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Toughness and Ductility Characteristics of Reinforced Concrete
Beams containingRecycled Polyethylene Fibres

Abstract

The paper presents results of investigationon the influence of different volume fractions of
polyethylene fibre on the toughness and ductilitycharacteristics of normal strength concrete
beams.Nine conventionally reinforced concrete beams measuring 150mmx200mmx2500mm
containing 0.25%, 0.50% and 1.0% of polyethylene fibreswere cast and tested under a two-
point symmetrical loading system using an Avery Denison universal testing'machine. Three
control beams containing only conventional steel “reinforcing. bars and measuring
150mmx200mmx2500mm were also cast and tested under similar conditions using the same
equipment. Throughout the tests, measurements were taken of'the loads, mid-span deflections,
crack widths and spacings at each load increment until failure. Results of the tests showed
that, experimental failure loads for the beams averaged 114% of the theoretical failure loads,
and failure of the beamswas generally governed by the yielding of the tension steel followed
by the crushing of concrete in compression. The control specimenpossessed higher energy
absorption capacity compared to the 0.25% and 0.50% fibre concretes. The 1.0% fibre
concrete beams however possessedthe highest energy absorption capacity. The ultimate
deflections exceeded the predicted deflections on the average by approximately 550% with
the ratio of maximum deflection at collapse to deflection at first crack rangingfrom 9.04 to
59.93. The control specimenexhibited little deflection, averaging 31.7mm and therefore very
low ductility. prior to collapse compared to the fibre reinforced concrete specimen which
averaged 40.1mm, 41.5mm, and 46.4mm for 0.25%, 0.50%, and 1.0% fibre reinforced
concrete respectively. At failure the fibre reinforcedconcrete produced more cracks which

were closely spaced with visibly smaller crack widths compared to the control beams.
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1. Introduction

Concrete is a brittle material with low tensile strength and limited strain capacity [1].
Concrete is also susceptible to cracking and shrinkage, resulting in deterioration and eventual
loss of its durability.Fiber reinforced concrete (FRC) is a cement-based composite material
reinforced with short, discrete, and usually randomly distributed fibres within a concrete
matrix [2]. Fibers are added to bridge discrete microcracks and thereby provide for increased
control of the fracture process and also to increase the fracture energy to produce a more
ductile behavior [3-5]. In order to ensure durability of concrete, it is very essential to control
the crack propagation process and be able to predict the crack pattern (crack width, crack
length, and crack spacing). Furthermore, to achieve crack control, large. amount of
conventional reinforcement is needed, especially in structures where only very small crack
widths (w < 0.1mm) are allowed such as water retaining structures. » The . bad side to this
technique is that: structural dimensions often need to be larger than what is needed for load
carrying capacity in order to fit all the steel; heavy labour is required in placing the steel; and
also difficulties in pouring the concrete past the tightly packed reinforcement bars in the
formwork. By using fibres in combination ‘with or without conventional reinforcement to
control cracking however, these drawbacks may be reduced or even eliminated completely.

Several researchers have investigated steel fiber reinforcement in both structural and non-
structural concretes to enhancetheir mechanical and physical properties [6 — 16]. Other types
of fiber materials that are non-ferrous have been used in concreteto achieve similar effects.
These include sisal, coconut fibers, coir.and oil palm fibers [17 — 26]. Ghadafi and Kankam
[27] found waste polyethylene fiber reinforcement in reinforced concrete beam to be effective

enhancer of strength and controller of deformation characteristics.

1.1 Microcracking and the Crack Propagation Process

Concrete is'a composite material consisting of two phases: hydrated cement paste and
aggregates [28].Properties of concrete are therefore governed by the properties of the two
phases and also by the presence of interfaces between them. Very fine bond cracks exist at
the interface between the coarse aggregate and the hydrated-cement paste prior to load
application. These cracks result from the differential volume changes between the cement
paste and the aggregates due to differences in their stress-strain behavior and also as a result
of thermal and moisture movement. These cracks are stable and remain stable at stress levels
below 30 percent of the ultimate strength of the concrete. The cracks at this stage do not grow

and the stress remains proportional to the strain.



