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Abstract

This study was performing to find out the optimal alternative to expensive
polypropylene fibers. This alternative was chicken's keratin-fibers, which were
treated with chromium trioxide to eliminate the living materials. Several mixtures
were ready using a mixing ratio of 1:1.5:3 (cement: sand: gravel) with keratin or
polypropylene fibers, water, and a superplasticizer. Compressive strength,
electrical resistance, and ultrasonic pulse velocity were tested by using cubic
samples. The load-deflection relation was also tested by testing the reinforced
concrete beam sample. The specimens that contain 1% of keratin-fibers showed
enhancement in compressive strength, the percentage of increase of about (18.47,
and 12.50)% compared with the reference sample and 1% polypropylene sample,
respectively at the age of twenty-eight days. The electrical resistance of samples
containing 1% and 2% of keratin-fibers was slightly less than the samples
containing 1% and 2% polypropylene-fibers. The ultimate-flexural-load for
beams that strengthened with 1% of keratin-fibers gave higher values (19.20 kN)
than samples of (1 and 2)% polypropylene (17.30 and 17.10) kN and 2%keratin-
fibers (18.98 kN) also, while the percentage of 2% keratin- fibers gave ultimate
at deflection higher (0.337 mm) than the samples of (1 and 2) % polypropylene
and 1 % keratin-fibers samples.

Keywords: Chromium trioxide, Electrical resistance, Keratin-fibers, Load-deflection
relation, Polypropylene-fibers, and Ultrasonic pulse velocity.
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1. Introduction

fibers that can reinforce concrete are bamboo, sisal, wood, coconut, and rice husks,
among others [1]. Another natural fiber can reinforce concrete is chicken feathers
fiber (CFF) known as keratin-fibers. Large quantities of chicken feathers are
discarded daily from poultry canning plants as solid waste. Not using them leads to
serious environmental problems [2, 3].

Feathers reinforced concrete has the advantage of being lightweight, low price,
high flexural strength, and environmental friendliness. In addition, there is a
decrease in tensile strength, compressive strength, and some loss in durability due
to the decay of cellulose in the alkaline medium of concrete [4-6].

To keep the fibers from decay due to the alkaline medium of the concrete
Swamy has implemented several methods, including various blocking agents to
treat sisal fibers. These materials interact with some components of the fibers to
form compounds that are hard to resolve in an alkaline medium [1, 4].

The other methods used are to reduce the alkalinity of the concrete, which
delays the dissolution of the fibers. This can be accomplished by either carbonizing
the base material or replacing a portion of the cement with fly ash, silica fume, or
blast furnace slag. However, it should be noted which decrease immoderate
alkalinity may cause the weakening of the steel reinforcement if the concrete is
reinforced [4].

El-Hawary and Hamoush [4, 5] used waterproofing materials for treating
chicken feathers. They were used in concrete reinforcement and found that this
method was not feasible. As for the second method, the feathers were saturated
with barium nitrate as a repellant agent, followed by fatty acid as a water repellant
agent, and 0.17 of the cement was replaced with Silica fume. Results show
improved tensile strength, compressive strength, and split tensile of concrete
compared to untreated fiber-reinforced concrete.

The research aims to obtain concrete with similar properties and features to
polypropylene fiber reinforced concrete at lower cost. By using chicken keratin fibers
after treating them with chromium trioxide to remove living materials and obtain
fibers that reduce cracks and improve flexural strength. In addition to ridding the
environment of the dangers of this fiber when it accumulates.

2.Experimental Program
2.1. Materials

Materials utilized in this study were:

e Ordinary Portland cement: its trade name is Sally. The results of the chemical
and physical examinations are shown in Tables 1and 2. Test results have been
indicated that the adopted cement has been conformed to 1QS No.5/1984 [6].

e Sand: used natural sand (Alakhdir) with a particle size less than 4.75 mm and
greater than 150 microns. The examination indicated that it is located within
the second gradient area and conforms to 1QS No. 45:1984 [7].

o -Gravel: crushed gravel used in this study has a particle size of less than 9.5
mm and greater than 4.75 and the test conforms to 1QS45:1984 [7].
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o Superplasticizer:Sika® ViscoCrete®-209 Hi-Tech which is based on
polycarboxylate polymer technology (3rd Generation)and has a density of 1.03
g / cm?®, viscosity 22 cp, solid content 23%, and chloride content 1%. This
complies with ASTM - C494-C494M [8].

