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Abstract

Concrete is frequently utilized for construction purposes; however, there are lingering concerns over its durability
and mechanical limitations due to the development of micro and macro cracks. In this study, two crack bridging
materials - galvanized iron (Gl) fiber and polypropylene (PP) fiber — were incorporated into the concrete mix to
observe their effect on the mechanical properties of concrete. While the Gl fiber arrests the major cracks, the PP
fibers work on microcracks. Experimental trials were conducted with separate and combined incorporation of Gl
fibers (60 kg/m3) and PP fibers (0.5% by volume) into concrete. Test results indicate that the incorporation of PP
and Gl fibers separately into concrete significantly enhanced compressive and tensile strength; the addition of Gl
fibers also improved the flexural strength and toughness. Although a combined use of these two fibers had slightly
negative effects on the compressive strength, a hybrid mix improved other mechanical properties. Based on these
findings, the development of high-performance fiber-reinforced concrete can be supported for applications in
pavement, industrial flooring, and similar areas where shrinkage and impact resistance are important.
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1 Introduction

Concrete is a widely used material in civil engineering, primarily recognized for its high compressive strength.
However, it has limitations attributed to its inherent brittleness and limited tensile strength (Das Gupta et al., 2020;
Dewangan et al., 2024; Mashrei et al., 2018). Amongst the possible options, fiber-reinforced concrete (FRC) has
emerged as a prominent solution. This literature review focuses on research that incorporated polypropylene (PP)
and galvanized iron (GI) as fiber materials, in addition to an experimental investigation into their combined use.
Polypropylene (PP) fibers are lightweight, synthetic fibers derived from the textile industry (Dharan and Lal,
2016). They are non-hydrophilic and are resistant to alkalis, chemicals and corroding agents within the cement
matrix (Mashrei et al., 2018; Najimi et al., 2009). Regarding workability of fresh concrete, the addition of PP fibers
indicates loss of workability due to increased entrapped air voids and fiber entanglement in some studies (Dharan
and Lal, 2016). Other research indicates that even up to 0.5 % PP by weight of cement does not significantly reduce
workability (Mashrei et al., 2018; Najimi et al., 2009). Furthermore, a 22% increase in split tensile strength was
recorded with 1.5% fiber (Dharan and Lal, 2016). For the case of flexural strength, a 24% increase was observed
with 1.5 % PP fibers. This was indicated to be a result of concrete ductility and crack-bridging mechanisms.
Another promising, locally accessible and economic alternative, particularly in countries like Bangladesh, is
galvanized iron (GI) (Dewangan et al., 2024; Emon et al., 2017). As a mild steel wire with a protective zinc coating,
it is durable in high temperatures and corrosive environments (Das Gupta et al., 2020; Dewangan et al., 2024). The
inclusion of Gl fibers generally leads to loss of workability of fresh concrete (Das Gupta et al., 2020; Dewangan
et al., 2024; Emon et al., 2017). In terms of compressive strength, an 18.13% increase was observed with 2% Gl
fiber (35mm length) (Dewangan et al., 2024). In addition, improvements were less for 25 mm lengths. In addition,
a 4%-15% increase in 28-day compressive strength was recorded for Gl-reinforced concrete (GFRC) (Emon et al.,
2017). A key advantage of Gl fiber reinforcement lies in its ability to significantly improve the flexural behavior,
toughness, and ductility of concrete. A striking difference in failure characteristics was noted, where GFRC
samples were able to bear load even after fracture (Emon et al., 2017). The fibers were effectively bridging cracks.
Ductile behavior was observed in load-deflection curves for GFRC with 2.5%-3.5% fiber content. Toughness was
noticeably enhanced by Gl fibers as indicated by the area under the load-deflection curve (Das Gupta et al., 2020;
Emon et al., 2017). It was also reported that the 2.0% GI fiber (40mm length) reduced concrete brittleness by
63.7%, where longer fibers were found to be more effective (Das Gupta et al., 2020).

