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ABSTRACT 

OF THE THESIS OF 

 

Alaa ElDeen Khodor Al Ghali  for  Master of Engineering 

        Major: Civil Engineering  

 

 

Title: Assessing the Effect of Different Fibers on Shear Strength of Reinforced Concrete 

Members 

 

 

Concrete is the most widely used building material in the world. The single largest 

limitation of concrete is its weak and brittle nature under tensile stress. To improve 

concrete behavior, reinforcement materials that are strong in tension are embedded into 

the concrete to avoid brittle failure and increase tensile capacity. Besides the traditional 

methods of embedding continuous aligned reinforcement in anticipated zones of tensile 

stress, random discrete fibers can be dispersed into the concrete during the mixing 

procedure to create a composite material called fiber reinforced concrete (FRC). 

Distinctive fiber filaments are used to improve the ductility and strain-hardening of 

cementitious composite mortars and grouts. Fibers vary commercially and 

environmentally so that polyvinyl alcohol (PVA) fibers are relatively expensive and 

might have higher environmental impact than Portland cement, polypropylene (PP), steel, 

basalt, and glass. Limited studies compared the effects of different fibers (PVA, PP, 

basalt, steel, and glass) on the hardened mechanical properties of normal-strength 

concrete mixtures, and on the behavior of structural members cast with such concrete 

mixtures. A multiphase research program has been designed to address the above 

objectives and the aim of the phase presented in this thesis is to test the performance of 

fiber reinforced concrete in the context of shear structural behavior and mechanical 

properties. It was noticed that shear strength is the most affected parameter when 

introducing fibers to concrete. Thus, this research work aims at assessing the performance 

and explaining the effect of using seven different types of fibers on shear strength and 

crack width in cast beams. 
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CHAPTER 1 

INTRODUCTION AND BACKGROUND 
 

Interest in adding fibers to concrete started in the 1960’s in an attempt to 

increase the toughness of concrete, bridge over cracks and restrain them from widening 

thus improving concrete durability and structural integrity. The produced concrete is 

called fiber-reinforced concrete (FRC). Different types of fibers such as polypropylene, 

polyethylene, steel, basalt, glass, and carbon are currently available in the construction 

industry. These are widely used in concrete material and structural applications to 

control the crack propagation and widening of cracks due to sustained or impact loads 

(Söylev and Özturan 2014; Vivas et al. 2020). The fiber effectiveness depends on its 

bond to the cement matrix, which is affected by numerous factors such as the number of 

filaments per unit volume, orientation, shape, aspect ratio, and tensile strength. 

Up to date, a few researchers investigated the performance of PVA, basalt and 

glass fibers on normal strength concrete. Fiber reinforced concrete (FRC) is a special 

class of concrete which incorporates fibers to test the effect on structural behavior and 

durability. Different classes of FRC with varying advantages have been developed, and 

fibers with different cross sections (flat, circular, rectangular, etc.) have been used. 

Traditionally, fibers have been classified in terms of materials with the most commonly 

used being metallic, glass, synthetic, and natural fibers. A further distinction can be 

made based on the fiber size where micro-fibers are shorter than 20 mm with an 

equivalent diameter of 5–200 µm, whereas macro fibers are typically 20–80 mm long 

with a length to diameter ratio of 40–120.  
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1.1. Objectives 

The selection of fiber type for specific concrete structure is often a disputed 

matter among civil engineers and consultants. The proposed research aims to address 

the controversial debate regarding the effectiveness of different fibers on properties of 

normal-strength concrete intended for structural works. The investigated concrete 

mixtures shall contain different types and volumetric ratios of fibers and different 

dosages of superplasticizer to maintain an acceptable consistency. The main target was 

to evaluate shear strength of RC beams as it was found that the shear strength is the 

most affected parameter while using FRC and assess various mechanical properties 

upon adding various types of fibers. Particular emphasis shall be placed to compare the 

responses of duplicate specimens containing similar polypropylene, polyvinyl alcohol, 

steel, basalt, and glass concentrations. The novelty of the proposed research stems from 

the fact that the collected data can be of particular interest to engineers and consultants 

that seek the use of optimized cost-to-performance fiber-reinforced concrete in 

structural applications, considering the environmental impact and human health. To test 

the targeted parameter (shear capacity), a total of twenty-four real-scale RC beams to be 

cast and tested under shear loading to compare the effect of each fiber with different 

volumetric ratios on the structural behavior focusing on the shear capacity and the crack 

development. 

 

1.2. Recent Research 

Concrete containing polypropylene, basalt, and glass fibers exhibits considerable 

improvements in strain capacity, toughness, crack control, and fire spalling resistance. 

The effects of fibers on structural behavior, including the bond to embedded steel bars 
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as well as the flexural and shear strengths of reinforced concrete (RC) beams, are well 

documented in literature (Vivas et al. 2020; Matar and Assaad 2019; Mastali and 

Dalvand 2017). The effect of steel fibers on bond strength of hooked bars anchored in 

beam-column connections was also investigated (Hamad et al. 2011; Hamad and Abou 

Haidar 2011). 

The benefits of PVA fibers in the construction industry are particularly evident 

with the development and use of Engineered Cementitious Composites (ECC). 

According to Li (2003), the superior ECC performance is directly affected by the PVA 

fiber bridging effect including the high chemical and frictional bond interactions with 

the cement matrix. The removal of the coarse aggregate fraction (i.e., retained on sieve 

#4) is essential to maximize the micro-mechanic effects and ensure multiple fine cracks, 

leading to high ductility and strain-hardening that could reach 7% in tension. Yuan et al. 

(2013) showed that the replacement of normal concrete by PVA-ECC mortar in the 

beam-column joint zones could substantially improve the seismic resistance including 

the load capacity, shear strength ductility, and energy absorption. The use of ECC 

together with lateral steel hoops in such zones converted the brittle shear failure to 

flexural failure at the face of the joint. Similar results were observed by Said and Razak 

(2016) on full-scale beam-column joint specimens subjected to reversed cyclic loading. 

PVA-ECC mortars found wide acceptance for the repair and construction of specialty 

structures such as connections in earthquake resistant frames, slender columns, decks 

and link slabs in bridge construction, and thin overlay pavements (Li 2003). 

Hamoush et al. (2010) showed that the ductility and post-cracking energy 

absorption of concrete beams improved with PVA microfiber additions having a tensile 

strength of 1100 MPa. Zhang and Deng 2018 reported that the incorporation of PVA 
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fibers reduced the brittleness failure of concrete columns, regardless of the main 

reinforcement type (i.e., steel vs. glass polymer bars). Wang et al. (2018) showed that 

the addition of 0.5% PVA fibers, by volume, can largely improve the post-cracking 

energy and ductility of RC beams prepared using concrete containing waste rubber. 

