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Abstract - This study examines the effect of polypropylene fibers with different characteristics on the flexural
strength and deflection value of concrete. Hyperplasticizer was used in all mixtures. As the amount of fiber in
the mixtures increased, the amount of hyperplasticizer was increased as well. Slump value of the fresh concrete
ranged from 150 to 190 mm. No lump or segregation was observed in the fresh concrete. The effect of the
amount of plasticizer on the flexural behavior and amount of deflection was investigated. Beam specimens
(150x150x550 mm) were used to test flexural strength. Four point flexural test was conducted on the specimens.
Deflection values at the moment of exerting the largest load and breaking were measured. The changes in the
flexural strength in 7 and 28 days were recorded. Flexural strength of some specimens in a period of 7 days were
found to be higher than their flexural strength in a period of 28 days. Flexural strengths ranged from 4.43 MPa to
6.29 MPa. Increases and decreases were observed in the flexural behavior compared to the control sample. The
highest decrease was 15.46% and the highest increase was 21.98%. Increases and decreases were observed in the
deflection values under the largest load compared to the control sample. The highest decrease was 21.47% and
the highest increase was 43.42%. Increases and decreases were observed in the deflection values at the moment
of breaking compared to the control sample. The highest decrease was 23.24% and the highest increase was
47.21%. Furthermore, the compressive strength of the specimens were examined. The effect of the change in
compressive strength on flexural strength and deflection values was investigated.

Keywords: Polypropylene Fiber, plasticizer, flexural strength, deflection, compressive strength.

1. Introduction

At the time immemorial, fibres were used to strengthen fragile materials. Effect of fibres over
concrete varies according to type, kind, shape, size and features of other materials [2]. It is stated that
fibre-reinforced concretes having the weight of 3.5 kg/m? have been productive and low cost solutions
especially for roads within tunnels [1]. Admixture of carbon fibre with the volume of 1% and 1,5%
ratio did not have much effect over concrete’s compressive strength [3]. Admixture of polypropylene
fibre with the volume of 1% and 2% decreased the three points flexural strength of concrete
respectively 15.9% and 28% [4]. Admixture of polypropylene fibre with volume of 0.7% to mortar
decreased the compressive strength by 5%. It increased deflection value under maximum load together
with the deflection value of the broken moment at three points flexural strength experiment [5]. Bars
produced by concrete with polypropylene admixture having weights of 0.5, 0.7, 0.9, 1.5, 2.0 and 4.0
kg decreased the compressive strength by 8.8% and increased the flexural strength by 10% [6]. Natural
pumice, hybrid fibre-reinforced light aggregated concrete’s compressive strength increased by
proportion of fibre with 0.2% volume and decreased by 0.4% proportion of fibre. Flexural strength
increased in these two volumes [7]. It is stated that admixture of grain and polypropylene fibre
improves concrete’s compressive strength [8-15]. Admixture of 910 g/m® weighted polypropylene
fibre increased concrete’s flexural strength by 9.3% and 13.4% [12]. Cement mixture with fibre
admixed by volumes of 0.5%, 0.75% and 1.0% with high performance improved the compressive and
flexural strengths according to the ratio of fibre [13]. Chalk waste within mortar and admixture of
polypropylene fibre with volumes of 0.5%, 1%, 2% and 4% increased the flexural strength by an
important ratio. When the amount of fibre is over 2%, it is observed that specimen is not totally broken
with regard to flexural strength [14]. With silica fume and admixture of polypropylene fibre with


mailto:hasanbaylavli@hitit.edu.tr

volume of 0.5% increased splitting tensile strength and flexural strength of concrete by an important
ratio [15]. Admixture of fibres obtained from recycled plastic bottles with the volume of 1% increased
the flexural strength [16]. Concrete with admixture of 12 mm-length polypropylene fibre with
metachlonium and pumice increased the flexural strength of the amount of deflection [17]. Ribbed
polymer reinforced, and admixture of polypropylene fibre with volume of 0.5% increased concrete’s
flexural strength by 30% [18]. It is stated that admixture of polypropylene and steel fibre to the
concrete with fibre of oil palm hulls improved the concrete’s mechanic aspects and silica fume within
the mixture limited the micro cracks [19]. Admixture of polypropylene fibre with weights of 0.45
kg/m?3, 0.90 kg/m? and 1.80 kg/m® decreased the concrete’s compressive strength and young’s modules
[20]. Admixture of polypropylene fibre with volumes of 0.1% and 0.5% decreased the concrete’s
compressive and flexural strength [21]. Admixture of polypropylene fibre derived high unit of
deformation especially on low strength concrete. Admixture of polypropylene fibre increased ductility
of concrete [22]. This research analyses the effect of polypropylene fibres with different features on
concrete’s flexural strength and value of deflection. Effect of wetter admixture of mixtures on
compressive strength, flexural strength and value of deflection is analyzed.

