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Abstract  This research investigates the effect of replacing Pozzo-mix Content with OPC for earth blocks production. The 

batching for Pozzo-mix cement alone was 5% (P5/0), 9% (P9/0), and 12% (P12/0). In the other batch were Pozzo-mix cement 

and OPC mixed stabilizers fractions in the ratio 3% Pozzo-mix: 2% OPC(P3/2), 6% Pozzo-mix: 3% OPC(P6/3), 8% Pozzo-mix: 

4% OPC (P8/4). The engineering characteristics of the soil from the Bernatech campus, Navrongo revealed that soil fines and 

coarse fractions constitute about 46.8% and 53.2% respectively, and therefore suitable for brick production. The total number 

of bricks selected for the tests was Eighty-five (85) and they were 230mm x110mm x 90mm in size. Also, hand-made bricks' 

strength and durability criteria were investigated after 28 days of curing. The Regression analysis showed that Pozzo-mix 

contributed the most (71%) to the density of earth bricks. Again, all the stabilized earth bricks saw a steady increase in dry 

compressive strength between 2.06N/mm2, to 4.73N/mm2. The control and the 5% Pozzo-mix specimens did not perform 

well in wet compressive strength. The entire specimens responded negatively to water intake with the specimens P8/4 

recording an impressive 0.096g/cm2/min reduction. The abrasion test values were within acceptable range with batch P8/4 

again resisting abrasion the most with a record of 11cm2/g. Generally, the brick specimens saw an improvement when the 

percentages of the stabilizers increased. It is appropriate to conclude that the use of Pozzo-mix with OPC will improve 

significantly the strength and durability properties of compressed earth bricks. The use of Pozzo-mix cement alone should be 

used sparingly especially in lower percentages and in poor soils. 

Keywords  Abrasion, Compressive Strength, Dry density, Earth Blocks, Initial Rate of Water absorption, OPC, 

Pozzo-mix, Stabilizer 

 

1. Introduction 

The increase in human population has brought about 

higher demands for housing provision in Developing 

countries all over the world. This rapid population growth 

has resulted in a huge housing deficit. The 2021 Ghana 

Population and housing census revealed that the housing 

shortfall stands at 1.8 million [1]. Despite the 33 percent 

reduction over the previous 2.8 million in 2010, the 

reduction is not significant to offset the population. 

The escalating price of conventional building materials 

accounts mainly for the short supply of housing [2] [3], 

explained that building materials are the key factors that 

contribute to the limited supply of housing and revealed that 

they account for between 50 to 70% of the cost of buildings. 

It has therefore become necessary that alternative 

sustainable building materials are sort for. Alternative 

building materials are  generated through the modification  
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of conventional materials or improvement in traditional 

materials which are acceptable for housing [4]. Building and 

Road Research Institute (BRRI) of the Centre for Scientific 

and Industrial Research (CSIR) Ghana in 2012 explained 

that the use of local materials could save the country at least 

$80 million annually. Some of the alternative building 

materials which are sustainable according to [5] include 

Bamboo, Straws, and Manufactured sand ferrock. Numerous 

stabilizers have been used in many studies all over the world. 

Some of these well-known stabilizers are blast furnace 

granulated slag (GGBS), Portland cement, fly ash, 

Pozzo-mix cement, lime, and natural fibers. Most of the 

research on cement stabilization has been heuristic and the 

reasons for successful or unsuccessful experiments have not 

been effectively investigated.  

Earth stands out as a suitable and sustainable construction 

material. Rammed earth became particularly well-known 

and widely used around the French Revolution thanks to the 

architect François Cointeraux [6]. 

Application of materials in buildings now comes along 

with the challenge to meet the global environmental stake. 

This challenge concerns every sector, especially construction 
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which is nowadays responsible for more than 40% of the 

global energy consumption, and for over one-third of the 

greenhouse gas emission in the world [7]. Apart from the 

architectural design choices directly affecting the energy 

demand in buildings, this high energy consumption level is 

due to the utilization of materials having an important 

embodied energy [8]. 

The sensitivity of earth-based buildings to moisture   

with the resultant effects of cracks on drying, erosion, and 

structural collapse, however, has been the major setbacks of 

the earth as building materials [9]. 

The BRRI built a small, prototype plant to produce clay 

Pozzo-mix from clay deposits at Mfensi (North-West of 

Kumasi), which is currently producing thousands of cements 

and sold at an affordable price. This material is an innovative 

product developed by CSIR-BRRI after over 30 years of 

research, which replaces up to 35% of ordinary Portland 

cement (OPC) to obtain Portland Pozzo-mix cement (PPC) 

for both concrete and general construction. 

[10] concluded in their study that higher percentages (30%) 

of Pozzo-mix cement can improve the strength of SEB but 

recommended a waterproof admixture be added to further 

improve the water resistance properties of the blocks. 

