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Abstract 
This paper report the durability properties of self-compacting concrete (SCC) modified with Saw dust ash (SDA) exposed to an 

aggressive media. Saw dust ash (SDA) was used to partially replace OPC in SCC at 0 - 30%. A number of trials mixes were conducted 

to obtain grade 40 SCC, with a suitable mix proportion varied at 5, 10, 15, 20, 25 and 30 % by weight of the binder as OPC 

replacement in SCC. Constant water to binder ratio of 0.37 with water reducing admixtures was used in all the mixtures. The research 

reveals that SDA enhanced the resistance of SCC against Na2SO4 attack at 5% replacement but performed poorly in H2SO4. The water 

absorption of SCC decreases with an increase in SDA content. The resistance of SDA-SCC to elevated temperature is reduced with an 

increase in SDA content. The compressive strength of the SDA-SCC decreases with the age of exposure in an aggressive media. The 

SEM result revealed the presence of crystal like spikes of SDA particles, which may contribute significantly to the high surface area of 

the ash particles and results in a porous structure at an early age. 
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1.0 INTRODUCTION 

Concrete is the most useful and diverse 

construction material the powerful source of infrastructural 

development of any nation. Engineering practice and 

construction work around the world depends to a very 

large extent on concrete[1]. Concrete is the dominant 

material used for the construction of infrastructures, it is 

the world most used construction material because of its 

properties[2]. The use of concrete today cannot be over 

emphasized, due to its economic and commercial benefit. 

Concrete is produced by using considerable amount of 

cement. However, cement production utilizes extensive 

amount of raw materials at high temperature of 1450˚C 

combined with emission of harmful gases which pollutes 

the atmosphere. This contributes to a significant extent of 

5–7% of total anthropogenic carbon dioxide emissions [3]. 

The annual emission of toxic metals, material pollutant 

and noise are associated with almost all the processes 

involved in cement production. This is a serious global 

environmental problem since increase in carbon dioxide in 

the atmosphere has direct consequences on global  
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warming which contribute to abiotic depletion,  

acidification, and marine eco-toxicity [4]. Previous reports 

revealed that besides the environmental friendliness, the 

use of supplementary cementitious materials (SCMs) such 

as pulverized fuel ash (PFA), ground granulated blast 

furnace slag (GGBS), silica fume (SF), metakaolin (MK) 

and rice husk ash (RHA) lessens the cost of concrete and 

improves the durability of hardened concrete, thereby 

enhancing the service life of structures [5-7]. In addition, it 

has been reported in literatures that Partial replacement of 

OPC with pozzolans has been highly encouraging as it 

reduce cement production [8-10]. Pozzolanas such as rice 

husk ash have gained acceptance as supplementary 

cementing materials in many parts of the world [11]. 

Self-compacting concrete SCC is an advanced 

construction material which is able to flow through heavy 

and congested reinforcement and consolidate fully under 

self-weight completely filling the formwork, [12]. It first 

came to existence in 1980’s in Japan to tackle the key 

factors responsible for poor performance of normal 

concrete structures due to lack of uniform and complete 

compaction. previously, attaining a full compaction of 

concrete on construction site was a challenge as a result, 

several efforts to achieve concrete with full compaction 

and without the use of vibrator was carried out which lead 

to the development of modern SCC [13]. Its highly fluid 

nature makes it suitable for placing in difficult conditions 
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and in sections with complex and congested 

reinforcements [14]. Consolidation is fully achieved due to 

its own self-weigh and offers some economic and 

environmental benefits over the normal vibrated concrete 

in construction. SCC production required more cement 

(400 – 600 kg/m3) [15].  This suggests that SCC 

production increases the emission of CO2. Nevertheless, 

there is a need to comb for alternative methods that can 

systematically reduce the carbon footprint in concrete 

using waste material [16]. 

