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ABSTRACT: This study examines the compressed lateritic brick 

stabilizer sawdust ash (SDA) optimization and microstructural 

evaluation. In the experiment, Response Surface Methodology's 

Box Behnken Design (BBD) was employed. Following air drying 

and pulverization, lateritic soil was combined with water, cement, 

and pozzolan (SDA). Pouring the slurry into a hydraulic brick 

mould produced stabilized interlocking lateritic bricks. 

Compressive strength, water absorption, abrasion, impact, and      

sulphate attack was evaluated at 28, 56, 108, and 365 days for 

membrane-cured bricks. The microstructure of the bricks was also 

examined using an SEM. As curing ages progressed, SDA's 

increasing silica oxide content, calcium, alumina, and ferric 

oxides made it a superior pozzolan with improved compressive 

strength, resistance to water absorption, abrasion, impact, and 

sulphate. Based on optimization results, the following properties 

are obtained at 365 days: 5.186 N/mm² compressive strength, 

6.106% water absorption, 4.067% abrasion resistance, 8.598% 

impact resistance, and 9.853%      sulphate attack resistance: 

4.571% SDA, 4.7% cement, and 25.00% water content. The 

optimal mix demonstrated durability by having a compressive 

strength that was higher than load-bearing brick standards and a 

decreased water absorption rate. Particle bonding, pore closure, 

and pozzolanic activity were all enhanced in SEM micrographs at 

optimal SDA levels. Based on the data, SDA can be a cost-effective 

and environmentally friendly stabilizing agent for waste 

management and construction. 

KEYWORDS: Sawdust Ash; Lateritic bricks; Optimization; Air 

layer; Compressive strength; Microstructure. 
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INTRODUCTION 

To provide enough housing for the world's rising population, especially in developing 

countries, it is important to have access to affordable building materials. There is a growing 

necessity to source local materials for constructing affordable housing in both rural and urban 

regions as expenses persist in escalating [1]. For the creation of concrete, the building industry 

mostly uses traditional ingredients like cement, granite, and sand. The rising cost of these 

materials has made it much harder to build homes and other infrastructure in Nigeria and other 

developing countries. The expense of construction materials has been recognized as a major 

obstacle to effective housing provision [2-4]. An engineering assessment is essential for 

employing cost-effective and locally available materials to enhance self-sufficiency and attain 

a significant reduction in construction costs for sustainable development [5,6]. A decrease in 

material costs will undoubtedly result in significant savings in total building production 

expenses, as materials account for two-thirds of the whole cost [7]. Cement constitutes 

approximately 42% of construction expenses, and demand has markedly increased due to the 

current construction surge [8-10].  

Cement is produced in large amounts globally due to its extensive use in concrete. 

Approximately 5 billion tons of cement are produced globally each year. About 600 kg-900 kg 

of carbon dioxide (CO2) is released for every 1 ton of cement produced, which has an adverse 

effect on the environment [11]. Research into industrial and agricultural by-products as 

potential alternatives has been prompted by the expectation that the growing demand for 

cement will be partially satisfied by way of partial substitution. The search for alternative 

binders or cement substitutes recognized the potential of using agricultural and industrial waste 

as cementitious materials. The resulting concrete has technical advantages and can replace 

more cement in each volume if these fillers have pozzolanic properties [12-14]. One type of 

agricultural and industrial residue with a lot of promise is sawdust. One recognized agricultural 

by-product that comes from the lumber sector is sawdust. It is produced as a by-product when 

timber is mechanically processed into a variety of sizes and forms. Various environmental 

difficulties result from sawdust waste, with the paucity of landfill space emerging as a key 

worry and a serious danger to developing countries.  

