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PREFACE 
 

 
We proudly present the third proceeding of civil engineering research work by our final year students from the School of 
Civil Engineering, University Teknologi Malaysia Session 2017/2018. These students had undergone two semesters of final 
year project where literature reviews were carried out and proposals were prepared during the first semester while the 
research projects were executed and final year project reports were written up during the second semester. Each of the 
completed research project was presented by the student before a panel consisted of academic staffs that are well versed in 
the particular research area, together with a representative from the industry. The final year project presentation that was 
held on the 3rd and 4th of June 2018 allowed the dissemination of knowledge and results in theory, methodology and 
application on the different fields of civil engineering among the audience and served as a platform where any vague 
knowledge was clarified and any misunderstood theories, procedures and interpretation of the research works were 
corrected. 
 
All accepted technical papers here have been submitted to a peer-review process by a panel of expert referees, and selected 
based on the author’s passion in contributing to the proceeding. We hope that the proceeding provides a broad overview of 
the latest research results on related fields. The articles of the proceeding are published in three volumes and are organized 
in broad categories as follows: 
 
Volume 1- Structure and Materials 
Volume 2- Construction Management, Geotechnics and Transportation 
Volume 3- Water and Environmental Engineering 
 
We would like to express our sincere gratitude to all the Technical Proceeding Committee members for their hard work, 
precious time and endeavor preparing for the proceeding. Last but not least, we would like to thank each and every 
contributing final year project students for their efforts and especially the academic staff who served as supervisors for their 
support and extra editing of the technical paper to ensure a good quality proceeding. 
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The Flexural Performance of Kenaf Fibrous Pulverize Fuel Ash (PFA) Concrete 
Beams 

Muhamad Farid Firdaus Mat Zalami1, Jamaludin Mohamad Yatim1*, Norazura Mizal 
Azzmi1, Hazlan Abdul Hamid1, Mohd Yunus Ishak1, Azmahani Abdul Aziz1 
1School of Civil Engineering, Faculty of Engineering, Universiti Teknologi Malaysia, Malaysia. 

*jamaludin@utm.my 

ABSTRACT. This paper is an outcome of an experimental study on the mechanical properties and the flexural performance of 
kenaf fibrous Pulverize Fuel Ash (PFA) concrete beams. A comparison of both Plain concrete (OPC) and Kenaf fibrous PFA 
concrete (KFPC) was made. KFPC mix was made of four different fiber contents (0.5%, 0.75%, 1.0% and 1.5%) and 
corresponding two different fiber length of 25 mm and 50 mm. The PFA was used at the percentage of 25% of the cement 
volume. The concrete mix proportion of grade 30 N/mm2 at 28 days was prepared for this study. A test on workability of the fresh 
mix, compressive strength, flexural strength, splitting tensile strength, and Ultrasonic Pulse Velocity (UPV) test on the hardened 
concrete was done and the results were recorded at curing age of 7,28 and 56 days. For beam test, KFPC concrete beams with 
optimum fibre length and volume fraction which is 50mm and 0.5 % respectively were tested under four point loading system 
continuously until failure. The Strain and Demec gauge were applied on the beam to measure the tensile strain of the beams. The 
study showed that the workability and density of the concrete is reduced due to the inclusion of kenaf fibre. A lower compressive 
strength was exhibited by KFPC as compared to OPC. Splitting tensile and flexural strengths of KFPC were however improved. 
The optimum fibre length and fibre volume fraction was established as 50 mm and 0.5%, respectively. The result also found that 
KFPC beams exhibited slightly lower bending performance but higher ductility as compared to OPC beam. The results obtained in 
this study indicated that kenaf fibre can be used as fibre reinforcement in concrete and beam structures. 

Keywords: flexural performance, kenaf fibers, tensile strength, bending performance, ductility. 

INTRODUCTION 

The high performance and green concrete is one of the best options in order to solve the environmental issues. Since tthis 
country start to expose with the earthquakes problem especially in Sabah and Sarawak peninsular, the need of the high 
performance concrete structure seem to be an important construction material to be used in the most of the construction within the 
high risk of earthquakes areas. Another major challenge in construction is the high production of carbon dioxide during the 
manufacture of the Portland cement. 

 
Problem Statement  

The construction of the structure in the earthquakes risk area need to be considered on both static and dynamic load.  The static 
load comes by its self-weight while the dynamic load is comes from the effect of the earthquakes. In the normal construction, the 
concrete is designed only to sustain static load but not for the dynamic load [1]. From the previous studies , there is a study of the 
use of PFA in order to increase the compressive strength [2] and the application of kenaf iber also may overcome the low tensile 
strength and brittleness problem in the concrete structure [3]. But there is no detail data for the flexural behavior of the kenaf 
fibrous PFA concrete structure. 

The aim of this study is to obtain the effect of the fibre and fly ash combination on the beam structure for both compressive 
and tensile properties. Preliminary study shows that the certain amount fiber and fly ash can gives the best implication on the 
beam structure. The specific fiber content need to be obtained before proceeding to the beam design process through the 
mechanical properties testing mechanism. The great combination between fiber and fly ash is expected to give a best properties to 
create a high performance concrete structure. 

 
Objectives  
Generally, the main objective is to investigate the effect of the application of Kenaf fiber and Pulverise Fuel Ash (PFA) on the 
behavior of the concrete beams. Therefore, the specific objective of the study are: 
 

1. To investigate compressive, tensile and bending properties of Kenaf fibrous PFA concrete; 
2. To identify the optimum fiber content of Kenaf fibrous PFA concrete, and; 
3. To analyse flexure performance of kenaf fibrous PFA concrete beams with the optimum fibre content under static load. 

 
Scope of Study  

This study is focusing on the application of the fibre and PFA in a concrete material. The application of the fibre in 
construction is one of the significant way to solve the low tensile strength in the concrete structure. Usually, the latest application 
of the fibre in concrete is by using synthetic fibre type such as glass and steel seem to be a good problem solving mechanism but 
these synthetic fibre have a high cost in preparing and purchasing cost.  

There is a demand by Department of Environment (DoE) to improve the concrete quality and sustainability development at the 
same time. So, the natural fibre is the perfect solution to solve both issues. Some previous studies about the application of the 
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natural fibre shows a positive result where the natural fibre also have a good properties to replace the synthetic fibre in the 
construction. 

This study involve two main phases which is mechanical properties such as compressive, indirect tensile and flexural strength 
and application of kenaf fibrous PFA at the optimum fiber content on concrete beam to identify the effect on beam behavior. 

LITERATURE REVIEW 

Construction industry is one of main sector in developed country and concrete is undoubtedly the most widely used 
construction material in the world [4].As the development occurs, the most concern in construction industry is the environmental 
issue which is the application of non-renewable resources and emission of carbon dioxide to the environment. This is an important 
issue as carbon dioxide is one of the greenhouse gas which causing the climate changes and global warming resulting to rise in sea 
level [5,6].In order to solve these issues, the construction industry has obliged by European Union to reduce the raw material 
consumption up to 30% and reduce wastage production to 40% [6]. 

As concrete are the most commonly used material in construction industry, the needs to replace cement with other materials to 
reduce the emission of carbon dioxide. Fortunately, a waste product such as fly ash can replace the certain amount of cement on 
concrete mix. Fly ash undoubtedly the most suitable replacement material for cement as fly ash can increase the later strength of 
concrete. Thus increase the durability and ductility of concrete structure. This will prevent steel bar form corrosion and 
infrastructure deterioration. 

Another problem of concrete is they have high compressive strength but low in tensile strength. So the reinforcement are 
needed to solve this problem. Usually, steel bar are used as reinforcement integrating with regular concrete but there are other 
alternative to replace steel bar which is using fibre. Although synthetic fibres such as polyvinyl alcohol and polypropylene were 
consider as other alternative for steel bars, the disadvantages of synthetic fibre are found to have a side effect such causing 
cancer[1,7,9]. This make natural fibre is better than synthetic fibre as it is cost effective and environmental friendly. Therefore, 
sustainability development is improved by the application of natural fibre in construction materials. 

Natural fibre is widely used in almost all industry such as sport equipment, automotive application and construction materials. 
It is because natural fibre has certain advantages compared to synthetic fibres such as biodegradable and free from health issue. 
The physical characteristic of natural fibre is depend on several factor such as structure and cellulose content, planting condition 
and method of extracting and storing the fibres [10,11]. All natural fibre are hydrophilic as natural fibre mainly contain cellulose 
or semi crystalline polysaccharide component composing a linear chain of anhydroglucose units, which encompass alcoholic 
hydroxyl groups [12]. 

In fact, natural fibre are environmental friendly as they are consider renewable and biodegradable material. It also free from 
health problem issues and the production of natural fibre are not less affecting toward the environment compared to glass fibres 
[3]. Kenaf (Hibiscus Cannabinus) is an herbaceous annual plant Kenaf 16. The kenaf plant can raises to heights of 3.5– 4.5 m 
within 4–5 months with annual fibre yields of 6 to 10 tons of dry fibre/acre. Natural fibre from kenaf has been used for years in all 
industry as it is renewable, recyclable and biodegradable. Kenaf have a good features and properties such as high mechanical 
tensile, high toughness and high modulus elasticity. The other specification of kenaf fibre are low density, low cost, less skin, less 
equipment abrasion and respiratory irritation, enhance energy recovery and vibration damping [13].  

The compressive test on the kenaf fibrous reinforced concrete (KFRC) was conducted for 23h and 28 days strength and the 
concrete behavior is compared with plain concrete. The result of the test shows that the compressive strength is decreases due to 
the increase of the water cement ratio for workability and also the presence of high volume of kenaf fibers in the concrete when 
the higher fibres content added [14]. The flexure strength test also conducted on KFRC prisms to measure their flexure strength as 
the result obtained that the addition of the kenaf fibers increases the flexural strength on the prism slightly [3]. 

PFA have a high potential as a fill, raw material and partial replacement for cement in concrete. On the other hand, 
replacement of cement with concrete also can reduce the carbon dioxide footprint of concrete thus besides reducing waste 
production, the application have their own positive impact on surrounding environment. The research on the effect of fly ash on 
concrete structure already been decades. The focus of the study is about the durability of the concrete containing fly ash. The 
major concern of the concrete structure is their durability and their ability to sustain an aggressive environment such as sulfate and 
chloride attack besides providing the better compressive strength for the concrete structure.[15].  

On the other hand, fly ash will provide a better compressive strength while the application of fiber on the concrete structure 
will provide extra tensile properties. So the combination of both fiber and fly ash on the concrete structure is th best combination 
in order to produce green, durable and ductile concrete structure. 

METHODOLOGY 

This research consisted of two key activities; physical and mechanical properties test, applying the optimum fiber content on 
the beam structure. 
 
Materials and methods 
      The experimental investigation was made on kenaf fibrous PFA concrete (KFPC) to obtain their physical and mechanical 
properties on order to decide the optimum composition of fibre for beam test. The geometrical length of kenaf used in this study 
was 25mm (1 inch) and 50mm (2 inches) and the volume fraction used in this experiment was 0.5%, 0.75%, 1.0% and 1.5%. The 
alkaline treatment was applied on kenaf fiber before used in the concrete mix. 
All specimens used in this experiment were cast and demoulded within 24 hours. The specimens used for the mechanical 
properties test were cured in water for a further 6, 27 and 56 days before testing. The determined optimum fiber length and fiber 



 
3 

 

content at 50mm and 0.5% was used in the concrete mix for the beam design to study effect of the application of KFPC on the 
structural behavior of beams. All beams were tested after 28 day of water curing. 
 
Materials 

In this experiment, kenaf fiber which initially long and curly provided from MARDI (Malaysian Agricultural Research and 
Development Institute) was treated by alkaline treatment and chopped into certain length before mixed into cement. Figure 1 and 
Table 1 presents the details of kenaf fiber. 

The Portland cement was used as binder. The coarse aggregate used were with size 10 mm and fine aggregate with size 4.75 
mm sieve passing. The water reducing admixture Rheobuild 1100 type also used in this experiment in order to improve the 
workability of the fibrous concrete. 

 
Figure 1: Kenaf fiber after treated and chopped. 

 
Table 1:  Physical, Mechanical and chemical characteristics of Kenaf fibres 

Physical and Mechanical Characteristic Chemical Composition 
Diameter (µm) 39.7-115.1 Cellulose (%) 31-57 
Density (g/cm3) 1.04-1.5 Hemicelluloses (%) 21-23 
Elastic modulus (GPa) 14-53 Lignin (%) 4.79-19 

 
Mix Proportioning, Test Program and Test Procedure 

The mix proportion of Kenaf fiber PFA concrete were developed according to DOI mix design standard with mean strength of 
30N/mm2 at 28 days. The mix was to compare the four different fibre volume fraction with two different fiber length. The 
physical and mechanical properties in this experiment were obtained by the compressive strength test of 100 x 100mm cube 
specimen as in BS 12390, Splitting tensile test was done using 100 Ø x 200 mm cylindrical specimen according to ASTM C496 
and the flexural test were done by using 100 x 100 x 500 mm according to ASTM C78. The mechanical properties were measure 
at 7, 28 and 56 days water curing. The fresh concrete were measured by slump accordance to BS En 12350-2. Table 2 shows the 
detailed design mix for this experiment. 

 
Table 2: Mix Proportions of KFPFAC 

Constituent material Proportion(kg/m3) 

Ordinary Portland Cement 
(ASTM Type2.0 I) 463 

Fine aggregate (River sand) 800.16 
Coarse aggregate (Crushed 

granite) 
 

866.84 
Potable Water 250 

Kenaf Fibre (0.5%, 0.75%, 1%, 
1.5% by volume) 6, 9, 12, 18 

Super plasticizer (1%)  
Fly Ash (25%)  

  
Preparing and Testing The KFPC Concrete Beams 
      The optimum fiber length and volume fraction from the physical and mechanical properties were obtained and used for the 
flexural beam test. The four point load test were test on beam for four different mix composition which is normal concrete beam, 
kenaf fibrous beam, fly ash concrete bean and kenaf fiber PFA concrete beam. The flexural of beam measured by using Strain 
gauge and Demec gauge. 
       The strain gauge were attached on the reinforcement bar inside, on the surface and at the bottom of the beam to obtain the 
internal tensile strain of the beam and concrete tensile strain respectively. The Linear Voltage Displacement Transducer (LVDT) 
also were placed at the center of the beam and at the location of the Demec gauge in order to measure the vertical deflections. The 
load cell was also placed at the center of the beam to compute the amount of load. The transducer and load cell were connected to 
data logger. The beam was then loaded until it failed. 
 

 
Figure 2:  The four point load testing setting on the concrete beam structure 
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RESULTS AND DISCUSSION 

Result of Fresh OPC, PFAC and  KFPC properties 
        The properties of fresh OPC, PFAC and KFPC such as workability are presented in Table 3. Slump test of concrete mixtures 
at the same water/cement ratio was carried out to measure the workability of OPC, PFAC and KFPC with fibre geometry of 25 
and 50 mm long. Kenaf fibre was included in the concrete at varying volume fraction (Vf) of 0.5, 0.75, 1.0 and 1.5%. By 
inspection, it can be observed from Table 3 that the workability of concrete with kenaf fibres reduced as the fibre length (lf) and 
fibre content in the concrete increased. For fibre volume of 1%, the workability of concrete drastically dropped and became very 
stiff. It was noted that the knitting of fibres resists the flow of fresh concrete affecting the workability of concrete. It should be 
noted that the presence of 1% superplasticizer in the concrete mix had led to the attainment of this workability. Absence of 
superplasticizer or lesser quantity would have given a sturdier and unworkable concrete mix.The result on the unit weight of 
concrete, presented in the same table showed that concrete unit weight dropped uniformly with the increase in fibre volume 
fraction. This is due to the low density of kenaf fibre (1200 kg/m3) which is lower than most constituent of the concrete. 
Regardless of fibre volume, it was further observed that the unit weight of KFPC decreased as the fibre length is increased as a 
result of air content in the concrete due to fibre orientation and the distribution of long fibres in concrete.                          
    

Table 3: Workability for fresh concrete mixture of OPC, PFAC and KFPC. 

Mixture 
OPC PFAC KFPC-1 KFPC-2 KFPC-3 KFPF-4 KFPC-5 KFPC-6 KFPC-7 KFPC-

8 

0.0% 0.0% 0.50% 0.75% 1.0% 1.50% 0.50% 0.75% 1.0% 1.50% 

0mm 0mm 25mm 25mm 25mm 25mm 50mm 50mm 50mm 50mm 

Slump 150 70 80 60 35 15 40 37 15 0 

Density(kg/m3) 2342 2420 2260 2240 2240 2180 2320 2280 2210 2150 

 
The Compressive strength, Splitting Tensile Strength flexural and Ultra- Pulse Velocity 
         Kenaf fibre content and fibre length influences on compressive strength Splitting tensile strength, flexural strength and ultra-
pulse velocity (UPV) is presented in Table 4. By inspection, it was observed that compressive strength reduced with higher fibre 
content and improved with longer fibres. Due to the increase in fibre content, compressive strength of KFPC, this could have been 
caused by the created air voids due to the content of fibres in the mixture. Even though the compressive strength of KFPC was 
much affected by the presence of fibre, the manner of failure, nevertheless, displayed a substantial change from fragile to ductile 
state. The presence of fly ash in concrete mixure also provide the better compressive strength which prevent the further reduction  
of compressive strength as the fiber content increased. The cubic specimens used for the compression test did not crush. It was 
observed that they held their integrity from the commencement of the test to the end. The behaviour of the KFPC specimen in this 
manner was own to bridging effect of the fibre in the concrete. 

Indirect splitting tensile and flexural strength of OPC and KFPC were measured at water curing of 7, 28 and 56 days. 
Splitting tensile strength (STS) and Flexural strength (FS) decreased with higher fibre volume fraction. Though, it first increases 
and then a tad drops with increasing length of the fibre (Table 4). A comparison of the effect of fibre content on STS and FS of 
KFPC, at both fibre length 25 and 50 mm at fiber content 0.75 and 0.5% respectively shows a better performance compared to 
others. Data obtained in Table 4 suggest that with increase in curing age, the addition of kenaf fibre in the concrete mixes had a 
progressive response on tensile strength of concrete. From the result, the optimum fiber content to be used in the beam testing is 
0.5% 

.                                         Table 4: Mechanical properties of Harden OPC, PFAC and KFPC. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The Flexural Performance of KFPC at Optimum Fiber Content 

In order to accure the strain of concrete in the flexural test, demec gauge were used. The demec gauge were fixed on the 
surface of the beam at the 3 different level at 25mm, 75mm and 125mm from the bottom of the beam. From the graph (a), the 
strain is on 15% of the ultimate load and it is the elastic region. The OPC show the higher value of strain compared to PFAC as 
there is no additional material to constrain the strain in OPC but in the PFAC the pozzolanic activity already take place in the 
concrete to fill the void in the concrete so the beam is denser. As for KFRC also shows the lower strain compared to OPC as the 
fiber in the matrix reduce the strain of the concrete.  