Zhang and Zhang (2018) developed a new type of low-cost PVA fibers that could help 

promoting the use of ECC materials in the construction industry. The PVA fibers had 

no surface oil coating and relatively lower tensile strength, which curtailed the micro-

mechanic principles underlying the ECC design. The incorporation of fly ash, viscosity 

modifying admixture, and crumb rubber was efficient to tailor the ECC matrix and 

compensate the micro-mechanical change associated with this low-cost type of PVA 

fibers (Zhang and Zhang 2018). 

On the other hand, the use of recycled plastic fibers was found to affect the 

mechanical properties of fiber-reinforced concrete depending on the fiber density, 

fraction volume, and aspect ratio (Jun Kil Park and Kim 2020). Plastics have low 

surface energy which results in a poor mechanical bond with the cement-based 

composite (Sehaj et al. 2004) and causes internal micro-cracks. To overcome this, the 

fiber geometry and surface should be optimized especially at low fiber fractions (Kim et 

al. 2010). Studies showed close results when comparing recycled polyethylene 

terephthalate (PET) fibers to virgin PP fibers (Fraternali et al. 2011; Orasutthikul et al. 

2017), which shows that the use of recycled plastic does not compromise the 

mechanical properties of fiber-reinforced concrete if fiber fractions, and geometry are 

carefully chosen. This, consequently, helps in solving the environmental damage 

associated with plastic production and disposal. 
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Beigi et al. (2013) concluded that when polymeric fibers are used in low volume 

dosage the rupture might happen immediately after crack appearance in the matrix. 

However, when using low to medium volume of steel fibers the composite might still 

bear the load and continue deformation. Moreover, increasing the fiber dosage initially 

increases the strength up to an optimum point where any further increase of fibers can 

result in fiber balling leading to holes and pores in the concrete mixture. This 

experimental research (Beigi et al. 2013) showed different mechanical properties for 

different fiber types. In case of metal fiber-reinforced concrete, increasing the fiber up 

to 3%, initially increased compressive strength to reach a peak value and then 

decreased, while flexural and tensile splitting strengths followed a relatively linear 

increase throughout the dosage increase. As for polypropylene fibers-reinforced 

concrete, by increasing the percentage of fibers, compressive strength was decreased 

while flexural and tensile strengths were increased. Whereas, the glass fiber-reinforced 

concrete, compressive strength was totally higher than the reference specimen, however 

any increase of fiber content, decreased compressive strength while increased flexural 

and tensile strengths. 

Abed and Alhafiz (2019) concluded that the addition of basalt and synthetic fibers 

led to a slight improvement in the load carrying capacity but improved both the 

cracking and post-cracking behavior of the reinforced-concrete beams. Basalt and 

synthetic fibers help control the manner and speed of the propagation of the cracks 

towards the compression zone leading to a less severe failure than in plain concrete. 

Moreover, the addition of fibers to concrete controls the compression failure of the 

fiber-reinforced concrete beams by t means of fiber bridging effect, allowing the high 

strength of the FRP reinforcement to be utilized more (Abed and Alhafiz 2019). This 
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can be considered the main reason for the increase in flexural capacity noticed in the 

fiber-reinforced beams. 

 Ramesh and Eswari (2021) noticed that the modulus of rupture and tensile 

strength of basalt FRC specimens are influenced by fibers’ volume and size. The 

optimum volumetric dosage of the basalt fibers was observed at 1.5% for both 

parameters. The highest enhancement in tensile strength of basalt FRC specimens over 

the control specimen was 22.58%. A ductile compression collapse of cubes was noticed 

with the inclusion of basalt fiber to the concrete mixes. Incorporation of basalt fibers 

into concrete mixes from 0.5% to 1.5% volume fraction increased the modulus of 

rupture in a range of 13–57%.  

Krassowska and Koisor-Kazberuk (2021) studied the shear behavior of FRC and 

focused on steel fibers and their effect on the shear strength of concrete showing an 

increase in shear capacity by 87% when it comes to double-span fiber reinforced 

concrete beams, whereas the basalt fibers recorded a 23% increase in shear capacity. 

Abbas et al. (2021) also tested the effect of steel fibers on the structural behavior of 

shear-deficient RC deep beams with steel fibers showing similar trend of enhancement. 

Results showed that SFRC (steel fiber-reinforced concrete) helps in changing the failure 

mode from brittle (shear) failure to a less brittle (flexure-shear) mode, and it is clearly 

noticed that the use of fibers help in their bridging actions across the cracks and 

enhance post-cracking properties as well as delaying the crack appearance. (Krassowska 

and Koisor-Kazberuk 2021; Abbas et al. 2021). 

Mechanical properties have been previously tested for different types of fibers 

however no single research targeted this variety of fibers to be compared having similar 

dosage concentrations for the same concrete mix design. Shear strength was also found 
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to be mostly affected by fibers addition. This gap of shear structural behavior and 

mechanical testing of concrete mixtures incorporating different types of fibers with 

different volumetric ratios and different superplasticizer dosages, to maintain consistent 

and workable mix. 
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CHAPTER 2 

EXPERIMENTAL PROGRAM 
 

2.1. Fibers: Definition, Types, Classification and Advantages  

Seven types of fibers were investigated in this research; specifications are listed 

in Table 1. 

Table 1: Fibers’ specifications 

 

2.1.1. PVA Fibers 

The polyvinyl alcohol (PVA) fibers, shown in Figure 1, are distinctive 

polymeric filaments produced by polymerizing the vinyl acetate polymers that are 

dissolved in aqueous alcoholic solution and treated with alkaline catalysts such as 

sodium hydroxide. The reaction removes the acetate groups from the PVA molecules, 

while the OH groups create hydrogen bonding that fosters interface bond properties and 

micro-mechanics between the fibers and cement matrix. PVA fiber has high tensile 

strength, high modulus of elasticity, and strong bonding strength with the cement 

matrix. When added to concrete or mortar, the result is concrete with high tensile 

strength and improved ductility. Durability of PVA fibers was tested by Horishoki et al. 

(2006). When soaked in hot and high alkaline water for 14 days, PVA fibers maintained 

Fiber Density (Kg/m3) 
Tensile 

Strength 

(MPa) 

Length 

(mm) 

Diameter 

(µm) 

PVA 1300 1600 8 37 

PP Econo-Net 910 570-660 38 900 

PP Mighty-Mono 910 570-660 19 70 

Basalt 2670 2900-3100 12 17 

Glass 2700 1700 12 13 

Steel (13mm) 7850 1100-1600 13 258 

Steel (30mm) 7850 1100-1600 30 998 
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their tensile strength. (Jabbour et al. 2022). SEM machine was used to confirm the 

dimensions of the PVA fibers, shown in Figure 2. 

