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Abstract

The influences of fibres originating from different waste materials on the fresh and hardened properties of self-compacting
concrete (SCC) were investigated in this study. For this purpose, a total number of 13 mixes of wood (WF), polyvinyl
chloride (PF), aluminium (AF), and iron filing (IF) fibres, with volume fractions (V) of 0.5%, 1.0%, and 1.5% were prepared.
The investigated fresh properties of the prepared mixes were slump flow, 7’599, V-funnel as well as L-box tests, while the
hardened properties were compressive strength, flexural strength, and ultrasonic pulse velocity (UPV). The findings indicated
that although the majority of the prepared SCC mixes met the required self-compacting criteria, the inclusion of the waste
fibres negatively affected the mix workability, particularly when V¢ of 1.5% was used. Regarding the hardened properties,
SCC mixes-containing IF exhibited a slight increase in both compressive and flexural strength compared with the reference
mix without fibres, whereas mixes with AF fibres demonstrated a noticeable decrease in compressive strength, but with a
comparable level of flexural strength. However, the flexural strength of WF and PF decreased as their V¢ increased in the SCC
mixes, although a slight increase in compressive strength was noted in the mixes with PF. Furthermore, there was no reliable

relationship to be constructed between the compressive strength and UPV tests for all fibres used.

Keywords Self-compacting concrete (SCC) - Waste materials - Fibres - Sustainable concrete - Ultrasonic pulse velocity

1 Introduction

The increasing demand for reinforced concrete structures in
modern cities and the consequential requirements of aspi-
rational structural design ideas have posed the need for
revolutionary innovation in concrete construction. For this
reason, the concrete industry has successfully developed
an immense improvement with the introduction of self-
compacting concrete (SCC). It is a suspension of liquid
particles that consolidates itself by means of its own weight
and has excellent applicability for structural members, even
with the presence of geometrically complicated and highly
congested reinforcement [1, 2]. SCC, which has gained
tremendous interest since the beginning of its production,
offers an improvement in concrete construction methods by
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ensuring good structural performance, improving working
conditions and shortening construction time. Nevertheless,
because it requires a comparatively large quantity of cement
paste and fine material with a low volume of coarse aggre-
gate, SCC has relatively low strain capacity when subjected
to tensile stresses. This feature raises significant concern
among researchers that requires to be considered [3]. In this
respect, the addition of fibres could be a promising aid in
improving SCC performance regarding its brittleness and
poor resistance to crack growth [4]. This comes from the
viewpoint of controlling or preventing crack initiation and
propagation and/or coalescence of cracks in concrete mem-
bers when discrete fibres are used [5]. Numerous studies have
thoroughly highlighted the fresh and hardened properties of
fibre-reinforced concrete in SCC and normal vibrated con-
crete (NVC) [6-13]. In these studies, considerable attention
has been paid to the use of artificial fibre (e.g. steel and car-
bon fibres) which is the most common type of fibre used in
cement-based products. Based on their volume fraction, type,
and shape, fibres can generally enhance the overall hardened
properties of concrete, on one hand, and affect negatively
the mix workability on the other [4, 5]. The negative effect
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on the latter property can be attributed to the generation of
internal friction between the fibres and the concrete matrix
[14]. As reported by Behnood et. al. [13], the role of steel
fibre in concrete was found to significantly enhance its ten-
sile strength, but slightly decrease the compressive strength.
A similar tendency was also reported by other researchers
[9, 10]. It is worth noting that the inclusion of fibre in differ-
ent types and volume fractions improves the SCC hardened
performance in much the same manner as in NVC [4]. How-
ever, due to its large surface area and elongated shape, fibre
significantly reduces the flowability of fresh fibre-reinforced
SCC (FRSCC) mixes. Owing to its functional requirements
(flowability, stability, and passing ability), the volume frac-
tions in SCC have to be limited in order to attain minimum
workability [4]. This depends highly on the fibre type and
amount used and the SCC mix ingredients [5].