From graph (b), the analysis is taken on 25% of the ultimate load to observe the difference in the strain value between OPC, 
KFRC, PFAC and KFPC.  The strain of OPC is always the highest compared to others and strain from KFPC shows the lowest as 

Mixture 
 ID 

 

lf 

(mm) 
Vf 

(%) 

Compressive Strength 
(N/mm2) 

Splitting Tensile 
Strength. (N/mm2) 

Flexural Str. 
(N/mm2) 

UPV 
(ms) 

7 
 Days 

28 
 days 

56 
days 

7  
days 

28 
 Days 

56 
days 

7 
 Days 

28  
days 

56 
days 

7  
Days 

28 
days 

56 
days 

OPC - 0  27.09 45.87 48.5 2.80 2.87 3.06 1.74 2.22 2.4 21.00  23.80 27.10 
PFAC - 0  26.58 38.57 49.62 2.58 3.11 3.60 2.01 2.37 2.81 20.80 22.20 26.70 
KFPC-1 25 0.5  17.33 18.13 25.39 1.88 3.04 3.51 1.46 1.68 3.14 280.0 26.87 26.47 
KFPC-2 25 0.75  19.23 23.70 26.50 2.35 3.27 3.63 1.51 1.88 4.07 27.23 26.67 26.13 
KFPC-3 25 1.00  11.30 14.73 17.41 1.60 1.93 2.43 2.20 2.59 3.27 29.27 27.00 26.93 
KFPC-4 25 1.50  14.50 19.70 20.45 1.53 2.10 2.24 1.35 1.76 1.98 23.40 20.98 22.14 
KFPC-5 50 0.50 18.99 22.47 27.55 2.11 3.15 3.49 1.82 4.73 4.86 27.60 25.83 25.73 
KFPC-6 50 0.75 17.55 20.97 24.62 2.68 3.00 3.35 1.74 2.21 4.14 26.43 25.7 25.10 
KFPC-7 50 1.00 13.94 18.06 22.38 1.86 2.40 2.93 2.57 3.64 4.00 27.97 27.07 25.37 
KFPC-8 50 1.50 10.20 13.40 17.94 1.75 1.90 2.15 1.28 2.45 2.11 25.40 23.10 24.15 
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the matrix of the beam is filled with fiber and fly ash. The compression on the upper part of the beam also shows the high 
compressive strain as the fiber does not contribute any part for compression.   

Graph (c) to (f) shows the strain block shown for 25, 50% of ultimate load and the ultimate load for different composition of 
the concrete content. Generally, it can be seen that the natural axis,N (y-intercept) is move to the upper part of the beam section as 
the load is inceased until the ultimate load. The strain in the tensile section shows the higher value compared to the compression 
part. 

 

     
 (a) (b) 

     
 (c) (d) 

    
 (e) (f) 
 

Figure 3: The graphs above is the strain through the section of the beam. 
 
 

   
   (a) Load vs Strain of steel bar      (b) Load vs Deflection at mid-span 
 

Figure 4: The graph of Load-Strain of reinforcement and graph of Load-Deflection relationship of mid span of the beams. 
 
Figure 4 (a) and (b) show the curves of load-strain of steel bar and load-deflection at mid-span of the tested beam 

samples, respectively. From the load-strain curves, it showed that KFRC and KFPC have higher strain in steel bar at ultimate 
loads as compared to OPC beam, which indicated the significant contribution of Kenaf fiber in the concrete. However, results 
from load-deflection curves that show the overall bending performance presented the KFRC and KFPC beams have slightly lower 
performance as compared to OPC beam. From the initial slope of load-deflection curves also showed that the bending stiffness of 
OPC beam has slightly higher than the other beams. The value of stiffness for OPC, PFAC, KFRC and KFPC are 12.50, 9.38, 8.33 
and 7.46 kN/mm respectively. 
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The area under the load-deflection curves shows the toughness or strain energy can be sustained by the beams. From the 
graphs, OPC beam showed the largest strain energy while PFAC beam was the lowest. The concrete beams contain Kenaf fiber 
exhibited lower strain energy than that of without the fiber. The area under load-deflection curve for KFRC, PFAC and KFPC are  
9, 29 and 27% respectively less than that of OPC. 

The ductility of the beam can be obtained by both graph in Figure 4  such that the load at yield strain of the steel 
reinforcement and the declection at yield strain is is obtained by using the equation below: 

 
                                                                                Ductility =  

where ε = yield strain of steel bar                                        where = the ultimate deflection 
σ = design steel strength (460 N/mm2)                                  = the deflection at yield strain 

Ε = elastic modulus (200 kN/mm2)                          Ductility OPC   =   = 2.014 

γ  = partial safety factor (1.15)                                 Ductility KFRC =  = 2.314 

                                                       Ductility PFAC =    = 1.828 

ε= 0.002                                                                   Ductility KFPC =    = 2.115 
 

Results from test presented that the concrete beams contain Kenaf fiber showed higher ductility than that of without 
Kenaf fiber. It also noted an improvement in ductility of concrete beams when kenaf fiber and fly ash is added in the matrix of 
normal concrete. 

In general, from the test, the existence of Kenaf fiber and fly ash gives significant effects on the bending performance of 
concrete beam structures as well as the effects on tensile and compressive properties of concrete materials. 

CONCLUSION 

In this paper, from the physical and mechanical properties, it could be stated that the combination of kenaf fiber and fly ash 
gives an improvement on the concrete structure. Findings conforming to the objectives of this study can be summarised as below: 

1. The study investigated the influence of kenaf fiber and fly ash on concrete at varying fiber length and volume fraction on 
the physical and mechanical properties. The optimum fiber content is 0.5% volume fraction at 50mm Kenaf fiber length. 

2. The overall bending performance presented the KFRC and KFPC beams have slightly lower performance as compared to 
OPC beam. 

3. The concrete beams contain Kenaf fiber exhibited lower strain energy than that of without the fiber 
4. The concrete beams contain Kenaf fiber showed higher ductility than that of without Kenaf fiber. 
5. The existence of Kenaf fiber and fly ash gives significant effects on the bending performance of concrete beam structures 

as well as the effects on tensile and compressive properties of concrete. 
This study concludes that, kenaf fibre can considered to be used as fibre reinforcement in concrete within the existance of fly 

ash with satisfactory performance and it is feasible and practical to be considered for further development. 
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ABSTRACT.The rapid growth and urban development of Malaysia becomes a factor that contributes to the UHI and global 
warming. Hence it is beneficial to improve the design of building tending towards solutions to high thermal insulation rather than 
spending money on more energy and air condition. In recent years, a number of researches have been done in potential 
substitution for cement replacement in mixture design to improve thermal insulation. This paper presents a study of seaweed 
powder as a replacement for cement in non-load bearing mortar in terms of surface temperature of brick mortar. The aim of the 
study is to acquire the optimum seaweed powder content to produce mortar with the best thermal insulation. The seaweed powder 
or natural Carrageenan has traits of gelling, thickening and stabilizing properties which works as a strong binding agent that will 
able to replace cement. Sample are divided into 6 types which are depend on cement replacement at 0.0%, 0.1%, 0.5% 1.0%, 5.0% 
and 10.0%. The samples will be mixed in a 1:3:0.45 ratio to cement: sand: water. The mixture will be casted on a 50mm x 50mm 
x 50mm cube mould for compressive strength and produced 108 samples, while the cast of 102.5mm x 215mm x 65mm for 
surface temperature with 6 samples. The data for compressive strength, water absorption are recorded at 7, 14 and 28 days while 
the data for surface temperature are recorded at 28days. From the results it showed that the surface temperature decreases with the 
increase of seaweed powder from 32.7°C to 29.8°C with sample 1% being the starting point of the decrease while compressive 
strength varies increase from 0%(24.83Mpa) to 0.5%(29.50Mpa) and decreasing onwards to 10%(15.33Mpa) which shows that 
10% replacement provide a minimal strength acquired for mortars and achieving highest surface temperature insulation. 

Keywords: Thermal Reduction on Walls; Natural Carrageenan; Thermal Insulation; Mortar Concrete 

INTRODUCTION 

At this modern age, the concern for alternatives of green materials to be implemented in construction is being recognized and 
popularized by scholars. The usage of normal mixture in past must be changed to a more sustainable choice of material to avoid 
upcoming natural phenomenon such as urban heat island phenomenon. Studies conducted on bricks overall focusing on reducing 
the thermal conductivity of heat have proven that mixtures of new design might improve the heat absorption in walls. The 
innovative concrete can be produced using waste materials as one of its components. Green concrete can also be developed using 
various production processes that are not detrimental to the environment. The criteria for green concrete is that the materials used 
for making it should be sourced from sustainable or "green materials" rather than non-sustainable resources. The use of recycled 
or waste materials can be considered sustainable as they can lower costs and raw materials. 

 
Problem Statement  
One of the most important challenges of future buildings is the reduction of energy consumptions in all their life phases, from 
construction to demolition [21] Preservation of energy production has been a great concern to a lot of government agencies and 
industries in these days temperature  [24]. In construction, one of the ways to assist in energy conservation is by considering 
thermal insulation in buildings. In order to improve thermal insulation in construction, some additives are needed in concrete and 
specifically mortar production, because normal mortar have low thermal insulation. 

It was reported that 15% of all electricity produced in the world is used for refrigeration and air-conditioning, and energy 
consumption for air-conditioning has been estimated to be 45% of the whole household and commercial sector. So, improving 
thermal properties of clay brick and cement mortar might save a lot of energy consumption [23]. It was also reported that 21% of 
electricity consumption in the residential sector is used for air-conditioning in Malaysia [22]. 

 
Objectives  
The main purpose of the research is to provide the optimum improvement of natural Carrageenan seaweed powder as a binder or 
cement replacement with mortar concrete to improved thermal insulation and conductivity for non-load bearing structure or wall 
in building construction. The objectives of this study are: 

1. To determine the physical characteris of natural Carrageenan seaweed powder as possible replacement in cement. 
2. To investigate the optimum mix design of natural Carrageenan seaweed powder in mortar concrete. 
3. To study the engineering properties including the mechanical and thermal properties for natural Carrageenan seaweed 

powder in mortar concrete 
 
Scope of Study  
The study comprises of the seaweed powder being able to mix with mortar concrete and replace about 0.1%, 0.5%, 1%, 5% and 
10% of cement. Preparation of seaweed powder and mortar concrete is with target density of 1200 kg/m3. Curing process to be 
determined at 7,14 and 28 day using ratio 1:3 and water cement ratio is 0.45 and use 2 methods of curing air and water. All 
laboratory process of formulation and fabrication will be done due the tests such as density, compressive strength, water 
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absorption and thermal camera tests will be carried out to obtain the strength and thermal reflecting of seaweed powder mortar 
concrete. 

LITERATURE REVIEW 

Seaweed Properties 
 

Seaweed powder or natural Carrageenan is known to have binder properties to improve cohesion within the mixture. Other 
type of agars also seen to have the same type of properties as seaweed such as Eucheuma Cottonii (gel) and Gracilaria Sp. 
(powder). Paper researched by RMRI Retno Susilorini support this fact because the agars are very effective in gelling and 
thickening and may increase bonding mechanism and density.  The research has shown that natural polymer modified mortar with 
seaweed powder (Gracilaria Sp.) performed great value of compressive strength and splitting tensile compared to control 
specimens. The research prove the mixture at 0.5 % replacement prove to be very promising as green material [1] . The optimum 
mortar material mixing are with mortar polymer naturally modified with gel Euchema Cottonii at a dose of 0.5% of the weight of 
cement. Mortar polymer naturally modified with powder Gracilaria spat a dose of 0.5% of the weight of cement. Mortar polymer 
naturally modified with powder. Moringa oilefera with and without skin at a dose of 0.2% by weight of cement [2]. 

Seaweed also is being use for its stabilizing addictive in clay bricks since it is considered as renewable material. Organic 
materials such as biopolymers can be used as low cost and environmentally friendly additives which modify important properties 
like mechanical strength The study demonstrated that two of the alginate products can be used to enhance the mechanical 
properties of unfired bricks, with the Laminaria hyperborea stem product providing the greatest increase in both flexural and 
compressive strength. However the compressive strength values achieved are still below the target value of 2 N/mm2 [3]. 

Seaweed also has lower water absorption capacity in which general utilization could improvise the workability of a concrete 
mixture. Adding 10% micro silica to the cement with 0.5% of alginate and cement with 1% of alginate samples increases 
compressive strength of about 28% and 66% respectively[4]. 

In terms of viscosity as an enhancing admixture also prove seaweed have the same properties as nopal mucilage and marine 
brown algae extract which can increase the concentration and their molecular nature. The self-compacting concrete containing 
either nopal mucilage or marine brown algae at concentration greater than 0.25% is stable and homogenous which display 
adequate characteristic to be used as viscosity enhancing admixtures [5]. 

The usage of carrageenan for earthen construction has a positive impact depending on the types of these constructions as 
shown in Table 1. The water durability and mechanical strength were improved when the polymer was incorporated. As an 
addictive enhancement these will open up new potential in earthen construction. The sample prepared with 2% carrageenan 
solution had a positive effect on the compressive and tension resistance [6]. 

 
Table 1: Literature Review Advatages 

The advantages of Seaweed Natural Carrageenan Reference 
Abundant of Renewable Material Retno [1] Hadikusumo [6], Nurul Islam [2] 
Binder and thickening agent Retno [1], Hadikusumo [6], Nurul Islam [2] 
Low Cost and environmentally friendly environmentally 
friendly 

Dove.[3] 

lower water absorption capacity Heidari [4], Nakamatsu.[7] 
increase the concentration and their molecular nature Martínez. [5] 
Applicable as filler materials for thermal reduction Masudul [11] 
 
Thermal Characteristic of Seaweed Natural Carrageenan 

 
The material seaweed also used as filler materials at different composition which produced bio composite. The research on the 

mechanical, thermal and morphological properties of polypropylene bio-composites shows that reinforcing filler that is used are 
brown seaweed (Sargassum tenerrium) and red seaweed (Kappaphy cusalverizzi). The thermal stability of the matrix is found to 
be increased significantly by the presence of filler. Observations were made for various blends of polypropylene with brown 
seaweed and polypropylene with red seaweed are presented for 30% filler content and shows that addition of 20% filler showing 
higher thermal stability [9]. 

 Thermal analysis investigated the study on seaweed-reinforced polypropylene bio composites. The pretreatment of green 
algae with sulfuric acid resulted in the highest thermal stability among various pretreatment. Green algae with polypropylene bio 
composites showed higher thermal stability and greater impact strength than brown algae with polypropylene bio composites. So 
it can be used as an excellent reinforcement for bio composites[10].  

Seaweed is employed as filler to prepare composites on the basis of a polypropylene matrix in the ratio of 10 to 50: 10 to 50 
that is weight percentage of seaweed to weight percentage of polypropylene by compounding and injection molding. The tensile, 
bending and impact properties of the composites were investigated by Hassan et al, (2007). It was reported that, the mechanical 
properties increase with increasing filler content up to an optimum value, and furthering increase in filler content, the properties 
will either remain constant or show a decreasing trend. It is observed that with an increase of filler content from 10 to 30% the 
tensile strength gradually increases, but the tensile strength of the composites are found to decrease with increasing filler loading 
for weight fractions from 40 to 50% and shows that the bending strength increases up to 30% seaweed content, and thereafter 
remains constant. The 30% seaweed: 70% polypropylene composite showed the best over-all mechanical performance of the 
composites prepared [11].  
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METHODOLOGY 

 
Physical Characteristics of the Seaweed Natural Carrageenan 
Natural Carrageenan is a family of seaweed extracted from edible seaweed. The seaweed has properties of gelling, thickening and 
stabilizer, and can act as a binder for the production of concrete. The powder can easily get in large amount which is packed and 
utilized in food industries. However, past studies indicate it also can be applied in concrete as replacement and addictive in 
concrete. The powder gelling ability will enhance the viscosity of the mixture.. Density of the powder is obtained by dividing the 
weight of 500g over the volume of the fibre. While the specific gravity is the density of the fibre divided by the density of water. 

 
 Specific Gravity = (mass/volume)/ ρwater 

  where; ρwater = 1000kg/m3       Equation 1 
 

 
Figure 1: of Seaweed Powder 

 
Mechanical and Thermal Properties of Seaweed Natural Carrageenan 
Samples sized 50mm x 50mm x 50mm and 102.5mm x 215mm x 65mm were used for compressive strength test and thermal test 
respectively. A total of 108 mortar cubes were cured and tested for compressive strength at 7, 14 and 28 days. While 4 mortar 
bricks were prepared for thermal test. Thermal test were conducted by using Chauvin Arnoux 1886 RayCam Thermal Camera. 
The test were conducted in two days. Samples were kept in room temperature for 24 hours. Then, the sample were brought out 
under atmospheric temperature and the readings recorded from 7 a.m. to 6 p.m. This test were conducted to investigate the effect 
of fibre contant towards thermal conductivity of the mortar units. 

 

               
Figure 2: of Standard Load Test         Figure 3: Apparatus Setup for Surface Thermal 

   
RESULTS AND DISCUSSION 

This chapter discusses all the data obtained from the laboratory testing that have been completed. All the calculation and the 
data will be further discussed in the related subtopics. These data have been summarized in tables and charts form before 
analyzed. All the results were analyzed for the comparison between the tests on mortar cubes which is different in percentage of 
seaweed powder content.  

The results on compressive strength, surface temperature, dry density and water absorption tests are shown in table 2. Based 
on the tests carried out, the data obtained need to be analyzed in order to make sure the objectives of this study is achieved. All the 
raw data and the appearances of the samples obtained were attached in the appendix. 
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Table 2: Average test values of sample at 28 days 

 
Seaweed 

Powder content 
Density 
(kg/m3) 

Water 
Absorption 

(%) 

Compressive 
Strength (MPa) 

Temperature Reduction (°C) 

0% 0.280 1.85 24.83 0 
0.1% 0.275 7.14 28.00 0 
0.5% 0.281 7.41 29.50 0 
1.0% 0.284 10.34 26.33 0.5 
5.0% 0.279 11.86 20.33 1.9 
10.0% 0.293 15.25 15.33 2.9 

 

 
 

Figure 4 : Seaweed Mixture Compressive Strength at age 7,14 and 28days 
 
Figure 4 shows the mixture strength at age 7,14 and 28 days with a rapid increase of strength at 0.5 and slow declining as the 

mixture of seaweed is added. The experiment shows the most efficient strength of mortar lies at 0.5% mixture highest at age 7,14 
and 28days is 27.52 Mpa, 28.67 Mpa and 29.52 Mpa. Which makes the the mixture at highest strength for compressive strength 
for walls are at mixture 0.5% while the optimum is at 10% with strength at 7,14 and 28 days which are 15.9Mpa, 16.05 Mpa and 
15.33 Mpa. As the figure showed the trends of graph are about the same and the control specimen at age 7,14 and 28 days makes 
resulted in 17.54 Mpa, 17.11 Mpa and 24.5 Mpa. The difference are quite significant between 10% and 0% as the more of 
seaweed powder which as act a secondary binder in the mixture is added the mixture will lose partial of the strength as the 
optimum but will produce less carbon dioxide as the secondary binder is a greener option. The trend also showed that high amount 
dosage will lose more strength as the bonding mechanism will work with non-load bearing mortar but will be more satisfactory 
when it reduces carbon production and heat reduction. The results are following according to [1] as the optimum mixture is at  
0.5% where the more addition of seaweed powder does not improve the strength. However the study of the paper is to have a 
minimum strength of a standard non-load bearing that is just enough yet can improve the thermal surface of reduction. 

 
Water Absorption Test 
Figure 5 shows a number of variations in water absorption of each and every sample. The highest water absorption recorded is at 
SM 10.0 where seaweed mixture at 10% provide highest water absorption in 50 x 50 x 50 mm mould at 7days 12.28%, 14days 
15.25% and 28days 15.25%. The seaweed powder acts as binder and require water to be a gelling and thickening agent hence 
during the process of water curing the mixture might absorp more water while the other remains variable insignificantly at the 
same weight and percentages. Due to 0.45 water cement ratio in the mixture the results where at 10.0% seaweed replacement 
makes the workability of mixture low. This will cause the mixture to need more water or admixture to improve workability while 
to remain the strength at high 
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Figure 5: Water Absorption Percentage for 7,14 and 28 days  

  
Temperature Development Test 
 

 
Figure 6: Temperature development over time with different mixture content 

 
Figure 6 shows the temperature of each sample temperature and heat conductivity over time span of 11hours throughout the day. 
The values of the temperature on bricks at the beginning are about the same which small amount difference. The most 
distinguishable changes occurs at the highest at 11:00 PM to 2:00 PM at 36.44° C, 36.79° C and 37.12° C respectively against the 
highest seaweed powder natural Carrageenan content of 10% at 30.94° C,31.56 ° C and 31.61° C which gives a reduction of 
16.24%, 14.21% and 14.84% heat reduction. 
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Relationship between Compressive Strength and Surface Thermal Test 
 
Figure 7 shows the relationship between compressive strength and thermal camera at 11:00 am with sample 0.0% , 0.1%, 0.5%, 
1.0%, 5.0%, 10.0% that cured at age 28days with corresponding thermal reduction at 11:00 am. Based on the graph above, it was 
found that the surface temperature was decreased with the increasing of seaweed percentage. the temperature for 0.0% of seaweed 
pwder content is at 36.44° C . Though, samples with 0.1%,0.5% and 1.0% showed a decrease in 3° C but remains insignificant 
difference between the three. While the samples of 5.0% and 10.0% showed much more reduction as to compare to the control 
sample at 0.0% and the temperature reduction are about 4° C and 5° C. The surface temperature for the mortar mix are 37.12° C , 
34.23° C , 34° C , 34.2° C , 33.53 ° C and 31.61° C respectively for 0.0%, 0.1%, 0.5%, 1.0%, 5.0% and 10.0%. From the figure 
proven that higher dosage of seaweed with replacement of cement will cause a thermal reduction on surface hence will provide 
better insulation . Study from [10] on thermal analysis showed that the seaweed material have high thermal insulation properties 
which will cause the mixture more stable in terms of thermal and due to seaweed powder are filling the pores of the mortar will 
insulate the mortar even better. 
 

