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ABSTRACT

This research investigated about the effectiveness of waste aluminum results from waste cans
of gassy drink, as fibers in concrete. strengths, load-deflection behavior under flexural load and
impact resistance under low velocity repeated impact load were investigated. Two length of
fibers were examined 40 mm and 20 mm for 0%, 0.5%, 0.75% and 1% fibers content. Results
showed that compressive strength has inconsiderable affected by adding fibers while splitting
tensile strength, modulus of rupture and impact resistance for concrete incorporating aluminum
fibers especially for 0.75% and 4-mm fibers have clear improvement. Compared to experimental
results, ACI equation underestimated the tensile strength of fiber concrete. Load —deflection of
beam with fibers showed a more ductile behavior at failure under flexural load compared to
reference one. Bond strength improved by adding aluminum fibers. Slabs that incorporating
aluminum fibers showed a higher energy absorbed, less deflection and smaller cracks width at
failure than the one without fibers under impact loads. From results, one can see that mixes with
0.75% fibers showed a best performance compared with other mixes. Finally, the 40 mm fiber
was more effective in improvement in concrete resistance than 20 mm fiber length.

KEYWORDS: Aluminum fiber; bond strength; impact resistance; energy capacity; load-deflection behavior

1. INTRODUCTION

ibers Reinforced Concrete (FRC) is a
Fconcrete containing fibrous material,
which increases its structural integrity. FRC can
be utilized in order to control cracks
propagations due to plastic and drying shrinkage.
Some types also improved abrasion—, impact—,
and shatter—resistance of FRC. In the last few
years researches about using fibers which are
produced from waste material like PET plastic
[Fraternalia 2011, Pelisser 2012, Hama 2017,
Aziz et al 2018, Silva and Prasanthan 2019, Aziz
et al 2019], metallic plastic [Ankur et al 2017,
Bhogayata and Arora 2018], steel wire from
waste car tire are increased [Hama 2015]...etc.
In addition, fibers can produced from waste

aluminum metallic cans of gassy drink. Some
researchers studied the effect of this kind of
fibers; they found an clear improvement in
splitting and flexural strength but slightly
improving in compressive strength [Murali 2012,
Behera and Behera 2015, Suji et al 2017].
Another research investigated about the
optimum content of wasted soft drink can which
can be add as fiber in lightweight concrete.
They found that 15% volume fraction of this
type of fiber [Indradi 2019]. Behera et al [2018]
used a small volume fraction of this type of
fibers; 0.1%, 0.2%, 0.3%, and 0.4%. He found
an increase in compressive strength for 0.3%
with improving in both splitting and flexural
strength. However, slump and absorption
decreased with increasing of fibers content.
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From researches above, one can see that most
of these researches are about mechanical
properties; compressive, splitting and flexural
strength and it is hard to find effect of this type
of waste fibers (aluminum fibers) on impact,
bond strength and load deflection behavior of
concrete. Then the primary objective of present
research is to evaluate influence of waste
aluminum fibers on the bond strength, impact
resistance and energy absorbing capacity of
reinforced concrete. Besides load deflection
behavior under bending, compressive, splitting

and tensile strengths were investigated.

2. MATERIAL, MIX PROPORTIONS AND
TESTS

Ordinary cement type | was used with sand as
fine aggregate and gravel as coarse aggregate
those material are satisfied Iraqi specification No.
5 and 45 respectively. Gassy drink cans were
collected and shredded to slides to be used as
fibers with 20 and 40 mm length, 2 mm width
and 0.25 mm thickness, see Figure 1.

