
 

 
 

PACE 2021- AtaturkUniversity, EngineeringFaculty, Department of CivilEngineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  1 

 
 

Research Article 20-23 June 2021 

Characteristics of Hydraulic Concrete Containing Biomass Ash as Partial 
Replacement of Cement 

Ramdane Rihab*,1, Kherraf Leila1, Hebhoub Houria1 and Belachia Mouloud1 

1Laboratory of Materials, Geotechnical, Habitat and Urban Planning, University of 20 Août 1955, Skikda, Algeria 
Corresponding Author E-mail: r.ramdane@univ-skikda.dz Corresponding Author ORCID: 0000-0002-2490-8676 

Keywords  Abstract 
Replacing,  
Cement,  
Biomass,  
Ash,  
Hydraulic,  
Concrete,  
Eco-Material. 

 The aim of this study is to valorize biomass ash (generated during the incineration of wood) 
considered as an eco-material in the formulation of the hydraulic concrete at the 
percentages of 4% and 8%. To carry out this work an experimental program was elaborated 
to determine the properties of the concrete in the fresh state (density and workability) as well 
as in the hardened state (compressive strength and flexural tensile strength). The results 
obtained are promising.  

1. Introduction 

Sustainable development and greener designs have become very 
present in the world of civil engineering. However, one of the most 
widely used   building materials is one of the most polluting. Indeed, 
the production of cement, the key ingredient in concrete, is 
responsible for a significant amount of CO2 emissions [1.]. 

These concerns push us to study the feasibility of substituting cement 
by biomass ash (wood ash) in hydraulic concrete, to develop this work 
we have introduced biomass ash with percentages of 4%, 8% in order 
to evaluate its physical and mechanical performance.  

Several researchers around the world have developed the concept of 
valorizing ashes in mortar and concrete as a binder that replaces 
partially the key material cement. These studies were carried out on 
many types of organic ashes we give an example: rice husk ash, 
bamboo ash, sugarcane bagasse ash and ashes from olive pomace.  

Returning to our research theme, previous years have seen several 
attempts to use wood ash in the cement-matrix, in the study 
published by Dhakulkar and Malkhede, 2018 [2.], they affirmed that 
the chemical analyzes of the biomass ash show a considerable 
quantity of silica (SiO2), which makes the substitution of cement by 
these residues possible. 

Amrutha and al, 2016 [3.] studied in their experimental program the  
behavior of concrete with 3%, 5% and 8% of biomass ash, there results 
show that workability decrease with the increase of the replacement 
percentage, they have also found that the compressive strength at 7 
days are satisfying regardless of the substitution rate .  

Fapohunda and al, 2018 [4.] dedicated part of their research to study 
the possibility of replacing cement by sawdust ash with variable 
percentages, there results show good resistance and durability 
properties. According to these scientists it is possible to develop a 
structural containing sawdust ash concrete that responds to the 
requirements. 

Based on our preliminary results and previous researches we have 
developed this work in order to recover wood ash waste in hydraulic 
concrete in order to obtain an eco-concrete and preserve raw 
materials and the environment by minimizing greenhouse gases 
(GHG) produced by the production of clinker. 

2. Materials used 

The materials used in this work are:   

•Cement CEM II, class 42.5 from the Hdjar Soud cement Company 
(Skikda-Algeria).  

•Local ordinary aggregates.  

•Biomass ash obtained by the incineration of wood waste.  

•Superplasticizer. 

The chemical composition and the physical characteristics of cement 
and biomass ash are shown in Table 1.  

 
Table 1. Physico-chemical properties of wood ash and cement 

Designation CEM II Biomass ash 
Absolute density 
(g/cm3) 

3.1 2.3 

Specific surface 
(Blaine) (cm2/g) 
 

3500 4244 

CaO%                                      
 

66.46 32.01 

AL2O3% 
 

5.40 1.10 

Fe2O3% 
 

3.92 0.72 

SiO2% 
 

21.63 10.16 

MgO% 
 

1.29 8.30 

Na2O% 0.21 0.66 
 

From the results of the characterization tests shown in the table 1, we 
can observe that: 

- Biomass ash has chemical properties similar to those of cement. 

- The absolute density of biomass ash is slightly less than that of 
cement. 
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- The specific surface area (Blaine) of ashes is lower than that of 
cement. 

According to these results we can say that the substitution of cement 
with biomass ash in the hydraulic concrete is feasible. 

3. Experimental program 

The objective of this investigation is to study the modifications made 
to a hydraulic concrete by the partial replacement (at the rates of 4 
and 8%) of cement by biomass ash. 
The formulation of the control concrete mixture was obtained using 
the Dreux-Gorisse method, the fixed parameters are: the ratio W / C = 
0.55, the cement dosage (350 kg / m3), aggregates and superplasticizer 
dosage. The other formulations (C 4% and C 8%) are obtained by the 
same method; part of the cement is replaced by the wood ash. 
 
4. Results and discussion 
 
4.1. Workability 
 
Figure 1 indicates that the introduction of biomass ash leads to a 
decrease in workability, this observation may be due to the high 
organic content of biomass ash which gives mixtures the ability to 
absorb more water than usual, and as a result we obtain makes lower 
workability [5.]. 
 
 

 
 

Figure 1. Workability variation according to substitution rate 
 

 
4.2. Density 
 
As shown in figure 4, the incorporation of biomass ash leads to a 
decrease in density, this is explained by the lower absolute density of 
wood ash compared to cement [6.], which gives us a concrete less 
dense than the ordinary. 
 
 

 
Figure 2. Density variation according to substitution rate 

 
4.3. Compressive strength 
 
According to figure 5, the partial substitution of cement by biomass 
ash affects the compressive strength of concrete, the strength 

decreases with the increasing levels of wood ash added. The possible 
explanation for this trend is that the ash acts more as filler than as a 
binder in the cementitious matrix [7.], it is also due to the low 
pozzolanic reaction of ashes compared to cement. 
 
 

 
 

Figure 3. Compressive strength variation according to substitution 
rate 

 
4.4. Flexural tensile strength 
 
At the age of 28 days (figure 4), concrete containing 8% of biomass ash 
gives the best resistance compared to other mixtures, this is 
explained by the improvement in the microstructure of the cement 
[7.], that is to say the fineness of the ash particles added increase the 
cohesion between the cement matrix and the granular skeleton.  
 
 

 
 

Figure 4. Effect of the substitution rate on the flexural tensile 
strength 

 
 

5. Conclusion 
 

According to this study it is concluded that: 
 
•Biomass ash has chemical properties similar to those of cement so 
the substitution is feasible. 
 •The absolute density of biomass ash is slightly less than that of 
cement. 
•The specific surface area (Blaine) of ashes is lower than that of cement 
•The introduction of biomass ash leads to a decrease in workability.  
•The introduction of biomass ash leads to a decrease in density.  
•The replacement of cement with biomass ash in concrete affects the 
compressive strength.  
•The concrete mixture with 8% of wood ash marks the higher flexural 
tensile strength. 
 
Generally speaking, it can be concluded that the introduction of 
biomass ash (wood ash) has a positive and other negative impacts on 
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the properties of hydraulic concrete. These results are acceptable 
given that we are talking about a replacement of cement, the main 
ingredient in construction by an untreated waste. 
The development of an eco-concrete based on biomass ash present a 
promising research field. Further durability tests are in progress and 
will be published later. 
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