 

 
Figure 7: Relationship between Compressive Strength and Surface Thermal Test 

 
CONCLUSION 
In this research paper, the aim of the study the characteristic of seaweed powder natural Carrageenan as replacement for cement 
content in mortar have the a slight potential to be as thermal improvement in mortar and it was proven that the influence in 
thermal property is one its characteristics. The findings ideally fit the objectives of the study is summarised as below: 

1. Characteristics of natural carrageenan seaweed powder as a binder replacement and substitution for cement. 
2. Obtaining ideal mixture design of natural Carrageenan for cement replacement with mixture of 1:3 and 0.45 water 

cement ratio. 
3. Obtaining satifactory compressive strength as non-load bearing mortar with mixture compressive strength at minimum 

10.0% at 15.33Mpa and is suitable for building bricks according to ASTM. 
4. Moreover, obtaining a reduction in thermal conductivity of mortar to 14.84% reduction as highest reduction of thermal 

from 37.12° C to 31.61° C while difference between the dosage of seaweed powder varies by 0.5° C at the minimum 
value while 5% remains in between the highest reduction the minimum reduction in thermal. 

 
This study concludes that, a low dosage of natural carrageenan can improve the strength of the mortar and provide thermal 
insulation for non-load bearing walls at which can reduce the urban heat island phenomenon and more greener concrete 
production. 
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ABSTRACT. Kenaf is a fiber that has many advantages such as low cost and no corrosion as a replacement material for concrete. 
This paper presents the result of an experimental research that was conducted to study the effect of natural kenaf fibre for concrete 
production . Kenaf fiber reinforced concrete (KFRC) with fiber length contents of 30 mm, 50 mm and 70 mm in the mix 
proportions. The fresh concrete properties consisting slump and compaction factor are determined in the laboratory. The 
compressive strength, flexural strength and tensile strength of KFRC specimens are investigated and compared to the properties of 
control concrete specimens. The experimental results indicate that fresh properties of KFRC are decrease in compare with 
conventional concrete. Also noted that when the length of the kenaf fiber exceeds 50 mm the  flexural,tensile and compressive 
strength of samples decreases. It has been observed that the length of 50 mm is the optimum length and gave the best results in 
terms of compressive test, flexural test and tensile strength . Finally, it can be concluded that kenaf fibre is a suitable material that 
could potentially be used to produce low-cost, and higher strength concrete in term of flexural, tensile and compressive in the 
concrete structural applications. 

Keywords: Kenaf; reinforced concrete beam; green building materials; strength; flexural; Kenaf fiber reinforced concrete; 
concrete structure. 

 INTRODUCTION 

Natural fibres already have been used the first time 3000 years ago in composite systems in Egypt when straw and clay were 
mixed and used as a sort of "cement' to construct walls[1].In the last 40 years, the modern version of that early Egyptian 
composite of straw and clay has emerged in the form of polymer composites, using natural fibers for reinforcement, a technique 
that has attracted the attention of both the academic world and many industries.A well-known natural fiber in Malaysia, kenaf has 
been used in a concrete for the local construction industry although the technology is still in its early days but research in kenaf is 
being widely done due to the strong demand for it in the manufacture of petroleum-based materials. There is great potential for 
kenaf long fiber plastic composite to be used in a wide range of applications if it should be shown that this bio composite’s 
properties are a good as synthetic composites properties that exist in the market today. Kenaf has the great advantage of being 
available in long fiber form and its mechanical properties make it suitable for use in a wide range of applications in industry such 
as insulator seals. Kenaf fiber is also biodegradable, of low density, not abrasive during processing and environmentally safe[2]. 

The higher rigidity of concrete classifies it as a brittle material. To recommend a suitable concrete mix for structural 
applications satisfying its serviceability criteria, evaluation of the modulus of elasticity is an important parameter to consider. 
Similarly, for non-structural applications such as pavement blocks the impact resistance of concrete should be thoroughly 
evaluated. One of the most crucial problem of concrete is the low resistance to tension and flexure. In recent years, there are many 
researches have been begun to find a material can increase the strength of the flexural and tensile of the concrete. While some of 
the researchers started studying some materials to be the replacement of the conventional concrete such as plastic fiber, glass fiber 
and steel fiber. In this study Kenaf fiber have been chosen because it has the ability to increase the flexural and tensile strength of 
the concrete. It also has additional advantage such as low cost. In addition Kenaf fiber is considered as biomaterial, so it will not 
impact the environment negatively. 

 
Objectives 

The aim of this research is to determine the properties of fresh and hardened KFRC when the length of the      fiber used is 30 
mm, 50 mm and 70 mm. The specific objectives are: 

1.  To determine the workability of tested KFRC by carrying out slump and compaction factor tests. 
2.  To determine the mechanical properties of KFRC by testing samples in compression, flexure and split tensile test. 
3.  To compare the results of tests on KFRC to normal concrete. 

 
Scope of Study 

The laboratory work involved in this research include cubes, cylinders and beams that were casted and tested for compressive, 
tensile and flexural strength respectively. The specimens had the length of kenaf fibre 30, 50 and 70 mm with 1% of kenaf fiber 
added. Three samples were cast for each test (cubes, beams and cylinders) and the samples were cured in wate for 7, 14 and 28 
days. More than 27 specimens were used to determine the average compressive strength, tensile and flexural strength.  The whole 
project was conducted in the material and structure laboratory, Faculty of Civil Engineering, Universiti Teknologi Malaysia. 

 LITERATURE REVIEW 

Natural fibres are prospective reinforcing materials and their use has been more traditional than technical. They have long 
served many useful purposes but the application of materials technology for the utilization of natural fibres as the reinforcement in 
concrete has only taken place in comparatively recent years. The distinctive properties of natural fibre reinforced concretes are 
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improved tensile and bending strength and hence improved impact strength and toughness [3]. Besides its ability to sustain loads, 
natural fibre reinforced concrete is also required to be durable.  

Natural fibres are obtained from natural sources such as animals and plants the natural fibres are vegetable, animal, or mineral 
in origin. Some of the natural fibres like vegetable fibres are obtained from the various parts of the plants. They are provided by 
nature in ready-made form. All fibres which come from natural sources (animals, plants, etc.) and do not require fibre formation 
or reformation are classed as natural fibres. These fibers are classified into three categories which are bast or stem fibers, leaf 
fibers, and fruit fibers [4]. However, there are several advantages of of natural fiber in terms of their cost and properties where the 
lower cost makes the material an interesting product for developing countries. Another advantage is that it has a low specific 
weight which results in higher strength and stiffness. 

Natural fibres are low cost fibres with low density and high specific properties. They are biodegradable and cause no harm to 
humans, unlike the synthetic fibres which will cause health problems and environmental pollution[5]. Since most of the fibres are 
available as agricultural residue, it has a lower environment impact compared to glass fiber production. Its use will also reduce the 
disposal of agricultural residual via open burning and landfill. However, natural fibres have certain drawbacks that limit the 
potential of natural fibres. 

Kenaf (Hibiscus Cannabinus) is an herbaceous annual plant. It is a warm-season annual row crop and has a single, straight, 
unbranched stem consisting of two parts: an outer fibrous bark and an inner woody core. It grows quickly, rising to heights of 4.5 
m in a 45 month growing season, and 25-35 mm in diameter [6]. Natural fiber from kenaf is receiving attention from many 
researchers as a cheap renewable, recyclable, biodegradable alternative with low weight and density. Kenaf is one of the natural 
(plant) fibers used as reinforcement in concrete. Kenaf has been found to be an important source of fiber for composites, and other 
industrial applications. Kenaf is well known as a cellulosic source with both economical and ecological advantages in 3 month 
(after sowing the seeds, It is able to grow under a wide range of weather conditions to a height of more than 3 m and a base 
diameter of 30-50 mm. The kenaf plant is composed of many useful components (stalks, leaves, and seeds) and within each of 
these there are various usable portions (fibers and fiber strands, proteins, oils, and allelopathic chemicals [7]. 

The chemical composition of natural fibres varies depending on the type of fibre. The chemical composition and structure of 
different natural fibers are  complicated. Plant fibres are basically rigid, crystalline cellulose micro fibril-reinforced amorphous 
lignin and/or with hemi cellulosic matrix. Most of the plant are composed of cellulose, hemicelluloses, lignin, waxes and some 
water-soluble compounds, where cellulose, hemicelluloses and lignin are the major constituents .The combined effect due to short 
fiber length and fiber orientation cannot be simply calculated as the product of the length efficiency factor and the orientation 
efficiency factor because the orientation efficiency factor is also a function of the fiber length[8]. 

A number of experimental studies have been conducted to explore the potential of kenaf fiber as replacement material in 
concrete. Recently, a detail of the review on kenaf fiber is introduced by  Saba et al [9]. Although the commercial application of 
natural fibers into fiber reinforced concrete composite is gradually increasing day by day, there is still a lack of understanding of 
specific issues regarding their properties and behaviour. Therefore, much research is needed for potential use of natural-fiber 
materials in green construction applications. Elsaid et al opined that KFRC generally exhibits higher strength in trem of flexural, 
tensile and compressive than plain concrete [10]. They also found that cracking behavior enhances the durability of concrete at 
relatively low cost compared to other types of fibers. They established that the optimum mixture proportions of KFRC are of 1.2% 
and 2.4% fiber contents. To investigate the effects of the addition of natural fibres Kenaf on the mechanical properties of 
reinforced composites. They found that tested composites showed improvement by adding natural fibre as reinforcement in both 
tensile and flexural strength investigated the compressive strength properties of kenaf fiber composite mortar with Fiber contents 
of 1%, 2% and 3 %. However, there was an increase in compressive strength of between 0.21%-22.3 percent for composite mortar 
containing 1- 3% volume of fiber with 10mm and 20 mm fiber length. 

 METHODOLOGY 

To achieve the objectives of this study, a proper research methodology was carried out in order to gain valid and reliable data. 
Research methodology is set to facilitate the process of conducting research to become much easier and well plan. : The study is 
conducted in  three phase, identification of the issue, material set up and testing 
 
Experimental design  
Materials and sample preparation the materials used in this research work to acquire the desired strength including kenaf fiber. 
Specimens were prepared by some moulds of the concrete with different shapes and sizes in different sizes in the laboratory. A 
total of 108 specimens were prepared in the laboratory to conduct the compressive strength, flexural strength and tensile strength 
test for the corresponding size of 100mm x 100mm x 100mm, 100mm x 100mm x 200mm and 100mm x200mm. All of the 
specimens were tested after curing times for 7, 14 and 28 days.  

 
 Materials 
Water is the chemical means by which cement is changed from a powder into a hardened material with strength and durability. 
For a concrete to be form water must be added to the mixture in order to create a chemical reaction between water and cement to 
form a paste. 
 
 Ordinary Portland Cement 
The cement which has been used in this research is locally producing Ordinary Portland Cement (OPC). Portland cements are 
hydraulic cement, which means they harden and set by the action of water only. OPC is made of finely powdered crystalline 
minerals which are composed primarily of aluminium silicate and calcium.  
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Kenaf fibre  
The kenaf fibers used in this investigation were obtained from MARDI, Selangor, Malaysia. The fibers were extracted from the 
bast through retting bacteria process. The existing moisture content in kenaf fiber was less than 6%.The fiber used in the 
experiment was kenaf fibre. 
 
Aggregate  
In this research, crushed aggregate which have been prepared from quarry were used with the normal size of 10mm. The coarse 
aggregate were air dried for obtaining saturated surface dry (SSD) condition for ensuring that the water cement ratio will not be 
affected. Fine aggregate is usually known as sand which must comply with coarse, medium or fine grading requirements. The fine 
aggregate act as a filler in concrete and it was air dried to acquire SSD condition to ensure that the water cement ratio does not 
affected, it is also refers to the particles that passed 600µm sieve. 
 
Test set-up and procedure  
An experimental program was conducted to evaluate the basic material properties and mechanical behaviour of KFRC. 
Compaction and slump test were accomplished to examine the workability of the fresh concrete while compressive strength, 
flexural strength and tensile strength test were done on the hardened concrete to identify the mechanical properties of the fibre 
 
Slump Test  
The concrete slump test measures the consistency of fresh concrete before it sets. It is performed to check the workability of 
freshly made concrete, and therefore the ease with which concrete flows. 
 
Compacting factor test  
The compacting factor test gives the behaviour of fresh concrete under the action of external forces. It measure the compatibility 
of concrete which is an important aspect of workability by determine the amount of compacting achieved for a given amount of 
work. 
 
Compressive strength test  
A total number of 36 concrete cubes with the size of 100mm x 100mm x 100mm were used for the compression tests. This test 
was performed according to the differences in the ages of the samples for both modified and unmodified concrete which included 
7, 14 and 28 days of curing respectively.  
 
Flexural strength test  
A total number of 36 prisms with the sizes of 100mm x 100mm x 200mm were tested for evaluating the flexural parameters. 
Flexural strength test is based on two important parameters. The first parameter is well recognized as first crack strength is 
primarily controlled by the matrix. The second parameter can be defined as the ultimate flexural strength or the modulus of 
rapture, which is determined by the maximum load that can be reached. 
 
Tensile Strength Test  
A tensile test, also known as tension test, is probably the most fundamental type of mechanical test you can perform on material. 
Tensile tests are simple, relatively inexpensive, and fully standardized. By pulling on something, you will very quickly determine 
how the material will react to forces being applied in tension. 

RESULTS AND DISCUSSION 

This section is presenting the various tests that have been conducted in the concrete laboratory; the results were recorded and 
discussed critically. The specimens were cured and tested at 7, 14 and 28 days. However, a total number of 108 specimens were 
tested for both cubes, cylinder and prisms, and also they were analyzed by comparing the results of KFRC with the results of plain 
concrete specimens. 

  
Slump Test 
The design slump of the experiment is 30-60 mm but when the length of fibre increases from 30 mm, 50 mm to 70 mm, the mix 
becomes stiffer in workability results and shown low slump value compared to the slump of 0% (control) fibre. Low slump value 
may have great impact on the workability of the concrete. However, 1% and 30 mm of KFRC (optimum percentage and length) 
slump value represents the designed range of the slump test of 39 mm. 
 
Compacting Factor Test 

This test was conducted on the fresh concrete to investigate the workability of the concrete and corroborate the outcome achieved 
by slump test. The results indicated that 1% and 30 mm of KFRC has the highest workability of 0.77 compared to the other two 
specimens. Hence, it is ensured that the addition of fibre to the mix make it more stiffer and provided low workability, which 
means the compacting factor will becomes less as a result of the distribution of fibre that interrupts the movement of concrete 
particles. Table 1 shows the average results of slump test and compacting factor test. 
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Table 1: Average results of slump test and compacting factor test 
Length of 

fiber mm 

Slump 

height (mm) 

Compacting 

factor 

0 46 0.93 

30 39 0.77 

50 33 0.70 

70 28 0.68 

 
 
Compressive Strength Test  
Compressive strength tests was conducted in order to determine the strength of the concrete at the age of 7, 14 and 28 days by 
using cube mould with the dimension of 100x100x100 mm. The average results and the behaviour of 0% KFRC was determined 
and compared with the average results and behaviour of 30 mm KFRC, 50 mm KFRC and 70 mm KFRC respectively. The control 
cube shown minor cracked then suddenly failed as soon as reaches its maximum load during testing, from the compressive 
strength the average values of control samples is 33.5 N at 28 days of curing. Moreover, the addition of kenaf fibre to the concrete 
slightly changed the behaviour of the concrete by increasing the strength of it. In general, 50 mm will be the best optimum length 
that could be used in structural construction purposes a shown in Figure 1. 
 

 
Figure 1: Comparison of Comressive Strength and KFRC Length of of Fibre in different duration 

 
Flexural Strength Test 
The flexural strength for the control samples (OPC) For 7, 14 and 28 days was 4.4 N/mm2, 5.1 N/mm2 and 6.0 N/mm2 

respectively. For various length of Kenaf fiber used 30 mm, 50 mm and 70 mm to cement the results for the 7 days test (DC) were 
5.2 N/mm2, 5.4 N/mm2 and 5.0 N/mm2 respectively. The compressive strength for 14 days test (DC) was 5.8 N/mm2, 6.1 N/mm2 
and 5.5 N/mm2 respectively. The compressive strength for 28 days test (DC) was N/mm2, 7.4 N/mm2 and 6.5 N/mm2 respectively. 
According to the result 50 mm of Kenaf fiber is the optimum length in terms of strength and toughness as shown in Figure 2. 
 

 
Figure 2: Comparison of Flexural Strength and KFRC Length of of Fibre in different duration 

 
Tensile Strength Test 
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Tensile strength for the control samples (OPC) For 7, 14 and 28 days was 2.0 N/mm2 , 2.1 N/mm2 and 2.5 N/mm2respectively. For 
various length of Kenaf fiber used 30 mm, 50 mm and 70 mm to cement the results for the 7 days test (DC) were  N/mm2, 2.6 
N/mm2and respectively. The compressive strength for 14 days test (DC) was 2.4 N/ , 3.0 N/  and 2.3 
N/ respectively. The compressive strength for 28 days test (DC) was 2.9 N/mm2, 3.5 N/mm2 and 2.7 N/mm2 respectively. It 
can been seen that 50 mm of KF gave the best result in compare with other lengths s shown in Figure 3. 
 

 
                  Figure 3 Comparison of Tensile Strength and KFRC Length of of Fibre in different duration 

 

CONCLUSION 

This section presents the conclusion of the whole experimental research that were conducted for identifying the characteristics 
of Kenaf fiber concrete for both fresh and hardened stages and a suitable mixture proportions were taken into account for Kenaf 
fiber concrete with fibers contents of 30 mm, 50 mm and 70 mm: 

1. This study reveals that increment of kenaf fibre contents in the mixture decreased the workability of concrete and this is 
due to the water absorption characteristics of kenaf fibre. Besides that, the water absorption with higher fibre length made 
the mixture more stiffen which will finally produces lower workability concrete which may lead to consider choosing the 
optimum percentage and length of kenaf fibre content. 

