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ABSTRACT

This research was initiated with the objective of evaluating the effect of different polypropylene
fibers on the mechanical characteristics of the concrete, experimentally. This was achieved by
examining the effectiveness of fiber addition in order to improve the concrete mechanical
behavior. Five types of polypropylene fiber (PPF) were investigated to select an appropriate fiber
to be added to the concrete mixture based on its purpose. A concrete mixture was designed and its
different mechanical characteristics were examined. Specimens were tested after curing (i.e. after
7 and 28 days). Durability tests (i.e. abrasion, plastic/drying shrinkage and temperature
differences exposure) were investigated. The results indicated that using PPF, randomly, helps to
bridge and arrest the formed cracks in the concrete under different stresses such as that resulted
from temperature differences exposure. Most of the tested PPF added to the concrete mixes
proved its efficiency in improving the concrete abrasion resistance, controlling plastic so as drying
shrinkage cracking as well as reducing it and enhancing its distribution along the concrete surface.
Using PPF-1/PPF-2 could improve the abrasion resistance up to 35%. Also, the plastic shrinkage
strain is minimized by 32% to 61% compared to its original value.

Keywords: Polypropylene Fibers (PPF); Inclusion; Durability; Abrasion; Plastic; Drying;
Shrinkage; Resistance; Cracking; Tensile Properties.
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1. INTRODUCTION

Historically, inclusion of fiber in construction is a
very old process. For example: Ancient Egyptians
used straw to reinforce mud bricks [1]. There is
evidence that asbestos fiber was used to reinforce
clay posts about 5000 years ago. The market for
fiber reinforced concrete, FRC is still small
compared to the overall production of concrete. FRC
is concrete containing fibrous material that increases
its structural integrity [2]. It contains short discrete
fibers that are uniformly distributed and randomly
oriented. Fibers include steel fibers, glass fibers,
synthetic fibers and natural fibers, each of which
lends varying properties to the concrete. In addition.
the characteristics of FRC changes with varying
concretes, fiber materials, geometries, distribution,
orientation, and densities [1-2]. Low inclusion
volume of fibers, reduces shrinkage cracking. These
fibers are used in slabs and pavements that have large
exposed surface leading to high shrinkage crack.
Using of discrete glass fibers with concrete mixes
enhanced the ductility and deformability of R.C
members. Experimental results indicated that the
shear strength of tested beams was significantly
increased as the percentage of fibers increased [3-6].
Since disperse fibers offer various advantages of steel
bars and wire mesh to reduce shrinkage cracks:
e The fibers are uniformly distributed in three-
dimensions making an efficient load distribution.

s The fibers are less sensitive to corrosion than the
reinforcing steel bars and steel fibers.

¢ The fibers can reduce the labor cost of placing the
bars and wire mesh. Moreover, incorporating
fibers, could change the failure mode for concrete
from a brittle, sudden and explosive failure to a
ductile one.

In terms of the importance of fiber inclusion into
concrete, this research was thus initiated with the
objective of evaluating the different polypropylene
fibers, experimentally. Primarily, literature, in the
field of FRC, was reviewed. Experimental work was
carried out in order to examine the effectiveness of
fiber addition to improve the concrete behavior. Five
locally available types of polypropylene fiber, PPF,
supplied by different companies were investigated.
The effect of PPF on the different characteristics of
concrete was evaluated. The above investigation
steps are presented in the present paper under the
following headlines:

» Reviewing the literature in the field of FRC

e Carrying out experimental work

e  Executing computations

e Presenting the research results

2. LITERATURE REVIEW

Ronald, F.Z. [1] discussed the subject of fiber-
reinforced concrete (FRC) and an overview of the
types of commercially available FRCs and how they
work were presented. As stated by [2], in North
America there is a yearly growth rate of 20% of
using FRC. It was also mentioned that, worldwide,
the yearly consumption of fibers used in concrete is
300,000 tons. It is mentioned by [1-2] that the
classification according to fiber volume fraction is:

= Low: the volume fraction, vg is <1%.

