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ABSTRACT 

Nowadays, the world overseases lightweight construction options to decrease the total 

weight of their infrastructures. Foam concrete is an emerging option and this option uses 

cement to gain optimum strength. In foam concrete, cement is a primary ingredient that 

encompasses 55.3% to 63.1% by volume.  Therefore, it is important to look at the 

feasibility of using by-products or waste materials as cement to maintain the sustainable 

construction industry and reduce CO2 emissions from this industry. Palm oil fuel ash is 

the significant solid waste released from huge palm oil industries. This study examines 

the effect of the properties of foamed concrete that can be used for nonstructural 

members, which is made from ordinary Portland cement, sand, palm oil fuel ash, and 

foaming agent admixture. These properties include workability, optimum water-to-

cement ratio mix, durability, compressive strength, splitting tensile strength, and water 

absorption. The effect of palm oil fuel ash waste with 0%, 10%, 20%, and 30%  partial 

replacement on the mass of cement is observed and analyzed. Twelve mixes were 

prepared for three water–to–cement ratios (0.35, 0.4, 0.45) for each percent replacement 

to check the workability of the mix and to look at the water-cement effect on compressive 

strength, and then the optimal mix was chosen. The total of specimens used were 108 

cylindrical molds with a diameter of 10cm and height of 20cm for compressive strength, 

24 (15cm diameter, a 300cm height) specimen used for the tensile splitting test, and 24 

(10x10x10cm cube) specimen used for water absorption test. The specimens were kept in 

a curing tanker until one day before the test. Two-way factorial ANOVA with a 95% 

confidence interval was a part of the data analysis.The results of the study show that 

POFA is considered a pozzolanic material since the percentage sum of silicate, aluminate, 

and ferrite is greater than 50%. Foam concrete with POFA shows an improvement in 

compressive strength, tensile strength, and water absorption up to 20% POFA 

replacement with 0.4 w:c ratio but a decrease in workability when the POFA percentage 

increases. Generally, foam concrete replacement with POFA shows an environmental 

impact on the construction industry.  
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1 INTRODUCTION 

1.1. General background 

The world climate has changed day to day drastically because of massive toxic chemicals 

released from different types of industries, thus the construction activities on-site and 

their input material production industries had a significant impact on the environment. 

Even though the construction industries changed the lives of different human beings, the 

cement production industries alone contribute 8% of the emission of carbon dioxide 

(CO2) to the world (1). This problem motivates many researchers to decrease the amount 

of carbon dioxide (CO2) emission from different cement industries by using eco-friendly 

wastes such as fly ash, silica foam, and risk husk ash as cement replacements(2). Besides 

cement industries, researchers try to reduce the climate-changing elements in on-site 

construction by constructing energy-efficient buildings using lightweight materials and 

this also helps to reduce the amount of cement needed for the construction of different 

structural members(3).  

Lightweight materials are environmentally friendly; take fewer resources to produce 

materials than standard ones (4). These and other advantages of lightweight materials in 

construction, in turn, minimize the required amount of materials used in the construction 

industry and in turn, reduce carbon emissions. 

Foamed concretes are concreted with a density of 400-1850kg/m
3
 with a random air void 

that is from the mixture of foaming agents in a mortar (5). Foam concretes is known for 

its special character of low cement content, low aggregate usage, high flowability, and 

excellent thermal insulation. Its application extends to as a non-structural member, 

partitions, filling grades, road embankment infills, etc (4).  

Palm oil fuel ash is a waste obtained from palm oil mills or open incineration of palm 

trees for different reasons. The wastes in palm oil mills cause an environmental problem. 

This motivates the researchers to investigate the chemical composition for further studies 

and the silica content may increase the compressive strength during concrete production 

(6). For example, palm kernel ash has about 55% silicon oxide, 11% aluminum oxide, 

and 9% calcium oxide(7). This implies that the kernel palm ash has a higher silica and 
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alumina content and lower lime content as compared with Ordinary Portland Cement 

(OPC) (8). The physical characteristics of the Palm Kernel Shell Ash (PKSA) vary in 

tone of color from whitish-grey to darker based on the carbon content in it and the 

operating system in the palm oil factory(9). Even though it is a new waste to be 

introduced into the construction industry, many researchers have studied utilizing it in 

cement production (2). 

Nowadays Ethiopia has different massive projects that use an enormous amount of 

concrete materials and finding a solution for this is a great success. Using an emerging 

foam concrete technology for construction is a solution to construct an economical and 

sustainable civil structure.  This research work was conducted to investigate the 

workability, compressive strength, splitting tensile strength, water absorption, optimum 

replacement level, and optimum water content, of replacing cement with palm oil fuel ash 

in foam concrete. 

1.2. Statement of the problem 

The application of foam concretes is growing and emerging day to day with different 

laboratory setup developments on its physical and chemical properties. However, the 

primary ingredient to increase the strength of foam concrete is the cement which is 

confined from 55.3-63.1% by volume (34). To solve this type of problem different 

researchers are trying to find a way to replace cement and other construction inputs using 

different types of industrial wastes. 

In Ethiopia, the construction projects that need foam concrete are growing rapidly, 

parallelly the cement production industries are also growing to satisfy the demand for 

cement. During cement clinker manufacturing, limestone, and natural aggregate 

extraction, a lot of substances that affect the environment will emit (1). Also, the 

profitless bi-product generated by palm oil mills will increase as the production of palm 

oils increases over the years due to the unlimited demand from society (10). Therefore, 

the success in discovering the utilization of this material in any type of concrete 

production assists the palm oil industry and the cement production process more 

economically and eco-friendly. 
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Therefore, this research plans to investigate the strength, physical, and chemical 

properties of the partial replacement of cement with palm oil fuel ash (POFA). 

1.3.Objective of the study 

1.3.1. General objective 

The main objective of this study is to investigate the effects of the partial replacement of 

cement with palm oil fuel ash on foamed concrete mechanical properties.  

1.3.2. Specific objective 

The specific objectives of this study are: 

 To check the workability of foam concrete with POFA at different percentages, 

 To evaluate the compressive strength, and splitting tensile strength of hardened 

concrete when cement is partially replaced with POFA waste at different 

percentages, 

 To investigate the percentage water absorption of the hardened foam concrete 

tocheck it`s quality , and 

 To identify the optimum replacement mix of POFA in partial replacement of 

cement in the making of foam concrete. 

 Introducing lightweight construction material. 

1.4.Scope of the study 

The scope of this thesis is limited to an investigation of the workability, compressive 

strength, splitting tensile strength, and the quality check with water absorption properties 

of foamed concrete with POFA content 0%, 10%, 20%, and 30% other mechanical and 

durability properties of foamed concrete are not included. There are 12 different mixes. 

The study only considers non-structural foamed concrete with dry density 1800kg/m
3
, 

natural river sand, and sodium laurel ether sulfate (SLES) foaming agent. The mold sizes 

used in this study are a diameter of 100x200mm cylinder for compressive strength 

test,100x100x100mm for water absorption test, and diameter 150x300mm for splitting 

tensile strength tests. 
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The study also included optimizing the cost of 1800kg/m3 strength foamed concrete by 

partially replacing cement with POFA under normal curing conditions. 

Because the test results may have a subjective variabilities and errors, the normality of 

the test result is checked. Normality is checked using a 95% confidence interval or a 

significance level of less than 0.05 and then a pairwise comparison (Tukey test) done to 

know a specific point of relation between dependent and independent variables. 

1.5. Significance of the Study 

Based on the knowledge the researcher could not get and access enough research 

conducted on the mechanical and durability properties of foamed concrete in Ethiopia, 

this, in turn, motivates to fill the gap in the comprehensive strength, splitting tensile 

strength, and absorption capacity of foamed concrete. In addition, this study will help the 

other researchers and program implementers to use this data as a baseline study to 

conduct other related research.  

This study will also help entrepreneurs, factory owners, and businessmen to produce 

lightweight materials for construction work. Buildings constructed using foamed concrete 

are less sensitive to earthquakes than those constructed with regular concrete because the 

total weight of the building will be lowered. Nowadays lightweight housing construction 

is a new development in our country Ethiopia and this research contributes to this new 

development. 

This research gives an understanding of the palm oil fuel ash effect on foam concrete for 

future researchers. Along with cost and energy savings, it also focuses on offering the 

most optimal and cost-effective mix of POFA to partially replace cement in concrete. It 

also contributes to lowering CO2 emissions from cement factories during the cement 

production process. 

 

 

 



5 

 

1.6. This research has the following limitations: 

 Up to 30% of the cement's mass was partially substituted with POFA. 

 Ordinary Portland Cement (OPC 42.5R) was used in the research as a comparison 

cement type, even though PPC and OPC are readily available. 

 The target dry density of foamed concrete 1800kg/m3  is used. 

1.7. Organization of the thesis 

The thesis is arranged into five chapters and organized as follows: 

Chapter One provides a general introduction followed by a statement of the problem, 

research objective, scope of the study, the significance of the research, and limitations. 

Chapter Two revises relevant literature to the study area. Chapter three presents materials, 

methods, and testing procedures used for the fulfillment of the research. Chapter four 

attempts to discuss in detail the experimental results found. Finally, chapter five 

comprises the conclusion and recommendations of the study.  
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2 REVIEW OF LITERATURE 

2.1  General 

Foam concrete is a lightweight building material with densities ranging from 400-1850 

kg/m
3
 (5)

 
and that can made by combining cement, sand, water, and preformed foam. 

Studies have shown that the production, mechanical properties, and durabilities of foam 

concrete have developed with the use of different additive materials like hydrolyzed 

protein foaming agents, fibers, special soil, slag powder, and industrial wastes. Overall 

foam concrete presents a sustainable and versatile solution for various construction 

applications. 

In this chapter, sufficient background information on the topics of foam concrete, 

mechanical properties of foam concrete, palm oil fuel ash, its importance in the 

construction industry, and previous studies on mechanical properties of POFA foamed 

concrete are discussed, and gaps are identified. 

2.2.Foam concrete 

2.2.1.  Application of Foam Concrete in the Construction Industry 

Foam concrete finds extensive applications in building construction, roads, highways, 

bridges, and groundwork areas due to its unique properties like density reduction, low 

thermal conductivity, high flowability, and self-compacting nature. Foamed concrete 

lowers labor costs, saves energy, and can be utilized as a structural and nonstructural 

material that may result in smaller columns and thinner walls by lowering dead loads on 

structures. Also foam concrete has an application in building construction to use as a roof 

insulation screed, and fire breaks around structural steelwork, because of its excellent 

thermal insulation property.  

In highway and road engineering foam concrete has a significant application in trench 

reinstatement and void filling by its placement characteristics like its quick-to-place, 

hollow sides, fill under higher services, and easy to reexcavate free flowing. 

In groundwork, it has an application on ground stabilization, land reclamation, and harbor 

fill. Foam concrete has been successfully used for large harbor fills where it has the 

advantage that it does not sink into the soft subsoil in the way that traditional materials 
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(sand and stone) do(35). This means that the site can be redeveloped months or even 

years sooner than would otherwise be possible. 

Foam concrete offers a cost-effective alternative to traditional concrete by decreasing 

structural dead loads, energy conservation, and saving labor cost, and transportation costs 

in construction projects(36). Moreover, foamed concrete is used in different construction 

elements like precasts, foundation layers, and backfilling which increases its economic 

feasibility. Foam concrete can be more economical by utilizing supplementary 

cementitious waste by-products like palm oil fuel ash, and eggshell ash as cement 

replacements while also improving its strength and durability.  

Additionally, foam concrete can be used in various eco-friendly applications such as 

cavity filling, insulation, road sub-base, soil stabilization, and as a base for storage tanks. 