2. This study of kenaf fibre concrete showed that when the length start increasing above 50 mm the strength of compressive, 
flexural and tensile begin to go down. It can been seen that the length of 50 mm is the optumim length as it gives higher 
results in term of compressive, flexural and tensile strength in comparison with 30 mm and 70 mm. it can concluded that 
kenaf fibre is a suitable material that could potentially be used to produce higher strength concrete in term of flexural, 
tensile and compressive in the concrete to be used it for structural applications. 
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ABSTRACT. Palm oil fuel ash (POFA) is the by-product acquired by burning empty fruit bunches (EFB) which contain high 
amount of Silica. The usage of pozzolanic material such as POFA in concrete as partial replacement of cement has increased 
tremendous nowdays. Currently, combination between Silica and Calcium Oxide (SiO2-CaO) is a new trend in many application 
of bio-composite and it has become possible to apply in concrete. If pozzolan materials replace in cement, the maturity of concrete 
reach at later curing age. In this case, it takes longer time to achieve the target strength and normally it takes 56 days of curing 
ages. In order to solve this problem, the eggshell powder (ESP) has been used because ESP have higher amount of Calcium Oxide 
(CaO). The ESP is possible to used as cement replacement because ESP acts as catalyst and essential in contributing to early 
strength of concrete. This paper presents the physical and mechanical properties of ground palm oil fuel ash (GPOFA) concrete 
named as reactive silica concrete containing ESP under physical properties; workability test, density test, ultra pulse velocity 
(UPV) and mechanical properties; compression, flexural and spltting tensile test. The sample was prepared at curing age 1, 3, 7, 
28 and 56 days.The optimum mix proportion of GPOFA containing ESP concrete is obtained from previous study. The optimum 
mix proportion of cement replaced about 10% of GPOFA and 10% of ESP. In overall, it is found that the workability of normal 
concrete had better workability as compared to GPOFA/ESP concrete.The density and UPV properties increased as the curing 
ages increased and GPOFA/ESP is denser compared to NC. This happened due to the GPOFA produce more C-S-H gels in 
concrete as compared to NC. The presence of higher silica content influences the pozzolanic reaction when it reacts with CaO thus 
creating extra C-S-H gels, therefore can increased the concrete strength. The utilization of GPOFA containing ESP as cement 
replacement produces a higher compressive strength than normal concrete. All in all, the GPOFA/ESP concrete has better physical 
and mechanical properties than NC. In addition, the combination of GPOFA and ESP is possible as cement replacement; ESP act 
as catalyst at early stage and GPOFA act as pozzolan at later stage. 

Keywords: Palm oil fuel ash (POFA), Ground palm oil fuel ash (GPOFA), Eggshell powder (ESP), Empty fruit 
bunches (EFB), Mechanical properties, Physical properties. 

INTRODUCTION 

Malaysia is a developing country. Thus, the development of infrastructure especially buildings like skyscrapers, bridges, 
houses and many more are growing rapidly. One of the main materials that have been used in construction is concrete. The type of 
cement commonly used in our industry is ordinary Portland cement (OPC). The demand of cement is high due to rapid 
construction. The production of this material is not only costly but it also produces large amount of carbon dioxide (CO2). The 
generation of one ton of Portland cement creates roughly one ton of CO2 in the atmosphere that can contribute to the greenhouse 
gasses emission [1]. It will lead to further problems such as depletion of natural resources, greenhouse gas emission and 
environmental pollution. However, many researches have been made in order to introduce concrete supplementary as replacement 
to cement in concrete mixture [2]. 

 
Problem Statement  

Normal concrete is porous and in term of their durability is very low. Aggressive environment conditions in such as presence 
of sulphate and chloride can penetrate through  the concrete structure. In order to solve this problem, blended or composite cement 
concrete is introduced to produce dense concrete structure. However, blended or composite cement take longer time to archive the 
target strength. In order to provide early strength to the concrete, the hydrated lime is introduced to achive early strength stage. 
However, from time to time the hydrated lime originated from sedimentary rock (limestone) has decreased because of depletion of 
resources. In order to cater the highlighted problems, ESP is used as replacement of hydrated lime and reacts as catalyst to 
provides the early strength to the blended cement concrete. Meanwhile, GPOFA is used as replacement of cement to provide the 
later strength of concrete. The combination between these two materials can give dual stage of strength development which the 
materials attribute to early and later strength. 

 
Objectives  
The aim of this work is to look at the effect of reactive silica concrete containing eggshell powder on pozzolanic reaction. The 
details of objectives are as follow: 

4. To determine physical properties of reactive silica concrete containing eggshell powder. 
5. To investigate mechanical properties of reactive silica concrete containing eggshell powder. 

 
Scope of Study  

In order to achieve the objectives of the study, this research will focus on the mechanical and physical properties of RSC 
containing ESP. Thus, the study will only be limited to these scopes of work: 
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This study focus on ground palm oil fuel ash (GPOFA) because it has more finesse of particle that will give reaction in 
cementitious system as compared to unground POFA (UPOFA). The size is limited to passing sieve of 45µm.This study focus on 
eggshell powder (ESP) and the size limit is up to passing sieve 0.4 µm. Design mix proportion is based onthe previous study 
conducted by Khalik [3]. The optimum mix design is 10% GPOFA, 10% ESP in concrete.  

Curing ages involved in this study are at ages 1, 3, 7, 28 and 56 days. The mechanical properties covered only for compressive, 
flexural and splitting tensile strength. 

LITERATURE REVIEW 

Normal concrete is a composite material composed of coarse and fine aggregates bonded together with fluid cement that 
hardens over time. Most concretes used are lime-based concretes such as ordinary Portland cement (OPC). When aggregate is 
mixed together with OPC and water, the mixture forms a mould that is easily to shape. The cement reacts chemically with the 
water to bind the materials together into a durable stone-like material that can be used in the construction of the building. By 
adding allied pozzolanic and cementitious materials such as POFA and ESP in the mixture, it can improve the physical properties 
of the finished material [3]. 

POFA is a by-product from the palm oil industry and it is produced from burning at high temperature that contain high amount 
of silica. High strength and durability of concrete can be achieved with the high amount of silica. Therefore, POFA can be use as 
pozzolanic materials that can improve the properties of concrete. Samsudin [4] have studied on Palm Ash as Cement Replacement 
in Concrete. From his study, he has proved that the compressive strength has been decreased when cement is replaced in the range 
20-50% at various ages. It was almost proportional to the quantity of POFA replacement in the concrete mixture except when only 
10% ash was used. There are two types of POFA which is ground POFA (GPOFA) and unground POFA (UPOFA). Hafizah [5] 
has studied on binder and micro-filler characterization and properties of palm Oil fuel ash polymer concrete. From the study it was 
found that the natural cellulose/porous structure of POFA had been broken after grinding process. Awal and Abubakar [6] have 
characterized the chemical composition and chemical properties of POFA and discovered that the silica content of POFA is higher 
than OPC. C-S-H gels are beneficial to strength development of the POFA concrete.  

Every year, it is estimated that roughly 90 million tons of chicken egg are generated all over the world [7]. Few investigations 
were conducted to use eggshell waste in civil engineering applications.The eggshell essentially contains calcium, magnesium 
carbonate (lime) and protein. Eggshell waste can be used as fertilizer, animal feed ingredients and other such uses. Even though it 
has many uses, majority of the eggshell waste is deposited in landfills. Improper management of eggshell waste in landfills will 
attract vermin due to attached membrane and affect human health and environment. Calcium carbonate (CaCO3) contained in 
eggshell powder is good material that can give strength to the concrete. Eggshell is made almost entirely of CaCO3. The quality of 
lime in eggshell waste is strongly influenced by the extent of exposure to sunlight, raw water and bad weather conditions [8]. 
Sivakumar and Mahendran [9] have stated that eggshell comprises 93.70% calcium carbonate (in calcium), 4.20% organic matter, 
1.30% magnesium carbonate, and 0.8% calcium phosphate. Thus, the primary objective of this study is to understand the 
possibilities of use of ESP in concrete. Investigations were systematically conducted on performance of ESP concretes in terms of 
strength properties like compressive strength and tensile strength.  

METHODOLOGY 

The physical properties of normal concrete and reactive silica concrete containing ESP was compared via few test such as 
density test and ultrasonic pulse velocity test (UPV). Meanwhile, the mechanical properties of both mix proportion ae compared 
and the characterization of the concrete mix were investigated under compression test, flexural test and splitting tensile test. 
 
Preparation of Raw Material 

The raw materials used are GPOFA and ESP. The POFA was collected from the southern part of Peninsular Malaysia. It was 
oven-dried at 100°C before being further divided into two portions which are UPOFA and GPOFA. The UPOFA was obtained 
directly by passing the POFA through the 300 μm sieve to separate their natural substances and make homogenize the particles 
size. Meanwhile, the GPOFA was obtained after passing through 45 μm sieves by using laboratory grinding mill with rod bar to 
obtain finer particles.The eggshells were collected at the frozen food industry in Universiti Teknologi Malaysia, Johor. This small 
industry at cafe area produced egg shell wastes every day. The crushed and dried eggshells are ground using grinder to obtain a 
fine powder of eggshells. 

 
Design Mix of Concrete 

This study refers to the previous study conducted by Hazri [3]. Normal concrete was designed as control specimen with the 
design target cylinder strength of 25MPa. 20% replacement of cement which is 10% of GPOFA and 10% of ESP. The mix of 
concrete is shown in Table 1. 
 
 
 
 
 
 
 
 
 

Table 1:  Design mix proportion for GPOFA/ESP[3] 

Concrete 
type 

OPC Fine 
aggregates 

Course 
aggregates Water GPOFA ESP 

% kg/m3 % kg/m3 % kg/m3 % kg/m3 % kg/m3 % kg/m3 
NC 100 455 100 932 100 763 100 250 0 0 0 0 

GPOFA/ESP   10 36.4 10 54.6 
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Concrete Casting 
90 samples were prepared which 30 prism for flexural test (75x75x300), 60 cylindrical for compression and splitting tensile test 
(100x200). 

 
Physical properties 
Physical properties of concrete in this study were obtained under workability, density and ultrasonic pulse velocity.  
 
Mechanical properties 
The mechanical properties of reactive silica concrete in this study were obtained using compression, flexural and splitting tensile 
tests by using universal testing machine. 

RESULTS AND DISCUSSION 

Workability 
In this study, there are five batch of concrete based on curing age which 1, 3, 7, 28 and 56 days. The slump indicates the 

workability of the concrete mixture. The higher the slump value measured, the higher the workability of concrete. Figure 1 shows 
that every batch passed the slump range of 60 mm to 180 mm marked by red dotted line in the figure. The slump value of 
GPOFA/ESP shows lower value compared to NC. GPOFA has little natural open cellulose agriculture based material that can 
absorb accessive water and this phenomenon reduce the workability of GPOFA/ESP concrete as compared to NC. 

 

 
Figure 1: Slump of NC and GPOFA/ESP concrete 

 
Density 

Figure 2 shows the density of cylinder of normal concrete and GPOFA containing ESP concrete. The overall pattern of the 
density shows increment with the increment of curing ages. However, GPOFA containing ESP are denser compared to normal 
concrete in every curing age. The pozzolanic reaction increased as the production of C-S-H gels also increased. This happened 
because of the present of higher silica content in GPOFA influence the pozzolanic reaction which then makes the concrete more 
durable and denser. The difference between NC cylinder and GPOFA/ESP cylinder density in 1 and 3 days of curing are higher 
compared to 7, 28 and 56 days of curing. The early age of GPOFA/ESP shows higher density compared to NC as the ESP 
provides early strength to the concrete. The presence of ESP in the concrete helps to increase the density of concrete by boosting 
the pozzolanic reaction, thus makes concrete denser. 

 

 
Figure 2:  Density of cylindrical concrete 

 
Denseness 

Figures 3 shows the UPV of different types of concrete which is NC and GPOFA/ESP. In this study, the highest value of 
velocity indicates that the concrete has a very dense packing structure and vice versa. Based on the Figure 3 it show that NC have 
lower velocity compared to GPOFA-ESP. It show that GPOFA-ESP is denser compared to NC at every curing age. 
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Figure 3:  Ultrasonic pulse velocity (UPV) result. 

 
The production of both type of concrete in this study was consistent since the coefficient of variation (COV) is less than 

7.71%, as shown in Table 2. This also shows that the concrete had sufficient compaction during production.  
 

Table 2: Type of concrete, NC and GPOFA-ESP    
Type of 

concrete 
NC GPOFA-ESP 

Curing days 1 3 14 28 56 1 3 14 28 56 
Average (µs) 20.37 19.37 19.00 18.77 18.67 19.90 18.87 18.73 18.60 18.50 

SD (µs) 1.73 0.50 0.21 0.15 0.17 1.19 0.20 0.20 0.06 0.10 
COV (%) 7.71 2.70 1.09 0.86 0.95 5.93 1.12 1.07 0.34 0.56 

Velocity (m/s) 3682 3873 3947 3996 4018 3769 3975 4004 4032 4054 
 
Compressive Strength 

Fundamentally, concrete mixed  solely with pozzolan materials does not contribute to early strength development due to 
pozzolan material acting to later strength development. However in this case, the combination between pozzolan (SiO2) and 
Calcium Oxide (CaO) significantly to improve early strength development. In this case, ESP react as catalyst to enhance early 
strength even at curing age for day 1. This clearly can be seen as the GPOFA/ESP concrete had approximately about 15 MPa as 
compared to NC which had approximately about 6 MPa. At the same time, the catalyst does not disturb the later strength of the 
concrete.  From the graph, the overall pattern of compressive strength shows the increment with increment of concrete’s curing 
age. However the GPOFA-ESP concrete shows greater value of compressive strength at every curing age. GPOFA have high 
amount of silica that influences the pozzolanic reaction to produce more C-S-H gels, thus making the concrete more durable and 
denser. It helps to boost the pozzolanic reaction in early age of concrete.  

Meanwhile Figure 5 shows the relationship between the compressive strength with the density of concrete. From the result it 
can be seen that the density and the compressive strength is directly related to each other. When the density is increased, the 
compressive strength also increased and vice versa. The difference between NC and GPOFA/ESP in 1 day of curing is very 
significant in both density and compressive strength. This due to the present of ESP which contain calcium carbonate (CaCO3). 
Calcium carbonate from eggshell powder is good material that can give strength to the concrete by acting as a catalyst by boosting 
the pozzolanic reaction. 

Figure 6 shows the relationship between compressive strength with velocity. It is found that compressive strength of both 
concrete had very strong relationship with strong regression, R2, at about 0.90. The compressive strength of concrete increased 
when the the deseness of the packing structure increased. 
 

 
Figure 4: Compressive strength of mix proportion concrete 
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Figure 5: Relationship between density and compressive strength of NC and GPOFA/ESP concrete 

  
(a) (b) 

 
Figure 6: Relationship between compressive strength and velocity (a)NC (b)GPOFA/ESP 

 
Flexural Strength 

The flexural strength of concrete is obtained from direct testing under the flexural test and the results are shown in Figure 7. 
Figure 7 shows the trend of flexural strength of NC and GPOFA/ESP concrete. The flexural strength of concrete was also tested in 
1, 3, 14, 28 and 56 days of curing. The overall pattern of flexural strength shows the same pattern as compressive strength. It 
slightly increased from 1 day of curing until 56 days of curing. However the result shows that GPOFA/ESP concrete have higher 
value of flexural strength compared to NC. 
 

 
Figure 7: The result of flexural test for NC and GPOFA/ESP 

 
Tensile Strength 

The splitting tensile strength of both concrete NC and GPOFA/ESP are shown in Figure 8. It shows that the tensile strength of 
NC and GPOFA/ESP  increased proportionally with curing age. However, GPOFA/ESP shown greater tensile strength compared 
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to NC. There is a good relationship between compressive strength and splitting tensile strength. It can be seen that the 
compressive and the split tensile strengths are directly related. 
 

 
Figure 8: The result of splitting tensile test for NC and GPOFA/ESP. 

CONCLUSION 

The conclusions drawn from this study to fulfill the research objectives are as follow: 
1. Reactive Silica Concrete (RSC) containing Eggshell Powder (ESP) has dense concrete structure as compared to Normal 

Concrete (NC). GPOFA is a good pozzolan materials in reducing the voids of the cement paste, thus making the concrete 
denser. 

2. Mechanical properties of RSC containing ESP improved as compared to NC. The use of GPOFA that have high 
amounted of silica influence the pozzolanic reaction to produce extra C-S-H gels. In addition, the adding of ESP helps to 
boost the pozzolanic reaction process to produce more C-S-H gels. 
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ABSTRACT. Steel plate shear wall (SPSW) is an effective lateral load resistance system that have been utilized for more than 
three decades. Energy dissipation capacity of the infill steel plate which is a component of the SPSW contributes to the ability of 
the SPSW to resist lateral load. Little research has been conducted on the influence of the parameters of the infill steel plate to the 
energy dissipation of the infill plate despite the abundance of research conducted on SPSW. Thus, the objective of this research is 
to determine the effect of different dimensions of the steel plate as well as the grade of steel used to the energy dissipation, 
ductility ratio and lateral load resistance of the steel plate. The steel plate will be applied by cyclic load and Excel spread sheet 
was used to calculate the lateral displacement of the steel plate. Ductility ratio and the lateral load resistance were determined 
from the results. Hysteretic curve was plotted to determine the energy dissipation of the steel plate. The cumulative energy 
dissipation and lateral load resistance are directly proportional to the dimension of the steel plate, while ductility ratio remained 
constant and was not affected by the dimensions of steel plate. Higher yield steel increased ductility, energy dissipation and lateral 
load resistance of the steel plate.  

Keywords: Steel Plate; Lateral Displacement; Energy Dissipation; Ductility Ratio; Hysteretic Curve; Cyclic Loading.  

INTRODUCTION 

Catastrophe due to seismic and wind, which are lateral forces can cause the failure and collapse of high rise building.  One of 
the solutions to resist the lateral force is by adopting steel plate shear wall (SPSW) as a main resisting system [1]. SPSW has been 
used as lateral resistance system in  multi-storey buildings for more than three decades in Japan and North America. Advantages 
of using SPSW are its ductility and energy dissipation allow drift up to 4 percent without damage, its thinner walls that saves floor 
area, lightweight which reduces the load borne by the foundation, fast construction time and suitable for retrofitting existing 
buildings [2]. SPSW is composed of infill steel plate and boundary elements. The infill steel plate resists the lateral loads by 
utilizing  tension-field action that develops during the inelastic phase. The infill steel plate can be either constructed with or 
without stiffeners. Stiffened steel plate increases the buckling bearing capacity and lateral displacement stiffness of the structure 
by restraining the out-of-plane buckling of steel plate.  

 
Problem Statement  
The ability to dissipate the induced energy is crucial to the earthquake resistance of a structure [3]. The infill plates is an important 
component of the SPSW as it has high energy dissipation capacity to resist the seismic load. The seismic input energy that is 
transmitted to a structure is dissipated by hysteretic behavior of the infill steel  plate [4]. Knowing the parameters that maximize 
the energy dissipation capacity is important in the design of seismic resistance structure. However, little research has been 
conducted on the influence of  the dimension of the infill steel plate on the energy dissipation capacity of the infill plate despite 
the many research on SPSW. 

 
Objectives  
The objectives of this study are:   

6. To obtain the hysteresis curve of steel plate with different dimension and made from different grades of steel; 
7. To determine the effects of  the width, thickness and  grade of steel of the steel plate to  its energy dissipation, ductility 

ratio and lateral load resistance. 
 
Scope of Study  

In this study, 30 steel plate models with different width and thickness are analysed. The steel plate is 4 metres high and is fixed 
at its base. Two different grades of steel are used which are Grade A36 and A992. Horizontal cyclic loading will be applied at the 
top of the steel plate and the displacement at the top the steel plate is obtained. Four cycles of horizontal loads will be applied. 
Excel spread sheet are used to plot the hysteretic curves and to calculate both the energy dissipation and ductility of the steel 
plates. 

LITERATURE REVIEW 

Steel plate shear wall which is composed of a frame and infill steel plate; has been widely applied in high-rise structures as 
effective lateral load-resisting systems.  It has advantages such as light weight, high lateral stiffness, good ductility, high energy-
dissipation capacity and also convenience of construction.  Nippon Steel Building completed in 1970 in Japan is the first structure 
using SPSWs in the world.  Other applications such as Olive View Hospital in the USA and Kobe office in Japan all performed 
exceedingly well during earthquake [5].   
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Braced frames and steel plate are  known to be useful in the seismic retrofit of buildings. Two important properties in the 
design of structures in earthquake is ductility and enery dissipation. Cyclic testing of six frames: four concentrically braced frames 
(two with cold-formed steel studs for in-plane and out-of-plane restraint of the braces and two without), and two light-gauge steel 
plate shear walls (one with a flat infill plate and one with a corrugated infill) was performed to compare  ductility and energy 
dissipation of braced frames and steel plate [6].  The largest initial stiffness was provided by a braced frame specimen with cold 
formed steel studs and the largest ductility was achieved with a steel plate shear wall with flat infill.  After scaling the hysteretic 
results to the same design base shear, it was found that both the energy dissipated per cycle and the cumulative energy dissipation 
were similar for flat plate steel plate and braced frames with two tubular braces, up to a ductility of four.  After that the tubular 
braces fractured while the steel plate with a flat infill reached a ductility of nine before the energy dissipation per cycle decreased.  

