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ABSTRACT:  
 
The continuous demands for stringent environmental regulation and increased interests in the preservation of natural resources have 
motivated industries and research institutions to examine and consider alternative approaches on the use of renewable resources and 
waste by-products. This study was conducted using one of the most available natural fiber types worldwide, the Phoenix Dactylifera L. 
Fibers, commonly known as Date Palm Fibers (DPF). Limited researches and inconsistencies in results obtained have been reported in 
literature on the use of DPF in concrete. Thus, there is a need of further evaluation and study on the structural behavior of fiber reinforced 
concrete with DPF. The present study used DPF as a natural reinforcement in concrete at varying content of 0%, 0.6%, 1.0%, and 1.4%; 
and different fiber lengths of 0 mm, 15 mm, 30 mm, and 45 mm. The results indicated that integration of DPF affects the physical 
properties particularly the workability and density of fresh concrete. Generally, the mechanical properties such as compressive strength, 
tensile strength, and flexural strength of DPF reinforced concrete decreases as the amount of DPF increases in content and fiber lengths. 
Scanning Electron Microscopy (SEM) analysis was carried out to examine the internal behavior and effect of DPF in the hardened 
concrete. Matrix deboning, fiber fractures, and voids due to the pull-out effect were observed as failure modes that contributed to lower 
compressive strength, tensile strength, flexural strength, and deflection as compared to control specimen. 
 
 

1. INTRODUCTION 

In recent years, the use of industrial and agricultural by-products 
as alternative cement-based construction materials has been the 
subject of research and studies around the world, particularly in 
developing countries. The utilization of these by-products has 
demonstrated various advantages not only for providing 
sustainable alternatives and for approaches in disposing of wastes, 
but also improving and enhancing the engineering properties of 
the concrete material in terms of both the physical and mechanical 
properties. Moreover, the continuous demands for stringent 
environmental regulation and increased interests in the 
preservation of natural resources have motivated industries and 
research institutions to examine and consider alternative 
approaches to the use of renewable resources and waste by-
products.  
 
Phoenix Dactylifera L. Fibers, commonly known as Date Palm 
Fibers (DPF), are considered one of the most available natural 
fiber types worldwide. Large quantities of date palm biomass 
waste are accumulated annually without proper utilization (AL-
Oqla et al., 2014). It is estimated that there are 150 million date 
palm trees spread over an area of 1.3 million hectares in 30 
countries (Hassan, 2012).  

 
 
 

Further, among the natural fibers, agricultural by-products 
obtained from date palm trees are one of the most abundant 
sources in the world and are good candidates for admixture that 
possibly enhances the properties of cement-based materials 
(Tioua et al., 2017). In most cases, many of these by-products 
were discarded or burned after harvest. However, natural fibers 
are renewable and low-cost resources that can be used as a 
substitute for non-renewable raw building materials as 
constituents in concrete and can help reduce construction costs 
and provide eco-friendly alternatives. Natural fiber can be 
explored and considered as admixture in concrete that can be 
beneficial for developing countries to help lower the cost of 
construction materials (Alatshan et al., 2017).  
 
Concrete is considered the most widely used construction material 
in the world. The importance of concrete in modern society 
cannot be underestimated. In fact, the use of concrete worldwide 
is estimated at more than one ton of concrete is produced every 
year per person (Neuwald, 2004). Concrete is not only used in 
building construction but also in other structures such as bridges, 
road constructions, harbors, and other uses. The use of additives is 
one of the technological advances in enhancing the quality and 
engineering properties of concrete.  
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An additive is a substance added to fresh concrete in small 
quantities to improve its properties. One of the most important 
additives is fiber (Subramani, 2007).  Recent studies in which 
concrete reinforced with different natural fibers such as coconut, 
bamboo, sisal, etc. (Agrawal, Dhase and Agrawal, 2014; Domke, 
2012) has been the subject or topic in responding to sustainable 
cost-effective building construction (Parveen, Rana, and 
Fangueiro, 2012). 
 
