YMER || ISSN : 0044-0477 http://ymerdigital.com

Study on Steel and polypropylene hybrid fiber reinforced
concrete— A review

M.Sriram!, K.R. Aswin Sidhaarth?
Research Scholar, Vel Tech RR Dr.Sagunthala R&D Institute of Science & Technology,
Chennai?.
Associate Professor, Vel Tech RR Dr.Sagunthala R&D Institute of Science & Technology,
Chennai2

Abstract

Increasing demand and inadequate materials availability leads the researchers to find
alternate materials. In general, hybrid fiber is nothing but mixture of two or more fibers. In
this review, various properties of steel fibers and polypropylene fibers were studied. In order
to study the physical and mechanical properties of steel fiber, polypropylene fiber and other
materials used in concrete, various tests such as Slump cone test, Compaction factor,
Compressive strength, flexural strength etc., were used. Hybrid fibers have the tendency to
control cracks at different levels. Workability of concrete get reduced due to more addition of
steel fibers.The addition of steel fiber and polypropylene fiber results in an increase of 12 to
14.30% compressive strength, 33 to 36.6% increase in flexural strength and 9 to 10.16%
increase in split tensile strength. Addition of most favorable amount 0.9 to 1% of steel fiber
and 0.9 to 1% of polypropylene fiber gives maximum compressive strength up to 41.67 to
42.68%. Split tensile strength increases by increasing the fiber content in concrete but
workability decreases when steel fiber content is increased in concrete.
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Introduction

Concrete is a material which is commonly used in construction. In that there are different
types of concrete which is used based on that particular site conditions and locations.
Concrete made by using Portland cement has particular characteristics. Concrete is highly
strong in compression but weak in tension and tends to be brittle. Because of these
weaknesses uses of concrete is limited. One more weakness of concrete is that cracks forms
when concrete is placed before it is properly hardened [6]. Cracks are major causes of
weakness in concrete particularly in major constructions leads to structural failure and
durability reductions. Concrete is generally weak in tension and it is overcome by the usage
of reinforcement and by the certain volume of fibers[7-9]. Fiber reinforcement is mostly used
for controlling the cracks formation and it is not for structural strengthening. The cracks
formation may get reduced by the addition of polypropylene fibers and toughness ,impact
resistance increases by the addition of steel fibers [10-13]. If we are using hybrid fibers, we
may increase all the properties of concrete.  Compressive, flexural behavior and
morphological properties of hybrid fiber reinforced concrete using the combination of steel
and polypropylene fibers were studied.
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Reviews from Literatures

In common practices, concrete is obtained by mixing cementitious substances,
water, aggregate (fine and coarse) and occasionally admixtures in required proportions.
Freshly mixed material is known as fresh concrete which can be moulded into any desired
shape and later it will form as a rock-like mass known as hardened concrete [13-15]. The
chemical reaction between cement and water results in hardening, it continues for long time
to become stronger with age. Nowadays the most commonly used construction material is
Cement mortar and concrete made with Portland cement. The above said material is naturally
brittle and has some drawbacks such as poor deformability. Tensile strength and flexural
strength is relatively low, compared with compressive strength. Concrete which containing
fibrous material is termed as Fiber Reinforced Concrete and these fibrous material increases
its structural integrity [17-19]. The failure mode was more ductile by using the fibers and also
increases its tensile strength. There are different types of fibers in synthetic fibers (Steel
fibers,Polypropylene fibers, glass fibers etc.) and natural fibers (Coconut coir fiber,
Cottonfiber, Sisal fibers etc.) each of which gives varying properties to the concrete. In
addition,the types of fiber materials used, geometries, distribution, orientation, and densities
may change the character of fiber reinforced concrete. In general, two or more different types
of fibers are rationally combined to produce a composite, in that it may derives benefit from
individual fiber and exhibits a synergistic response [20-22]. In order to improve the properties
of concrete, we may add with the combination of metallic and non-metallic fibers and it may
offers advantages in improving the properties.

By bridging actions, fibers used in the concrete have the ability to prevent cracks
which forms in the surface. In order to obtain the hybrid fibers, combination of two or more
different types of fibers is becoming more common. The performance of hybrid fibers
exceeds the performance induced by each fiber type.

Basically fibers are of two groups; Modulus of fibers which is lower than the cement matrix
such as cellulose, nylon, polypropylene etc. Modulus of fibers which is higher than the
cement such as asbestos, glass, steel etc.