The amount of additional sawdust garbage that is collected each year from households, 

businesses, and mills is increasing. In the US, Germany, the UK, and Australia, respectively, 

approximately 64, 8.8, 4.6, and 4.5 million tons of wood waste are produced each year; more 

than 40% of these volumes remain unprocessed. Inadequate recycling processes and 

procedures are indicated by the substantial amount of wood waste that is not recycled. Using 

wood fuel to generate electricity is the best solution to address the problems related to wood 

waste. Although thermal combustion often results in less wood waste, it also produces sawdust 

ash, sometimes known as wood ash. The United States produces roughly 3 million tons of wood 

ash annually. Tiny boiler units are often used in the timber industry to generate thermal energy 

for auxiliary processes like drying finished goods by burning processed wood waste as fuel. To 

ensure its environmentally sustainable disposal, wood waste must be recycled every day and 

successfully mixed into cement-based composites and concretes. Given that cement is the 

primary component of concrete, substituting it with ash produced from sawdust is projected to 

deliver various benefits, including reduced pollution, increased waste utilization, and a 

significant reduction in long-term building costs [20–22]. Several studies have investigated the 

utilization of sawdust ash for improving soil conditions in engineering applications [23-25]. 
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Their research revealed that sawdust ash has tremendous promise as a viable substitute for 

cement at various optimum levels. Numerous scholars have recently engaged on sawdust 

optimization. One study, by [4], used the Extreme Vertex Design Method to optimize a two-

component restricted simplex mixture in order to analyze the mechanical strength features of 

the produced green concrete. 

Component restrictions were established within a range of 0% to 50% replacement of industrial 

waste derivatives (SDA) as supplemental cementitious material (SCM) to ascertain the ideal 

mixture proportion for enhanced strength response. Table 1 shows even more research studies 

on Saw Dust Ash from 2021 until now. 

Table 1: Scopus indexed publications on compressed stabilized bricks (2019-2025) 
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METHODOLOGY 

Ordinary Portland cement 

 Ordinary Portland Cement (CEM II, grade 42.5N/mm²), weighing 150 kg, was procured 

locally and confirmed to satisfy Portland cement requirements by NIS 367 (1997) and NIS 368-

2 (1990).  

Lateritic soil 

500kg of lateritic soil obtained from sample borrow pit adjacent to the Central Bank of Nigeria, 

situated on the New Iyin-Ekiti road in Ado Ekiti was utilized for the research. Prior to brick 

manufacture, the material was pulverized using a toothed belt machine following air drying to 

ensure complete moisture removal. A 75µm sieve was employed to filter the pulverized lateritic 

soil. 

Pozzolans (Sawdust ash) 

The 50kg of sawdust waste was obtained from a nearby sawmill in Ado-Ekiti. The samples 

were incinerated individually in metal drums to produce greyish ash. This calcination 

technology was chosen due to its cost-effectiveness and compliance with requisite criteria. 

Subsequent to cooling, the ashes were subjected to sieving with a No. 200 (75µm) BS sieve in 

accordance with BS 12 (1991). The blend was created utilizing the samples that were selected. 

Table 2 presents the chemical composition of sawdust ash. 

Table 2: SDA chemical composition (47) 

S/No 1 2 3 4 5 6 7 8 

Compound 

(%) 
CaO SiO2 Al2O3 MgO Fe2O3 SO3 Na2O K2O 

SDA 8.09 62.43 4.36 3.59 4.92 1.07 0.06 3.95 

 

Water 

Potable water was used in accordance with [33] and [48]. 

Design of Mix proportions 

A design that combines aspects of a two-level factorial design and an incomplete block design 

is known as the Box-Behnken Design (BBD) [45]. While other factors remain at the central 

levels, a certain number of factors are processed through all conceivable combinations for the 

factorial design in each block. Usually, it features a few focus designs. 

The mix ratio for the bricks employing SDA as pozzolans was produced using Design Expert 

software (version 11) and the Box-Behnken Design (BBD) of Response Surface Methodology 

(RSM). The parts were assembled into a Box-Behnken Design to create a random number of 

trial runs. Table 3 presents the variables discovered in the BBD experimental region, and Table 

4 displays the recommended BBD experimental design. A graduated beaker was used to 
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measure the water, and a weighing scale was utilized to quantify each component using values 

from Table 3. The components were afterward mixed by hand until uniform pastes were 

formed. 