Interestingly, very few research studies have been reported in 
literature about the use of DPF in concrete as well as 
inconsistencies in the results obtained (Alatshan et al., 2017; 
Makhroufi, 2014; Tioua et al., 2017). A limited number of 
published studies have shown that natural fibers can provide 
benefits for early age properties (Tioua et al., 2017). According to 
Alatshan, et al. (2017) that the addition of DPF in concrete 
showed a clear improvement in flexural strength as well as an 
increase in compressive strength. The result of the study 
conducted by Makhroufi (2014), however, is in contradiction to 
the result obtained by Alatshan, et al. (2017). Makhroufi reported 
that the addition of DPF in concrete reduced the compressive 
strength. Additionally, a study conducted by Djoudi, et al. (2012) 
revealed that some vibration is essential to get suitable 
workability and compaction of DPF concrete. Djoudi, et al. also 
concluded that the presence of DPF in concrete improves its 
mechanical properties. They further argued that excessive fiber 
content resulted in the reduction of both compressive and flexural 
strength. Kumar et al. (2010) contended that different fibers 
change the properties of Fiber Reinforced Concrete (FRC) 
depending on the type of fiber materials, geometric orientation, 
distribution, and densities. 
 
In view on the variation of the mechanical effects of DPF in 
concrete as well as to support sustainable construction, this study 
was undertaken to provide potential interest in using DPF in 
concrete as an alternative low-cost sustainable construction 
material. Further, understanding the physical and mechanical 
properties and behavior of fiber reinforced concrete is required to 
analyze and evaluate its effect and optimization on the structural 
performance. This study was conducted to examine the influence 
of DPF as a natural additive in concrete particularly for its 
physical and mechanical properties, and structural behavior. 
Additionally, the effect of the fiber lengths and various 
proportions of DPF in the concrete mixture on the structural 
behavior were considered. However, the effect of surface 
treatment of DPF was not considered in this study. Specifically, 
this study aimed to achieve the following:   
1. To determine the effects of date palm fibers on the physical 

properties of fresh concrete;  
2. To determine the effects of varying proportions and lengths 

of date palm fibers on the mechanical properties of hardened 
concrete (compressive strength, split tensile strength, 
flexural strength and modulus of rupture); and 

3. To determine the influence of fiber length and fiber content 
on the concrete matrix structure using scanning electron 
microscopy (SEM). 
 
 

2. MATERIALS AND METHODS 

2.1 Project Structure 

Fiber reinforced concrete (FRC) is concrete containing fibrous 
material which alters or enhances the physical and mechanical 
properties of fresh and hardened concrete. The American 
Concrete Institute (ACI) (2002) defined FRC as concrete 
containing dispersed, randomly oriented fibers. To evaluate the 
effects of DPF in concrete mixtures for both fresh and hardened 
state, an experimental study was employed. DPF was 
incorporated in the concrete mixtures at varying percentages and 
fiber lengths. The water-cement ratio used was 0.5 for all 
mixtures for non-air-entrained concrete. The minimum design 
compressive strength of the concrete in accordance with ACI 
requirement is 21 MPa at 28 days curing. The physical properties 
of DPF used in the study were tested and analyzed. The concrete 
mixing followed the ACI 211 procedure. The physical and 
mechanical properties of the concrete mixture were tested and 
evaluated following the ASTM procedures. The experimental 
study consisted of 60 cylindrical specimens with dimensions of 
100 mm diameter x 200 mm high for compressive and split tensile 
strength tests; and 30 prisms, 100 mm x 100 mm x 400 mm in 
dimensions, for the modulus of rupture tests. A scanning electron 
microscopy (SEM) was performed for nine prisms after a flexural 
strength test to evaluate the effect of varying fiber lengths and 
content on the mechanical properties, matrix deboning, and 
presence of voids due to fiber pull-out. The specimens were 
casted and cured for 28 days prior to testing. 

2.2 Materials 

The date palm fibers (DPF) were obtained in Baghdad, Iraq. The 
fibers used as shown in Figure 1 were in the form of ropes 
commonly available at commercial stores in the city and it is pre-
treated using sodium hydroxide solution to enhanced the tensile 
strength and lessen the presence of hemicellulose content. The 
fibers were cut in three different lengths: 0 mm, 15 mm, 30 mm, 
and 45 mm. The fiber content added to the mixture varied from 
0%, 0.6%, 1.0%, and 1.4% by volume of cement. The DPF 
mixtures were taken into account to determine the considerable 
variation on the mechanical effects of DPF at a smaller increment 
of 0.4% as compared to 0.5% reported in literature to further 
characterize the influence of DPF in concrete. The physical 
properties of the DPF was analyzed and evaluated. The results are 
presented in Table 1. The other concrete components such as 
cement and aggregates were tested and the physical properties 
were determined. The Portland cement used in this study was 
Type I with specific gravity of 3.15.  The coarse aggregates were 
crushed gravel with maximum size of 25 mm and used as 
Saturated Surface Dry (SSD) for mixing. The absorption rate was 
0.7% and specific gravity was 2.83. The dry rodded unit weight 
was obtained as 1570 kg/m3.  