Rather than using conventional fibres, the use of waste
fibres in concrete could contribute to successful solutions for
the environment-friendly disposal of these waste materials
and to reducing demand for and dependence on conventional
fibres. Although several researchers have reported the influ-
ences of using fibres from waste materials on the properties
of NVC in its fresh and hardened states, knowledge of such
influences on SCC properties is still limited. The fresh prop-
erties of SCC-containing fibres from waste plastic bottles,
rubber tires, and alloy cans were investigated by As’ad et al.
[15]. The results stated that the presence of fibre affects neg-
atively the SCC flowability for all produced mixes. These
negative effects could be aggravated when fibres are sourced
from stiff materials such as alloy cans compared to rubber tire
fibres. This indicates that the type and amount of fibres influ-
ence the fresh characteristics of SCC considerably. Similar
results were observed by Al-Hadithi and Hilal [16] who used
plastic bottles as waste fibres with a wide range of volume
fractions. They also found that adding such fibres enhances
the compressive and tensile strength of concrete mixes. How-
ever, Ghernouti et al. [17] proved experimentally that fibres
from waste plastic bags showed no significant effect on the
characteristics of SCC. This has led to the conclusion that
the original materials of the fibres might have played a sub-
stantial role in SCC performance. The inclusion of recycled
glass fibre in SCC was studied by Mastali et al. [18]. The
results showed that there was an enhancement in the impact
resistance of SCC compared with the control mix. Following
on from these, further investigations are needed into the role
of fibres from other sources of waste materials on the fresh
and hardened properties of SCC, since this issue is still an
open field of research.

The goal of this research is to explore the impact of incor-
porating fibres from four different locally available waste
materials, namely wood, polyvinyl chloride, aluminium, and
iron filings on the characteristics of SCC. Three different
fibre volume fractions were used at 0.5%, 1.0%, and 1.5%
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by mix volume. An average 28-day compressive strength
of concrete was chosen as 50 MPa. In this experimental
work, thirteen different SCC mixes (1 control + 12 fibre
reinforced) were prepared. Fresh properties including slump
flow, T'509, L-box, and V—funnel tests were comprehensively
investigated. For hardened properties, compressive strength,
flexural strength as well as ultrasonic pulse velocity of the
prepared SCC specimens were determined in this study.

2 Experimental Program
2.1 Materials

Locally produced type I Portland cement following the
requirements of ASTMC150/C150M-15 [19] was used. The
coarse aggregate used was rounded gravel of 10 mm max-
imum size and 2.64 specific gravity. Natural sand of 2.60
specific gravity was used. Both the fine and coarse aggre-
gates were performed in accordance with ASTMC136M-14
[20]. Limestone powder having 2.52 specific gravity was
also used in the preparing of SCC mixes. Admixture, com-
mercially known as RHEOBUILD®600 was added as a
superplasticiser (high-range water reducer (HRWR) meet-
ing the requirements of ASTMC494-13 type D and G [21].
Four types of fibres from different waste materials were used.
These are as follows: wood (WF), polyvinyl chloride (PF),
aluminium fibre (AF), and iron fillings (IF). The specifica-
tions of the fibres used are given in Table 1. To achieve the
goal of this study, thirteen different SCC mixes (including the
reference mix, RM, with zero fibre content) were cast. The
prepared mixes incorporated different fibre ratios of 0.5%,
1.0%, and 1.5% by volume of the total mix. This range of
fibre volume fractions was also recommended by Yazic1 et.
al.[22]. In general, the most appropriate fibre volume fraction
for NVC mixes is between 0.5 and 2.5% by mix volume [23,
24]. However, the volume fraction of fibre in SCC needs to
be limited as much as possible since its fresh state is char-
acterised by high deformability, particularly in areas with
complex shapes and congested reinforcement [4].

