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Abstract - In the past few decades, some researches have 

been devoted to use of plastic fibers and other waste 

materials as additive materials in concrete in order to 

improve the tensile and compressive strength as well as 

ductile properties of concrete. Due to these effects this 

experimental work was undertaken aiming to investigate 

the behavior of Plastic fibers concrete and barley straw 

fibers concrete by using readily available local materials. 

To accomplish the objective, experiments were conducted 

on plastic fibers concrete and barley straw fibers concrete. 

The principal variable of the testing program is the 

amount (percent by weight) of plastic fibers and barley 

straw fibers which used as replacement of fine aggregate 

by the following ratio at (0.1%, 0.5%, 1%, and 2%) by 

weight respectively. Specimens were prepared and tested 

under standard specification for slump, and compressive 

strength. The result of the study indicated that the fresh 

concrete was good enough workable up to 0.5% 

replacement of plastic fibers. On the other hand the 

present of barley straw fibers results in decreasing the 

workability for all replacement ratios. The addition of 

plastic fibers to concrete mix results in improvement of the 

compressive strength for the concrete mixture up to ratio 

(1% or less) of plastic fibers.  But adding barley straw 

fibers in concrete mix has a significant effect on decreasing 

the compressive strength of concrete. 

Keywords: Barley straw fibers, Plastic fibers, Concrete, 

Compressive strength, Properties. 

I. INTRODUCTION 

      The conventional steel reinforcement concrete makes the 

reinforced concrete structure heavy and due to water or 

moisture diffusion through micro cracks developed, steel starts 

corroding leading to failure of concrete. Moreover, although 

steel reinforced bars provide strength to the concrete members, 

they however do not increase the inherent tensile strength 

concrete itself. They also falls short of desirable properties 

like toughness, ductility, controlling cracking and energy 

absorption property because the reinforcement component in 

reinforced cement concrete is present in certain pockets of the 

cross section of the structural member. Therefore it is essential 

to distribute the reinforcement uniformly throughout the cross 

section by adding short fibers of small diameter that are 

metallic or nonmetallic to the constituents of the concrete mix. 

Fibers in the cement based matrix acts as cracks arrester, 

which confines the growth of flaws in the matrix, preventing 

these from enlarging under load, into cracks, which eventually 

cause severe failure. Restriction of propagation of cracks 

originating from internal flaws can result in improvements in 

static and dynamic properties of concrete. 

      Abhishek Jandiyal  et al (2016) [1] provide a brief 

overview on using  of  plastic fibers made from waste pet 

bottles in concrete and indicated what aspects of conventional 

concrete were modified. 

      Recent literature [Wang and Han (2018)[2], Farooqi and 

Ali (2016)[3], Cai et al. (2017)[4], Akhras and Afoul 

(2001)[5], Bouasker et al. (2014)[6], Chen et al. (2017)[7], 

Munshi et al. (2013)[8], Belhadj et al. (2016)[9], Xie et al. 

(2016)[10] ] have shown that agricultural waste such as rice 

and wheat straw can be used in the concrete mix. Studies 

made by these researchers were conducted on the effect of 

these natural fibers on the mechanical and physical behavior 

of concrete, and the results show that the composite achieved 

considerable strength and toughness. 

      This study aim to expand the knowledge of aggregate 

substitutes by investigate the viability of locally available 

waste materials to form an adaptation of conventional concrete 

which referred as Green Concrete. The two materials 

investigated in this study were plastic materials from soft 

drinks bottles waste and natural barley straw; these materials 

were used to partially replace fine aggregate and were selected 

because it is a lighter material than the aggregate it replaces 

and hence this may result in lighter concrete mixes. If strength 

is not compromised the use of these materials can be of benefit 

in terms of reducing the permanent load on a structure. 

II. MATERIALS AND MIX DESIGN METHODOLOGY 

       The experimental program was planned to investigate the 

effect of using barley straw fiber and plastic fiber on the fresh 

and mechanical properties of concrete, a reference plain 

concrete mixture was used to compare the results. 
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2.1 Materials Used 

The material details are as follows:  

1. Cement: locally available Portland-Pozzolan Cement 

conforms to Jordanian standard specifications 1-30 / 

2016 and European standard EN-197-1/2011 was use 

throughout the testing. 

