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ABSTRACT 

 
This study investigates the effects of incineration methods of industrial wood waste ash (IWWA) on the engineering 
properties of concrete when IWWA is used as partial replacement of Portland cement. The IWW was incinerated in 
an uncontrolled (open incineration) and controlled environment (incineration in a furnace at a temperature of 550

o
c-

600
o
c). X-ray fluorescence was used to analyze the oxide composition of the resulting ash from both incineration 

conditions. The ash was grinded using a Disk mill (FFC 15) with a sieve size of 0.66mm in it. By using absolute 
volume method of 1:2:4 concrete mix with a water/cement ratio of 0.55, concrete cubes measuring 150mm x 150mm x 
150mm were made from nine different concrete mixes prepared by using IWWA to replace 0%, 5%, 10%, 15% and 
20% of Portland cement by mass for both controlled and uncontrolled incineration of wood waste ash. The 
workability of the fresh concrete mixes was evaluated using the slump test and the compressive strengths of concrete 
cubes were evaluated at 1, 7, 28, 56 and 90 days. Test results indicate that IWWA is pozzolanic, workability of the 
concrete mix decreases with an increase in replacement percentage of cement with IWWA for both incineration 

conditions. Compressive strength of IWWA/OPC concrete increases with age of curing and it decreases with 
increasing IWWA replacement. The compressive strength of concrete was lower at early stages but improved 
significantly up to 90 days. The optimum compressive strength is 20.15N/mm

2
 for replacement of cement with 20% of 

uncontrolled IWWA at 28 days. The maximum compressive strength of 31.40N/mm
2
 at all ages of testing was 

obtained at 90 days for 5% replacement of cement with controlled incinerated IWWA. Minitab 11 was used to carry 
out the statistical modeling of the IWWA-concrete. 
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1.0 INTRODUCTION 

 

Concrete has been identified globally as the most 

utilized construction material owing to its relative ease 

of production and ability to take virtually any shape 

when placed in a form. It is known to have excellent 

compressive strength ranging up to 60 N/mm
2 

but of 

marginal tensile strength of only about 10% of its 

compressive strength (Mosley et al., 2007).  

Natural occurring and artificially processed pozzalanas 

identified by researchers in the past (Tashiro et al., 

1997; Hooton, 1987) and in recent times (Safiuddin et 

al., 2010; Ogork et al., 2010; Mujedu et al., 2014; 

Egben-Ngu et al., 2014) are added to concrete to 

modify certain physical or engineering properties of 

the material. Research focus is also geared towards the 

use of these pozzalanic materials to partially replace 

cement content in concrete mix with the view to reduce 

its cost of production among other important 

characteristics. 

Pozzalanic materials derived from ashes of agricultural 

and industrial wastes have shown positive outcomes in 

respect of the aforementioned goals (Amatey et al.; 
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Aboshio et. al.). Successes recorded in the literature for 

ashes used in concrete are however not uniform but 

varied due to many reasons ranging from grain sizes of 

the ash, incineration condition, burning temperature, 

manner of dosage, proportion of ash to concrete mix 

etc. 

For burning effect; studies show that recommended 

burning temperature should be within 400 to 600 
0
C 

above which the ash will crystalized and have less 

pozzalanic reactions with other active components in 

the mix (Neville, 2003). For fired clay products the 

limiting temperature is about 950
0
C beyond which 

silica and alumina will transcend the amorphous phase, 

recrystallize and form other compounds that will not 

combine with lime (Massaza, 1993; Neville, 1995).  

Temperature control is thus, necessary in order to fully 

utilize pozzalanic ash material, it is however, known 

that temperature control can only be achieve when 

burning is done in a control environment where 

cautions are put in place to meet the above 

requirements. Instances nevertheless, abound where 

ashes for use in concrete production may have to be 

obtain via open or uncontrolled burning. The effects of 

such ashes on concrete nor its chemical compositions 

are not yet known or reported in the literature. 

It is thus against this background that this study further 

seeks to understand the effect of incineration methods 

on the chemical composition of industrial wood waste 

ash and the effect of the ashes on fresh and harden 

properties of concrete.  

The Industrial wood waste (IWW) is a by-product of 

cutting, grinding, sawing, drilling, sanding, or 

otherwise pulverizing wood with a saw or other tools. 

The waste material is readily available in Nigeria and 

is generating concerns on disposal (Nail et al., 2001). If 

used in concrete will in no small measure reduce the 

current environmental problems associated with the 

waste and could further lead to the reduction in 

concrete production cost when used as a partial 

replacement of cement.  

 

2.0 MATERIALS AND METHOD 

 

2.1 Materials 

2.1.1 Cement: Ordinary Portland cement 

manufactured in Nigeria by Dangote Industries Ltd 

(Dangote 3x cement, grade 42.5) was obtained from a 

dealer in Kano and used for this research work. The 

specific gravity of the cement, Industrial wood waste 

ash, fine and coarse aggregates determined in 

accordance with BS 812: Part 2, (1995) are shown in 

Table 1.  