[11] used Locust bean pot ash, (a Pozzolana material) with 

OPC in specified percentages in producing concrete mixtures 

and to investigate the strength properties. After 28 days    

of curing the specimens with 60% pozzolanic material 

recording increased strength values of 38.2N/mm2. 

The treatment of the earth with the combination of 

lime-natural Pozzo-mix results in an overall improvement of 

the durability of the clayey soil blocks [12]. 

[13] in their study combined Pozzo-mix cement and OPC 

in varied proportions to determine the optimum contents 

required to treat clay for the best resistance against 

dispersion or erosion. However, this may not necessarily be 

the best against physical stress. 

Some studies have been carried out on using clay 

Pozzo-mix as the main stabilizer without any admixture   

or lime as admixture. Studies that have attempted using  

other form of Pozzo-mix with OPC as admixture carried  

out the studies on concrete. This studies therefore critically 

investigate the strength and durability properties of 

Pozzo-mix and OPC as composite stabilizers in SEB for 

sustainable construction. 

The target compressive strength for earth material used as 

a structural element is 2 MPa. This value can be improved by 

adding Stabilizer like cement or by implementing fibers into 

the soil mixture.  

2. Materials and Methods 

2.1. Experimental Materials 

The main experimental materials used for the study were 

Earths (soil), Pozzo-mix cement, ordinary Portland cement 

and water. 

Earth 

All block samples were made using soil of a fixed 

composition. In this way the effect of varying the stabilizer 

type and content on the properties of the blocks could then be 

easily monitored. The earth for brick production was 

typically sourced from Bernatech Campus, Navrongo at a 

depth of 1m to 1.5m using the method of disturbed sampling 

and air dried for three months.  

Cement 

Ordinary Portland cement type CEM I 32.5R manufactured 

by GHACEM a subsidiary of Heidelberg Cement Group 

used as an admixture. 

Pozzo-mix 

Portland Pozzo-mix cement type CEM II/13.0CLASS 

32.5N manufactured by CSIR at Fumesua-Kumasi in the 

Ashanti region which meets Ghana and International 

Standards i.e., GS 964 and [14] specifications. 

Water 

Water from the laboratory tap was used for mixing; it was 

ensured that it was fit for drinking, free from contaminants 

either dissolved or in suspension. These raw materials used 

for the preparation of samples as well as the variables in the 

raw mix are shown in Figure 1, Figure 2 and Figure 3. 

 

Figure 1.  Earth 

 

Figure 2.  OPC 
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Figure 3.  Pozzo-mix Cement 

2.2. Methods 

2.2.1. Earth Characterization and Preparation 

Initial tests on the soil used for making the blocks were 

evaluated first for the purpose of classifying and identifying 

the types of soil. The tests performed were as follows: Soil 

Particle Size Test, Moisture Content Test, Specific Gravity 

Tests, the Atterberg Limits Tests, linear shrinkage and 

Compaction Test in accordance with [15].  

2.3. Main Experiment 

2.3.1. Preparation of Stabilized Earth Block Samples 

Preparation of blocks samples followed, after the soil had 

undergone testing to determine its suitability for earth blocks 

production. This was carried out in accordance with [16]. 

The process outlined in Figure 4.  

 

Figure 4.  Block Specimen Making Process 

Crushing of the soil sample was done manually in the 

laboratory. The researcher ensured that the maximum size of 

soil lumps passed the 20mm test sieve by crushing on a flat 

surface as shown in figure 5. 

Mixing of Pozzo-mix cement and ordinary Portland 

cement, in soil was done manually by hand in a wheelbarrow 

in a dry state. The stabilizers were calculated and weighed 

out in three quantities. The controlled samples were made  

of raw earth with no stabilizer and denoted by S0, the 

Pozzo-mix cement samples denoted by (Px), where ‘x’ is 

percentage Pozzo-mix, thus P5, P9 and P12. Research 

suggests that optimal levels of stabilization occur when the 

bricks contain between 3% and 18% of cement content by 

weight. [17] in their studies established that cement stabilization 

of 5%, 9% and 12% increased the characteristics of SEB 

significantly. The second for stabilization was the 

combination of ordinary Portland cement and Pozzo-mix 

cement denoted by (P𝒙 𝒚 ) where X represents Pozzo-mix 

percentage and Y represents OPC percentage (OPC was used 

as an admixture), thus Pozzo-mix to OPC ratio (3%-2%), 

(6%-3%), (8%-4%) respectively. Figure 6 shows the mixing 

of samples. 

 

Figure 5.  Crushing of Soil  

 

Figure 6.  Mixing 

 

Figure 7.  Block press 

CRUSHING

BATCHING & MIXING

PRESSING

CURING
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Figure 8.  Curing 

Bricks were made with an improvised manually operated 

press similar to “Balram” Block press “artifact GmbH 

Glucksburg. The press has internal nominal dimensions of 

230mm (length) 110mm (width) and 90mm (height). Figure 

7 shows the block press adopted for brick making. 

