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Abstract: Soil blocks are usually stabilised with cementing materials, fibres or chemicals to improve their performance 

properties for construction purpose. This study investigates the properties of compressed earth blocks stabilised with a liquid 

chemical (Pidiproof LW+). Experiment was conducted using 0.5, 1 and 1.5% weight contents of Pidiproof LW+ to produce 

compressed earth blocks and cured at 7, 14, 21 and 28 days. The blocks were tested for density, absorption coefficient, 

compressive strength and splitting tensile strength. It was found that with the exception of density test, the chemical inclusion 

in the other tests significantly improved the performance properties of the compressed earth blocks. Furthermore, the higher 

chemical content (1.5%) inclusion in the compressed earth block provided better performance properties. The paper concludes 

that the inclusion of the liquid chemical in the compressed earth blocks generally improved the performance properties of the 

blocks. Recommendation is made to the use of other chemicals for applicability in earthen construction.  
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1. Introduction 

Stabilisation of soil is the method of adding some 

materials to the raw soil in order to improve its strength and 

other performance properties for the purpose of constructing 

houses. Stabilising a soil is to enhance the properties of the 

soil irrespective of many weaknesses such as cracking 

shrinkage, lack of durability, low strength and dimensional 

instability for housing construction [1]. There are several 

ways of stabilising soil for housing purposes. Houben and 

Guillaud [2] identified four main methods of stabilising soil: 

(1) stabilisation by reinforcement, (2) stabilisation by water-

proofing, (3) stabilisation by cementing and (4) stabilisation 

by treatment with chemicals. 

Stabilisation by reinforcement is a method where fibres 

(natural, synthetic/artificial or Nano) are added to soil to 

enhance the performance properties. A number of studies [3-

10] have been conducted in the last decade by reinforcement. 

These studies have reinforced compressed earth blocks with 

mostly natural and artificial fibres. Another popular method 

is stabilisation by cementing which is usually done with 

binders such as cement and lime. This method uses 

cementing materials such as cement, ash and lime to enhance 

the performance properties of compressed earth blocks. A 

good number of research [11-15] have studied compressed 

earth blocks stabilised with different cementing materials. 

However, stabilisation by water-proofing and chemicals 

have recorded insufficient studies [16-17] in the past and 

recent times. Balila, et al. [16] studied the properties of adobe 

bricks stabilised with Bovine serum albumin (BSA) used for 

the construction of houses. Due to the limited studies 

conducted on the chemical stabilisation of compressed earth 

blocks, there is the need to use other potential chemicals to 

stabilise compressed earth blocks to determine their 

performance properties for applicability in construction of 

earthen houses. This study therefore investigates the 

properties of compressed earth blocks stabilised with a liquid 

chemical (Pidiproof LW+). The Pidiproof LW+, also known 

as Dr. Fixit is an additive which is compatible with cement 

and polymers. It is used to modify the properties of concrete 

and mortar due to its plastisizing properties that make 

composite cohesive [18]. It enhances the performance 
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properties of concrete and mortar, and meets the requirement 

of IS: 2645-1983 standard [18]. 

2. Experimental Materials and Methods 

2.1. Materials 

Soil, Pidiproof LW+ and water were the main materials 

used for the experiment. Soil sample from Ghana was used 

for the study. The properties of the soil sample used are 

reported in Table 1. Stabilisation was achieved by using 

Pidiproof LW+ in the production of compressed earth blocks. 

The Pidiproof LW+ was obtained at a retail shop for 

construction materials in Ghana. This chemical is usually 

used as an additive in cement based composite. The 

properties of the Pidiproof LW+ according to Pidilite [18] are 

presented in Table 2. A tap water was used in mixing the soil 

mortar for preparing the compressed earth blocks. 

Table 1. Properties of the Soil Sample. 