= Moderate: vyis between 1 and 2%.

* High: vy is greater than 2%.

The mechanical properties of FRC are influenced
by the type, aspect ratio and amount of fiber; strength
of the matrix; size, shape, and other properties of the
aggregate (i.e. the size, shape, and method of
preparation of the test specimen), [3-7]. Mostafa,
A.E.M, [8] stated that incorporation of high strength
fibers can improve the weakness and brittleness of
concrete in tension. Incorporating the fiber
reinforcement can  achieve a  remarkable
improvement in concrete properties (i.e. cracking
behavior, fracture toughness, fatigue/impact
resistance, and flexural strength. The primary
purpose of inclusion of fibers in conventionally R.C
members is not for increasing strength. The strength
can be increased more easily and economically by
using steel bars placed along the direction of
principal tensile stresses [7]. The deficiencies of
ordinary R.C in the form of micro-cracks, which
cannot be corrected by bar reinforcement, can be
remedied to a significant extent by using fiber
reinforcement. Addition of randomly oriented fibers
in plain concrete mixes help to bridge and arrest the
cracks formed in the brittle concrete under applied
stresses, and enhances the ductility and energy
absorption properties of the composite. Among the
various produced fibers that are applied in concrete,
steel fibers are superior in improving the engineering
concrete properties and are used in wide range
applications as outlined by [8-9]. However; corrosion
is still the main obstacle for using it in extreme
severe conditions. The potential of discontinues steel
fibers (i.e. as reinforcement for concrete) was
evaluated to improve its properties [10]. A cheap
type of synthetic fibers, named as polypropylene, has
excellent reinforcing characteristics for use in
concrete products [11]. Since the early 1960s, PPF
have been applied in ordinary concrete to improve
the RC serviceability [12]. The effect of PPF on the
plastic shrinkage cracks of HSC in concrete
pavements and floor systems was investigated [13].
The cracking of FRC is more uniforraly dispersed.
and has smaller crack width than the unreinforced
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concrete [14]. Craig, R.J. [15] mentioned that the
toughness and fracture energy for FRC concrete is
higher than that of plain concrete. A noticeable
enhancement in the concrete tensile strength was
gained using low fiber content even it has little effect
on density and thermal conductivity [16]. As
mentioned by Lovata, N.L., et al [17], the
compressive strength of the fiber composite could be
improved by treating it chemically. Furthermore, the
nominal stress at shear cracking and the ultimate
shear strength increased with increasing the fiber
volume, decreasing shear span-to-depth ratio, and
also increasing the concrete compressive strength.
The fiber content increases, the failure changes from
shear to flexure mode [18]. Bazent Z.P., et al [19]
mentioned that the diagonal shear failure of R.C
beams is known to be a brittle failure. Therefore, a
larger safety margin is provided by the capacity
reduction factor in the codes. The present code
formulas were calibrated to provide adequate safety
against the initiation of diagonal shear cracks [20].
Ideally, the design should insure proper safety
margins against failure and crack initiation, Zararis,
P.D., et al [21] outlined that the shear failure of R.C
beams is brittle and occurs suddenly. The fiber
concrete is designed to carry the full shear capacity.
The number of cracks increased by using discrete
fibers and became finer. Moreover, the crack
propagation and modes of failure may be changed by
using discrete fibers. The discrete fibers increase
ductility and failure loads of the tested beams [22].

3, EXPERIMENTAL WORK

An experimental program was conducted. It included
physical and chemicals tests carried out on
polypropylene fibers, PPFs in order to determine its
properties. A concrete mix was designed. The
absolute volume method was implemented to define
the different proportions appropriate for the common
concrete grade of about 30 MPa. (i.c. after adjusting
both the used sand and gravel content with the
required w/c ratio).