2. Fine Aggregate: locally available fine aggregate pass 

from 4.75 mm sieve locally called Sweileh sand was 

used. 

3. Coarse Aggregate: Coarse aggregate used was 20mm 

and less size with specific gravity 2.80. 

4. Plastic Fibers: The breadth of plastic fibers used in 

this study is2mm and the length is 40±2mm. The 

plastic fibers were manually cut from soft drinks 

bottles. 

5. Barley Straw Fibers: Barley straw is an agricultural 

by-product and is the part of cereal stems rejected 

during the harvest. Locally barley straw was used, 

which were broken into the length of 40 ±2 mm after 

naturally air-drying. 

 

Figure 1: Plastic Fibers and Barley Straw Materials 

2.2 Mix Design Methodology 

       In the present study, Concrete mix of M25 grade was 

designed, and prepared on the basic of guidelines of ACI 

211.1, and it was used throughout this investigation.  Nine sets 

of concrete mix samples were prepared with different 

percentage of replacement of fine aggregate by 0%, 0.1%, 

0.5%, 1%, and 5%, of plastic fibers and barley straw fibers as 

show in table (1). Steel cube molds of sizes150*150*150 mm3 

as show in figure 2, were used and three number of such cubes 

from each concrete mix were tested after 14 and 28 days of 

curing. 

 

Figure 2: Casting of Cubes 

III. TEST RESULTS AND ANALYSIS 

3.1 Workability 

       The plain concrete (control mixes) were designed to give 

a slump of 25-75mm.The slump tests were performed on the 

fresh concrete for each mix and the results are presented in 

Table 2.The test results showed that the slump of concrete 

increase as the percentage of plastic fibers increased up to 

0.5% replacement . On the other hand, the slump of concrete 

decreased as the barley straw increased, because barley straw 

has high tendency of water absorption.  

 

Figure 3: Comparison of Slump Test Results of Plastic Fibers and Barley 

Straw Fibers Concrete Mixes

Table 1: Mix Proportions for Wet Concrete Mix and Percentage of Plastic Fibers and Barley Straw Fiber for 1.0 m3 of Concrete 

 
Mix ID 

Water 
(Kg/m3) 

Cement 
(Kg/m3) 

Coarse 
Aggregate 

(Kg/m3) 

Fine 
Aggregate 

(Kg/m3) 

Plastic 
Fibers 

(Kg/m3) 

barley straw 
fibers(Kg/m3

) 

Mix 1 – control mix 180 360 1024 791 0 0 

Mix 2 -Adding 0.1 % of 

Plastic Fibers 

180 360 1024 790.2 0.8 0 

Mix 3 -      Adding 0.5 % of 

Plastic Fibers 

180 360 1024 787.045 3.955 0 
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Mix 4- Adding 1 % of 

Plastic Fiber 

180 360 1024 783.03 7.91 0 

Mix 5- Adding 2 % of 

Plastic Fibers 

180 360 1024 775.18 15.82 0 

Mix 6 -Adding 0.1 % of  

Barley Straw Fibers 

180 360 1024 790.2 0 0.8 

Mix 7-   Adding 0.5 % of 

Barley Straw Fibers 

180 360 1024 787.045 0 3.955 

Mix 8 -Adding 1 % of 

Barley Straw Fibers 

180 360 1024 783.03 0 7.91 

Mix 9 -Adding 2 % of 

Barley Straw Fibers 

180 360 1024 775.18 0 15.82 

 

Table 2: Results of slump values of Plastic Fibers and Barley Straw Fibers Concrete Mixes 

Mix ID Slump Value(mm) % Changes in Slump Value 

Mix 1 –Control Mix 62 0 

Mix 2 -Adding 0.1 % of Plastic Fibers 68 +9.6 

Mix 3 - Adding 0.5 % of Plastic Fibers 63 +1.6 

Mix 4- Adding 1 % of Plastic Fiber 52 -16.1 

Mix 5- Adding 2 % of Plastic Fibers 46     -25.8 

Mix 6 -Adding 0.1 % of  Barley Straw Fibers 58 -6.4 

Mix 7- Adding 0.5 % of Barley Straw Fibers 51 -17.7 

Mix 8 -Adding 1 % of Barley Straw Fibers 47 -24.2 

Mix 9 –Adding2 % of Barley Straw Fibers 41 -33.8 

*(+) Shows the increase in values and (-) Shows the decrease in values 

3.2 Compressive Strength 

      The influence of replacing the fine aggregate by plastic fibers and barley straw fibers on the compressive strength of Pozlanan 

cement concrete are illustrated in table 3. 

