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1 Introduction

Abstract: Self-Consolidating Concrete (SCC) has also brittle Self-Consolidating Concrete (SCC) is a special concrete that
characteristics. This is unacceptable for any construction is highly flowable, non-segregating and by its weight spread
industry. The addition of fibers is one of the most common into place, fills the formwork even in the presence of dense
methods to enhance the tensile strength of concrete. Fiber reinforcement [1]. The concept of self-compacting concrete
controls the cracking phenomena and enhances the energy (SCC) was developed in 1986 by Hajime Okamura [2], howabsorption capability of the concrete. On the other hand, ever, the prototype was proposed in Japan in 1988 by
the addition of fibers has a negative impact on the workabil- Ozawa [3].
ity of fresh concrete. In this paper, a detailed study on the
In construction industries, concrete is the highest used
influence of Propylene fibers (PP) on the fresh properties of material for its high compressive strength. But concrete has
SCC was carried out. PFs were added into concrete mixes in a very low tensile capacity which results in abrupt failure in
a proportion of 1.0%, 2.0%, 3.0%, and 4.0% by weight of ce- the concrete structure. Different types of fibers are used in
ment to offset its undesirable brittle nature and enhance its concrete to increase the tensile capacity of concrete under
tensile strength. The fresh characteristics were evaluated tension loading. The Majority of Steel fiber reinforced conbased on its passing ability, flowability using, Slump flow, crete has the capability of brilliant shock resistance, ductilSlump T50 Spread time, L-Box and V-funnel tests as well ity, flexural strength, tensile strength, Crack arrest & fatigue
as mechanical performance (compressive and split tensile resistance. “In 1910, Porter first recommended the use of
strength) were also evaluated at 7,14 and 28 days curing. steel fibers in concrete [4]. The first research on reinforced
Test results indicate that the passing and filling ability de- fiber concrete in the US was performed in 1963 [5]. Research
creased as the substitution ratio of PP increased. Besides, shows that as compare to thick fibers, thin fibers are more
the test result indicates that strength was increased up to effective in reducing the width of plastic shrinkage cracks
2.0% addition of PP and then decrease gradually.
as reported in ACI 544.5R-10 [6]. The positive significance
of steel fibers in concrete depends on many factors such
Keywords: Fibers, Compressive strength, self-consolidating
as shape, length, type, strength cross-section, mix design,
concrete, flowing passing, and filling ability
matrix strength fiber content, & steel fiber bond strength [7].
Between these high-performing concretes, for the benefits
of economical cost, easy fabrication, performance improvements, steel fiber-reinforced concrete is used extensively
for engineering purposes [8, 9]. However, a general observation showed that uneven addition of steel fiber would
affect the fluidity and uniformity of concrete mixing and
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ergy [14]. Studies were performed using waste carpet fibers was used in the making of concrete mixes. Its chemical and
in concrete as an environmentally friendly use of recycled physical properties are displayed in Table 1.
carpet waste [15].
Despite that, there are various benefits from using different types of fibers in concrete, it is well known that any 2.1.2 Propylene fibers (PP)
type of fiber will reduce the workability [16, 17]. Fibers have
a relatively large surface area which increased the water Propylene fibers used in this study were 35 mm long with a
demand. At the same time, more potential energy is needed diameter of 0.55mm. Its properties are given in Table 2.
for fresh concrete to flow by its weight due to increase friction between aggregate and fibers in the mixes [18]. Most Table 2: Physical Property of Propylene Fibers
of the studies present in the literature focus only on the
hardened properties of fibers reinforced concrete [19–25].
Physical Property
Results
Very few studies focus on the workability of fibers reinLength
35mm
forced concrete [36]. The major difference between convenDiameter
0.55mm
tional concrete and SSC is fresh characteristics. The fresh
Aspect ratio (L/d)
64
characteristics were evaluated based on its passing abilTensile Strength
1345Mpa
ity, flowability, bleeding and segregation resistance using,
Young’s
Slump flow, Slump T50 Spread time, L-Box, V-funnel, and
Modulus
200GPa
sieve segregation tests as well as mechanical properties
(compressive and split tensile strength) were also evaluated. Test results indicate that the filling and passing ability decreased while bleeding and segregation resistance
increased with PP. Besides, the test result indicates that 2.1.3 Fine and Coarse Aggregate
strength was increased up to 2.0% addition of PP fiber and
then decrease gradually.
Natural river sand was used as a FA (fine aggregate) in all
the mixes in SSD (saturated surface dry) condition which
was obtained from local market Risalpur Pakistan. Normal weight coarse aggregate (crush stone) with a nominal
2 Experimental Program
maximum size 19.5 mm was used as aggregate in all the
mixes in SSD (saturated surface dry) condition which was
2.1 Materials
obtained from local market Risalpur Pakistan. Different
tests were conducted to evaluates its physical properties.
2.1.1 Cement
Physical properties of fine and coarse aggregate were given
Ordinary Portland cement (OPC) type-1 in accordance with in Table 3.
American Standard of Testing Materials ASTM C150 [28]
Table 1: Physical and Chemical Property of OPC

