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 Due to increasing 2.5 times global cement production from 2005 to 2050, it contributes 

tothe world anthropogenic CO2 emissionseffectively. One of the significantsolutions is 

reducing cement consumption in the products made of cement such as concrete. 
Biomass ashes are used as replacement materials with cement in their concrete 

formulations which have almost similar mechanical properties with normal concrete 

formulations.This study attempt to investigate mechanical properties of concrete 
containing biomass ash with 10 and 30 % of cement replacement. It was emerged that 

there is minordisputebetween mechanical properties of biomass ash concrete 

formulations and normal concrete; nevertheless, biomassash concrete formulations  
absorbed watermoreand compacted less than that of normal concrete. 
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INTRODUCTION 

 

 According to the Kyoto protocol goals, the cement industry has been encouraged toimprove CO2 emissions 

reductionin terms of cement production processes while it is responsible to increase world anthropogenic CO2 

emissions due to increasing 2.5 times global cement production from 2005 to 2050, despite the efforts of the 

cement industry sectors [1,2].Therefore, in construction sectors, it is necessary to have consolidated strategies to 

reduce CO2 emissions of cement production such as cement consumption reduction, although this strategy alone 

is not capabletoreach the targets completely[3]. 

 Concrete incorporating biomass ashes replaced with cement is a potential solution to reduce cement 

consumption with a higher level of utilization, despite some technical and commercial barriers[4].Global 

production of biomass ashes include forest residues, agricultural residues, municipal solid wastes sewage sludge 

and other biomass resources are estimated between 112 and 220 billion tonnes per year 

[5].Severalstudieshavebeenperformed to test mechanical properties ofmortar and concretesincorporatingsome 

kinds of biomassashes, obtained similar properties in comparison with normal concrete [4,6,7]. 

 In this study, biomass ash (BA)provided from agricultural residues was used as a partial cement 

replacement in concrete with 10 and 30 percent.The influence of BA on the density,compressive strength, 

flexural strength, waterabsorption and oxygen permeabilitywas investigated. 

 

MATERIALS AND METHODS 

 

 In the study, Someinternational standards, such as AmericanStandardTestingandMaterials (ASTM): ASTM 

C618, EN-450 and EN197-1, related with the utilization of ashes as a concrete additive are used [4, 8]. 

 The concrete mix design was composed by usual materials: ordinary Portland cement, sand, 

crushedcoarsewith a maximum size of 10 mm and water. Two levels of cement substitution by biomass ash 

including 10 and 30 percent werecontrastedwith normal concrete with zero percent of cement replacement.The 

fresh concrete was prepared in a concrete mixer and then was placed in metal cubes molds with 100 mmand 

metal prisms molds with 500×100×100 mm Dimensions.  

 The concrete formulations was submitted to the cure of 3,7,14,28 and 50 days with target mean strength 50 

N/mm
2
after 28 days, selected density, compressive strength, flexural strength, water absorption and oxygen 

permeabilitytests.Other aspect of mixture were 0.60 for w/c ratio and 10-30 cm for slump for all concrete mix 

designs. 
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RESULTS AND DISCUSSIONS 

 

(i) Density tests: 

 It is emerged from figure 1 that densities of the both biomass concrete formulations are more than that of 

normal concrete in first 7 days, but after this age, densities of normal concrete were dramatically increased in 

comparison with BA concretes. 

 

 
 

Fig. 1: Density (kg/m3) of concrete with different percentages of biomass ash. 

 

(ii) Compressive strength results: 

 Figure 2 illustrates the results of the compressive strength for 3, 7, 14, 28 and 50 days of curing, containing 

0,10,30 % biomass ash cement replacement.Generally the compressive strengths of the all formulations were 

very similar for a cure period of 50 days although biomass ash concrete formulations did not reach to the target 

mean strengthof 50 N/mm
2
after 28days. 

 

 
 

Fig. 2: CompressiveStrength ((N/mm2)of concretes with different percentages of biomass ash. 

 

(iii)Flexural strength: 

 Figure 3 showsflexural strength results for 28 days curing. Totally,during 28 days, the comparison among 

of all formulations shows that flexural strength of 30% biomass ash concrete formulations are the lowest. 

 In the period of first 7 days, normal concrete and 30% biomass ash are completely less than that of 10% 

biomass ash. In second period of time, flexural strength of normal concrete have been raised compared with 

both BA concrete formulations. 
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Fig. 3: Flexural Strengths(N/mm2)of concretes withdifferent percentages of biomass ashes. 

 

(iv)Waterabsorption tests: 

 The results in figure 4shows that the water absorption of biomass ash concrete formulations are highest. At 

7 days, 10% and 30% ofBA concrete had higher values of water absorption rather thannormal concrete, but 10% 

BA replacement has much lower values by 14 days. This means that 10% BA replacement concretes were better 

in water absorption. 

 

 
 

Fig. 4:Water Absorption (%)of concrete with different percentages of biomass ash. 

 

(v)Oxygen permeability tests: 

 Oxygen permeabilityshows theporosity in concrete with takingtime in the experiment. Thelonger 

timemeansfully compact and less void between the particles in concrete. The table 1 illustrates that the normal 

concrete have lowest pore between particles. Although, the comparison among the formulations revealed that 30 

percent biomass ash formulations is not fully compact. 

 
Table 1: Oxygen Permeability tests (S) of concretes with different percentages of biomass ash 

Test 3rd day 7th day 14th day 

 Average reading, T Average reading, T Average reading, T 

0% Replacement 17.44 16.09 10.5 

10% Replacement 7.07 8.29 6.2 

30% Replacement 5.91 7.12 8.3 

 

Summary: 

 This investigation leads to the following conclusions regarding to cement replacement with biomass ash in 

concrete generally: 
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- Although, in early ages of curing, biomass ash concrete formulations had the higher value in densities, 

ultimately normal concrete formulations overtaking in densities value. 

- In terms of compressive strength, BA concretes has almost similar amount in comparison with normal 

concrete; however, they did not reached to the target mean strengthafter 28 days with a very little difference of 

50 N/mm
2
 

- 10 percentbiomass ash concrete formulations exhibited similar performance to normal concrete formulations 

with respect to impacts on concrete flexural strength; nevertheless, 30% replacement had moderate differences 

compared to other formulations. 

- bothbiomass ash concrete formulations absorbed water more than that of the normal concrete mixes. 

- biomass ash concretes are not fully compact in comparison with normal concrete 

 The overall conclusions are that within this investigation, both biomass ash concrete formulations 

havealmostsimilarmechanical properties with normal concrete in respect todensity, compressive strength and 

flexural strength, despite of water absorption and oxygen permeability. Although 10 percent biomass ash 

provided better mechanical properties rather than 30 percent. In short, the biomass ash concrete formulations 

can be good answer in cement consumption reduction resulting CO2 emissions reduction when almost similar 

mechanical properties are required. 
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