At higher stresses (above 30 percent of ultimate strength of concrete), the stress-strain
relation for concrete becomes curvilinear even though the stress-strain relations for the
aggregate alone and for the cement paste alone remain linear (Figure 1). This behavior of
concrete can be the result of the development of microcracks. At such higher stress values,
the bond cracks at the interface between the two phases begin to increase in length, width,
and number. As a consequence, the strain increases at a faster rate than the stress. At this

stage, there is a generally slow propagation of microcracks although stable under sustained

loading.
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Figure 1: Stress-strain‘relations for cement paste, aggregate, and concrete (Neville and Brook, 2010).

At stress:levels of 70 to 90 percent of the ultimate strength of concrete, cracks open
through the cement paste and the aggregates bridging the bond cracks so that a continuous
crack pattern-is formed. This stage marks the beginning of faster or rapid propagation of

cracks which eventually result in the collapse or failure of the concrete.
1.2 Theory of Strength of Brittle Materials

Concrete is brittle as a result of the brittle nature of the cement paste and the aggregates.

The strength of such brittle materials can be determined theoretically using Griffith theory

_ [
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[29] given by



where o denotes tensile strength of the concrete; c is size of crack; y is unit weight of
concrete; E is elastic modulus of concrete.

It can be seen from Equation 1 that the tensile strength depends on the size of the crack.
Concrete has a lower tensile strength due to the existence of large cracks in the matrix. If the
size of the cracks within the matrix can be reduced, the tensile strength of the concrete can be
increased. Fibres are therefore used to bridge the cracks thereby preventing the elongation of
the cracks and increase of crack width. The purpose of reinforcing the cement-based matrix
with fibers is to increase the tensile strength of the matrix by delaying the growth of cracks
and also to increase the toughness by transmitting stress across the cracked section so that

much larger deformation is possible beyond the peak stress.

2. Experimental method

The post crack flexural toughness was examined under monotonic loading using a two-
point symmetrical loading system to provide a central.constant moment region and outer

shear spans per the American Society of Testing and Materials ASTM C1018 guidelines [30].

2.1. Specimen

A total of twelve reinforced concrete beams measuring 150mmx200mmx2500mm were
cast with varying volume fraction of polyethylene fibres as contained in Table 1.Each beam
was reinforced in tension using two number 12mm diameter mild steel bars at 25mm from
the bottom face. Shear. reinforcement in:the form of links was provided using 6mm diameter
mild steel bars and spaced at 200mm intervals at the two ends of each beam (ie shear spans)
but no stirrups were used. in the middle portion (ie constant bending moment region). All

beams were designed as under-reinforced section with reinforcement ratio of 0.97 percent.

2.2. Materials
Steel Bars

The mild steel bars used were obtained on the local market and are available in
commercial lengths of 9.14m (30feet). The ribbed bars are manufactured from scrap metals
by Tema Steel Works (TSW). The yield strength is 370N/mm?, ultimate strength is
550N/mm? and percentage elongation is 10.6. The chemical properties of the steel bars have
previously been reported [31].



Cement

The cement used was also procured on the local market. The Diamond brand Ordinary
Portland cement (OPC) is of grade 42.5R, fineness 3.4%, consistency 15min, initial and final
setting time of 60min and 9 hours, soundness of 2.21 and loss of ignition (LOS) of 1.22.
Coarse Aggregate

The coarse aggregates were obtained from Naachia Quarry Ltd, a local quarry in
Kumasi. The angular shaped granite stones of sizes 10mm and 20mm have specific gravity of
2.75kg/m3, aggregate crushing value of 28.57%, and aggregate impact value of 20.8%.
Fine Aggregate