Different tests were carried out to examine the effect
of various PPF on the mechanical properties of the
concrete. Five PPF were selected to be examined in
this research, therefore concrete mix proportions was
determined. Table (1) lists these proportions.

3.1. Concrete Mix Proportions

L

L concrete mix was designed with an approximate

compressive strength of 30 N/mm’.  Ordinary
“ortiznd cement (CEM [ 42.5 N) produced according

"_43-Tvpe G” was added to all concrete mixes for

improving concrete workability with dose of 1.85
kg/m’. Polypropylene fibers, PPF, of length 19 mm
were used for all mixes. The designed mix was
applied for all tested specimens. PPF,
produced/supplied locally by different companies
was basically used with content of 0.9 Kg/m’ as
recommended by the producer. Five supplied PPF
had the same length of 19 mm, were examined. A
reference control specimen without PPF and five
types of PPF were investigated. All supplied five
various PPF are sampled in order to determine their
physical and chemical properties. Figure (1) shows
the photo of one of the tested PPFs, while the results
of physical and chemical properties of PPF are listed
in Table (2).

3.2. Experimental Procedure

The followed mixing procedure can be summarized

in the following steps:

1. The various components of the mixture are
weighted.

2. The coarse aggregates "gravel" were added in the
mixer followed by cement and sand. The grain
size distribution of the fine and coarse aggregates
are shown in Figs. 2-3. The natural siliceous
gravel with a nominal maximum size of 20 mm
and specific gravity of 2.50 was used as coarse
aggregate. The grain size distribution of coarse
aggregate confirming to the ECP is shown in Fig.
2 and the test, was performed in accordance with
the ASTM-D422 test method for particle size
analysis of soils.

3. These components are flipped in dry blender for
30 seconds with the distribution of the amount of
fiber in the mixture during that period.

4. The amount of water is added during the
continuous mixing of different components for a
period of 60 seconds.
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Table (1): Used concrete mix proportions

Seive Diameter (mm)

Figure (2): Grain size distribution of fine aggregate

; Proportions Content, Kg/m®
Mix Code - -
Gravel Sand Water Cement Admixture Fiber
Control 1210 640 163 350 1.85 -
PPFC 1210 640 163 350 ' 0.90
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Figure (3): Grain size distribution of coarse aggregate

Table (2): Physical and chemical properties of PPF

Fiber Type PPF-1 | PPF-2 PPF-3 PPF-4 PPF-5
Length, mm 19 19 16-21 19 19
Nominal Diameter of fiber, um 75 60 52 64 95
Danner value of fiber 7200 7600 7100 7640 11640
Water absorption, % 0 0 0 0 0
Specific weight, gm/cm’ 0.90 091 0.90 0.92 0.92
Melting degree 162°C 165°C 161°C - 163°C
Combustibility degree 600°C 610°C 600°C - 600°C
Acids, alkaline & salts resistance 100% 100% 100% 100% 100%

. The
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mixer was stopped and mortar was
downloaded and fiber that stuck on the blades of
the mixer was removed using an iron bar.

. Mixing continued for another 60 seconds to reach
total mixing time of 2.5 minutes "150 seconds".

. Concrete was poured in the oiled steel moulds for

the preparation of samples and the necessary
work of mechanical compaction using vibrator.

. Samples were extracted from the moulds in the

next day and were put in the treatment basin until
the time of testing.

. Specimens were prepared and tested according to

ASTM standards. The test results for the
different categorizes of every mix were
determined and then tabulated and plotted.

3.3. Type of Tests

The laboratory program that was conducted to
evaluate the behavior of different types of fiber
supplied by various companies is conducted as

follows:

3.3.1 Fresh properties tesis
Penetration resistance test

was carried out to

determine initial and final setting time, IST. FST
according to ASTM C403 and slump was also
determined based on ASTM C143 for fresh concrete

properties.