Sawdust is a waste material from the timber 

industry; produced as the loose particles or wood 

chippings obtained as by-products from sawing of timber 

in to standard usable sizes [17]. Previous research by [18, 

19] revealed that Nigeria produce about 5.2 million tonnes 

of SDA per year. The huge amount of wood waste 

produced are often discarded as useless material which 

causes several environmental and landfill related issues as 

a result of wrong methods of handling. These unselective 

disposal practices consequently lead to untoward 

environmental problems and contribution to climate 

change [20-22]. At the same time contradict sustainable 

solid waste management which entails various activities 

that encourage the efficient utilization of the waste 

produced so that the sustainable development goals are 

largely achieved [23, 24]. Therefore, to promote green 

construction technologies and to reduce the environmental 

problems, a enormous variety of agro wastes have been 

introduced to the current construction industry for their 

potential use as a substitute of cement clinker. Recently, 

many researchers have investigated the role of SDA as a 

potential supplementary cementitious material in concrete 

[25–27]. It reveals that, the pozzolanic efficiency of SDA 

is mainly dependent on its source. At the same time, the 

chemical composition of ash varies among tree species, 

growing conditions such as soil type and climate, and 

combustion methods [28, 29]. From the micrographs 

obtained after SEM analysis, [30] observed that, ash 

particles collected from different sources exhibits 

variations in physical characteristics also method of 

incineration influences the particle size, shape and several 

other characteristics. Research also revealed that SDA 

consist high calcium oxide group and high silicate oxides 

group and the high loss on ignition was attributed to 

uncontrolled incineration [31, 32].  

Furthermore; the findings of [33] shows that wood 

waste ash act more as filler material within the cement 

paste matrix than as binder material Investigations from 

previous research work using SDA collected from 

undisclosed timber species [34,35] revealed that the 

chemical compositions of SDA is reach in Calcium Oxide 

(CaO) (50.64, 61.0, 42.5 and 64.47). In addition; the 

findings of [36], shows that the compressive strength 

containing SDA, increased with curing age, however 

decrease in relation to the control as the percentage 

replacement of cement with SDA increases.  Research 

from previous years have revealed that the agricultural 

waste can be processed into the mixture of concrete as 

cementitious supplementary substitution ingredients [37-

39] Previously, extensive studies have been carried out on 

the use of saw dust ash in normal vibrated concrete [32, 

35] but, little or no extensive research has been conducted 

on the durability of saw dust ash (Afara, Ashwale and 

Iroko) as cement replacement in self-compacting concrete, 

the research focus on the durability of self-compacting 

concrete using SDA sourced from Afara, iroko and 

Ashwale. 

 

2.0 MATERIALS AND METHODS  

2.1 Materials  

2.1.1 Cement 

Cement used in this study is Dangote brand 

Ordinary Portland cement (OPC) grade 42.5 conforming to 

BS EN 197 [40] with oxide composition and physical 

properties presented in Table 1 and 2. The cement has a 

percentage fineness (% retained on 45μm sieve) of 13%, 

bulk density of 1448kg/m3 and a specific gravity of 3.15.  

 

Table 1: Oxides composition of cement and SDA 

Oxides Dangote Cement OPC (%) SDA (%) 

SiO2 16.42 22.55 

AL2O3 3.23 3.21 

Fe2O3 4.42 2.51 

CaO 69.93 40.05 

MgO 1.36 3.39 

SO3 1.98 1.06 

Na2O 0.32 2.41 

K2O 0.66 16.11 

P2O5 0.103 0.02 

Cl 0.1 0.11 

TiO2 0.31 0.21 

Mn2O3 - 0.02 

BaO 0.18 - 

LOI 1.04 5.89 

 

2.1.2 Saw Dust Ash 

Saw Dust Ash (SDA) used in this research consist 

only of Afara, Ashwale and Iroko was collected from 

timber industries in Kano State, Nigeria, and burned to ash 

at a controlled temperature of 600 ˚C for 4 hours using 

incinerator, similar to the work of [26, 41]. The grading of 

SDA and oxide composition is presented in Table 1 and 

Figure 1 respectively. The oxide composition did not 

satisfied the requirement specified in ASTM C-618 for a 
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good pozzolana as the sum of SiO2+Al2O3 +Fe2O3  not less 

than 70% as shown in Table 1, similar to the work of [26, 

33, 34, 42]. The morphology of the SDA is presented by a 

SEM Micrograph shown in figure 6 and 7.  