Table 3: Factors input for Box-Behnken Design 

 

Table 4: The experimental design using Box-Behnken Design 

SAMPLE ID SDA (%) CEMENT (%) W/C (%) 

V1 3.75 1.25 21.25 

V2 0.00 5.00 20.00 

V3 1.25 3.75 22.50 

V4 1.25 3.75 21.25 

V5 5.00 0.00 20.00 

V6 0.00 5.00 25.00 

V7 3.75 1.25 22.50 

V8 1.25 3.75 23.75 

V9 5.00 0.00 25.00 

V10 3.75 1.25 23.75 

V11 0.00 5.00 22.50 

V12 2.50 2.50 22.50 

V13 5.00 0.00 22.50 

V14 2.50 2.50 23.75 

V15 2.50 2.50 25.00 

Factors  Code Unit 
Level 

Low (-1) Standard (0) High (+1) 

Saw Dust Ash 

(SDA 
A % 0 2.5 5.0 

Cement  B % 0 2.5 5.0 

Water Content 

(WC)       
C % 20.0 22.5 25.0 
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V16 2.50 2.50 21.25 

V17 2.50 2.50 20.00 

 

Note:     V – Sample ID 

 

Moulding of Bricks 

The damp mixture was put into a greased mould of a locally built mechanical press machine 

that was made at the Federal Polytechnic, Ado Ekiti. A timber bedstead was positioned 

underneath the machine's casing to ensure that the crushed bricks were transferred efficiently. 

The damp mixture was put into the machine's casing using a shovel and compacted using a 

20mm-diameter rod. The machine was then sealed and put through 25 seconds of mechanical 

vibration [31]. The newly formed brick was then extruded using a wooden pallet, carefully 

moved to a shelter, and covered with polyethylene to stop moisture loss and speed up the curing 

process. 

Compressive Strength (CS) of samples 

The specimens were cured and tested at intervals of 28, 56, 108, and 365 days, adhering to 

ASTM C67 [32]. Prior to positioning and aligning the specimen with the loading apparatus, 

the bearing surfaces of the supporting and bearing rollers were meticulously cleaned; loading 

was applied gradually and continuously until the dial ceased movement, at which point the 

maximum load was recorded [32]. The compressive strength (CS) values were determined by 

calculating the mean of six (6) specimens. Testing was performed using the electronically 

operated Seidner (CS) machine. Equation (1) illustrates the specimen's (CS), expressed in 

N/mm². 

CS       =  P/A                     (1)                                                         

where CS is compressive strength in N/mm2, P is the load at failure, and A is the sample 

cross-sectional area. 

Water Absorption (WA) 

In accordance with [32], the WA test was conducted. The dehydrated weight of the item was 

recorded prior to its immersion in water at room temperature (29°C) for one day. The 

specimens were subsequently dusted for 10 minutes to remove any residual moisture, and the 

wet weight was recorded. Equation 2 was employed to derive the WA. Three specimens were 

analyzed for each combination to achieve a statistically meaningful average. 

WA    = (w1-w2)/w2 x 100%.        (2) 

where water absorption, wet weight, and dry weight are WA, W1, and W2 of the specimen, 

respectively. 

Abrasion resistance of the samples (Wire brush test) 

The test was carried out in compliance with [46]. After weighing the test specimen, the weight 

was noted as w1. After that, the sample was placed for brushing on a horizontal work surface. 
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A wire brush with a 3 kg mass attached was used to brush the sample's surface; the brush was 

placed on the specimen so that the mass was applied vertically, as illustrated in Figure 2. A 

minute-long cycle of alternating forward and backward brushing was conducted until 60 cycles 

were finished. All extraneous material was removed from the specimen, which was then 

reweighed and reported as w2. The mass of detachable stuff relative to the starting weight of 

the brick was determined using equation (3). 