 
The fine aggregate had a maximum size of 4.75 mm, specific 
gravity of 2.62, and absorption rate of 1.1%. The fineness 
modulus obtained was 2.6 and used as SSD for mixing. Potable 
water was used in mixing the concrete. 
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Figure 1. Coiled Phoenix Dactyliferous L. Fibers (Date Palm 

Fibers) were cut into different fiber lengths 

Properties Result 
Diameter (mm) 0.20 

Tensile Strength (kgf/m2) 27.06 
Elongation (%) 4.32 
Density (kg/m3) 1159 
Specific Gravity 1.159 
Absorption (%) 49.6 

Table 1. Date palm fibers properties 

2.3 Testing 

Testing for the physical properties of the fresh concrete mixture 
were in accordance with ASTM procedure as shown in Table 2. 
 

Properties Testing Procedure 
Unit Weight ASTM C138 

Yield Volume ASTM C138 
Air Content ASTM C138 

Slump ASTM C143 
 

Table 2. Physical properties testing used in this study 
 
Testing for the mechanical properties of hardened concrete is 
shown in Table 3. The compressive strength, split tensile strength, 
and flexural strength were calculated using Formulas 1, 2, and 3 
respectively. The prisms were subjected to a center point loading 
using the compression machine with 10 tons capacity. The 
scanning electron microscopy (SEM) was performed at high 
magnifications using JFC-1200 Fine Coater Machine. 

 
Properties Testing Procedure 

Compressive Strength ASTM C595 
Split Tensile Strength ASTM C496 

Flexural Strength ASTM C293 
 

Table 3. Mechanical properties testing used in this study 
 

݂ᇱܿ =  ௉
஺

    (1)  

்݂ = ଶ௉
గ௅ௗ

    (2) 

ோ݂ = ଷ௉௅
ଶ௕ௗమ

    (3) 

where: f’c = Compression strength (MPa), fT = Tensile strength 
(MPa), fR = Modulus of Rupture (MPa), P = Applied load at the 
moment specimen failure in Newton (N), A = Cross sectional area 
(mm2), L= length of the specimen in (mm), d=diameter of the 
specimen in (mm), b = beam width (mm). 

2.4 Mix Design and Proportions  

The mix proportions of DPF and other materials are given in 
Table 4. The other materials such as fine and coarse aggregates, 
and water requirements were determined based on the ACI 211 
method. The 0% DPF content and 0 mm fiber length served as the 
control specimen.  
 
Fresh concrete mixtures with various amounts and lengths of DPF 
were prepared and evaluated to determine the physical and 
mechanical properties. The concrete mixtures were cast in a 
cylindrical shaped metal or in a non-absorbent material (such as 
PVC pipe) and a rectangular prism for the flexural test. The 
cylindrical specimens and prisms were cured for 28 days. The 
hardened concretes were tested to determine their mechanical 
properties such as compressive strength, split tensile strength and 
flexural strength. There were nine specimens tested for SEM. 
 

ID w/c 

Concrete Component (kg) Date Palm Fiber 

W C CA FA DPF 
(kg) 

DPF 
Length 
(mm) 

DPF 
Volume 
(% of C) 

A1 
0.5 225 450 1005 720 0 0 0 A2 

A3 
A1I 

0.5 225 450 1005 720 0.43 15 0.6 A2I 
A3I 
A1II 

0.5 225 450 1005 720 0.715 30 1 A2II 
A3II 
A1III 

0.5 225 450 1005 720 1 45 1.4 A2III 
A3III 
B1I 

0.5 225 450 1005 720 0.43 15 0.6 B2I 
B3I 
B1II 

0.5 225 450 1005 720 0.715 30 1 B2II 
B3II 
B1III 

0.5 225 450 1005 720 1 45 1.4 B2III 
B3III 
C1I 

0.5 225 450 1005 720 0.43 15 0.6 C2I 
C3I 
C1II 

0.5 225 450 1005 720 0.715 30 1 C2II 
C3II 
C1III 

0.5 225 450 1005 720 1 45 1.4 C2III 
C3III 
 

Table 4. Material mix proportion of various specimen 
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3. RESULTS AND DISCUSSIONS 