 

2.1.3 Aggregate 

The fine aggregate used in this research was clean 

river sand with properties as shown in Table 2. The sieve 

analysis was conducted in accordance with BS EN 933 

[43] and the particle size distribution as well as grading 

limits was determined based on BS EN 882 [44] as shown 

in Figure 1.  

 

Similarly, it also revealed that the coarse aggregate 

has a maximum size of 14 mm, fineness modulus of 6.50, 

specific gravity of 2.76, and bulk density of 1664 kg/m3 as 

shown in Figure 1 and Table 2. Potable water was used for 

mixing and curing the SCC and Super plasticizer of 7.49 

kg/m3 was used to improve the fresh properties of the SCC 

this is in line with[45-47]  

 

Table 2: Physical Properties of Binders and Aggregates  

 Cement SDA Fine Aggregate Coarse Aggregate 

Specific gravities 3.15 2.21 2.61 2.76 

Fineness (Retained on 40 µm sieve) 13 17 - - 

Fineness modulus - - 2.55 6.50 

Bulk Density (kg/m3) 1445 645 1569 1664 

 

 
 Figure 1: Grading of aggregates and saw dust ash 

 

2.2 Mixing and Test Methods 

2.2.1 Mix design of self-compacting concrete 

The mix design was obtained using the principles for 

selecting and proportioning SCC constituents in 

accordance with BS EN 206 (2013) [48]. Grade 40 SCC 

was obtained by trial mixes using a 0.37 water-cement  

 

ratio as shown in Table 3. The control mix was used for 

the other SCC mixes containing 5, 10, 15, 20, 25 and 30 

percentages by weight of SDA in cement replacement. The 

constituent materials for the SCC – SDA are presented in 

Table 3. 

 

Table 3: Materials Batching of SCC with SDA 

Mixtures SDA 

(%) 

Cement 

(kg/m3) 

Sand (kg/m3) Granite 

(kg/m3) 

Super plasticizer 

(kg/m3) 

SDA (kg/m3) Water 

(kg/m3) 

TM1 0 510.0 870 890 7.49 0.0 180 

TM2 5 484.5 870 890 7.49 25.5 180 

TM3 10 459.0 870 890 7.49 51.0 180 

TM4 15 433.5 870 890 7.49 76.5 180 

TM5 20 408.0 870 890 7.49 102.0 180 
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Mixtures SDA 

(%) 

Cement 

(kg/m3) 

Sand (kg/m3) Granite 

(kg/m3) 

Super plasticizer 

(kg/m3) 

SDA (kg/m3) Water 

(kg/m3) 

TM6 25 382.5 870 890 7.49 127.5 180 

TM7 30 357.0 870 890 7.49 153.0 180 

 

2.2.2 Sample preparation  

The SCC was achieved by first mixing the fine 

and coarse aggregates with 10% of the required water. The 

cement and SDA were added and mixed homogeneously. 

About 60% of the water was added and mixed uniformly. 

The plasticizer was added to the remaining water and 

mixed with the concrete until a homogenous and uniform 

mixture of saw dust ash self-compacting concrete (SDA-

SCC) was achieved. The SDA-SCC was cast in 100mm 

diameter and 200mm height cylinder and 100 mm x 

100mm x 100 mm cube molds. The specimens were cured 

in clean water for 28 days before testing for durability.  