Abrasion = (w1-w2)/w1×100%        (3) 

Figure 1: Wire Brush Test (Abrasion Measurement) 

 

 

 

 

 

 

 

 

 

Impact resistance of the samples  

The Impact test was performed in accordance with [33]. Three samples were analyzed for each 

blend to derive a reliable average. A apparatus with a 508g iron weight, conforming to ISO 

7892 standards, was employed for the test. The sample's initial weight, referred to as w1, was 

documented. The upper arm of the device, which was elevated and fixed one meter above the 

base, was where the metallic mass was attached. The sample was positioned on the base plate, 

and the specimen fractured as the metal item descended freely onto it. The majority of the 

material was extracted, weighed, and recorded as w2. Equation 4 was employed to assess the 

brick's impact resistance relative to the starting sample's weight. 

Impact= (w1-w2)/w1×100%         (4) 

Sulphate Attack 

According to [34], two test media were prepared: a water bath and a sulphate bath with a 3% 

Na2SO4 solution. The samples were weighed first, then soaked in water for 80 days (one sample 

per medium), extracted, drained, and oven-dried for 42 hours at 71°C. After drying for two 

hours, the samples were brushed and weighed again to determine the weight losses in both 

media. 

Microstructural Analysis 

The brick samples were cured for 28, 56, 108, and 365 days were examined under a Scanning 
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Electron Microscope (SEM). Samples are produced at dimensions of approximately 8x8 mm² 

and are coated with platinum before analysis. After being placed in the chamber of a scanning 

electron microscope, the coated samples are analyzed under vacuum conditions at a voltage of 

20 kV using the      JEOL-JSM 7600F. The scanning electron microscope employs a small 

external magnetic field on the objective lens. The device can magnify objects by a factor of 

500 and functions within a range of 1 to 25 mm, among other capabilities. 

 

RESULTS 

Optimization Studies of the Parameters 

All parameters of the study, including abrasion, compressive strength (CS), impact resistance, 

sulphate attack, and water absorption, were statistically analyzed using Design Expert software 

(version 11–DOEV11). The independent and dependent variables of the study were delineated. 

The values for each parameter employed in the optimization analysis are presented in Table 2. 

DOEv6 was utilized to assess the experimental data, calculate the predicted responses, and 

formulate the factorial regression model to identify the optimal conditions and optimization 

process. Correlation analysis and three-dimensional (3D) response surface graphs of the 

independent variable and each of the three dependent variables for all parameters were 

employed to ascertain the appropriate removal conditions. The method was refined using 

models initially developed in the response surface domain. 

Water Absorption  

For 28, 56, 108, and 365 days, respectively, the mix proportions with the lowest water 

absorption values are V13 (SDA – 5.00%, Cement – 0%, W/C – 20.00%), V10 (SDA – 3.75%, 

Cement – 1.25%, W/C – 23.75%), V2 (SDA – 0%, Cement – 5.00%, W/C – 20.00%), and V13 

(SDA – 5.00%, Cement – 0%, W/C – 22.50%), according to Figure 5. For 28 and 56 days, the 

mix ratios V2 (SDA – 0%, Cement – 5.00%, and W/C – 20.00%) and V4 (SDA – 1.25%, 

Cement – 3.75%, and W/C – 21.25%) had the highest WA rates. The above water absorption 

rate values for the SDA-free brick samples (V2, V6, and V11) vary from 10% to 40%, 12% to 

45%, 5% to 12%, and 5% to 10%, respectively, after 28, 56, 108, and 365 days. Samples with 

an SDA concentration of 1.25% (V3, V4, and V8) exhibit WA rates ranging from 20% to 35%, 

25% to 35%, 15% to 30%, and 5% to 10% over intervals of 28, 56, 108, and 365 days, 

respectively. The water absorption values rate results of brick samples with 2.5% SDA content 

(V12, V14, V15, V16, and V17) varied from 20% to 30%, 15% to 40%, 15% to 30%, and 5% 

to 10% after 28, 56, 108, and 365 days, respectively (Figure 2). The SDA content of 3.75% 

(V1, V7, and V10) varied between -5% and 25%, 15% and 35%, 15% and 30%, and 5% and 

10%, respectively, across 28, 56, 108, and 365 days. Brick samples with 5% SDA (V5, V9, 

and V13) had the water absorption rate values ranging from -10% to 20%, -20% to 20%, -20% 

to 15%, and 0% to 5% at 28, 56, 108, and 365 days respectively and surface area, as illustrated 

in Fig. 2. 