Strain performance is expected to enhance by the fibers having lower modulus of
elasticity where as strength performance is expected to enhance by the fibers having higher
modulus of elasticity. Moreover, the concrete becomes more homogeneous and isotropic by
the addition of hybrid fibers and therefore it is changed from brittle to more ductile material.

A= AN/

a)Polypropylene fibers b) Steel fibers
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Growth in constructions has created a huge requirement for various types of concrete mixes
which are required to have high strength, hardness, toughness and durability. Self
compacting concrete, high strength concrete, high performance concrete, geopolymer
concrete are few some examples of new types of concrete. Fiber reinforced concrete has the
ability to reduce the damages and also minimizes the cracks formation[18-20]. For the
production of special concretes, different types of fibers are used. In general fibers are of two
types Natural fibers and synthetic fibers. These additions of fibers enhance the mechanical,
physical and durability properties of concrete [13-18].

In general,polymers, metals, ceramics and other products are used for production of resins.
This combination has led to the development of various classic materials such as glass fiber
reinforced concrete , carbon fiber reinforced concrete , basalt fiber reinforced concrete and
some modernly improved polyethylene naphthalate and polyethylene terephthalate
composites [20-23]. The behavior of fiber reinforced polymer may vary significantly based
on the types of fiber and polymer matrix. Fig.1 shows the comparison of stress-strain curve of
various fiber reinforced polymers.
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Fig.1. Shows the relations between stress and strain for various FRPs [41-45]

In order to make stronger in both the existing and newly constructed buildings, usage of fiber
reinforced concrete plays a major role. Hybrid use of fibers at different proportions has been
effectively improving the post cracking strength,flexural toughness.

The results of hybrid fiber reinforced concrete performances exceed the individual fibers
performance because of their positive interactions between the fibers. HFRC is obtained from
a combination of two or more different types of fibers, which may differ in their properties,
remain bonded together when added in concrete and retain their identities and properties. Till
now combinations of polypropylene-carbon, carbon-steel and steelpolypropylene fibers
hybrid composites have been used by the researchers.Tablel,shows Physical and mechanical
properties of Natural fibers.
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Table 1- Shows Physical and mechanical properties of Natural fibers
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Fiber Diameter | Density Young’s % of Elongation | Tensile References
pum g/cm3 Modulus GPa strength MPa
Coir 17.5 1.2 6 15-30 175 [20]
Hemp 19 1.47 70 2-38 690 [20]
Sisal 21 1.33-1.5 9.2 2-2.5 511-635 [20]
Jute 18.4 1.3-1.46 10.-30 1.5-1.8 393-773 [35]
Flax 20 1.4-1.5 27.6-80 1.2-3.2 345-1500 [35]
Cotton 14.5 1.5-1.6 5.5-12.6 3-10 287-597 [35]
Banana 12-13 1.35 12 1.5-9 500 [39]
Pineapple 50 1.4 34.5-82.5 2 413-2627 [39]
Table 2 - Physical and Mechanical Properties of Artificial fibers
Fiber Diameter | Density Young’s % of Elongation | Tensile References
pm g/lcm3 Modulus Gpa strength MPa
Carbon 7-10 1.4 230 1.4-1.8 4000 [5]
Glass 10 2.5 70 3 2400 [5]
E-Glass 10 2.5-2.6 70-76 2.5-2.6 2000-3500 [5]
Aramid - 1.4 63-67 3.3-3.7 3000-3150 [5]
Polypropylene 100 0.9 8 8.1 800 [73]
Steel 500 7.8 200 3.2 1500 [73]

Concrete blocks with addition of steel fibers increased its compressive strength by 8.78% and
tensile strength by 25.90%. Flexural strength increases by 57.20 % with the addition of
Metakaolin and steel fiber.Flexural strength increases gradually with the addition of
metakaolin.[58]

The Kaolin can satisfy the world demand for filler, paper and ceramic industries. Metakaolin
(MK) is obtained after some suitable thermal treatment. Metakaolin can be used in mortar

and concrete, it will improve their properties [53].

