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Abstract

This paper investigates on analyzing the effects of use of Polypropylene fiber in the mechanical properties of cement mortar.
An experimental study was conducted on the cement mortar reinforced by the different percentages of polypropylene fibre (0,
0.5,1 & 1.5%). The essential objective of this work is to study the mechanical properties of cement mortar containing different
percentages of polypropylene fiber. Different tests have been done to determine some aspects namely the flow table test and
compressive strength at age of curing 28 days was conducted on reference and polypropylene fiber reinforced mortar
specimens. The results show that the use of polypropylene fiber gives an unambiguous improvement in these properties and
thus the optimum percentages for this fiber have been taken into consideration. The results show a significant increasing in
compressive strength with the increment of fibers content in cement mortar.
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include steel fibers, glass fibers, synthetic fibers and natural
fibers — each of which lend varying properties to the mortar.
In addition, the character of fiber-reinforced mortar changes
with varying mortars, fiber materials, geometries,
distribution, orientation, and densities. However, the use of
fiber reinforced mortar has increased in building structures to
improve the toughness, flexure strength, tensile strength,
impact strength as well as the failure mode of mortar. It has
also been known that addition of fibers in mortar has little or
no effect on the compressive strength. Fiber—reinforced
concrete is becoming an increasingly popular construction
material due to its improved mechanical properties over
unreinforced concrete and its ability to enhance the
mechanical performance of conventionally reinforced
concrete. Fiber reinforcement is one of the most important
modification methods to alter the brittle nature of plain
concrete. Fibers are generally used as resistance of cracking
and strengthening of concrete. In this paper an experimental
study is made on the utilization of plastic waste in concrete

1. Introduction

Mortar is a very adaptable building material, but it is not very
green and this effect comes mainly from the effect of the
chemical composition in Portland cement. Portland cement
provided the early hardness to speed mortar used in projects.
On other hand, Portland cement concrete industry has grown
astronomically in recent years. In addition, concrete is known
a simple material in form but with a very compound internal
nature. In contrast to its internal complexity, durability, and
economy of concrete have made it the most often used
construction material in the world. This paper describes the
rational basis for the use of cement mortars in construction
applications today. Research used to show these properties
will also be identified and discussed.

Fiber-reinforced is mortar containing fibrous material which
increases its structural properties. It has short discrete fibers
that are uniformly distributed and randomly oriented. Fibers
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cubes with addition percentage ranging from 0% to 3% [1].

The use of fibers in cement-based materials may
considerably enhance the toughness, impact resistance,
durability and reduce the cracking in concrete [2]. The main
weaknesses of incorporating the fibers are the loss of
workability and the increased difficulty of casting. This status
may lead to an insufficient workability and high volumes of
entrapped air in mortar, which cause reduction in its strength
and durability [3]. The modern concrete can be designed to
have the high flowability, whereby the term ‘flowability’
suggests that the concrete is able to flow in the congested
reinforcement areas and fill complicated formwork without
segregation [3, 4]. Additionally, the repaired mortar applied
to concrete is usually hard to consolidate well; therefore, the
said mortar with high flowability may bring considerable
advantages to the narrow mould system [5].

The cracks in cement composites are inevitable. There are
two types of cracks. One is formed when the stress exceeds
the strength of cement composites; the other is formed in the
plastic stage and caused by external temperature, relative
humidity, and loss of moisture due to wind [6]. Adding
polypropylene fibers to the cement composites is an effective
method of preventing crack formation [7]. The dispersion of
the fibers in the wet mixture and their bonding with the
mortar can reduce bleeding, prevent cracks, and increase the
strength of the mortar [8]. Sanjuan et al. [9] suggested that
polypropylene fibers can improve the properties of the mortar
and also restrict plastic shrinkage cracks. Banthia and Gupta
[9] showed that the more the fiber content is, the greater the
crack-resistance of the mortar is. Ward and Li [11] suggested
that fiber forms influence the properties and workability of
the mortar, while Singh et al. [12] indicated that
polypropylene fibers have excellent bonding, and can greatly
improve the properties of the mortar.

In recent years, the production process of polypropylene
fibers is very mature; costs have been reduced, and many
types of polypropylene fibers are available. Adding fibers to
cement composites can form an excellent composite material,
and it is widely utilized in civil engineering. Many studies
have indicated that the fiber content is one of the most
important factors of the strength of mortar and concrete [13,
14, 15], but few papers have addressed the influence about
the forms, strength, fineness, and dispersion of fiber [10, 14],
etc. This paper consequently investigates the mechanical
properties of mortar which containing four types of
polypropylene fibers and plastic shrinkage cracking.