 

 

Figure 1: PVA fibers 

 

 

Figure 2: SEM image for PVA fibers 
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2.1.2. PP Fibers 

Polypropylene (PP) fibers, shown in Figure 3, are produced by chain 

polymerization from the monomer propene. They are particularly hard, stable and heat 

resistant. In addition, they are antistatic, non-magnetic, and non-conductive. The PP 

fibers are characterized by a particularly long service life. These fibers can be used in a 

wide range from 0 to 100 degrees without causing any problems. The use of the fibers is 

considered safe, environmentally friendly, and harmless (Maddah 2016). Figure 4 

presenting the SEM image of PP Mighty-Mono fibers and Figure 5 presents that of PP 

Econo-Net fibers. Both PP fibers differ in the aspect ratio while they have the same 

density and tensile strength. 

 

 

Figure 3: PP fibers (Econo-Net and Mighty-Mono) 
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Figure 4: SEM image for PP Mighty-Mono fibers 

 

Figure 5: SEM image for PP Econo-Net fibers 
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2.1.3. Glass Fibers 

Glass fibers, shown in Figure 6, are used as reinforcement to increase tensile 

strength, flex modulus, creep resistance, impact resistance, dimensional stability, heat, 

and chemical resistance (Vasiliev and Morozov, 2018). Figure 7 presents the SEM 

image of glass fibers. 

 

Figure 6: Glass fibers 

 

Figure 7: SEM image for glass fibers 

https://www.sciencedirect.com/topics/engineering/tensile-strength
https://www.sciencedirect.com/topics/engineering/tensile-strength
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2.1.4. Basalt Fibers 

Basalt fibers, shown in Figure 8, are material made from extremely fine fibers of 

basalt, which is composed of the minerals: plagioclase, pyroxene, and olivine. Basalt 

fibers are used to strengthen concrete pours and castings, to yield superior thermal 

protection, and to improve the hardened properties of concrete (Abed and Alhafiz, 

2019). Figure 9 presents the SEM image of basalt fibers. 

 

Figure 8: Basalt fibers 

 

Figure 9: SEM image for basalt fibers 
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2.1.5. Steel Fibers 

Steel fibers, shown in Figure 10, are characterized by their high elasticity 

modulus, leading to superior strength and post-peak load carrying capacity (Vivas et al. 

2020; Matar and Assaad 2019). Figure 11 presenting the SEM image of steel (13 mm) 

fibers and Figure 12 presents that of steel (30 mm) fibers. 

 

 

Figure 10: Steel fibers (13mm and 30mm) 
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Figure 11: SEM image for steel (13mm) fibers 

 

Figure 12: SEM image for steel (30mm) fibers 
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2.2. Experimental Program 

2.2.1. Mix Design Preparation 

 The concrete mix was designed to achieve an intended compressive strength of 

35 MPa while maintaining a slump in the range of 18 to 22 cm. 

 Batches of different mix design proportions were tried with different HRWR 

dosages was used to achieve the required strength and slump for different types of fibers 

and different volumetric dosages. Preparation of trial batching is shown in Figure 13. 

The strength was tested by casting 10 x 20 cm cylinders, and the slump was tested as 

presented in Figure 14. 

 
Figure 13: Preparation of trial batches 

 
Figure 14: Slump measurements 
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2.2.2. Concrete Mixes Used 

The different concrete mixes with different fiber types, fiber volumetric ratios, 

and HRWR dosages to ensure maintaining workable mixes with slumps around 20 cm, 

are identified in Table 2. 

Table 2: Variables 

ID Fiber Type Fiber % HRWR dosage (%) Slump (cm) 

1 Control (No Fibers) - 0.25 19.5 

2 PVA 0.25 1 21 

3 PVA 0.5 2.5 15.5 

4 Glass 0.25 1.5 18.5 

6 Basalt 0.25 1.5 20.5 

7 Basalt 0.35 2 17.5 

8 Steel (13mm) 0.25 0.25 21.5 

9 Steel (13mm) 0.5 1 19.5 

10 PP (Mighty-Mono) 0.25 1.25 18.5 

11 PP (Mighty-Mono) 0.35 1.5 19 

12 Steel (30mm) 0.25 0.75 20 

13 Steel (30mm) 0.5 1.5 17 

14 PP (Econo-Net) 0.25 1 20 

15 PP (Econo-Net) 0.35 1.5 20.5 

 

 

2.2.3. Materials Acquisition and Mix Proportions 

Mix proportions of the control mix without fibers are listed on Table 3. The 

intended 28-days concrete compressive strength is 35 MPa, which is considered 

moderate grade, typically recommended for residential and precast applications. 

Ordinary ASTM C150 (2021) Type I Portland cement was used, along with natural 

siliceous sand (fine aggregate) and crushed limestone coarse aggregates complying to 

ASTM C33 (2021) specification. A naphthalene-based high-range water-reducing 

(HRWR)/superplasticizer admixture complying with ASTM C494 (2021) Type F; 

Sikament NN-LB, was used. 
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Table 3: Control mix proportions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material 

Specific 

Gravity 

(kg/l) 

SSD 

Density 

(kg/l) 

Absorption 

capacity 

(%) 

Batching weight (Kg 

per m3 of concrete) 

Cement 3.15 - - 400 

Water 1 - - 200 

Coarse Aggregate 

(20 mm) 
2.62 2.63 0.58 407 

Medium Aggregate 

(10 mm) 
2.62 2.64 0.77 611 

Natural Sand 2.54 2.59 1.87 455 

Crushed Sand 2.55 2.6 2.11 247 

Superplasticizer 

(HRWR) 
1.195 - - 

1 (0.25% of cement 

content) 
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2.2.4.  Test Schedule 

 The complete test program consisted of several structural, mechanical, and 

durability tests. The tested properties and the number and type of test specimens are 

listed in Table 4. 