Figure 1. Waste aluminum fibers

The mix proportions details are illustrated in
Table 1. Water cement ratio was variable in order

Compressive, splitting strengths and modulus of
rupture were made according to ASTM C39,

to keep the slump constant 75t5mm. ASTM C496 and ASTM C78 respectively.
Table (1): Mix proportion details
No. Sample Cement Sand kg/m3 Gravel Water Dimension of Aluminium fibre
kg/m? kg/m® kg/m® fibres (Lengthx (volume
widthx thickness) percentage%)
mm

1 R 350 700 1225 147 - 0%

2 FL40PO0.5 350 700 1225 148 40%2x0.25 0.5%

3 FL40PO0.75 350 700 1225 150.5 40%x2x0.25 0.75%

4 FL40P1 350 700 1225 154 40%2x0.25 1%

5 FL20PO0.5 350 700 1225 147 20%x2x0.25 0.5%

6 FL20PO0.75 350 700 1225 149.5 20%x2x0.25 0.75%

7 FL20P 1 350 700 1225 150 20x2x0.25 1%
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While impact resistance was evaluated using
seven 500x500x50mm two-way concrete slabs

as shown in Figure 1. Slabs were reinforced with
smooth steel bars of ® 6 mm spaced 100 mm in
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both directions. The impact load was applied
using impact frame shown in Figure 2, which
consists of a very rigid steel frame. The main
supports of slabs were made from 60x60x5
L-section. Impact load was applied by iron steel

5® 6@ 100 mm

5® 6 @ 100 mm

ball of 96 mm diameter and 4.5 kg weight,
which is falling through guiding steel tube of
diameter 110 mm located at the center of slab,
see Figure 3.

5mm

/

50 I /\\ ,

[] []

mm

|<——— 500 mm

%Smm

Figure 2. Slabs reinforcement details

Bond strength between steel reinforcement
and  surrounding  concrete  incorporating
aluminum fibers was evaluating using pull-out
test. The specimens were prepared according to

Plastic tube AN~
@ 10 steel reinforcin /
100

RILEM RC6. @ 10 mm steel bar embedded in
100100100 mm concrete specimens were
used, see Figure 3.

(Active end of rebar)

. —_
Concrete specimen — i/

100 mm embedment depth

Passive end of reb\ |

50 mm

100 mm
|

“1

Fig. (3): Dimensions and details of specimen for pullout test

3. RESULTS AND DISCUSSIONS

3.1 Compressive and splitting tensile strength

Cylinder specimens of 150 mm diameter and
300 mm height were used for compressive
strength evaluation by subjected to axial
compression load at constant rate of loading
about 14 MPa/min until the failure of cylinder
specimen. Test results are shown in Table 2. It
can see that compressive strength are slightly
influenced by fiber added for both fiber length

up to 0.75 % while a slight reduction was notice
at 1% waste aluminum fibers. A more ductile
failure was notice for all specimens
incorporating fibers.

For splitting tensile strength evaluation,
cylinder specimens of 100 mm diameter and 200
mm height were used and subjected to
compression to measure the effect of fiber on
indirect tensile strength (see Figure 4). Results
show an improvement in splitting tensile
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strength especially for 0.75%, 40 mm fibers,
which was 29.56%, compared to the reference as
shown in Table 2 and Figure 5. Any increased in
strength after first crack is due to subsequent
multiple cracking because of fibers bridging

action result in loading transfer to other
sections instead of localizing at single crack
[Rathod 2014]. Long length fibers were
exhibited an excellent cracks resistance and
reduced micro cracks propagations.

Table (2): Compressive and splitting strengths results

No. Sample Compressive Experimental Percentages of Predicted by Experimental/
strength MPa Splitting tensile increasing % ACI equation predicted
strength MPa 0.56./f’c [13]
1 R 25 2.74 - 2.8 0.98
2 FL40P0.5 25.8 2.92 6.57% 2.84 1.03
3 FL40PO0.75 24 3.45 26% 2.74 1.25
4 FL40P1 22.5 3.15 15% 2.66 1.18
5 FL20PO0.5 26 2.85 4% 2.86 0.99
6 FL20PO0.75 24 3.08 12.4% 2.74 1.12
7 FL20P 1 22.2 2.98 8.76% 2.64 1.13

Where; R=reference mix; F=fiber; L=length of fiber; P= percentage of fibers

Compressive strength, MPa

Fig. (4): Specimens for splitting tensile strength evaluation

26.5 1
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Fig. (5): Compressive strength vs. aluminum content and length
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Table 2 shows a variation between the
experimental results and the values rely on
equation suggested by ACI code for specimens
with waste aluminum fibers especially for fibers
content equal and greater than 0.75% 40 mm
length fibers. While the experimental results for
reference mix and 0.5% 20 mm length fibers is

3.5 -
¢ 33 -
é 3.1
£
o
g 2.9 -
£
g 27 - .
&
2.5 - . ,
0 0.5 0.75
Fiber%

similar to values calculated by ACI equation, see
Figure 6. The ACI equation dependent on
compressive strength but fibers slightly affected
compressive strength compared to tensile one
then ACI equation underestimated the tensile
strength of fiber concrete.