2.2 Mix Proportioning

The SCC ingredients of the control mix (RM), given in Table
2, have been selected following the simple and rational mix
design method proposed in [25, 26]. This method is valid
for wide ranges of strengths (i.e. w/c) and mix viscosities.
To simplify the SCC mix design, practical guidelines in the
form of design charts were constructed in this method. It
bears mentioning that several mix design methods have been
proposed based on various principles (e.g. packing, statisti-
cal, empirical) [1]. Although these methods can be used to
design many SCC mixes and reduce the number of trial mixes
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Table 1 Properties of used fibres

Polyvinylchloride ~ Aluminium Tron

PF AF IF

3.0-5.0 3.0-5.0 3.0-5.0
Rectangular Rectangular Rectangular
15-25 15-25 15-25

Limestone powder Fine aggregate Coarse aggregate

Shape
Name of fibre Wood
Designation WF
Aspect ratio 2.5-4.0
(length/dia.)

Cross section Rectangular
Length (mm) 10-15

Table 2 Constituents of the

prepared mixes, (kg/m3) Cement Water HRWR
470 175 14

105 740 860

needed, they do not provide design charts to aid in the selec-
tion of the most suitable mix ingredients. In addition, they do
not explicitly impose the compressive strength (i.e. w/c) as
a design parameter. The mix design method adopted in this
research was constructed based on two parameters, the mix
water to cement (w/c) ratio and its viscosity. For the control
mix (RM), the w/c was chosen to be 0.37, whereas the vis-
cosity was selected to be about 11 Pa s in order to give a T'509
of about 2 s.[25]. Here, EFNARC [27] can help the designer
to select the appropriate T'500. With respect to EFNARC [27],
Assaad [28] has also established a good relationship between
the T'sop and mix viscosity. The selected value of the control
mix viscosity (11 Pa s, which is considered relatively low
and gives more flowable fresh concrete) could be a good
starting value. In this regard, it is essential to mention that
the base mix (i.e. reference SCC mix without fibres) has to be
more fluid since the addition of fibres increases its viscosity,
leading to a thickened SCC mix [4]. In such a mix, too much
frictional contact would be generated between cement matrix
and fibres, resulting in extremely limited deformability and
passing ability [14].

2.3 Mixing and Testing Method
2.3.1 Fresh Properties

The mixing guidelines given by Tviksta [29] were adopted
to produce SCC using a laboratory mixer. The sand with a
third of the total water quantity was mixed firstly for about
1 min. Then, the binder (cement + limestone) were added
with another 1/3 of the water plus 1/3 of HRWR and mixed
for 30 s. Following that, half of the coarse aggregate and the
last third of water with 1/3 of HRWR were poured and mixed
for another 30 s. After that, the remaining half of the coarse

aggregate with the remaining part of HRWR quantity were
poured to the mix and the process took about 1 min. In the last
step, the fibres were added gradually to the mix and mixed for
2 min. After conducting trial mixes, the HRWR dosage of the
control mix was selected to be 3% by cement weight in order
to maintain the slump flow at 660-750 mm, which satisfies
class SF2 requirements, as per EFNARC [27]. Consequently,
HRWR was then kept constant for all fibre-reinforced SCC
mixes.

The fresh properties of FRSCC mixes using slump cone
flow, T'500, V-funnel, and L-box were tested immediately
after completing mixing process (Fig. 1), following the
EFNARC guidelines [27]. For the flow spread and T 5 tests,
an Abram’s cone was placed on the smooth steel plate. After
the cone was filled with SCC mix, it was lifted and the time
for the mix to reach a 500 mm diameter was recorded. The
flow spread diameter value when the flow stopped was regis-
tered. It was represented by the average of the maximum two
perpendicular diameters of the mix circle. To check the filling
ability of FRSCC mixes, the V-funnel apparatus was used. A
slide gate at the funnel bottom was provided allowing SCC
to be released after filling. The time (s) required for the fresh
SCC to discharge from the V-funnel was recorded. To eval-
uate the ability of FRSCC to fill formwork with reinforcing
bars without compaction, an L- shape box with adjustable
bars (2¢12) was used [27]. The vertical leg of the L-box was
poured with fresh SCC. Thereafter, the gate situated at the
bottom of the apparatus leg was lifted allowing the concrete
to flow into the horizontal portion of the box. The ratio of
the depth of concrete in the horizontal section of the box to
the depth of concrete in the vertical section (behind the gate)
was determined.