Chemical Property
Ca0
SiO2
Al2 O3

Percentage (%)
63.7
24.9
6.4

Fe2 O3

3.7

MgO

4.5

SO3
K2 O
Na2 O

0.9
1.4
1.2

Physical Property
Size
Fineness
Normal
Consistency
Initial
Stetting Time
Final
Stetting Time
Specific surface
Soundness
28-days compressive Strength

Results
≤ 75µ
91%
29%
33min
411min
322 m2 /kg
0.60%
42 Mpa
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Table 3: Physical Property of Fine and Coarse Aggregate

Physical Property
Particle Size
Fineness Modulus
Absorption Capacity
Moisture Content
Bulk density

Fine
aggregate
4.75mm to
0.075mm
2.73
4.28%
2.8%
1626

Coarse
Aggregate
25mm to
4.75
5.7
2.18%
0.45%
1560

Table 5: Typical Acceptance Criteria for Self-Compacting Concrete

Sr.NO
1
2
3
4

Tests
Methods
Slump Test
T50-Slump
Flow
L-Box Test
V-Funnel
Tests

Unit

Minimum

Maximum

Mm
Sec

650
2

800
5

(H2/H1)
Sec

0.8
6

1
12

2.1.4 Superplasticizer

2.1.6 Tests and Size of Specimen

Chemrite-530 is used as a superplasticizer because it is
high range water reducing admixture and non-toxic and
non-hazardous under relevant health and safety issues.
Chemrite-530 is a very capable superplasticizer with a set
retarding effect for the production of free-flowing concrete
in hot weather. The superplasticizer meets the requirements
of EN 934-2 T 3.1/3 [29]. and ASTM C-494 Type F [30]. Typical
properties of the superplasticizer are given in Table 4.

Fresh properties of SCC such as Slump flow, Slump T50
Spread time, L-Box, V-funnel will be performed according
to technical specification for SCC [1]. ASTM C39/C39M [31]
Cylinder of standard size (6x12in) will be used to measure
the compressive strength at 7,14 & 28 days. Similar cylinders
of standard size (12 x18in) will be cast & tested to find their
tensile strength as per ASTM standard [32]. Three specimens
are tested for each test at 7,14 and 28 days and the mean
value of the specimens is considered as strength.

Table 4: Physical Property of Superplasticizer

Property
Color
Relative density
Chloride content
Physical state

Result
Brown
1.48 at 25∘ C
< 0.1%
Liquid

2.1.5 Experimental program
To obtain the goal of the project, A two-stage experimental
program was developed. In the first stage, a trial mix was
made to achieve the requirement of technical specification
for SCC [1]. In the second stage of experimental work, six
mixes were prepared with varying percentages of PP (0%,
1.0%. 2.0%. 3.0%, 4.0%) to determine the effects of PP on
self-compacting concrete (SCC), which are based on the
finding of the first stage. Typical acceptance criteria for Selfcompacting Concrete define by the technical specification
for self-compacting concrete with maximum aggregate size
up to 20 mm are shown in Table 5.