3.1 Physical Properties  

Results of the slump tests revealed that the addition of date palm 
fibers in fresh concrete significantly affected the workability of 
concrete as shown in Table 5. The highest slump height of 98 mm 
was observed in the control mix with no fiber content exhibiting a 
very high workable mixture. On the other hand, the addition of 
increasing amount of fibers at constant water- cement ratio 
resulted in lower slumps ranging from 22 to 78 mm. The slump 
test results clearly signified that the workability of DPF reinforced 
concrete decreases as the amount and length of fibers increases. 
  

ID DPF 
Content 

(%) 

DPF 
Length 
(mm) 

Slump 
(mm) 

Density 
(kg/m3) 

A 0 0 98 2535 
AI 0.6 15 78 2417 
AII 1 15 39 2284 
AIII 1.4 15 30 2113 
BI 0.6 30 75 2385 
BII 1 30 40 2174 
BIII 1.4 30 25 2051 
CI 0.6 45 69 2383 
CII 1 45 38 2328 
CIII 1.4 45 22 2217 

Table 5.  Physical properties of concrete: Slump and Density Tests 

The addition of DPF in the concrete mixtures affected the density 
of concrete as shown in Table 5. It was observed that the density 
of concrete reinforced with DPF decreased as the amount of DPF 
increased. The increasing amount of DPF in the concrete causes 
the concrete mixture to be lighter as expected since the DPF 
specific gravity was lower than the other constituents. It can be 
observed that the specimen with 1.4% DPF at 30 mm fiber length 
recorded the highest decrease in density at 19% as compared to 
the control specimen. The lower slump height and density in the 
DPF concrete mixtures could be attributed to the ability of the 
DPF to absorb some of the water component in the mixture, thus, 
reduces the workability and lower density. This observation is 
consistent to the study conducted by Joseph et al (2003) on sisal 
reinforced concrete in which they concluded that the presence of 
hemicellulose content in the fiber and fiber with hollow cavities 
resulted in light weight, low density, increase moisture 
absorption, and fiber swelling. 
 
It was further observed that the presence of DPF in the concrete 
mixtures increased the cohesiveness making the mixture less 
workable. This condition is due to the DPF specific surface, water 
absorption, and surface texture properties which affect the 
workability of the concrete mixtures. Consequently, the concrete 
with DPF generated more air voids entrapped in the mixture, thus 
decreasing the density of the concrete mixtures and requiring 
increased consolidation during the mixing and casting process. 
This observation is in agreement with the study conducted by 
Djoudi, et al. (2012) and Ramli and Hoe (2010).  

3.2 Mechanical Properties and Structural Behavior 

3.2.1 Compressive Strength of Concrete 

The compressive strength results are shown in Figure 2. The 
compressive strength of the control specimen is higher than the 
specimens with DPF. The compressive strength of the specimen 
with 15 mm fiber length and contents of 0.6%, 1%, and 1.4% 
decreased by 17%, 46%, and 69% respectively while the 
compressive strength of the specimen with 30 mm fiber length 
decreased by 31%, 58%, and 73% respectively. On the other 
hand, the compressive strength obtained in the 45mm specimen 
decreased by 26%, 43%, and 59% respectively. The results 
showed that the compressive strength was slightly affected by the 
length of the date palm fibers due to the voids created by fibers, 
which weakened the concrete specimen with DPF content.   
 
However, the concrete mixtures with 0.6% at varying fiber 
lengths of 15 mm, 30 mm, and 45 mm attained compressive 
strengths of 33.42 MPa, 27.73 MPa, and 29.71 MPa respectively 
which exceeded the required design strength of 21 MPa at 28 days 
of curing. The concrete mixture with 1% DPF at 15 mm and 45 
mm fiber length achieved compressive strengths of 21.78 MPa 
and 23.02 MPa respectively at 28 days curing and were within the 
required design strength. It was further observed that concrete 
with longer DPF provided additional hold during the compression 
test but at a short period while the shortest fiber length (15mm) 
exhibited optimum contribution in the concrete strength.   
 