Fine aggregates were obtained from A. Kanning Ltd in Kumasi. The medium grade silty-
sand (river sand)has specific gravity of 2.59kg/m® bulk density of 1420kg/m®, water
absorption of 1.7%, percentage sand of 84.21, coefficient of uniformity (Cu) of 14.04 and
coefficient of curvature (Cc) of 2.37.
Polyethylene Fibre

Used polyethylene sheets were obtained from local collectors and were cut into pieces
measuring 5mm by 40mm and added to the concrete uniformly during mixing. The maximum
length of the polyethylene was limited to 40mm so that workability will not be affected.Low
density polyethylene (LDPE) with melt flow index of 7g/10min, density of 0.922g/cm?, low
crystallinity (50-60%), elastic modulus of 5GPa, and ultimate strength of 500MPa.
Water

Portable drinking water supplied by Ghana Water Company Itd was used. The water has
pH between 6.5-9.0, turbidity less than SNTU, residual chlorine greater than 0.1mg/l, colour
less than 15TCU, total alkalinity of 3.0mg/l, total hardness of 3.0mg/l, E. conductivity of
3us/cm and E coli count of 0 in 100ml.
Concrete

Medium strength concrete of nominal strength 30N/mm? at 28 days was used. The
component parts per m?® were 340kg of ordinary Portland cement, 720kg of river sand, 370kg
of 10mm crushed granitic rock, and 720kg of 20mm crushed granitic rock with an optimum

water cement ratio of 0.55.

2.3 Casting and curing of specimen
Batching of materials was done by weight using an electronic balance of accuracy0.02kg.
A portable electric concrete mixer was used for the mixing to ensure an even, consistent

concrete mixture. All of the concrete was batched simultaneously, and the plain and fibre



reinforced concretes were then re-mixed for four minutes to ensure the same mixing time was
given to each batch.The concrete was compacted by extensive rodding and tamping and cured

under damp hessian sacks at 100% relative humidity and 22°C room temperature for 28 days.

Table 1: Details of beams

Beam BxD Vol. fraction ~ Span/effective  Reinforcement ratio Concrete
no. of fibre (%) depth ratio strength fcu
Balanced Actual  (N/mm?)
BAl 150 x 200  Nil 135 4.69 0.97 37.24
BA2 150 x 200  Nil 135 3.96 0.97 29.53
BA3 150 x 200  Nil 135 4.26 0.97 32.44
BB1 150 x200  0.25 135 3.41 0.97 25.42
BB2 150 x 200  0.25 135 3.16 0.97 23.58
BB3 150 x200  0.25 135 3.82 0.97 28,52
BC1 150x 200  0.50 135 2.83 0.97 21.12
BC2 150x200 0.50 135 291 0.97 21.74
BC3 150x 200 0.50 135 2.73 0.97 20:4
BD1 150x 200  1.00 135 2.59 0.97 19.34
BD2 150x 200  1.00 135 2.23 0.97 16.62
BD3 150 x 200  1.00 13.5 2.31 0.97 17.26

2.4 Test Procedure

The beams were simply supported at their ends on'the steel beam of the Universal Test
Frame (UTF).A two-point symmetrical loading was applied through a spreader beam that
formed part of the loading system to produce a constant moment in the central span of the
beams.Loading was applied at load increments of 2kN.Deflections at mid-span were
measured using dial gauge of accuracy 0.01mm mounted beneath the beam; crack widths
were measured on the concrete surface using a crack microscope of accuracy 0.02mm and
records of loading was. noted from the load gauge attached to the lever pump. At each load

increment, all the required measurements were taken.

3. Theoretical Analysis
The theoretical flexuralload P’unwas calculated by considering the three failure scenarios
in a reinforced concrete beam, viz;
i.  Yielding of the steel in tension;
ii.  Crushing of the concrete in compression;
iii.  Shear failure.
3.1 Ultimate flexural load
For a simply supported beam subjected to two-point symmetrical loading system with a

constant moment in the central region, the ultimate flexural load Pis given by:



2(My— 212)
Py =——"— Eq 2
z
where Myi: denotes the ultimate moment of resistance; ® is load per unit length due to self-
weight of beam; L is span of beam between supports; z is distance from point load to the

nearest support.