2.1.7 Sample Preparation Method
ASTM C-31 [33] method was followed for the preparation
of the specimens and compaction was done manually by
Roding in three layers having 25 blows per layer. Six mixes
are prepared with the varying dosage of PP 0%, 1.0%. 2.0%.
3.0%, 4.0% by weight of cement. Details of the trial mixes
are provided in the following Table 8. Before the mixing
process was started, the required quantity of material was
weighed by the method of weighing. Speed of mixer was
kept 35 rev/min for mixing of materials. First, the coarse
aggregate was added to the mixer and then fine aggregate,
both materials were dry mixed then the necessary quantity
of cement and water were added with time and mixing was
done about 8 minutes for all mixes. The details of each
trial’s mixes were shown in Table 6.

3 Test Results
3.1 First Stage Results
In the first stage, eight mixes as shown in Table 6 were
prepared to achieve the best possible mix which would
fulfill the requirement of Technical Specification for (SCC).
Based on work results, fresh properties of SCC for each trial
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Table 6: Trials Mixes for Self-Compacting Concrete (SCC)

Materials
Cement (kg/m3 )
Sand (kg/m3 )
Crush (kg/m3 )
W/C
Superplasticizer (kg)

Mix 1
425
625
1270
0.50
-

Mix 2
425
625
1270
0.50
2.12

Mix 3
425
625
1270
0.50
4.25

Mix 4
425
625
1270
0.50
6.37

Mix 5
425
625
1270
0.60
-

Mix 6
425
625
1270
0.60
2.12

Mix 7
425
625
1270
0.60
4.25

Mix 8
425
625
1270
0.60
6.37

Table 7: Results of Trial Mixes for Self-Compacting Concrete (SCC)

Tests Methods
Slump (mm)
L-Box Test
(H2/H1)
V-Funnel Tests
(Sec)
T50-Slump Flow
Remarks As per
EFNARC

Mix 1
515
0.58

Mix 2
532
0.64

Mix 3
558
0.71

Mix 4
632
0.85

Mix 5
592
0.74

Mix 6
785
0.94

Mix 7
830
0.92

Mix 8
868
0.97

19

16

15

11

15

7

5

2.8

11
Too Stiff f+
Segregation

9
Too
Stiff

7
Small
Stiff

5.2
Small
Bleeding

6
Small
Stiff

4.7
Good
SCC

2.8
Small
Bleeding

2.1
Too Bleeding +
Segregation

Table 8: Mix Proportion of SCC

Materials
Cement (kg/m3 )
Sand/F. A (kg/m3 )
Crush/C.A (kg/m3 )
W/C
Superplasticizer (kg)
PP (kg)

PP-0%
425
625
1270
0.60
2.12
-

PP-1.0%
425
625
1270
0.60
2.12
2.125

mix with different test methods (Slump flow, Slump T50
Spreads, L- Box and V-funnel) were shown in Table 7. it is
clear from Table 7 that, Mix 6 will satisfy the range of different test (Slump flow, Slump T50 Spread time, L-Box and
V-funnel) given by specified by the technical specification
for self-compacting concrete. While others mix does not
satisfy the range of such tests. Therefore Mix 6 is considered
the best mix of self-compacting concrete and can be used
as a reference concrete (control) with varying percentages
of PP.

3.2 Second Stage (Mix Proportion of SCC)
Based on the work results of the first stage, Mix 6 (SCC) was
selected for further experimental work (control). Therefore,
the second stage of the experimental work was conducted
on Mix 6 (SCC) with the incorporation of PP. Five mixes were
prepared at the second stage after achieved the requirement

PP-2.0%
425
625
1270
0.60
2.12
4.25

PP-3.0%
425
625
1270
0.60
2.12
6.37

PP-4.0%
425
625
1270
0.60
2.12
8.50

of technical specification for SCC (Mix 6) which given in
the first stage as shown in Table 7. Different percentages
of PP were added to fresh self-compacting concrete (SCC).
The percentages of PP used were 0%, 1.0%. 2.0%. 3.0%,
4.0% by weight of cement. Table 8 shows the concrete mix
proportions of SCC.