2.1.2 Industrial Wood Waste Ash: The IWW was 

obtained from timber industrial markets at Naibawa 

and Rijiyan Lemu in Kano. The waste was converted 

to ash via two incineration conditions: i.e. incineration 

in a locally constructed container (open burning) and 

incineration in a furnace at a controlled temperature of 

550-600
o
C.  

Table 1: Specific Gravity of Some Constituents of Concrete 

 

Materials Cement IWWA Fine Aggregate Coarse Aggregate 

Specific Gravity 3.16 2.19 2.56 2.70 
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2.1.3 Aggregate: The fine aggregate is sharp sand 

obtained from River Challawa with a bulk density of 

1899.50kg/m
3
 and moisture content of 2.50%. Sieve 

analysis conducted on the sample in accordance with 

BS 812: Part 1, (1975) shows that the fine aggregate 

falls within zone 1 based on BS 882, (1992) grading 

limits. The coarse aggregate however, is crushed 

granite of nominal size of 20mm with moisture content 

of 1.30% and bulk density of 1500kg/m
3
. Specific 

gravity for both fine and coarse aggregates are 

presented in Table 1. 

2.2 Methods 

2.2.1 Chemical analysis of IWWA: Chemical analysis 

to determine percentage composition of oxides of the 

IWW ashes obtained via open and controlled burning 

was carried out. The chemical analysis was carried out 

at the National Geosciences Research Laboratory 

(NGRL), Kaduna, Nigeria using the X-Ray 

Fluorescence method (XRF). Result from these 

analyses is presented in the Section 2.2.2.  

2.2.2 Production of Concrete: The concrete mixture 

proportioning was done in accordance with BS 1881: 

Part 125, (1986). Hand mixing tool was adopted for the 

mixing. Using absolute volume method of 1:2:4 

concrete mixes, and water cement ratio of 0.55 for all 

mixtures. The concrete constituents mix proportions 

are presented in Table 2. 

 

Table 2: Concrete Mixture Proportioning 

Percentage 

replacement of 

cement 

Cement 

(kg/m
3
) 

IWWA 

(kg/m
3
) 

Fine 

aggregate 

(kg/m
3
) 

Coarse 

aggregate 

(kg/m
3
) 

Water 

(kg/m
3)

 

 319 0 638 1275 175 

5 303 16 638 1275 175 

10 287 32 638 1275 175 

15 271 48 638 1275 175 

20 255 64 638 1275 175 

 

Cement, except for the control mix was replaced with 

controlled and uncontrolled incinerated IWWA in 

percentages of between 5 to 20% of its weight as can 

be seen in Table 3. The slump of the fresh concrete was 

first investigated. The samples were then cast in a 

mould of 150 mm x 150 mm x 150 mm and left for 24 

hours before demoulding. They were then placed in the 

curing tank containing water until the day of testing. 

The compressive strength at age 1, 7, 28, 56 and 90 

days was determined in accordance with BS 1881, 

(1983). The results obtained are discussed in Section 3. 

3.0 RESULTS AND DISCUSSION 

 

Table 3 presents results of the chemical analysis of the ashes of industrial wood waste obtained through 
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controlled and uncontrolled burning. Percentage 

composition of the oxides for the two cases are very 

similar with aggregate oxides of sulphur, aluminum 

and iron (SiO2 + Al2O3 + Fe2O3) amounting to 49.9% 

and 47.01% for the controlled and uncontrolled burnt 

ashes respectively.  

  

 

Table 3: Chemical Composition of IWWA 

 

Oxide % Composition Of 

Controlled IWWA 

% Composition Of 

Uncontrolled IWWA 

SiO2 46.90 44.50 

Al2O3 1.34 1.31 

Fe2O3 1.21 1.20 

CaO 21.60 21.51 

MgO 1.20 1.22 

SO3 0.22 0.31 

Na2O 2.03 2.00 

K2O 1.00 1.02 

LOI 24.50 25.53 

SiO2 + Al2O3 

+ Fe2O3 

49.90 47.01 

The result further indicates that the ash obtained via 

controlled burning can approximately be classified as a 

pozzalana of class N based on the requirements in 

ASTM C618-89, (1994) while the ash from 

uncontrolled burning failed to meet the requirement of 

having at least 50% of SiO2 + Al2O3 + Fe2O3 by a very 

small margin.The un-burnt carbon, showing in the 

percentages of loss of ignition (LOS) for both cases 

considered are very high and could have negative 

effect in concrete. 