2. Materials and Specimens

Type of cement used at mixtures is CEM | 42,5 R. Eight types of polypropylene fibre were
used. (Figure 1) Polypropylene fibres were used with three different ratios. Technical features of
polypropylene fibre is given at Table 1. Ratio of fibre is 600 g/m?, 1200 g/m® and 1800 g/md. 25 serials
of concrete were produced including the control concrete without polypropylene (K).

Fig. 1: Polypropylene fibers

Polypropylene fibres were shown as A, B, C, D, E, F, G, H. For instance A6 shows A fibre with
admixture of 600 g/m?, B12; shows B fibre with 1200 g/m3, C18; shows C fibre with 1800 g/md.
Water-cement ratio was constant in mixtures. Wetter admixture was used to increase fluidity of fresh
concrete. As the ratio of fibre increase in mixture, ratio of wetter admixture is increased as well. Ratio
of mixtures were given at Table 2. For compressive test, 15 cm cubes and for flexural test 15x15x15
cm beam specimens were used.

Table 1: Technical properties of polypropylene fibers

Fiber Length (mm) Width (mm) Thickness (mm) Shape
A 12 0.48 0.30 Circular
B 19 0.48 0.30 Circular
C 30 1.20 0.30 Ribbed
D 30 1.20 0.45 Double Hook
E 30 0.48 0.30 Circular
F 40 0.433 0.433 Flat
G 18 0.3 0.50 Circular
H 20 0.6/1.3 0.18/0.22 Flat




Table 2: Ratios and amounts of materials used within the source concretes.

Fiber mixtures
600 gr/m* | 1200 gr/m* | 1800 gr/m?
Sand (0-4 mm) (kg/md) 1127 1127 1127 1127
Crushed Stone (7-15 mm) (kg/m?3) 451 451 451 451
Crushed Stone (16-22,4 mm) | (kg/m?) 301 301 301 301
Water (kg/m?3) 156 156 156 156
Cement (kg/m?3) 300 300 300 300
Polypropylene Fiber g/m? - 600 1200 1800
Additive % 0,6 0,8 0,9 1,1
Water-cement ratio Wwi/C 0.52 0,52 0,52 0,52
Unit weight (kg/md) 2335 2335 2335 2335

3. Test Results and Findings
Compressive strengths were done at the end of the 28" day. Flexural strengths were done at the

end of the 7" and 28" day. fcqs); sShows compressive strength of cube (28 days), fr.sz); shows 4 points
strength (7 days), dmax; shows deflection under maximum load (28 days), &»; shows deflection at the
breaking moment (28 days) (Table 3).

Table 3: Compressive strength, flexural strength, deflection and slump values.

. f c ff'5(7) ff—s(28) Omax Ob Ob- Omax
MIXITES | (MPa) (MPa) (MPa) | (28day) | (28day) | (mm) | SUMP
K 55.72 4.05 5.24 0.532 0.519 -0.013 17
A6 48.94 4.18 4.87 0.574 0.572 -0.002 17
Al2 52.13 3.87 5.58 0.614 0.622 0.008 18
Al8 52.09 3.59 5.18 0.763 0.764 0.001 16
B6 48.26 4.63 4.60 0.422 0.437 0.015 16
B12 48.53 4.02 4.53 0.442 0.442 0.000 17
B18 48.95 3.60 4.53 0.462 0.468 0.006 15
(] 49.87 4.34 4.99 0.459 0.470 0.011 16
C12 52.97 4.94 5.62 0.538 0.540 0.002 19
C18 55.51 4.61 5.28 0.472 0.476 0.004 17
D6 51.31 4.68 5.45 0.467 0.479 0.012 17
D12 52.30 3.94 5.32 0.518 0.520 0.002 17
D18 52.95 3.93 5.55 0.510 0.514 0.004 17
E6 53.34 4.76 5.41 0.517 0.519 0.002 17
E12 53.87 4.57 6.09 0.703 0.703 0.000 16
E18 48.19 3.76 451 0.486 0.475 -0.011 15
F6 47.81 3.75 4.64 0.446 0.456 0.010 15
F12 48.76 4.90 5.09 0.604 0.604 0.000 17
F18 47.58 4.57 4.43 0.538 0.548 0.010 17
G6 46.08 4.61 5.61 0.649 0.636 -0.013 16
G12 51.34 4.76 5.36 0.757 0.760 0.003 17
G18 47.64 4.33 4.58 0.604 0.610 0.006 18
H6 48.68 3.97 5.63 0.611 0.606 -0.005 18
H12 46.31 4.06 5.77 0.621 0.621 0.000 19
H18 51.68 4.25 6.29 0.625 0.627 0.002 19