2.2.2. Constituent of foam concrete 

Foam concrete typically consists of cement, fine aggregate, water, foam from foaming 

agents, and the absence of coarse aggregate making it lightweight and easily pumpable. 

The composition may vary based on the desired properties of the foam concrete and 

finally, these different compositions would aim to create lightweight, thermally insulating 

foam concrete with adequate mechanical strength. The air content in foam concrete 

usually comprises 10 to 80 percent of the overall volume(37). 

Different types of foaming agents can be used to produce stable foam in lightweight foam 

concrete. Cellular concrete usually uses surfactant or synthetic and protein foaming 

additives. 

Synthetic foaming agents are amphiprotic compounds that are highly hydrophilic and 

readily dissolved in water, producing air bubbles. Even, though introducing the foaming 

agent into cement produced a complex chemical environment, the suitability of cement 

particles and surfactants is critical to effectively entrain the desired air content and 

concrete microstructure (38). Protein-forming agents have a different air-entraining 

mechanism from synthetic agents.  The former breaks down proteins, which causes air 

bubbles to develop. Greater formation of hydrophobic small molecules occurs when the 

peptide bond between big protein molecules breaks. The hydrogen connections between 
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chemical groups help in the development of stable air bubbles during this process, which 

also lowers the solution's surface tension and provides an interface for air bubbles. 

Temperature and PH affect the way protein-foaming agents work (37). 

2.2.3. Process of production of foam concrete 

The production of foam concrete involves two main methods: the pre-foaming method 

and the mixed-foaming method. In the pre-foaming method, a stable pre-formed aqueous 

foam is produced separately and then blended thoroughly into the base mix. On the other 

hand, the mixed foaming method involves mixing a surface active agent along with the 

base mix ingredients, resulting in foam production during mixing, which creates a 

cellular structure in the concrete. The process typically includes preparing a cement paste 

by mixing dry materials with water, adding preformed foam into the paste, continuously 

mixing until homogeneously mixed, pouring the fresh mix into molds, curing the 

samples, and conducting tests according to standard procedures like ASTM C796. 

2.2.4. Properties of Foam Concrete 

2.2.4.1.Fresh state properties 

2.2.4.1.1. Consistency and  stability 

Foam concrete should have flowability and self-compactibility properties because it can 

not be subjected to vibration or compaction (41). These two properties of foam concrete 

are determined in terms of consistency and stability, which are affected by water content 

and quantity of foam used.  

A small amount of water in a mix may result in a stiff concrete mix, which leads to the 

collapse of air bubbles, and an excess water content may lead to a slurry-type mix that 

can not hold bubbles, then resulting in segregation or bleeding. 

Stability refers to the consistency of the mix in terms of density ratio, segregation, and 

bleeding. A stable foam concrete mix has a density ratio between the fresh state and 

hardened state close to unity without any segregation or bleeding(41). To prevent 

bleeding and segregation, the right amount of plasticizer and water-cement ratio should 

be used. To guarantee consistent hardening processes and geometry, which affect the 

strength and longevity of the concrete, foam stabilizing devices are important. 



9 

 

To enhance stability, reducing the foam agent volume, using fly ash silica fume, and 

lightweight aggregates are suggested, which also helps in reducing the heat of hydration 

during production. 

2.2.4.2.Hardened state properties of foam concrete 

The properties that freshly mixed concrete holds are crucial during the first few hours of 

use, but hardened concrete's qualities play a major role in the material's lifetime. 

2.2.4.2.1. Compressive strength of POFA foamed concrete  

The maximum load that the concrete can carry before failure is referred to as the strength 

of the concrete. In general, strength is considered to be the most important property, and 

the quality of concrete is often judged by its strength. The  28th-day  compressive 

strength of concrete is determined by a standard uniaxial compression test that is 

universally accepted as a general index of concrete strength. 

The usefulness of agro-waste ash by-product POFA as an alternative material to 

substitute Portland cement was investigated by Jerome G. Egbe, Stanley U. Emmanuel, 

and Ekei, E. Okon (2019). The compressive strength of POFA mixed with concrete as a 

partial cement replacement at 2.5 %, 5%, 10%, 15%, and 20% was investigated, and the 

results showed that the compressive strength of concrete mixtures ranging from 10% to 

50% of the ungrounded POFA as cement replacement decreased(23). 

The effect of palm oil fuel ash (POFA) addition on the compressive strength and porosity 

of foamed concrete is investigated by Wenny Arminda and Hanizam Binti Awang 

(2017). They used a 100 percent cement content concrete as a control specimen and 

replaced 30 % and 50% of the cement with POFA to evaluate the effect of POFA and 

after 28 days, the compressive strength of the concrete reduced from 30% (1.78MPa) to 

50%  (0.85)(24).  

M.A. Othuman Mydin (2016) investigated the impact of various additives on the axial 

compressive strength of lightweight foamed concrete in an experimental investigation. 

Pulverized fuel ash, wood ash, silica fume, POFA, polypropylene fiber, coconut fiber, 

and steel fiber are among the additions utilized. These additives have a variety of 

qualities that help to improve the properties of lightweight foamed concrete (LFC). To 
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improve the mechanical qualities of simple lightweight foamed concrete (LFC) mixes, 

pozzolanic minerals and fibers were utilized as additives. Due to its low cellulose content 

and big diameter, the more fibers included, the better the strength obtained. The particles 

are held in place better by the short-length fibers(25). 

The study by H. Awang and Z. Al-Mulali (2016) tested the strength of foamed concrete 

with sieved only oil palm ash (OPA). The compressive strength of OPA mixes that have a 

partial replacement of 25% to 65% is investigated, and the compressive strength 

decreases as the OPA content increases beyond 35%. This is due to the increased 

water/solids ratio that OPA mixes require an additional effect, which is caused by the 

reduced amount of cement, but the 25% replacement is a cost-effective foamed concrete 

mix due to decreased quantities of both cement and foam(26). 

Farah A. Hadi (2015) explored the impact of incorporating oil palm ash into foamed 

concrete. As the amount of OPA in the system increased the compressive strength 

decreased. This is true until the age of 56 days. Fine Oil Palm Ash (FOPA) with 25% 

compressive strength was 98% stronger than FOPA with 0% compressive strength at the 

age of 56 days. FOPA at a concentration of 25% had a stronger compressive strength at 

90 days than the control mix with FOPA at 0%. This is because the OPA and cement 

undergo a pozzolanic reaction, resulting in a denser paste. The increase in water 

requirement, which forms a porous paste, causes the compressive strengths of foamed 

concrete mixes with OPA replacements to decline beyond 25%. This study attempts to 

conclude that all foamed concrete mixes increase strength with age as a result of the 

cement hydration process and the pozzolanic reaction that occurs between OPA and 

cement(27). 

The use of palm oil fuel ash (POFA) in the production of lightweight foamed concrete for 

non-structural construction materials was investigated by Abdul Munir, Abdullah, and 

Huzaim (2015). The investigation was carried out by replacing cement with POFA at a 

rate of 0%, 10%, 20%, 30%, 40%, and 50%. The results obtained in this study differed 

from those obtained in other studies since the compressive strength capacity decreased 

with the addition of POFA. This is because the physical and chemical qualities used in 

this experiment are not the same. Other researchers employed fly ash POFA instead of 
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bottom ash POFA (ground ash). The particle size of fly ash POFA is less than that of 

ground ash POFA. Fly ash with a higher SiO2 content has a stronger chemical 

resistance(11). 

H. Awang, M. Z. Al-Mulali, and H.P.S. Abdul (2014) studied the foamed concrete mix 

with palm oil fuel ash (POFA) replacing 25 to 65 percent of the cement. At 28 days, the 

25 percent and 35 percent replacement compressive strengths improved by 9% and 41%, 

respectively, compared to the control specimen. Mixtures with more than a 35 percent 

replacement level, on the other hand, had reduced compressive strength(21). 

2.3.Pozzolanic materials 

Pozzolans are materials containing silicon and aluminum in reactive form, which can 

react with lime at a normal temperature in the presence of water to form durable insoluble 

compounds possessing cementitious properties(39).  It can be natural or artificial. Natural 

examples are volcanic ash, pumice, and opaline shales, and artificial examples are blast 

furnace slag, rice husk ash,  

Pozzolanas must be finely divided to expose a large surface area to the alkali solutions 

for the reaction to proceed.  

2.4.Palm oil fuel ash (pofa) 

POFA is a solid waste bi-product produced by palm oil mills from fruit bunches, fibers, 

and kernel shells when the mills generate palm oil (11). This waste can potentially 

replace cement because it has a silica oxide content in its chemical composition and can 

be used as a filler to produce strong and durable concrete(12, 14) 

The oil mills disposed of the waste improperly, and since fine waste particles are easily 

carried away to the air and cause smog on a humid day, these factors, as well as 

environmental pollution from cement production, inspired the investigators to look into 

how palm oil ash is used in concrete production. (13). 

The use of POFA is thought to be a great technique for reducing trash in landfills and 

ensuring a clean environment in the future (15). Even though the continual partial 

replacement of POFA has risen, POFA in foamed concrete has yet to be tested. 
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2.5.Related works 

(Siong Kang Lim et al., 2015), investigated the effect of adding palm oil fuel ash as 

sand/filler replacement on fresh and hardened properties of foam concrete with a density 

of 1300 kg/m3 by varying the replacement level from 0to20%. They have carried out a 

strength test i.e. compressive, tensile, and flexural strength test after four curing periods 

of 7,14,56, and 90 days. They have also investigated the effect on the thermal 

conductivity of lightweight foam concrete to check its corrosion resistance characteristics 

after 28 days of curing. In addition, durability property was investigated using a 

compressive toughness test after 28 days. Test results showed that the mechanical 

properties of foam concrete mix with 10% and 20% POFA as a sand replacement gained 

a higher strength after 90 days as compared with lightweight foam concrete with 100% 

sand filler or the control mix. The thermal conductivity, ductility, and compressive 

toughness were slightly higher for 10-20% POFA than the control mix, but the modulus 

of elasticity and poisons ratio decreased. 

(Abdul Munir et al., 2015), study the utilization of palm oil fuel ash in producing 

lightweight foam concrete for nonstructural building materials like partition walls using 

800kg/m3 and 100kg/m3 density foam concrete and used ground/bottom ash POFA. The 

compressive test was carried out using 84 cylindrical specimens of size 100mm diameter 

and 200mm height after 7, 14, 28, 90, and 360 days of curing. Flexural strength was also 

carried out after 28 days using 36 prism specimens of size 400mmx100mmx100mm. 

results revealed that the addition of ground POFA tends to reduce the compressive and 

flexural strength of foam concrete. This study concluded that incorporating ground POFA 

into low-density foam concrete of 800kg/m3 and 1000kg/m3   gained the compressive 

strength of about 3-6 MPaand this value is still acceptable for non-structural components 

such as partition walls. 

(Ahmed Muhamoudet al., 2021), tried to synthesize sustainable lightweight foamed 

concrete using palm oil fuel ash as a cement replacement material.   They did detailed 

laboratory work to prepare a 1300kg/m3 density foam concrete with a replacement level 

of POFA from 0 to 30%. Compressive strength test, ultrasonic pulse velocity, splitting 

strength, porosity, sorptivity, water absorption, XRD, and SEM imaging tests were 
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performed and a foam concrete with 20% POFA was the good replacement, and a 30% 

replacement POFA had a micro crack during SEM imaging test. 