Table 1. Chemical composition and main compounds of cement.
Limits of Iraqi

Oxides composition Content % specification No.5/1984
Ca0O 62.2
SiO; 19.75

Al O3 6.1
Fe,03 3.68 ===
MgO 1.25 <5.00
SO3 2.73 <2.80
L.O.L 2.36 <4.00
Insoluble residue 0.76 <15
Lime Saturation Factor, L.S.F. 0.85 0.66-1.02
Main compounds (Bogue's equations)

CsS 55.76 -
C.S 14.12 -
CsA 9.94 -
C.AF 11.19 -

Table 2. Physical properties of cement.

. . Limits of Iraqi
Physical Properties Test results specification No.5/1984
Specific surface area 240 >230
(Blaine method), m%kg
Setting time (Vicate apparatus),

Initial setting, hr:min 1:20 >00:45
Final setting, hr:min 7:35 <10:00
Compressive strength, MPa

3 days 20.1 >15.00
7 days 31.32 >23.00
Soundness (Autoclave method), % 0.24 <0.8

e Chromium Trioxide (CrOs): In this research, commercial chromium trioxide,
which has a liquefied red color, quickly soluble in water, was used as shown

in Fig. 1.
+ 1000 ml Water = —

Fig. 1. Dissolving chromium trioxide in water.

\_ﬂf‘. 3
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o Natural fibers: chicken feathers fiber(keratin fibers (Ker fibers)) was obtained
from the chicken massacres in Baghdad. It was washed, dried, and then
immersed in a solution of chromium trioxide for three days to get rid of the living
materials in the feathers. Then extract the feathers from the solution and dry them
in a drying oven at 105 ° C for 48 hours. Then the bristles were cut off from
rachis to be used in reinforcing concrete, as their lengths and diameters ranged
between (5-20) mm and (15-30) um, respectively as shown in Fig. 2.

| washed chicken feather

Fig. 2. The stages of obtaining Ker fiber.

o Polypropylene fibers: The polypropylene fibers used in this research Sika Fibre
[9], were having a specific weight of 0.91 g/cm®, diameter 18um, length 12
mm, and tension force 350 MPa as shown in Fig. 3.

Fig. 3. Polypropylene fibers.

2.2.Mix method and preparation of samples

The mix ratio depended on this work was 1:1.5:3 (cement: sand: gravel). Five types
of mixtures were done in this study; the first was the reference mixture, having a
water/cement ratio = 0.43. The other four mixtures were contained 1% and 2% of Ker
fiber or Pp fiber with 4% of superplasticizer and having a water/ cement ratio = 0.22.

Mixing was done using an electric mixer, in which coarse and fine aggregates
(saturated dry surface) were added with cement and mixed manually until a
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homogeneous dry mixture was obtained as shown in Fig. 4. Then water and
superplasticizer were added and mixed by electric mixer until they became a
homogeneous concrete mixture. The first layer of the mixture was applied to the
molds and a thin layer of fiber (1% and/or 2%) by weight of cement was added
manually to prevent the fibers from pelleting and then compacted using a compact
rod for 25 stacks. This process was repeated until the molds were full, and then
adjusting the sample surface with a trowel to obtain a flat surface as shown in Fig.
5. Covered with a polyethylene sheet for 24 hours to keep the mixed water from
evaporating, then the molds were opened, and the samples were immersed with
water in the treatment vessel until the day of the test.

