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 The objective of this study is to evaluate the feasibility of replacing limestone fines by 
biomass ash "wood ash" in the production of a self-compacting concrete (SCC). The ash is used 
at percentages ranging from 0%, 3% and 15% to partially replace limestone fines according 
to the formulation of Shen (LGC). Experimental studies, such as compressive strength and 
flexural tensile strength, are conducted to determine the mechanical properties of self-
compacting concrete in the hardened state. The workability and fresh density of the mix 
were also studied. The results show that the use of biomass ash in self-compacting concrete 
gives performances as comparable to the reference SCC. 

1. Introduction 

Self- compacting concretes (SCC) were initially developed in 1986 by 
researchers Okamura, Ozawa and Maekawa at the University of Tokyo 
in Japan. These self-compacting concretes (SCC) represent a new 
generation of concrete, developed to improve the quality of 
construction and also to overcome problems of inadequate 
manufacturing [1]. These are innovative concretes that can be used 
without vibration because they are characterized by good workability, 
great fluidity as well as good homogeneity and efficient rheological 
stability. They are therefore suitable for a large number of civil 
engineering applications and are especially in demand for the 
realization of complex constructions. 

However, the formulation of SCC is relatively expensive compared to 
ordinary concrete due to their relatively high demand for 
superplasticizer and mineral additions. Indeed, to avoid the 
segregation of the aggregates, the self-placing concrete must have a 
sufficient viscosity which is only allowed by the increase in dosage of 
fines and by the addition of chemical additives. 

One of the strategies employed in order to overcome the problem of 
the cost and the environmental impact of this class of concrete is the 
use of other types of additions or to enhance certain waste while 
maintaining the characteristics of BAP, such as natural pozzolans, 
limestone powder, fly ash and blast furnace slag [2-4]. 

The use of ash from agricultural waste as an alternative cementitious 
addition has been the subject of several studies over the past fifteen 
years [5-10], for example, palm wood ash (CBP) and rice husk ash (CER) 
[11]. Due to the high silica content, CER becomes pozzolanic and acts 
effectively as a cement substitute material (MCS) [12]. Also, CBP has 
also shown great potential as a cement substitute material for 
concrete technology [13]. Other agricultural waste ash, such as sugar 
cane ash (CCS) [14], corn ash (CM) and CB, can be used as a substitute 
in cement-based materials [15-16]. 

CB wood ash, for the most part, consists of shattering wood, beds, fiber 
sheets, lumber industry deposits, railway ties, arches, etc. it is easy 
biomass and can also be known as an inexhaustible fuel and in this 
way it is extremely attractive for large scale biomass ignition plants 
[17]. However, there are limitations to using CB as a cement 
replacement. Although partial replacement of cement with CB slightly 
improves strength, a reduction may occur when more than 20% 
replacement is used because CB has a lower silica content than CER 
and CBP. Therefore, restrictions are needed to use CB as a replacement 
for cement [18]. Therefore, it would be interesting and promising to 
widen the range of use of CB as a cement addition by incorporating it 
in scc. 

Much research has been done on the use of CBP to replace cement in 
the production of BAP. Safiuddin et al. [19] were the first pioneers to 
conduct research on self-consolidating concrete by adding CBP and 
are still the most reliable. However, other respected contributions can 
be found nowadays in the literature [20-24]. 

2. Material and method 

-A CEM I 42.5 from the Ain Kbira-Setif cement plant. 

- Ordinary class 3/8 and 8/15 aggregates of a crushed nature. 

-A superplasticizer 

- Biomass ash containing percentages of lime and silica obtained by 
the combustion of pieces of wood. Its specific surface area of Blaine is 
greater than that of cement. 

2.1. The formulation method used 

Formulation methods for self-compacting concrete (SCC) have been 
proposed since the 1990s. However, these methods do not meet all 
practical needs. The BAP formulation method, proposed by Shen (29) 
is based on existing methods, this method is intended to design BAP 
in the field of prefabrication and for other fields of civil engineering, 
another advantage of this method that it is the easiest to apply. 
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2.2. Experimental program 

In the experimental program we substituted part of the additions in a 
SCC by the biomass ashes with a rate of 3 and 15% with the fixed 
parameters are the cement dosage, the water dosage and the adjuvant 

dosage.  

The tests carried out on the BAP in fresh state are measurement of the 
density and the spreading, the tests carried out on BAP in hardened 
state are measurement of the resistance in compression and traction 
by flexion at the age 28 days. 

3.Testing process 

3.1.Slamp flow: 

it is the average of the largest diameter of spread concrete and its 
perpendicular diameter. 

 
 
 

Figure 1. Test of slamp flow 
 

 
Figure 2. Variation of the spread as a function of the 

substitution rate 
 

Figure (2) shows the change in the spreading of the concrete as a 
function of the ash content replacing the limestone fillers of 0, 3 and 
15%. It is noted that the replacement of limestone fillers by biomass 
ash results in a decrease in fluidity. But the sag flow diameter is kept 
in the range of 670 to 750 mm. These sag flow diameter values are in 
class SF2 

The decrease in fluidity can be explained by the high need for water 
and the increase in SSB in our ash compared to limestone fillers. 

3.2. Density fresh 

It is observed that the fresh density increases as the ash volume 
fraction increases to 15 ash (Figure 3). This increase in density is due 
to the ability to fill the voids. 

 

Figure. 3. Variation of Density as a function of the substitution rate 

It is observed that the fresh density increases when the ash volume 
fraction increases up (Figure 3). 

3.3. Compressive strength: 

 
 

 

Figure 4.Test of compression 

 

Figure. 5. Variation of compressive strength as a function of 
substitution rate. 

From figure 5 we can see a decrease in the values of the compressive 
strength but it remains below 50Mpa. 

 

Ashe biomass 

 

Ashe biomass 

 

Ashe biomass 
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3.4. Splitting tensile strength  

Flexural tensile strength is one of the most important fundamental 
properties of concrete. All concretes generally have low tensile 
strengths (10% of the compressive strength) and low deformation 
capacity [12].    

Figure 6 shows that the control BAP gives the best tensile 
performance. This is due to the calcareous nature of the filler which 
increases the cohesion. 

 

Figure  6. Variation of flexural tensile strength as a function of 
substitution rate. 

4. Conclusion 

In this experimental study, biomass ash waste was successfully used 
to make self-compacting concrete. The use of biomass ash as a 
substitute for cement in self-compacting concrete (SCC) can reduce 
the construction cost due to the decrease of cement content and also 
helps to solve the environmental and health related problems. From 
this study we can conclude: 

-The introduction of biomass ash leads to a decrease in flowability. 

-The compactness increases with the increase of the ash content. 

-The addition of biomass ash leads to a drop in tensile strength.  

This work is a preliminary study, it requires other types of tests to 
better understand the behavior of BAP based on biomass ash. 
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