The bricks were demolded under a shed to ensure that they 

were not affected by the excessive sunlight. The bricks were 

air dried for 28 days before being tested. Figure 8. Shows the 

curing of SEBs. 

2.4. Testing of Brick Samples 

For this research work Four engineering properties   

were selected to investigate the strength and Durability 

properties of the stabilized brick samples after 28 days of 

manufacturing. The main approach adopted was to compare 

the properties and performance of three categories of blocks, 

namely: traditional blocks (unsterilized blocks), improved 

blocks (Pozzo-mix stabilized) and improved blocks (OPC 

stabilized). These properties are as follows: Wet and Dry 

Compressive Strength, Abrasion Resistance and Rate of 

Water absorption. 

2.4.1. Dry Block Density 

Test is to determine the effect of soil type, stabilizer, 

moisture content and compaction effort on the density of the 

bricks. This density (ƿp) is known to be the ratio of measured 

block mass (m) to volume (v) i.e., ƿp=

m

v
. The mass of the 

bricks was taken after drying in a ventilated oven for 24 

hours at a temperature of 105°C in accordance with [18]. The 

volumes of the bricks were calculated. Averages of the 

densities of five blocks from each batch were calculated. 

2.4.2. Wet and Dry Compressive Strength Test 

One durability challenge of compressed earth bricks is 

resistance to water. After SEB has been exposed to dampness 

its compressive strength is undermined. This test was 

conducted to find out whether or not the SEB has improved 

in strength in damp condition after it has been stabilized with 

the selected stabilizer. Wet and Dry compressive strength 

tests was conducted in accordance with [19]. five specimens 

were selected and placed on a supportive steel block in the 

lower platen. This lifted the brick within the ambient range 

of operation of the compressive machine. The specimens 

were first of all wiped clean of loose materials and dried in an 

oven before placing in an orientation where the bed faces  

of the brick rested on the platen, which was the same 

orientation of the compaction pressure during brick 

production as shown below in Figure 9. The failure loads for 

each of the blocks were taken. 

2.4.3. Initial Rate of Water Absorption 

This test was conducted in accordance with BS 3921. A 

set of five blocks per sample of SCEB specimen were wiped 

clean of loose materials and preventively dried in an oven 

after 28 days curing, till a constant weight was obtained. The 

cooled bricks were immersed in a 5mm depth of water for 

10min. The test setup is as shown in Figure 10. The water 

absorption coefficient Cb of each block is by convention 

expressed by the formula: 

Cws =
Mso −Mdry

𝐴𝑠√𝑇
X100. 

Where: Mso = Mass after absorption (g), Mdry = Mass 

before absorption (g) 

As = Area of exposed face (mm2), T = time (sec), Cws = 

initial rate of water absorption 

2.4.4. Abrasion Resistance (Wire Brush Test) 

This test was conducted to determine the minimum 

amount of selected stabilizer in the soil to achieve a degree of 

hardness adequate to resist field weathering. BS 3921 and 

CraTarre (personal communication Vincent Rigassi) 

modification of [20] procedures were followed. The test was 

used to determine the surface hardness of the soil brick and 

thus their resistance to wear.  

A stiff wire brush made of 50 of 16mm flat 26-gauge wire 

bristles was used to brush the blocks cyclically. five oven 

dried bricks were used to average one block. The entire face 

of the bricks was subjected to mechanical erosion by 

brushing with a metal brush at a constant pressure over 60 

cycles. The brushed faces were gently wiped with a soft cloth 

to remove all loose materials. The mass of the detached 

(loose) matter was weighed from which the abrasion 

coefficient (Cu) was calculated as follows: 

(Cu) = 
A

𝑚1−𝑚2
cm2/g, 

Where A=Area of brushed surface. (cm2), m1=mass of 

brick before brushing (g). 

m2=mass of brick after brushing (g). 

 

Figure 9.  Crushing of Bricks 
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Figure 10.  Setup of Water Absorption Test 

3. Results and Discussions 

3.1. Particle Size Distribution 

The particle size distribution revealed a 0.09% grain size 

retained on 4.75mm sieve in the sample sieved. Again, size 

limit passing the 0.075mm sieve was 46.85%. 53.15% 

represent the percentage of soil fraction retained between BS. 

Sieves 4.75 to 0.075. The high sand fraction in the soil 

formed the stable constituent, though they lack cohesion 

when dry, but have a high degree of internal friction between 

the particles which make them up.  

3.2. Optimum Moisture Content 

Optimum moisture content after 28 days air dried 

specimen was recorded at 13% water addition with a dry 

density of 2173kg/m3. The 14% water addition recorded dry 

density value of 1956kg/m3 which is higher than that of 12% 

water addition (1998kg/m3). From Table 1 it is clear that 

increasing the water content beyond the 13% water content 

will reduce the dry density of the brick specimen. Table 2 

presents a summary of clay soil characteristics. 