Despite extensive literature present on the individual uses of polypropylene and galvanized iron fibers, studies
regarding any hybrid mixes of the two fibers were not readily available. Hence, there is potential for further
research to explore potential synergistic effects on concrete performance.
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2 Experimental Program

2.1 Material Properties

In this study, locally available Portland cement (CEM 1/52.5 N) was utilized, which conformed to the BDS EN
197-1:2003 standard. The fibers to be incorporated for our study included Polypropylene (PP) fibers and
Galvanized Iron (GI) fibers. The Gl fibers consist of mild steel coated with zinc. Their dimensions were 1.11 mm
in diameter and 50 mm in length. The PP fibers were 18 mm in length. The fiber samples are displayed in Figures
1(a) and 1(b). Sylhet Sand and coarse aggregates consisted of stone chips, both of which were in accordance with
ASTM Specifications. Gradation curves and material properties for both fine and coarse aggregates are presented
in Figures 2(a) and 2(b), and in Table 1, respectively. Polycarboxylate superplasticizer (PCA) was used.

(b)

Figure 1. Materials: (a) Polypropylene fiber and (b) Galvanized iron fiber.
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Figure 2. Gradation curve for (a) fine aggregate and (b) Coarse aggregate.

Table 1. Properties of fine and coarse aggregates.

Fineness Bulk Specific Bulk Specific Absorption Dry Rodded
Modulus Gravity (OD) Gravity (SSD) Capacity (%) Unit Weight
(kg/m®)
FA 2.97 2.59 2.62 1.2 1666
CA 8.05 2.77 2.82 1.87 1594

2.2 Mix Proportion

In this study, four distinct concrete mixes were prepared. A constant water-cement ratio of 0.34 was maintained
for all four samples. The control mix without any fibers was designated as NC. For the second mix, polypropylene
(PP) fibers were added at 0.5% of the total mix volume, and it was designated as PFRC (Polypropylene fiber-
reinforced concrete). The third mix utilized galvanized iron (GI) fibers at a dosage of 60 kg/m®and was termed as
GFRC (Galvanized Iron fiber reinforced concrete). The fourth mix combined both fiber types and was termed as
PGFRC (PP-GlI fiber reinforced concrete). Table 2 shows the material quantities per cubic meter of concrete for
all four mix samples.
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Table 2. Quantity of materials per cubic meter of concrete*.
Mix Water  Cement Fine Coarse GI PP Admixture W/C
(kg) (kg) Aggregate  Aggregate  Fiber fiber (kg) Ratio
(kg) (kg) (kg) (kg)

NC 150 440 780 1080 - - 4.5 0.34
PFRC 150 440 780 1080 - 4.5 4.5 0.34
GFRC 150 440 780 1080 60 - 4.5 0.34
PGFRC 150 440 780 1080 60 4.5 4.5 0.34

*Inclusion of PP and Gl fibers resulted in slightly higher than 1 m® of concrete.

2.3 Sample Preparation and Testing

A concrete mixture machine was employed to mix the materials thoroughly, and slump test was performed
according to ASTM C143 after mixing to measure the workability of the concrete. Subsequently, the concrete was
poured and compacted using a vibrator. Concrete specimens were prepared following the ASTM C31/C31 M-19
(2019) standard. The specimens consisted of 100 mm diameter x 200 mm height cylinders, 150 mm cubes and 150
mm x 150 mm x 600 mm prisms. The cube specimens were used for the determination of compressive strength
according to BS EN 12390-3: 2019, while the cylinder specimens were used for evaluating tensile strength
according to ASTM C496/C496M and modulus of elasticity according to ASTM C469. On the other hand, the
prism specimens were tested to determine the flexural strength according to ASTM C1609/C1609M-07.

3 Results and Discussions

3.1 Workability

The effect of the inclusion of different fibers on the workability of concrete is represented as the slump value in
Figure 3. The NC mix exhibited the highest slump value at 175 mm, indicating superior workability. The inclusion
of fibers negatively influenced workability, as indicated by the slump values of the PFRC and GFRC mixes, 110
mm and 105 mm, respectively. The combined use of PP and Gl fibers further decreased workability with a slump
value of 85 mm. The cause of the decrease in workability with the addition of fibers was primarily due to their
physical interference with the movement and the flow of the concrete mix.
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Figure 3. (a) Slump Test (b) Slump value for different trials.