Table 4: Tested properties and specimens 

Test Number of Specimens Specimen Dimensions (cm) 

Shear Strength 26 full-scale beams 120 x 25 x 15 

Flexural Strength 15 standard beams 40 x 10 x 7.5 

Flexural Strength for 

Elevated Temperature 

15 standard beams 40 x 10 x 7.5 

Compressive Strength approx.75 cylinders 15 x 30 

Compressive Strength for 

Elevated Temperature 

15 cylinders 15 x 30 

Modulus of Elasticity 30 cylinders 15 x 30 

Splitting Tensile Strength 30 cylinders 15 x 30 

Splitting Tensile for 

Elevated Temperature 

15 cylinders 15 x 30 

Pullout Bond Test 

26 cylinders with an 

embedded rebar 

15 x 30 

Freeze & Thaw 30 standard beams 40 x 10 x 7.5 

Absorption 15 prisms 10 x 10 x 7.5 
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2.2.5. Reinforcing Steel 

Deformed ASTM A615 (2021) steel bars having different nominal diameters 

were used for the fabrication of the RC beams. Shear beams were reinforced with two 

20 mm longitudinal bars at the bottom and two 8 mm longitudinal bars at the top, and   

8 mm diameter stirrups. The stirrups were located at the edges of the support to direct 

the concrete failure to be in shear. Coupons of different steel rebars were tested in the 

lab using the Universal Testing Machine (UTM) to determine the yield and the ultimate 

strength values (refer to Table 5).  

Table 5: Mechanical properties of steel reinforcement bars 

Property 8 mm bar 20 mm bar 

Yield Strength, fy (MPa) 543.7 589.4 

Ultimate Strength, fu (MPa) 615.8 704.3 

 

2.2.6. Formwork Setup and Preparation of Molds  

Plywood formwork, needed for the preparation of the beams molds, was 

prepared and assembled. Steel cages needed for 26 shear beams, were prepared in the 

lab. Plastic spacers were used to maintain a clear bottom and sides concrete cover of 2.5 

cm, resulting in an effective depth of 20.5 cm. Prepared formwork molds and steel 

cages are shown in Figures 15-20. 

 Regarding the 15x 30 cm cylinders needed for the mechanical and durability 

testing, 90 multi-use plastic cylinder molds were prepared (refer to Figure 21). 
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Figure 15: Longitudinal steel bars 

 

 

Figure 16: Stirrups preparation 

 

 

Figure 17: Beam steel cages 
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Figure 18: Prepared plywood sheets prior to assembling 

 

Figure 19: Assembled molds for the shear beams prior to casting 
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Figure 20: Assembled molds for flexural and durability testing 

 

Figure 21: Cylindrical plastic molds 
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2.2.7. Concrete Mixing, Casting, and Curing 

On-site diesel drum mixer shown in Figure 22 having a gross capacity of 500 

liters was used for batching 220 liters of concrete. The mixer used has the freedom of 

controlling the mixing speed. 

A certain procedure was adopted during batching process: 

• Step 1: Weighing and preparing the raw material for the 220-liter mix, 

the aggregates were added to the mixer with a portion of water. 

• Step 2: Fibers were introduced to the mixer and properly mixed for 

around 60 seconds to ensure the dispersion of fibers in the mix and that 

fibers are not cumulated.  

• Step 3: Cement, water, and HRWR were added and mixed for about 180 

seconds until achieving a homogenous workable mix with a slump 

between 18-22 cm. 
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Figure 22: On-site drum mixer 

 

 Prior to casting, the prepared molds (beams, prisms, and cylinders) were sprayed 

with foam oil as shown in Figure 23 for the concrete not to stick on the molds. 

 

Figure 23: Foam oil molds spraying 



 

 35 

 During casting, a vibrator was used to consolidate the concrete and to ensure 

well-compacted mixes. A trowel was used to ensure a smooth well-finished surface as 

shown in Figure 24. 

 

Figure 24: Well-finished cast specimens 

 

 Curing of cast specimens was a key in early age shrinkage resistance and 

gaining strength during the first 28 days. This step was very challenging in the project 

because of the huge number of specimens cast (26 beams, 250 cylinders and 90 prisms). 

Burlap sheets were used for full-scale beams and big containers were used for smaller 

specimens, Figures 25 and 26 show the curing procedure. 
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Figure 25: Curing of full-scale beams 

 

Figure 26: Curing of small specimens 
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2.2.8. Cylinders Capping 

The standard cylinders were capped with Sulphur, as specified in ASTM-

C617/C617M, (2021). The specimen capping was done to provide a smooth and flat 

surface and to ensure that the top and bottom surfaces are orthogonal to the loading 

axis, as shown in Figures 27 and 28. 

 

Figure 27: Capping machine 

 

Figure 28: Capped cylinders 
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2.3. Testing Methods and Procedures 

2.3.1. Pullout Bond Strength Test 

The bond stress-slip properties of reinforcement embedded in 150 x 300 mm 

cylinders cast with different types of fibers, different fiber dosages and different HRWR 

dosages was evaluated using the direct bond method in accordance with RILEM 

EN10080:2005 (2005). The concrete mixtures were cast in 150×300 mm cylindrical 

molds, where the 10 mm diameter bars are vertically centered before casting. The 

embedded bar length was 5 times the bar diameter, and a PVC bond breaker was 

inserted around the reinforcement at concrete surface, Figure 29 shows the schematic of 

the pullout test and Figure 30 shows the actual view. A mechanical hydraulic jack was 

used to pull out the 10 mm embedded steel rebar from the concrete cylinder. The test 

was done under displacement-controlled load with a rate of 0.2 mm/sec. The load and 

the corresponding slip were recorded. 

 

Figure 29: Schematic of the pullout bond strength test 
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Figure 30: Actual view of the tested specimen 

 

2.3.2. Structural Shear Test 

The test was performed on 150×250×1200 mm reinforced concrete beams. The 

beam was reinforced with 2T20 bottom reinforcement and 2T8 top reinforcement with 

3T8 stirrups placed above each support. The simply supported beam was subjected to 

two-point symmetrical loading at the age of 28 days, while the mid-span deflection was 

recorded using LVDT placed at midspan on the extreme tension side (refer to Figures 

31-34). No stirrups were placed in the shear span to make the beams fail in shear, thus 

testing fibers enhancement on shear capacity. The concrete was poured in the plywood 

molds and compacted using poker vibrator. The clear bottom and side cover was 25 

mm. Replicate specimens were fabricated for each set of variables to validate the test 

results. The first diagonal crack is to be detected and its width to be recorded vs. the 



 

 40 

load, the same is done for flexural cracking during testing, the crack patterns are also 

marked for each beam.  

The test was done using the Universal Testing Machine (UTM), and was 

operated under a displacement-controlled loading at the rate of 0.04 mm/sec. A data 

acquisition system was used to record the load (P) and the midspan deflection (D). At 

each load increment, the extensions of the first flexural crack and first diagonal crack 

were marked measured for each beam, thus concluding the fibers effect on crack 

propagation. The maximum shear load and two ductility indices were the parameters 

that were compared to evaluate the effect of the different fibers and their dosages on the 

beam structural behavior.  
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The beams variables used in this study are identified in Table 6. 