3.3.2 Hardened properties fests

Engineering Research Journal, Minoufiya University, Vol. 36, No. 3, July 2013
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e Concrete cubes with dimensions of 150 x 150 x
150 mm were poured and tested to determine the
compressive strength of these samples after 7
days and 28 days.

¢ Cylinders of 100 mm diameter and 200 mm
height were poured and tested to determine the
indirect tensile strength of the concrete after 7
days and 28 days.

e Concrete beams of dimensions 100x100x500 mm
were poured and tested to determine the concrete
flexure strength after 7 days, 28 days and
shrinkage.

e Specimens of 73 mm length, 70 mm width, and
40 mm thickness for abrasion test after 28 days.

e Cubes 100 x 100 x 100 mm were cast for the test
of exposure to temperature differences.

The supplied PPF was evaluated in terms of IST,
FST, slump, compression test, split tensile test and
flexure test, as well as some durability tests such as
abrasion, exposure to temperature differences and
both plastic and drying shrinkage.

4. EXECUTING COMPUTATIONS

The strength of the fiber reinforced concrete can be
measured in terms of its maximum resistance when
subjected to either compressive, tensile, and flexure
loads as well as abrasion and shrinkage.
Compressive strength (f;) for the tested specimens
was calculated according to Egyptian Standard
Specifications. Split tensile test is an indirect test to
determine the tensile strength of concrete. Split
tensile strength (f,) was calculated according to
ASTM C496:

fopt = 2P/ald (1)

Where: P = maximum applied load, / = specimen
length, and d = specimen diameter.

The flexural strength under 4-point loading was
calculated according ASTM C78 as the modulus of
rupture and can be denoted by (fa,):

Siex = PUBE (2)
Where: P=maximum applied load, /=span length,

b=average specimen width, and d=average specimen
depth.

m

5. PRESENTING THE RESEARCH RESULTS

The performance of polypropylene fiber reinforced
concrete, PPFRC was evaluated based on the
examinations of 6 concrete specimens that were
casted with the same concrete proportions fo examine
the effect of various PPF on the properties of fresh
and hardened concrete as follows:

5.1. Effect of PPF, on Concrete Slump and Setting
Time

Table (3) shows the results of slump test conducted
for the tested specimens and the effect of the various
examined PPF on both initial setting time (I5T) and
final setting time (FST) of the concrete.

Table (3): Effect of the examined PPF on slump and
sefting time of concrete

Mix with Slump, LST, EST,

PPF Type (mm) (min) (min)
Control 65 181 252
PPF-1 50 169 235
PPF-2 45 168 230
PPF-3 30 170 235
PPF-4 40 164 238
PPF-5 30 165 242

The examination of the results, listed in Table (3) for
various PPF specimens, indicated that the PPF has a
significant negative effect on the concrete
consistency since they decrease slump with 23% for
PPF-1 to 54% for both PPF-5 and PPF-3. This
indicates that using the consistency improvement
agent with FRC is highly recommended.

Furthermore, the test results illustrated m Tabls
(3) indicated that using PPF in the concrete mix leads
to a decrease in the concrete setting time. both IST
and FST. A decrease in setting time ranged betwesn
5 and 10 minutes for both IST and FST. A mamsmas
reduction is gained when PPF-5 was used wiie 2
highly reduction was obtained for PPF-2

5.2. Effect of PPF on Concrete Mechaaiesl
Properties

The effect of the used PPF oa S comoese
compressive strength, and tensile ssensih & s of
both splitting and flexural strengh wess IwesSemad
Table (4) shows the effect of Se cxxmmed sErUNS
PPF on the mechanical properties of concmess
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Table (4): Effect of the examined PPF on the mechanical properties of concrete

Mix with Compressive sztrength, Splitting tensilezslrength._ Flexurg strq‘ngth,
PPF Type (N/mm®) ] (N/mm°) (N/mm”)
7-D 28-D | Norm. 7-D 28-D Norm. | 7-D 28-D | Norm.