@ Springer



4362

Arabian Journal for Science and Engineering (2020) 45:4359-4367

Fig. 1 Fresh SCC tests: a slump
flow and T'sq9, b V-Funnel,
¢ L-Box

2.3.2 Hardened Properties

In this study, the hardened concrete properties investigated
were compressive strength, flexural strength, and ultrasonic
pulse velocity (UPV). From an engineering perspective, com-
pressive and tensile strength remain the most vital parameters
in the design of hardened concrete structures [13]. As stated
by Behnood et. al. [13], normally, concrete members are not
designed to resist tensile forces, and nevertheless, this mate-
rial property cannot be overlooked since it gives an overall
level of failure load under which crack initiation takes place.
On the other hand, the UPV test, in certain applications, is
an important test that provides an estimation of the quality of
the concrete structure. To perform tests on these properties as
part of the current research, thirteen FRSCC mixes were pre-
pared. For each mix, 150 mm cubes were used to investigate
the compressive strength and UPV (direct method) tests. Fur-
thermore, the flexural strength test was conducted on 100 x
100 x 500 mm prisms. The specimens were placed in water
tank for 28 days. B.S.1881: Part 116 [30] was followed for the
compressive strength test, while flexural strength tests were
performed according to ASTMC293-02 [31]. The mean of
three specimens of each mix was recorded.

3 Results and Discussions
3.1 Fresh Properties
To be classified as SCC, concrete must have certain vital fea-

tures: filling ability, or excellent deformability, and ability to
pass through reinforcement without blocking. In this regard,
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the slump flow test was adopted to evaluate the filling ability
of SCC with the absence of any obstacles. A higher diameter
of slump flow in concrete mix indicates a greater ability to fill
the formworks. Figure 2 illustrates the results of slump tests
on all prepared FRSCC mixes. The inclusion of fibres in the
SCC mixes resulted in lower slump flow than in the control
mix. With a constant HRWR dosage, increasing the percent-
age of fibres decreased the slump flow diameter, irrespective
of the fibre type used. Among all the types of fibres used,
mixes with PF fibres were the most affected by increased
fibres percentages. As shown in Fig. 2, when V¢ increased
from 0.5 to 1.5%, the slump flow spread decreased from 702
to 675 mm for IF, 660 to 602 mm for AF, 700 to 590 mm for
PF, and 711 to 688 mm for WE. A similar tendency has also
been observed by other researchers [15—17]. This behaviour
was perhaps due to the higher internal friction between the
fibres added and the SCC matrix [14].

The T'500 was performed throughout the slump test. It is
the time required for the mix to spread to a 500 mm diameter.
It gives an indication of the filling ability, stability, and vis-
cosity of the concrete. A lower T'sqg, time refers to a greater
flowability. Figure 3 illustrates the T'5p test results for the
tested SCC mixes, which were in the range of 4-11 s. These
values seems to be dominated by the fibre types and their vol-
ume fractions in the mix. Increasing the percentage of fibre
led to an increase in T'509. Such behaviour could be related
to more interlocking and friction occurring, which in turn
increases the mix viscosity [27]. These observations are in
agreement with other studies [15, 16].

The V-funnel test was adopted to evaluate the flowabil-
ity, stability, and viscosity of concrete through a narrow
opening. It is the time needed for concrete to drift out of
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the funnel. A shorter time indicates good flowability of a
fresh mix. The results of the V-funnel tests are illustrated in
Fig. 4. As expected, the V-funnel value increases as fibres are
included and it further increases as more fibre is used, irre-
spective of the fibre type, although greater V-Funnel times
were more obvious in SCC with PF fibres. The reason behind
this behaviour is due to the influence of fibres on the worka-
bility of SCC: they influence (increase) the viscosity of mix,
because they interlock with the aggregates. The test results
show that V-funnel times were 7-12 s, 10-12 s, 6-14, and
7-13 s for mixes with IF, AF, PF, and WF fibres, respectively.