Fig. 5. Steps of casting, put fibers, and compact them in the mold.
3.Results and Discussion
3.1.Compressive strength

Forty-five cubic samples, having 100 mm dimensions were utilized to determine
the concrete compressive strength according to (BS 1881-116, 1989) [10] at ages
of seven, fourteen, and twenty-eight days, by taking the average of three samples
for each test.
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Table 3 and Fig. 6 show the test results for all mixtures. the results indicated
that the compressive strength of the reference mixture was lower compared to the
mixtures containing 1% Pp and 1%Ker fibers, where the percentage of increase in
the compressive strength have been about (5.189 and 30.553) % at the test age of
seven days, and about (4.819 and 26.364) % in the age of the test have been fourteen
days, and the increase at the age of twenty-eight have been about (5.30 and 18.474)
% for 1%Pp and1% Ker fibers, respectively. The reason is due to the reduction in
the ratio of water to cement. As the reduction of the water-cement ratio leads to
an increase in the compressive strength. The addition of Sika® ViscoCrete®-
209 Hi-Tech (high-range water reducer admixture) to the mixtures leads to a
reduced water-cement ratio that has been utilizing in the mixes, thus leads to
increasing the compressive strength.

It could also be observed that the utilization of 2%Pp fiber and Ker fiber led to
increasing the compressive strength concerning the reference mixture. Where the
percentage of increase about (6.45 and 23.14) % at the age of test seven days, (6.27
and 16.43) % at the age of test fourteen days, and about (6.63 and 9.74) % at the
period of test twenty-eight days for 2%Pp fiber and 2% Ker fiber, respectively.

The results also demonstrated that the utilization of 1% of Ker fiber gave the
best compressive strength than the other four mixtures. The reason may be that the
amount of cement paste in the concrete mixture is sufficient for the fibers to adhere
by 1% to the concrete components without leaving gaps caused by the fibers inside
the concrete structure.

These results agree with the results obtained by Sutarno et al. [11]. Where found
that adding fiber chickens by (1 and 2) % of the volume of concrete has increased
compressive strength by 7.13% when adding 1% and low at 1.63 % When adding
2% compared to the reference mixture. Pavithra et al. [12] also confirmed that
adding 1% chicken fiber to concrete mixes containing 8% cashewnut shell powder
leads to an increase in compressive strength.

While these results do not agree with the results of EI-Hawary and Hamoush,
as they found that the compressive strength decreased with a ratio of 11.56% for
concrete reinforced with 1% Ker fibers that had been treated with barium nitrate as
a blocking agent, followed by stearic acid as a water repellent agent compared to
the reference mix [4].

Table 3. Compressive strength of mixtures containing Pp fiber and Ker fiber.

Compressive strength MPa

© S o S o S

Mixture type & £ 5 = < g

= = 5 £ T £

3 o S & S @

~ e 3 e & g

Reference (Ref) 14.26 0 17.22 0 21.11 0
1% Pp fiber 15.00 5.19 18.05 4.82 22.23 5.30
1%Ker fiber 18.62 30.55 21.76 26.36 25.01 18.47
2% Pp fiber 15.18 6.45 18.30 6.27 2251 6.63
2%Ker fiber 17.56 23.14 20.05 16.43 23.17 9.74
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Fig. 6. Compressive strength of mixtures
containing Pp fiber and Ker fiber with age.

3.2. Electrical resistance

The electrical resistivity test has been conducted by preparing forty-five cubes
having 100 mm dimensions, and testing them according to ASTM C1760-12 [13]
as shown in Fig. 7. The test results of all mixture samples have been demonstrated
in Table 4 and Fig. 8. From the results, it can be noted that the utilization of Ker
fiber and Pp fiber helped to improve the concrete electrical resistivity. The
utilization of 1% of Pp fiber and1% Ker fiber gave a significant improvement in
electrical resistivity about (14.32 and 1.75) % at the age of seven days, (7.16 and
1.85) % at the age of fourteen days, and about (8.68 and 1.98) % at the ages of
twenty-eight days, respectively. The increment in concrete electrical resistivity has
been about (22.22 and 18.42) % at the age of seven days, (19.09 and 14.32) % at
the age of fourteen days, and about (19.35 and 15.13) % at the age of twenty-eight
days, when 2% of Pp fiber and2% Ker fiber have been used, respectively. It could
be noted also that the utilization of 2% Pp fiber gave the higher electrical resistivity
than the other four mixture samples. The reason may be that polypropylene fibers
have greater electrical resistivity than Ker fibers, and the results also confirm that
the electrical resistivity increases with the increase in the percentage of fibers.