Property  Result  

Proctor test  

Optimum moisture content (%) 23 

Maximum dry density (Mg/m3) 1.9 

Atterberg limits  

Liquid limit LL (%) 49.2 

Plastic limit PL (%) 26.9 

Plasticity index PI  22.3 

Particle size distribution  

Gravel (>2 mm) (%) 8 

Sand (2 - 0.063 mm) (%) 37 

Silt (0.063 - 0.002 mm) (%) 22 

Clay (<0.002 mm) (%) 33 

pH  

Value 7.5 

Table 2. The Properties of the Pidiproof LW+ [18]. 

Property  Specification  Result  

Appearance  - Free flowing thin liquid 

Colour - Wine red colour 

Sp. Gravity @25°C (gms/cc) - 1.05 ± 0.02 

Nonvolatile content (%) - 13 ± 0.5% 

pH value - 11 - 13 

Setting time (minutes) IS: 2645: 1975 Initial – 140; Final - 260 

Compressive strength (N/mm2) IS: 2645: 1975 Equal to control 

Chloride content IS: 2645: 1975 0.002% 

Water permeability IS: 2645: 1975 <50% of Control 

2.2. Preparation of Blocks 

Sixty (60) blocks were prepared and cured for testing. 

Compressed earth blocks of size 280 × 140 × 100 mm were 

made with soil and 0.5, 1 and 1.5% Pidiproof LW+ content 

by weight. The soil was first spread on a platform, the 

required quantity of Pidiproof LW+ was added to the water at 

the optimum moisture content (OMC) (see Table 1), and then 

the mixture of water and Pidiproof LW+ was added by 

sprinkling on to the soil and repeatedly turned to obtain a 

uniform mixture. The blocks were made with BREPAC block 

making machine (see Figure 1) with a constant pressure of 5 

MPa. The blocks were then cured by covering them with a 

wet jute sack. The jute sack was kept wet throughout the 

curing period. Three blocks from each mix ratio were 

randomly selected for testing at 7, 14, 21 and 28 curing days. 

 
Figure 1. Moulding of Block with BREPAC Machine. 

2.3. Testing of Blocks 

Density of the specimen was determined in accordance 

with BS EN 771-1 [19]. The blocks were selected and their 

dimensions measured. They were oven dried at a temperature 

of 35°C after each curing age until a consistent mass was 

recorded, indicating a normal dried block. The dried blocks 

were weighed and the density determined. 

Water absorption by capillary testing was conducted in 

accordance with BS EN 772-11 [20]. The blocks were oven 

dried at a temperature of 35°C until a consistent mass was 

recorded, indicating a normal dried block after 28 days of 

curing. The mass of the specimens was measured and 

recorded. The 280 × 140 mm bedside of the specimen was 

immersed to a depth of 5 mm in a constant head-water bath 

for 10 min (see Figure 2). The mass of the absorbed 

specimen was measured and recorded, and the absorption of 

water by capillarity rise was then determined. 

 
Figure 2. Schematic Set-up for Water Absorption by Capillary. 

The compressive test was also performed in accordance 

with BS EN 772-1 [21]. Testing machine (CONTROLS 50-

C46G2) with maximum capacity 2000 kN, was used (see 

Figure 3). Loading was applied at a rate of 0.05 N/mm
2
/s 

until the block failed. The maximum load applied at which 

each of the blocks fractured were recorded and the 

compressive strength of the blocks determined.  
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Figure 3. Block Under Compressive Test. 

The splitting tensile strength test was performed in 

accordance with BS EN 12390-6 [22]. This was conducted 

with the testing machine (CONTROLS 50-C46G2) and 

splitting jigs were placed centrally above and below the 

block. The loading was done continuously at a study rate of 

0.05 N/mm
2
/s until the failure of the block. The maximum 

load applied at which each of the blocks failed were recorded 

and splitting tensile strength determined. 

2.4. Statistical Analysis 

Correlations were carried-out to establish relationships 

between the test properties measured. All Pairwise Multiple 

Comparison Procedure (Holm-Sidak method) was used with 

overall significance level at 0.05. One-Way Repeated 

Measures Analysis of Variance (One-Way RM ANOVA) test 

and One-Sample t-test with Sigma Plot Version 12 were used 

to determine the significant difference between the effects of 

chemical contents and curing age on the compressed earth 

blocks. Excel 2016 was used to determine the relationship 

between the compressive strength and tensile strength of the 

compressed earth blocks. 