Control 28.40 | 33.70 1.00 2.81 3.37 1.00 4.80 6.60 1.00

PPF-1 24.40 31.10 0.92 297 | 3.50 1.04 627 6.99 1.06

PPF-2 23.80 31.60 0.94 2.76 3.45 1.02 5.46 6.90 1.05

PPF-3 26.60 33.40 0.99 3.21 3.50 1.04 5.93 7.38 1.12

PPF-4 26.50 | 34.10 1.01 3.13 3.65 1.08 5.91 1.77 1.18

PPE-5 24.60 | 34.60 1.03 3.21 3.74 1.11 6.06 7.48 1.13

*Normalization is carried out by dividing the obtained PPI” specimen value by control specimen value.
. 110

5.2.1. Effect of Various PPF on Concrete 100 g2 B3 B
Compressive Strength 090 b i | |
The compressive strength, after 28 days for control 0.80 i L |
PC specimen without PPF was found to be 33.70 2o i 5
MPa. The compressive strength value was slightly oo "
decreased by 8%, 6%., 1% after adding the PPF-1, 2, ‘%m i |
and 3 to the concrete mix, respectively. Moreover, & 1
these strength values are increased by 1% and 3% | i Bl |
when reinforcing the plain concrete mixes with PPF- - = 2 § By |
4 and PPF-5, respectively. The obtained results B i 5| ‘N
confirmed the fact that by using PPF, no significant 010 i ik & |
effect on the concrete compressive strength was 0.00 - S ‘ = 3 —
observed. Figure (4) shows a comparison between Sty A o Type s

compressive strength of PC and PPFRC specimens.

" Figure (5): Compressive strength
normalization of various tested PPF
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Moreover, results of the compressive strength
normalization for all PPF specimens in terms of that
of specimen without PPF are plotted on Figure (5).
5.2.2, Effect of Various PPF on Concrete Splitting
Strength

The splitting tensile strength, after 28 days for
control PC specimen without PPF, was estimated to
be 3.37 MPa. The splitting strength value increased
after using PPF. The gain in splitting strength was
found to be 4%, 2%, 4%, 8%, and 8% using PPF-1,
2, 3, 4, and 5 respectively. The splitting strength of
PPFRC specimens are given in Figure (6).

Contref PPE-1 PPE2 PPF3 PPF4 PPF-5
PPF Type

Figure (4): Effect of PPF type on the
concrete compressive strength.

370 G 7-days |
£ 28-days |

A
|

—~.3.50 Yo
N

|

Control PPF-1 PPF-2 PPF-3 PPF-4 Lo
PPF Type

Figure (6): Splitting strength of various PPF in FRC concreie
mix
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5.2.3. Effect of Various PPF on Concrete Flexure
Strength

The flexural strength, afler 28 days for control PC
specimen without PPF, was found to be 6.60 MPa.
The flexure strength value was improved by using
PPF. The flexural strength enhancement was found
to be 6%, 5%, 12%, 18%, and 13% using PPF-1, 2,
3, 4, and 5 respectively. Comparison among the
flexure strength of various PPFRC specimens was
plotted in Figure (7). The obtained results
confirmed the fact that was proven before (i.e.
efficiency of the applied PPF improved the concrete

tensile strength).
8.0 .

“Grdaps -
75 1 | i
| D28days. 7
o | iz
! i —
£65 4 72
E | 1
360 |
£55 i ‘
' [
c 148
5 By
wv 1]
v $
2 b
o H
i

Control PPF-1 PPF-2 PPF-3 PPE-4 PPE-5
PPF Type

Figure (7): Flexural strength of various PPF
used in FRC concrete mix

5.3. Results of Durability Tests

Some durability aspects for both concrete
with/without various supplied PPF such as abrasion,
shrinkage, and temperature exposure tests were
investigated. Figure (8) describes photo of shrinkage
specimen while Figure (9) illustrates strain gauge
device used for measuring shrinkage-strain.