(Koh Hong Boon, et al., 2023), investigated the mechanical strength and carbon footprint 

of modified foam concrete made by a mix of unprocessed Rice Husk Ash as a filler/sand 

replacement, POFA, and Fly Ash as a cement replacement to prepare 1700kg/m3 dry-

density foam concrete. Rice Husk Ash replaced 40% sand from 100% sand and POFA 

and Fly Ash replaced 7.5, 15, 22.5, and 30% cement. Compressive strength, splitting 

strength, and a carbon footprint test were carried out for 7,14, and 28 days. The study 

concluded that, by considering the performance of compressive and emission of CO2, the 

optimum amount of POFA and Fly Ash as the cement replacement in foam concrete is 

22.5% and 30% respectively. 

2.6.Summary and Literature Gaps 

The review shows that foam concrete is a versatile material with alternative 

characteristics and advantages as a result the acceptance of it as a realistic option for a 

number of lightweight non-structural applications has now increased. 

Different researchers have investigated the mechanical properties of foam concrete with 

POFA. Most of the researchers studied to determine the compressive strength within 

foam concrete. Strength can be achieved at different POFA replacement percentages. The 

percent replacement can seriously affect the compressive strength of foam concrete. 

There is no adequate research that clearly studied on durability of foam concrete with 

POFA at different percentages and the water absorption characteristics of POFA foamed 

concrete are not explained as a result, further studies are needed to investigate the 

durability effect, the water-to-cement ratio of POFA foamed concrete. 

As the review indicates that POFA may differe from place to place or industry to industry 

in chemical composition due to combustion process used and the sorce of palm oil 

(kernel shell, fruit, bunch)(43). Therefore, this may also affect the fresh and hardened 

properties of concrete to be incorporated, and a prior investigation of the chemical 

composition is important before use. 
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In Ethiopian construction, the partial substitution of cement with palm oil fuel ash is yet 

to be implemented. This research is to gain a better knowledge of the use of palm oil fuel 

ash as a supplementary cementitious material in the construction sector, and this may 

bring an alternative solution for the construction industry.  
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3. MATERIALS AND METHODS 

3.1.Introduction 

This chapter outlines the details of materials used to prepare specimens, concrete mix 

ratios, and experimental procedures that were used throughout the work. The research 

focuses on identifying an optimum water-to-cement ratio, analyzing the chemical 

composition, compressive strength, splitting tensile strength, and, investigating the 

percentage of optimal replacement cement with POFA and the water absorption test to 

check the quality of the foam concrete produced with POFA.  

Different types of physical tests like gradation, density, moisture content, absorption, and 

specific gravity conforming to standards (ASTM and ACI) are carried out to check the 

quality of materials used. To assess the effect of partial replacement of cement with 

different proportions of palm oil fuel ash physical properties of cement tests like normal 

consistency tests, and setting time tests were carried out in this research. 

 The mix design was done based on the target density
 
needed. The key material used for 

the study was POFA. Palm oil fuel ash was collected from PhiBela Oil factory, Bure 

industry park, Bure town. 

Three water-to-cement ratios were used for the concrete mix design with a target density 

of 1800kg/m3. Sodium Laurel Ether Sulfate (SLES) foaming agent was used in this 

research. A total of 108 cylindrical (100x200mm) for compressive, 24 cubical 

(100x100x100mm) for water absorption, and 24 cylindrical for tensile splitting 

(150x300mm) cylindrical samples were cast and tested. A total of 156 different samples 

were cast and tested. The  POFA cement content was  0%, 10%, 20%, and 30% 

introduced into test samples. The workability of each fresh concrete mix was checked 

immediately following the mixing.  Compressive strength tests using the destructive 

method were carried out on the 7th, 28th, and 90
th

 day. The test types; specimen, and test 

methods used for the study is summarized in table 3.1 shown below. 
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Table 3-1.  Test types, methods and specimen used details 

Test types 
Type of 

specimen 

Size of 

specimen 

(cm) 

No of 

specimen 

Age of 

curing 
Test method 

Compressive 

strength 
Cylindrical ø10x20 108 

7, 28, 90-

days 
ASTM C 39 

Splitting tensile 

strength 
Cylindrical ø15x30 24 

28 and 90 

days 
ASTM C 496M 

Water absorption Cube 10x10x10  24 
7 and 28 

days 
ASTM C 642 

3.2.Materials 

3.2.1.  Cement 

For this research, a type-1, 42.5R grade Dangote Ordinary Portland Cement(OPC) with a 

specific gravity of 3.14 was used for concrete production which was commercially 

available in Bahirdar the local market. The same type of cement was used for all the trial 

mixes and the amount added per mix was kept constant. The physical properties of 

cement used in this research are shown below. 

Table 3-2.  Physical properties of cement 

Item 

No. 
Description Test result 

1 The fineness of cement (cm
2
/gm) 2850 

2 Specific gravity 3.15 

3 Normal consistency test 

Water to cement ratio (%) 27 

Water (gm) 135 

Penetration (mm) 10 

4 Setting time 
Initial setting time (min) 75 

Final setting time (min) 290 

 

3.2.2.  Fine aggregate /sand/  

The natural siliceous sand that passes through the physical and mechanical tests like 

specific gravity, absorption, modulus of elasticity, and finesse modulus was used. 

Physically the sand was clean and free from impurities, silt, loam, and clay. The 
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aggregates were supplied from the same source to prevent any variations that can arise 

while using aggregates from different sources. Fine aggregates that pass through 4.75mm 

and retain on 0.07mm sieve size and well-graded river sand from Lalibela were used in 

this research.  

Table 3-3. Physical properties of fine aggregate 

No. Test description Test result 

1  Silt content 2.40% 

2  Moisture content 2.35% 

3  Absorption capacity 2.78% 

4  Fineness modulus 2.56% 

5  Unit weight 1490.97 kg/m
3
 

6   Bulk Specific gravity (SSD) 2.74 g/cm
3
 

 

3.2.3.  Water 

Water plays a significant role in the chemical reaction between cement, palm oil fuel ash, 

and foaming agents, which makes it an essential component of foam concrete. For these 

reasons, water should be free from impurities, suspended solids, and alkalis. The water 

used in this study is tap water from the laboratory of the Bahir Dar University Institute of 

Technology water supply system. 

3.2.4.  Foam agent 

Foam agents are chemical admixtures that can control the density of foam concrete 

through a rate of air bubbles created in the cement paste mixture. Synthetic, protein-

based, detergents, glue resins, hydrolyzed protein, resin soap, and saponin are the 

different types of foaming agents the most common are synthetic and protein-based 

foaming agents. The protein-based foam agents provide a stronger, more closed-cell 

bubble structure that allows for the inclusion of more air and also creates a more stable 

air void network, whereas the synthetic ones produce higher expansion and consequently 

lower density(7,10). 
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The research used Sodium Lauryl Ether Sulfate, (SLES) foaming agent produced in 

China. The chemical is easily found in micro and small-scale soap and detergent factories 

in Ethiopia. To make foam concrete with sand, the foaming agent recommended dosage 

ranges from 0.5 to 2.0% by weight of cement.  It is required to observe an additional 

mixing time of at least two minutes per m3 of concrete.  

3.2.5. Palm oil fuel ash 

Palm Oil Fuel Ash from Burie Industrial Park, Phi Bela oil factory has been collected to 

use as a supplementary cementitious product and prepared by sieving with a 300 micro 

sieve size (No 50) without grinding and preparation. Palm Oil Fuel Ash chemical analysis 

done by the Geological Survey of Ethiopia. The result shows that the summation of SiO2, 

Al2O3, and Fe2O3 is 60.03 which is greater than a minimum requirement of 50 in ASTM 

C618, Class C fly ash. 

Even though there is no standard for palm oil fuel ash to be used as a partial cement 

replacement, the physical and chemical properties of POFA used in this thesis comply 

with the properties of fly ash for cement replacement that are written on ASTM C 618. 

 

Figure 3-1. Palm Oil Fuel Ash Wastes in Phibela  

3.3.Methods 

The research aimed to investigate the workability, compressive strength, splitting tensile 

strength, of POFA foamed concrete, the optimum level of replacement, and, the cost of 
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partially replacing cement with POFA for foamed concrete under a normal curing 

environment. This research was an experimental type which incorporates some major 

tasks and, methods to accomplish the intended objective.  

3.3.1. Material preparation and physical test 

 Cement: Ordinary  Portland cement  (OPC)  42.5  R  grade made by  Dangote cement 

factory, which is available in the local market, is used. This cement is equivalent to 

ASTM type I (CEM I) and no test was conducted for the cement. 

 Sand: River sand from Lalibela was used for investigation, which fulfills the ASTM code 

of requirements. 

 POFA: oil fuel ash from  PhiBela oil factory, Bure industry park, Bure used for 

investigation which meets the requirement. 

 Water:  normal tap water, in the laboratory was used for the concrete mix and curing. No 

test was conducted on the water. 

The type and method of test for fine aggregates are shown in  Table  3.1 below and the 

physical tests on aggregates are presented (see Appendix A). 

Table 3-4. Physical test for aggregate and test methods 

Type of test Sand 

Moisture content ASTM C 566 

Gradation ASTM C 136 

Unite weight ASTM C 128 

Specific gravity and absorption  ASTM C 128 

Silt content ASTM C 117 

3.3.2. Chemical test 

The chemical composition test for this research work was done by using a complete 

silicate analysis test of POFA to determine the major and minor oxides of POFA material 

by using an analytical method of testing at the Ethiopian Geological Survey laboratory. 

Determining the chemical composition of  POFA  is essential before using it for concrete 

production (see Appendix D). 
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3.3.3. Mix proportioning 

For low-density cellular concrete mixtures, standard concrete mixing equipment is 

typically unacceptable since the mixer`s action does not mix the materials at the proper 

speed, so a high-speed paddle mixer is preferable (37). High-shear mixers are another 

type of mixer and method that creates homogenous mixes (40).  

To create foamed concrete, add water to the mixer first, then add cement, sand, and other 

admixtures, according to ACI Committee 523 (1993). After combining these ingredients 

to a consistent consistency, the premade foam is added last. This approach was used in 

the research. One part of the water was used to dilute the foaming agent, and the other 

part was introduced to the mixer first before being blended with the dry ingredients. After 

diluting the foam ingredient in the recommended water, the foam was created separately 

using a paint mixer. 

The mixed proportion foam concrete involves varying ratios of materials like cement, 

sand, and foam to achieve desired dry density and compressive strength properties. 

Different mix proportions were explored to enhance the characteristics of lightweight 

foam concrete. The mix proportions consider factors like water-cement ratios, 

proportions of foaming agents, water-reducing agents, foam stabilizers, and the use of 

waste materials like palm oil fuel ash to replace cement content and the compressive 

strength of foam concrete. 

In determining the proportion of each material, we should take into account the 

characteristics of slow solidification of some materials, these materials may cause great 

changes in the early strength of foam concrete such as slurry initial setting effect, and 

excessive dosage will affect the stability of pouring, serious may lead to collapse, so it is 

necessary to control the dosage. However, there is always a certain amount of deviation 

between any theoretical calculation and actual production. Therefore, in the actual 

production and application process, the foam concrete mix ratio needs to be constantly 

adjusted and improved. 

The following design method of mix proportion is to determine the dry density of foam 

concrete to achieve effective control of foam concrete strength: 



21 

 

1. Cement density is determined by the dry density of foam concrete 

2. According to the water-cement ratio, the amount of foam concrete water is 

determined. 

3. Determine the volume of paste according to the amount of cement and the 

amount of water. 

4. Calculate the volume of the foam according to the volume of the cement paste. 

5. According to the volume of foam and the density of the measured foam, the 

quality of the foam solution is calculated.  

6. Calculate the quality of the foaming agent through the quality of the foam and 

the dilution ratio of the foaming agent.  