Table 1.  Results of Optimum Moisture Content Test 

Moisture content % Mass, g Dry Density kg/m3 

12 4550 1998 

13 4950 2173 

14 4454 1956 

Table 2.  Summary of Characteristics of the Clay Soil 

PROPERTY Laterite-clay soil 

Natural Moisture content (%) 0.8 

Percentage passing BS NO. 200sieve(0.075mm) % 46.8 

Liquid limit (%) 33 

Plastic limit (%) 17 

Plasticity index (%) 16 

Linear shrinkage (%) 0.22 

Specific Gravity 2.672 

Condition of sample Air -dried 

AASHTO classification A-7-6. 

Maximum dry density (kg/m3) 1998 

Optimum moisture content (%) 13 

3.3. Characteristics of Earth Bricks 

3.3.1. Density of Specimens 

From the results presented in Table 3, it is noticed that 

density steadily increased as Pozzo-mix- OPC content 

increases. Expected densities commonly range between 

1700kgm3 and 2200kg/m3 [21]. [22] used bricks of densities 

within the range of 1500- 2400 as specifies by BS 6073 for a 

dense aggregate masonry unit. Densities of individual bricks 

specimen in a batch varied slightly possibly because of 

variation in the amount of mix fed into the block press. The 

errors were minimized else accumulation could affect the 

durability of the bricks [23]. It was clear that the addition of 

OPC in the batch effected a significant increase in density. 

The outcome of the results suggests that increasing the 

percentage of Pozzo-mix –OPC beyond 8% Pozzo-mix + 4% 

OPC will not cause any significant increase in density 

compared to the density of specimens with 12% Pozzo-mix + 

0% OPC. From the regression analysis in Table 5 it is clear 

that variation in ordinary Portland cement quality and 

amount can drastically affect its properties and behavior 

more than any other input variables [24]. The pozzolanic 

action has a particularly stabilizing effect because it binds 

soil particles together as various cementitious compounds 

are formed. 

 

 

Table 3.  Results of Dry Density of Pozzo-mix- OPC Stabilized Earth Bricks 

Batches Specimen code Av. Mass (Kg) Block vol.(m3) Av.dry density (kg/m3) 

no stabilizer (control group) S0 4.0176 0.23x0.11x0.09 1764. 

5% Pozzo-mix+0%OPC P5/0 4.1256 0.23x0.11x0.09 1812 

9% Pozzo-mix+0%OPC P9/0 4.2934 0.230x.11x0.09 1886 

12% Pozzo-mix+0%OPC P12/0 4.5476 0.230x.11x0.09 1997 

3%Pozzo-mix+ 2% OPC P3/2 4.3966 0.23x0.11x0.09 1931 

6%Pozzo-mix+ 3%OPC P6/3 4.4422 0.230x.11x0.09 1951 

8%Pozzo-mix+4%OPC P8/4 4.525 0.23x0.11x0.09 1987 
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Table 4 presents the correlation among the study variables 

which indicates that, Pozzo-mix used for producing bricks 

strongly correlates significantly at the 5% level of 

significance with density of earth bricks (r=0.721, p<0.05). 

Ordinary Portland cement (OPC) was found to positively 

correlate with density of bricks specimen but insignificant 

(r=0.583, p>0.05). 

Table 4.  Correlation among Pozzo-mix, OPC and Density 

  Density Pozzo-mix OPC 

Density  1 0.721a 0.583b 

Pozzo-mix   1 0.018b 

OPC    1 

a
p < 0.05; 

b
p > 0.05 

The experimental correlation between density, Pozzo-mix 

and OPC levels is outlined in Table 5. The best fit 

represented in equation (1) shows a strong linear correlation 

(R2=0.846), represented in the equation:  

 y = 1768 + 1581x1 +2959x2. (1) 

Y= Density of specimens Where  

x1 is percentage Pozzo-mix content. 

x2 is percentage OPC content. 

The coefficient of determination value suggests that the 

percentage replacement of Pozzo-mix and OPC content 

explains about 77% of the variation in density of the earth 

brick specimen (Adjusted R2 = 0.769). As it would appear to 

be expected, Pozzo-mix and OPC content is associated  

with higher density. The result of the ANOVA test on the 

density of Pozzo-mix and OPC Stabilized bricks specimens 

indicates a significant prediction using the model developed 

(F = 10.981, p<0.05). The unstandardized coefficient 

suggests that, an increase in Pozzo-mix and OPC content by 

one percent will increase the density by 1581kg/m3 (t= 3.624, 

p<0.05) and 2959kg/m3 (t= 2.907, p<0.05) respectively when 

all other variables remain constant. Also, when all other 

variables remain constant the beta value suggests that an 

increase in the percentages of Pozzo-mix and OPC by one 

standard deviation will increase the density on the average 

by 0.711kg/m3 and 0.571kg/m3 respectively. Again, this 

stipulates that Pozzo-mix contributes the highest of about  

71% to the density while OPC contributes to about 57% of 

the density of Stabilized earth blocks. 