The reduction of compressive strengths in the concrete with DPF 
can be attributed to the decreasing effectiveness of the cross-
sectional area of the concrete specimen due to the spaces occupied 
by the fibers. A study conducted by Soulioti et al. (2011) where 
the addition of fibers to the concrete mixtures created a more 
difficult consolidation process, thus increasing entrapped air. As 
the amount of DPF content increased, the compressive strength 
decreased in all fiber length considered. 

 
Figure 2. Compressive strength of fiber reinforced concrete with 

DPF with varying DPF content and fiber length 

3.2.2 Split Tensile Strength of Concrete   

The split tensile strength results of the concrete at 28 days curing 
are shown in Figure 3. The results indicated that the various 
lengths of fiber affected the split tensile strength of concrete with 
DPF.  The DPF concrete with 0.6% at 15 mm fiber length 
recorded the highest split tensile strength at 3.9 MPa but less than 
the control specimen by 25%. The DPF concrete with 1% and 
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1.4% at 15 mm fiber length were lower by 50% and 58% 
respectively as compared to the control specimen. The lowest 
tensile strength recorded was 1.89 MPa with DPF of 1.4% at 30 
mm fiber length.  
 
The DPF was expected to bridge the cracks in the matrix; 
however, there seemed to be dissipation in strength due to early 
pull out and deboning of fibers that caused a decrease in tensile 
strength. The DPF concrete with 1.4% exhibited a development of 
more cracks due to the existence of an increased amount of fibers. 
This observation strengthens the result obtained by Balaguru et al. 
(1992) in which they argued that the fibers had no effect on the 
tensile strength of the matrix, until after the matrix cracked and 
then the fibers could bridge the cracks. It was further observed 
that the presence of DPF in concrete bridged the micro cracks and 
controlled the fracture.  
 
Gencel et al. (2011) indicated that when the tensile stress is 
transferred to the fibers, the transfer restricted the propagation of 
the macro cracks and substantially improved the splitting tensile 
strength of the concrete. Generally, the split tensile strength 
decreased with the increasing amount of DPF in all fiber lengths.  

 
Figure 3. Split tensile strength of fiber reinforced concrete with 

DPF with varying DPF content and fiber length 

3.2.3 Modulus of Rupture of Concrete  

A prismatic beam was subjected to center point loading. The 
monitoring of load and deflection were observed carefully until 
the failure and cracks were achieved. The tests were undertaken in 
accordance with ASTM C293. The results on the effect of fiber 
lengths for the modulus of rupture on the concrete are shown in 
Figure 4.  
 
The results showed that the highest modulus of rupture was 
observed in the specimen with 15mm fiber length containing 
0.6% DPF. As compared to the control specimen, there is a slight 
reduction in the flexural strength by 2%.  
 
The specimen with 1% and 1.4% DPF at 15 mm fiber length 
showed a reduction of 20% and 44% respectively as compared to 
the control specimen. Moreover, for the 30mm fiber length with 
0.6%, 1%, and1.4% DPF content decreased by 34%, 43%, and 
53% respectively while the 45 mm fiber length with 0.6%, 1%, 
and 1.4% DPF decreased by 23%, 26%, and 45% respectively.  
 
It was further observed that the specimen with 45 mm fiber length 
and different DPF content have modulus of rupture that were 

higher than the flexural strength of specimens with 30 mm fiber 
length. This can be attributed to considerable ductility in the 
concrete which was observed after cracking when sufficient fibers 
were present. It was observed that specimen that do not pull-out 
or fracture immediately upon the application of load but undergo 
pull-out behavior thereafter increased in flexural strength.  
 
As loading progressed, stresses were transferred to the fiber 
network and pull-out of the fiber started to develop within the 
DPF reinforced concrete causing it to break or crash. Filho et al. 
(1999) asserted that this observation becomes the important mode 
of behavior, which governs the flexural failure. 
 
ACI 201 indicated that the modulus of rupture is equal to 10% of 
the specified compressive strength. In this study, the modulus of 
rupture for the control specimen was 13% of the specified 
compression strength while DPF concrete with 0.6% content at 15 
mm fiber length was 15% of its compressive strength. 
 
Generally, the mechanical properties of DPF concrete specimens 
were lower as compared to the control specimen.  
 