 

   

Figure 3-2. High-speed shear mixer 

3.3.4. Mix design 

In this research, the objective is to check the optimum amount of POFA required in the 

nonstructural use of foam concretes. There is no standard method for proportioning foam 

concrete constituents, water-to-cement ratio, and free water content but a specific target 

density and a required strength a primary design criteria. The foam concrete was designed 

in a laboratory and dry density was measured, but as intensive laboratory practices 

showed there will be a ±50kg/m
3
.  
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A trial mix is performed in this research by making the water-to-cement ratio 0.35, 0.4, 

and 0.45 by making other parameters constant, to check the workability, consistency, and 

strength of the mix. As a reference to the mix ACI117-M58 used. 

Table 3-5.  Identity name(ID) and  number of specimens tested 

POFA 

% 
W: C 

Mix 

Id 

Specimen types 

Cylinder specimens 
Cube 

specimens 10 cm dia. & 20 cm 

ht 

15 cm dia. & 30 cm 

ht 

7 28 90 28 90 7 28 

0% 

0.35 FM1 3 3 3         

0.40 FM2 3 3 3 3 3 3 3 

0.45 FM3 3 3 3         

10% 

0.35 FM4 3 3 3         

0.40 FM5 3 3 3 3 3 3 3 

0.45 FM6 3 3 3         

20% 

0.35 FM7 3 3 3         

0.40 FM8 3 3 3 3 3 3 3 

0.45 FM9 3 3 3         

30% 

0.35 FM10 3 3 3         

0.40 FM11 3 3 3 3 3 3 3 

0.45 FM12 3 3 3         

Total number of 

specimens 36 36 36 12 12 12 12 

 

3.3.5.  Casting and curing of concrete  

All constituents are measured and mixed by using a preformed method of mixing. High-

speed shear mixer used. The workability is checked using a flow table test and then cast. 

The specimen is taken out after 24 hours of casting and then put into the curing tank. 
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3.3.6. Fresh Property Test 

3.3.6.1.Flow table test 

The flow table test method was used for the whole test, in inorder to determine the 

workability of fresh foamed concrete mix for all batches of concrete using ASTM C1437. 

3.3.7. Hardened Property Test 

3.3.7.1.Compressive Strength Test  

The foam concrete specimens were taken out from the curing water tank when the curing 

period had reached and the surface was dried before being tested. The test was performed 

following ASTM C-39. At seven, twenty-eight, and ninety days, the specimens were 

initially weighed and put through Compression Testing machine test. Three cubes from 

each mix were tested for compressive strength at 7, 28, and 90 aging days to analyze how 

much the cement in a foam concrete mix reacts with palm oil fuel ash wastes. For this 

test, 102 cylindrical samples were cast with dimensions of 100mm diameter and a height 

of 150mm. Figure 3.3 shows the compressive strength testing machine and the setup 

ready for the test.  The detailed results of the compressive strength test are provided in 

Appendix D-1. 

 

 Figure 3-3. Compressive strength test setup 
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3.3.7.2.Tensile splitting strength test 

Testing concrete for direct tensile strength was challenging due to possible eccentricity at 

the gripping arms that resulted in secondary stresses within the specimens. As a result 

tests for direct tension are not presented in any standard testing codes. Splitting tensile 

strength is another indirect standard test of cylinders laid at their sides.  

To determine a concrete's splitting tensile strength, a test called the splitting tensile 

strength test is conducted. The splitting tensile strength method involves applying a 

diametric compressive force along a cylindrical concrete specimen's length at a rate of 

689 to 1380 kpa/min until failure occurs (ASTM C-496-71) (22). For this test, 24 

cylindrical samples with 150mm diameter and 300mm height were prepared. The sample 

was tested for only 28day and the following equation shows how to calculate a splitting 

tensile strength 

T = 2P/π ld                                                    3.1 

where,  

T = splitting tensile strength, (MPa) 

P = maximum applied load (KN) 

L = length of cylindrical specimen (m) 

d= diameter of cylindrical specimen (m)  

    

Figure 3-4. Splitting Tensile Strength Test Setup and Specimen after Splitting 
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3.3.7.3.Water absorption test 

This test technique yields a measurement of the total water-permeable pore space by 

estimating the maximum amount of water absorbed by an oven-dried concrete sample 

and performed using ASTM C642. A detailed calculation is shown in Appendix D-3. 

3.4.Statistical analysis 

In this study, the Statistical software package SPSS version 28 and Sigma plot version 15 

were used to perform a two-way factorial analysis of variance (ANOVA). The normality 

of the test results was checked by the Shapiro-Wilk test and a visual inspection of the 

histograms, normal Q-Q plots, and box plots were used. a 95% confidence interval was 

used, and a significant level of α = 0.05 was used to analyze the factors affecting the 

compressive strength of concrete. The decision rule for the conducted F-test on R for the 

main effect is: if P-value < 0.05, then the variable was considered as a significant factor 

therefore the null hypothesis is rejected or for P-value ≥ 0.05, the factor is reflected as 

non-significant and the null hypothesis will not be rejected. A posthoc Tukey test was 

carried out to compare all possible pairs of means. 
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Figure 3-5  Methodology Flow Chart 
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4. RESULTS AND DISCUSSIONS 

4.1.General 

Results of laboratory testing on palm oil fuel ash waste for its use as a partial cement 

replacement material are presented and discussed in this section.  The test results such as 

the workability of fresh foamed concrete, strength (compressive strength, splitting tensile 

strength), and water absorption performed on foamed concrete are covered in this section 

of the research. Experiments were carried out at the material testing laboratory of the 

Bahirdar Institute of Technology, and the Ethiopian Geological Survey Laboratory. The 

sections that follow present each experiment's explanation and test results.  

4.2.Results and Discussions 

4.2.1. Chemical Analysis Test 

The chemical analysis result shows that the ash has major and minor elements. The major 

compounds are  Silicate  Oxide  (SiO2),  Aluminum  Oxide  (Al2O3), Iron  Oxide  

(Fe2O3),  Magnesium Oxide  (MnO), Sodium  Oxide  (Na2O), and  Calcium  Oxide  

(CaO).  The minor compounds are  Potassium  Oxide  (K2O), Manganese oxide (MnO), 

Phosphorus  Oxide (P2O5), and Titanium Oxide (Ti2O3). As shown in  Table  4.1 the 

complete silicate analysis test results for POFA samples from the Geological Survey of 

Ethiopia laboratory are presented below. 

The chemical composition of POFA is different from place to place or industry to 

industry due to the combustion process used and the source of palm oil (kernel shell, 

bunch, fruit)(43). This may also affect the properties of the concrete to be incorporated, 

therefore a chemical analysis test has to be taken first before use in the concrete 

production process. 
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Table 4-1. Chemical composition result of POFA 

Chemical Elements 
Oxide form 

result %    

Silicon dioxide (SiO2) 48.32 

Aluminium oxide (Al2O3) 9.41 

Iron oxide  (Fe2O3) 2.3 

Calcium oxide  (CaO) 2.02 

Magnesium oxide (MgO) 1.22 

Sodium oxide  (Na2O) 1.6 

Potassium oxide  (K2O) <0.01 

Manganese(II) oxide  (MgO) 0.04 

Phosphorus pentoxide  (P2O5) 0.3 

Titanium dioxide  (TiO2) 0.19 

Water  (H2O) 0.72 

Loss on ignition  (LOI) 35.07 

SiO2 + Al2O3 + Fe2O3 60.03 

The combined chemical composition for POFA SiO2+Al2O3+Fe2O3 is 60.03% which is 

greater than 50%. Therefore, POFA is classified as a class-C fly ash material as per 

ASTM C-618. 

4.2.2. Workability of fresh foam concrete 

The slump flow test method was used for the whole test, to determine the workability of 

fresh foamed concrete mix for all batches of concrete as per ASTM C 1611.  Table 4-2 

shows the summary of the flow table test results. The values in the table shown ensure 

the flow behavior and the consistency quality of the mix. The required values of the mix 

depend on the type of construction, the desired strength, and durability. In this research, 

the purpose of the mix is for non-structural use, therefore the good and high slump value 

for wet foam concrete can vary from 150mm to 175mm. 
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Table 4-2. Slump Flow Table Test Result 

%     Replacement 

Slump flow table (mm) 

Water to Cement ratios 

0.35 0.40 0.45 

0 142.0 161.0 178.0 

10 139.0 158.5 174.3 

20 132.0 154.8 166.1 

30 124.5 147.2 158.3 

 

As shown in Table 4.2, the slump value of the fresh mix decreases as the replacement 

level increases. This indicates that palm oil fuel ash requires more water than cement as 

the grain size of the POFA ash is higher than that of the cement. Figure 4-2 shows the 

slump values for different water-to-cement ratios and various levels of POFA 

replacement. The figure depicts that, a water-to-cement ratio of 0.4 experiences high 

workability than the other mixes. 

 

 Figure 4-1. Workability of Fresh Concrete 
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By considering the 0% replacement for each W: C as a control mix, the percent decrease 

in slump value is shown in Table 4.3. this table gives information for percent decrement 

when POFA is added at different percentages i.e. 10%, 20%, and 30%. 

Table 4-3. Percentage Decrease in Slump 

%     

Replacement 

Slump flow table (mm) 

Water-to-Cement ratios 

0.35 % Decrease 0.40 % Decrease 0.45 % Decrease 

0 142.0 - 161.0 - 178.0 - 

10 139.0 2.1 158.5 1.5 174.3 2.1 

20 132.0 7.0 154.8 3.8 166.1 6.7 

30 124.5 12.3 147.2 8.5 158.3 11.1 

On w: c = 0.4 mix, for a 10% POFA replacement, the workability is reduced by 1.5%, 

and for a 30% replacement, the workability is greatly reduced to 8.5%. In this thesis, the 

w: c of 0.4 is considered to be a good mix. 

4.2.3. Compressive strength of concrete 

The experimental compressive strength test was conducted at the ages of 7, 28, and 90 

days to study the effect of partially replaced cement with POFA. 

Table 4-4. Average compressive strength test result (7, 28, and 90 days) 

POFA 

Replacement 

(%) 

Mix ID 

Average compressive strength values gained (MPa) 

7th Day 28th Day 90th Day 

0 

FM1 10.61 12.68 15.91 

FM2 10.44 11.72 14.96 

FM3 10.19 11.46 13.00 

10 

FM4 10.40 13.08 15.28 

FM5 9.88 13.77 16.59 

FM6 10.04 11.51 14.87 

20 

FM7 10.36 15.10 16.20 

FM8 11.64 15.62 16.85 

FM9 9.47 14.67 14.69 
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30 

FM10 8.16 10.42 14.07 

FM11 8.53 10.76 12.79 

FM12 7.45 10.30 12.14 

To determine the compressive strength, cylinder specimens having a diameter of 100mm 

and a height of 200mm were prepared as per ASTM C 39 standard and tested for 7, 28, 

and 90 days. The average compressive strength showed a significant difference in their 

average compressive strength values due to the different POFA  replacement levels, 

different water-to-cement ratios used and the curing ages of the specimens used. 

The mix in Table 4.4 can be categorized systematically based on the W: C and the 

percent of POFA replaced. For instance, FM2, and FM3, represent the second, the third 

mix with a decrease in the 5% water-to-cement ratio, and, FM4 and FM4  mix represent a 

10% replacement in POFA at 0.35, 0.40 and 0.45 water-to-cement ratio. For a clear 

understanding of the effect of control variables (level of replacement, and  curing period), 

the compressive strength test results are synthesized into different W: C as discussed 

briefly in sections 4.2.3.1 to 4.2.3.3 

4.2.3.1.Compressive strength (W: C of 0.35) 

For this W: C, the 7
th

-day compressive strength decreased at all POFA percentages, but 

on the 28
th

 day the compressive strength shows an increase for 10%  and  20% POFA, but 

at 30% POFA replacement the compressive strength decreased as compared with the 0% 

POFA replacement. 