3. Results and Discussion 

The detailed test results of the stabilised and unstabilised 

compressed earth blocks are reported in Table 3. The results 

include density test, absorption coefficient test, compressive 

strength test and splitting tensile strength test of the 

compressed earth blocks tested. 

Table 3. Results of the Compressed Earth Blocks Tested. 

Curing (Day) Liquid Content (%) Sample 
Density kg/m3 Comp Str. (MPa) Tens Str. (MPa) Absorption (Coefi.) 

Value  Ave. Value Ave. Value Ave. Value Ave. 

7 0.5 1 2021 
 

0.98 
 

0.17 
 

- - 

  
2 2063 2039 1.22 1.11 0.29 0.23 - - 

  
3 2033 

 
1.12 

 
0.22 

 
- - 

 
1 1 2107 

 
0.93 

 
0.24 

 
- - 

  
2 2086 2082 0.99 1.01 0.29 0.27 - - 

  
3 2054 

 
1.10 

 
0.27 

 
- - 

 
1.5 1 1994 

 
1.57 

 
0.22 

 
- - 

  
2 2116 2079 1.31 1.40 0.29 0.28 - - 

  
3 2128 

 
1.33 

 
0.32 

 
- - 

14 0.5 1 2060 
 

1.35 
 

0.29 
 

- - 

  
2 2098 2060 1.42 1.44 0.27 0.28 - - 

  
3 2021 

 
1.54 

 
0.27 

 
- - 

 
1 1 2063 

 
1.60 

 
0.29 

 
- - 

  
2 2033 2063 1.63 1.65 0.27 0.30 - - 

  
3 2095 

 
1.72 

 
0.34 

 
- - 

 
1.5 1 2054 

 
1.71 

 
0.32 

 
- - 

  
2 2030 2026 1.61 1.73 0.34 0.33 - - 

  
3 1994 

 
1.86 

 
0.32 

 
- - 

21 0.5 1 2030 
 

1.96 
 

0.32 
 

- - 

  
2 1943 1987 1.77 1.87 0.34 0.33 - - 

  
3 1988 

 
1.89 

 
0.32 

 
- - 

 
1 1 2018 

 
1.83 

 
0.32 

 
- - 

  
2 2152 2073 1.86 1.80 0.37 0.34 - - 

  
3 2051 

 
1.73 

 
0.34 

 
- - 

 
1.5 1 1938 

 
1.97 

 
0.34 

 
- - 

  
2 1955 1943 1.80 1.91 0.39 0.37 - - 

  
3 1938 

 
1.97 

 
0.39 

 
- - 

28 0.5 1 1988 
 

2.30 
 

0.37 
 

11.29 
 

  
2 2048 2060 2.41 2.35 0.41 0.40 13.24 12.20 

  
3 2143 

 
2.33 

 
0.41 

 
12.07 

 

 
1 1 2036 

 
2.47 

 
0.44 

 
9.66 

 

  
2 2113 2067 2.46 2.48 0.46 0.46 10.98 10.39 

  
3 2054 

 
2.52 

 
0.46 

 
10.51 

 

 
1.5 1 2116 

 
2.57 

 
0.51 

 
9.89 

 

  
2 2128 2101 2.71 2.69 0.46 0.50 8.80 8.59 

  
3 2060 

 
2.80 

 
0.54 

 
7.09 

 

 
0 1 2083 

 
0.83 

 
0.20 

 
14.95 

 

  
2 2054 2052 0.94 0.92 0.27 0.23 14.95 14.67 

  
3 2018 

 
0.99 

 
0.22 

 
14.10 
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3.1. Density of Compressed Earth Block 