This condition can be explained by the ability of the DPF to 
absorb some water that slowed the hydration process, thus 
reduces the mechanical characteristics obtained especially with 
higher amount of DPF. 

 
Figure 4. Modulus of Rupture of fiber reinforced concrete with 

DPF with varying DPF content and fiber length 

3.2.4 Deflection of Concrete  

The effect of the date palm fiber was analyzed through the load –
deflection graphs to show the flexural capacity for several beams 
simultaneously while flexural testing was conducted. 
 
As shown in Figure 5, the DPF with 15 mm fiber length recorded 
the lowest load capacity at failure and decreased as the amount of 
DPF increased.  
 
Figure 6 show that the DPF reinforced concrete with 15 mm fiber 
length at 0.6% fiber content logged the highest deflection of 2.7 
mm.  
 
The 30 mm fiber length at 0.6% fiber content failed at a deflection 
of 2.1 mm at a load of 8759 N while the 45 mm fiber length with 
the same content sustained a load of 9,686 N at a deflection of 
2.45 mm. Further, the 30 mm fiber length experienced a sudden 
cracking.  
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The DPF reinforced concrete with 15 mm fiber length at 0.6% 
content recorded the highest load capacity at 11,370 N. 
 

 
Figure 5. Applied load for deflection testing of fiber reinforced 

concrete with DPF at the moment specimen fractured 
 

 
Figure 6. Deflection effect of 0.6% DPF reinforced concrete 

 
The 15 mm and 30 mm fiber length at 1.0% DPF content 
experienced a sudden crack as shown in Figure 7.  
 
The 15 mm fiber length recorded a deflection of 2.4 mm at a load 
of 8,801 N while the 30 mm fiber length sustained a load of 6,443 
N with a deflection of 1.85 mm. The 45 mm fiber length reached 
a load of 9096 N with 2.55 mm deflection at failure which was 
the highest result obtained within this group. 
 

 
Figure 7. Deflection effect of 1.0% DPF reinforced concrete 

 
It can be observed in Figure 8 that DPF with 1.4% content 
resulted in lower loads as compared to the control specimen.  
 
The higher amount of DPF in the concrete contributed to higher 
deflections as compared to the 0.6% and 1.0% content.  

 
Further, the specimen with 45 mm attained the highest deflection 
of 2.75mm which provided a good bridge against cracking, but 
had lower flexural strength as compared to the control specimen. 

 
Figure 8. Deflection effect of 1.4% DPF reinforced concrete 

 
Generally, it can be established that the 45 mm fiber length 
regardless of DPF content showed higher deflections and higher 
load capacities at failure than the other concrete with the DPF 
concrete mixture. However, the DPF with 45 mm fiber length 
while experience sudden cracks as compared to its counterparts, 
the mixture sustained a longer time before it reached failure. This 
observation is in agreement with the study of Balaguru & Shah 
(1992) in which longer fibers contributed to the sudden cracking 
effect due to the difference in modulus of elasticity between fibers 
and the concrete mixture. Additionally, the longer the fiber, the 
higher the deflection in the concrete beam specimen without 
causing any sudden failure. 
 
It can be further noted that DPF reinforced concrete has a lesser 
load carrying capacity as compared to the control specimen. 
Moreover, the DPF reinforced concrete provided the necessary 
reinforcement that prevented the immediate crashing or breaking 
of the specimen while it continued to deflect. This behavior can 
be attributed to the fiber action that bridges the cracking, thus 
delaying the breaking of DPF reinforced concrete. Gil (2005) 
explained in his study on abaca fibers that the addition of natural 
fibers in concrete applications for members under flexure 
improved the material’s toughness and ductility. This observation 
is consistent with the study conducted by Jamil (2010) on maguey 
fibers. Although extra reinforcement was provided by the fibers to 
prevent sudden failure, the increased amount of fibers caused 
increase of voids in the concrete. Thus, flexural strength tends to 
decrease. Walraven (2009) also stated that the differences in 
strength values of the DPF reinforced concrete are due to the 
effect of fiber orientation, which is strongly influenced the 
method of casting and compacting.  Vajje and Murthy (2013) 
explained that with the increase in fiber-concrete ratio, the cracks 
at failure load were observed to be minimal.  