Table 6: Beams variables 

Specimen ID  

(Fiber-dosage-SP dosage-

Replicate) 

Bottom 

Reinforce

ment 

Top 

Reinforce

ment 

Fiber Type 

Fiber 

Content 

(%) 

HRWR Dosage 

 (%) 

Control-0.25%SP-R1 2T20 2T8 Control None 0.25 

Control-0.25%SP-R2 2T20 2T8 Control None 0.25 

PVA-0.25%-1%SP-R1 2T20 2T8 PVA 0.25 1 

PVA-0.25%-1%SP-R2 2T20 2T8 PVA 0.25 1 

PVA-0.5%-2.5%SP-R1 2T20 2T8 PVA 0.5 2.5 

PVA-0.5%-2.5%SP-R2 2T20 2T8 PVA 0.5 2.5 

Glass-0.25%-1.5%SP-R1 2T20 2T8 Glass 0.25 1.5 

Glass-0.25%-1.5%SP-R2 2T20 2T8 Glass 0.25 1.5 

Basalt-0.25%-1.5%SP-R1 2T20 2T8 Basalt 0.25 1.5 

Basalt-0.25%-1.5%SP-R2 2T20 2T8 Basalt 0.25 1.5 

Basalt-0.35%-2%SP-R1 2T20 2T8 Basalt 0.35 2 

Basalt-0.35%-2%SP-R2 2T20 2T8 Basalt 0.35 2 

PP (Mighty-Mono)-0.25%-

1.25%SP-R1 
2T20 2T8 

PP Mighty-

Mono 
0.25 

1.25 

PP (Mighty-Mono)-0.25%-

1.25%SP-R2 
2T20 2T8 

PP Mighty-

Mono 
0.25 

1.25 

PP (Mighty-Mono)-0.35%-

1.5%SP-R1 
2T20 2T8 

PP Mighty-

Mono 
0.35 

1.5 

PP (Mighty-Mono)-0.35%-

1.5%SP-R2 
2T20 2T8 

PP Mighty-

Mono 
0.35 

1.5 

Steel-0.25%-0.75%SP-R1 2T20 2T8 Steel (30mm) 0.25 0.75 

Steel-0.25%-0.75%SP-R2 2T20 2T8 Steel (30mm) 0.25 0.75 

Steel-0.5%-1.5%SP-R1 2T20 2T8 Steel (30mm) 0.5 1.5 

Steel-0.5%-1.5%SP-R2 2T20 2T8 Steel (30mm) 0.5 1.5 

PP (Econo-Net)-0.25%-

1%SP-R1 
2T20 2T8 PP Econo-Net 0.25 

1 

PP (Econo-Net)-0.25%-

1%SP-R2 
2T20 2T8 PP Econo-Net 0.25 

1 

PP (Econo-Net)-0.35%-

1.5%SP-R1 
2T20 2T8 PP Econo-Net 0.35 

1.5 

PP (Econo-Net)-0.35%-

1.5%SP-R2 
2T20 2T8 PP Econo-Net 0.35 

1.5 
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Figure 31: Schematic drawing for the tested shear beams (dimensions are in mm) 

 

 

Figure 32: Cross-section of the beam (dimensions in mm) 
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Figure 33: Schematic of the shear beam load setup 

 

 

Figure 34: Actual view of the tested shear beam 

 

  

2
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CHAPTER 3 

TEST RESULTS AND ANALYSIS 
 

 

3.1. Pullout Bond Strength Test 

The maximum pullout load and the corresponding slip are listed in Table 7. The 

maximum loads are shown in Figure 35. 

Table 7: Maximum pullout load and corresponding slip 

Mix 

Maximum 

Pullout Load 

(kN) 

Corresponding 

Slip 

 (mm) 

Control 31.8 4.4 

PVA 0.25% 29.5 6.7 

PVA 0.5% 39.8 6.4 

Glass 0.25% 35.1 7.6 

Glass 0.35% 34.55 5.9 

Basalt 0.25% 36 7.1 

Basalt 0.35% 25.45 5.8 

PP (Mighty-Mono) 0.25% 17.65 3.2 

PP (Mighty-Mono) 0.35% 24.45 5 

Steel (30 mm) 0.25% 31.5 5.6 

Steel (30 mm) 0.5% 35.65 6.6 

PP (Econo-Net) 0.25% 37.05 5.75 

PP (Econo-Net) 0.35% 28.95 4.7 

 

 The trend shows an increase in the bond strength when using 0.5% PVA, 0.25% 

PP (Econo-Net), 0.25% basalt, 0.5% steel (30 mm) and 0.25% glass, in the order from 

highest to lowest relative to the control mix. The increases relative to the control were 

25%, 17%, 13%, 12%, and 10%, respectively. However, the load decreases when using 

0.25% steel (30 mm), 0.25% of PVA, 0.35% PP(Econo-Net), 0.35% basalt, 0.35% PP 

(Mighty-Mono), and 0.25% of PP (Mighty-Mono), in the order form lowest to largest 

decrease. The decreases were 1%, 7%, 9%, 20%, 23%, and 44%, respectively. 
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Figure 35: Bond test maximum load (kN) with % change relative to control  

PVA at 0.5% showed the best effect on the bond strength increasing the pullout 

bond capacity by 25%, followed with 0.25% PP (Econo-net), 0.25% basalt, 0.5% steel 

(30mm), 0.25% glass, and 0.35% glass. 

 PP (mighty-mono) at 0.25% was the worst with a bond strength less than the 

control specimen by 44%, followed by 0.35% PP (Mighty-Mono), 0.35% basalt, 0.35% 

PP (Econo-net), and 0.25% PVA. 

The percentage dosage of fibers in the mix highly affects the bond strength, so 

that PVA fibers for instance achieved the best results with maximum load of 39.8 KN 

(25% increase relative to the control mix) at a dosage of 0.5%, however the load 

dropped to 29.5 KN (7% decrease relative to control) when using a dosage of 0.25%. 

This shows that any change in the dosage had a significant effect on the results. Another 

example is 0.25% PP(Econo-Net) which resulted in a 17% increase of the pullout load 

relative to the control mix, but this result dropped 9% below the control when the 

dosage was increased to 0.35%. 
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 Figure 36 shows the slip corresponding to a constant chosen load (at 31.8 kN) 

for all specimens which had an increase in the maximum load relative to the control 

mix. It can be noticed that the 0.5% steel (30 mm) specimen was the only one that 

affected the slip in a positive way with a 7% decrease in slip. All other fiber mixes 

which resulted in an improvement in the load, they also resulted in more slip than the 

control. 