 

2.2.3 Testing methods 

The durability test was carried out on SDA-SCC 

samples to study the physical characteristics under the 

effect of different conditions such acid, salt and 

temperature. SDA-SCC Concrete of (100mm x 200mm) 

was initially cured in water for 28 days and the concrete 

cubes were later immersed into a 5% concentrated solution 

of hydrogen tetraoxosulphate (VI) acid (H2SO4). The 

concrete samples were submerged in the acid solution for a 

period of 3, 7, 28, 56 and 90 days. At the end of the 

exposure periods, the concrete samples were removed the 

surface was washed with clean water, air-dried and 

reweighed to enable assess the effect of the acid on the 

weight loss. The calculation of weight loss was conducted 

using Equation 1. Thereafter the test was repeated using a 

5% concentrated sodium tetraoxosulphate (V) salt 

(Na2SO4).  

 

Percentage weight loss = 
𝑙𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥100%             (1) 

 

For elevated temperature exposure, SDA-SCC  

specimens of (100 x 100 x 100) mm concrete cubes were 

used in this test. After 28 days of curing in water, the 

samples were air-dried, weighed and then subjected to  

heat at elevated temperature 200, 300, 400, 500, and 600 

˚C respectively for one hour using CARBOLITE 

CWF1100 model furnace and thereafter was allowed to 

cool and then reweighed before crushing. The effects of 

increase in temperature on the SDA-SCC samples were 

evaluated in relations to percentage weight loss and 

percentage loss in strength as shown in Equation 2. The 

schedules of durability test specimens cast is shown in 

Table 4.  

 

Percentage loss in strength = 
𝑠𝑏ℎ−𝑠𝑎ℎ

𝑠𝑏ℎ
𝑥100%                  (2) 

 

Where, 𝑠𝑏ℎ = Strength before heating, and sah = Strength 

after heating 

 

Water absorption test was performed in 

compliance with [49] and BS 1881-122: (2011) using SCC 

containing 0, 5, 10, 15, 20, 25 and 30 SDA as partial 

replacement of cement in SCC. SDA-SCC specimens (100 

x 100 x 100) mm cubes were cast and cured for 28 days. 

The cured samples were dried in the D81L201 

multipurpose oven at about 60 ˚C, then cooled for 24 

hours, and then was totally immersed in the water for 

30min. The water absorption was calculated in percentage 

as given in Equation (3).  

 

Water absorption = 
𝑚2−𝑚1

𝑚1
𝑥100%                                  (3) 

 

Where, 𝑚1 = mass of saturated sample when suspended in 

air, and 𝑚2 = mass of dry weight sample. 

 

Table 4: Schedules of Durability Test Cast 

Test Materials Sample Dimension (mm) No Per Sample Mix proportions (%) Total 

Effect of Heat at  

200℃ - 600℃ 

SDASCC Cube 100 x 100 x 100 3 0,5,10,15,20,25,30 SDA  105 

Water Absorption SDASCC Cube 100 x 100 x 100 3 0,5,10,15,20,25, 30 SDA  21 

H2SO4 SDASCC Cylinder 100 x 200 3 0,5,10,15,20,25,30 SDA  21 

Na2SO4 SDASCC Cylinder 100 x 200 3 0,5,10,15,20,25,30 SDA  21 
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3.0 RESULTS AND DISCUSSION  