The relationship between T'sop and V-funnel test results
for the investigated fresh SCC is shown in Fig. 5. As
per ENFARC guidelines [27], SCC can be considered as
VS1/VF1 class when T'sgp and V-funnel times are not more
than 2 and 8 s, respectively. However, when 7509 becomes
more than 2 s and V-funnel times are 9 to 25 s, SCC can be
classified as VS2/VF2. Itis clear from Fig. 5 that the majority
of the mixes produced (9 of 12 mixes) lie in the VS2/VF2
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Fig.5 Tsgp versus V-funnel time test results

class, which is appropriate for constructing walls, columns,
and ramps [27]. However, mixes with 0.5% of IF, PF, and WF,
demonstrating V-funnel times of 6 s, 7 s, and 6 s respectively,
were out of this class.

Figure 6 demonstrates the blocking ratio of L-box test
results performed in this investigation. It can be seen that
the largest ratios were registered for mixes with 0.5% fibres
among all the types used. The blocking ratio reduced when
the fibres content of the mixes was increased (Fig. 6). This
trend has been confirmed previously for other types of fibres
in SCC [15-18] and in NVC [6-8]. Taking into account that
the acceptance limit of SCC blocking ratio is no less than
0.8 [27], it is clear (Fig. 5) that most of the tested mixes are
acceptable for SCC. However, mixes with 1.0% and 1.5%
WF and the mix with 1.5% AF did not satisfy the blocking
ratio acceptance limit. As mentioned earlier, interlocking and
friction occurring with the addition of more fibre could be
the reason for such unsatisfactorily blocking ratios.
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1 Table 3 Statistical evaluation results summary
[@0.50% H1% B1.50% Group  (SS) @) F P-value F.
091 ] Compressive strength (different volume fraction of
fibre)
= 0.8 % 0.5% 1432.77 4 42.52 3.02E—-06 3.47
E ’ 1.0% 598.00 4 13.11 0.000547 3.47
1.5% 426.67 4 23.59 4.45E—-05 3.47
0.7 1 Compressive strength (different type of fibre)
IF 164.97 3 7.97 0.0086 4.07
AF 367.95 3 37.75 0.00 4.07
06 7 : PF 112229 3 48.65 0.00 4,07
RM AF WF
WF 385.54 3 8.96 0.01 4.07
Type of fibre i
Flexural strength (different volume fraction of fibre)
Fig.6 L-Box test results 0.5% 4.25 4 127.06 3.2E-05 5.20
1.0% 5.56 4 285.83 4.3E—-06 5.20
3.2 Hard dPp ti 1.5% 5.32 4 18.98 0.00317 5.20
) ardened Froperties Flexural strength (different type of fibre)
L . IF 4.34 3 166.91 0.00012 6.60
3.2.1 Statistical Analysis
AF 2.70 3 12.58 0.01665 6.60
. . PF 3.02 3 627.11 8.4E—06 6.60
The compressive and flexural strengths results in concrete
. WF 535 3 117.54 0.00024 6.60
tests depend on many factors such as material features and
mixing and casting processes. When fibre is used in con-
crete, it is difficult to control the quantity and the distribution Table 4 Hardened properties test results
of fibres in an individual specimen. Therefore, it is essen- Mix designation  feu (MPa) COV%  f: (MPa) COV %
tial to use statistical methods for proper analysis to evaluate
the variance of the data for each mix before analysing the =~ RM 50.9 4.2 4.1 39
test results. The statistical analysis gives a measure of how ~ WFO0.5 50.8 3.1 3.1 4.9
the data distributes itself about the mean, and the difference =~ WF1.0 48.0 5.2 2.8 5.3
between the prepared mixes, as well as showing the signif- ~ WFL5 44.4 7.0 2.7 6.0
icance of the parameters affecting compressive and flexural ~ PF0.5 57.4 5.1 3.1 5.6
strength. For this purpose, ANOVA single factor (with con-  PFI1.0 53.8 4.0 33 6.5
fidence interval equal to 95%) was performed. This analysis ~ PF1.5 47.4 6.3 3.8 6.9
adopted null hypothesis which suggested that there is no vari- AFO0.5 37.9 4.5 3.7 43
ance between the means (the effect of fibres is not significant). AF1.0 36.3 5.9 4.1 6.4
The results of this analysis are presented in Table 3. It is AF1.5 35.0 6.4 4.2 6.7
shown that the calculated F value is higher than the critical  [gg 5 513 38 2.9 45
value (Fc) of this function for all mixes, which means that g o 513 3.1 47 4.6
the hypothesis must be rejected, i.e. when using fibre in all gy 5 48.0 5.4 42 6.1

mixes, there is a significant effect on strengths.