By far the best advantage of using polypropylene fibers is
that they offer significant cost reduction and benefits
associated with processing as compared to other synthetic
fibers. Polypropylene fiber has a considerably low cost to the

other fiber-types. However, a polypropylene fiber leads to an
improved potential for crack control, although the volumetric
density is high. As a result, the polypropylene fiber content
has to be reduced to a certain level. Optimizations of
mechanical and conductivity properties can be achieved by
different types and sizes of fibers, such as in the case of
polypropylene fiber.

Polypropylene fibers have been widely used for the
reinforcement of cementitious materials to improve the
toughness and energy absorption capability of matrix [17].
They were found to be extremely effective in reducing free
plastic shrinkage, in retarding first crack appearance and in
controlling crack development [18]. Although effectiveness
of Polypropylene fibers in shrinkage cracking, impact
resistance and ductility of cement matrices has been proved
by many researchers, effect of Polypropylene fibers on
compressive and flexural strength is not quit clear [19].
Studies have shown that there can be little or no chemical
adhesion between the fiber and matrix as a result of their
chemical inertness [20]. It seems that smooth surface of
Polypropylene fibers intensifies this effect. Moreover, it has
been suggested that the presence of Polypropylene fibers in
cement paste results in the formation of a water film at the
interface of fiber and matrix called wall effect. Due to greater
mobility of calcium ions in a water environment, portlandite
(calcium hydroxide) macro crystals can easily grow and
make the transition zone more pores [21]. This phenomenon
has a negative impact on the bond between fiber and matrix.
It is clear that in order to utilize the maximum strength of the
fiber and improve the composite properties, it is essential to
enhance the interfacial bond of Polypropylene fibers.

By utilizing techniques such as multiple reactor
configurations, polymerizing other gases such as ethylene or
butane in conjunction with propylene to form copolymers,
using special additives to control crystalline, etc., different

types of polypropylene resins can be produced.
Advantages of Polypropylene Fibers:

a. Polypropylene is a light fiber, is the lowest of all synthetic
fibres.

b. Excellent chemical resistance.

c. Low-cost of polypropylene fiber inexpensive compared to
other synthetic fibers.

d. Polypropylene fiber easy to process compared to other
synthetic fibers.

e. Good antistatic character as well as wide availability and
Low cost.

In the present paper, test specimens were prepared for studying
the effect of polypropylene fibers on the mechanical properties
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of normal strength mortar. The tests conducted included
determining the compressive strength of hardened mortar with
different volume fractions of the polypropylene fiber.

2. Aim of Study

The aim of this investigation is to study the effect of
polypropylene fiber on the compressive strength of cement
mortar. However, due to the brittleness of mortar, it is
suggested to reinforce this mortar with fibers, thus enhancing
its properties.

3. Materials and Mixed
Proportions

A.Materials Used and Properties

The experimental investigation was carried out in the
Concrete Laboratory of the faculty of Engineering University
of Bani Waleed. The cement used in mortar mixtures was the
ordinary Portland cement type I manufacture in Zlitan. The
fine aggregate was sea sand, with a fineness modulus of 2.86
and maximum size of less than 5 mm, water. High
performance (18 mm) polypropylene fiber was used in this
investigation. This fiber shows a micro reinforcement
manufactured from (100%) polypropylene. It was brought
from Sikca Company for Construction Chemicals.
Polypropylene fiber complied with requirements of ASTM
C1116-1997, Type III [21]. It was stored under cover away
from heat sources. Table (1) shows the physical and technical
properties of polypropylene fiber.

Table 1. Physical and Technical Properties of Polypropylene Fiber.

Composition 100% Virgin polypropylene fiber
Fiber length 18mm

Specific gravity 091

Melting point 160°C

Tensile strength
Young’s modulus

(137-689) MPa
(5500-7000) MPa

Fiber thickness 18-30 microns
Elongation 25-40 %
Alkali content Nil

Sulfate content Nil

Chloride content Nil

B. Mix Proportions and Mixing Method

Four mortar mixes were prepared using the water-cement
ratio as 0.50. The sea sand was used as fine aggregate. The
mix design of the control mix (M1) was carried out according
to the absolute volume method given by the ACI 211.1 [23]
to achieve the criteria of flowing cement mortar. The
polypropylene fiber of the volumetric fractions 0.5, 1 & 1.5%
were used to prepare mixes: M2, M3 & M4, respectively.
Each batch of mortar was produced in a pan mixer. At first,
cement, sand, water were added to the mixer and mixed for 3

minutes. Then the polypropylene fiber was disseminated to
prevent any agglomerates of fibers and the mixture was
further mixed for other 3 minutes.