Figure 4 summarises the density test result of the stabilised 

compressed earth blocks. The test recorded minimum dry 

density of 1943 kg/m
3
 and maximum 2101 kg/m

3
 of the 

stabilised compressed earth blocks as compared to the 

average dry density 2052 kg/m
3
 of the unstabilised 

compressed earth block. This indicates that there is not much 

difference between the dry density of compressed earth 

blocks stabilised with different liquid chemical contents and 

different curing days. One-Way RM ANOVA test result (p-

value = 0.871) between the stabilised and unsatbilised 

compressed earth blocks suggests that there is no significant 

difference in the dry density. This means that different 

contents of chemical inclusion and curing age does not 

influence the density of compressed earth blocks. This might 

be attributed to the fact that the chemical used for the 

stabilisation is a liquid and will not affect the mass of the 

blocks after drying. This finding is however dissimilar to the 

findings of cement and fibres used in stabilising soil blocks 

in previous studies. A study by Arumala and Gondal [23] 

with cement recorded an increase in density of the stabilised 

blocks over the unstabilised. This can be explained that the 

cement acts like a gel and flows into the spaces in the soil 

reducing the air volume [24-25]. The density of fibre 

stabilised blocks in previous studies [8, 26] was lower than 

that of the unstabilised blocks. This is possible because the 

fibres reduce the compact and dense nature of the blocks 

because the fibres are less dense [8, 31, 32].  

 
Figure 4. Density Test Result of Stabilised Compressed Earth Block. Error 

Bars Represent the Range of Data. 

3.2. Absorption Coefficient of Compressed Earth Block 

The absorption coefficient test result is presented in Figure 

5. The test recorded an average absorption coefficient of 

about 15, 12, 10 and 9 kg/(m
2
×min) respectively for 0, 0.5, 1 

and 1.5% Pidiproof LW+ contents after 28-day curing. There 

was about 17, 29 and 42% reduction in absorption coefficient 

respectively for 0.5, 1 and 1.5% chemical contents in the 

compressed earth block as compare to the unstabilised 

specimen. This implies that the higher the inclusion of the 

chemical content in the compressed earth block the lower the 

absorption coefficient. It means that the inclusion of the 

liquid chemical in the block improved the resistance of water 

absorption of the blocks. This is in agreement that the use of 

Pidiproof LW+ reduce the permeability of water into matrix 

[18], and therefor functioned similarly in the soil blocks. This 

can further be explained by the water permeability property 

of the chemical shown to be <50% of the control in Table 2. 

One-Sample t-test result (p-value = 0.003) between the 

stabilised and unsatbilised compressed earth blocks suggests 

that there is significant difference in the absorption 

coefficient. This suggests that the inclusion of the liquid 

chemical in the compressed earth blocks significantly 

improved the water absorption property of the blocks. This is 

in agreement with previous studies [11, 27-28] with cement 

which also recorded decrease water absorption of earth 

blocks stabilised with cement.  

 
Figure 5. Absorption Coefficient Test Result of Stabilised Compressed Earth 

Block. Error Bars Represent the Range of Data. 

3.3. Compressive Strength of Compressed Earth Block 

The compressive strength test result as shown on Figure 6 

indicates a continuous increase in strength through the curing 

age for all the liquid chemical contents in the compressed 

earth blocks. There was more than two times increase in the 

compressive strength of all the stabilised blocks over the 

unstabilised compressed earth blocks at the 28-day curing 

period. This implies that the inclusion of the liquid chemical 

in the compressed earth blocks increase the compressive 

strength by curing age. It can also be seen that the higher the 

chemical content in the block the better the compressive 

strength of the compressed earth blocks. This is consistent 

with the results of previous studies [13, 29-30] with cement 

as stabiliser in soil blocks. The test result of One-Way RM 

ANOVA (p-value = 0.001) for all chemical contents between 

the stabilised and unsatbilised blocks suggests that there is 

significant difference in the compressive strength test on the 

28-day curing. Between the 0.5 - 1.5% and 1 – 1.5% 

chemical inclusion, there were 0.09 and 0.036 p-values 

respectively, however between 0.5 – 1% chemical inclusion, 

there was 0.066 p-values. This indicate that there was no 

statistically significant difference between the lower (0.1 – 1) 

chemical inclusion, but between the higher and the lower (0.1 

– 1.5), there were statistically significant difference. 