The  excellent ductility and energy dissipation charasteristics of steel  plate shear wall was proved by a test which applied 
controlled cyclic loading  on a large-scale four storey, single bay specimen with unstiffened panels [3]. The 30 cycles of loading 
included 20 cycles in the inelastic range. Results showed that the test specimen was initially very stiff, had excellent ductility and 
energy dissipation characteristics, and exhibited stable behaviour at very large deformations and after many cycles of loading [3]. 
The stability of the steel plate wall is due to the steel panel that acts like a tension brace [7]. Further,the behavior of the steel plate 
can be improved by installation of stiffeners [8].  It caused 26% increase in energy dissipation capacity and 51.1% increase in the 
shear stiffness of steel plate while its effect on the steel plate shear strength was minor.   

The design of unstiffened steel plate shear walls requires the construction of detailed nonlinear model that must be calibrated 
with large‐scale experimental data to predict the behavior of the design so that a safe and efficient structure is produced. [4]. 
Results from finite element analysis on three different sizes of shear wall but with the same thickness shows that the stiffness and 
ultimate strength decrease as the aspect  ratio is increased [9] . Thus, stronger steel plate can be obtained by using lower aspect 
ratio.    

Openings of steel plate shear wall may be required as a passage for people to go through it. Experimental testing was 
performed on three one-third scaled single-story steel plate specimens with two rectangular openings under quasi-static cyclic 
loading (Figure 1) to investigate the effects of two openings on the structural behavior of steel plate experimentally [10]. The 
differences between the three perforated experimental specimens were the interval between two openings and their closeness to 
the frame columns. The structural parameters of perforated specimens were compared to the similar specimen without any 
opening.  Test results showed that the ultimate shear strength, stiffness and energy absorption were the same in all three perforated 
specimens and the interval between the two openings had no effect on these values. In the perforated specimens, which the 
effective width of panels was 63% of unperforated panel; existence of openings will lead to reduce the initial stiffness and 
ultimate shear strength 22% and 36%, respectively, compared to the unperforated specimen.  

 

 
 

Figure 1: Experimental specimens before conducting the test (a) SSW201 (b) SSW202 (c) SSW203. 
 

There are two different methods to predict intricate hysteretic behavior of perforated shear walls [11].  First, the shear wall was 
modeled through a mechanical method, where the deformation sources were specified and formulated with particular force–
displacement relationships.  All fundamental relationships except slippage of the system were derived on the basis of rigorous 
mechanical method.  The capability of predicting force–displacement relationship under cyclic loads was investigated in 
comparison with the experimental test results.  In the second part, neural network process was applied to learn mechanical rules 
instantly from experimental data.  The proposed neural networks model represented well in accordance with the actual response.  
The results confirmed that the neural network model may be a good alternative to the mechanical model for predicting hysteretic 
behavior, where even significant pinching is seen. [11].       

Steel plate systems have dual characteristics, the frame and infill wall action.  The connection flexibility of frame joint not 
only changes the force and moment distribution, but also increases the lateral displacement and weakens the overall stability in 
SPSW structure. The different type of  connection joints such as hinged, rigid and semi-rigid  connection joint influence  the 
behavior of steel plate structures [12]. The bearing capacity, energy dissipation mechanism, failure mode, stress and deformation 
development process of the semi-rigid composite frame with steel plate shear walls under different stiffener forms were studied 
using experimental tests and finite element analysis.  It was observed that with stiffeners the specimen yield load increased about 
20% on the elastic stage, the ultimate bearing capacity of the diagonal stiffener was about 5% larger than the cross stiffener on the 
plastic stage, but the overall failure modes were basically the same.  The numerical analyses results showed that the ultimate 
bearing capacity of the rigid joints system was about 15% larger than the hinged joint, the semi-rigid joints system was similar to 
the hinged joint and the difference was only 5%.  The effect of joints stiffness on the bearing capacity of the steel plate structure 
was small on elastic stage.  
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METHODOLOGY 

Excel spread sheet was used to calculate the lateral displacement of the steel plate. The in-plane lateral load was applied at the 
top of the steel plate model in a displacement-controlled and incremental manner. 30 steel plate models with different dimension 
and fixed at the base were analysed. The manipulated parameters in this analysis are the width and thickness of the steel plate as 
well the grade of steel. The width of the steel plate used was 2 m, 3 m, 4 m, 5 m and 6 m, while the thickness of the steel plate 
used was 15 mm, 12 mm and 20 mm. The grade of steel used were A36 and A992.  

The method that was used to apply load onto the steel plate involves loading, unloading, reverse loading and reverse unloading 
which completes one cycle of the cyclic loading. Loading which is the first step, is the process when the lateral load that was 
applied to the steel plate was increased for each subsequent step. The second step which is unloading is the process when the 
lateral load was reduced for each subsequent step. This unloading process was continued until the lateral load applied reached zero 
value. Then, the third step is reverse loading where the lateral load was applied in the opposite direction in increasing manner until 
the intended maximum stress value was acheived before performing the fourth step, which is reverse unloading. This four-step 
process was repeated four times, and thus there were four cycles of cyclic loading.  

Load was applied so that the steel plate achieved a certain value of strain, which is the maximum strain for each cycle. The 
value of the maximum strain was increased in subsequent cycle. The maximum strain used was 0.03, 0.04, 0.05, 0.06 in cycle 1, 2, 
3 and 4, respectively. All the maximum strains  exceeded the yield strain and thus were in the plastic zone. Then the maximum 
stress for every load cycle which corresponds to the maximum strain in the cycle was determined from the stress-strain curve of 
the corresponding grade of steel used. Note that the principal normal stress acts at the top of the steel plate equals the shear stress 
as shown in Figure 2. Then, the maximum lateral load applied at each cycle is determined by multiplying the maximum stress 
with the cross sectional area of the steel plate.  

The lateral load, P used during loading process equals 0% 25% 50% 75% 80% 90% and 100% of the maximum lateral load 
applied in each cycle. During the unloading, the lateral load, P applied was 98% 75% 50% and 25% of the maximum load. Shear 
stress was calculated for each value of P applied, and the value of the modulus of elasticity, E that corresponds to the stress was 
determined from the stress-strain diagram as the shear stress, W equals the principal normal stress, Vp. Modulus of elasticity is the 
tangent of the stress-strain curve. Then, G, modulus of rigidity is calculated by using  

 

                                                                                                                                                 (Equation 1) 

where v is Poisson’s ratio. Shear strain, J  was obtained by using 

             (Equation 2) 

Finally, displacement, G��was calculated by using; 

        (Equation 3) 

where h = height of the steel plate 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Principle of Mohr’s Circle to determine the principal normal stress 

RESULTS AND DISCUSSION 

Hysteresis curve was plotted based on the lateral displacement obtained from the analysis. Energy dissipation, ductility ratio 
and lateral load resistance were determined and compared for different dimension of the steel plate and grade of steel used.  

  
Hysteretic Behaviour  
The hysteresis curves for 6 m wide and 20 mm thick A992 and A36steel plates under cyclic loading are shown in Figure 3(a) and 
Figure 3(b) respectively. Overall, the hysteresis curves of both materials are spindle shaped and full without obvious pinching 
point, which indicates that both A992 and A36 steel plates have good energy dissipation capacity. At the beginning of the loading 
stage, the load–displacement curves remain linear. After the structures have entered the inelastic stage, the area of the hysteresis 
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loops starts to increase. Comparing Figure 3(a)  with Figure 3(b), it is observed that A992 steel plate requires higher horizontal 
load to achieve the same displacement value as the A36 steel plate which indicates that A992 steel plate has larger energy 
dissipation capacity than the A35 steel plate.  

 

  
 (a)                                                                   (b)                                                             
 

Figure 3: Hysteretic curve of (a) A992 steel plate (b) A36 steel plate. 
 

Energy Dissipation   
Energy dissipation is an important consideration in the evaluation of the seismic performance of structure. Energy dissipation 

could be reflected through the area of load-displacement hysteretic loops. The energy dissipation increases with a parabolic trend 
as the cycle number is increased as shown in Figure 3. This is as expected as the modulus  of elasticity (tangent of the stress-strain 
curve) of  steel decreases as the larger the strain is in the plastic state. Energy dissipation is increased when the steel plate has 
larger thickness and larger width. Figure 4 shows the increment of  energy dissipation with increasing thickness of the steel plate 
for 2 metre wide steel plate, while Figure 5 shows energy dissipation increases with the increase of the width of the steel plate for 
5 mm thick steel plate.   

 

 
Figure 4: Energy Dissipation of A36 steel plate 2m wide    Figure 5: Energy Dissipation of A36 steel plate 5mm thick 

 
Cumulative energy dissipation is the total energy dissipated in the four cycles. Cumulative energy dissipation is found to 

increase linearly with increasing width and increasing thicknes as shown in Figure 6. In fact, graphs of energy dissipation versus 
cross-sectional area in Figure 6 reveal that the energy dissipation increased linearly when the cross sectional area of steel plate 
increased for both A36 and A992 steel Thus, larger dimension of steel plate is able to dissipate more energy before its failure 
compared to the smaller dimension of steel plate. Further, A992 steel plate dissipated more energy compared to A36 steel. This is 
due to the higher  yield point of A992 steel which is 344738 kN/m2 compared to A36 steel which has a yield point of 248211.28 
kN/m2.  
 

 



 
30 

 

   
  (a)                                                  (b) 
 

Figure 6: Cumulative Energy Dissipation of  (a)  A36 steel plate with varying width and thickness (b) 5 mm thick A36 and A992 
steel plates with varying cross sectional area.  

 
Lateral Load Resistance  

Lateral load resistance is the maximum lateral load that can be applied to the steel  plate that occurs when the steel plate is at 
the state of maximum strain before failure. Lateral resistance increases linearly with increasing thickness and width of the steel 
plate shear wall. The lateral resistance of both A36 and A992 steel plate with varying width and thickness is shown in Figure 7.  
Further, A992 steel plate has higher lateral resistance than A36 steel plate with the same dimension (Figure 7), as A992 steel has 
higher yield point compared to A336 steel.   

 
Figure7: Lateral load resistance of A36 and A992 steel plate with varying thickness and width of the steel plate. 

 
Ductility Ratio   

Ductility ratio is defined as ratio of the maximum displacement to the first  yield displacement. The ductility ratio for all the 
steel plate is the same, even though the dimension of the steel plates is different if the type of material is the same. The ductility 
ratio is based on the type of material used. In this analysis, when A36 steel was used, the deformation when the steel yield is at 
0.208m and the maximum deformation is 0.906m. Thus, ductility ratio = 0.906 m / 0.208 m = 4.356. The maximum deformation 
when the steel yield and the maximum deformation when A922 steel was used are, 0.156m and 0.974m respectively. So, the 
ductility ratio is 6.239.  

CONCLUSION 

The lateral load resistance and hysteretic curve with different dimension and gradel of steel plate were systematically 
investigated. A total of 30 steel plate models were analysed. Findings conforming to the objectives of this study can be 
summarised as below.  

1. Hysteresis curves of steel plates  with different dimension and made from different grades of steel were plotted from the 
set of data consisting the applied cyclic load and the corresponding lateral displacement. 
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2. The cumulative energy dissipation and lateral load resistance are directly proportional to the dimension of the steel plate, 
while ductility ratio remained constant and was not affected by the dimensions of steel plate. A992 steel plate has higher 
ductility, energy dissipation and lateral load resistance compared to A36 steel plate due to the higher yield point of grade 
A992 steel. . 
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ABSTRACT. In order to improve the performance of concrete structure especially in the field of building construction, it 
essentially requires the inclusion of new construction material which not only focusing on improving the strength properties of 
concrete, but also would contribute in producing green and durable concrete. This study is designed in purpose to determine the 
mechanical properties of kenaf fibrous PFA concrete (KFPC), to study the effectiveness of PFA and its potential in influencing the 
mechanical properties of KFPC, and also to discuss the effects of length and volume of kenaf fiber on the performance of KFPC. 
In this study, compressive strength, splitting tensile strength, and flexural strength of KFPC are determined experimentally. The 
properties of plain concrete and PFA concrete are used as reference. The effects of fiber content (0.5%, 0.75%, and 1.0%) by 
volume of concrete and two different fiber lengths (25mm and 50mm) on KFPC are studied. The concrete is designed using DoE 
method. The experiments were conducted according to American Standards (ASTM) and British Standards (BS). The outcome 
shows that, with an appropriate fiber content and fiber length in the PFA concrete, the tensile and flexural strength substantially 
increased and the toughness of the concrete is significantly improved. However, the compressive strength of KFPC does not 
significantly increase in comparison to PFA concrete due to the presence of fiber but it does gradually increase with time. In 
overall, this research indicate that KFPC is a promising ‘green’ construction material which could potentially be used in several 
number of structural and non-structural applications.  

Keywords: kenaf (Hibiscus cannabinus. L), natural fiber, fiber reinforced concrete, mechanical properties, pulverized 
fuel ash (PFA). 

INTRODUCTION 

Concrete is a product or mass made by the use of a cementing medium, where this medium is the product of reaction between 
hydraulic cement and water [1]. Cement is the major component in concrete, and gives a major challenge in construction industry 
due to the production of carbon dioxide (CO2) during manufacturing process of Portland cement which exerts to global challenge 
of carbon foot print, environmental and social effects.  Pulverised fuel ash (PFA) or fly ash, is a by-product of coal-burning power 
stations. It possess pozzolanic behaviour which consist mostly of silica that react with lime forming a similar compound to 
Portland cement when mixed with water. Replacing cement partially with PFA helps in reducing the overall CO2 footprint of 
concrete, where the amount of energy used in local processing can also be reduced. Concrete is also known as a relatively brittle 
material. The insertion of randomly distributed fibers in concrete has been a practice in these recent years in contribution to 
improve the brittleness of concrete. The purpose is to increase the tensile strength by delaying the growth of cracks, and to 
increase the toughness by transmitting stress across a cracked section so that much larger deformation is possible beyond the peak 
stress [1]. Kenaf fiber is a cellulosic fiber, which is environmental friendly, biodegradable and economical compared to a non-
renewable synthetic fiber. Existing study shows that kenaf plant can absorbs 1.5 times amount of carbon dioxide (CO2) emissions 
by its weight because it has the best absorption level of CO2 compared to all of the plants studied [2]. With the utilization of kenaf 
fiber in concrete, it does not only helps to overcome the carbon footprint problem, but also contributes in making the concrete 
tougher and more durable, with greater tensile and flexural strength. Moreover, kenaf fiber is commercially accessible at moderate 
price when compared with other plant fibers and is obtainable in huge amounts. Kenaf has received many attention from 
researchers due to its attractive properties such as non-abrasive, degradable, renewable, and inexpensive. 
 
Problem Statement  

In order to improve the sustainability of concrete structure especially in the field of building construction, it requires both 
green material and green technology. Green material is material that is reusable from waste material, and is durable in which it 
helps conserving the natural resources, reducing waste and reducing environmental effects that could contribute to depletion of 
natural resources and cause pollutions. Meanwhile the term of green technology refers to technology that is considered as 
environmental friendly based on its production process.  

PFA is used as partial replacement of cement content in concrete. Owing to its pozzolanic behaviour, PFA contribute in 
improving the performance of concrete in both fresh and hardened state. It enhance the workability if plastic concrete and increase 
the chemical resistance and durability of hardened concrete, also providing in later age strength of the concrete.  

Concrete is known as a relatively brittle material, thus it is normally reinforced with steel reinforcing bars. Nowadays, it has 
become increasingly popular to reinforce the concrete with small, randomly distributed fibers in order to overcome the brittleness 
of concrete [3]. The purpose is to enhance the energy absorption capacity and toughness of the material, while increasing the 
tensile and flexural strength of concrete. Steel fibers and synthetic fibers are commonly used to be part of the structural elements 
in the concrete structure. However, these materials are expensive in terms of material production and maintenance costs. Besides, 
they are non-environmental friendly as they are also non-biodegradable materials. Studies have been done in searching the 
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alternatives ways in order to replace these steel and synthetic fibers. It is found that natural fibers to be a great alternative solution 
to replace the use of man-made fibers [4]. Kenaf fiber is suggested to be the most suitable due to its high capability in CO2 
absorption level, cheaper, easily accessible locally, renewable, eco-friendly and biodegradable. However, the natural properties of 
kenaf behaviour where it has poor surface roughness and high moisture absorption leads to poor mechanical properties and poor 
fiber-matrix adhesion in concrete composites. This would limit their application as the performance and strength of bond in 
composite material is control by the physical and mechanical properties of the matrix mixed. Therefore, chemical treatment is 
required for fiber in order to improve both of their physical and mechanical properties before it can be used.  

 
Objectives  
The main purpose of the research is to study the effectiveness and potential of kenaf fiber in PFA concrete in comparison to 
normal plain concrete and PFA plain concrete, and to discuss the effects of length and volume of kenaf fiber on the performance 
of KFPC using experimental method. The objectives of this study are: 

8. To characterise the properties of kenaf fibrous PFA concrete 
9. To evaluate the effects of length and quantity of kenaf fiber on the performance of kenaf fibrous PFA concrete 
10. To observe the mechanical properties of kenaf fibrous PFA concrete under compression, tension, and flexural loads 
 

Scope of Study  
The scope of the study is as below: 

1. The research focuses on the material development, which involves analysis and design of durable concrete material using 
kenaf fibrous PFA concrete 

2. The procedure of analysis and design of durable kenaf fibrous PFA concrete are developed through laboratory work 
which include material preparation, concrete mix design and test on compressive, tension and flexural strength.  

LITERATURE REVIEW 

Natural fiber is one of the renewable source that can be classified into animal-based and plant-based. Basically it is the fibers that 
are produced by animal, plants, and geological processes. Examples of animal-based fibers are such hair, silk, wool, and feather, 
whereas for plant-based fibers it includes pineapple, bamboo, flax, jute, palm, kenaf, sisal, and areca. These days, the application 
of natural fibers are growing in a number of sectors such as automobiles, furniture, packing, and constructions. Natural fiber has 
become a new generation of reinforcements and supplements for polymer based materials. Due to the increasing in environmental 
awareness, the development of natural fiber composites material or environmentally friendly composites has attract many 
attention and been a hot topic recently.  

Kenaf (Hibiscus cannabinus L.) is an herbaceous warm-season annual plant that can be found in southern Asia. Kenaf plant 
has several advantages over other plant, where it grows quickly that it can reach to heights of 4-5 m and 25-35 mm in diameter in 
a 4-5 month growing season [5]. It is one of the natural plant fibers used as reinforcement in polymer matrix composites. Kenaf 
fibers are coming into interest of many researchers due to its attractive properties such as non-abrasive, degradable, renewable and 
inexpensive.  

The concept of using natural fibers as an alternative to increase the structural properties of cementitious material has already 
been practiced and in fact, fibers have been used in construction to reinforce brittle materials since ancient times. Fibrous concrete 
can be considered as material with relatively short discontinuous fiber randomly distributed throughout the matrix in order to 
overcome the problems brought by the low tensile strength and strain capacity of a plain concrete. Examination on fractured 
specimen of fibrous-reinforced concrete shows that the failure takes place primarily due to fiber pull-out or debonding. Thus, 
unlike plain concrete, a fibrous-reinforced concrete specimen does not break immediately after initiation of the first crack.  

PFA is one of the residues generated in the combustion of coal. PFA is generally captured from the chimneys of coal-fired 
power plants. Owing to its pozzolanic properties, PFA is used as a replacement for some of the Portland cement content of 
concrete. The use of PFA as a pozzolanic ingredient was recognized and it is use as a partial replacement for Portland cement. It 
can replace up to 30% by mass of Portland cement, increasing the chemical resistance and durability of concrete and also provides 
later age strength. Due to the spherical shape of PFA particles, it can also increase workability while reducing water demand or 
water/cement ratio in concrete [6]. Besides, the use of PFA in construction materials would help to benefits the environment as it 
control the production of wastage that increase by year and helps preserving the air purity by pollution from carbon dioxide 
emission into the air. The design of this modified concrete can help to solve the environmental problems. 