C. Casting and Compaction

According to ASTM C192-88 [24], after mixing process, the
mix was immediately poured into moulds by means of a
scoop. Casting of the samples was carried out in two layers;
each layer was compacted by using a small steel bar. The
complete compaction was determined by appearance of a
film of cement mortar on the top and the air void was no
longer appearing. After compaction, the top surfaces of
specimens were trowelled level for obtaining smooth surface.

D. Curing

After casting, all specimens were kept under nylon sheets
inside the laboratory for (24+1) hours to assure a humid air
around the specimens and to prevent fast evaporation of water
from the specimens, and then they were demoulded and cured
until they were tested. All specimens prepared for compressive
was stored in tap water tanks until testing age of 28 days.

4. Test Methods

a. Flow Table Test for Consistency of Mortar Mixes:

The amount of water required for standard consistency of plain
mortar or fiber reinforced mortar was determined by the flow
test. Flow table was prepared according to ASTM C1437-01
[28] for use in tests of hydraulic cement. The amount of
mixing water was sufficient to produce a flow of (100+10) mm
expressed as a percentage of the original diameter of the flow
mould. The required amount of water for standard consistency
of mortar was expressed in terms of (w/c) ratio.

b. Compressive Strength Test:

Compressive strength tests were conducted on a (50x50x50)
mm mortar cubes according to the B.S. 1881 Part116: 1983
[25] by using 3000 kN capacity, ELE Digital Electric testing
machine. The cube specimens were left in the moulds for 24
hours at 25+2°C. The loading rate used in the test was 0.3
MPa/sec. The test was conducted at ages of (28) days and
three specimens were tested at each mix.

5. Results and Discussion

A. Effect of Polypropylene Fiber on Workability

The effect of fibers on the flow of the four mortar mixes is
highlighted in Table (2). It is easy to note that the inclusion of
polypropylene fiber in cement mortar reduces the flowing
ability. On the other hand; a higher amount of polypropylene
fiber makes loss flowability. In summary, the effect of
polypropylene fiber on either the flowing or working
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capacity is much less than the references cement mortar.

Table 2. The Workability Results for All Mortar Mixes.

Mix Designation Fiber Volume Fraction % Flow (mm)
M1 0 255
M2 0.5 235
M3 1.0 215
M 4 1.5 190

B. Effect of Polypropylene Fiber on Compressive Strength

From Table (3) and figure 1, when polypropylene fibre was
used, the increase in the compressive strength of the cement
mortar reinforced with polypropylene fiber was up to 20.43%
compared with that of the reference mortar. This result was
obtained from the low volume fraction of polypropylene fiber
up to 0.5% used in the mix (M2). The use of 1.0% of
polypropylene fiber used in the mix (M3) increases the
compressive strength up to 31.34% compared with that of the
reference mortar. Alternatively, the compressive strength of
the cement mortar with polypropylene fiber volume fraction
increased significantly compared to the reference mortar. It is
observable that the increase of the compressive strength by
using 1.5% volume fraction of polypropylene fiber (M4)
would increase the compressive strength up to 35.56%, as
opposed to the reference mortar. This condition can be rooted
from the improvement in the mechanical bond strength when
the fibers allow the ability to delay the micro-crack formation
and arrest their propagation afterwards up to a certain extent
[26-27]. The comparison between control mortar mix with
the different volume fraction of polypropylene fiber used in
this study shows that there is significant enhancement of
compressive strength. This is again due to the increase of
mechanical bond strength.

Table 3. The Compressive Strength Results for All Mixes.

Mix Fiber Volume Compressive strength
Designation Fraction % (MPa)
M1 0 25.45
M2 0.5 30.65
M3 1.0 33.40
M4 1.5 34.50
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Figure 1. Compressive strength of Polypropylene Fibre.

6. Conclusion

This study has investigated the behavior of mortar reinforced
to improve the mechanical properties. On the basis of the
results of this work, the following conclusions may be
deducted:

A.The use of polypropylene fiber affects the workability of
fiber reinforced mortars; Polypropylene fibers produce
harsh mixes significantly.

B. The use of polypropylene fiber increase the compressive
strength when fiber volume fraction exceeds (0.5%) by
about (30.65%), (33.40%) for (1%) and (34.50%) for
(1.5%) volume fraction of polypropylene fiber.
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