5.3.1. Effect of PPF on the Concrete Abrasion
Resistance

The abrasion strength test was conducted according
to the Egyptian Standard Specifications on 4
samples of PC and PPF concrete. PPF was added by
0.90 kg/m®. Results of abrasion test of concrete after
28 days in terms of both weight and thickness loss
are listed in Table (5).

As illustrated in Table (5), the average loss in
the specimen thickness was found to be 2.80%,
2.56%, 1.82%, 2.31%, 3.03%, and 2.75% for PC and
PPF-1, 2, 3, 4, and 5 respectively. This indicates
that, except for PPF-4, using the other various PPF,
improves the abrasion resistance in the range of 2%
for PPF-5 to 35% for PPF-3. However, only Abaco
PPF has a negative effect on the abrasion resistance
leading to an increase in the thickness loss by about
8%.

Table (5). Effect of the examined various PPF on the concrete abrasion resistance

: Unit Weight Thick-orig. Thick. Loss Wt.-orig Wt.-final Wt. Loss
Fiber Type (t/m’) mm mm % gm gm %
None 2.28 41.4 1.161 2.80 4772 463.8 2.81
PPE-1 221 40.4 1.035 | 2.56 453.8 442.2 2.56
PPF-2 2.36 43.4 0.790 1.82 5394 529.8 1.78
{ PPF-3 2.24 42.2 0975 | 231 503.2 492 2.23
| PPF4 2.40 394 1.194 | 3.03 491.8 4774 2.93
| PPF-5 2.30 41.40 1.140 | 2.75 469.23 451.24 3.83

E
E
E
K,

Figure (8): Shrinkage specimen with 2 demic points.

Figure (9): Strain gauge device.

Worsower, the average loss in the specimen weight
wes found w0 be 2.81%, 2.56%, 1.78%, 2.23%,
Z%5% and 3.83% for PC and PPF-1, 2, 3, 4, and 5
mspectwely. The results clarified that, except for
Slr PPE-L and PPF-3, using the other various PPF
mpemweed S 2brasion resistance in the range of 9%

for PPF-1 to 36.5% for PPF-2. However, both PPF4
and PPF-5 have a negative effect on the abrasion
resistance leading to an increase in the thickness loss
by about 4% and 36%, respectively. The effect of
the supplied PPF used in FRC concrete mix on
abrasion resistance is drawn in Figure (10).
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Figure (10); Abrasion resistance of various
PPF used in FRC concrete mix

5.3.2. Effect of PPF on the Concrete Plastic
Shrinkage

The effect of adding various types of PPF on the
plastic shrinkage strain, induced in the concrete, was
investigated. Concrete specimens, were prepared
with/without PPF of 0.90 kg/m’ and tested for
measuring the plastic shrinkage strain according to
ASTM C827. The observations, during the plastic
shrinkage test, indicated the efficiency of PPF in
controlling the plastic shrinkage and showed the most
beneficial advantages of using PPF in arresiing the
cracks propagation, as well as enhancing the crack
distribution and reducing crack width, compared to
the control concrete mix without fiber. The average
measured plastic shrinkage strain  value was
minimized for PPFRC specimen in the range 32%-
61%, since the reduction percent was found to be
34%, 42%, 32%, 42%, and 61% for MC, PPF-1, 2, 3,
4, and 5 respectively when compared to the control
PC specimen without PPF. Figure (11) shows a
comparison between plastic shrinkage of various
supplied PPF investigated in this study.
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Plastic Shrinkage, (1)
(733
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Control PPF-1 PPE2 PPE3 PPF-4 PPF-5
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shrinkage of v various
PPF used in FRC conerete mix
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5.3.3. Effect of PPF on the Concrete Drying
Shrinkage