Fig. 7. D.C. electrical resistivity test.
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Table 4. Electrical resistivity of mixtures containing Pp fiber and Ker fiber.

Electrical resistivity (kQ.cm)

. o e S e S =
Mixture type & 2 © 2 © Z
= g8 § g g g¥
° ) © o he] o
c < c © c
N~ — — -_— ~ fley
Reference (Ref)  34.2 0 37.7 0 40.3 0
1% Pp fiber 39.1 14.32 40.4 7.16 43.8 8.68
1% Ker fiber 34.8 1.75 38.4 1.85 411 1.98
2% Pp fiber 41.8 22.22 44.9 19.09 48.1 19.35
2% Ker fiber 40.5 18.42 43.1 14.32 46.4 15.13
BRef. Mix ®Pp.Mx1% [DOKer.Mx1% MPp.Mx2% BKer.Mx2%
50 1
8 46 +
g
2§ 42 1
T: G
=
£ = 38 1
B
9
w
34 4
30 +
7 days age 14 days age 28 days age
Days

Fig. 8. Electrical resistivity of mixtures
containing Pp fiber and Ker fiber with age.

3.3. Ultrasonic pulse velocity

The ultrasonic pulse velocity of concrete has been conducted by preparing forty-five
cubes having 100 mm dimensions and testing them according to ASTMC597-16 [14].
Table 5, and Fig. 9 have been demonstrated the test results of all samples of mixtures.
When compared the result of specimens containing fibers with the reference
specimens, could be noted that the ultrasonic pulse velocity of concrete has been
increased by utilizing 1% Pp fiber and1% Ker fiber by about (9.06 and 17.81) % at
the age of seven days, (3.13 and 9.68) % at the age of fourteen days, and about
(4.69and 8.83) % at the age of twenty-eight days, respectively. The increment in the
ultrasonic pulse velocity of concrete indicates the good homogeneity between the
fibers and the concrete matrix. It can be also observed that the utilization of 2% of Pp
fiber and2% Ker fiber helped to increase the ultrasonic pulse velocity of concrete
about (3.13 and 17.18) % at the age of seven days, (1.99 and 8.83) % at the age of
fourteen days, and about (2.20 and 7.45) % at the age of twenty-eight days,
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respectively. These values are slightly less than the values of the specimens which
the percentage of fibers has been 1%. The reason for the slight decrease in the values
of the ultrasonic pulse velocity, as the percentage of fibers in the mixtures increases,
is due to the gaps that are formed due to the increase in the percentage of fibers.

Table 5. Ultrasonic pulse velocity of mixtures
containing Pp fiber and Ker fiber with age.

Ultrasonic pulse velocity(km/sec)

S 1< S 1< > 1<

Mixture type g £ 2 = 2 =
yp > TR 5 TR s TR

< o © o © o

c c © c

™~ - — - N -

Reference (Ref) 3.2 0 3.51 0 3.62 0

1% Ppfiber 3.49 9.06 3.62 3.13 3.79 4.69
1% Ker fiber 3.77 17.81 3.85 9.68 3.94 8.83
2% Ppfiber 88 3.13 3.58 1.99 3.7 2.20
2% Ker fiber 3.75 17.18 3.82 8.83 3.89 7.45

m Ref. Mix ®Pp.Mix1% @EKer.Mix1% ®Pp.Mix2% B Ker. Mix2%

3.9

3.7 9

Ultrasonic pulse
velosity (km/sec)

7 days age 14 days age 28 days age

Age days

Fig. 9. Ultrasonic pulse velocity of mixtures
containing Pp fiber and Ker fiber with age.

3.4.Flexural strength

Fifteen reinforced concrete beam samples, having cross-section (150 * 100) mm
and 1100 mm length, have been prepared to investigate the load-deflection
relationship for all five mixtures, by applying a four-point-flexural load and take
the average of three samples for each test using a hydraulic machine Fig.10 having
capacity 2000 kN. Beam samples have been reinforced longitudinally by 2@ 6 mm
steel reinforcement deformed bar at the top and bottom, by @ 4 mm stirrups bar at
distant 50 mm c/c. The steel bar reinforcement has been selected to be satisfied
according to ASTM A496-07 [15].