3.2.5 SEM Analysis on the behavior of DPF Reinforced 
Concrete 

Scanning Electron Microscopy (SEM) analysis was carried out to 
examine the internal behavior and effect of DPF in the hardened 
concrete. Particularly, the fracture and bond characteristics of 
fiber reinforced concretes were analyzed and evaluated. The SEM 
specimen were collected from the fractured samples immediately 
after the flexural strength tests. There were nine cases of different 
hardened concrete of varying DPF contents of 0.6%, 1.0%, and 
1.4%; and fiber lengths of 15 mm, 30 mm, and 45 mm. The 
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parameters considered and examined were fiber pull-out, 
fractures, and voids. The specimens were all coated with gold for 
electrical conduction before SEM testing. 
 
It is evident in Figure 9 that the fiber reinforced concrete in all 
DPF with varying content and fiber lengths showed fiber pull out, 
breakage, and fracture mechanisms. The strength has decreased 
with the higher percentage of fiber. The DPF reinforced concrete 
with 15 mm fiber length at 1.0% content had several voids that 
weakened its strength and thus, caused a sudden failure crack. 
Matrix deboning, fiber fracture, and voids due to fiber pull out 
were observed as failure modes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 shows the SEM image of DPF reinforced concrete of 30 
mm fiber length with varying DPF content. It can be observed in 
the image that there was no maintained interface bonding between 
the concrete matrix and fibers for the 0.6% DPF content. It can be 
seen that there is poor adhesion between the fiber and concrete. 
Stress transfer between fibers and concrete is only possible to 
create mechanical interlocking if there is an interface bonding. 
Therefore, it can be seen that poor interfacial bonding resulted in 
a decreased strength in the composite (Vidyashankar and 
Laksmanswamy, 2014). 
 
Several voids were observed for the 1.0% DPF content with 30 
mm fiber length. The voids were the result of the pulling out of 
the fibers. The fibers could hold the deflection until the first 
cracks appeared and then the fibers contributed to preventing 
sudden failure. 
 

The SEM image for the 15 mm fiber with 1.4% fiber content 
showed fewer voids as compared to 1.0% fiber content. The 
reason for this is that increasing fiber content resulted in a 
decrease in the fiber pull-out and thus the fiber offered resistance 
to fractures and absorbed the sudden applied load until failures. 
Mohankar, et al. (2016) explained that the increased fiber content 
developed more energy absorption that resulted in an increase in 
toughness and fracture resistance of the material under cyclic 
loads. However, in advanced stages of loading, relative 
displacement took place between the fiber and the concrete 
matrix, thus frictional stress developed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is evident that a mixed of small voids and large voids were 
present due to the fiber pull-out. The existence of gaps 
surrounding the reinforcement generated the poor bonding 
reinforcement and matrix. 
 
The concrete specimen with 30mm fiber length and 1.4% fiber 
content revealed an unequal fiber orientation due to the high 
content of fibers as well as the increased fiber length. Moreover, 
some matrix failure was noted and more voids occurred due to the 
increasing fiber length and content, which generated more voids 
during the mixing process. However, the DPF reinforced concrete 
provided enough resistance against sudden failure.  
 
The SEM image for the DPF reinforced concrete with 45 mm 
fiber length is shown in Figure 11. 
 
 

 
 

Figure 9. SEM image of DPF reinforced concrete for 15 mm fiber length 
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In all DPF content, it is evident that there were fiber pull-out, 
voids, and fiber fracture which dominated the fractured surface. 
The specimen with 45mm fiber length and 0.6% DPF content 
showed visible voids due to fiber pull out that led to reduction of 
carrying load capacity. It was also observed that the unequal 
orientation of fibers and the presence of micro cracks weakened 
the strength properties that led to the fiber pull out when it 
reached the fibers’ roots. The micro cracks increased until 
adjacent area with greater amounts of fibers were capable of 
bearing the concentrated stresses at the crack tip. As a result, the 
strength of the specimen attained and fractures started to grow 
from the weakest microcrack, thus forming the fracture that 
would divide the sample in two pieces (Enfedaque et al., 2010).  
 