3.1 Effect of IWWA on Workability 

The result of workability is as shown in Table 4. From 

Table 4, it can be seen that as the percentage 

replacement of OPC with IWWA increases, the 

workability of concrete decreases; replacing cement by 

an equal mass of IWWA using the absolute volume 

method causes an increase in volume since the density 

of cement is higher than that of IWWA. This therefore, 

increases the water demand thereby causing a 

reduction in the workability of the concrete since the 

quantity of water remains the same for all concrete 

mix.  

Table 4: Effect of IWWA on Workability 

 

IWWA Content 

(%) 

OPC 

(kg/m) 

Slump (mm) 

Controlled IWWA                        

Uncontrolled IWWA 

0 319 20.00  

5 303 8.67 8.33 

10 287 8.00 5.00 

15 271 1.33 0 

20 255 0 0 
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3.2 Compressive Test Results 

The variation of compressive strength of concrete with 

curing age is presented in Figures 3 and 4 for 

uncontrolled and controlled incinerated IWWA 

replacement respectively. From the figures, it can be 

noted that the compressive strength continued to 

increase with curing age but there is a slow strength 

gain at age 1 and 7 for both incineration conditions. 

The reduction in strength at the initial stages of 

hydration may be because IWWA acts as a retarder. 

The initial processes of hydration get retarded, which 

invariably may affect the initial process of strength 

development. The result at 1 day showed a decrease in 

strength from 19.70N/mm
2
 for control to 10.96N/mm

2
 

and 10.07N/mm
2
 for 20% IWWA controlled and 

uncontrolled replacement respectively.  These results 

indicate that concrete containing IWWA generally gain 

strength slowly at early curing age. This is in line with 

findings that concrete containing pozzolanic ma terials 

gained strength slowly at early curing ages (Hossain, 

2005; Adesanya and Raheem, 2009).  

The result at 28 days indicated that pozzolanic 

contributions of IWWA is at its peak as evident from 

the higher percentage increase in compressive strength 

of the IWWA concrete over that of the control. The 

percentage increase in strength for the IWWA obtained 

from controlled burning at 7 days age is 12.11%, 

13.20%, 38.70%, and 31.21% for IWWA content of 

5%, 10%, 15% and 20% respectively. 21.31%, 38.63%, 

23.09%, and 25.94% percentage increase were 

obtained for 5%, 10%, 15% and 20% content of IWWA 

produced via uncontrolled burning. These increases in 

compressive strength can be attributed to the reaction 

of IWWA with calcium hydroxide liberated during the 

hydration of cement and the pozzolanic reaction of 

IWWA. Concrete with controlled IWWA exhibited 

higher strength than concrete with uncontrolled 

IWWA. 

 

 
Figure 1: Relationship between Compressive Strength and Curing Age of Uncontrolled IWWA Concrete 
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Figure 2: Relationship between Compressive Strength and Curing Age of Controlled IWWA Concrete 

 

From Figures 5 and 6 it is observed that as the 

percentage composition of IWWA increases, the 

compressive strength of the concrete decreases for both 

incineration conditions for all particle sizes. An 

optimum value of 20.15N/mm
2
 at 28 days was 

obtained for concrete with 20% uncontrolled IWWA 

replacement. The maximum compressive strength of 

31.40N/mm
2
 at all ages of testing for replaced cement 

was obtained at 90 days for 5% replacement of cement 

with IWWA of controlled incineration. Controlled 

incinerated IWWA produced concrete of greater 

strength and better workability than uncontrolled 

IWWA. Since the sample meets the British Standard 

(BS1881), which stipulates a minimum of 20N/mm
2
 

compressive strength for concrete after curing for 28 

days; the IWWA can be used for general concrete 

works and mass concrete. 
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Figure 3: Relationship between Compressive Strength of Concrete and IWWA content obtained from Uncontrolled 

Burning 

 

 
 

Figure 4: Relationship between Compressive Strength of Concrete and IWWA content obtained from Controlled 

Burning 

 

3.3 Statistical Modeling of the IWWA Concrete 

The regression equation generated from Minitab 11 

statistical software for the model is presented in 

Equations 1 and 2 for uncontrolled incineration and 

controlled incineration respectively, while the result of 

the statistical analysis is shown in Tables 5, 6, 7 and 8. 

𝑓𝑐𝑚 = 18.1 − 2.25𝐼 + 3.65𝐴          (1) 

Where: 𝑓𝑐𝑚 is the compressive strength of IWWA 

concrete, I is the varying content of IWWA, i.e. 0, 5, 

10, 15, 20 % in the concrete and A is the curing ages of 

1, 7, 28, 56, 90 days of the samples.  
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Table 5: Statistical Analysis of Compressive Strength of IWWA-Concrete Model 

 

Predictor Coefficient Standard Deviation P-value 

Constant 18.10 0.7773 0.000 

I -2.25 0.1738 0.000 

A 3.65 0.1738 0.000 

S = 2.129       R
2
= 89.4%     R

2
 (adj) = 89.1% 

 

 

P-value is a parameter indicator of the nature of slope 

of the regression line. The test of significance and 

goodness of fit of the model is carried out by looking at 

the P-values to determine if the slopes in the regression 

model are equal zero as formulated in the null 

hypothesis. 