 

Figure 36: Slip % reduction relative to control at a constant load and maximum load % 

improvement relative to control 

 Thus, steel was the only fiber with a dosage of 0.5% to improve the bond pullout 

property increasing the maximum load with 12% and reducing the slip with 7%. Other 

fibers resulted in an increase in the maximum load, however had a negative impact on 

the slip. 
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3.2. Shear Beams 

 Twelve beams were tested in positive bending to determine the effect of the 

different fibers, different fiber dosages, and different HRWR dosages, on the maximum 

shear capacity and ductility of the load-deflection history. Two replicates of each beam 

were tested to check the validity of the test results and reliability of the test setup. Table 

8 lists the hardened mechanical properties of the different mixes, as determined in 

another phase of the AUB project, along with the maximum shear load attained and the 

corresponding midspan deflection. Values in parathesis indicate the increase or decrease 

relative to the control mix with no fibers. 

 

 

Table 8: Mechanical properties and shear maximum load results with percentage 

relative to control 

Mix 

Compressive 

Strength 

(MPa) 

Tensile 

Strength 

(MPa) 

Modulus of 

Elasticity 

(GPa) 

Flexural 

Strength 

(MPa) 

Maximum 

Shear Load 

Pmax 

(kN) 

Midspan 

Deflection 

at Pmax 

(mm) 

Control 42.3 2.75 34.45 5.06 111.95 3.48 

PVA 0.25% 43.2 (2%) 2.99 (9%) 30.5 (-11%) 8.75 (73%) 178.05 (59%) 4.97 

PVA 0.5% 45.6 (8%) 3.04 (10%) 33.8 (-2%) 8.47 (67%) 157.15 (40%) 3.71 

Glass 0.25% 42.0 (-1%) 3.69 (34%) 35.65 (3%) 9.97 (97%) 181 (62%) 3.58 

Basalt 0.25% 48.5 (15%) 3.57 (30%) 38.2 (11%) 10.51 (108%) 143.45 (28%) 2.71 

Basalt 0.5% 37.6 (-11%) 2.66 (-3%) 30.7 (-11%) 9.43 (86%) 195.75 (75%) 6.55 

PP (Mighty-

Mono) 0.25% 
37.6 (-11%) 3.18 (15%) 39.6 (15%) 10.14(100%) 169.9 (52%) 6.08 

PP (Mighty-

Mono) 0.35% 
35.6 (-16%) 2.78 (1%) 25.35 (-26%) 10.41 (106%) 146.75 (31%) 5.95 

Steel (30mm) 

0.25% 
47.5 (12%) 2.64 (-4%) 32.75 (-5%) 8.35 (65%) 158.3 (41%) 7.34 

Steel (30mm) 

0.5% 
52.6 (24%) 3.41 (24%) 46 (34%) 10.43 (106%) 203.85 (82%) 8.40 

PP (Econo-Net) 

0.25% 
53.5 (27%) 3.29 (20%) 40.05 (16%) 11.08 (119%) 190.95 (71%) 6.74 

PP (Econo-Net) 

0.35% 
40.2 (-5%) 2.50 (-9%) 28.9 (-16%) 8.62 (70%) 161.65 (44%) 5.98 
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3.2.1. Mode of Failure 

 

3.2.1.1. Failure Mechanism 

 While loading the RC beams, cracks were monitored, their extensions were 

marked, and the crack width was measured to check the effect of fibers on the crack 

generation and crack propagation. Beams were designed to fail in shear, and hence the 

mode of failure of all tested beams was shear failure where diagonal cracks initiated in 

the vicinity of the supports and propagated upwards at 30-40 degrees from the 

horizontal. Flexure cracks started at the extreme tension side and propagated upwards 

upon load increase. In general, cracks appeared at a load around 40% of the maximum 

shear load.  

 Brittle failure occurred when the shear cracks opened wide whereas the flexural 

cracks were relatively thin. The control beam showed sudden drop in load and failure 

after ultimate, whereas all fiber beams had relatively more load-deflection history after 

ultimate. The test stopped when the load reached almost half of the Pmax. Generally, 

fibers helped in bridging the cracks with finer crack widths, but there were more cracks 

distributed on the bottom side of the fiber beams as compared to the control beam. The 

failure of the fiber beams were more gradual unlike the control beam which failed 

suddenly. Views of all beams after the test was stopped are shown in Figures 37 and 38. 
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Figure 37: Tested beams with marked cracks (1/2) 
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Figure 38: Tested beams with marked cracks (2/2) 



 

 51 

3.2.1.2. Crack Width 

Since cracks started in all beams at almost 40% of the maximum shear load, the widths 

of a typical shear crack and a typical flexural crack were determined at 50% of Pmax to 

compare all tested beams. The crack width was determined using a special measurement 

tool. The values are listed in Table 9. 

 

Table 9: Shear and flexure crack widths at 50% of maximum shear load 

Mix Maximum Shear 

Load Pmax 

 (kN) 

Shear Crack 

width @  

0.5 Pmax  

(mm) 

Flexure Crack 

width @ 

 0.5 Pmax 

(mm) 

Control 111.95 0.35 0.10 

PVA 0.25% 178.05 0.10 0.10 

PVA 0.5% 157.15 0.05 - 

Glass 0.25% 181 0.10 0.10 

Basalt 0.25% 143.45 0.10 - 

Basalt 0.35% 195.75 0.25 0.15 

PP Mighty-Mono 0.25% 169.9 0.15 0.10 

PP Mighty-Mono 0.35% 146.75 0.10 0.10 

Steel 0.25% 158.3 0.25 0.10 

Steel 0.5% 203.85 0.20 0.15 

PP Econo-Net 0.25% 190.95 0.20 0.10 

PP Econo-Net 0.35% 161.65 0.20 0.10 

 

 The flexural crack width at 0.5 Pmax of all tested beams, was comparable 

except for the 0.5% PVA and the 0.25% basalt beams where no flexural crack was 

marked at 0.5 Pmax. However, the bridging effect of the fibers appeared in the 

measured shear crack width where the control beam had the largest crack width at 0.5 

Pmax of 0.35 mm. The width of the shear crack of all fiber beams at 0.5 Pmax ranged 

from 0.05 mm to 0.25 mm, the lowest being that of the 0.5% PVA beam. The shear 

crack width at 0.5 Pmax was 0.1 mm for the 0.25% PVA, the 0.25% glass, the 0.25% 

basalt, and the 0.35% PP (Mighty-Mono). It was 0.20 mm for the 0.5% steel, the 0.25% 
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PP (Econo-Net), and the 0.35% PP (Econo-Net), and was 0.25 mm for the 0.35% basalt 

and the 0.25% steel. 