3.2 Shear strength

The theoretical shear strength was calculated in accordance with the British Standard BS
8110-1:1997 [32], as follows:

V:[0.87As;—fy"+bVC]d Eq3

v

where Aqis area of shear links for two legs;Svis shear link spacing;fyy is tensile strength of
shear reinforcement bars; V. is shear capacity of the concrete:For a one-span simply supported

beam, the ultimate shear load, P is given by

P=2v=2[087"224py]d . Eqa

v

3.3 Theoretical deflection
The theoretical deflection of the beams at failure 1, was computed by considering
the three distinct stages of loading, viz:
i.  Stage 1: Beam deflection under self-weight
ii.  Stage 2: Beam deflection:under imposed load + self-weight
iii.  Stage 3: Combined deflection due to stage 1 and stage 2.
The mid-span deflection of the beams under self-weight was computed from the equation:

5 wL*

Ap=
384 E I

Eq 5

whereA. denotes the mid-span deflection of beam; E. is modulus of elasticity of concrete; Iq
is second moment of area of gross section;  is load per unit length due to self-weight of the
beam.

For a simply supported beam that is subjected to a two-point symmetrical loading system, the
mid-span deflection can be obtained from the equation

23 PL3
1296 E I,

A, = Eq 6

wherel,, is second moment of area for a cracked section; P is the ultimate load.

3. Test results



Results of the toughness test are presented in Tables 2 and the load-deflection curve in
Figure 3. All twelve beams exhibited similar behavior with the load increasing linearly with
the deflection until first crack beyond which there was disproportional increase in deflection
compared to the load as cracks propagated. All beams recorded first crack formation within
the middle third of the span with majority of the cracks recorded in this region. Failure of
beams was generally characterized by yielding of the tension steel followed by the crushing

of the concrete in compression.

4. Discussion of test results

4.1 Post crack toughness

Post crack flexural toughness indices were obtained from load-deflection curves. ASTM
C1018-89[8] provides for measurement of ductility by computing the area under the load-
deflection curve up to a certain deflection and dividing it by the area under the load-

deflection curve up to the first crack deflection. This procedure is well illustrated in figure 2.
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Figure 2: Analysis of Load-Deflection Curve [8]

Areas under the load-deflection curves were obtained by tread-line analysis and curve fitting
methods using the EXCEL Solver tool pack.

Relative values of toughness (toughness indices) are then computed as follows:

_ Area OACD
15 - Eq7
Area OAB



Area OAEF

[ = Eq 8
10 Area OAB g
Lo = Area OAGH Eq 9
30 Area OAB g

Where |5 represent toughness index corresponding to 3 times of first crack deflection
l1o represent toughness index corresponding to 5.5 times of first crack deflection

I3 represent toughness index corresponding to 15.5 times of first crack deflection.

The control specimen(beams BA’s) outperformed the 0.25% and 0.5% fiber concretes (beams
BB’s and BC’s) by 18 percent and 28 percent respectivelyas shown.in Table 2. However,
they underperformed by 23 percent compared to the 1.0 percent fiber concretes (beams
BD’s). At toughness index I the control specimen(beams BA’s) outperformed the 0.25%
fibre concretes (beams BB’s) by 23 percent and the 0.5% fibre concretes (beams BC’s) by 35
percent, but underperformed by 30% compared to the 1.0 percent fibre concretes (beams
BD’s). At toughness index Iz the control specimen outperformed the 0.25% fibre concretes
by 24 percent and the 0.5% fibre concretes by 41 percent but again underperformed by 38%
compared to the 1.0 percent fibre concretes.

