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ABSTRACT 

The objective of this study is to evaluate the effect of sugarcane bagasse ash on the 
compressive strength and water absorption index of soil-cement bricks. The ash was 
sieved without chemical and/or physical treatment to reflect the use of this material in 
real manufacturing processes. The addition of natural ash decreased the quality of the 
bricks, reducing the compressive strength and increasing the water absorption index. 

 
INTRODUCTION 

Brazil is the largest global producer of sugarcane, 
sugar, and ethanol (Gilio & Castro, 2016). According to 
data released by Novacana (2016), sugarcane yield in the 
state of Mato Grosso do Sul (MS) in the 2015/2016 harvest 
was 48.557 million tons, 12.99% higher than in the previous 
harvest (42.974 million tons). 

Sugarcane processing generates waste, including the 
ash from the burning of the sugarcane bagasse used in the 
boilers of processing plants. 

Cortez (1992) and Tommaselli et al. (2011) reported 
that the amount of bagasse varied according to the 
sugarcane fiber content and was approximately 260 kilos of 
bagasse per ton of processed sugarcane. Approximately 25 
kilograms of ash are generated for every ton of incinerated 
bagasse. 

The characteristics of the ash depend on the burning 
conditions of the bagasse, and the burning temperature and 
length of burning may also affect the characteristics of ash, 
including pozzolanicity, which cannot be determined in 
burning processes without temperature control (Almeida et 
al., 2015). 

The construction and demolition industry is 
responsible for 40% of the energy consumed worldwide and 
for one-third of the emissions of greenhouse gases (Muñoz 
et al., 2016), which warrants finding solutions that can 
reduce this impact by reusing materials that would 
otherwise be discarded, including natural ash. 

Several studies attempted to incorporate sugarcane 
bagasse ash (SCBA) into concrete and mortar for various 
applications, including bricks (Bezerra et al., 2017; 
Geerthana et al., 2016; Berenguer et al., 2016; Sivakumar 
& Mahendran, 2014). Kazmi et al. (2016) evaluated the 
addition of ash from rice husk and sugarcane bagasse in clay 
bricks and found that the compressive strength and modulus 

of rupture decreased with the addition of these materials 
compared to untreated bricks. However, these two 
parameters were considered satisfactory in treated bricks 
because the values were within the ranges established by the 
norms. 

Faria et al. (2012) analyzed the use of SCBA as a 
raw material in the manufacture of clay bricks, replacing 
20% of clay with SCBA. The results demonstrated that 
SCBA could be used as filler in bricks, indicating that the 
use of this material is sustainable. 

Valenciano & Freire (2004) evaluated the physical 
and mechanical characteristics of mixtures of soil, cement, 
and SCBA. Different cement-ash combinations were 
analyzed, and the compressive strength was measured. The 
results indicated the possibility of replacing up to 20% of 
the cement with SCBA without decreasing the compressive 
strength of the material. 

Fernandes et al. (2015) assessed the feasibility of 
adding SCBA as a partial substitute of small aggregate 
particles in concretes and found that the compressive 
strength of concrete with 20% of SCBA was equivalent or 
higher than that of the reference material, demonstrating the 
efficiency of SCBA as a mineral additive in concrete. 

Soil-cement bricks are produced by pressing and do 
not require subsequent burning, and therefore are 
designated “green bricks” (Castro et al., 2016). Estabragh et 
al. (2011) reported that soil-cement bricks could be used for 
slope and landfill protection and also as a pavement base in 
highways. 

Leonel et al. (2017) observed that brick resistance 
was affected by the composition, particle size distribution, 
and activity of each component of the mixture.  

The objective of this study was to evaluate the effect 
of natural SCBA without pretreatment on the compressive 
strength and water absorption of soil-cement bricks. 
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MATERIAL AND METHODS 

Study site 

The experiment was conducted on the campus of the 
Federal University of Grande Dourados (Universidade 
Federal da Grande Dourados–UFGD) from May 2014 to 
July 2015 in the municipality of Dourados, MS, Brazil. The 
water absorption and compressive strength tests were 
carried out in the Laboratory of Structure and Materials of 
Engineering (Laboratório de Estrutura e Materiais da 
Engenharia–LEME) of the State University of the West of 
Paraná (Universidade Estadual do Oeste do Paraná–
UNIOESTE) in Cascavel, state of Paraná, Brazil. 

Materials 

The materials used for manufacturing soil-cement 
bricks were a mixture of sandy soil (SS) from the 
municipality of Itahum and clayey soil (CS) collected on the 
UFGD campus; the ratio of the mixture was 1.0 to 0.8, 
respectively. The composition of the collected soils was 
determined at the Agricultural Monitoring Company 
(Empresa de Monitoramento Agropecuário Ltda–EMA) in 
Dourados, MS, Brazil (Table 1). 