METHODOLOGY 

This study is conducted in three phases. The phases includes materials preparation, sampling and laboratory tests, and data 
analysis.  
 
Materials Preparation 
The materials used in the study are ordinary Portland cement, coarse aggregate, fine aggregate, water, distilled water, kenaf fiber, 
sodium hydroxide (NaOH), superplasticizer and pulverised fuel ash (PFA).  
 
Kenaf Fiber 
The raw kenaf fiber used in this study was obtained from the National Tobacco Board of Kelantan. Chemical treatments were 
conducted before concrete mixing.  
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Kenaf Fiber Chemical Treatment  
The purpose of the treatment is to modify the structural and fiber morphology to improve its mechanical properties. Chemical 
treatment are applied for removal of lignin, pectin, and wax substances on the fiber surface, in order to enhance the bond between 
the organic fibers and the inorganic concrete matrix [7]. Sodium hydroxide (NaOH) solution of pH 13 is used as the chemical to 
treat the fiber by soaking it in duration of 3 hours before extracting the fibers. The fibers are rinsed and washed with distilled 
water, and then need to be soaked again in water for 24 hours until it approximately reaches pH 7. The fibers are then dried at 
ambient temperature for 72 hours or about 3 to 4 days. After dried, the fibers are cut into 25mm and 50mm length for 
incorporation into cement matrix.  

 
Preparation of Concrete 
The preparation of concrete involve all the materials mentioned previously. The concrete in this study is designed to achieve 
Grade 30 strength using DOE Method. In this study, three fibre volume fractions of 0.5, 0.75, and 1.0% were used, each with 
25mm and 50mm of length for every fiber content. A total of 11 concrete cylinders (100mm x 200mm), 9 concrete cubes (100mm 
x 100mm x 100mm), and 9 concrete prisms (100mm x 100mm x 500mm) was prepared for each batch. The list of concrete casting 
batch are as followed:  

Table 1: Casting batch of KFPC 
Batch 1 2 3 4 5 6 

Fiber Length (mm) 25 50 
Fiber Volume Fractions (%) 0.50 0.75 1.00 0.50 0.75 1.00 

 
The mix proportions for each batch are all the same except for the length and volume content of the treated fiber. The mix design 
proportions were illustrated as in Table 2. 
 

Table 2: Mix proportion based on different fiber content and length in PFA concrete 

Batch Cement 
(kg/m3) 

Fine 
aggregate 
(kg/m3) 

Coarse 
aggregate 
(kg/m3) 

Water 
(kg/m3) 

Kenaf fiber 
(kg/m3) 

Fly ash 
(%) 

Superplasticizer 
(%) 

Normal 463 800.16 866.84 250 - - 1 
PFAC 463 800.16 866.84 250 - 25 1 
1 – 6 463 800.16 866.84 250 1200 25 1 

 
All mixing and compaction were done by using the concrete vibrator. From each mix, samples are taken to measure the slump by 
doing slump tests. The purpose of slump test is to observe the workability of fresh concrete. Before casting, the mould is cleaned 
and greased before inserting or pouring the fresh concrete into the mould to ease the removal of the hardened concrete later. The 
hardened concrete is then removed from the mould after one day from the casting date under room temperature. The samples are 
soaked in the water for curing process. The curing age of concrete for this study are set to be 7, 28, and 56 days. After the curing, 
the samples can then be tested. Note that the samples need to be tested in surface dry condition.  
 
Laboratory Tests 
Testing were conducted in order to achieve the objective of the study. Slump test were applied to measure the workability of fresh 
concrete whereas for hardened concrete, specimens were tested by ultrasonic pulse velocity (UPV) test, compressive strength test, 
splitting tensile strength test, and flexural strength test. 

RESULTS AND DISCUSSION 

The results on the strength development of kenaf fibrous PFA concrete are discussed herein.  
 
1. Slump Test is conducted on fresh concrete to measure the workability of concrete by measuring the slump height. The slump 
designed was 60mm to 180mm. In this study, the workability of the fresh concrete is adversely affected by kenaf fiber content.  
 

 
Figure 1: Result of slump test 

 
Overall, it was found that the slump height for KFPC was reduced by about 27% to 86% when compared to plain concrete, 
whereas about 33% to 87% when compared to PFA concrete. A small reduction in workability was observed in 50mm fiber 
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specimens than in 25mm fiber specimens. Moreover, the workability decreased when the fiber content increased. It shows that the 
longer fiber reduced the slump greater than the short fiber, similarly when increase in fiber content occur resulting to lower slump 
value. In other words, kenaf fiber stiffened the concrete mixture making it more resistant to flow hence reduced the workability, 
resulting in low slump values. 
 
2. Ultrasonic Pulse Velocity (UPV is a non-destructive test made to measure the time taken for an ultrasonic pulse or waves 
passing through a concrete medium. The time for the pulse to go through the medium from transmitter to receiver is measured in 
the known distance, therefore the compressional wave pulse velocity can be determined. The velocity of the pulse is calculated 
from the following equation: 

UPV = dt/ts  
 where,  dt = distance travelled (m) 
  ts = time travelled (s) 
The test was conducted on concrete cube at 7, 28, and 56 days of curing. The results was summarized as in Table 3.  

 
Table 3: UPV test results for concrete cube 

 Time ( ɥs) 
 Normal PFAC KFPFAC-1 KFPFAC-2 KFPFAC-3 KFPFAC-4 KFPFAC-5 KFPFAC-6 

7 days 21 20.8 28 27.23 29.27 27.6 26.43 27.97 
28 days 23.8 22.2 26.87 26.67 27 25.83 25.7 27.07 
56 days 27.1 26.7 26.47 26.13 26.93 25.73 25.10 25.37 

 
From the table it can be seen that the pulse travel along each concrete medium was different due to the presence of fibers. This 
reflects the condition of fiber orientation inside the medium. The denser the fiber, the greater the time required for pulse to travel. 
High velocity indicates good quality and continuity of the material while slower velocity may indicate that concrete contain cracks 
or voids.  
 
3. Compressive Strength Test is a mechanical test measuring the maximum amount of compressive load a material can bear 
before fracturing. The specimen is compressed between the platens of a compression-testing machine or Universal Testing 
Machine (UTM) by a gradually applied load. The test was conducted as specified in test method of BS 1881, Part 116 (1993) [8]. 
The following equation was used in order to obtain the compressive strength: 

fck  = P/A 
 where,  fck = characteristic compressive strength of cube (MPa) 
  P = maximum load applied (kN) 
  A = area (m2)  

 
Figure 2 – Results of compressive strength test 

 
Results shows that compressive strength of kenaf fiber PFA concrete does not increase compared to both normal concrete and 
PFA concrete. The reduction of compressive strength are more significant when fiber content is greater than 0.75% where it 
indicates the fiber volume exceeded the limit. Due to its natural behaviour as a cellulosic fiber which is soft and unstiff, Kenaf 
fiber reduced the compressive bond strength since it is weak in resisting compression load. However, the targeted compressive 
strength of the composite can still be achieved with an optimum fiber content and with the presence of PFA in concrete where 
water demand is reduced, but it took quite a longer curing time. Results obtained also shows greater in compressive strength with 
the use of longer fiber length compared to short fiber. This may be due to ability of longer fiber to distribute the applied force 
better than short fiber.  
 
4. Splitting Tensile Strength Test was conducted on cylinder specimens where the specimens is subjected to compression loads 
along two axial lines that were diametrically opposed. Compression stress produces a transverse tensile stress that is uniform 
along the vertical diameter. Load was applied until the failure of the cylinder, along the vertical diameter. The test was conducted 
as specified in test method of BS 1881, Part 117 (1993) [9]. The splitting tensile strength was obtained with the formula: 

T = 2P/πlcdc  
 where,  T = splitting tensile strength (MPa)  ; lc = length of cylinder (mm) 
  P = maximum load applied (N)  ; dc = diameter of cylinder (mm)  
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Figure 3: Result of splitting tensile strength test 

 
From the plotted graph obtained, it describes that kenaf fibrous PFA concrete gives higher tensile strength than normal concrete. 
When compared to PFA concrete, 25mm fiber with 0.75% volume content possess highest tensile behavior. It was suspected that 
the presence of fiber allowed the concrete to carry loads past initial cracking since KFPC exhibited more ductile mode failure than 
normal concrete and PFA concrete. When failure occurred, it results in fiber pull-out rather than fiber fracture. Moreover, the 
strength may increase due to the uniform distribution of fibers throughout the concrete. However, results shows lower splitting 
tensile strength when fiber volume is greater than 0.75% at 28 days age. It may be due to high percentage of fiber presence 
affecting the strength in concrete cylinder.  
  
5. Flexural Strength Test was done on prism specimens under applied force in four point loading conditions as specified in 
British Standard, BS EN 12390-5, using Universal Testing Machine. The test was conducted as specified in test method of BS 
1881, Part 118 (1993) [10]. The flexural strength of concrete was calculated using equation below: 
 

F  = PL/bpdp
2 if a > L/3 

= 3Pa/bpdp
2 if a < L/3 

where,  F = flexural strength (MPa) ; bp = width of prism (mm) 
 P = maximum load (N)  ; dp = depth of prism (mm)  
 Lp = span of prism (mm)  ; a = position of fracture from near support (mm) 

 

 
Figure 4: Result of flexural strength test 

 
From the result obtained, the presence of kenaf fiber contributes in higher flexural strength compared to normal concrete and PFA 
concrete. The addition of kenaf fiber increase concrete toughness and reduce formation of cracking. The fiber helped to bridge the 
cracks and strengthen matrix bonding, enhancing the flexural behaviour of concrete. The absorption and distribution of stress by 
kenaf fiber also improved flexural strength. However, flexural strength does not proportionally increase with the fiber content. 
Higher fiber content leads to fiber congestion which results in lower concrete strength development. It is found that 50mm fiber 
with 0.50% volume content possess higher flexural strength among others.  
 
6. Relationship between Flexural Strength and Tensile Strength From the figure 5 shown, PFA concrete showed a positive 
increment in flexural and tensile strength when compared to normal concrete (OPC). The tensile strength of PFAC is lower than 
OPC at 7 days, but in the range of time it start to increase greater than OPC for both flexural and tensile strength. Meanwhile, the 
graph also shows that kenaf fibrous PFA concrete (KFPC) produced greater strength in both flexural and tensile compared to 
PFAC. With the presence of kenaf fiber in the PFAC, it is proven that there is an obvious improvement and positive contribution 
of fiber that results in giving high flexural strength and tensile strength. The addition of fiber improved the typical concrete 
properties such as flexural toughness, flexural strength fatigue resistance, impact resistance, and post-cracking. However, the 
increment of both flexural and tensile strength depends on the volume of fiber content and fiber length. Although it can be seen 
that some of the flexural and tensile strength properties of KFPC are slightly lower than PFAC, the rate of increment are higher 
than the conventional concrete at later curing ages. Further, the results indicate that KFPC exhibit a ductile failure mode compared 
to the conventional concrete with an appropriate fiber length and quantity of kenaf fiber. 
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Figure 5: Flexural Strength vs Tensile Strength 

CONCLUSION 

Based on the results, observations and analysis of the mechanical behavior of kenaf fibrous PFA concrete, the following 
conclusions can be drawn:  

1. Addition of kenaf fiber leads to low workability in fresh concrete due to the presence of fiber that resist the flow, hence 
making it less workable and reduced the slump. However, the problem can be encountered with the presence of PFA and 
usage of superplasticizer as admixtures. 

2. The presence of fiber affects the pulse travel in the concrete medium. Indirectly, it reflects the condition of fiber 
distribution inside the concrete. The denser the fiber content, the longer the time for pulse to travel. High velocity of 
pulse travelled may indicates good quality of concrete while low pulse velocity may be due to presence of voids or cracks 
or too much of fiber content.  

3. The compressive strength of KFPC reduced with increased in fiber content and the use of short fibers. However, KFPC 
can still achieve the required design compressive strength with an appropriate fiber content and fiber length, but with a 
longer curing time.  

4. The strength of splitting tensile and flexural can be said to be directly proportional to the fiber length, but depending on 
its limit. The results for both splitting tensile and flexural strength indicates that KFPC exhibits more ductile failure mode 
compared to both normal concrete and PFA concrete. It is because the toughness and distribution of stress in concrete 
improved with the presence of kenaf fiber. As a result, KFPC may be suitable to be used in production of impact resisting 
members. 

5. The research findings of this study indicates that the mechanical properties of kenaf fibrous PFA concrete is increased 
compared to both normal concrete and PFA concrete. The required design compressive strength can still be achieved 
however it took longer curing time due to presence of PFA. The tensile and flexural strength improved with appropriate 
amount of fiber and suitable fiber length. It can be said that the appropriate quantity and length of kenaf fiber to enhance 
the concrete performance should be in the range of 0.50% to 0.75% and 50mm length.  

 
Overall, it indicates that KFPC is a promising ‘green’ construction material which could potentially be used in several number 

of structural and non-structural applications.  
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ABSTRACT. Malaysia has been experiencing a phenomenon of Urban Heat Island, mainly caused by rapid urban development 
and population growth. The urban structure factors are one of formation towards this phenomenon. Hence, in order to save up the 
economic and environment value, a more efficient buildings needs to be design in order to overcome an improper heat to be 
absorb by the building materials which will cause high thermal mass an a more energy consumption will be needed to cool a 
house. Recent years, a lot of researchers have done studies on application of natural fibres and synthetic fibres inside buildings to 
improve the thermal insulation. This paper presents a study on the effect of pineapple leaf fibre as fine aggregates replacement in 
improving the surface temperature of mortar brick. The aim of this study is to obtain the optimum pineapple fibre content to 
produce mortar with the best thermal reduction. Hence, there are three (3) objectives have been set up which is to identify the 
mechanical properties based on several number of fibre replacement besides determining the surface temperature of pineapple 
fibre mortar. At the end the optimum percentage of pineapple fibre content were determine according to mechanical properties 
against surface temperature relationship. Four (4) different percentages of pineapple leaf fibre replacement were prepared with 
0%, 0.5%, 1.0% and 1.5% from the total weight of sand. The samples were casted in 50mm x 50mm x 50mm cube mould for 
compressive strength test and surface temperature test respectively. The results showed that mortar brick with 1.0% fibre content 
will produce mortar with highest temperature reduction with 4.2 Degree Celsius (°C) and at the same time achieved the minimum 
compressive strength required for building bricks which is 15 MPa. This shows that pineapple fibre mortar has a potential as 
thermal insulation for mortar brick, which may improve the construction building materials for future prevention towards the 
Urban Heat Island phenomenon.  

Keywords: Surface Temperature Test; Pineapple Leaf Fibre; Compressive Strength Test; Optimum Fibre Content; 
Mortar Brick. 

INTRODUCTION 

Nowadays, climate change has been recognized as a global problem. Malaysia has been experiencing an increasing 
temperature for the past 40 years [1]. The efforts to deal with climate change are also shifting from strategies for mitigation to 
adaptation as there are few studies and research have focused on the possible impacts of climate change on the construction 
sectors these days. Construction and site planning is really crucial in order to mitigate the climate change but to adapt with the 
climate change, several changes and improvements are needed which includes using materials, especially for bricks and walls 
with a lower thermal conductivity. 

In construction, one of the ways to assist in energy conservation is by considering thermal insulation in buildings. Thermal 
insulation is the heat transfer between two objects being reduced by any specific methods or materials. It reduces the flow of heat 
into or out of the buildings due to its high thermal resistance. In construction especially concrete, thermal insulation is an aspect 
that needs to be considered in order to reduce further cost whether financial cost or energy cost because normal buildings use a lot 
of energy for heating and air-conditioning.  

In order to improve thermal insulation in construction, some additives are needed in concrete and specifically mortar 
production, because normal mortar has low thermal insulation [2]. Most of the natural fibre has their own benefit and applicable in 
real life construction. Every year, tonnes of pineapple leaf fibre were produced, but only portions are being used.  
 
Problem Statement  
One of the most important challenges for future buildings is the reduction of energy consumptions, from construction to 
demolition phases. Preservation of energy production has been a great concern to a lot of government agencies and industries in 
these days. In hot climate country, temperature can rise up to 60°C [2], so a lot of energy will be used for heating and air-
conditioning. From an economic and environment conservation point of view, it is more beneficial to design buildings with high 
thermal insulation characteristics than the practice currently followed in the construction of buildings. This will result in long-term 
benefit of reducing the cost of cooling. 
 
Objectives  
The main aim for this study is to obtain the optimum pineapple fibre content to produce mortar with the best thermal reduction. 
Specifically, the objectives of this study are as follows: 

1. To study the physical characteristic of pineapple leaf fibre. 
2. To determine the mechanical properties and surface temperature of pineapple fibre mortar. 
3. To identify the optimum percentage of pineapple fibre content according to mechanical properties against surface 

temperature relationship. 
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Scope of Study  
This study only focuses on the replacement of sand with pineapple leaf fibre at 0%, 0.5%, 1.0% and 1.5% by weight. 
Experimental tests included in this study were density test, water absorption test, compressive strength test and surface 
temperature test. All of the tests were conducted at Structure and Material Lab, D01 UTM, except surface temperature test which 
were conducted outside Geology Lab, D02. A total of 72 cubes with size of 50mm x 50mm x 50mm mortar were produced 
(ASTM C109 / C109M - 16a).  The first cube will act as control cube while the rest of the cubes, 0.5%, 1.0% and 1.5% weight of 
sand were replaced with pineapple leaf fibre. Additionally, 4 mortar bricks sized 102.5mm x 215mm x 65mm were prepared for 
surface temperature test. 

LITERATURE REVIEW 

Buildings are large consumers of energy in all countries. In regions with harsh climatic conditions, a substantial share of energy 
goes to heat and cool buildings. This heating and air-conditioning load can be reduced through many ways and among them is the 
proper design and selection of building envelope and its components [3]. By adding fibres in a concrete, it may not only improves 
the physical properties but also reducing the cost on the overall development of concrete by replacing the waste fibres with the 
cement content [4]. Additionally, Faruk et al.2012, highlighted the abundance annual production rate of natural fibres as shown in 
Table 1 below [5]. 
 

Table 1: Annual production of natural fibres [5]. 

 
 
M. Asim et al. conducted a comparative study between synthetic fibre and natural fibre. Natural fibre (flux fibres) exhibits a 

fairly good density at 1500 kg/m3 and cost between 0.22USD and 1.10USD/kg. While synthetic fibre (glass fibres) cost at 
1.20USD to 1.80USD/kg and density around 2500kg/m3 [6]. Park and Chisholm [7] added that density will resulted higher thermal 
conductivity with the additional density value. Paul added also that glass fibres have serious drawbacks which have a twice 
density, higher in cost mainly during the production, besides, cannot be renewed and recycled. Glass fibres result in abrasion in 
machine and caused health risk when inhaled. As conclusion, fibre glass is not biodegradable, clearly natural fibre gives a lot of 
benefits economic and environmental [8]. 

Al-Jabri et al. conducted a study on the thermal effect of using lightweight concrete. It is well known that the thermal 
conductivity of concrete is much higher than the thermal conductivity of air. Besides that, current masonry walls have a higher 
thermal conductivity compared to bricks with staggered holes. By introducing holes or air-gaps in the concrete block, the thermal 
conductivity of concrete block can be reduced [2]. However, one of the setbacks for concrete or mortar is that it can easily crack 
once hardened due to its low tensile strength properties [9].  

Mangal, 2003, study on the relationship between volume fractions of pineapple leaf fibre against thermal conductivity. The 
study includes natural fiber such as pineapple leaf (PALF), jute, sisal, palm and banana in some thermosetting polymer 
phenolformaldehyde (PF). The results showed that thermal conductivity reduced with the increase of volume fraction of pineapple 
leaf fibre [10]. Devi, 2007 conducted a research on the effect of fibre lengths towards the performance of mortar units. The results 
showed that 30mm of fibre length produced the highest tensile strength. The study also discovers that long fibres tend to bend or 
curl during molding and cause a reduction in the effective length of the fibre below optimum length, which results in a decrease of 
properties [11]. According to Brick Industry Association, building brick should achieve at least 15 MPa [12]. In 2016, Abdul 
Rahman et al. conducted a study on inclusion of hair horse and kenaf fibre in mortar. 0.45 water cement ratio was used and the 
results show that compressive strength of mortar with inclusion of hair horse and kenaf fibre decrease compared to the control 
specimen [14]. 