3.1 Effect of H2SO4 on the properties of SDA in SCC 

The effect of 5% concentration of sulphuric acid 

(H2SO4) on SDA-SCC shown in terms of weight loss, in 

Figure 2, revealed that the weight of concrete cubes was 

gradually reducing and increases with increase in SDA 

compared to the control (OPC). At the early age of 3 and 7 

days, there appear to be minimal change in the weight of 

the concrete cubes, but as the age increases, the weight 

also decreases. It was observed that the weight loss of 

SDA-SCC has similar values with the control at 5% 

replacement in 5% H2SO4 solution. This development in 

weight may be attributed to low CaO available in the mix 

due to the effect of percentage replacement for reaction 

with acids since low calcium hydration products have 

more durability towards acid attack [24]. However, rapid 

decrease was observed as SDA content increases beyond 

5%, at a higher % replacement of SDA with high CaO 

(40.05 %) may possibly produce additional Ca(OH)2 for 

reaction with H2SO4 to produce weaker compound 

(gypsum) that is formed as a result of neutralization 

reaction between H2SO4 and Ca(OH)2. The formation of 

calcium sulfate (gypsums) leads to softening of the 

concrete specimens, thus decrease its density. The acid 

attack damages the concrete surface causing expansion and 

weight loss of specimens which is the major indicator of 

deterioration of the concrete [25]. In addition, OPC is rich 

in calcium (Ca) and four major phases of OPC which are 

alite (Ca3SiO5), belite (Ca2SiO4), aluminate (Ca3Al2O6) and 

ferrite (Ca2AlFeO5) which are considerably composed of 

calcium, this react with acetic acid producing a gel-like 

precipitate. Calcium acetate is soluble and leaves the OPC 

paste [50] The H2SO4 attack on SDA-SCC is shown in the 

chemical reaction in equation 4 and 5. 

 

 
Figure 2: Effect of H2SO4 on property of SDA in SCC 

 

 

H2SO4+ Ca(OH)2 → CaSO4.2H2O (gypsum)                 (4) 

3CaSO4+3CaO.Al2O3.6H2O+25H2O→ 

3CaO.Al2O3.3CaSO4.31H2O (ettringite)                          (5) 

 

Equally, the high content of K2O (16.11%) in SDA may  

react with H2SO4 to produce potassium sulphate (K2SO4) 

as shown in equation (6)  to initiate the formation of 

monosulfoaluminate and enttringite which leads to stresses 

and deformations causing decrease in the strength of 

concrete, similar to the work of [51]. 

 

K2O + H2SO4 → K2SO4 + H2O                          (6) 

 

3.2 Effect of Na2SO4 on properties of SDA in SCC 

Figure 3 show the effect of weight loss of SDA-

SCC in 5% Na2SO4 immersion, the reveals that the weight 

of SDA- SCC cubes reduces with increase in SDA. The 

weight loss of SDA at 5% and 10% was lower than the 

weight loss of SDA at 15% -30% this could be as a result 

of ettringite formation. cements blended fly ash and 

natural pozzolan reduced the potential for the formation of 

ettringite due to the reduction in the quantity of calcium 

hydroxide and C3A as explained by [52]. In addition, the 

increase in loss weight of SDA, could be as result of the 

mechanism of Na2SO4 reaction with sulfate ions diffuse in 

pores of the concrete, which cause chemical reaction 

between cement hydration and sulfate ions. Na2SO4 react 

with Ca(OH)2 while mono-sulfate develop gypsum and 

ettringite in the concrete pores as reported by [53, 54]. The 

SO4
2- ions interact with calcium hydroxide Ca(OH)2, 

tricalcium aluminate (C3A), or aluminum-phase water in 

the cement base. The chemical products react to produce 

ettringite and gypsum crystals which fill the pores and 

cracks in the concrete [55]. Therefore, it was deduced that 

5% SDA is found to be the optimum when exposed to 

Na2SO4 medium. 

 

 
Figure 3: Effect of Na2SO4 Salt on the properties of SDA in 

SCC  
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3.3 Effect of Elevated Temperature on SDA-SCC 

Figure 4 illustrate the typical development of 

SDA-SCC and the control subjected to a temperature range 

between 200 ˚C to 600 ˚C for two hours. The result shows 

loss in weight of SDA-SCC as percentage replacement of 

SDA content increases, the weight loss could result from 

the expulsion of the excess pore water in SDA–SCC as 

revealed in the work of [56,57]. Similarly, it was deduced 

that weight loss was less significant at lower temperature 

in SDA-SCC. However, more weight loss was observed at 

temperatures extending from 400℃ − 600℃, for all cubes 

samples. This could be due to the fact that when cement 

paste is heated at a temperature the portlandite content 

rapidly drops, as it decomposes as shown in equation (7) 