3.2.2 Compressive Strength

The test results of SCC hardened properties are illustrated
in Table 4. Each of the four fibre types, WF, PF, AF, and IF,
was designated for V¢ of 0.5%, 1.0%, and 1.5% by volume,
so wood fibre, for instance is listed as WFO0.5, WF1.0, and
WF1.5. Compared with the control mix (RM), a slight gain
in compressive strength was observed when IF was increased
to 1% V¢. When V¢ is 1.5%, compressive strength decreased
by about 6%. This tendency is likely to be due to the concrete
matrix including voids and micro-cracks in different shapes

S @ Springer

and sizes adjacent to the coarse aggregate in the transition
zone. With the inclusion of fibres in this kind of material,
the failure mode under compression is very complicated and
varies with the content and the shape of fibres used. For PF, an
increase in compressive strength of 13% and 6% was noted
with V¢ of 0.5% and 1%, respectively. However, a reduction
of about 7% in compressive strength occurred when V¢ of
1.5% was used. Likewise, with conventional fibres, there is
an optimum V¢ of waste fibres in which a highest strength can
be achieved. As reported previously [16—18, 32, 33], the opti-
mum V¢ varies depending on the type of fibre, its shape, and
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Fig.7 Gas formation in AF mix

the aspect ratio. Up to a certain fibre volume fraction (i.e. the
optimum), the strength increases because of the capability of
fibre to restrain tensile cracks when they develop in concrete.
Beyond the optimum V7, the strength reduction might have
been related to a lake of homogeneity in the fibre spread or
the formation of weak zones, as a high quantity of fibre is
used [34].

With the addition of AF, the compressive strength reduced
for all V¢ used compared with the reference mixes. This
reduction was approximately 25%, 29%, and 31% for V¢ of
0.5%, 1%, and 1.5%, respectively. This inferior compressive
strength might be justified by the fact that the AF has the abil-
ity to react chemically with calcium hydroxyl (produced due
to the hydration process of cement), and this reaction (equa-
tion below) induces gas formation, thus, negatively affecting
the strength of the tested specimens [35, 36].

2Al +3Ca(0OH), — 3(Ca0) - Al,O5 + 3H,

Figure 7 shows the observation of gas formation (stated
above) within a few minutes after placing the SCC mixes with
AF in the moulds. The findings also showed that in spite of
no significant effect when 0.5% V¢ was added to SCC, incor-
porating 1% and 1.5% of WF adversely affected compressive
strength by about 6% and 13% respectively, compared with
the RM mix

3.2.3 Flexural Strength

The results presented in Table 4 reveal the effect of different
fibres used in a range of V¢ on the 28-day flexural strength of
SCC. Among the four fibre types examined, the best type was
IF as flexural strength increased when its V¢ was increased, up
to 1%, in the SCC mixes. The optimum V¢ was 1% at which
strength improved by 15% compared with the control mix.

This improvement could be explained by the capability of the
fibre to arrest crack propagation in the SCC matrix. However,
increasing V¢ above 1% led to areduction in flexural strength.
This might be due to more blocking and interactions between
the fibres and coarse aggregate with the cement matrix lead-
ing to the more voids and inhomogeneity in the concrete
microstructure to occur. Similar results were also recorded
with different waste and conventional fibres [16, 34, 37].

For PF and AF fibres, the flexural strength values
decreased by 24% and 10%, respectively, when fibre of 0.5%
V¢ was used. For V¢ of 1.0% and 1.5%, the flexural strength
values of SCC mixes with PF decreased less but were still
lower than the reference mix (0% V). On the other hand, the
flexural strength values of SCC mixes with 1.0% and 1.5%
AF were somewhat comparable to that of the reference mix.
Observing the influence of WF on SCC flexural strength, it
was found that it decreased for all Vy ratios used and that
decrease was more pronounced in the mix with 1.5% com-
pared to the reference mix. The brittle nature of WF plays
a major role in the deterioration of flexural strength of SCC
mixes for all V¢ added.

