type II and Type I pozzolana incorporated specimens the 
ratio, ftc /fcu varied from 7to 15%, and 8 to 14% respectively.  
As shown in Table 7, the ratio between the tensile strength 
(ftc ) and the compressive strength (fcu) concrete at 28 days 
indicates that the higher the compressive strength of concrete 
the lower the ratio which is consistent with the data published 
by Shannag [22]. 

Portland pozzolana concretes exhibited relatively higher 
values of tensile strength which render them better for 
unreinforced structures such as dams under earthquake 
conditions, highway and airfield pavements [30]. 

 

 

 

Fig. 3. The relationship between flexural strength and curing time of Type II clay pozzolana blended mixes. 
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Fig. 4. The relationship between flexural strength and curing time of Type I clay pozzolana blended mixes 
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Table 7. Relationship between Tensile and Compressive strengths  

No. Code 

ftc/fcu 

25 30 40 

7 28 56 90 7 28 56 90 7 28 56 90 

days days days days days days days days days days days days 

1 CO 0.11 0.11 0.11 0.12 0.12 0.09 0.11 0.11 0.10 0.11 0.12 0.14 

2 T5 0.10 0.14 0.12 0.13 0.11 0.10 0.10 0.11 0.13 0.13 0.12 0.14 

3 T10 0.10 0.14 0.12 0.12 0.10 0.10 0.10 0.11 0.14 0.13 0.12 0.14 

4 T15 0.10 0.13 0.12 0.13 0.10 0.10 0.10 0.11 0.14 0.13 0.12 0.14 

5 T20 0.11 0.12 0.13 0.12 0.12 0.10 0.10 0.10 0.14 0.10 0.12 0.14 

6 T25 0.11 0.11 0.13 0.13 0.07 0.10 0.11 0.10 0.11 0.11 0.12 0.15 

7 T30 0.12 0.11 0.14 0.13 0.10 0.12 0.13 0.11 0.11 0.10 0.13 0.14 

8 M5 0.11 0.12 0.13 0.12 0.13 0.10 0.10 0.11 0.12 0.11 0.10 0.13 

9 M10 0.11 0.12 0.12 0.11 0.13 0.10 0.10 0.11 0.12 0.11 0.10 0.13 

10 M15 0.12 0.12 0.13 0.12 0.14 0.11 0.10 0.12 0.12 0.10 0.09 0.14 

11 M20 0.11 0.11 0.13 0.12 0.12 0.09 0.11 0.11 0.11 0.10 0.10 0.13 

12 M25 0.12 0.09 0.11 0.12 0.08 0.10 0.09 0.10 0.09 0.12 0.11 0.13 

C: Control, T: Tanoso pozzolana, M: Mankranso pozzolana. 

4. Conclusions 
Based on the results obtained from the investigations, the 

following conclusions are drawn: 
1) Chemically, the pozzolana samples are siliceous. The 

main oxide (SiO2 + Al2O3 + Fe2O3) content exceeded the 
minimum of 70% set by ASTM: C618standard 
specification for calcined natural pozzolana for use in 
concrete. 

2) The addition of calcined clay to Portland cement 
increases the normal consistency of the blended Portland 
cement mixtures. 

3) The concrete slump as well as their respective densities 
decreased as the clay pozzolana content increased.  

4) The addition of clay pozzolana retarded both initial and 
final setting times. This is of particular importance in 
ready mixed concrete as there is extra time to ensure 
fresh concrete delivery to site. 

5) The compressive strengths of blended pozzolana-cement 
concrete were lower than that of the control plain 
concrete at early curing age of 7days. At 28days, the 
shortfall in compressive strength on the grades of 
concrete averaged 6% for Tanoso (Type II) and 
Mankranso (Type I) samples on 20% replacement. 

6) Beyond 28days, the compressive strength improved 
significantly. Partial substitutions of up to 20% for both 
samples surpassed the 28days strength of plain concrete, 
varying from 1% to 15% at 56days and 5% to 31% at 
90days of curing. 

7) The flexural strength improvement was significant. At 
most 15% blended concretes for both samples surpassed 
their respective grades tensile strengths at age 28 days. 
Incorporation of up to 30% of Tanoso samples equaled 
or exceeded the 28days strength at 56days testing. 
Similarly, Portland cement-mankranso pozzolana 
concretes exhibited same for replacement up to 25%. 

8) Concretes prepared with pozzolana did not show any 
tendencies of bleeding and segregation. 
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