Table 2: Post crack flexural toughness indices of control and polyethylene fibre reinforced concrete

type of concrete first crack®. first crack flexural toughness indices

load deflection strength

(kN) (mm) (Mpa) Is l1o l30
Control 7.67 1.42 6.56 3.9192 8.5663 37.2377
0.25% fibre concrete 7.67 1.4 6.72 3.1743  6.6373 28.0769
0.5% fibre concrete 8.67 1.17 7.48 2.8222 5.6402 21.8119

1.0% fibre concrete 12.67 4.52 8.32 47901 11.1556 51.2661
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Figure 3: load deflection curves for control and fibre reinforced concretes.

It is evident therefore that, the control specimen(beams BA’S) possess a higher energy
absorption capacity at Is, 110, and Isp compared to the 0.25% (beams BB’s)and 0.5%(beams
BC’s) fibre concretes. When a higher fiber volume (1.0%) was used in beams BD’s, we had
an increase in the energy absorption capacity of the concrete compared to the control
specimens.

The possible reason for this is that initially, the entire load was borne by the concrete
alone. Immediately after first crack, the fibre and main steel reinforcement which were
initially idle began to bear the full load. The ability of the steel and polyethylene fibres to
take up the load depends on the concrete-steel and concrete-fibre bond strengths. The
concrete-fibre bond strength in turn depends on the quantity of the fibres present in the
concrete mix. Pilakoutas et al. (2009) suggested that “bond between concrete and FRP is the
most important factor when FRP is used as reinforcement”. They went further to say that
“sufficient bond must be mobilized between reinforcement and concrete for the successful
transfer of load from one to the other”.

The low volume fraction of polyethylene fibres and by extension the low bond weakened the
concrete and compromised the strength and toughness of the 0.25% and the 0.5% fibre
concretes at Is, 150, and I3 compared to the control specimens but the ultimate deflection was

unaffected.



4.2 Crack propagation and Cracking pattern

Cracks originated from the bottom face of the beam and propagated upwards towards the
neutral axis. This resulted in the neutral axis which was originally around the mid-section of
the beam moving upward into the compression zone. As loading continued, the neutral axis
continued to move deep into the compression zone towards the upper fibres until the concrete
in compression became insufficient to carry any more load. It is quite evident from Figures 4,
4,5, 6, and 7 that the cracks went deep into the compression zone and very close to the upper
fibres. The researcher therefore concluded that the beams failed in compression due to the
inadequacy of the concrete to support any further load after excessive cracking and deflection
due to yielding of the reinforcing steel bars in conformity with expected behavior of the

beams in line with the under-reinforced design philosophy.

Figure 4: Crack propagation of the control specimen

A critical look at figures 5, 6, and 7 shows that the fibre concrete had a closer crack
distribution than the control beams although they contain the same number of tensile steel
reinforcement as the control specimen. The addition of fibres to beams influenced the crack
distribution ability of the beams.Measurements of crack widths using crack microscope
showed that the crack openings in the fibre reinforced beams were visibly smaller than the

crack openings in the control beams as indicated in Table 3. Crackswere closely spaced in the



fibre reinforced concrete beams than in the control specimen. Furthermore, it was observed

that the fibre reinforced beams provided more cracks than the control beams (Table 3).
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Figure 5: Crack propagation and characteristics of the 0.25% fibre concrete

Figure 6: Crack propagation and characteristics of the 0.5% fibre concrete



Figure 7: Crack propagation and characteristics of the 1.0% fibre concrete

It can also be seen from Table 3 that, the 1% fibre reinforced concrete beams withstood a
higher load before the appearance of first crack compared to the concrete beams without
fibre. This is due to the action of the fibres which were evenly distributed within the matrix
interfering with the propagation of micro-cracks. Again, it can be noted from Table 3 that the
entire fibre reinforced concrete specimen had a higher ultimate deflection values at higher
ultimate loads compared to the control specimen. This is a clear attestation of the superior
ductility of the fibre reinforced concrete over the non-fibre reinforced concrete. It has been
proven in this study and also in previous studies such as Barris et al (2009), Kim et al (2010),
and Fraternalli et al (2011) that fibres interfere with the propagation of micro-cracks by

bridging the cracks when the ultimate strain of the concrete is exceeded thereby resulting in

concrete with a higher ultimate load carrying capacity.