On the 90
th

 day, the CS at 10% and 30% POFA had a 3.96% and 11.57% decrease 

registered as compared with 0%. At   20% replacement, the compressive strength 

increased by 1.82%, and this may be from the formation of additional C-S-H gel of the 

late hydration activities. 

On this W: C ratio of 0.35 mix, cement is higher in quantity than the other W: C mixes, 

therefore in this thesis, this mix is considered to be a control mix, and the compressive 

strength is higher than all other 0% POFA tested specimens but for the mix with POFA 

replacement this may not be always true. The comparisons of values with a control mix 

are shown in detail in Table 4.5 shown below. 
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Table 4-5. Comparison of strength with the control mix (W: C =0.35) 

POFA 

replacemen

t    (%) 

Mix      

ID 

Average compressive strength values gained (MPa)   

7th 

Day 

Compariso

n on the 

7th day(%) 

28th 

Day 

Compariso

n on the 

28th day 

(%) 

90th 

Day 

Compariso

n on the 

90th day 

(%) 

0 FM1 10.61   12.68   15.91   

10 FM4 10.40 -1.98 13.08 3.15 15.28 -3.96 

20 FM7 10.36 -0.38 15.10 19.09 16.20 1.82 

30 FM10 8.16 -21.24 10.42 -17.82 14.07 -11.57 

 

In this mix the problem is not the amount the compressive strength gained at different 

curing ages, the problem is its workability.  The mix was stiff and not enough voids were 

created which increased the weight of the tested specimens. 

 

Fig 4.2 The Average Compressive Strength for W: C=0.35 

For all curing ages in this water-to-cement ratio, the compressive strength was reduced 

for a 30% POFA replacement level. 
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4.2.3.2.Compressive strength (W: C of 0.40) 

The compressive strength on the 7
th

 day increased by 9.75% at 20% POFA replacement 

but decreased by 19.6% at 30% as compared to the control specimen tested. At 20% 

replacement and 28 days of curing 23.19% increase in compressive strength is registered 

as compared with the control mix. On the 90th day, a compressive strength increase was 

registered for all curing ages and percent replacement, but at 30% replacement, the value 

decreased by 19.61% as compared with the control specimen. The detailed comparison 

with the control specimens is shown in Table 4.6 below. 

Table 4-6. Comparison of strength with the control mix (W: C =0.40) 

POFA 

replacement    

(%) 

Mix      

ID 

Average compressive strength values gained (MPa)   

7th 

Day 

Comparison 

on the 7th 

day(%) 

28th 

Day 

Comparison 

on the 28th 

day(%) 

90th 

Day 

Comparison 

on the 90th 

day(%) 

0 FM2 10.44 -1.60 11.72 -7.57 14.96 -5.97 

10 FM5 9.88 -6.88 13.77 8.60 16.59 4.27 

20 FM8 11.64 9.71 15.62 23.19 16.85 5.91 

30 FM11 8.53 -19.60 10.76 -15.14 12.79 -19.61 

 

For this water-cement ratio mix, the compressive strength increases slightly up to 20% 

replacement for all curing ages.  

In this mix, a considerable improvement in the workability and a significant increase in 

compressive strength is registered. This shows this mix is an optimum mix in the 

workability and the compressive strength gained on tested specimens. 

At 90
th

 days the strength increased from 14.96MPa to 16.85Mpa until 20% POFA 

replacement in this mix, and this may be from the C-S-H gel formed and the enough 

water to a moderate hydration reaction. The detail of the compressive strength results in 

0.40 w:c mix and for all replacement levels is shown in Fig 4.3. 
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Fig 4.3 The Average Compressive Strength for W: C=0.40 

This water-cement ratio mix is considered to be an optimum mix, since for an age 

increase the compressive strength for all values showed a considerable increase. 

4.2.3.3.Compressive strength (W: C of 0.45) 

In this water-to-cement mix, the CS decreased for all curing ages and percent 

replacement. A detail is shown in Table 4.7 below.  

Table 4-7. Comparison of strength with the control mix (W: C =0.45) 

POFA 

replacemen

t    (%) 

Mix      

ID 

Average compressive strength values gained (MPa)   

7th 

Day 

Compariso

n on the 7th 

day(%) 

28th 

Day 

Compariso

n on the 

28th 

day(%) 

90th 

Day 

Compariso

n on the 

90th 

day(%) 

0 FM3 10.19 -3.96 11.46 -9.62 13.00 -18.29 

10 FM6 10.04 -5.37 11.51 -9.23 14.87 -6.54 

20 FM9 9.47 -10.74 14.67 15.69 14.69 -7.67 

30 FM12 7.45 -29.78 10.30 -18.77 12.14 -23.70 



35 

 

Since the 28
th

 day's CS of concrete is considered as the strength of concrete, this mix has 

failed to foam concrete having equal strength with the CS in 0.35 with 0% POFA or the 

control specimen. 

Even though the silica content for the early strength reaction is reduced some residual C-

S-H gel produced due to the aging effect increases the compressive strength to 14.69MPa  

at the 90
th

 day tested specimen as compared with the 7
th

 (9.47MPa) and a 28
th

 

(14.69MPa)  compressive strength testing specimens. 

The mix was thin and not considered as workable. The detail of the compressive strength 

results in 0.45 w:c mix and for all replacement levels is shown in Fig 4.4. 

 

 

Fig 4.4 The Average Compressive Strength for a W: C=0.45 
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4.2.4. Splitting tensile strength (STS) 

Even though concretes are brittle and not expected to resist direct tension, it is important 

to know the tensile resistance capacity to know its cracking properties[42]. A total of 24 

cylindrical samples (150x300mm) Hence, in this research, a splitting tensile strength 

(STS) test was conducted using a total of 24 concrete cylinder specimens at the ages of 

28 and 90 days for the optimum w:c of 0.4 using ASTM C 496M. Table 4-8  shows the 

average splitting tensile strength test results 

Table 4-8. Average tensile splitting strength test result (28 and 90 days) 

Tensile Splitting Strength 

For water to cement ratio  (0.4) 

POFA       

 (%)          
0 10 20 30 

28th -day 1.84 1.85  1.88 1.68 

90th-day 1.90 1.83 1.95 1.70 

 

Figure 4-5. Average tensile splitting test result (28 and 90 days) 

Up to 20% of palm oil fuel ash replacement level the splitting tensile strength is not much 

affected at both 28
th

 and 90 days, but 30% replacement results in an 8.7% reduction in 

28ttth day splitting strength and  10.5%  in 90
th

 day splitting tensile strength as compared 

with the control specimen(0% POFA). 
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4.2.5. Water absorption test 

The water absorption test is investigated for the optimal mix of the water-cement ratio of 

0.4, then a 100x100x100mm cube specimen is used as per ASTM C 642 to check the 

concrete quality and this helps to ensure safety and durability. The percent absorption 

values for the 7
th

 and 28
th

 days are tabulated in Table 4.6. 

Table 4-9. Water Absorption Test Results for 7
th

 and 28
th

 Days 

At the age of 7 and 28, the water absorption percentage decreases as the POFA 

replacement increases up to 20%, but the further increase after this percent replacement 

increases the absorption of POFA foamed concrete. 

 

Figure 4-6. Water Absorption Test Results for 7
th

 and 28
th

 Days 

 

POFA Replacement (%) 

Average water absorption(Mpa) 

Water to Cement Ratio (0.4) 

7
th

 Day 28
th

 Day 

0 13.8 12.7 

10 13.2 11.8 

20 12.5 10.3 

30 14.5 13.8 
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4.3.Statistical analysis 

4.3.1.   Compressive strength using Statistical analysis  

To compare the effects of age and replacement level on compressive strength, the two-

way statistical ANOVA is used. 

Null Hypothesis (Ho)  

μ01 = partial cement replacement level doesn’t affect the average compressive strength of   

           concrete. 

μo2 = Curing age doesn’t affect the average compressive strength of concrete. 

 μo3= the effect of partial cement replacement level on average compressive strength  

          doesn’t depend on the level of curing age. 

Alternate Hypothesis (Ha)  

 μa1 = partial replacement of cement affects the average compressive strength of  

          concrete. 

μa2 =curing age affects the average compressive strength of concrete. 

μa3 = curing age and partial replacement of cement interaction affect the    

         compressive strength of concrete. 

 

4.3.2. Water to cement ratio of 0.40 

The results of the F-test are summarized in table 4.10.  and based on the analysis, as 

shown below the difference in the mean values among the different levels of partial 

cement replacement and curing age are greater than that would be expected by chance. 

i.e., There is a statistically significant difference in the average mean of the compressive 

strength due to the variation in the levels of curing age as well as partial cement 

replacement. 
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Table 4.10. Tests between-subject effects (CS two-way ANOVA) 

Source of variation DF SS MS F Sig. 

Replacement level 3 52.813 17.604 23.414 <0.002 

Curing age 2 149.538 74.769 99.443 <0.001 

Replacement * 

Age 
6 8.742 1.457 1.938 0.115 

Residual 24 18.045 0.752 

Total 35 229.138 6.547 

R Squared = 0.921 (Adjusted R Squared = 0.885) 

The effect of different levels of partial cement replacement does not depend on curing 

age. That means there is no statistically significant interaction between partial cement 

replacement and curing age (P = 0.115). Therefore, μ01, μ02, and, μa3 can be rejected. To 

isolate which group(s) differ from the others a multiple comparison procedure (Tukey 

test) is used as shown below in Table 4.11. 

 

Table 4.11. Pairwise Comparisons for replacement levels 

Comparison DF P q P P < 0.05 

0 % Vs. 10 % 0.653 4 4.098 0.006 yes 

0 % Vs. 20 % 1.637 4 9.081 0.008 yes 

0 % Vs. 30 % 2.373 4 5.071 0.918 No 
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      Table 4.12.  Least square means for age and replacement 

          Replacement         Age 

Group Mean Group Mean 

0 13.06 7 10.39 

10 13.72 28 13.2 

20 14.7 90 14.53 

30 10.69 

 

Based on table, 4.11. it is proven that there is a statistically significant difference in the 

average compressive strength at 10% and 20% cement replacement. However, the least 

square means for 20% replacement (14.70MPa) is found to be greater than the least 

square means for 0% replacement (13.06MPa) as shown in Table 4.12. Similarly, a 

Tukey post-hoc test revealed a significant pairwise difference in the average compressive 

strength between 7 and 28-day curing age and between 7 and 90-day curing age. 

A similar analysis was done for the other water-to-cement ratios (with 0.35 and 0.45). 

The result indicates, that a water-to-cement ratio of 0.35  has no significant effect for all 

curing ages and a water-to-cement ratio of 0.45 has a significant difference between the 

average means of the compressive strength of the control mix  

In conclusion, if the compressive strength property of concrete is the only consideration, 

then a water-to-cement ratio of 0.4 could be used for up to 20% POFA replacement. 

4.3.3. Statistical analysis for splitting tensile strength 

The test was done at the 7
th

 and 28
th-

day age and with different POFA percentages 

therefore considering the curing age and the replacement percentage as an independent 

variable for this statistical analysis. 
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Null hypotheses (Ho) 

μo1= replacement level does not affect the concrete splitting tensile strength. 

μo2 = curing age does not affect the concrete splitting tensile strength. 

μo3 = the interaction of replacement and the curing age doesn’t affect the   

           concrete splitting tensile strength. 