B 40 mm fiber-Experimental
B 20 mmfiber-Experimental
¥ 40 mm fiber-predicted value

20 mm fiber-predicted

Fig. (6): Experimental splitting tensile strength vs. predicted splitting tensile strength by ACI equation

3.2 Load-deflection and modulus of rupture
Plain concrete prisms of
100mm*100mm*500mm dimensions were cast
and subjected to four-point loading system, see
Figure 7. The flexural response of specimen due
to the concentrated load at the center was
obtained by recording deflection  with
corresponding load at the mid-span of the prism
as shown in Figures 9. Results were represented

as flexural strength versus deflection. At a
constant rate of loading the loading and,

deformation were measured until the final failure
of the specimen.

Fig. (7): Specimens for load—deflection and modulus of rupture evaluation test
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Load, N
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From load deflection curves, it is a clear that
the behavior of plain specimens without fibers is
very brittle and the failure suddenly happened
after small deflection. While adding fibers
transfers the behavior from brittle one to more
ductile and the failure happened gradually. The
0.75 % fibers with 40 mm length give the more
ductile behavior. Flexural strength to deflection
relationships are shown in Figure 8. Regardless
of length of fibers, concrete containing
aluminum fibers demonstrated an increased in
modulus of rupture with increased fibers content.
At 0.75% and 1% fibers, the specimens failed at

4000 -
3500 -
3000 -
2500 - o
2000 - ,4”"/”

1500 -|
1000 -

a)

0.5% ALFs
0.75% ALFs

0% ALFs

o
—e— 1%ALFs
500 1 ‘,,cf”’ ’
”
0oe : : :
0 1 2 3

Deflection, mm

larger loads and smaller deflection compared to
reference one. While concrete containing 0.5 %
fibers showed a gradual increase in the
deformation capacity for a given load and its
behavior closed to reference one. Reference
specimens failed without warning due to
brittleness nature of concrete that led to low
flexural strength. Increasing in modulus of
rupture due to adding fibers because fibers
ability to restrict the formation, widening and
propagation of cracks and a ductile behavior will
be observed because of bridging action of fibers
across the cracks [Jhatial et al 2018].

4000 + b)

0 - T T T 1
0 1 2 3 4

Deflection, mm

Fig. (8): Flexural strength verse deflection for; a) 40 mm length aluminum fibers b) 20 mm length aluminum
fibers

Table 3 shows percentages increase in
modulus of rupture compared to reference one
also a comparison between experimental results
of modulus of rupture and the one predicted
using ACI cod equations. Variation between the
experimental results and the values predicted by
ACI code especially for 0.75% 40 mm length

fibers. As it was mentioned before ACI equation
dependent on compressive strength but fibers
slightly affected compressive strength compared
to tensile one then ACI equation underestimated
the tensile strength of fiber concrete (See Figure
9).
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Table (3): Compressive strength and modulus of rupture results

No. Compressive Experimental Percentages of Predicted by Experimental /
of Sample strength, MPa modulus of increasing% ACI equation predicted
Mix rupture MPa 0.62vf'c [13]
1 R 25 3.08 3.1 0.99
2 FL40P0.5 25.8 3.28 6.5 3.15 1.04
3 FL40P0.75 24 3.98 29.2 3.04 131
4 FL40P1 22.5 3.55 15.2 2.94 1.21
5 FL20P0.5 26 3.26 5.84 3.16 1.03
6 FL20PO0.75 24 3.45 12.0 3.04 1.13
7 FL20P 1 22.2 3.40 10.4 2.92 1.16
4.1 - 40 mm fiber-Experimental
3.9 - B 20 mmfiber-Experimental
© 3.7 - 40 mm fiber-predicted value
o
i 3.5 - 2 mm fiber-predicted
2 33 -
&
§ 3.1
3 29 -
3
2.5
0 0.5 0.75 1