It is interesting to note that the utilisation of the investi-
gated waste fibres in NVC as well as in SCC mixes could be
an option for an effective and sustainable solution regarding
the disposal of these wastes. In SCC mixes, which possess
inferior fracture energy, and consequently different crack-
ing behaviour compared to NVC [3, 38], promising results,
at least in terms of flexural strength, were expected when
these types of fibres were incorporated. However, it is unfor-
tunate that in light of the findings of this study, this seems
not to be the case generally with the fibres we investigated,
and the exception being SCC mixes with IF. The reason for
that might be due to the following two factors. Firstly, the
aspect ratio of the prepared fibres was between 2.5 and 5.
These values may not provide sufficient bridging to arrest
crack initiation and propagation in the concrete matrix. This
issue might have been tackled if the waste fibres were pre-
pared with higher aspect ratios than those used in the present
study. However, that might aggravate the mix workability
and so HRWR dosages would have to be added accordingly.
Consequently, the addition of more than 1% V; of waste
fibres could not be recommended as the fresh properties may
not satisfy the SCC requirements. For instance, 7509 and V-
Funnel times might increase far beyond VS2/FS2 class that
is recommended by EFNARC [27], even with the addition
of a higher HRWR dosage. Secondly, the HRWR dosage for
all prepared mixes was kept constant in the present study.
Although the majority of the investigated SCC mixes satis-
fied the SF2 class (i.e. slump flow range of 660-750 mm), the
presence of fibres negatively affected their fresh workability,
particularly when more than 1% V¢ was used (see Fig. 2),
and therefore, less homogenous and more inconsistent fibres
distribution could occur in the mix. This may have negative
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consequences on the hardened properties of the tested mixes.
The latter conclusion can be ascertained by (1) increases in
the coefficient of variation (COV) in both compressive and
tensile strength when V¢ was increased, irrespective of the
type of fibre used (Table 4), and (2) inconsistent results in
terms of flexural strength with increasing V¢ in some SCC
mixes, as clearly seen in Table 4.

3.2.4 Ultrasonic Pulse Velocity

The results of UPV indicated that all mixes with waste fibre,
except the 1% WF mix, had slightly lower UPV compared
to the control mix (Fig. 8). The UPV values dropped as the
fibre content increased, as they were mainly affected by the
voids and V¢ in the mix. When comparing the compressive
strength test results and UPV, it can be noticed that there is no
clear correlation between them, which has been concluded
previously by Al-Hadithi and Hila [16]. In fibre-reinforced
concrete, UPV could be affected not only by the amount of the
existing voids but also by the properties of the raw materials
of the fibre used.

4 Conclusions

Based on the results achieved from the experimental work,
the following conclusions can be drawn.

1. The slump flow of the fresh SCC mixes, at a constant
SP dosage, dropped with increases in the fibre content,
regardless of the fibre type used, although mixes with
polyvinyl chloride fibres were the most affected when
fibres contents increased.

@ Springer

2. The Tsopp and V-funnel times lengthened as amounts of
waste fibre used increased. The majority of the mixes
produced can be classified as VS2/VF2 class.

3. SCC mixes with iron fibres showed a slight increase
in their compressive and flexural strengths, compared
with the control mix, whereas mixes with aluminium
fibres revealed a noticeable decrease in their compres-
sive strengths, but comparable flexural strengths.

4. Based on the adopted fibre properties (e.g. fibre shape
and aspect ratio) in this study, there was no advantage to
be gained using WF and PF, as far as the flexural strength
test results are concerned.

5. Regarding the ultrasonic pulse velocity test, there was no
reliable relationship to be drawn with either compressive
or flexural strength of the tested specimens.

6. It would be advisable to investigate other fibre properties
such as shape, aspect ratio, and volume fraction to pro-
vide a clearer picture about the role of the investigated
waste fibres in the fresh and hardened properties of SCC.
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