 

 

 



International Journal of Mechanical and Civil Engineering (IJMCE)   

ISSN: 2689-940X     

Volume 9, Issue 1, 2026 (pp. 18-38) 

 

27  Article DOI: 10.52589/IJMCE-VWINHURC 

   DOI URL: https://doi.org/10.52589/IJMCE-VWINHURC 

www.abjournals.org 

Figure 2: Graph of SDA Bricks' Absorption of water 

 

 

 

 

 

 

 

 

 

The bricks, including SDA exhibited enhanced resistance to water absorption as the curing age 

progressed; All bricks produced satisfied the requisite grade of 12.5% at 365 days, as per [38] 

SDA,      concentrations ranging from 0 to 2.5% were used to achieve the desired WA resistance, 

which is comparable to cement. Samples without cement (i.e., pozzolans alone) exhibit the 

lowest resistance to water absorption as the curing age increases, whereas samples without 

pozzolans (i.e., Control) exhibit the maximum resistance. The findings were validated by [35] 

[36] and [37]. 

Abrasion resistance of SDA Bricks  

Bricks manufactured using SDA were found to function well in terms of abrasion resistance, 

as all of the samples satisfy the less than 10% necessary criteria as stated by [38]. Abrasion 

values for 28 days are lowest for mix ratio V11 (SDA – 0%, Cement – 5.00%, and W/C – 

22.50%), whereas for 56, 108, and 365 days (Fig. 3), the lowest abrasion values are found for 

mix ratio V2 (SDA – 0%, Cement – 5.00%, and W/C – 20.00%). The maximum abrasion values 

were found for 28 and 365 days with mix ratio V9 (SDA – 5.00%, Cement – 0%, and W/C – 

25.00%) and 56 and 108 days with mix ratio V1 (SDA – 3.75%, Cement – 1.25%, and W/C – 

21.25%). The abrasion values of brick samples without SDA (V2, V6, and V11) fluctuated 

between 1.0 and 2.0%, 0.7 and 1.0%, 0.5 and 2.0%, and 0.2 and 2.0% for 28, 56, 108, and 365 

days, respectively. For those with 1.25% SDA content (V3, V4, and V8), the corresponding 

abrasion values were 2.0 to 5.0%, 1.0 to 3.0%, 2.0 to 4.0%, and 2.0 to 3.0%. The abrasion 

values of brick samples (V12, V14, V15, V16, and V17) with a 2.5% SDA concentration 

ranged from 2.0 to 6.0%, 1.5 to 4.0%, 3.0 to 5.0%, and 3.0 to 6.0%. The range of the 3.75% 

SDA content (V1, V7, and V10) was 2.0 to 4.5%, 3.0 to 9.0%, 5.0 to 8.0%, and 5.0 to 6% in 

that sequence. The abrasion values of brick samples with 5% SDA content (V5, V9, and V13) 

ranged between 2.0 and 7.0%, 3.0 and 5.0%, 5.0 and 7.0%, and 2.0 and 7.0% during 28, 56, 

108, and 365 days, respectively.  
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Figure 3:  Graph of SDA’s Abrasion 

 

 

 

 

 

 

 

 

 

3.4 Impact Resistance of SDA Bricks  

Most of the samples showed a rise in impact resistance as the curing ages for SDA grew, with 

the age approaching 365 days. Most of the samples of both pozzolans showed impact resistance 

of less than 10%, as needed by the [38] criterion at 365 days (Fig. 4). 