The beam samples have been designed according to ACI 318-19 [16]. Table 6
and Fig. 11 demonstrated the results of the test for all mixtures. The results showed
that the ultimate flexural load and deflection for the reference sample have been
lesser than all other four samples which were strengthened by fibers. Samples that
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contained (land 2) % Ker fiber gave significant increment in ultimate load and
deflection about (20 and 18.6) %and (35.3 and 65.2) % respectively, for reference
sample. The results also showed that the utilization of (1 and 2) % Pp fiber helped
to increase the ultimate load and deflection about (8.1 and 6.87) % and (6.4 and 25)
% respectively, concerning the reference sample.

The increase in ultimate flexural load and deflection in the sample reinforced
with Ker fiber and polypropylene has been due to these fibers' presence, which
helped transfer the load from the concrete to the fibers. The presence of fibers
also helped to bind the concrete cracks, reduce the crack spread and make the
concrete more flexible than conventional concrete as shown in the Fig. 12 modes
of failure.

These results agree with the results of EI-Hawary and Hamoush, as they found
that the flexural strength and deflection improved of reinforced concrete with 1%
Ker fibers, which were treated with barium nitrate as an inhibitory agent, followed
by fatty acid as a water repellent agent. The percentage of increase 24.1% compared
to flexural strength of reference mix [4] but not agree with Sutarno et al. [11], who
reported the addition of (1 and 2) % of Ker fiber to the mixture the flexural strength
value tends to decrease compared with reference specimens from 2.35 MPa to
2.26MPa at ratio 1% and 2.07 MPa at ratio2%.

Fig. 10. Hydraulic machine for the flexural strength test.

Table 6. Load-deflection of mixtures containing Pp fiber and Ker fiber.

Ultimate . .
. flexural load at  Deflection Ultimate D eflection
Mixture type age 28 days (mm) _flexural load increment
increment % %
(KN)
Reference (Ref) 16 0.204 0
1% Ppfiber 17.30 0.217 8.1 6.4
1% Ker fiber 19.20 0.276 20 35.3
2% Ppfiber 17.10 0.255 6.87 25
2% Ker fiber 18.98 0.337 18.6 65.2
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Fig. 11. load-deflection of mixtures containing Pp fiber and Ker fiber.

Fig. 12. The failure mode for beam specimens.
4.Conclusions

From the results of the above study can be concluded the possibility of using Ker
fibers treated with chromium trioxide as an optimum alternative to polypropylene
fibers in reinforcing conventional concrete. Whereas the values of compressive
strength and ultrasonic pulse velocity for reinforced concrete with (1 and 2) % Ker

fibers have been higher than reinforced concrete with the same proportions of
polypropylene fibers.
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The percentages of increase are (12.5and 2.9) %, (4 and 5.13) % at age 28 days,
respectively. The electrical resistivity of reinforced concrete with 2% polypropylene
fiber is higher than reinforced concrete with (1 and 2) % Ker fiber. The percentages
of increase are (14.55 and 3.53) %, at age 28 days, respectively.

The ultimate flexural load value of reinforced concrete with 1% Ker fibers has
been higher than that of reinforced concrete by 2% Ker and (1 and 2) % Pp at age 28
days. The percentage of increase has been (1.14, 9.89, and 10.93) % respectively.

The highest deflection at the age of 28 days has been for reinforced concrete with
2% Ker fibers. The rate of increase has been (18.10, 35.60, and 24.33) % compared
to reinforced concrete by 1% Ker and reinforced with polypropylene fibers by (1 and
2) % respectively.

Recommendations for future works:
e Studying the effect of removing gravel from the concrete mixture and adding
chicken feathers in different proportions.

e Using higher percentages of chicken feather fibers (4, 5, and 6%) and studying
their effect on flexural strength of concrete.

Greek Symbols

@ Diameter of steel bar.

Abbreviations

ACI American Concrete Institute
ASTM American Society for Testing and Materials
BS British Standards
CFF Chicken Feathers Fibers
Ker Keratin
1.Q.S. Iragi Specification
Pp Polypropylene
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