Table 3: Compressive Strength of Concrete Specimens with Plastic Fibers and Barley Straw Fibers 

Type of 
Added 

Materials 

Added 
Materials Ratio 

(%) 

Average of 
Compressive 

Strength at 14 days 

(MPa) 

Average of 
Compressive Strength 

at 28 days (MPa) 

% Changes in 
Average Compressive 

Strength at 28 days 

 

Plastic Fibers 

0 20.1 24.6 0 

0.1 16.2 24.8 +0.8 

0.5 16.44 26.88 +9.3 

1 21.03 28.88 +17.4 

2 21.4 27.2 +10.6 

 

Barley Straw 

Fibers 

 

0 20.1 24.6 0 

0.1 12.58 14.45 -41.3 

0.5 12.2 13.54 -45 

1 8.2 11.45 -53.5 

2 2.14 9.51 -61.3 

*(+) Shows the increase in values and (-) Shows the decrease in values 
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      From table 3, adding plastic fibers up to ratio 1% result in 

gradually increase of compressive strength, but when adding 

of 2% plastic fiber the compressive strength of concrete 

started decreases. From the visual inspection, it was noticed 

that the barley straws pull out occurred due to the weak 

bonding between the straw and matrix. 

      As illustrate in figures 3 and 4. In this study adding plastic 

fiber up to 1% led to gradual increase of compressive strength 

up to 17 % from control concrete mix.  

      Most authors reported a gradual decrease in compressive 

strength with increasing straw percentages. In this study high 

reduction of compressive strength were recorded by increasing 

barley straw percentage in concrete.  Adding 2% of straw in 

concrete mixture gives about 62 % lower compressive strength 

when compared with control concrete mix.  

 

Figure 4: Compressive Strength Results of Plastic Fibers Concrete at 14 

and 28 days 

 

Figure 5: Compressive Strength Results of Barley Straw Fibers Concrete 

at 14 and 28 days 

 

Figure 6: Comparison of Compressive Strength Results of Plastic Fibers 

and Barley Straw Fibers Concrete at 28 days 

      This is true regardless of w/c and sample age. The higher 

the amount of straw in concrete, gives the lower the 

compressive strength. In this study adding straw 1% in 

concrete result in high reduction of compressive strength up to 

53 %, and, the reduction of compressive strength reached up 

to 62% by adding barley straw ratio to 2% at 28 days. 

IV. CONCLUSION 

      The conclusion of this study revealed the following 

remarkable points: 

1. The addition of plastic fibers and barley straw fibers 

strongly affected the workability of the fresh concrete 

that as the plastic fibers content increased, the 

workability is increased on the other hand as the 

barley straw fibers increased  the workability is 

decreased.  

2. The improvement of the compressive strength for the 

mixtures contains plastic fibers up to ratio (1% or 

less) is due to the ability of the mechanical blocking 

action of the fiber, whereas the decreasing in 

compressive strength of other mixture containing 

plastic fibers more than 2% may be attributed to the 

decrease in adhesive strength between the surface of 

plastic fibers and the cement paste. 

3. The addition of plastic fibers more than2 % increases 

the number of air voids in the matrix, which leads to 

lower compressive strength. Also, the untreated 

surfaces of plastic fibers do not bond well with the 

cement matrix. Thus, a weaker interfacial zone is 

formed between the binders and plastic fibers, which 

ultimately lead to the lower strength of the concrete. 
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4. The addition of barley straw fibers in concrete 

reduces the concrete compressive strength.  

5. Pull out of the straws is also common mode of failure 

of barley straw concrete due to the lowest bond 

strength.  

6. Further laboratory studies are needed to study the real 

behavior and understand the factors that affect the 

concrete mixed with plastic fibers and barley straw 

fibers materials. 
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