Table 3: Summary of beam loads, deflections and cracking properties

Plain 0.25% fibre | 0.50% fibre | 1.0% fibre
Beam characteristics concrete concrete concrete concrete
First crack load (kN) 7.67 7.67 8.67 12.67
First crack deflection (mm) 1.42 1.40 1.17 4.52
Ultimate load (kN) 28.00 30.00 30.00 32.67
Ultimate deflection (mm) 31.74 40.11 41.47 46.37
First crack width (mm) 0.08 0.07 0.15 0.36
Biggest crack width at failure (mm) 1.80 1.73 1.43 0.49
Total number of cracks 12.00 12.33 12.67 13.33




4.3 Theoretical and experimental loads

The theoretical and experimental loads at first crack and at failure are presented in Table
4. The experimental failure loads P, :were higher and averaged 114% over the predicted
failure loads P yrwhich were governed solely by the yielding of the tension steel. This is in
complete agreement with the actual failure of the beams which was characterized by the
yielding of the tensile steel bars followed by the crushing of the concrete in compression after
flexural cracks had extended deep into the compression zone. The cracking loads Pcaveraged
30% of the experimental failure loads.

The cracking loads Pcaveraged 26%, 27%, 29%, and 39% of the experimental failure
loads Pyifor the 0%, 0.25%, 0.5%, and the 1.0% fibre concrete specimens respectively. This
is an indication of the load carrying capacity of the beams after cracking. It is evident that,
the 1.0% fibre concrete specimens could carry up to 39% of the first crack load in addition to
the first crack load before collapse compared to 26% for the 0% fibre concrete specimens.
The analogy here is that if the steel reinforcement alone withstood 26% of the first crack load
in addition to the first crack load after the appearance of the first crack in the case of the 0%
fibre concrete specimens, then the polyethylene fibres in the fibre reinforced concrete
specimens contributed to increase the load carrying capacity to 39% of first crack load in
addition to first crack load in the case of the 1.0% fibre concrete specimens.

The shear strength of the beams was approximately two- and-a half times greater than the

strength in compression and approximately three- and- a half times their strength in tension.

Table 4: Theoretical and experimental loads

First crack:, Experimental Theoretical failure load Py (kN) Per/Puit Put/P ut

Beam  |oad, failure load, Steel Concrete Shear

no. Per(KN) Puit (KN) yielding® crushing failure

BA1 8.00 28.00 28.34 62.03 97.03 0.29 0.99
BA2 7.00 28.00 27.51 48.88 97.03 0.25 1.02
BA3 8.00 28.00 27.88 53.87 97.03 0.29 1.00
BB1 9.00 30.00 27.01 41.99 97.03 0.30 111
BB2 8.00 30.00 26.67 38.86 97.03 0.27 1.12
BB3 6.00 30.00 27.46 47.24 97.03 0.20 1.09
BC1 8.00 30.00 26.14 34.69 97.03 0.27 1.15
BC2 9.00 30.00 26.29 35.76 97.03 0.30 1.14
BC3 9.00 30.00 26.00 33.52 97.03 0.30 1.15
BD1 14.00 34.00 25.71 31.71 97.03 0.41 1.32
BD2 12.00 32.00 24.77 27.08 97.03 0.38 1.29
BD3 12.00 32.00 25.02 28.17 97.03 0.38 1.28

& Governing theoretical failure load.