METHODOLOGY 

This study consisted of three objectives; obtaining the physical characteristics of the pineapple leaf fibres including fibre 
length and density of the fibre, determining the mechanical properties and surface temperature of pineapple fibre mortar, and 
identifying the optimum percentage of pineapple fibre content according to mechanical properties against surface temperature 
relationship. 
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Physical Characteristics of the Pineapple Leaf 
The pineapple leaves were obtained from Ladang Nanas at Pekan Nanas, Johor. First, the leaves were soaked in 5% Sodium 
Hydroxide (NaOH) solution for one hour, before dried for 24 hours in an oven at 100°C. The length of the fibres is influenced by 
the nature of the plant and retting process. These natural fibres can be as long as 0.5m but the overall fibres length after retting 
process can reduce to 0.3m. The length of the fibres will affect the performance of the composite in terms of strength and 
workability during mixing process. Density of the fibre is obtained by dividing the weight of 500g over the volume of the fibre. 
The specific gravity of this fibre was measured by determination of density of the fibre divided by the density of water. 
 
 Specific Gravity = (mass/volume)/ ρwater 

  Where; ρwater = 1000kg/m3        Eq 1 
 
Mechanical Properties and Surface Temperature of Pineapple Fibre Mortar 
Samples sized 50mm x 50mm x 50mm and 102.5mm x 215mm x 65mm were used for compressive strength test and surface 
temperature test respectively. A total of 72 mortar cubes were cured and tested for compressive strength at 7, 14 and 28 days. The 
compressive strength test took place at Structure and Material lab, D01 using Compression Machine. While 4 mortar bricks were 
prepared for surface temperature test. The test was conducted outside the Geology Lab, D02. The samples were placed under 
direct sunlight without any obstacles from 8 a.m. to 5 p.m. This test was conducted to investigate the effect of fibre content 
towards surface temperature of the brick samples. 
 

 

Figure 1: Surface temperature test 

 
Percentage of Pineapple Fibre content needed 
Based on results from compressive strength test and surface temperature test, the data were compared to obtain the percentage of 
pineapple fibre content that will produce the optimum thermal conductivity. Theoretically, as the fibre content increased, the 
strength will reduce and surface temperature reduction will increase.   

RESULTS AND DISCUSSION 

 
Physical Properties of Pineapple Leaf Fibre. In order to determine the physical paroperties of pineapple leaf fibre several testing 
were conducted. Parameters includes fibre length, fibre density, elongation, tensile strength and Young’s Modulus were tested. 
Table 2, shows the physical properties of pineapple leaf fibre which the fibre were cut manually to length between 20mm to 
40mm. From the measures, 30mm length has been considered as optimum length. 
 

Table 2: Physical properties of pineapple leaf fibre. 
 

Fibre Density 
(g/cm3) 

Elongation 
(%) 

Tensile Strength 
(MPa) 

Young’s 
Modulus (GPa) 

Reference 

Pineapple leaf 1.3 1.5 - - Results  
Pineapple leaf 1.52 1.6 - 3 413 – 1627  34.5 – 82.51 Environ, 2007 [15] 
Pineapple leaf 1.44 1.6 170 6.26 J. George, 1993 [16] 
Pineapple leaf 1.526 3.0 – 4.0 413 4.2 W. Liu, 2005 [17] 
Pineapple leaf 1.07 2.20 126.6 4.405 Arib, 2004 [18] 

Stephenson 
box 

Thermocouple 

HOBO 
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Figure 3: 20mm to 40mm cut fibre 
 

Compressive Strength Test. In order to determine the comprehensive strength test, the samples were cured by water for 7, 14 and 
28 days in order to achieved its hidration process. Compressive strength test were conducted at Structure and Materials Lab, 
UTM. From the results in Figure 4 shows that the comprehensive strength test with 0% fibre content have 21.16 MPa, 25.67 MPa 
and 40.35 MPa at the age 7, 14 and 28days respectively. While for 0.5% sample, shows a compressive strength of 20.94MPa, 
24.39 MPa and 29.93 MPa respectively. Followed by 1.0% sample, 14.19 MPa, 14.65 MPa and 17.64 MPa and 1.5% sample 
10.37 MPa, 11.32 MPa and 11.83 MPa. From the graph, it shows  that the increase content of pineapple leaf fibre will caused 
towards  the reduction in compressive strength Study shown that loose structure of pineapple leaf fibre make it unsuitable as a 
load bearing unit [13]. 
 

 

Figure 4: Compressive strength at 7, 14 and 28 days 

 

Surface Temperature Test. Figure 5 shows the temperature development from 8.00 am to 5.00 pm in different percentage of 
pineapple fibre content. Based on the graph above, it was found that the surface temperature decreased with the increasing 
percentage of pineapple fibre content. The maximum surface temperature recorded was at 1.00 pm with 36.2 °C, 33.7.1 °C, 32.0 
°C and 30.4 °C for 0%, 0.5%,1.0% and 1.5% respectively. The surface temperature defines the amount of heat absorbed by mortar 
samples from direct sunlight. It is proven that surface temperature reduction of the samples increased with the increasing amount 
of pineapple fibre content. 
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Figure 5: Surface temperature vs time 

Relationship between compressive strength and surface temperature. From the figure 5, it shows that 1.00 pm is the peak surface 
temperature, hence  in order to study the relationship in between compressive strength and surface temperature has been chosen 
for the analysis in order to identify temperature reduction was computed for each sample at 1.00 pm, as shown in Table 3. From 
table above, it can be seen that at 1.00 pm, surface temperature reduced 2.1 °C for 0.5% sample, 4.2 °C for 1.0% sample and 5.9 
°C for 1.5% sample. 

 
Table 3: Surface temperature (°C) for samples along with time. 

Fibre 
content 

8.00 
am 

9.00 
am 

10.00 
am 

11.00 
am 

12.00 
pm 

1.00 
pm 

2.00 
pm 

3.00 
pm 

4.00 
pm 

5.00 
pm 

0.0% 28.9 29.8 30.1 31.3 33.7 36.2 35.5 34.7 33.9 32.6 
0.5% 26.8 27.7 27.9 28.4 31 34.1 33.6 33 31.7 31.2 
1.0% 25.3 24.9 26.3 27.2 29.5 32 31.9 31.3 30.5 29.5 
1.5% 24.4 24.7 25.2 25.9 28.8 30.3 30.4 29.8 29.7 28.9 

 

Table 4 shows the overall results of the density test, water absorption over the compressive strength test and temperature 
reduction. From the study it shows that the temperature reduction for sample with 1.5% fibre content has the highest reduction of 
5.9 °C compared to conventional with 0% fibre replacement. This may cause by the structure of pineapple leaf fibre which ahs a 
larger pore. The heat distributes better through this pineapple fibre. This can be supported by the study conducted which indicates 
that solid bricks with higher density have a higher thermal conductivity compared to hollow bricks with air gaps. However, the 
compressive strength has fallen below 15 MPa which makes it unsuitable to be applied as composites in building bricks. 
Nevertheless in this study, the optimum fibre content with 1.0% replacement has been chosen as the optimum which produced 
17.64 MPa and reduces temperature by 4.2 °C. 
 

Table 4: Density, water absorption, temperature reduction at 1.00 pm and compressive strength at 28 days for each sample 
 

 

 

 

 

 

Fibre 
content 

Density 
(kg/m3) 

Water 
Absorption (%) 

Compressive 
Strength (MPa) 

Temperature 
Reduction (°C) 

0% 0.283 7.65 40.35 0 
0.5% 0.283 8.82 29.93 2.1 
1.0% 0.294 14.94 17.64 4.2 
1.5% 0.285 12.87 11.83 5.9 

Peak temperature 
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CONCLUSION 

In order to improve energy efficiency of future constructions, a more critical application needed to be exploring especially 
accordance to new technologies. This study has successfully proven that pineapple leaf fibre is applicable as a non-load bearing 
structure, which can act as insulation especially in hot climate country like Malaysia.  
 
Overall, the findings conforming to the objectives of this study can be summarised as below: 

6. The optimum fibre length to be used is 30 mm with density 1300 kg/m3 and specific gravity 1.3. 
7. The compressive strength for samples with 0%, 0.5%, 1.0% and 1.5% fibre content are 40.35 MPa, 29.93 MPa, 17.64 

MPa and 11.83 MPa. While the surface temperature reduction of the samples increased with the increase fibre content. 
8. It can be said that 1.0% pineapple fibre content is the optimum amount to produce brick with the highest temperature 

reduction as for 1.5% sample; the strength has gone below 15 MPa which is unsuitable for building bricks according to 
ASTM C62. 

 
Hence, it can conclude that pineapple leaf fibre is applicable in building bricks and suitable to improve thermal properties in a 
building. However, the application still apply to desired strength which is priority for certain application, hence, specific 
fabrication method and modification should be done towards the pineapple leaf fibre constituents. 
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ABSTRACT. This paper presents the prediction of flexural performance of sandwich beams under compressive loads using 
MATLAB programming. Polyurethane (PU) foam filled with Glass Fibre Reinforced Polyester recyclates (rGFRP) is used as 
sandwich core. The rGFRP filler in the sandwich core is expected to increase the rigidity of the foam and produce stiffer and 
stronger composites structures. Compression and tensile tests are conducted on the core and skin samples respectively to obtain 
the Young’s Modulus property. MATLAB programming is used as an analysis tool to analyse parameters such as the maximum 
deflection, stiffness and maximum bending stress. The relationships between these parameters are illustrated in the form of 
graphs. The results show that the increase of weight percentage of rGFRP in the polyurethane foam enhances the mechanical 
properties of composites sandwich beam samples.  

Keywords: Polyurethane foam, GFRP recyclates, flexural performance, composites sandwich beam, MATLAB 

INTRODUCTION 

A sandwich beam is a composite structural member made of two thin, stiff faces separated by a weak, light-weight core. 
Sandwich constructions are often used in applications where weight-saving is critical, such as for constructing bridge decks, 
flooring, portable buildings and fold-up bridges. 

Polyurethane (PU) foam is one of the most widely used core material in sandwich construction. However, it lacks rigidity due 
to its porous nature and low material stiffness. On the other hand, Glass Fibre Reinforced Polyester (GFRP) wastes are usually 
sent to landfills due to the difficulty in recycling them which cause a serious environmental problem. Therefore, to overcome the 
GFRP waste problems and for the purpose of maintaining green environment, potential use of GFRP wastes must be explored. In 
this research, PU foam filled with GFRP recyclates (rGFRP) is proposed to form as a new core material in sandwich construction. 
This new development is expected to enhance the properties such as rigidity of polyurethane foam as well as sandwich composites 
panel. 

In most applications the panel must have some required minimum stiffness, it must not fail under some maximum service 
loading and it must be as light as possible. The core samples are tested to obtain their compressive properties, Young’s modulus 
and rigidity. The research outcome is then translated into MATLAB programming database for polymer composites sandwich 
construction application. The findings are presented in the form of graphs to illustrate the relationships between the flexural 
rigidity, Young’s Modulus and the weight percentage of rGFRP. 

 
Problem Statement 
GFRP wastes are difficult to recycle due to its chemical chain reaction formation. PU foam is widely used as core material in 
composites sandwich constructions but lacks rigidity due to its porous nature and low material stiffness. The rigidity and 
mechanical properties of PU foam can be enhanced by increasing its density. However, the process is very complicated and costly, 
therefore, an alternative solution must be explored. 

 
Objectives 
The aim of the study was to investigate the flexural performance of composite sandwich beam with core made of polyurethane 
foam filled with rGFRP. In order to achieve this aim, the following objectives were addressed: 

1. To study the compression behaviour of polyurethane foam core filled with rGFRP. 

2. To study the bending behaviour of sandwich composites beam with core made of polyurethane foam filled with rGFRP 
using MATLAB programming. 

 
Scope of Study 
The flexural performance of composites sandwich beam can be measured by the tension and compression behaviours. In this 
study,  the polyurethane foam filled with rGFRP test samples were prepared and tested under compression in order to determine 
their compressive modulus. The modulus properties of the core samples were then used in the MATLAB programming software 
to determine the relationships between parameters such as maximum deflection, maximum bending stress and stiffness of the 
composites sandwich beams. 
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LITERATURE REVIEW 

A sandwich composite beam is constructed with two strong, thin, rigid plates which are known as the faces or skins, separated 
by a low rigidity layer known as the core [1]. The skins are bonded to the core in order to transfer stresses between the 
components. In Malaysia, GFRP wastes are usually sent to landfills due to the difficulty in recycling them. Consequently, most of 
the thermoset based GFRP wastes are being incinerated or landfilled leading to negative environmental impacts and additional 
costs to producers and suppliers [2]. GFRP wastes undergo a mechanical recycling process which consists of crusher machine and 
hammer mill machine to form GFRP recyclates (rGFRP). The GFRP recyclates hybridise with PU foam to form a stiffer core. 

The sandwich construction is like an I-beam, where the skins of the sandwich can be comparable to the flanges and the core 
similar to the web [3]. The skins are designed to support both tension and compression loads under bending. The core resists the 
out of plane shear loads and separates the facings. This gives the sandwich beam a high moment of inertia, and thus high stiffness 
even though it has differences in terms of strength to weight ratio. According to the Diab Group guide to core and sandwich 
(2012),  simply supported beam made of sandwich has nine times less weight than beam made of steel, but has the same 
deformation with the same load [4]. Based on previous researches of Jen and Chang (2009), Khan (2006), Chen et al. (2011), Hadi 
and Matthews (2000), and Walker and Smith (2006), glass fibres composites are widely used as skin material because of their 
properties, which are able to resist in plane loads thus creating a good sandwich structure. Usually, the skin thickness varies from 
0.5 mm to 1.5 mm. The core structure is thicker compared to the skin which ranges from 13 mm to 150 mm according to its 
function of preventing sliding of the skin. The suitable materials for core structures are polymer based materials and aluminium. 
Therefore, in this study glass fibre was chosen as the skin material and polyurethane in the form of foam as the core material [5].  

Foam core can be produced from many different polymeric materials and the most used foam material has a density from 
40kg/m3 up to more than 200 kg/m3, and the thickness of the foam material is often from 5mm to 50 mm [6]. Many recent studies 
(Nar et al., 2015; Yu et al., 2014; Hamilton et al., 2013; Gu et al., 2013; Shah et al., 2015; Yu et al., 2016; Wang et al., 2008; Kim 
et al., 2010) had discovered that introducing fibres into weaker foam matrices could improve the stiffness of the foam in 
compression, shear and tension. For example, Gu et al., (2013) found improvements in compressive strength when wood fibre was 
added to PU foams [7]. GFRP composites are widely used in the construction, automobile and aeronautic industries, mostly due to 
their excellent strength to weight ratio, corrosion resistance and the possibility of being tailored or designed according to specific 
end-use applications [8].  

METHODOLOGY 

This study consisted of three key activities: material preparation, load test and MATLAB programming analysis. 
 
Material Preparation 
Glass fibre polyester wastes are recycled through the mechanical recycling process to produce GFRP recyclates. The rGFRP are 
then separated by air blower into fibrous (coarse particles) and powder (fine particles). In this study, only fibrous recyclates were 
used as they could provide reinforcement for composites. Five specimens of CFRP plates were prepared by Sika Group supplier 
through pultrusion process to produce sandwich skins with a dimension of 450 mm x 50 mm x 30 mm. These Sika CFRP plates 
were prepared for tensile test. Polyurethane foam cores were made for six samples: pure polyurethane, filler with 5 %, 10 %, 15 
%, 20 %, and 25 % rGFRP. To control their quality, the samples were prepared one by one in the shape of long cylinders with 
approximate diameter of 55 mm. The sample mixture, which hardened very quickly, was poured into a PVC pipe acting as mould 
to produce a long cylindrical sample. After being cured, the finished sample was then removed from the mould so that the next 
sample could be made. After all the six samples were prepared, each sample was then divided into five specimens for the 
compression test. 

Load Test 
The load test comprised of two parts: tensile test and compression test. The sandwich skin specimens of dimension 450 mm x 50 
mm x 30 mm were subjected to tensile loading. Five specimens were prepared according to ASTM D3039 and tested using 
Instron 100 kN universal testing machine at a crosshead speed of 1 mm/min. For the core material, six samples with rGFRP fillers 
in the range of 0 % to 25 % were prepared and tested under compression according to ASTM D3410. The test was conducted with 
a crosshead speed of 1 mm/min using Shidmadzu 10 kN universal testing machine. The Young’s modulus for the skin and core 
were determined through stress-strain graphs.   

MATLAB Programming Analysis 
The relationships of stiffness, maximum deflection and maximum bending stress of sandwich beam with the thickness of core, 
thickness of skin and the various weight percentage of GFRP recyclates were studied. MATLAB programming was used to 
analyse the relationships between parameters and various relationship graphs were developed. The algorithm to determine the 
required parameter values and plot graphs is as shown in the sample flow chart in Figure 1. The formulae used for MATLAB 
programming to analyse various parameter relationships are presented in Table 1. In this analysis, the sandwich beam was 
assumed to be loaded in three-point bending, while an equivalent area method was selected for the analysis of beam behaviour. 
Figure 2 shows the actual sandwich beam cross section (left) and an equivalent cross section configuration (right).  
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Figure 1: Sample flow chart showing the algorithm to compute and plot parameter values 

Figure 2: Cross section of sandwich beam (left) and equivalent area method (right) 

 

Table 1: Formulae used in MATLAB programming analysis [10] 
Parameter Formula Description 

Stiffness  

b = beam cross section width (mm) 

t = core thickness (mm) 

d = beam total depth (mm) 

c = core thickness (mm) 

Es =Young’s Modulus of sandwich skin (kN/mm2 or GPa) 

Ec =Young’s Modulus of sandwich core (kN/mm2 or GPa) 

Maximum Bending 
Moment 

 P = Applied load (kN) 

L = span length of sandwich beam (m) 
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 P = Applied load (kN) 

L = span length of sandwich beam (m) 

EI = stiffness or rigidity of sandwich beam (kN) 

Maximum Bending 
Stress at interface 
between skin and core 

 M = Maximum bending moment of sandwich beam (kN.m) 

y = Perpendicular distance from the neutral axis to the interface 

Ec =Young Modulus of sandwich core (kN/mm2 or GPa) 

Es =Young Modulus of sandwich skin (kN/mm2 or GPa) 

I = second moment of area of an equivalent beam cross section 
(mm4) 

RESULTS AND DISCUSSION 

In this section, the first part discusses the Young’s Modulus of the sandwich skin and sandwich core which were obtained 
form the mechanical load test, while the second part presents the relationship of various parameters involved in the composites 
sandwich beam which were analysed by MATLAB programming. 

 
Compressive Behaviour of Composites Sandwich Skin and Core 
By referring to Figure 3, the stress-strain graph of the sandwich skin shows almost a perfect linear curve and this reflects that the 
skin is a brittle material. The average value of Young’s Modulus for GFRP is 31.08 GPa (Table 2) while for Polyurethane foam 
filled rGFRPs, their respective average Young’s Modulus for each sample is presented in Table 3. Since the 10rGFRP/PU sample 
produced the highest modulus value, the Young’s modulus of that sample was used for comparison with PUF sample in the 
MATLAB prediction. Other test samples did not shown any sign of improvement in terms of stiffness due to non-uniform 
recyclates distribution and high voids content in the core. Figure 4 shows the stress-strain graph of the sandwich core for all six 
samples. 