3.3.2. Dry Compressive Strength of Specimen 

From Table 6 Pozzo-mix replacement from 5% to 12% 

saw an increase in dry compressive strength from 12%     

to 30.1% over the control group. Comparing Stabilized 

composition, it can be observed that specimens with 

3%Pozzo-mix+ 2% OPC increased about 19.5% over brick 

specimens with 5% Pozzo-mix+0% OPC content. The results 

of dry compressive strength values recorded conforms with 

the minimum dry compressive strength recommended by 

(BS 5628: Part 1, 1978).  

Table 7 presents correlation between Dry compressive 

strength, ordinary Portland cement (OPC) and Pozzo-mix 

content. The relationship depicts that, Pozzo-mix used for 

producing bricks have a weak correlation with dry 

compressive strength of earth bricks (r=0.322, p>0.05) at 5% 

significant level. Ordinary Portland cement (OPC) used for 

the earth bricks fabrication was found to significantly 

correlate strongly with Dry compressive strength of bricks 

specimen (r=0.891, p<0.01). 

 

Table 5.  Regression Analysis of Density of Specimens 

 
Unstandardized Coef. Standardized Coef. 

t Sig. 
B Std. Error Beta 

Constant 1768.826 33.692  52.501 0.000 

Pozzo-mix 1581.182 436.299 0.711 3.624 0.022 

OPC 2958.968 1017.861 0.571 2.907 0.044 

Model Summary: R
2
=0.846 (Adjusted R

2
 =0.769); F (2,4) =10.981, p < 0.05 

Table 6.  Results of Dry Compressive Strength of Pozzo-mix- OPC Stabilized Earth Bricks 

Batches 
Specimen 

code 

Mean 

Load (N) 

Surface 

Area(mm2) 

Average Dry Compressive 

strength (N/mm2) 

no stabilizer (control group) S0 46600 230x110 1.8419 

5% Pozzo-mix+0%OPC P5/0 52200 230x110 2.0632 

9% Pozzo-mix+0%OPC P9/0 57600 230x110 2.27667 

12% Pozzo-mix+0%OPC P12/0 61000 230x110 2.41106 

3%Pozzo-mix+2% OPC P3/2 62400 230x110 2.4664 

6%Pozzo-mix+ 3%OPC P6/3 79600 230x110 3.14624 

8%Pozzo-mix+4%OPC P8/4 119600 230x110 4.72727 
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Table 7.  Correlation Between Pozzo-mix, OPC and Dry compressive 
Strength 

 
Dry compressive 

strength 
Pozzo-mix OPC 

Dry compressive 

strength 
1 0.322b 0.891a 

Pozzo-mix  1 0.018b 

OPC   1 

a
p <0.01; 

b
p > 0.05 

Table 8. presents regression analysis of Stabilized earth 

bricks Stabilized with Pozzo-mix and OPC contents which 

depicts a significant prediction using the model developed  

(F =15.977, p < 0.05) as obtained by computing ANOVA. 

The best fit shows a strong linear correlation (R2=0.889) as 

shown in equation (2) 

dry compressive strength = 

1.58 + 7.56(Pozzo-mix) +50.98(OPC).     (2) 

The coefficient of determination value suggests that the 

percentage replacement of Pozzo-mix and OPC content 

explains about 83% of the variation in dry compressive 

strength of the earth brick specimen (Adjusted R2 = 0.833). 

The unstandardized coefficient suggests that, an increase in 

Pozzo-mix by one percent will increase the dry compressive 

strength by 7.56N/mm2 (t=1.838, p>0.05) while an increase 

in OPC content by one percent will increase the strength by 

50.98N/mm2 (t= 5.312, p<0.01). Also, the beta value 

suggests that an increase in the percentages of Pozzo-mix 

and OPC by one standard deviation will increase the density 

on the average by 0.307N/mm2 and 0.886N/m2 respectively 

when all other variables remain constant. Again, this 

stipulates that Pozzo-mix contributes to about 30.7% to the 

dry compressive strength while OPC contributes to about  

89% to the dry compressive strength of Stabilized earth 

blocks. This implies that ordinary Portland cement 

contributes the most in the strength of the Stabilized earth 

bricks. 

Table 8.  Regression Analysis of Dry Compressive Strength of Specimens 

 

Unstandardized 

Coef. 

Standardized 

Coef. 
t Sig. 

B 
Std. 

Error 
Beta 

Constant 1.584 0.318  4.988 0.008 

Pozzo-mix 7.561 4.114 0.307 1.838 0.140 

OPC 50.982 9.597 0.886 5.312 0.006 

Model Summary: R
2
=0.889 (Adjusted R

2
 =0.833); F (2,4) =15.977, p < 0.05 

3.3.3. Wet Compressive Strength of Specimen 

Again, the results presented in Table 9, shows a clear 

increase in wet compressive strength with increase in levels 

of Pozzo-mix from 5% to 12%. The strength values ranged 

from 1.02N/mm2 to 1.83N/mm2. The trend shows that, 

increasing Pozzo-mix content from 5% to 12% increases  

the wet compressive strength from 148% to 346% over   

the un-Stabilized brick specimens. Again adding 4% 

Pozzo-mix+ 2% OPC, 6% Pozzo-mix+ 3% OPC and 8% 

Pozzo-mix+ 4% OPC improved the earth bricks by 203.8%, 

319% and 417% respectively over the control specimens. 