3.2.1 Rheological Properties
3.2.1.1 Slump Flow and Slump T50
Slump and slump flow were obtained by a slump flow test.
Results of Slump flow and Slump T50 test were shown in Figure 2 and Figure 3 respectively. The test results indicate that
Slump flow decreased while Slump T50 value increased
as the percentage of PP increased. The reduction of concrete mix workability when PPF is added is attributed to
the surface area of PP which required more cement paste to
coat them and hence less cement paste is past available for
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(a)

(c)

(b)

(d)

Figure 1: (a), (b) Slump Flow, (c) V-Funnel, (d) L-Box Tests

Figure 2: Slump Test Results

Figure 3: SlumpT50 Test Results
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16
14
12
10

(Sec)

lubricating. Also, PP increased the friction between aggregate and fibers which required more paste to reduce such
friction. Based on work results, PP up to 3.0% addition, the
Slump flow and Slump T50 value fall in acceptable range
as defined by the technical specification for SCC and have
the good filling ability. However, at a higher dosage of PP4.0%, have Slump flow and Slump T50 out of range given
by technical specification for SCC. Therefore, a high dosage
of superplasticizer is needed.
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8
6
4
2

3.2.1.2 L-Box Test and V- Funnel Test
0
Control
PP-01%
PP-02%
PP-03%
PP-04%
L-Box test was used to assess the passing ability of selfconsolidating concrete. Similar to slump flow, the passing
Figure 5: V Funnel Test Results
ability of concrete decreased as the percentages of PPF increased. The typical acceptable range of blocking ratio for
the good passing ability of SSC according to technical spec- tests are used to find the filling ability of SCC. It measures
ification for SSC is 0.8 to 1.0.Mixes (PP-0%, PP-1.0%, PP- the ease of flow of concrete. A shorter flow time indicates
2.0% and PP-3.0%) have L-Box test ratio (H2/H1) value in greater flowability. Similar to the slump flow test, the flowabetween 0.80 to 1 except PP-2.0%) as shown in Figure 4. bility of self-fibers compacting concrete decreased as the
which means, as these mixes (PP-0%, PP-2.0%, and PP- percentage of fiber increased. Maximum flowability was
3.0%) satisfied the requirement given by technical specifi- obtained when the substitution was 0% while minimum
cation for SCC have a good filling and passing ability. While flowability was obtained at 2.0% substitution of PP. Howmix PP-4.0%, have L-Box test ratio (H2 /H1 ) 0.73, which is ever flow time is between 6 sec to 12 sec for mix (PP-0%, PPout of range given by technical specification for SCC as 1.0%, PP-2.0%, and PP-3.0%) have acceptable range given
shown in Figure 4. However, it should be noted that [34] by technical specification for SCC as shown in Figure 5. Howdetermined that a 0.60 blocking ratio has been accepted ever, at a higher dosage of PP-4.0% have flow time 13 sec
for SCC to achieved good filling ability. According to this which is out of the range given by technical specification
standard, once the value of h2/h1 in the L box test is greater for SCC.
than 0.8, the SCC has a good passing ability [35].
The V-Funnel test, that was used to check the Flowability of self-compacting concrete. The flow time of V-Funnel 3.2.2 Mechanical Properties