Table 2: Young’s Modulus of GFRP sandwich skin 
Table 3: Young's modulus of PUF with different rGFRP 

(%wt) 

Specimen 
Young’s Modulus, E 

(GPa)  

S1 28.726 

S2 31.721 

S3 34.650 

S4 28.757 

S5 31.564 

Average 31.08 
 

Sample 
Young’s Modulus, E 

(MPa) 
% increment/ 

decrement 

PUF (control) 53.346 - 

5rGFRP/PU 45.277 -15 

10rGFRP/PU 60.559 +14 

15rGFRP/PU 41.945 -21 

20rGFRP/PU 51.242 -4 

25rGFRP/PU 50.127 -6 
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Figure 3: Tensile Stress versus Strain for Sandwich Skin Figure 4: Compressive Stress versus Strain for Sandwich Core 

 
 
a. MATLAB programming analysis 

 
 

 

 

 

 

 

 

 

 

Figures 5 and 6 show that when the thickness of core or skin increases, the sandwich structure becomes more rigid, so the stiffness 
of sandwich beam is in increasing trend. The stiffness of skin is greater than core, so  the greater rigidity of skin produces a more 
linear graph. Referring to Figures 5 and 6, since the rigidity between 0 wt% and 10 wt% of rGFRP samples are not much different, 
both curves are the same for the two samples.  

 

 

 

 

 

 

 

 

 

Figure 5: Graph of Sandwich Beam Stiffness versus 
Core Thickness 

Figure 6: Graph of Sandwich Beam Stiffness versus 
Skin Thickness 

Figure 7: Graph of Sandwich Beam Maximum 
Deflection versus Core Thickness 

Figure 8: Graph of Sandwich Beam Maximum 
Deflection versus Core Thickness 
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Referring to Figures 7 and 8, since the rigidity between 0 wt% and 10 wt% of rGFRP samples are not that significant, the Young’s 
Modulus, E does not provide a significant change (PL3/48EI), so the maximum deflections are almost the same for both samples. 
As the thickness of core or skin increases, the sandwich structure becomes more rigid and can withstand more loads, so the 
maximum deflection of sandwich beam is in decreasing trend. 

 

 

 

 

 

 

 

 

 

Referring to Figures 9 and 10, since the Young’s Modulus, E of the 10 wt% rGFRP sample is greater than 0 wt% rGFRP, the 
maximum bending stress experienced by the beam with 10 wt% rGFRP is higher. As the thickness of core or skin increases, the 
sandwich structure becomes more rigid, so the maximum bending stress at the interface between skin and core (My/I) is in 
decreasing trend. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Graph of Maximum Bending Stress at interface versus Sandwich Beam Stiffness 

By referring to Figure 11, since the Young’s Modulus of 10 wt% rGFRP sample is greater than 0 wt% sample, the maximum 
bending stress experienced by the beam of 10 wt% rGFRP is greater. When the stiffness of sandwich beam increases, the structure 
is observed to become more rigid which causes less bending stress. 

 

 

 

 

 

Figure 12: Graph of Maximum Bending Stress at the interface versus Sandwich Beam Maximum Deflection 

Figure 9: Graph of Maximum Bending Stress at interface 
versus Core Thickness 

Figure 10: Graph of Maximum Bending Stress at interface 
versus Skin Thickness 
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Figure 12 illustrates that when the maximum deflection of the beam increases, the bending stress experienced by the structures 
also increases. Since the Young’s modulus of the 10 wt% rGFRP is greater than 0 wt% rGFRP sample, the maximum bending 
stress experienced by the beam of 10 wt% is also higher. 

CONCLUSION 
In this paper, the results of compression and tensile tests conducted on foam core and skin respectively have been presented.  

MATLAB programming was used to predict the parameters involved in sandwich beam construction. Findings conforming to the 
objectives of this study can be summarised as follows: 

9. From the compression test, only 10 wt% of rGFRP reached the optimum value which increased to 14 %. Others did not 
achieve satisfactory results because the fibre distribution was not uniform and voids were present in the foam. 

10. The relationships between various parameters in composites sandwich beam under three-point bending load were 
illustrated in graphs plotted by MATLAB programming. 

11. When the Young’s Modulus, E increased by increasing the weight percentage of rGFRP, so did the maximum bending 
stress that the structure could withstand because it became more rigid. However, the maximum deflection it experienced 
did not decrease significantly because the increase in E was not very significant. 

12. The maximum bending stress experienced by the structure decreased when the weight percentage of rGFRP increased 
because the the sandwich structure became more rigid and not easily bent. 
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ABSTRACT. Fly ash is considered as a waste material that is produced as a byproduct of coal combustion process. The chemical 
and physical properties of fly ash are similar to cement, which allows it to be used in concrete. The applications of fly ash as a 
replacement of cement had been proven to enhance strength, ductility and durability. There is many information and research had 
been done especially when they encountered with permeability effects and temperature exposure. In this study, 25% fly ash 
cement replacement by weight were used and mixed in concrete. The main aim of the study is to determine the effect of 
permeability and to observed the concrete performance exposed to temperature variations of adding fly ash into concrete mixture. 
Several tests had been carried out in determining durability performance which is water absorption test and initial surface 
absorption test. For temperature effects, the concrete were exposed to several elevated temperature and subject to ultrasonic pulse 
velocity test, rebound hammer test and compressive strength test. The elevated temperature is varied from 30⁰C (room 
temperature) increased to 200⁰C and 800⁰C. Altogether, there are five tests that had been carried out. The experimental result 
show in general that the concrete with 25% fly ash replacement cement by weight have better performance in improve the 
durability performance in term permeability porosity and compressive strength in exposed temperature compared with the control 
Portland cement concrete. Little reduction of strength of concrete was observed when exposed at 200⁰C. However, when exposed 
to 800⁰C significant impact on strength is observed. 

Keywords: fly ash; permeability; temperature exposure; blended concrete  

INTRODUCTION 

Concrete is probably the most widely used construction material in the world. This is due to the wide range of applications that 
concrete offers, its great strength, affordability and versatility. In its simple form, concrete is a compound made from cement, 
water and aggregates. As cement mix with water, they react and the hydration process begins. During the hydration process, the 
mixtures are then harden and at the same time, bind the aggregates.  

In the 18th century, Portland cement was discovered in Portland, England by Joseph Aspdin and it is now commonly used in 
construction for concrete structures. As time changes, researches have been done for the evolution of concrete. New technologies 
are continuously discovered to be applied in concrete. By the 19th century, there are many more new technologies being 
discovered especially on admixtures in concrete. Admixtures, function is to achieve some special characteristics that plain 
concrete does not have. Types of admixtures include fly ash, air entraining agent, water reducer and plasticizer and many more. 

Generally, fly ash is considered as a waste material that is produced as a byproduct of coal combustion process [1]. The 
chemical and physical properties of fly ash are similar to cement, which allows it to be used in concrete. The applications of fly 
ash as a replacement of cement are also very popular in enhance the concrete performance. Turuallo said that, the result in his 
research concluded that the maximum percentage of fly ash to replace a part of cement in the high-strength concrete mix to obtain 
the strength, which is equivalent to the strength of concrete with OPC only is 25% [2]. Hence, this project has focused on 
evaluating the opportunity of using fly ash as a partial replacement material for cement and also, the effects of permeability and 
temperature on concrete. 

Permeability and fire or exposing at high temperature are some of the most severe problems occurred in concrete structure. 
Permeability is defined as the property that governs the rate of flow of a fluid into a porous solid [3]. Fluids that can penetrate into 
solid structure is one of the deterioration that affects the long term durability of concrete structures. The spalling effects caused by 
high temperature also will deteriorate concrete structure over time. 

In recent years, many researcher carried out investigation on effects of permeability on concrete [4] and on concrete exposed 
directly to elevated temperature [5]. This is very important in terms of its safety measure on the effects of permeability and high 
temperature on the development of concrete strength [6]. This research used fly ash as partial replacement material for cement and 
to investigate the concrete performance with and without fly ash on permeability and exposure of temperature. 

 
Problem Statement  
Concrete is the construction material that is mostly used across the world. Concrete is a composite material obtained by mixing 
cement, sand, gravel and water. A concrete mix hardens and gains strength to form known as concrete. Concrete can be cast in 
place into basically desired form. 

The widely global demand of concrete is significantly increasing due to infrastructure growth worldwide and the performance 
of concrete. The performance of concrete may be affected when exposed to water and continuous heat. Water can come from any 
source such as flood and pipe leaking in concrete and on the surface. Meanwhile, heat can come from fire and prolonged high 
temperature on the exposed surface. It remains one of the most serious risks for buildings and other concrete structures. Therefore 
there is a need for civil engineers to consider the risks associated with permeability and elevated temperature on concrete 
structures.  
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There are many factors that may cause serious damage or even spalling and cracking to plain concrete. However, the effects of 
permeability and temperature variations that is discussed in this project. 

 
Objectives  
The objective of this study is as follows:  

1. To determine the effect of concrete mixed with 25% fly ash on permeability. 
2. To observed the performance of concrete with 25% fly ash esposed to several high temperatures. 
 

Scope of Study  
The scope of research in order to achieve the research objectives are given as follows; where, design concrete grade C30 is used 
throughout the experimental work. The water cement ratio is fixed at 0.45 for all concrete batches. The 25% fly ash replacement 
of cement by weight is fixed from the total percentage of the concrete. The specimens used are concrete cube with the size of 100 
mm × 100 mm × 100 mm. Three cubes of each mix were prepared for 7 days testing age to determine the early strength and 
performance of the concrete.  For permeability effect, two type of test were carried out in the laboratory consisting of water 
absorption test and initial surface absorption test. For permeability test, the batch remained exposed at room temperature (| 30qC).  
For temperature effect, three type of test were carried out in the laboratory consisting of ultrasonic pulse velocity test, rebound 
hammer test and compressive test. For temperature test, the batch is exposed to elevated temperature from room temperature, 
200qC and 800qC. 

1. METHODOLOGY 

Mix proportion and mixing design 
The concrete mix design used in this research follows the method published by the Department of Environment (DOE), United 
Kingdom (Department of Environment, 1988). In this research, the concrete strength is designed for grade C30 at 7 days. The 
design strength is chosen because it represents high strength concrete. For this purpose, the water cement ratio (w/c) ratio is fixed 
at 0.45 for all concrete batches. The ratio considered the optimum workability in order to achieve the concrete strength of 30 MPa. 
The summary of the material proportions for a 1m³ volume given in Table 1.  
 

Table 1: Material proportions for a 1m³ concrete containing 25% replacement of cement by weight volume 

Materials Weight (kg) 
Cement (75%) 417 
Fly ash (25%) 139 

Water 250 
Fine aggregates 803 

Coarse aggregates 741 
 

Fine aggregates are sized below 10 mm, while the coarse aggregates are between 10 mm and 20 mm. From the sieve analysis 
of the fine aggregates, the passing percentages for the 600 µm sieve is 47.6%. The cement used is from the Ordinary Portland 
Cement (OPC), while the amount of wastage considered in the calculation is 30%. 
 
Materials 
The materials used in this study were Ordinary Portland cement, fine aggregates, coarse aggregates with maximum sizes of 10 
mm and fly ash. Portland cement, fine and coarse aggregates and fly ash were supplied by the Structural and Material laboratory, 
Faculty of Civil Engineering of University Teknologi Malaysia, Skudai. 
 
Specimens 
The specimen size for each type of test is concrete cubes with the size of 100 mm × 100 mm × 100 mm. Three of each cubes  were 
prepared for each testing to compare the results obtained from the experimental works. The concrete cubes were well compacted 
using a vibrating table. All the cubes were left on the floor and covering them. After one day, they were demoulded and tranferred 
into a water tank, which was placed in a room temperature. The specimens were tested at 7 days and the total sample for overall 
test is 48 samples.  
 
Test methods 
Two phase of studies were carried out in order to achieve the objectives of the research. Where, Phase 1 is the permeability test 
which include water absorption test and initial surface absorption test. Afterwards, Phase 2 is the temperature test. The samples 
were heated to various temperature at 30⁰C, 200⁰C and 800⁰C for 1 hour in electric furnace and cooled down for another less than 
2 hour before removing the specimens from furnace Figure 1(a). For temperature test, ultrasonic pulse velocity test Figure 1(b), 
rebound hammer test Figure 1(c) and compressive strength test Figure 1(d) were carried out. 
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(a)                                           (b)                                                                 (c)                                         (d) 

 

Figure 1: (a) Electric furnace, (b) UPV apparatus,(c)Rebound hammer apparatus and (d) compression strength apparatus  

RESULTS AND DISCUSSION 

The results on the permeability and temperature test are discussed herein. The results are presented in graphs and tables 
including brief discussion on some of the relationships, as presented later. 

 
Permeability test 
Water absorption test.As can be seen in the Figure 2, There is small different percentage of water absorption for concrete control 
and concrete containing 25% fly ash replacement. For the concrete control, the result show is 3.747% higher than concrete 
containing 25% fly ash replacement which is 2.782% at age 7 days. It is clear that, concrete mix containing 0% of fly ash absorb 
more water compared to the concrete mix containing 25% fly ash replacement. This is because of the loss of the moisture from the 
capillary pores in the concrete which leaves capillary pore space free to absorb moisture during testing. Not surprisingly, concrete 
mixture with many pore sizes leads to an increase of water absorption rate. Other than that, sufficient quantity of fly ash and 
pozzolanic activity in concrete cubes cause the low permeable porosity of concrete mix with fly ash compared to the concrete as 
the control specimens. Thus, the sufficient of fly ash quantity and pozzolanic activity also increase the durability of concrete in 
term of permeable porosity. 

 

 
Figure 2: Average water absorption test results 

 
Initial surface absorption test (ISAT).Figure 3 show there is small value of water absorption on concrete surface for concrete 
control and concrete containing 25% fly ash replacement. Concrete control resulted in higher ISAT value. In contrast, concrete 
with 25% fly ash replacement cement by weight resulted low ISAT value. Where, the ISAT value for concrete control at 10 min 
time taken is 0.4 ml/m²/s up to 0.5 ml/m²/s at 30 min and 1.0 ml/m²/s at 60 min time taken. Meanwhile for concrete containing 
25% fly ash, the ISAT value for 10 min time taken is 0.3 ml/m²/s up to 0.4 ml/m²/s at 30 min and 0.8 ml/m²/s at 60 min.    

As discussed in 3.1.1, the concrete mixture with many pore sizes leads to an increase of water absorption rate. The high ISAT 
value indicates the higher amount of water that can seep through the concrete surface. This shows that the low the ISAT value 
means the concrete sample is in good condition in term of uniformity and durability.   

 

 
Figure 3: Average ISAT test results 
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Temperature test 
 
Ultrasonic pulse velocity test (UPV).The results of observed time travel at elevated temperatures are presented in Figure 4. Time 
travel value for the control plain concrete is found to be higher than the concrete with 25% fly ash replacement cement by weight, 
beginning from when concrete plain is exposed at room temperature 30⁰C. Higher time travel value is shown by the concrete plain 
when exposed at 800⁰C. At 800⁰C, it increases rapidly due to sharp deterioration in the physical state of fired concrete. While, 
concrete with 25% fly ash replacement cement by weight resulted moderate inclining time travel value beginning from when 
concrete is exposed at 30⁰C until 200⁰C. Therefore, it can be concluded that concrete plain batches resulted slower time travel 
value as compared with the one contained 25% fly ash replacement cement by weight.  

Concrete plain resulted in higher time travel value. In contrast, concrete with 25% fly ash replacement cement by weight 
resulted low time travel value. The high time travel value indicates the slower of the wave travel through the concrete form the 
transmitter to the receiver. This shows that the faster the time travel value means the concrete sample is in good condition in term 
of uniformity and durability.   

 

 
Figure 4: Average UPV test results 

 
Rebound hammer test.Figure 5 shows the coefficient variance from rebound hammer test at elevated temperature. From the result 
obtained and the calculation done, the finding shown that the standard deviation (SD) is 0.23 and the coefficient of variance is 
5.17% for concrete plain at room temperature as compared to concrete with 25% fly ash replacement is, (SD) is 1.85 and the 
coefficient of variance is 41.30%. Meanwhile, for concrete plain that exposed to 200⁰C shows that the standard deviation (SD) is 
1.10 and the coefficient of variance is 23.85%. Higher value for concrete with 25% fly ash replacement cement by weight with 
(SD) value is 1.22 and the coefficient of variance is 26.31%. This indicated that the concrete 0% fly ash is uniform as the CV 
value is low. This is happen because of concrete which exposed to high temperature generally will be physically deteriorate, 
which resulting less sound and surface hardness. However, for concrete exposed to 800⁰C for all batches experiencing sudden 
breakage and cracking at failure. Thus, the rebound hammer test cannot be done. Again, referring to Figure 5, indicates quality of 
concrete exposed at temperature 30⁰C and 200⁰C are still in good condition of surface hardness and sound. Meanwhile, at 
temperature 800⁰C surface condition become less sound and in fair condition. 

 

 
Figure 5: Average C.V value test results 

 
Compression strength test.Increase in exposed temperature caused concrete to gradually lose its strength, thus the compressive 
strength after exposed up to 200⁰C and 800⁰C were at most interest (Figure 6). From the Figure 6, there is only a small declining 
pattern of the compressive strength for the concrete 30⁰C at room temperature and also the one exposed to temperature 200⁰C, 
ranging between 30 to 35 N/mm2 . Meanwhile, for concrete sample with 25% fly ash replacement cement by weight resulted 36.7 
N/mm2 at room temperature and 35.84 N/mm2 when exposed to 200⁰C, slightly higher compared to concrete with 0% fly ash. For 
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the concrete (all batches) exposed at 800⁰C, the results show large reduction of the compressive strength where the value dropped 
to 0 N/mm2.  

The declining of the compressive strength for concrete all batches are caused by the spalling effect that may occur on the 
samples when they are exposed to the different temperature variations. The temperature may cause oxygen particles in the voids in 
the samples to explode, thus making them to become more brittle. This in turn will reduce the compressive strength of the 
concrete. As the concrete exposed to high temperature, they left some voids in the samples and making them more porous. 
Therefore, these porousness may result in lower compressive strength for the concrete sample. 

 

 
Figure 6: Compression strength test results 

 
Mode failure 
Figure 7 shows the failure mode of the cube specimens for concrete sample when exposed to the different temperature variations. 
Plain concrete samples experienced wider cracks. As observed from the failure mode, there is not much significant effects on the 
cube specimens of concrete for all batches exposed at room temperature and 200qC [7]. When concrete exposed at 800qC, burn 
marks and cracks can be visually observed on the surface of the cube specimens of which also identified by several previous 
researches. 

 
 

(a)                                            (b)                                                                  (c)          
 

 

 
(d)                                           (e)                                                                 (f)            

 

Figure 7: Ordinary Portland cement concrete sample at (a) 30qC, (b) 200qC and (c) 800qC  ; Concrete sample with 25% fly ash 
replacement cement by weight at (d) 30qC, (e) 200qC  and (f) 800qC   

 
The different in temperature variations also give effect on the failure mode of the cube specimens. As observed in the Figure 7, 

the higher the temperature exposed onto the samples, the more obvious of the failure mode. Cube specimens exposed at 800qC are 
more brittle and porous when compared with the samples exposed at 200qC. 

CONCLUSION 
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The conclusions will give detailed information and answer whether the addition of fly ash (FA) in concrete will provide 
positive impact. All conclusions are based on the findings from the experimental tests, together with the results analysis and 
discussion. Further recommendations are also discussed in this chapter for future works.  

Based on the experimental results and several analysis done on the concrete, all the objectives of the study are met. There are 
also other conclusions that are made based on several findings in the study as follow: 

i. Analysis on the permeability test found that the concrete containing fly ash results in enhanced the durability 
performance of the concrete especially in term permeable porosity. Therefore, the less porous concrete specimen, 
sufficient of fly ash quantity and low pozzolanic activity also increase the durability of concrete in term of permeable 
porosity. 

ii. Based on the analysis of temperature test, concrete with 25% fly ash replacement performance gives the best results in 
ultrasonic pulse velocity test, rebound hammer test and compressive strength test. Compressive behaviour analysis also 
found that adding fly ash to concrete mix increase the strength thus reduce the explosive spalling effect when exposed to 
elevated temperature. 

iii. It is found that when the sample exposed to elevated temperature, concrete mix with 25% fly ash have better mechanism 
for the post-cracking behaviour, better toughness resistance and enhance concrete performance. The severity of 
deterioration indicated that concrete plain can withstand temperature of up to 200qC. For exposure temperature above 
800qC, the observation shows very high deterioration on concrete plain.  
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