The specimens maintained a good and recommended wet 

compressive strength except the un-Stabilized bricks and the 

5% Pozzo-mix brick specimens. 

 

Table 9.  Results of Wet Compressive Strength of Pozzo-mix- OPC Stabilized Earth Bricks 

Batches 
Specimen 

code 

Mean Load 

(N) 

Surface 

Area (mm2) 

Average Wet Compressive 

strength (N/mm2) 

no stabilizer (control group) S0 30800 230x110 0.4111 

5% Pozzo-mix+0%OPC P5/0 52000 230x110 1.0198 

9% Pozzo-mix+0%OPC P9/0 69400 230x110 1.2885 

12% Pozzo-mix+0%OPC P12/0 7100 230x110 1.8340 

3%Pozzo-mix+ 2% OPC P3/2 66200 230x110 1.2490 

6%Pozzo-mix+ 3%OPC P6/3 87400 230x110 1.7233 

8%Pozzo-mix+4%OPC P8/4 53800 230x110 2.1265 

 

Table 10 depicts the correlation between wet compressive 

strength, ordinary Portland cement (OPC) and Pozzo-mix 

cement. There is a positive association between Pozzo-mix 

cement for brick production and wet compressive strength. 

The correlation suggests a strong relationship between 

Pozzo-mix and wet compressive strength of earth bricks 

(r=0.768, p<0.05). Ordinary Portland cement (OPC) used for 

the earth brick stabilization was found to correlate with wet 

compressive strength of bricks specimen but insignificant 

(r=0.642, p>0.05). 

Table 10.  Correlation Between Pozzo-mix, OPC and Wet Compressive 
Strength 

 
Wet compressive 

strength 
Pozzo-mix OPC 

Wet compressive 

strength 
1 0.768a 0.642b 

Pozzo-mix  1 0.018b 

OPC   1 

a
p < 0.05; 

b
p > 0.05 
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The experimental correlation between wet compressive 

strength and Pozzo-mix and OPC levels is outlined in Table 

11. The line of best fit shows a strong linear correlation 

(R2=0.984), represented by equation (3): 

 y=0.44 + 10.92x1 +21.15x2. (3) 

were 

y= wet compressive strength 

x1 is Pozzo-mix content  

x2 OPC content.  

The coefficient of determination value suggests that the 

percentage replacement of Pozzo-mix and OPC explains 

about 98% of the variation in the wet compressive strength of 

the earth bricks specimen (Adjusted R2 =0.976). As it would 

appear to be expected, higher Pozzo-mix and OPC contents 

is associated with higher wet compressive strength.     

The results of the ANOVA test on the Wet compressive 

strength of Pozzo-mix and OPC stabilized bricks indicates  

a significant prediction using the model developed (F = 

123.195, p < 0.01). The unstandardized coefficient suggests 

that, an increase in Pozzo-mix and OPC content by one 

percent will increase the wet compressive strength by 

10.92N/mm2 (t=11.973, p<0.01) and 21.15N/mm2 (t=9.939, 

p<0.01) respectively. Also, the beta value suggests that a 

percentage increase in Pozzo-mix and OPC by one standard 

deviation will increase the dry compressive strength on the 

average by 0.757N/mm2 and 0.628N/mm2 respectively. 

Again, this stipulates that Pozzo-mix and OPC content 

contribute to about 76% and 63% respectively to the wet 

compressive strength of stabilized earth blocks, which meant 

that Pozzo-mix cement as a Stabilized in earth bricks can 

resist water intake thereby retaining its strength. 

Table 11.  Regression Analysis of Wet Compressive Strength of Specimens 

 

Unstandardized 

Coefficient 

Standardize 

Coefficient t Sig. 

B Std. Error Beta 

Constant 0.436 0.070  6.189 0.003 

Pozzo-mix 10.920 0.912 0.757 11.973 0.000 

OPC 21.148 2.128 0.628 9.939 0.001 

Model Summary: R
2
=0.984 (Adjusted R

2
 =0.976); F (2,4) =123.195, p < 0.01 

3.3.4. Initial Rate of Water Absorption of Specimens 

From Table 12, it can be observed that all the earth bricks 

absorbed some amount of water due to capillary action. 

Significantly the amount of water absorbed saw a gradual 

declines as the amount of Pozzo-mix- OPC replaced 

increased. It is clear that adding 4% OPC to 8%Pozzo-mix 

can reduce water intake in earth bricks tremendously. 

Generally, all the earth bricks had IRA within recommended 

limits. 