3.1. Compressive Strength
Polypropylene fibres decreased concrete’s cube compressive strength in all mixtures. Control
specimen’s compressive strength was 55.72 MPa and it decreased by 17.3% (Figure 2). Compressive




strength of B18, E18 and F6 mixtures having the lowest slump value (150 mm) decreased respectively
12.15%, 13.51% and 14.2%. Compressive strength of H12 and H18 mixtures having the highest slump
value decreased respectively 16.89% and 7.25%. The biggest compressive strength is C18 having 170
mm slump value. Compressive strength of C18 mixture is equivalent to compressive strength of
control specimen.

Fig. 2: Changes on the compressive strength of cube (28 days).

3.2. Flexural Strength

Four points flexural test was conducted on the specimens. Flexural strength is decreased at B and F
fibred mixtures in comparison with the control specimen. At H fibred mixtures, flexural strength
increased while ratio of fibre increased. In H18 mixture, flexural strength increased by 20% in
comparison with the control specimen (Figure 3). Flexural strength of the specimen with the lowest
compressive strength (G6) increased by 7%. Flexural strength of the specimen with the highest
compressive strength (C18) is equivalent with control specimen. In fibred mixtures, while compressive
strength increases, flexural strength decreased. Flexural strengths of B18, E 18 and F6 mixtures with
the lowest slump value (150 mm) decreased.

Fig. 3: Changes on four points flexural strength (28 days).

Flexural strengths of H12 and H18 mixtures with the highest slump value increased respectively
by 10% and 20%. Increase of wetter within H12 and H18 mixtures effected flexural strength in a
positive way. Same could be argues for A12, C12 and E12 mixtures as well. Flexural strength of some
specimens in a period of 7 days were found to be higher than their flexural strength in a period of 28
days (B6 and F18).

3.3. Deflection Tests:

Deflection values under the maximum load increased at A, G and H fibred mixtures. It
decreased at B, C and D fibred mixtures It increased in E12 and F12 mixtures. While flexural strength
of A18 mixture decreased by 6.5% in comparison with the control specimen, increased by 43.42% for
deflection value under the maximum load. While flexural strength of G12 mixture increased by 7% in
comparison with the control specimen, increased by 42.29% for deflection value under the maximum
load (Figure 4). Deflection values under the maximum load decreased at B18, E18 and F6 mixtures
having the lowest slump value (150 mm) in comparison with the control specimen.

Fig. 4: Differences of deflection at the maximum flexural load (28 days).

Deflection values under the maximum load increased by 17% at H12 and H18 mixtures having
the highest slump value (190 mm) in comparison with the control specimen. Increase of wetter within
H12 and H18 mixtures effected deflection value under maximum load in a positive way. Deflection
value at the breaking moment provide similar results with deflection values under maximum load
(Figure 5). Difference between the deflection value at breaking moment and deflection value under
maximum load was calculated as well. Deflection difference at B6, C6 and D6 mixtures are higher
than the other ones.

Fig. 5: Differences of deflection at breaking moment (28 days).
4. Conclusion



Polypropylene fibres decreased the compressive strength of cubes. Its known that fibres added
to concrete decreased the slump value of fresh concrete. Fibres form a structural voids within
concretes. Increase in added amount of substances at mixtures increased the slump value of fresh
concrete. However this didn’t create a positive effect over compressive strength. Compressive strength
decreased by 17.3% in comparison with the control specimen.

In fibred mixtures, while compressive strength increases, flexural strength decreased. G6
mixture has the lowest compressive strength. However flexural strength of G6 increased by 7%.
Flexural strength of H12 and H18 mixtures increased respectively by 10% and 20%. Increase of wetter
within H12 and H18 mixtures effected flexural strength in a positive way. Same could be argues for
Al2, C12 and E12 mixtures as well.

Deflection values generally increased. Deflection values of A18 and G12 mixtures increased
respectively by 43.42% and 42.29%. Increase of wetter within H12 and H18 mixtures effected
deflection value under maximum load in a positive way. Deflection values under the maximum load
decreased at B18, E18 and F6 mixtures having the lowest slump value (150 mm) in comparison with
the control specimen. Deflection values under maximum load of H12 and H18 having the highest
slump values (190mm) increased 17%.
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