TABLE 1. Granulometric analysis of the collected soils. 

Soil Sand (%) Silt (%) Clay (%) 
1 86 2.5 11.5 
2 16.4 18.1 65.5 

 
Rodrigues & Holanda (2013), Machado & Araújo 

(2014), and Silva et al. (2014) reported that the most 
suitable soils for producing bricks had a sand content of 45–
50%. The possibility of mixing two or more soils, or even 
adding coarse sand, should be considered for soils with 
these characteristics. Therefore, the two types of soils were 
combined to reach the recommended percentage of sand 
and improve the quality of the mixture used to make the 
bricks using a material that otherwise would be discarded. 

After collection, the soils were dried outdoors for 
four days. After drying, the soils were sieved in a 4.8-mm 
mesh sieve to standardize the granulometry and remove 
extraneous materials, which were unnecessary and 
detrimental to the performance of the test.  

 Cement CP-II-E-32 and SCBA from the 
NovAmérica Plant located in the municipality of Caarapó, 
MS, were used (Figure 1). 

 

 

FIGURE 1. Collection site of sugarcane bagasse ash in the NovAmérica Plant 
 
According to data supplied by the mill, bagasse was 

burned at a temperature of 600 °C. Bagasse was stored in an 
open place and, for this reason, presented high moisture 
content. Not all the material was burned. 

This material was dried in open air and sieved under 
the same conditions described above for removing coarser 
particles and residues. 

Mixture preparation and brick manufacture 

For brick manufacture, the amount of cement in the 
composition was kept constant, and 0%, 30%, or 40% of the 
composition of the soils was replaced with SCBA. The 
following cement-soil-ash ratios were used (in volume): 

 (1-6-4) (composition 1); 
 (1-7-3) (composition 2); 
 (1-10-0) (composition 3). 

The study used a completely randomized block 
design with a 3 × 2 factorial scheme, six treatments, and 13 
replicates, totaling 78 bricks, including 26 bricks per 
composition, and 13 bricks per treatment. Statistical 
analyses were performed using analysis of variance and 
Tukey’s test. 

For brick manufacturing, the SS and CS were mixed, 
and cement and SCBA were added. After mixture 
homogenization, water was added in a proportion of 10% of 
the mass of the soil-cement-ash mixture. The bricks were 
molded using a hand press following the procedures 
described in NBR 10833 according to ABNT (2013a) and 
placed on wooden pallets for curing. Water curing was 
started six hours after molding and was performed daily at 
9:00 am and 4:00 pm for seven days. 

Two types of cure were used: one in the open air 
(treatment 1) and the other in a protected environment 
(treatment 2). The bricks in the protected environment were 
covered by a black tarp and underwent the same curing 
process described above. 

Tests  

Compressive strength test 

The compressive strength test was performed 
according to the procedures described in NBR 10836 
(ABNT, 2013c). The length, width, and height of all 
samples were measured according to NBR 10834 guidelines 
(Figure 2) (ABNT, 2013b). 
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FIGURE 2. Measurement of the bricks according to NBR 10834 (ABNT, 2013b) 
 

After the measurements, the bricks were capped with Portland cement paste with a resistance higher than that of the bricks 
(Figure 3). After hardening of the cap, the samples were immersed in water for 24 hours and removed immediately before the 
tests were performed. 

 

 

FIGURE 3. Bricks capped with Portland cement paste. 
 

At the time of the compressive strength test, the bricks were removed from the water, dried with a lightly moistened cloth, 
and pressurized (Figure 4).  

 

 

FIGURE 4. Compressive strength test1 
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Water absorption test  

The water absorption test was performed according 

to the procedures described in NBR 10836 (ABNT, 2013c). 

First, the samples were dried in an oven at a constant 

temperature of 105 °C and weighed until constant mass was 

obtained. After that, the samples were immersed in water at 

room temperature for 24 h (Figure 5). The bricks were dried 

with a damp cloth, and the saturated mass was determined. 

 

 

FIGURE 5. Bricks immersed in water to perform the absorption test. 
 
RESULTS AND DISCUSSION 

Compressive strength 

NBR 10834 recommends a mean compressive 

strength of ≥2.0 MPa and an absolute value of ≥1.7 MPa for 

the tested samples (ABNT, 2013b). The measurements did 

not reach the minimum values established by the norm, not  

even composition 3, which did not contain SCBA. Some 

reference samples reached an absolute compressive strength 

of >1.7 MPa, but the result was considered unsatisfactory 

because the average values did not reach 2.0 MPa. The 

mean compressive strength values of different mixtures are 

shown in Figure 6. 
 