3.2.1.3. Crack Propagation 

Referring to Figures 37 and 38 showing the crack propagation for all tested 

beams, the effect of fibers on crack propagation and energy dissipation is clear and 

obvious. The control beam had less cracks than all tested beams, and relative larger 

shear crack width led to a sudden brittle failure. The beam with basalt fibers at 0.35% 

dosage was very close in crack propagation to the control beam with a relative small 

number of crack lines. The beam with PVA fibers at a dosage of 0.25% showed more 

crack lines with less crack widths leading to a gradual failure scenario. This would 

probably lead to larger energy dissipation and hence higher ductility. Basalt at a dosage 

of 0.35% and glass at a dosage of 0.25% had more diagonal shear cracks and longer 

vertical flexural cracks at the midspan than the control beam. Steel fibers (30 mm) beam 

of 0.25% fiber dosage did not show many shear diagonal cracks, however it showed 

many flexural cracking lines distributed around the midspan of the beam. The beam 

with steel fibers (30 mm) dosage of 0.5% had more diagonal shear cracking lines and 

flexural cracking lines than that of 0.25% dosage. The PP fibers beams showed similar 

results between the two types, Mighty-Mono and Econo-Net, showing more shear and 

flexural cracking lines for the 0.25%, beams with PP fibers at 0.35% dosage showed 

fewer cracking lines leading to less ductility than that of 0.25% dosages. 

The fibers effect was very clear, they helped bridging the cracks leading to more 

ductile failure transforming the brittle nature of the shear failure to a more ductile 

nature. This improvement is different according to the type of fibers and dosages used 

in each mix. 
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3.2.2. Maximum Shear Load 

 

 The maximum shear load (Pmax) that were listed for all tested beams in Table 8, 

are shown in Figure 39. The numbers at the top of the bar graphs indicate the 

percentage improvement in ultimate shear as compared to the control beam. It can be 

seen that all fibers with different fiber dosages enhanced the maximum shear load 

reached by the tested beams, with varying results between fiber types and fiber dosages. 

 

Figure 39: Maximum shear load (kN) with % change relative to control 

 

3.2.2.1. PVA Fibers 

 Referring to Figure 39 and Table 8, the PVA fibers improved the shear strength 

of the reinforced concrete beam, relative to the control beam, by 59% when the dosage 

was 0.25%, but this improvement dropped to 40% when the PVA fiber dosage doubled 

to 0.5%. 

However, this trend in shear strength doesn’t reflect the change of the 

compressive strength when using PVA fibers. Figure 40 shows that when using a 

dosage of 0.25% of PVA fibers, the compressive strength increased by 2 % relative to 
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control mix unlike the shear strength which increased by a much larger value of 59%. 

When the dosage of the fibers was increased to 0.5%, the increase in compressive 

strength jumped from 2% to 8% compared to control, however the increase in the shear 

strength dropped from 59% to 40%. 

 

Figure 40: Change of cylinders compressive strength and beam shear strength of PVA 

fibers mix relative to control mix 

 

 Jabbour et al. (2022) reported increases in the shear strength of beams 

incorporating PVA fibers as compared to control beams. The increases were 25% and 

50 % using fiber dosages of 0.5% and 1%, respectively. However, unlike the tests of 

this reported research where the increase in PVA fibers reduced the improvement in 

shear strength relative to the control beam, Jabbour et al (2022) recorded increased 

improvement in the maximum shear load when the fiber dosage was increased form 

0.5% to 1%. This difference in trends of results could be related to the mix design used, 

size of test beam, and type of superplasticizer.  
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3.2.2.2. Glass Fibers 

Although the glass fibers at the tested dosage of 0.25% improved the shear by 

62% as shown in Table 8 and Figure 39, however it is worth noting that the same fiber 

at the same fiber dosage of 0.25% reduced the compressive strength by 1% (refer to 

Figure 41). 

 

 

Figure 41: Change of cylinder compressive strength and beam shear strength of glass 

fiber mix relative to control mix 

 

3.2.2.3. Basalt Fibers 

With reference to Table 8 and Figure 39, increasing the dosage of basalt fibers from 

0.25% to 0.35%, increased the shear strength relative to the control beam from 28% to 

75%. However, this was not the case with the compressive strength values where an 

increase relative to the control mix was recorded at 0.25% fiber dosage, but a decrease 
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 Thus, basalt fibers perform better at 0.35% dosage than 0.25% which means that 

the optimum dosage of basalt for the used mix is more than 0.25% when it comes to 

shear. 

 

Figure 42: Change of cylinder compressive strength and beam shear strength of basalt 

fiber mixes relative to control mix 

 

Krassowska and Koisor-Kazberuk (2021) showed similar results when testing 
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the shear strength relative to the control beam by 23% 

 

3.2.2.4. PP Mighty-Mono Fibers 

 

 As with PVA fibers, PP (Mighty-Mono) fibers improved the shear strength of 

the reinforced concrete beam by 52% at 0.25% fiber dosage, but the improvement 

decreased to 31% at 0.35% fiber dosage (refer to Table 8 and Figure 39).  

Basalt 0.25% Basalt 0.35%

f'c 15% -11%

Shear 28% 75%

15%

-11%

28%

75%

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

Basalt Fibers



 

 57 

 Jabbour et al. (2022) reported better performance of shear capacity when they 

increased the PP dosage from 0.5% to 0.85% 

 The increases in shear strength were contrary to the compressive strength results 

which showed reduction in the values when PP (Mighty-Mono) fibers were used at both 

fiber dosages 0.25% and 0.35% (refer to Figure 43). 

 

Figure 43: Change of cylinder compressive strength and beam shear strength of PP 

(Mighty-Mono) fiber mixes relative to control mix 

 

Thus, we can conclude that the use of PP Mighty-Mono fibers affect the shear 
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compressive strength. 
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 The same trend was noticed in the compressive strength test results which 

showed an increase, relative to the control mix, by 12% and 24% for fiber dosages of 

0.25% and 0.5%, respectively (refer to Figure 44). The positive effect on shear capacity 

was more significant than the positive effect on compressive strength. 

  

 

Figure 44: Change of cylinder compressive strength and beam shear strength of Steel 

(30 mm) fiber mixes relative to control mix 
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beams by 87%. Abbas et al. (2021) reported a 20% enhancement of the shear strength 
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noticed an increase of 21% when using a dosage of 0.5% of steel fibers. 
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3.2.2.6. PP Econo-Net Fibers 

 Referring to Table 8 and Figure 39, it is concluded that the PP Econo-Net fibers 

improved the maximum shear load of reinforced concrete beams by 71% and 41% for 

fiber dosages of 0.25% and 0.35%, respectively.  

Comparing the shear strength test results to the compressive strength test results, 

the 0.25% fiber dosage improved the compressive strength by 27%, whereas the dosage 

of 0.35% led to a reduction in the compressive strength by 5% compared to the control 

(refer to Figure 45). 