There are too many alternatives materials for cement available in market.Compared with
silica —fume modified concrete ,metakaolin-modified concrete showed a better workability.
The strength of the metakaolin-modified concrete increased at all ages similarly to that of the
silica fume-modified concrete as the replacement level increases [15].
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Table -3 Properties of cement and Metakaolin

Chemical Properties Items Cement Metakaolin
Ca0 (%) 61.60 0.5
SiO2 (%) 19.43 53
Al203 (%) 5.64 43
Fe203 (%) 4 1.2
MgO (%) 2.41 0.4
LOI (%) 1.85 0.4
SOs 2.94
K20 0.78
Na2.0 0.11

Physical Properties Specific gravity 3.19 2.60
Fineness (m2/kg) | 328 18,000

Table 4 shows the physical and chemical analysis of silica fume

Chemical Analysis Content Analysis References
Sio2 95% [56]
SO3 0.18% [56]
cl 0.12% [56]
Total Alkali 0.66% [56]
Moisture content 0.16% [56]
Loss of ignition 1.92% [56]
pH 7.90 [56]

Physical Analysis Dens_ity— Specific 2.27 [56]
gravity
Bulk Density 187.91 kg/m3 [56]
Specific surface area | 22.21 kg/m2 [56]

The steel fiber reinforced concrete and plain concrete specimens were prepared. In order to
get stress-strain curves different types of tests have been done and we may compare with the
conventional concrete model results to evaluate the actual stress-strain relations of
FRC[4].By conduct several investigations , the mechanical behavior of conventional
concrete and Steel fiber reinforced concrete has been studied and developed. In multi axial
stress state, an investigational study has been performed on the strength and stress-strain
relations of SFRC [78]. Compared with plain concrete, polypropylene fiber reinforced
concrete is a more sound concrete. In concrete production, by replace the cement with fly
ash reduces a environmental effects and also addition of polypropylene fibers has reduces the
chloride attack by 24.4% to 24.9 %. The addition of 0.35% to 0.45% polypropylene fibers has
reduced the chloride attack by 24.6% to 24.9 %. Addition of 58% to 61% fly ash has
demonstrated that the chloride attack was reduced by 39% to 41%. Based on the experimental
study the maximum allowable limit for RAC with 0.9% to 1% PP fiber is 49% to 51 %. For
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100% RAC with 1% PP fiber, compressive strength, splitting tensile strength and shear
strength increases by 15.66% to 15.69% 34.83% to 34.87% and 38.30% to 38.33%
respectively when compared with reference mix proportion[23]. In Fiber reinforced concrete
numerous admixtures were used, in that the optimal estimations of polypropylene, silica
smoke and RHA were determined for various mix proportion. Its values are 0.9% to 1.1% of
polypropylene, 7.3% to 7.6% of silica smoke and 14.85 % to 15.1% of RHA. By adding
fibers in concrete increases the flexural ability of the concrete [66].

Increased fiber content in concrete, results in workability reduction in both types of fibers
based on sizes (Micro and Macro fibers) . Micro synthetic fibers (Small in size) have the
ability to provide superior resistance to the formation of plastic shrinkage [51]. It is available
in standard length (11-20mm) with typical dosage rates varying from (0.3-0.9kg/m3)
depending on the nature of work.

Macro synthetic fibers can also provide resistance to the formation of plastic shrinkage and
also provide concrete with toughness and durability. It is available in standard length (37-
51mm) with typical dosage rates varying from (1.6-9.2kg/m3) depending on the nature of
applications.

Hybrid fiber concrete(HFC) which contains steel fiber and the ultra-high molecular weight
polyethylene (UHMWRPE) fiber were inspected to determine the mechanical properties .
UHMWPE fiber is added 0.3% to 0.35% in excess, the tensile strength increases by 13.61 to
13.65% and the compressive strength increases by 15.47 to 15.49% [42].

The river sand was completely used and it was insufficient for future constructions. Fiber is
generally added in concrete to improve their properties. Adding fibers in concrete, will
increase the lifetime of the structure by reducing the cracks formations [46].

Introducing mineral admixtures in concrete may enhance their brittleness. In order to make
materials with high tensile strength, ductility, toughness and improved durability properties
fibers are often included into cementitious concrete [63-67]. While preparing concrete mix
design, it is more essential consider the influence of each aspect.

APPLICATIONS

Polypropylene fibers are generally elastic in nature and it is majorly used in many industrial
applications such as needle carpets, sanitary, household articles, home furnishing and
automotive industry etc.

Polypropylene Fibers is used in Construction of concrete sleepers, concrete pavements,

Machine foundations, and various off shore structures. Steel fibers reinforced concrete is used
in repair of existing pavements and various highway and airfield components etc
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CONCLUSIONS

The results of the present study in hybrid fibers reinforced concrete shows the properties of
fibers varies from one type of fiber to other type of fiber. The cracks formation can be
minimized by the presence of fibers in concrete. Usage of PPF may minimize the
permeability factor, shrinkage factor, settlement factor. Volume fraction of fibers increases,
the workability of concrete may decrease.
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