Fiber%

Fig. (9): Experimental modulus of rupture vs. predicted modulus of rupture by ACI equation

3.3 Impact resistance

Impact resistance for waste aluminum fibrous
concrete was evaluated. Impact load were
applied by 4.5 kg hammer dropped repeatedly
from a 450 mm height, which located at the
center of the top surface of the concrete
specimens. The impact energy capacity (IEC)
was calculated using equation 1 as follow:

IEC = No. of blows x Mass of ball (4.5 kg)
x9.8m/s?x ball falling distance (0.45 m) (D)

Number of blows at first visible crack and
failure with corresponding crack width and
mid-span deflection were recorded. In addition,
Energy absorbed was calculated according to
equation 1.These results were recorded in Tables

4 and 5 and graphically in Figures 10 and 11.
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Table (4): Number of blows required to cause first crack and failure with corresponding crack width

No. No of blows  %increasing Width of No of blows  %increasing Maximum
of Sample at first in No of first crack, at failure in No of crack width
Mix crack blows at first mm blows at at failure,
crack failure mm
1 R 2 - 0.18 8 - 0.5
2 FL40PO0.5 3 50 0.13 13 62.5 0.35
3 FL40P0.75 4 100 0.08 20 150 0.22
4 FL40P1 3 50 0.1 18 125 0.28
5 FL20P0.5 2 No increasing 0.13 10 25 0.42
6 FL20P0.75 3 50 0.07 16 100 0.38
7 FL20P 1 3 50 0.13 14 75 0.4
20 B No. of blows at first crack-40mm
fiber

= No. of blows at failure-40mm fiber

15 No. of blows at first crack-20mm

cé» fiber
o No. of blows at failure-20mm fiber
3 10
o
[}
2

5

0 0.5 0.75 1
Fiber%

Fig. (10): Number of blows related to ALFs content

Table (5): Energy capacity at first crack and failure with corresponding deflection at mid-span

No. Sample Energy %increasing in Deflection at Energy %increasing Maximum
of capacity at energy first crack, capacity at in energy Deflection at
Mix first crack, J capacity at mm failure, J capacity at failure , mm
first crack failure

1 R 39.69 - 0.95 158.76 -- 3.50

2 FL40PO0.5 59.54 50 0.892 257.99 62.5 2.25

3 FL40PO0.75 79.38 100 0.72 396.9 150 1.50

4 FL40P1 59.54 50 0.80 357.21 125 1.85

5 FL20PO0.5 39.69 No increasing 0.86 198.45 25 2.65

6 FL20PO0.75 59.54 50 0.84 282.24 100 2.25

7 FL20P 1 59.54 50 0.85 277.83 75 3.22
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mid-span deflection, mm
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300 -
250 -
200 -
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energy capacity, J

50 -

M Energy capacity at first crack-40mm
fiber
M Energy capacity at failure-40mm fiber

Energy capacityat first crack-20mm fiber

Energy capacity at failure-20mm fiber

-
0.5

0.75

Fiber%

1

Fig. (11): Energy capacity related to fiber content

The results showed that inclusion of
aluminum fibers led to an increase in impact
resistance of concrete slabs regardless of fibers
length. This increase was evaluated by
increasing the number of blows required to cause
first crack and that required for failure. Results
refereed to 40-mm fibers are more effective than
20-mm fibers. For both fibers length the 0.75%
fibers is the best content.

In addition, an increase was notice in impact
energy as shown in Tables 3 and 4 respectively.
This is because the role of aluminum fibers of
absorbing additional energy during applied
repeated impact load. In addition, the 40-mm
length fibers acted more effectively compared to
20-mm length fiber as the results showed. This

a)

o
©
«

o
©
1

o

0o

v
1

o
)

40 mm fiber

o

N

a
1

20 mm fiber

o
N

T T
0 0.25 0.5 0.75 1

Fiber%

mid-span deflection, mm

may because the long fibers have ability to resist
the crack propagation after first crack more than
the short one, which resulted in multiple, cracks
on the surface of slab due to bridging action of
these fibers.