Table 12.  Results of Initial Rate of Water Absorption of Pozzo-mix- OPC Stabilised Earth Bricks 

Batches Specimen code Change in mass (g) Change in Mass(g) IRWA (g/cm2 min) 

no stabilizer (control group) S0 4018.6 191 0.24050 

5% Pozzo-mix+0%OPC P5/0 4127.4 146.33 0.18175 

9% Pozzo-mix+0%OPC P9/0 4295.4 127.33 0.15975 

12% Pozzo-mix+0%OPC P12/0 4555.2 96.333 0.12050 

3%Pozzo-mix+ 2% OPC P3/2 4365.2 125.4 0.15675 

6%Pozzo-mix+ 3%OPC P6/3 4444.6 98.2 0.12275 

8%Pozzo-mix+4%OPC P8/4 4526.8 76.8 0.09600 

 

Table 13, presents the correlation metrixs between initial 

rate of water absorption, ordinary Portland cement (OPC) 

and Pozzo-mix cement. There is a negative association 

between Pozzo-mix cement for brick production and initial 

rate of water absorption. The correlation suggests a strong 

significant relationship between Pozzo-mix content and 

water absorption of earth bricks (r= - 0.749, p<0.05). 

Ordinary Portland cement (OPC) used for the earth brick 

stabilisation was found to correlate negatively with water 

absorption of bricks specimen but insignificantly. (r= - 0.653, 

p>0.05). 

Table 13.  Correlation Between Pozzo-mix, OPC and Initial Rate of Water 
Absorption (IRWA) 

 IRWA Pozzo-mix OPC 

IRWA 1 - 0.749a - 0.653b 

Pozzo-mix  1 0.018 

OPC   1 

a
p < 0.05; 

b
p > 0.05 

The experimental correlation between initial rate of water 

absorption and Pozzo-mix and OPC levels is outlined in 

Table 14. The best fit shows a strong linear correlation 

(R2=0.970) as shown in equation 4 

 y =0.231 -0.886x1 -1.793x2. (4) 

were 

x1 is Pozzo-mix content, 

x2 OPC content 

y = initial rate of water absorption.  

The coefficient of determination value suggests that the 

percentage replacement of Pozzo-mix and OPC explains 

about 96% of the variation in the initial rate of water 

absorption of the earth bricks specimen (Adjusted R2 

=0.955). As it would appear to be expected, higher 

Pozzo-mix and OPC content is associated with higher initial 

rate of water absorption. The results of the ANOVA test on 

the initial rate of water absorption of Pozzo-mix and OPC 

stabilized bricks indicates a significant prediction using the 
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model developed (F =64.011, p < 0.001). The unstandardized 

coefficient suggests that, an increase in Pozzo-mix by one 

percent will reduce the water absorption by 0.886g/cm2 min 

(t= -8.473, p<0.01) and an increase in OPC by one percent 

will reduce the water absorption by 1.793.g/cm2 min     

(t= -7.349, p<0.01). Also, the beta value suggests that a 

percentage increase in Pozzo-mix and OPC by one standard 

deviation will reduce the water absorption on the average by 

0.738g/cm2 min and 0.640g/cm2 min respectively. This 

suggests that Pozzo-mix and OPC content contribute to 

about 74% and 64% respectively to the initial rate of water 

absorption of stabilized earth blocks. This prediction meant 

that Pozzo-mix cement has a higher water repellant ability 

than OPC. 

Table 14.  Regression Analysis of Initial rate of water absorption of 
Specimens 

 

Unstandardized 

Coef. 

Standardized 

Coef. T Sig. 

B Std. Error Beta 

Constant 0.231 0.008  28.591 0.000 

Pozzo-mix -0.886 0.105 -0.738 -8.473 0.001 

OPC -1.793 0.244 -0.640 -7.349 0.002 

Model Summary: R
2
=0.970 (Adjusted R

2
 =0.955); F (2,4) =64.011, p < 0.01 

3.3.5. Abrasion Resistance on Specimens 

The results presented in Table 15 show a clear increase  

in abrasion resistance as the amount of Pozzo-mix-     

OPC content increases. Comparing batches, it is clear    

that specimens with 3% Pozzo-mix+2%OPC saw an 

improvement of 33.7% over specimens with 5% 

Pozzo-mix+0%OPC content. there was a significant 

improvement of 28.92% in surface abrasion for bricks 

specimens with 6% Pozzo-mix+3%OPC replacement over 

specimens with 9% Pozzo-mix+0%OPC. Again, the batch 

with 8% Pozzo-mix+4%OPC addition recorded an increase 

in resistance to surface wearing of about 18.15% over 

specimens with 12% Pozzo-mix+0%OPC. 