 

FIGURE 6. Mean compressive strength. 
 

It is of note that the strength of the materials 
containing SCBA was lower than that of materials without 
SCBA. This result was because the ashes were not treated, 
producing a material with voids and variable granulometry, 
compromising the quality of the mixture and leading to 
values lower than those established by the norm. 

Almeida et al. (2015) observed that SCBA particles, 
when properly treated, had a filler effect and served to fill 
the micropores of the mixture, reducing the number of 
voids, contributing to the maintenance of compressive 

strength. The opposite effect was observed in our samples, 
with the increase in the void index and a consequent 
decrease in compressive strength. 

Kazmi et al. (2016) found that the compressive 
strength of clay bricks was decreased by incorporating rice 
husk ash and SCBA into the bricks, and the addition of ash 
increased material porosity, reducing the strength of the 
bricks from 8.38 MPa to 5.10 MPa. Ferrari et al. (2014) 
reported that the compressive strength of soil-cement bricks 
was decreased by 50% by replacing 20% of cement with 
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SCBA compared with mixtures not containing SCBA, and 
the minimum strength recommended by the norm was not 
achieved.  

Other contributing factors for the low compressive 
strength of the bricks were the mixing of SS and CS and the 
non-measurement of normative parameters for confirming 
the feasibility of using SS + CS, including granulometry, 
liquidity limit, and plasticity limit. According to the soil 
mixtures used and the respective substitution of these by 
ash, the sampled materials had similar compositions: 

 Composition 1: 75% sand, 5% silt, and 20% clay; 
 Composition 2: 70% sand, 6% silt, and 24% clay; 
 Composition 3: 58% sand, 9% silt, and 33% clay; 

Ferrari et al. (2014) used a soil containing 78% sand, 
3% silt, and 19% clay for producing soil-cement bricks. 
This soil was prepared according to the recommendations 

of NBR 6457 without the addition of ash, and compressive 
strength was higher than the recommended value (2.0 MPa) 
at 7 days of age. The mean compressive strength of the 
bricks not containing SCBA was 1.88 MPa, which was 
lower than the 2.0 MPa established by the norm, confirming 
the assertion that this soil mixture was not satisfactory 
compared to the reference material. 

The significance of the statistical analysis of the 
compressive strength test results was high (p<0.05) using 
Tukey’s test. 

Water absorption 

According to NBR 10834, the samples should 
present a mean water absorption of ≤20% and an absolute 
value of ≤22% at 28 days of age (ABNT, 2013b). The 
values for all tested samples were within the established 
limits (Figure 7). 

 

 

FIGURE 7. Mean water absorption of the sampled material. 
 
The water absorption values were satisfactory for all 

mixtures. However, the values for the mixtures containing 
SCBA were higher than those of composition 3, which did 
not contain SCBA. This result was due to the increase in 
porosity and void index of bricks containing SCBA.  

Almeida et al. (2015) reported that the increase in the 
water absorption index of soil might be caused by variations 
in the amount of ash, micropores, and macropores in its 
composition. Because ash more effectively fills smaller-
diameter pores but not larger-diameter pores, there is a 
predominance of empty pores with a larger diameter in the 
materials containing a higher percentage of ash, resulting in 
higher water absorption.  

In the present study, the mean water absorption was 
17.39%, 18.20%, and 19.04% in materials without SCBA 
and those containing 40% and 30% of SCBA, respectively. 
The mean water absorption in the material containing 40% 
SCBA was lower than that of the material containing 30% 
SCBA but higher than that of the reference material, 
evidencing the increased water absorption in materials 
containing ash compared to the reference material. 

Therefore, the desired filler effect with the addition 
of natural ash to the brick mixture did not occur because 
the water absorption index was increased in the bricks with 
the addition of SCBA.  
 

CONCLUSIONS 

The analysis of the tested properties in soil-cement 
bricks with and without SCBA indicates that: 

The addition of untreated SCBA to soil-cement 
bricks is not recommended. The desired filler effect does 
not occur because of the presence of impurities and variable 
granulometry, among other factors, contributing to the 
decrease in the quality of the mixtures. 

The combination of SS and CS in bricks was not 
satisfactory, and the compressive strength of these bricks 
was lower than that established by the norm even without 
the addition of SCBA. 

The compressive strength of materials containing 
SCBA was lower than that established by the norm, 
preventing their effective use. 

The results on water absorption indicate that the 
addition of SCBA without treatment increased the porosity 
of the bricks; however, the compressive strength of the 
material was within the established limits. 

These results indicate that it is necessary to pre-treat 
the SCBA to maintain or improve the physical properties of 
the bricks, reduce the use of natural resources, and promote 
environmental sustainability by using materials that would 
otherwise be discarded. 
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