Table 4.13  indicates, that both the independent variables (replacement level and curing 

age) are statistically significant but their interaction is not statistically significant on the 

average STS. 

Table 4.13.  Tests between-subject effects (ANOVA for STS) 

Source of variation    DF SS  MS  F  P 

Replacement 3 23.4 7.8 13.26 0.006 

Age 2 11.5 5.8 10.39  < 0.001 

Replacement x Age 4 28.5 7.1 12.07 0.082 

 Residual 14 8.24 0.588 

 Total 23 71.64 3.11 

R Squared = 0.885 (Adjusted R Squared = 0.751) 

 

The effect of different levels of replacement doesn’t depend on the curing agest; i.e., 

there is no statistically significant interaction between replacement and curing age  (P = 

0.082).  

Therefore, the null hypotheses μo1 and μo2 can be rejected. To isolate which group(s) 

differ from the others a multiple comparison procedure (Tukey Test) as shown in Table 

4.14 is used 
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   Table 4-14 Pairwise comparisons for replacement levels. 

Comparison DF  P  q P P 

0% vs.10% 0.022 4 0.180 0.223 No 

0% vs. 20% 0.45 4 0.247 0.015 Yes 

0% vs. 30% 0.213  4 0.012 0.415 No 

             

4.3.4. Statistical analysis for water absorption 

The test is conducted for the 7
th

 and 28
th

 days of different POFA replacements. In this 

statistical analysis curing and percent replacement is considered as an independent 

variable. 

Null hypotheses (Ho) 

μo1 = Replacement level does not affect the percent of water absorption. 

μo2 = Curing age does not affect the percent of water absorption  

μo3 = The interaction of replacement and curing age doesn’t affect the water   

           absorption.  

    Table 4.15. Tests between-subject effects (water absorption) 

Source of variation DF SS MS F P 

Replacement 3 4.75 1.584 1.012 <0.001 

Curing age 1 60.48 60.48 38.65 0.082 

Replacement x Age 3 6.88 2.94  1.878 < 0.001 

Residual 16 25.04 1.565 

Total 23 97.16 4.23 

       R Squared = 0.742 (Adjusted R Squared = 0.630) 
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Based on the results, μo1and μo3 can be rejected as the P-value < 0.05. As the P-value for  

the interaction effects of replacement to water to cement ratio < 0.001, the effect of  

different levels of replacement depends on the curing ages. i.e., there is a statistically 

significant interaction between replacement and water-to-cement ratio. 

The statical analysis result shows the multiple comparisons between levels of 

replacement and curing age on the average water absorption indicates that a 20% 

replacement level on a curing age of 28th day produces lower water absorption (23.92%) 

than the control mixes and the analysis shows that above 20% replacement on curing age 

would affect the water absorption properties of the concrete. 
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5. Conclusion and recommendation 

5.1.Conclusion 

The main objective of the study was to investigate the effect of the partial replacement of 

cement with POFA on foamed concrete mechanical properties.  In the thesis,  the 

physical and chemical property of palm oil ash is determined by different practical 

standards.  

From the test results and discussion, the following results are driven. 

 POFA can be classified as a class C pozzolanic material since the percentage sum of 

silicate, aluminate, and ferrite is more than 50%. Therefore, it can be used as a cement 

additive material. 

 As the percentage of  POFA  in cement paste increases,  the workability decreases. 

 Concrete slump table flow decreases as the percentage of replacement of cement with 

POFA  decreases. 

 The compressive strength increase observed up to a 20% replacement as compared with 

the control mix and beyond 20% the compressive strength starts declining. 

 The tensile strength increases until a 20% replacement of POFA replacement and a 30% 

replacement goes to a 9.5% splitting tensile strength reduction as compared with the 

control mix. 

 For the optimal mix chosen the water absorption decreases for all percent of POFA 

replacement for the 28
th

-day test, but for the 7
th

-day test, the water absorption has no 

significant impact. When water absorption increased the quality of foam concrete 

decreased. 

In general,  using palm oil fuel ash to replace parts of the cement could assist overcome 

constraints and issues related to cement's cost, energy, and demand,  in addition to having 

positive effects on the environment. 
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5.2.Recommendations 

The following areas of study shall be investigated regarding the topic of the research: 

 Further study is recommended to check the effect of adding fibers on foam 

concrete that can be used structurally. 

 The effect of durability where cement is blended with palm oil fuel ash needs to 

be investigated. 

 Further investigation is recommended on the mix design proportion of structural 

foam concrete. 

 Further health impact study is recommended on foam concrete and POFA waste 

mix. 

 Further investigation is recommended on the proportioning of a foaming agent to 

increase the workability of the POFA foamed concrete mix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 

 

REFERENCES 

1. Andrew RM(2018). Global CO2 Emissions from Cement Production. Earth 

System Science   Data.;10(1):195-217. 

2. Al-Mansour A, Chow CL, Feo L, Penna R, Lau D(2019). Green Concrete: By-

products Utilization and Advanced Approaches. Sustainability.;11(19):5145. 

3. Akadiri PO, Chinyio EA, Olomolaiye PO(2012). Design of a Sustainable 

Building: A Conceptual Framework for Implementing Sustainability in the 

Building Sector. Buildings.;2(2):126-52. 

4. Zhang L, Li S, Yang S, Zhang Q (2018). Research on the Mechanical Properties 

of Hard Rock. IOP Conference Series: Materials Science and Engineering; IOP 

Publishing. 

5. Waheed, A., Arshid, M. U., Mehboob, S., Ahmed, A., & Sultan, T. (2019).   

Preparation of Low-Cost Foam Concrete Using Detergent. Technical 

Journal, 24(04), 1-7.  

6. Dash MK, Patro SK, Rath AK(2016). Sustainable Use of Industrial-waste as 

Partial Replacement of Fine Aggregate for Preparation of Concrete–A Review. 

International Journal of Sustainable Built Environment;5(2):484-516. 

7. Olutoge FA, Quadri HA, Olafusi OS(2012). Investigation of the Strength 

Properties of Palm Kernel Shell Ash Concrete. Engineering, Technology & 

Applied Science Research.;2(6):315-9. 

8. Fadele OA, Ata O(2016). Compressive Strength of Concrete Containing Palm 

Kernel Shell Ash. Valorisation of Industrial By-products for Sustainable Cement 

and Concrete Construction.;69. 

9. Swaroopa R, Tejaanvesh M. (2015) Performance of High-strength Concrete 

Using Palm Oil Fuel Ash as Partial Cement Replacement. Int. Journal of 

Engineering Research and Applications.;5(4):08-12. 

10. Obidzinski K, Andriani R, Komarudin H, Andrianto A (2012). Environmental and 

Social Impacts of Oil Palm Plantations and their Implications for Biofuel 

Production in Indonesia. Ecology and Society.;17(1). 

11. Munir A (2015). Utilization of Palm Oil Fuel Ash (POFA) in Producing 

Lightweight Foamed Concrete for Non-structural Building Material. Procedia 

Engineering.;125:739-46. 

12. Bamaga S, Hussin M, Ismail MA(2013). Palm Oil Fuel Ash: Promising 

Supplementary Cementing Materials. KSCE Journal of Civil 

Engineering.;17(7):1708-13. 

13. Altwair N, Kabir S, Brameshuber W, editors(2010). Palm oil fuel ash (POFA): an 

Environmentally Friendly Supplemental Cementitious Material for Concrete 

Production. International Conference on Material Science and 64th RILEM 

Annual Week, Aachen. 

14. Awal AA, Hussin MW(1997). The Effectiveness of Palm Oil Fuel Ash in 

Preventing Expansion due to Alkali-silica Reaction. Cement and Concrete 

Composites.;19(4):367-72. 

15.  Hariz M, Muthusamy K, Othman R, Zamri NA, Nazrin M, Mohd N.       (2016) 

Workability and Strength Performance of Foamed Palm Oil Waste Concrete. 



47 

 

16. Ramamurthy K, Nambiar EK, Ranjani GIS(2009). A Classification of Studies on 

Properties of Foam Concrete. Cement and Concrete Composites.;31(6):388-96. 

17. Zulkarnain F, Ramli M(2008). Durability Performance of Lightweight Aggregate 

Concrete for Housing Construction. Proceedings from ICBEDC.;8:541-51. 

18. Kavitha D, Mallikarjunrao K(2018). Design and Analysis of Foam Concrete. Int J 

Eng Trends Appl.;5:113-28. 

19. Amran YM, Farzadnia N, Ali AA(2015). Properties and Applications of Foamed 

Concrete; A Review. Construction and Building Materials.;101:990-1005. 

20. Kamaruddin S, Goh WI, Jhatial A, Lakhiar M (2018). Chemical and Fresh State 

Properties of Foamed Concrete Incorporating Palm Oil Fuel Ash and Eggshell 

Ash as Cement Replacement. International Journal of Engineering and 

Technology.;7:350-4. 

21. Awang H, Al-Mulali MZ, Khalil HA, Aljoumaily Z, editors(2014). Utilization of 

Oil Palm Ash in Foamed Concrete. MATEC Web of Conferences; EDP Sciences. 

22. Ma’aruf A, Abba S, Nuruddeen M(2017). Self-compacting Concrete, A Review. 

International Journal of Innovative Technology and Exploring 

Engineering.;6(8):1-7. 

23. Egbe, J. G., Emmanuel, S. U., Ekei, E., Bassey, G. I., & Enang, P. O. (2019). 

Evaluation of POFA on the Mechanical Properties of Concrete. East African 

Scholars J Eng Comput Sci, 2.Arminda W, Awang H(2017). Preliminary Study 

on the Effect of the Inclusion of Palm Oil Fuel Ash (POFA) in Foamed Concrete 

on Compressive Strength and Porosity. ARPN Journal of Engineering and 

Applied Sciences.;12:4777-81. 

24. Arminda W, Awang H(2017). Preliminary Study on the Effect of the Inclusion of 

Palm Oil Fuel Ash (POFA) in Foamed Concrete on Compressive Strength and 

Porosity. ARPN Journal of Engineering and Applied Sciences.;12:4777-81. 

25. Mydin MO(2016). Experimental Investigation of Axial Compressive Strength of 

Lightweight Foamed Concrete with Different Additives. Jurnal Teknologi.;78(5). 

26. Awang H, Al-Mulali M. (2016)Strength of Sieved Only Oil Palm Ash Foamed 

Concrete. Int J Eng Technol.;8:354-7. 

27. Hadi FA, Awang H, Almulali MZ(2015). The Effect of Oil Palm Ash 

Incorporation in Foamed Concrete. Jurnal Teknologi.;75(5). 

28. Awal, A. A. A. A. A., & Hussin, M. H. M. (2009). Strength, Modulus of 

Elasticity and Shrinkage Behaviour of POFA Concrete. Malaysian Journal of 

Civil Engineering, 21(2). 

29. Sata V, Jaturapitakkul C, Kiattikomol K(2007). Influence of Pozzolan from 

Various By-product Materials on Mechanical Properties of High-strength 

Concrete. Construction and Building Materials.;21:1589-98. 

30. Bamaga SO, Ismail MA, Hussin MW(2010). Chloride Resistance of Concrete 

Containing Palm Oil Fuel Ash. Concrete Research Letters. ;1:158-66. 

31. Akers DJ, Gruber RD, Ramme BW, Boyle MJ, Grygar JG, Rowe SK, et al(2003). 

Guide for Structural Lightweight-aggregate Concrete. ACI 213R-03 American 

Concrete Institute (ACI), Michigan. 

32. Song Y, Lange D(2019). Crushing Behavior and Crushing Strengths of Low-

density Foam Concrete.  