Table 16, shows the correlation between abrasion 

resistance, OPC and Pozzo-mix cement. There is a positive 

association between Pozzo-mix cement for brick production 

and abrasion resistance. The correlation suggests a strong 

significant relationship between Pozzo-mix and abrasion 

resistance of earth bricks (r=0.783, p<0.05). Ordinary 

Portland cement (OPC) used for the earth brick stabilization 

was found to correlate with wet compressive strength of 

bricks specimen but insignificant (r=0.560, p>0.05). 

 

Table 15.  Results of Abrasion Resistance of Pozzo-mix- OPC Stabilized Earth Bricks 

Batches Specimen code mass before brushing (g) Change in Mass (g) Abrasion resistance (cm2/g) 

no stabilizer (control group) S0 4021.2 113 1.8547 

5% Pozzo-mix+0%OPC P5/0 4123.6 73 2.7857 

9% Pozzo-mix+0%OPC P9/0 4283.8 33.33 5.9993 

12% Pozzo-mix+0%OPC P12/0 4550.2 20 9.8478 

3%Pozzo-mix+ 2% OPC P3/2 4386.2 55 3.72520 

6%Pozzo-mix+ 3%OPC P6/3 4436.8 26.66 7.73407 

8%Pozzo-mix+4%OPC P8/4 4540.2 17.33 11.6353 

 
Table 16.  Correlation Between Pozzo-mix, OPC and Abrasion Resistance 

 Abrasion resistance Poxomix OPC 

Abrasion resistance 1 0.783a 0.560b 

Pozzo-mix  1 0.018 

OPC   1 

a
p < 0.05; 

b
p > 0.05 

The experimental correlation between abrasion resistance 

and Pozzo-mix and OPC levels is outlined in Table 17 shows 

a strong linear correlation (R2=0.912), represented in the 

equation: 

 y=0.286 + 71.890x1 +118.474x2. (5) 

where  

y= Abrasion resistance 

x1 is Pozzo-mix content 

x2 OPC content.  

The coefficient of determination value suggests that the 

percentage replacement of Pozzo-mix and OPC explains 

about 87% of the variation in the abrasion resistnce of the 

earth bricks specimen (Adjusted R2 =0.868). the outcome 

revealed that higher Pozzo-mix and OPC content is 

associated with higher abrasion resistance. The results of the 

ANOVA test on the abrasion resistance of Pozzo-mix and 

OPC stabilized bricks indicates a significant prediction  

using the model developed (F =20.750, p < 0.01). The 

unstandardized coefficient suggests that, an increase in 

Pozzo-mix and OPC content by one percent will increase the 

abrasion resistance by 71.890cm2/g (t=5.218, p<0.01) and 

118.474cm2/g (t=3.686, p<0.05) respectively. Also, the beta 

value suggests that a percentage increase in Pozzo-mix and 

OPC by one standard deviation will increase the dry 

compressive strength on the average by 0.774cm2/g and 

0.547cm2/g respectively. Again, this depicts that Pozzo-mix 

and OPC content contribute to about 77% and 55% 

respectively to the abrasion resistance of stabilized earth 

blocks which means that Pozzo-mix cement as a stabiliser in 

earth bricks contributes the most in wearing resistance of 
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specimens. 

Table 17.  Regression Analysis of Abrasion Resistance of Specimens 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients T Sig. 

B Std. Error Beta 

Constant 0.286 1.064  0.269 0.001 

Pozzo-mix 71.890 13.778 0.774 5.218 0.006 

OPC 118.474 32.143 0.547 3.686 0.021 

Model Summary: R
2
=0.912 (Adjusted R

2
 =0.868); F (2,4) =20.750, p < 0.01 

4. Conclusions 

The principal objective of this studies was to investigate 

the strength and durability properties of stabilized earth 

blocks for affordable housing.  

In the light of the results of the experimental test reported 

in this study it can be concluded that: 

Earth can be used as an alternative material to replace 

conventional building materials such as concrete and mortar. 

Pozzo-mix cement can contribute to the density of earth 

bricks. There exist a relationship between the dry density and 

compressive strength of earth blocks. The dry compressive 

strength values obtained in the study were within specified 

limits and suitable for single storey dwellings. Increasing 

Pozzo-mix and OPC content in earth block production can 

significantly increase the strength and durability criteria of 

SEBs. It was obvious that OPC as admixture can 

significantly improve the wet and dry compressive strength 

of soil blocks, therefore making them suitable as masonry 

wall units. Higher percentages of the composite stabilizer 

materials showed significant resistance to water absorption 

and abrasion, which are mostly the setbacks of earth blocks. 

It is worth noting that the use of Pozzo-mix cement alone 

should be used cautiously especially lower percentages and 

in poor soils. Earth blocks are of cultural significance to most 

African and Asian countries however its weak structural 

integrity has been the major setback, there is the need to 

improve on its properties by way of stabilization before 

adoption. It is recommended that the curing duration should 

be extended longer than the 28 days used for the study for 

Pozzo -mix to cure properly. With Pozzo- mix and OPC 

combined stabilizer, there could be wide range adoption of 

this building material in low- and middle-income countries. 
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