 

Ca(OH)2 → CaO + H2O                                                   (7) 

 

The portlandite decomposition reaction explains the 

possible increase in CaO content in cement paste at high 

temperature 550◦C approximately [58]. The dehydration 

process of the C-S-H gel reduces its volume, which in turn 

increases the porosity of the cement matrix. The 

compressive strength of SDA-SCC decrease with increase 

in temperature as shown in Figure 4 similar to the findings 

of [59,60]. This is as result of the portlandite, formed from 

the hydration of tricalcium silicate and dicalcium silicate, 

occupies about 15-25% volume of ordinary Portland 

cement paste. At temperature between 450˚C to 550 ˚C, 

the portlandite decomposes abruptly and transformed into 

CaO [61]. This transformation is accompanied by 

expansion followed by shrinkage of the ordinary Portland 

cement (OPC) paste. As a result, cracking followed by 

decrepitating the concrete surface that result in significant 

loss of strength at higher temperature in OPC concrete 

specimens. 

 

 
Figure 4: Effect of Elevated Temperature on the properties of 

SDA in SCC 

3.4 Water Absorption of SDA-SCC 

Figure 5 shows the water absorption of SDA-SCC, 

 the results revealed that the water absorption 

reduced with increase in SDA content at 28 days up to 

15% but, increases at 20% -30%. The reduction in water 

absorption up to 15% may be linked with the fineness and 

high surface area of the samples as per the specific gravity 

and during hydration process form dense concrete with 

less void and reduced water absorption. This claim is in 

line with [62]. Who revealed that hydration products gel 

gradually fills the original water filled spaces this makes it 

impervious to water. In addition, comparing this results 

with that obtained by [63], at higher replacement level 

pozzolanas reduces the available spaces to be filled with 

water and results in decrease in porosity of the mortar as 

per the SEM in Figure 7. It was however, observed that the 

water absorption of SDA-SCC was within the limits of BS 

EN 998-2 for structural mortar [64].  

 

 
Figure 5: Water absorption of SDA in SCC. 

 

3.5 The Microstructure Study of SDA-SCC 

SEM analysis on residual ash produced from the 

incineration of saw dust ash at a temperature of 600oC the 

result reveals that SDA at 7 and 28 days curing consists of 

particles which are highly irregular in shape as shown in 

Figure 6 and Figure 7. This confirms with [26, 64] who 

opined that high specific surface area of the SDA is due to 

higher degree of irregularity in particle shape. In addition, 

crystal like spikes were also observed to be present on the 

surface of SDA particles which may contribute 

significantly to the high surface area of the ash particles 

[55]. This trend justified the reason that SDA particle acts 

more as a filler material within the cement paste matrix 

than in the binder material. As the replacement percentage 

is increased, surface area of filler material to be bonded by 

cement increases, thereby reducing strength [64]  
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Figure 6: SEM of SDA-SCC at 7 days  

 

 
Figure 7: SEM of SDA-SCC at 28 days  

 

4.0 CONCLUSIONS 

The following conclusions were deduced based on 

the experiment investigations.  

1. SDA (Afara, Ashwale and Iroko) have not 

satisfied the minimum requirement of a good 

pozzolana since the combined SiO2 + Al2O3 + 

Fe2O3 is less than 70%, but has cementitious 

properties as recommended by ASTM C618. 

2. SDA enhanced the resistance of SCC against 

Na2SO4 attack at 5% replacement but performed 

poorly in H2SO4. The resistance of SDA-SCC to 

heat is reduced with an increase in SDA content 

and increased temperature.  

3. The pozzolanic efficiency of SDA is mainly 

dependent on its source. Hence, the chemical 

composition of SDA varies among tree species. 

4. The lower calcium hydroxide content in 

pozzolanic concrete leads to improved sulfate 

resistance. 

5. The cement industry is responsible for up to 10% 

of global CO2 production.  
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