48 

 

33. Bamaga S, Hussin M, Ismail M(2013). Palm Oil Fuel Ash: Promising 

Supplementary Cementing Materials. KSCE Journal of Civil Engineering. 

2013;17. 

34.  Tjaronge, M. W., Irmawaty, R., & Amiruddin, A. A. (2022, December). Early 

Age of Volume Weight, Indirect Tensile Strength, and Tensile Elastic Modulus of 

Foam Concrete Containing Blended Cement. In IOP Conference Series: Earth and 

Environmental Science (Vol. 1117, No. 1, p. 012025). IOP Publishing. 

35. Kumar, N., Kumar, R., Nirola, B. S., & Jaiswal, A. (2023). Numerical Analysis of 

a Dual-layer Geosynthetic-encased Stone Column Installed in Soft Soil. Advances 

in Civil Engineering, 2023. 

36. Ayyanar, D., Puvaneshwaran, J. N., Vipurajan, E., Hameed, M. S., & Jeyaseela, J. 

(2023). Experimental Investigation on Strength Properties of Foam Concrete. East 

Asian Journal of Multidisciplinary Research, 2(4), 1517-1528. 

37. Fitsum Nigussie (2017 March 24), Analysis of Mechanical Properties of Cellular 

Lightweight Concrete Containing Bagasse Ash Addis Ababa.         

38.  Bayapureddy, Y., Muniraj, K., & Mutukuru, M. R. G. (2020). Sugarcane Bagasse 

Ash as a Supplementary Cementitious Material in Cement Composites: Strength, 

Durability, and Microstructural Analysis. Journal of the Korean Ceramic 

Society, 57, 513-519. 

39. Becerra-Duitama, J. A., & Rojas-Avellaneda, D. (2022). Pozzolans: A 

Review. Engineering & Applied Science Research, 49(4) 

40. ACI 523.1 R-06.” Guide for Cast in Place Low-density Cellular Concrete,’ 

Reported by ACI Committee 523,2006.  

41. G. Indu Siva Ranjan (APRIL 2011), Building Technology and Construction 

Management Division Department of Civil Engineering Indian Institute of 

Technology Madras Chennai 600 036. 

42. Yigrem, Tadele & Abegaz, Kassahun & Worku, Begashaw & Tesfaw, Dagmawi. 

(2023). Experimental Investigation on the Utilization of Marble and Scoria 

Powder as Partial Replacement of Cement in Concrete Production. Advances in 

Civil Engineering. 2023. 13. 10.1155/2023/2279535. 

43. Hong, W. C., Mohammed, B. S., Abdulkadir, I., & Liew, M. S. (2023). Modeling 

and Optimizing the Effect of palm Oil Fuel Ash on the Properties of an 

Engineered Cementitious Composite. Buildings, 13(3), 628. 

 

 

 

 

 

 



49 

 

APPENDICES 

APPENDIX  A:  TEST FOR CEMENT 

Item 

No. 
Description 

Test 

result 

1 The fineness of cement (cm
2
/gm) 2850 

2 Specific gravity 3.15 

3 
Normal consistency 

test 

Water to cement ratio(%) 27 

Water (gm) 135 

Penetration (mm) 10 

4 Setting time 
Initial setting time (min) 75 

Final setting time (min) 290 

 

APPENDIX B: TEST FOR FINE AGGREGATE 

B-1: Moisture content 

Based on ASTM C 566 recommendation and procedure the sample of aggregate 

percentage of evaporable moisture is determined by drying both surface moisture and 

moisture in the pores of the aggregates. 

Weight of original sample + weight of container = 545g 

Weight of container = 45g 

Weight of original sample(A) = 500g 

Weight of oven-dried sample(B) =488.5 

   Moisture content = 
   

 
 *100% 

         Moisture content = 
         

     
 *100% 

          Moisture content = 2.35% 

The water amount for the mix would be adjusted or subtracted from the water required 

for the mix design. 
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B-2: Finess modulus and gradation test 

An aggregate grading test was done using ASTM C 136, which is aggregates having a 

particle size that can pass through 4.75mm can be considered as a fine aggregate. ASTM 

C 33, was also used to consider the overall aggregate requirement and a remark was made 

on the test result. 

   SAMPLE TAKEN = 500gm    

      

Sieve 

size 

(mm) 

weight 

of 

sieve 

(g) 

Weight 

of        

sieve + 

sample  

(g)  

Weight 

of 

retained   

(g) 

Percent 

retained 

Cumulative 

% 

 retained     

Percent 

Passing 

ASTM 

C33 

standard 

passing 

range        

(%) 

Rem 

ark 

4.75 306.90 306.00 0.00 0.00 0.00 100.00 95-100 ok 

2.36 332.00 360.00 28.00 5.62 5.62 94.38 80-100 ok 

1.18 278.10 347.90 69.80 14.01 19.63 80.37 50-85 ok 

0.60 274.40 413.20 138.80 27.86 47.49 52.51 25-60 ok 

0.30 258.80 447.60 188.80 37.90 85.39 14.61 5 - 30 ok 

0.15 265.80 326.60 60.80 12.20 97.59 2.41 0-10 ok 

0.075 252.20 260.50 8.30 1.67 99.26 0.74 0 - 5 ok 

pan 314.90 318.60 3.70 0.74 100.00 0.00 0 ok 

  

Total mass =   498.2 

 
255.72 

   

  
% Difference = 0.36% 

     

     

FM= 255.72/100 = 2.56, 

OK! (ASTM limit 2.3–3.1) 
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B-3: Unit weight of fine aggregate 

Unit weight can also say weight per unit volume or bulk density that can be used in 

concrete production and the quantity incorporates the aggregate weight and the voids 

between them. The test is conducted using ASTM C 29 recommendation and provides the 

result that ranges from 1280kg/m3 to 1920kg/m3. This value is important in concrete 

mixture design and provides concrete with compaction contribution in construction 

practices.  

 

Description Variable Observation and result 

Weight of measure A 4.66kg 

Weight of measure + sample B 15.395kg 

Volume of measure C 0.0072m
3
 

Unit weight =   
       

 
   1,490.97 kg/m

3
 

Weight of measure + sample = 15.395kg 

Weight of measure = 4.66kg 

Net weight of aggregate = ( weight of measure + content ) – weight of measure 

                                        = 15.395 – 4.66 = 10.735 kg 

                      The volume of measure = 
   

 
 * h 

                                                               d = 0.205m and  h= 0.217m 

                                Volume of measure = π* 
      

 
*0.217=0.0072m

3 

Unit weight of fine aggregate = 
                       

                 
 = 

        

         = 1,490.97 kg/m
3 
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B-4: Specific gravity and water absorption capacity 

The test was conducted based on ASTM C 128, and the relative density ranges between 

2.30 and 2.90, the water absorption value below 4% is considered to be used in concrete 

production. 

Description Variable 
Observation and 

result 

Weight of saturated and surface dry aggregate sample 

 

A 500g 

Weight of water + weight of pycnometer 

 

B 1597g 

weight of pycnometer + sample+water 

 

C 1914.5g 

Weight of oven-dry sample 

 

D 486.5g 

Bulk specific gravity(SSD) = 
 

        
 = 

   

                  
 = 2.74 

Water absorption, % = 
   

 
     = 

         

     
 * 100 = 2.78 

 

The results confirmed that the 2.74 is between a range of 2.30 and 2.90 and the water 

absorption is 2.78% which is below 4%. 

B-5: Silt content of the  fine aggregate 

The silt content of the sand used in this research was determined using ASTM C 117, it 

includes the determination of the amount of material finer than 0.075mm sieve in 

aggregate by washing the sand. 

Weight of sample, A = 500gm 

Dry mass of the sample after washing, B = 488gm 

Silt content = 
   

 
* 100 

Silt content, %  = 
       

   
 * 100 =  2.4% 
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ASTM  C  33,  focuses on the overall aggregate requirements and for concrete subjected 

to abrasion, the limit on the amount of finesse allowed in the aggregate is 3%, 5% for fine 

aggregate used in any other concrete but for crushed sand limit increased up to 5% to 7%. 

APPENDIX C: MIX DESIGN 

Foam concrete is one of the types of lightweight aggregate concrete type concrete and has 

no standard mix ratio but trial and error. As a reference mix, the mix proportion from the 

ACI 117 M58 publication research paper was used. From the research paper, the quantity 

of the constituent for 1m
3
 volume of foam concrete becomes:- 

cement    

to        

sand    

ratio 

water        

to        

cement     

ratio 

cement  

content,    

kg 

sand,      

kg 

water,            

kg 

foam     

agent,     

L 

water 

for 

foam,       

L 

1:1 0.4 666.67 666.67 164.4 2.67 88.89 

 

Three different water–to–cement ratios 0.35, 0.4, and 0.45 were tested as a trial batch for 

compressive, splitting tensile, and water absorption tests for 7, 28, and 90 days. 

Mix       

No. 

cement      

to           

sand      

ratio 

water        

to        

cement     

ratio 

cement  

content,    

kg 

sand,      

kg 

water,            

kg 

foam     

agent,     

L 

water 

for 

foam,       

L 

1
st
 1 to1 0.35 666.67 666.67 143.85 2.67 88.89 

2
nd

 1 to1 0.4 666.67 666.67 164.4 2.67 88.89 

3
rd

 1 to1 0.45 666.67 666.67 184.95 2.67 88.89 
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For     W : C = 0.40  water = 164.4kg  

For     W : C = 0.35   water became = 143.85 kg 

And also for W : C = 0.45 water became = 184.95 kg 

Quantity of Materials Used 

1. For compression test 

The volume of one specimen Vone, = π 
  

 
*h = 3.14*(0.1)

2
*0.2/4= 0.00157m

3 

15% volume loss considered = 0.15*0.00157 =0.0002355 

Vtotal= Vone + V15% = 0.00157 + 0.0002355= 0.0018 m
3 

For 0% POFA the amount of materials used = 27*0.0018 m
3 

= 0.0486m
3
 

Cement = Sand = 666.67kg*0.0486m
3
 /1m

3
= 32.400kg 

Foam Agent = 2.67L*0.0486m
3
 /1m

3
= 0.130L 

Water for first trial  =  143.85kg*0.0486m
3
 /1m

3
= 6.991kg 

Water for second trial  =  164.4kg*0.0486m
3
 /1m

3
= 7.990kg 

Water for third trial  =  143.85kg*0.0486m
3
 /1m

3
= 6.991kg 

  

POFA 

No 

specimen 

tested 

The 

volume 

of foam 

concrete, 

m
3
 

cement, 

kg 

POFA,    

kg 

Sand,     

Kg  

Foaming 

agent,       

L 

quantity of water 

needed, Kg 

1
st
 2

nd
 3

rd
 

0 9 9 9 0.0486 32.40 0 32.4 0.13 6.99 7.99 6.99 

10 9 9 9 0.0486 29.16 3.24 32.4 0.13 6.99 7.99 6.99 

20 9 9 9 0.0486 25.92 6.48 32.4 0.13 6.99 7.99 6.99 

30 9 9 9 0.0486 22.68 9.72 32.4 0.13 6.99 7.99 6.99 

     110.16 19.44 129.60 0.52 27.96 31.96 27.96 
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2. For the tensile splitting strength test 

The amount of material calculation for the water-to-cement ratio of 0.40 or for the second 

trial on the 28
th

 and the 90
th

 day was done. 