In addition, fibers resisted cracks propagation
and delayed complete collapse of fibrous
concrete slabs. For evaluated crack width, a
magnification microscope was used. Moreover,
electronic dial-gage was used to deflection
measured at mid-span of the slab. Figures 12 and
13 represent the results of measured maximum
deflection and crack width, respectively. The
adding of this type of fibers allowed being the
behavior of slabs more ductile.

37

b)

3.2

22 4

17 4 40 mm fiber

1.2 - 20 mm fiber

0.7 T T
0 0.25 0.5 0.75 1

Fiber%

Fig. (12): Maximum mid-span deflection for; a) 40 mm length aluminum fibers b) 20 mm length
aluminum fibers
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Fig. (13): Maximum crack width at failure for; a) 40 mm length aluminum fibers b) 20 mm length
aluminum fibers
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The diameter of punching area at failure is
wider for reference slab than those incorporating
fibers. In addition, the slabs that contain 40-mm
fibers the diameter of failure area is smaller than
those for 20-mm fibers.

3.4 Bond strength

Based on experimental data, the bond
strength between steel reinforcing bar and
24 -

0.75% fibers
20 93
= (0.5% fibers
S 16 1 1% fibers
s
a 12 4 Reference
g
3 g
4 -
0 Bl T T 1
0 2 4 6

Slip, mm

Stress, MPa

concrete was calculated according to following
equation 2;
P
T= ﬁ ......... (2)

Where P is recorded load, d is diameter of
steel bar (100 mm) and I is length of embedded
part of steel bar (100 mm). Load-slip relations
are illustrated in Figurel4.

20 ~
b) 0.75% fibers
15 - == 0.5% fibers
1% fibers
10 -+
Reference
5 -
O 7 T T T 1
0 1 2 3 4

Slip, mm

Fig.(14): Maximum crack width at failure for; a) 40 mm length aluminum fibers b) 20 mm length
aluminum fibers

As shown above 0.75% aluminum fibers give
the highest bond strength for both lengths. The
40-mm fibers are more effective to increase
bond strength than shorter fiber length (20-mm).
This is due to increase in the embedded length of

fibers that led to enhance the pullout strength
resistance [Cunha 2010]. All specimens were
showed splitting failure. Tensile cracks in
concrete parallel to steel reinforcing bar were
noticed. This is due to wedging action, which
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created a restrained pressure in surrounding
concrete, in same time a tensile stresses created
around reinforcing bars results in radial splitting
cracks and then loss of bond strength with
fracture of concrete. In the specimens without
fibers failure occurred just after formation of
longitudinal splitting cracks and failure was very
brittle, sudden and noisy. While those contain
fibers, failure developed gradually with behavior
that is more ductile.

4. CONCLUSIONS

1. Compressive strength slightly influenced by
fiber added for both fibers lengths (40 and 20
mm) up to 0.75 % while a slight reduction was
notice at 1% waste aluminum fibers.

2. Results show an improvement in splitting
tensile strength especially for 0.75%, 40 mm
fibers, which was 29.56%, compared to the
reference.

3. Regardless of length of fibers, concrete
containing aluminum fibers demonstrated an
increased in strength with increased fibers
content. At 0.75% and 1% fibers, the specimens
failed at larger loads and smaller deflection
compared to reference one. While concrete
containing 0.5% fibers showed a gradual
increase in the deformation capacity for a given
load and its behavior closed to reference one.

4. The ACI equation depends on compressive
strength in determination of splitting strength.
But fibers slightly affected compressive strength
compared to tensile one while splitting and
flexural strengths are sensitive to fibers then ACI
equation underestimated the tensile strength of
fiber concrete.

5. Inclusion of aluminum fibers led to an
increase in impact resistance of concrete slabs
regardless of fibers length also an increase was
notice in impact energy

6. 0.75% aluminum fibers give the highest bond
strength for both lengths. Moreover, in the
specimens without fibers failure occurred just

after formation of longitudinal splitting cracks
and failure was very brittle, sudden and noisy.
While those contain fibers, failure gradually
developed with behavior that is more ductile.
7.40 mm length fiber was more effective in
improvement than 20 mm fiber length.
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