The DPF reinforced concrete with 1.0% DPF showed different 
void sizes which were spread throughout the concrete matrix due 
to fiber pull out or increasing the fiber amount and length. The 
voids created a decrease in the bonding property of the concrete, 
thus decreasing the specimen strength. Just like the specimen with 

0.6% content with the same fiber length, the parameters that 
contributed to a lower load carrying capacity and sudden failure 
were fiber separation from the concrete, fiber fractures, and 
generation of micro cracks. These parameters weakened the bond 
between the fiber and the concrete. 
 
Figure 11 (c) shows an unequal orientation of the fibers in some 
parts and some voids due to fiber pullout similar in effect to the 
specimen with 45mm fiber length 0.6% and 1.0% fiber content.  It 
also shows some micro cracks that may affect the strength 
properties of the concrete. However, the specimen showed a 
behavior that prevented the occurrence of sudden failure and 
sustained higher deflection as the loading application progresses. 
According to Kakooei et al. (2012) the reason for this behavior is 
due to the fiber’s location and the width of the formed crack; thus, 
a bridge connection was created and the fiber characteristics 
prevented the separation of concrete pieces after cracking. 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 10. SEM image of DPF reinforced concrete for 30 mm fiber length 
 
 
 
 
 
 
 
 
 
 
 
 

(a) SEM image of 30 mm at 0.6% DPF 
content 

(b) SEM image of 30 mm at 1.0% DPF content 

(c) SEM image of 30 mm at 1.4% DPF content 
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Figure 11. SEM image of DPF reinforced concrete for 45 mm fiber length 

 
4. CONCLUSIONS 

Based on the results of the study, the following conclusions were 
drawn:  
 
1. The inclusion of DPF in concrete mixture affects the 

workability of fresh concrete. As the amount of DPF content 
increases, the slump height decreases in all fiber lengths 
studied. On the other hand, the density of DPF reinforced 
concrete decreases as the amount and fiber lengths increases 
due to the lower specific gravity of DPF as compared to the 
aggregates and cement components. 
 

2. As the amount of DPF content in concrete increases, the 
compressive strength in all the specimens decreases. The DPF 
reinforced concrete with 0.6% content and 15 mm fiber length 
recorded the highest compressive strength at 28 days curing of 
33.42 MPa which is lower by 17% as compared to the control 
specimen. The lowest compressive strength of 11.09 MPa was 
recorded in the DPF reinforced concrete with 1.4% content, 
30 mm fiber length. DPF reinforced concrete with 0.6% 
content at fiber lengths of 15 mm, 30 mm, and 45 mm as well 

as for the concrete with 1% with 15 mm and 45 mm fiber 
lengths exceeded the required design compressive strength of 
21 MPa. 

 
Increasing the amount of DPF fibers in concrete resulted in 
decreased split tensile strength in all the specimens. DPF 
reinforced concrete with 0.6% at 15 mm fiber length recorded 
the highest strength at 3.9 MPa. The tensile strength of DPF 
reinforced concrete with 0.6% content at 15 mm fiber length 
was 15% of its compressive strength, which is higher than the 
control specimen by 2%. The flexural strength of DPF 
reinforced concrete decreased as the amount and length of 
fiber increased. The highest flexural strength of DPF 
reinforced concrete was 5.08 MPa for 0.6% DPF content and 
15 mm fiber length. 

 
3. The DPF reinforced concrete with 45 mm fiber length in all 

DPF contents showed higher deflection and higher load 
capacities as compared to the other DPF reinforced concrete 
specimens. The highest deflection recorded was 2.75 mm for 
DPF content of 1.4% at 45 mm fiber length, which is lower 
than 0.1 mm as compared to the control specimen. Matrix 

(a) SEM image of 45 mm at 0.6% DPF content (b) SEM image of 45 mm at 1.0% DPF content 

(c) SEM image of 45 mm at 1.4% DPF content 
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deboning, fiber fracture, and voids due to pull-out effect were 
observed as the failure modes that contributed to the lower 
compressive strength, tensile strength, and flexural strength as 
compared to the control specimen. The DPF served as a 
temporary crash resistant barrier, which bridged the crack that 
delayed the breakage and separation of DPF reinforced 
concrete. 

 
4. The use of DPF as a natural additive in concrete with 0.6% 

DPF content at varying lengths of 15 mm, 30 mm, and 45 mm 
can be utilized for building walls, interior slabs on grade, 
foundations, and other minor construction works that are not 
exposed to weather with compressive strengths between the 
minimum design strength of 21 MPa and 33 MPa. 
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