Figure 4: Graph of impact with SDA as pozzolan 

 

 

 

 

 

 

 

 

The mix ratio V11 (SDA – 0%, Cement – 5.00%, and W/C – 22.50%) has the lowest impact 

value at 28 days. The mix ratio V2 (SDA – 0%, Cement – 5.00%, and W/C – 20.00%) has the 

lowest impact value at 56, 108, and 365 days. The mix ratio V9 (SDA, 5.0% cement-0.0% and 

W/C-25.0% has the lowest impact value at 56, 108, and 365 days. The impact values for SDA-

free brick samples (V2, V6, and V11) after 28, 56, 108, and 365 days are 8.0% to 13.0%, 2.5% 

to 7.5%, 2.0% to 5.0%, and 2.0% to 3.0%, respectively. For samples V3, V4, and V8, the 

impact values are 15.0% to 25.0%, 8.0% to 18.0%, 5.0% to 8.0%, and 5.0% to 6% in that 

sequence. The effect values for the brick samples with 2.5% SDA (V12, V14, V15, V16, and 

V17) were between 20.0% and 35.0%, 14.0% and 20.0%, 5.0%,15.0%, 5.0% and 10.0%. The 

SDA content of 3.75% (V1, V7, and V10) ranged from 30.0% to 45.0%, 18.0% to 35.0%, 
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10.0% to 28.0%, and 10.0% to 25.0%, respectively. The effect values for brick samples with 

5% SDA (V5, V9, and V13) were between 15.0% and 40.0% at 28, 56, and 108 days and  

between 15.0% and 30.0% at 365 days.  

Sulphate attack 

Figure 5 shows that mix ratio V11 had the lowest sulphate attack value for 28 days, followed 

by mix ratio V15 (2.50% SDA, 2.50% Cement, and 25.00%) for 56 days, V1 (3.75% SDA, 

1.25% Cement, and 21.25%) for 108 days, and mix ratio V6 (0% SDA, 5.00% Cement, and 

25.00%) for 365 days. It took 108 days for the SDA pozzolan V5, V9, and V13 to become 

resistant to sulphate attack. Bricks fell apart in water because V5, V9, and V13 are mix 

proportions that have 100% pozzolan and no cement, which stops hydration. The sulphate 

attack values for brick samples from V2, V6, and V11 that do not have SDA are 15.0 to 20.0%, 

15.0 to 20.0%, 15.0 to 20.0%, and 0 to 5.0% for 28, 56, 108, and 365 days. The sulphate attack 

values for V3, V4, and V8, which have an SDA content of 1.25%, are 18.0 to 20.0%, 15.0 to 

25.0%, 8.0 to 12.0%, and 0 to 8.0%. The sulphate attack values for brick samples with a 2.5% 

SDA content (V12, V14, V15, V16, and V17) were between 0 and 20.0%, 10.0 and 20.0%, 

10.0 and 15.0%, and 5.0 and 10.0%. The ranges were 12.0 to 25.0%, 15.0 to 18.0%, 5.0 to 

8.0%, 2.0 to 5.0%, and so on with an SDA content of 3.75% (V1, V7, and V10). The sulphate 

attack values for brick samples with 5% SDA content (V5, V9, and V13) were between 35.0% 

and 45.0% for 365 days and between 95.0% and 100.0% for 28, 56, and 108 days, respectively.  

Brick samples that don't include pozzolan such as V2, V6, and V11) are normally the most 

resistant to sulphate  attack. On the other hand, samples with the most pozzolanic 

concentrations are the least resistant. In other words, resistance to sulphate attack gets better 

when the concentration of pozzolanic material goes down. This might happen because there 

wasn't enough cementation at high pozzolanic concentrations, as [38] showed. The bricks made 

with SDA were better able to resist sulphate attacks because they had more alumina and ferric 

oxides in them. However, most of the pozzolan samples showed less than 10% sulphate  attack 

resistance at 365 days, which is what the [39] standard calls for. Equation 5 depicts the sulphate 

attack equation as proposed by [40]. 