Figure 4: L-Box Test Results

3.2.2.1 Compressive Strength
Compressive strength is the measure of the greatest compressive loading concrete can withstand. The compressive
strength test is performed under the standard procedure of
ASTM as ASTM C39/C39M [31] for cylindrical specimens having standard dimensions as 150mm diameter and 300mm
length.
Based on experimental test outcomes compressive
strength increased as the percentage of SFs raised to 2.0 percent and then decreased as displayed in Figure 6. It has been
reported that the compressive strength increased up to 2.0
percent addition of PP [36]. After 28 days of curing, the highest compressive strength was obtained at 2.0 percent dosage
of PP as compared to blank or reference concrete. However,
beyond the 2.0 percent dosage, the strength was reduced.
The positive effect on compressive strength is due to the
confinement of the fiber reinforcement on the specimen.
Compression produces an expansion laterally, and with
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it, tension and shear. The tension and shear are resisted
by the fibers. Therefore, compression is increased. When
the percent of fibers is high this confinement can reduce
transversal deformation of the specimen and increase its
compressive strength. When increasing the PP percent especially of higher dosage the process of compaction will be
difficult and then the compressive strength will be reduced.
Adding up to 1.5 percent of fibers by volume raises the compressive strength from 0 percent to 15 percent [37]. fibers at
1.0 percent by volume causes a considerable improvement
in early as well as long term compressive strength of concrete. The maximum enhancement in 28-days strength was
Figure 7: A relative compressive Strength Results
recognized to be 29.15 percent [24]. For this reason, there is
an optimum limit for the usage of PP. Test observation of
the optimum dosage of PP which produces better strength 3.2.2.2 Split Tensile Strength
Tensile strength for concrete samples is called the tenis 2.0 percent steel fiber.
sile stresses generated due to applying the compressive
load at which the concrete sample may fail. According to
ASTM C496-71 (32), a split cylinder test was carried out on
cylindrical specimens of 150 mm diameter and 300 mm
height at the ages of 7, 14, and 28 days curing.
Based on experimental test results, similar to compressive strength split tensile strength was also increased as the
percentage of SFs raised to 2.0 percent and then diminished
as displayed in Figure 8. After 28 days of curing, the highest
split tensile strength was obtained at 2.0 percent dosage
of PP as compared to blank or reference concrete. Adding
of 2.0 percent by volume of fibers can enhance the tensile
strength of concrete to almost 40 percent [22]. However,
Figure 6: Compressive Strength Results
beyond the 2.0 percent dosage, the strength was reduced.
Fibers are mixed in concrete to increase the flexibility of
A relative analysis of compressive strength is also il- concrete by halting the onset of tension cracks or preventlustrated in Figure 7. Compressive strength of the control ing the generation of cracks in such a manner that tensile
mix (Mix 6) at 28 days was taken as the reference. It can be strength of (SFRC) steel fiber reinforced concrete displays
observed from Figure 4, that overall, compressive strength better conduct than normal concrete. Fibers behave as crack
increased increments with different dosages of PP is similar stoppers and not as cracks prevention. Fibers are known to
at deferent days of curing (7,14 and 28 days). At 28 days of enhance the tensile capacity of post-cracking behavior [38].
curing, the compressive strength of concrete with 1.0 per- Fibers have shown more significant effects on flexural tencent and 4.0 percent PP almost equal to the compressive sile strength at 0.5 to 2.0 percent volume fractions used in
strength of the reference mix, and a notable increase was this study [39].
observed for 2.0–3.0 percent of PP. At 14 days of curing, comComparison of predicted values with experimental tenpressive strength almost 25 to 30 percent lower than the sile strength values using ACI-318.11 codes is displayed in
reference mixes up to 1.0 percent, 3.0 percent, and 4.0 per- Figure 9. Equations (1) can be used to predict values of split
cent of PP. Whereas 2.0 percent of PP compressive strength tensile strength from compressive strength. It is noticed
is 10% lower than the reference mix. At 7 days, compressive that all empirical values locate well within the anticipated
strength is almost 45 to 50% lower than the reference mix values using ACI-318.11 codes. Regression models between
in a similar manner of 14 and 28 days. However, at a 2.0 per- split tensile strength and experimental values of comprescent substitution rate of PP, compressive strength was just sive strength are displayed in Figure 9. A strong correlation
35 percent lower than from the blank/reference mix. It can exists (R2 > 0.90) between both strengths.
be concluded that propylene fibers have a strong potential
√︀
f sp = 0.53 × fc
(1)
to enhance the compressive strength of SCC.
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dosage, the strength was reduced. The positive effect on strength is due to the confinement of the fiber
reinforcement on the specimen. Compression produces an expansion laterally, and with it, tension and
shear. The tension and shear are resisted by the fibers.
Therefore, the strength was increased. When increasing the steel fiber percent especially of higher dosage,
the process of compaction will be difficult due to
decreased workability which results in decreased
strength.
• Finally, the present study concludes that propylene
fibers (PP) are a good, available in abundance, local
eco-material, low-cost, that can be used for the SCC
production, in a perspective between economic and
the environmental constraints.

Figure 8: Split Tensile Strength Results
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