 Advances in Materials 2017; 6(6): 122-128 126 

 

 
Figure 6. Compressive Strength Test Result of Stabilised Compressed Earth 

Block. 

3.4. Splitting Tensile Strength of Compressed Earth Block 

The splitting tensile strength result as presented in Figure 7 

shows a continuous increase with increased curing age. The 

average splitting tensile strength of all the stabilised 

compressed earth blocks was about two times that of the 

unstabilised blocks. It can also be observed that the higher 

liquid chemical content (1.5%) achieved the higher strength 

as was also observed in the compressive strength test result in 

Figure 3. Studies by Bahar et al. [27], Millogo & Morel [29] 

and Medjo Eko et al. [30] with cement as stabiliser in soil 

blocks recorded similar trend. The recorded p-values of 0.088 

and 0.123 for 1 – 1.5% and 0.5 – 1% respectively for 

chemical inclusion shows that there was no significant 

difference, but the p-value of 0.026 recorded for 0.5 – 1.5 

indicates a statistical significant difference at 28-day curing 

age. This suggests that the difference between the lowest 

(0.5%) and the highest (1.5%) chemical inclusion in the 

compressed earth block is significant. 

 
Figure 7. Splitting Tensile Strength Test Result of Stabilised Compressed 

Earth Block. 

3.5. Relationship Between Compressive and Tensile 

Strengths of Compressed Earth Block 

The relationship between the compressive and tensile 

strengths of the compressed earth blocks stabilised with a 

liquid chemical is presented in Figure 8. It can clearly be 

seen that there is a very strong positive relationship between 

the compressive strength and the tensile strength of the 

blocks. The coefficients determination (R
2
) recorded are 

0.9977, 0.9039 and 0.9983 for 0.5%, 1% and 1.5% of the 

liquid chemical, respectively. This indicates that there was an 

increased compressive strength of the stabilised compressed 

earth blocks with increase tensile strength. This results are 

consistent with previous study which reinforced earth blocks 

with natural fibres [9]. 

 
Figure 8. Relationship Between Compressive and Tensile Strengths of 

Compressed Earth Block. 

4. Summary and Conclusion 

This study presents the properties of compressed earth 

blocks stabilised with a liquid chemical (Pidiproof LW+). 

From the basis of the experimental test results obtained, the 

following concluding summary can be drawn: 

1. The addition of the chemical did not significantly affect 

the density of the compressed earth blocks. This means 

that the inclusion of liquid chemical does not influence 

the density of compressed earth blocks. 

2. There was significant difference in the absorption 

coefficient of stabilised and unsatbilised compressed 

earth blocks. It implies that the inclusion of the liquid 

chemical in the compressed earth blocks improves the 

water absorption resistance property of the blocks. 

3. It was found that both the compressive strength and the 

splitting tensile strength of the stabilised blocks 

doubled that of the unstabilised at the 28-day curing 

period. This means that the inclusion of the liquid 

chemical in the compressed earth blocks increase both 

the compressive strength and splitting tensile strength 

significantly by curing the blocks.  

4. It was also observed that the higher the chemical 

content (1.5%) inclusion in the compressed earth block 

provided better compressive strength and splitting 

tensile strength. Correlations test indicated that there 

was statistically significant difference between the 

lower chemical content (0.5%) and the higher chemical 

content (1.5%) inclusion in the compressed earth block. 

5. There was a very strong positive relationship between 

the compressive strength and the tensile strength of the 

liquid chemical stabilised compressed earth blocks. 

The paper therefore concludes that the inclusion of the 

liquid chemical (Pidiproof LW+) generally improved the 
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performance properties of the compressed earth blocks, and 

the highest performance was achieved at 1.5% chemical 

inclusion on 28-day curing. It is recommended that other 

chemicals used for stabilising concrete and other cement base 

matrix should be used to stabilised soil blocks to determine 

their applicability in earthen construction. 
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