3[CaSO4.2H2O] + 3CaO • Al2O3 + 26H2O → 3CaO • Al2O3 • 3CaSO4 • 32H2O        [5] 

Figure 5: Graph of sulphate attack with SDA as pozzolan 
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Microstructural Characteristics 

Figs. 6a-6d show the microstructural properties of the SDA-Cement stabilized lateritic soil that 

was cured for 28, 56, 108, and 365 days. The SEM micrographs showed that the ideal SDA 

levels resulted in better pozzolanic activity, stronger particle bonding, and smaller pore gaps. 

The SEM micrographs reveal that the pozzolanic activity has gone up. This means that calcium 

hydroxide in the soil mixed with silica and alumina from sawdust ash to make more calcium 

silicate hydrate (C–S–H) and other cementitious compounds. The reaction products fill up gaps 

and make it easier for soil particles to stick together, which improves interparticle bonding. 

Better bonding makes the matrix denser and more cohesive, which makes the bricks stronger 

against applied loads and increases their compressive strength. The SEM photos show that the 

pore spaces have gotten smaller, which means that there are fewer and smaller capillary routes 

that water can get through. Densification makes it harder for moisture to get in and lowers the 

bricks' total porosity. The lower level of interconnected porosity means that the bricks absorb 

less water, which makes them last longer and better able to withstand the weather. 

According to [41], the fineness of the pozzolan used is what gives pozzolan-substituted mortar 

or brick the maximum CS. The best pozzolan fineness can help you get the most CSs. The 

fineness of SDA in this study is very important for the growth of CS, resistance to abrasion, 

and resistance to sulphate attack in the brick-making process. As the number of curing days 

goes up, the number of pores goes down. This makes the WA go down and the CS, abrasion, 

and sulphate attack resistance go up. Researchers found that the microstructure of the SDA-

Cement stabilized soil samples looked a lot like what is illustrated in Figure 6. On the other 

hand, samples that were cured for 28 and 108 days had gel-like coatings that were evenly spread 

out and looked more white than grey throughout their grey-like matrix. The white gel-like 

covering on the surface is caused by calcium silicate hydrates (C-S-H) gel, and the greyish 

matrix is caused by calcium aluminate silicate hydrates (C-A-S-H) gel. This structure has been 

seen in earlier research [42] and [43]. The development of the C-A-S-H structure in the SDA-

cement-stabilized soil samples may result from the significant amount of aluminium inherent 

in the standard composition of SDA. Also, after 108 days of curing, soil-cement clusters are 

well-established, and you can clearly see the hydration products (C-S-H). This is because 

cementitious chemicals like C-S-H and C-A-S-H have been rising for a long time. Also, as 

plate 4.2 shows, the number of pores grows during the first stages of hydration. However, as 

curing goes on for a longer time, the number of pores shrinks, possibly because cementitious 

materials cover the pores. 
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Figure 6: SDA-Cement stabilized brick SEM image cured for (A) 28 days, (B) 56 days, 

(C) 108 days and (D) 365 days. 

 

 

Optimization Characteristics 

Figs. 7–10 illustrate the 3D response surface plots as functions of the three parameters for 

models of the properties of SDA bricks. The response surface plot was used to look at the non-

linear interaction between factors. It demonstrates how the CS, WA, abrasion, impact, and 

sulphate attack on the interlocking stabilized bricks is affected by the amount of cement, 

pozzolans (SDA), and water (WC). The charts illustrate that the different effects of cement 

don't seem to matter much. 