The volume of one specimen Vone, = π 
  

 
*h = 3.14*(0.15)

2
*0.3/4= 0.0053m

3 

15% volume loss considered = 0.15*0.0053 =0.000795 

Vtotal= Vone + V15% = 0.000795+ 0.0053= 0.0061 m
3 

For 0% POFA the amount of materials used = 6*0.0061 m
3 

= 0.0366m
3
 

Cement = Sand = 666.67kg*0.0366m
3
 /1m

3
= 24.400kg 

Foam Agent = 2.67L*0.0366m
3
 /1m

3
= 0.095L 

Water for second trial  =  164.4kg*0.0366m
3
 /1m

3
= 6.017kg 

 

%  

POFA 2
nd

 

The 

volume 

of foam 

concrete, 

m
3
 

cement, 

kg 

POFA,    

kg 

Sand,     

Kg  

Foaming 

agent,       

L 

quantity 

of water 

needed, 

Kg 

0 6 0.0366 24.40 0 24.40 0.095 6.017 

10 6 0.0487 21.96 2.44 24.40 0.095 6.017 

20 6 0.0487 19.52 4.88 24.40 0.095 6.017 

30 6 0.0487 17.08 7.32 24.40 0.095 6.017 

   
82.96 14.64 97.60 0.38 24.07 

 

3. For the water absorption test 

The amount of material calculation for the water-to-cement ratio of 0.40 or the second 

trial on the 28
th

 and the 90
th

 day was done. 

Volume of one specimen Vone, = L*D*H = .1*.1*.1= 0.001m
3 

15% volume loss considered = 0.15*0.001 =0.00015 

Vtotal= Vone + V15% = 0.00015+ 0.001= 0.00115 m
3 
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For 0% POFA the amount of materials used = 6*0.00115 m
3 

= 0.0069m
3
 

Cement = Sand = 666.67kg*0.00115m
3
 /1m

3
= 0.77kg 

Foam Agent = 2.67L*0.0366m
3
 /1m

3
= 0.0031L 

Water for second trial  =  164.4kg*0.0366m
3
 /1m

3
= 0.189kg 

%  

POFA 2
nd

 

The 

volume 

of foam 

concrete, 

m
3
 

cement, 

kg 

POFA,    

kg 

Sand,     

Kg  

Foaming 

agent,       

L 

quantity 

of water 

needed, 

Kg 

0 6 0.00115 0.77 0 0.77 0.0031 0.189 

10 6 0.00115 0.693 0.077 0.77 0.0031 0.189 

20 6 0.00115 0.616 0.154 0.77 0.0031 0.189 

30 6 0.00115 0.539 0.231 0.77 0.0031 0.189 

   
2.618 0.462 3.08 0.0124 0.756 
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APPENDIX D:   TEST RESULTS FOR COMPRESSIVE, SPLITTING    TENSILE 

STRENGTH, AND, WATER ABSORPTION 

D-1: Test results for compressive strength  

Test type 

No 

of 

trial

s 

Test 

date 

POFA 

replace

ment, 

% 

Weight     

(g) 

Failur

e       

load 

(KN) 

Compressiv

e strength 

(Mpa) 

Average 

compressiv

e strength 

(Mpa) 

Compressiv

e strength 
1

st
 

7th 

0 

3068.00 86.90 11.07 

10.61 3032.00 85.96 10.95 

2994.50 77.09 9.82 

10 

3098.00 103.15 13.14 

10.04 3085.00 70.57 8.99 

3083.00 62.72 7.99 

20 

2998.00 86.86 11.32 

10.36 2987.00 84.85 10.81 

3041.00 70.34 8.96 

30 

2908.50 68.06 8.67 

8.16 2891.60 65.86 8.39 

2880.50 58.33 7.43 

28th 

0 

3157.00 91.53 11.66 

12.68 3089.70 101.50 12.93 

3163.00 105.66 13.46 

10 

3120.00 92.08 11.73 

13.08 3145.00 102.76 13.09 

3263.00 113.12 14.41 

20 

3065.00 100.24 12.77 

15.21 2998.47 127.33 16.22 

3078.00 130.71 16.65 

30 

2989.00 97.58 12.43 

10.42 2879.60 77.95 9.93 

3068.00 69.79 8.89 

 

 



58 

 

 

Test 

type 

No 

of 

trials 

Test 

date 

POFA 

replacement, 

% 

Weight     

(g) 

Failure       

load 

(KN) 

Compressive 

strength 

(Mpa) 

Average 

compressive 

strength 

(Mpa) 

    90th 

0 

3314.62 115.94 14.77 

15.91 3149.70 126.93 16.17 

3198.10 131.72 16.78 

10 

3274.00 98.13 12.50 

15.26 3287.00 127.09 16.19 

3157.32 134.16 17.09 

20 

3198.98 127.3 16.22 

16.20 3207.10 135.02 17.20 

3245.00 119.32 15.20 

30 

3157.90 116.81 14.88 

14.07 317.20 112.10 14.28 

3258.70 102.52 13.06 

  2
nd

 7th 

0 

3060.00 95.77 12.20 

10.44 3058.98 82.11 10.46 

2988.50 68.14 8.68 

10 

3088.00 75.60 9.63 

10.80 3142.70 85.33 10.87 

3063.00 93.42 11.90 

20 

2989.00 81.71 10.41 

11.64 3047.10 89.33 11.38 

2984.00 103.07 13.13 

30 

2908.50 80.38 10.24 

8.53 2897.30 61.23 7.80 

2880.50 59.27 7.55 
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Test 

type 

No 

of 

trials 

Test 

date 

POFA 

replacement, 

% 

Weight     

(g) 

Failure       

load 

(KN) 

Compressive 

strength 

(Mpa) 

Average 

compressive 

strength 

(Mpa) 

    

28th 

0 

3250.00 73.16 9.32 

11.72 3098.00 97.10 12.37 

3160.00 105.82 13.48 

10 

3100.00 102.05 13.00 

13.77 3178.00 105.58 13.45 

3254.00 116.65 14.86 

20 

3120.00 115.08 14.66 

15.62 3076.80 124.03 15.80 

3058.00 128.74 16.40 

30 

3030.00 87.06 11.09 

10.76 2945.54 82.89 10.56 

3074.00 83.36 10.62 

90th 

0 

3347.8 96.16 12.25 

14.96 3178.2 125.13 15.94 

3214.8 130.94 16.68 

10 

3187.2 124.19 15.82 

16.59 3212.65 128.19 16.33 

3291.23 138.24 17.61 

20 

3148.7 124.66 15.88 

16.85 3174 133.53 17.01 

3147 138.71 17.67 

30 

3214 91.85 11.70 

12.79 3078 100.48 12.80 

3178 108.80 13.86 
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Test type 

No 

of 

trial

s 

Tes

t 

dat

e 

POFA 

replaceme

nt, % 

Weight     

(g) 

Failur

e       

load 

(KN) 

Compressi

ve strength 

(Mpa) 

Average 

compressiv

e strength 

(Mpa) 

Compressiv

e strength 
3

rd
 

7th 

0 

3045.00 83.21 10.60 

10.19 3003.40 84.78 10.80 

2965.50 71.98 9.17 

10 

3078.00 76.30 9.72 

9.88 2987.00 75.05 9.56 

3058.00 81.33 10.36 

20 

2987.00 68.61 8.74 

9.47 3028.30 72.53 9.24 

2979.00 81.95 10.44 

30 

2970.30 64.29 8.19 

7.45 2978.30 61.54 7.84 

2872.50 49.61 6.32 

28t

h 

0 

3198.00 77.87 9.92 

11.46 3958.63 90.43 11.52 

3154.00 101.58 12.94 

10 

2987.00 93.57 11.92 

11.51 3045.80 96.47 12.29 

3225.00 81.09 10.33 

20 

3120.00 124.66 15.88 

14.67 2987.98 112.57 14.34 

3035.00 108.33 13.80 

30 

3027.00 90.43 11.52 

10.30 3147.40 80.54 10.26 

3063.00 71.67 9.13 

 

 

 



61 

 

 

Test 

type 

No 

of 

trials 

Test 

date 

POFA 

replacement, 

% 

Weight     

(g) 

Failure       

load 

(KN) 

Compressive 

strength 

(Mpa) 

Average 

compressive 

strength 

(Mpa) 

    90th 

0 

3879.2 89.57 11.41 

13.00 3478.2 103.62 13.20 

3457.9 112.96 14.39 

10 

3741.8 117.59 14.98 

14.87 3578.2 130.94 16.68 

3587.2 101.74 12.96 

20 

3744.8 126.30 16.09 

14.69 3578 114.92 14.64 

3589.3 104.72 13.34 

30 

3634.8 90.35 11.51 

12.14 3745.5 110.29 14.05 

3675.6 85.25 10.86 

 

 

 

 

 

 

 

 

 

 

 



62 

 

D-2: Test Results for Splitting Tensile Strength  

Test 

type 

No 

of 

trials 

Test 

date 

POFA 

replacem

ent, % 

Weight     

(g) 

Failure 

load 

(KN) 

Splitting 

tensile 

strength 

(Mpa) 

Average 

splitting 

tensile 

strength 

(Mpa) 

Tensile 

splitting 

strength 

2
nd

 

28th 

0 

9624.5  124.34  11.9 

13.80 9718.08 135.65 14.6 

9724.72 132.80 14.9 

10 

9690 122.93 12.3 

13.2 9589.3   135.65 12.8 

9630 133.50 14.5 

20 

9611 121.52 13.8 

12.3 9587.0  119.40  13.0 

9707.76 157.55 10.7 

30 

9619.3 111.60 16.4 

14.5 9602.5  121.50  12.8 

9655.4 122.93 14.3 

90th 

0 

9717.3 130.00 11.9 

12.7 9587.4  135.65  12.8 

9691.8 137.00 13.4 

10 

9673.5 126.50 10.7 

11.8 9609.5  129.30  12.3 

9544.5 135.65 12.4 

20 

9599.7 135.65 10.2 

10.3 9548.5   132.80 9.4 

9572 144.83 11.3 

30 

9665.1 114.50 14.2 

13.8 9598.4  111.63  12.8 

9656 114.83 14.1 

 

 

 

 



63 

 

 

D-3: Test Results for Water Absorption 

Curin

g age 

% 

replacemen

t 

Specime

n 
A B SSD 

Water 

absorptio

n 

Average 

water 

absorptio

n 

7th 

0 

1 1886.5 1884 2108.2 11.9 

12.4 2 1964 1959 2245.0 12.7 

3 2041 2034 2037.0 12.6 

10 

1 1723 1734 1947.3 10 

10.8 2 2017 2021 2279.7 8.9 

3 2098 2109 2414.8 13.5 

20 

1 1934.5 1942 2210 12.4 

11.7 2 1904 1912 2194.5 11 

3 1902 1918 2123.2 11.7 

30 

1 1951 1935 2252.3 12.4 

12.2 2 1846 1835 2069.9 13 

3 1924 1914 2187.7 11.2 

28th 

0 

1 1905.2 1915 2142.9 12 

13.9 2 1952.7 1909 2153.4 13.5 

3 2026.9 1922 2179.6 16.2 

10 

1 1705.2 1876 2076.7 15.2 

14.5 2 2009.6 1924 2160.7 13.7 

3 2177.9 1917 2154.7 14.6 

20 

1 1935.1 1897 2090.5 15.4 

14.8 2 1866.5 1884 2061.1 14.2 

3 1937.5 1909 2124.7 14.8 

30 

1 1930.5 1912 2183.5 16.5 

16.1 2 1844.7 1872 2111.6 15.9 

3 1913 1931 2203.3 15.9 
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APPENDIX E: CHEMICAL COMPOSITION OF PALM OIL FUEL ASH 
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APPENDIX F: SUPPORTING LETTERS 

To: phiBela edible oil industry 
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To : WA edible oil factory 
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SELECTED PHOTOS 
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