 

Figure 45: Change of cylinder compressive strength and beam shear strength of PP 

(Econo-Net) fiber mixes relative to control mix 
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(Mighty-Mono). The increases were 82%, 75%, 71%, 62%, 59%, and 52%, 

respectively.  

 However, when interpreting the data shown in Figure 46, a huge difference can 

be noticed in the effect of fibers on shear against compressive strength. Whereas the 

improvement in shear strength for all types of fibers is above 50%, the effect of the 

same fibers and same fiber dosages on compressive strength ranged from a decrease of 

11% to an increase of 27% for the 0.25% PP (Econo-Net) fibers. 

 

Figure 46: % Improvement or reduction of shear and compressive strength of the better 

performing fiber dosages relative to control 
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as shown in schematic load-deflection curve in Figure 47 (µd= D u /Dy). The yield 

displacement (Dy) is calculated as the displacement corresponding to 80% of ultimate 

shear load (0.8 Pu), on the straight line joining the origin to the point 0.5 Pu on the load-

deflection curve, while the ultimate displacement (Du) is the abscissa of the point on the 

post-ultimate part of the load-deflection curve that corresponds to (0.8 Pu). The shear 

ductility index is a measure of the relative energy dissipation represented by the area 

under the load-deflection. It is defined as: µs= Au/Ay. Au and Ay are defined in the 

schematic load-deflection curve of Figure 48.  

 

 

Figure 47: Definition of displacement ductility  

µd= D u /Dy 
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Figure 48: Definition of shear ductility  

µs= Au/Ay 

  

The values of the calculated displacement and shear ductility indices are listed in 

Table 10 for all tested beams. The increase or decrease in each index relative to the 

control beam are also listed. The load-deflection curves of the different fiber beams are 

shown in Figures 49-54. 

Table 10: Values of ductility indices for all tested beams 

Mix 

Shear 

Ductility 

(µs) 

Shear ductility 

improvement relative 

to control (%) 

Displacement 

Ductility 

(µd) 

Displacement ductility 

improvement relative 

to control  

(%) 

Control 1.30 - 2.26 - 

PVA 0.25% 2.33 79% 4.06 80% 

PVA 0.5% 1.42 9% 3.32 47% 

Glass 0.25% 1.76 35% 3.58 58% 

Basalt 0.25% 1.46 12% 2.77 23% 

Basalt 0.35% 1.80 38% 2.77 23% 

PP Mighty-Mono 0.25% 2.06 58% 2.75 22% 

PP Mighty-Mono 0.35% 1.63 25% 2.06 -9% 

Steel 0.25% 1.44 11% 2.37 5% 

Steel 0.5% 1.49 15% 1.84 -19% 

PP Econo-Net 0.25% 1.71 32% 2.57 14% 

PP Econo-Net 0.35% 1.38 6% 2.52 12% 
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3.2.3.1. Shear Ductility Index µs 

The shear ductility index values listed in Table 10 are plotted in Figure 55. All 

fibers increased the shear ductility relative to the control mix regardless of the fiber type 

and dosage. It is important to note that the better preforming dosages in the case of the 

shear ductility index are the same as those which gave the best performance in 

maximum shear capacity (refer to Figure 46 and 56). 

 

 

 

Figure 49: P-Delta (PVA 0.25% vs PVA 0.5% vs Control) 
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Figure 50: P-Delta (Glass 0.25% vs Control) 

 

Figure 51: P-Delta (Basalt 0.25% vs Basalt 0.35% vs Control) 
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Figure 52: P-Delta (PP Mighty-Mono 0.25% vs PP Mighty-Mono 0.35% vs Control) 

 

 

Figure 53: P-Delta (Steel 30mm 0.25% vs Steel 30mm 0.5% vs Control) 
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Figure 54: P-Delta (PP Econo-Net 0.25% vs PP Econo-Net 0.35% vs Control) 

 

 

 

Figure 55: Values of the shear ductility index with % change relative to control 
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Referring to Figure 56, it is obvious that PVA fibers at 0.25% dosage had the 

best effect on shear ductility followed by 0.25% PP (Mighty-Mono), 0.35% basalt, 

0.25% glass, 0.25% PP (Econo-Net), and 0.5% steel, with improvement relative to 

control of 79%, 58%, 38%, 35%, 32%, and 15%, respectively. 

It is worth noting that the 30 mm steel fibers which improved the maximum 

shear strength by 41% for the 0.25% dosage and 82% for the 0.5% dosage, improved 

the shear ductility only by 11% and 15% for the two tested dosages, respectively. 

 

 

Figure 56: Shear ductility index of the better performing fiber dosages with % change 

relative to control 

 

3.2.3.2. Displacement Ductility Index (µd) 

 The displacement ductility index values, listed in Table 10, are shown in Figure 
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control mix was 5% for the 0.25% dosage and a very low -19% for the 0.5% dosage. It 

is clear that all fibers had better displacement and energy ductility values than steel 

fibers. 

 

 

Figure 57: Values of the displacement ductility index with % change relative to control 
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Figure 58: Displacement ductility of the better performing fiber dosages with % change 

relative to control 
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CHAPTER 4 

CONCLUSIONS AND RECOMMENDATIONS 
 

 

4.1. Conclusions 

The fiber inclusion for real-scale beams under shear testing performed 

differently from one type to another, enhancing the structural behavior (failure mode, 

energy dissipation, crack propagation) of the RC beams in a positive manner depending 

on the fiber type and dosage as shown in Figures 59 and 60. 

Below are the conclusions found when analyzing the research output: 

• Steel fiber at 0.5% dosage had the best effect on the shear capacity with an 

improvement of 82%. 

• PVA fibers at 0.25% dosage had the higher impact on both ductility indices 

displacement and shear ductility with 80% improvement for both. 

• As an overall and when targeting all 3 indices, PVA at 0.25% was the most 

effective fiber as concluded from the radar charts. 

 

4.2. Recommendations 

 Further research should be done to enhance our understanding of the effect and 

behavior of different fibers in concrete. Different aspects might be studied in future 

research: 

• Other mix designs shall be investigated, where the current results correspond 

to the current mix design. 

• Different HRWR shall be tested with more efficiency and higher allowable 

ratio. 
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• Investigate the use of pozzolanic material (fly ash, blast furnace slag, silica 

fume etc.) 

• Hybrid fibers shall be tested to target enhancement in different properties 

where each fiber was contributing the most in a certain mechanical or 

structural property. 
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Figure 59: Radar chart for shear indices for best performing fiber dosage (1/2) 

 

Figure 60: Radar chart for shear indices for best performing fiber dosage (2/2) 
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