The chosen response surface model predictions were used to check the models. The red area in 

the figures shows the main reaction zone, the green area shows the feasible reaction zone 

(which means that a reaction can happen there even though there are impurities), and the blue 

area shows the cold zone (which means that a peak reaction is likely to happen there, but the 

chance is very low). The high edges show that the reaction is quite popular in that location. The 

saddle shape of all the models shows that all three were participating in the process, but two 

were more important at any given time. Table 5 shows how the plots' features backed up the 

models' polynomial nature. 
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Table 5: Summary of the Design of the Factors and Responses 

Factor Response Units Analysis Transform Model 

PM (%) 

28 days Polynomial None Cubic 

56  days Polynomial None Cubic 

108  days Polynomial None Cubic 

365  days Polynomial None Cubic 

Cement (%) 

28 days Polynomial None Cubic 

56  days Polynomial None Cubic 

108  days Polynomial None Cubic 

365  days Polynomial None Cubic 

WC (%) 

28 days Polynomial None Cubic 

56  days Polynomial None Cubic 

108  days Polynomial None Cubic 

365  days Polynomial None Cubic 

 

Figure 7:  Response surface plot showing the relationship between cement and SDA on 

all investigated properties of interlocked stabilized bricks at 28days of curing. 

 

 



International Journal of Mechanical and Civil Engineering (IJMCE)   

ISSN: 2689-940X     

Volume 9, Issue 1, 2026 (pp. 18-38) 

 

33  Article DOI: 10.52589/IJMCE-VWINHURC 

   DOI URL: https://doi.org/10.52589/IJMCE-VWINHURC 

www.abjournals.org 

 

Figure 8: After 56 days of curing, the response surface plot illustrates the link between 

cement and SDA on all examined parameters of interlocked stabilized bricks. 

 

Figure 9: At 108 days of curing, a response surface plot illustrating the impact of 

cement and SDA on all examined parameters of interlocked stabilized bricks. 
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Figure 10: At 365 days of curing, a response surface plot illustrating the impact of cement 

and SDA on all examined parameters of interlocked stabilized bricks is displayed. 

Table 6 shows that the response surface models used SDA and the constraint values to find the 

design point solutions (optimized numerical solutions) for the bricks. The optimization solution 

that was chosen was 25% water, 0.047% cement, and 4.571% SDA. As the bricks got older, 

this solution helped the CS grow. The CS values varied greatly, from 2.028 N/mm2 (28 days) 

to 5.186 N/mm2 (365 days). The values of WA, abrasion, impact, and sulphate attack went 

down as the curing age went up. The ranges for these values were 12.328–6.106%, 6.537–

4.067%, 18.080–8.598%, and 25.369–9.853%. As the curing age went up, these SDA solutions 

often made CS, abrasion resistance, impact resistance, and sulphate attack resistance better. 

Table 6: Numerical solutions that are optimized for response surface models Sawdust Ash 

S SDA (%) 
CEMENT 

(%) 
WC (%) 

DAYS 

28 56 108 356 

CS (N/mm2) 

4.571 4.7 25 

2.028 3.817 4.772 5.186 

Water 

Absorption (%) 
12.328 12.099 8.703 6.106 

Abrasion (%) 6.537 6.46 4.327 4.067 

Impact (%) 18.08 16.202 13.074 8.598 

Sulphate Attack 

(%) 
25.369 16.775 15.576 9.853 

CS: Compressive strength 

 

CONCLUSIONS 

The research results yield the subsequent conclusions: 

i. The lateritic soil was classified as silty clay (A-7-6 with more than 35% passing through 

a No. 200 screen), whereas the sawdust ash (SDA) was classified as a Class F pozzolan, 

with high quantities of silica, calcium, alumina, and ferric oxides. 

ii. Cement-SDA stabilized bricks satisfied the minimal compressive strength 

requirements, and they worked best when 0–2.5% of the SDA was replaced.  

iii. SEM micrographs showed that the small SDA particles helped the matrix become 

denser, made it less porous, and made the bonds between particles stronger. This 

improved the engineering qualities of the stabilized bricks over time. 

iv. Curing improved the durability by making it less likely to absorb water, making it more 

resistant to abrasion (≤10%), and making it more resistant to sulphate, especially at 
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lower SDA levels. SEM research shows that the improved mechanical and durability 

qualities are attributable to pozzolanic reactions caused by the high silica content and 

better particle packing from the tiny SDA particles. 

v. SDA-stabilized bricks are good for both the foundation and the superstructure. They 

are a long-lasting choice that uses waste while keeping the construction strong. 
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