For I (IWWA Content)  For A (Curing Age) 

HO : β1 = 0   HO: β2 = 0 

HA : β1 ≠ 0   HA : β2 ≠ 0 

 

At 0.05 level of significance, from Table 5, P-value = 

0.000 for both IWWA content and Age of curing of 

concrete. Therefore the null hypothesis (HO) is rejected 

in both cases because of very low P-value and shows 

that both variables are highly significant (P < 0.005) 

signifying that the variation in the concrete 

compressive strength is caused by IWWA content and 

age of curing. 

The model was validated by considering the coefficient 

of determination and also the analysis of residuals. The 

coefficient of determination, (R
2
) is 89.4%, this 

indicates that the variation of concrete compressive 

strength is significantly dependent on the variations of 

IWWA content and age of curing. The residual and 

normality plots (Figures 6 and 7) were drawn for the 

compressive strength of concrete to further examine 

how well the model fits the data used. It was observed 

that there were few large residuals and very few out-

liers. This confirms that the model is adequate for 

prediction. 

 

 
Figure 5: Residual versus Fitted Values for Compressive Strength of Concrete 
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Figure 6:  Residuals versus Normal score for Compressive Strength of IWWA Conrete from Uncontrolled Burning. 

 

𝑓𝑐𝑚 = 18.9 + 3.88𝐴 − 2.21𝐼          (2) 

Where: 𝑓𝑐𝑚 is the compressive strength of IWWA 

concrete, I the varying IWWA content at 0, 5, 10, 15, 

20% replacement of cement and A the varying curing age 

of 1, 7, 28, 56, 90 day samples. 

 

 

 

Table 7: Statistical Analysis of Compressive Strength of IWWA-Concrete Model 

 

Predictor Coefficient Standard Deviation P 

Constant 18.92       0.7567 0.000 

I -2.21 0.1692 0.000 

A 3.88 0.1692 0.000 

S = 2.072       R
2
= 90.6%   R

2
 (adj) = 90.4% 

 

The test of significance and goodness of fit of the 

model is carried out by looking at P values to 

determine if the slopes in the regression model are 

equal zero as formulated in the null hypothesis. 

For I (IWWA Content)  For A (Curing Age) 

HO : β1 = 0   HO: β2 = 0 

HA : β1 ≠ 0   HA : β2 ≠ 0 

 

At 0.05 level of significance, from table 5, P-value = 

0.000 for both IWWA content and curing age of 

concrete. Therefore the null hypothesis (HO) is rejected 

in both cases because of very low P-value and shows 

that both variables are highly significant (P < 0.005) 

signifying that the variation in the concrete 

compressive strength is caused by IWWA content and 

age of curing. 

The model was validated by considering the coefficient 

of determination and also the Analysis of residuals. 

The coefficient of determination, (R
2
) is 90.6%; this 

indicates that the variation of concrete compressive 

strength is significantly dependent on the variations of 

IWWA content and age of curing. The residual and 

normality plots (Figures 8 and 9) were drawn for the 

compressive strength of concrete to further examine 

how well the model fits the data used. It was observed 

that there were few large residuals and very few out-

liers. This confirms that the model is adequate for 

prediction. 
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Figure 7: Residual versus Fitted Values for Compressive Strength of Concrete 

 
 

Figure 8: Residuals versus Normal score for Compressive Strength of IWWA Concrete from Controlled Burning 

 

4.0 CONCLUSIONS 

 
From the results of chemical composition analysis, 
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CaO (21.60 and 21.51%). The un-burnt carbon in 

IWWA is relatively high (LOI is 24.50 and 25.53%) 

which could present some difficulties when making 

air-entrained concrete. 

Concrete becomes less workable as the IWWA 

percentage increases meaning that more water is 

required to make the mixes more workable.  

The strength development of IWWA at early age is 

slow compared to the control mix and the strength of 

IWWA concrete is lower than that of control at all 

ages of curing. Controlled incinerated IWWA 

developed higher strength than Uncontrolled IWWA 
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The compressive strength generally increases with 

curing period and decreases with increased amount of 

IWWA. The samples have compressive strength that 

is within the stipulated minimum compressive 

strength at 28 days of 20 N/mm
2 

for use in structures 

(BS 8110, 1997). 

The statistical model for both uncontrolled and 

controlled incineration shows that the compressive 

strength of the concrete is dependent on the content of 

IWWA and the age of curing. 
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