The effect of adding various types of PPF on the
drying shrinkage strain induced in the concrete was
investigated and plotted in Figure (12). Concrete
specimens were prepared with/without PPF of 0.90
kg/m’ and tested for measuring the plastic shrinkage
strain according to ASTM C157. All specimens were
cured in water for 7 days. The measured drying
shrinkage strains plotted in Figure (12} indicated the
importance of using the PPF in concrete for the
purpose of controlling the drying strains especially at
the latest ages (i.e. 21 days and 28 days) in spite of
its bad effect during the early ages (i.e. 10 days and
14 days). The test results showed that the negative
effect of PPF-1 on the drying shrinkage strain along
all ages, Figure (12). At the end, using PPF in
concrete proved its efficiency in reducing the plastic
shrinkage in comparison with the concrete without
PPF. Except for PPF-1, the average measured drying
shrinkage strain value was reduced after 28 days for
PPFRC specimen in the range 19%-63.3%. The
reduction percent was found to be -22.5%, 19%,
27.9%, 63.3%, and 46.8% for PPF-1, 2, 3, 4, and 5
respectively, when compared to the control PC
spe(:tmen w1thout PPF

~#=PPF-1
~-PPF3 |

Age, (Days]

Flgure (10): Effect of PPF type used in 'FRC concrete mix on its

drying shrinkage

5.3.4 Effect of PPF on Cracks due to Exposure to
Temperature Differences

Cubes 100 x 100 x 100 mm with/without PPF were
exposed to cycles of temperature differences ranging
from (23°C +2) as room temperature to (75°C +2) and

relative humidity (50% =5).

indicate that there is no increase in number and
length of cracks for PPF specimens. Furthermore,
the length of cracks for PPF specimens was not only
shortened but also the cracks number was also
minimized compared to specimens without PPF. On
the other hand, both surface and deep cracks were
observed for concrete cubes without PPF especially

Exposure results
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at the fifth cycle of cool-heat at which the surface
cracks increased to be deeper. However, these cracks
were decreased as a result of PPF inclusion
especially for cubes stayed under water for 28 days.
It was observed that cubes with PPF, (4 and 5) had
the smallest surface cracks amongst all.

5.4. Comparison among Different Measured PPF-
Concrete Characteristics

The outcome of some results of different tests,
carried out on concrete samples containing the five
PPF, could be summarized in Table (6).

A comparison berween all the obtained results
was conducted so that one can assess the
performance of the PPF and its impact on the
different characteristics of the concrete from which
the following were deduced:
=  The PPF sample type "PPF-5" was found to be

the best species as they contain fiber with good
regularity and clarity in fiber mesh, distribution,
the fiber diameter and danner value were
appreciated about 95 microns, 11640,
respectively. This complies with the limits of
specifications that are identified by >90
microns, >10000, respectively. In addition, it
improved all the other mechanical properties of

concrete "compressive, spiitting, and flexure
strength" with satisfactory percent.

= The PPF sample type "PPF-4" comes in the
second degrec as it has the same above
advantages, and it enhances the compressive,
splitting, and flexure strengths. However, the
fiber diameter and danner value were estimated
by 64 microns, 7640, respectively. This doesn't
meet the specifications limits, in addition to its
negative effect on the abrasion resistance.

= Both PPF samples type "PPF-2 & PPF-3" are
considered the best among the tested PPF in
improving the abrasion resistance. However,
they have negative effect on the compressive
concrete sirength at variable rates with 6% and
1%, respectively. Moreover; their fiber
diameter and danner value were found small to
be less than the specifications limits.

= The results clarified that the PPF-1 sample type
comes at the end in the last level as it is
considered the only sample that increases the
drying shrinkage with 22.5% and it decreases
the compressive concrete strength by 8% in
addition to the declined values of both fiber
diameter and danner.