4.4 Theoretical and experimental deflections

The theoretical and experimental deflections of the beams are presented in Table 5. The
ultimate deflections exceeded the predicted deflections on the average by approximately
550%. The ratio of maximum deflection at collapse to deflection at first crack ranges from
20.05 to 24.90 for the 0% fibre concrete specimen, 18.41 to 59.93 for the 0.25% fibre
concrete specimen, 30.02 to 46.25 for the 0.5% fibre concrete specimen and 19.12 to 32.10
for the 1.0% fibre concrete specimen (Table 5). This is an indication of the ductility of the
concrete. The control specimen exhibited little deflection, averaging 31.7mm and very low
ductility prior to collapse compared to the fibre reinforced concrete specimen who averaged
40.1mm, 41.5mm, and 46.4mm for 0.25%, 0.50%, and 1.0% fibre reinforced concrete
specimen respectively. The larger deflections at greater failure loads recorded for the fibre
concrete specimens can be attributed to the action of the fibres interfering with the
propagation of micro-cracks in the concrete. The fibres possess much higher ultimate tensile
strength (500MPa) and are more ductile compared to the more brittle concrete (4-8MPa)
hence their inclusion improves the ductility and tensile strength of the concrete.

The ultimate deflection for the 0% fibre concrete specimen exceeded the predicted
deflection on the average by approximately 434%. For the 0.25%, 0.5%, and the 1.0% fibre
concrete specimen, the ultimate deflections exceeded the predicted deflections averagely by
549%, 571%, and 646% respectively. The difference between the theoretical deflection and
the experimental deflection in the case of the 0% fibre concrete specimens can be attributed
to the properties of the steel bars and the aggregates used for the concrete. The steel bars
which are produced from scrap metals have been shown (Kankam and Adom-Asamoah,
2002) to possess a higher tensile strength and very little elongation compared to a standard
mild steel bar. In the case of the fibre reinforced concrete specimen, the difference between
the theoretical deflection and the experimental deflection can be attributed partly to the

properties of the steel bars, the aggregates used and the presence of the fibres in the concrete.



Table 5: Theoretical and experimental deflections

Beam Deflection at first Deflection at failure  Theoretical deflection B /Ber Brmax, /2 max.

no. crack B (mm) Blmax. (Mm) at failure 'max, (mm)

BAL 1.000 23.750 7.305 23.75 3.25
BA2 1.220 30.380 7.317 24.90 4.15
BA3 2.050 41.100 7.318 20.05 5.62
BB1 2.390 44.000 7.315 18.41 6.02
BB2 0.900 21.800 7.300 24.22 2.99
BB3 0.910 54.540 7.324 59.93 7.45
BC1 1.140 35.100 7.268 30.79 4.83
BC2 1.250 37.520 7.278 30.02 5.15
BC3 1.120 51.800 7.258 46,25 7.14
BD1 5.680 53.920 7.234 9.49 7.45
BD2 3.280 43.600 7.137 13.29 6.11
BD3 4.600 41.600 7.165 9.04 5.81

5. Conclusion

The toughness, ductility, crack propagation, cracking pattern, theoretical and
experimental loads and deflections of control and polyethylene fibre reinforced concrete were
investigated. Twelve concrete beams measuring 150x200x2500mm were tested undera two-
point symmetrical loading system using a Universal Test Frame at a constant load increments
of 2kN and measurements were taken of the load, mid span deflection, crack width and
spacing at each of the load increment. Post crack flexural toughness indices were obtained
from load-deflection curves as per the procedure outlined in ASTM C1018. Areas under the
load-deflection curve were obtained by trendline analysis and curve fitting methods using the
EXCEL solver tool pack:

The experimental failure loads for the beams averaged 114% of the theoretical failure
loads and was generally governed by the yielding of the tension steel followed by the
crushing.of concrete in compression. The 1.0% fibre concrete beamspossessedthe highest
energy. absorption capacity averaging 4.79, 11.16, and 51.27 at Is, l1o, and Iz respectively.
The control-specimen exhibited little deflection, averaging 31.7mm and therefore very low
ductility prior to collapse compared to the fibre reinforced concrete specimen which averaged
40.1mm, 41.5mm, and 46.4mm for 0.25%, 0.50%, and 1.0% fibre reinforced concrete
respectively. At failure the fibre concrete produced more cracks which were closely spaced

with visibly smaller crack widths compared to the control beams.
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