3.2 Compressive Strength

The effect of the addition of PP and Gl fibers on the compressive strength of concrete is shown in Figure 4. The
incorporation of 0.5% PP fibers (PFRC) resulted in a 9.7% increase in strength, while the addition of Gl fibers
increased the compressive strength by 11.8%. The improvement in crack control, better stress distribution and
increasing confinement may contribute to the increase in compressive strength. Though the hybrid mix (PGFRC)
had a 7.1% increase in compressive strength compared to the NC mix, it gave a lower compressive strength than
the PFRC and GFRC mixes. Fiber clamping, disruption in aggregate interlocking and poor compaction due to high
fiber dosage (combined dosage) may contribute to the decrease in compressive strength in PGFRC mix.
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Figure 4. (a) Compressive strength test setup and (b) Compressive strength values for different mixes.
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3.3 Tensile Strength

The effect of the addition of PP and Gl fibers on the tensile strength of concrete is shown in Figure 5. The
incorporation of 0.5% PP fibers (PFRC) resulted in an 11.65% increase in strength, while the addition of Gl fibers
increased the tensile strength by 21.4%. A combined use of PP and Gl fibers increased the tensile strength by
31.8% compared to the NC mix. The increase in tensile strength was attributed to crack bridging.
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Figure 5. (a) Tensile strength test setup and (b) Tensile strength values for different mixes.

3.4 Flexural Strength & Toughness

The flexural test setup and the load versus deflection curves for different mixes are shown in Figures 6 and 7,
respectively. As depicted in Figure 7, the NC specimen failed abruptly after reaching the peak load (39 kN) without
any residual stress. This is an indication of the brittle nature of NC. The PFRC specimen also exhibited a similar
behavior, as PP fibers cannot arrest major cracks due to their small fiber length and low tensile strength. On the
other hand, the GFRC specimen demonstrated a markedly different and more ductile behavior. The load increments
steadily to a peak of about 34 kN at about a deflection of 1.1 mm. There was no sudden drop beyond the peak.
Instead, a post-peak plateau was observed, maintaining a substantial residual load of about 22 kN at 1.5 mm
deflection, and then gradually decreasing to approximately 18 kN at 4.0 mm deflection. This observation signifies
that Gl fibers at this content are effective in crack bridging, sudden failure restraint and energy absorption. Finally,
the hybrid mix (PGFRC) exhibited better ductile response than the GFRC. Although its peak load was slightly

lower than the GFRC mix, its plateau was less steep, showing a gradual decrease in load up to the displacement of
4.0 mm.
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Figure 6. State of specimen after flexural test. Figure 7. Load versus deflection.

Toughness indicates the energy absorption capabilities. The values for toughness were derived from the load-
deflection curves of the flexural strength test. The GFRC and PGFRC mixes exhibited significantly higher
toughness values due to their ductile nature, as depicted in Figure 8. GFRC exhibited slightly greater toughness
(76.46 kKN-mm) than the hybrid mix (72.05 kN-mm). The toughness values for the NC and PFRC specimens were
significantly lower at 10.62 and 7.52 kN-mm, respectively. This is attributed to their brittle nature.
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Figure 8. Toughness values for different mixes.

3.5 Modulus of Elasticity

The effect of the addition of PP and Gl fibers on the modulus of elasticity of concrete is shown in Figure 9. The
addition of PP fibers increased the modulus of elasticity value by 9.23% compared to NC, while the inclusion of
Gl fibers had a minimal effect on the modulus of elasticity. A hybrid mix with PP and Gl fibers had a slightly
higher modulus of elasticity value than the NC mix.
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Figure 9. (a) Modulus of Elasticity test setup and (b) Modulus of Elasticity values for different mixes.
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4 Conclusion

This study investigated the properties of concrete reinforced with two crack bridging materials - polypropylene
(PP) fibers, galvanized iron (Gl) fibers, and a hybrid mix of both, in comparison to a plain concrete control.
Concrete workability was negatively impacted by the inclusion of fibers. The addition of fibers separately
increased the compressive strength. However, a hybrid mix of PP and Gl fibers decreased the compressive strength
due to high fiber dosage, resulting in fiber clamping, disruption in aggregate interlocking and poor compaction.
The beneficial effects of fiber reinforcement were pronounced in other properties, like tensile and flexural strength.
In the case of tensile strength, the hybrid mix obtained the highest value. It displayed an increase of 31.8% over
the control mix. In comparison to the brittle failure of the control and PP-only mixes, the Gl and hybrid mixes
displayed a ductile behavior consisting of a post-peak plateau and a significant residual load-bearing capacity. This
translated into noticeably higher toughness values and superior energy absorption capability. It must be noted that
the Gl-only mix exhibited a slightly higher toughness than the hybrid mix. Future research should focus on
optimizing the mix ratios and geometry of the fibers. This will enable further understanding of the synergistic
effects and indicate potential areas for improvement. Furthermore, microstructural analysis can be done to gain a
deeper insight into the fiber-matrix bonding mechanisms.
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