Table (6): Comparison among the different characteristics of the PPF

PPF Fiber Type PPF-1 PPF-2 PPF-3 PPF-4 * PPF-5
PPF Code MC G-UL G-DIL. Abaco Econo-net
Nominal Diameter of fiber, um 75 60 52 64 95
Danner value of fiber 7200 7600 7100 7640 11640
i ; . Decrease Decrease Decrease Decrease | Decrease by
Effect on Initial . . . . PR
oct i lninal Besting Tume, 15T by 8 mint. | by 10 mint. | by 5 mint. | by 6 mint. 5 mint.
. . . . Decrease Decrease Decrease Decrease | Decrease by
Effect ; . . p : —
kil on FitrliSetting Fime, FST by 8 mint. | by 10 mint. | by 7 mint. | by 7 mint. 5 mint.
Minimize | Minimize &
Effect on preventing cracks resulting Minimi Minimi Minimi & shorten shorten
from IST, FST, Temp. differences SRR B s Crack Crack
length length
. p ) Decrease Decrease Decrease | Increase by | Increase by
Compressive Strength, 28 days by8.0% | by6.0% | by1.0% 1.0% 3.0%
- . i Increase by | Increase by | Increase by | Increase by | Increase by
Sphifting Stengih, 28 dus 4.0% 2.0% 4.0% 8.0% 11.0%
Increase by | Increase by | Increase by | Increase by | Increase by
Riehoire Biocigh, 28 day 6.0% 5.0% 120% | 18.0% 13.0%
. . Decrease Decrease Decrease | Increase by | Decrease by
Abrasion Resistance, 28 days by 8.6% by 35% by 17.5% 8.2% 9.6%
: ; Decrease Decrease Decrease Decrease | Decrease by
2k s
astic Shrinkage by31.9% | by43.8% | by34.8% | by413% | 469%
; - Increase by | Decrease Decrease Decrease | Decrease by
D ; by
tying Shrinkage, 25 days 225% | by19% | by27.9% | by633% | 468%
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6. CONCLUSIOINS

The main conclusions obtained from the test results are summarized in the following:

by

PPF has a negative effect on the concrete
workability that was described by slump test
results since they decrease slump by 23% for
PPF-1 to 54% for both PPF-5 and PPE-3. This
indicated that using the workability improvement
agent with FRC is highly recommended.

The compressive strength of concrete is slightly
affected according the type of PPF used, while
the tensile concrete strength for both splitting
and flexural strength is noticeably enhanced in
the range of 2%-8% and 5%-18% for both
splitting tensile and flexural tensile strength,
respectively.  The results indicated that the
enhancement percent in the flexural strength was
found to be the highest among all the tested
cases.

PPF has a positive remarkable effect on both
plastic and drying shrinkage since it suppresses
the propagation of cracks, enhances the crack
distribution and reduces crack width. The plastic
shrinkage strain is reduced in the range of 32%-
61% for PPFRC specimens compared to a
concrete specimen without fiber. Furthermore,
Except for PPF-1, the average measured drying
shrinkage strain value was reduced after 28 days
for PPFRC specimen in the range 19%-63.3%.
The PPF sample type "PPF-5" was found to be
the best species as they contain fiber with good
regularity and clarity in fiber mesh and
distribution, and the fiber diameter and danner
value were appreciated about 95 microns, 11640,
respectively. This complied with the limits of
specifications that identified with >90 microns,
>10000, respectively. In addition, it improved
all the other mechanical properties of concrete
"compressive, splitting, and flexure strength”
with satisfactory percent.

The PPF sample type "PPF-4" came in the
second degree as it has the same above
advantages, and it enhances the different
concrete strengths. However, it has a negative
effect on the abrasion resistance.

Both PPF samples type "PPF-2 and PPF-3", are
considered the best among the tested PPF in
improving the abrasion resistance.

The results indicated that the PPF sample type
"PPF-1" comes at the end in the last level as it is
considered the only sample that increases the
drying shrinkage by 22.5% and it decreases the
compressive strength by 8%.
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