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ABSTRACT: In this paper, experimental, theoretical, and numerical simula-
tions were used to investigate the effect of adding natural fiber (Horsehair/Sheep
wool) with varied weight ratios to polyester composite material on creep be-
havior at room temperature and constant load. A hand-layup technique was
used to create polyester resin, and the test specimens were produced following
the standards (ASTM). The results showed an improvement in creep behav-
ior of polyester composites reinforced with natural fibers when compare with
non-reinforced polyester, hence the amount of maximum strain was reduced to
74.64% when sheep wool was added at a weight ratio of 0.8%, and 71.114%
when horsehair was added at the same weight ratio. The experimental results
were verified theoretically and numerically using ANSYS Mechanical APDL
software 15, the results demonstrate that they are in good agreement.

KEY WORDS: polyester composite, hand-layup, horsehair, sheep wool, AN-
SYS APDL, creep behavior.

1 INTRODUCTION

Recently, people are increasingly relying on composite materials and employing
them in a variety of ways. Natural fiber composite materials are environmentally
benign, lightweight, robust, renewable, affordable, biodegradable, and long-lasting.
When compared to synthetic fiber, natural fiber offers better qualities. Natural fibers
have recently attracted interest as an alternative reinforcement in polymer compos-
ites due to their benefits over standard synthetic materials [1]. The economic and
bio-degradable benefits of natural fibers along with similar mechanical properties
and chemical resistant are tested and defined by natural fibers to make them suitable
for traditional fibers such as carbon, glass, and Kevlar fibers [2-7]. Fibers extracted
from natural resources, such as minerals, animals and plants, are natural fibers. An-
imal fiber contains proteins, for example, wool, mohair, alpaca and silk. The hair of
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animals is collected in the form of fibers. Animals such as sheep’s fur, goat’s hair,
horse hair, alpaca hair, etc. [8] their accessibility, inexpensiveness, low density, and
renewability as well as adequate mechanical capacity make them an eye-catching
ecological replacement for coal, glass and man-made fibers traditionally used for
composite manufacturing.

Somashekar et al. [9] combined the advantages of natural and synthetic fibers
by the creation of hybrid composites with varying quantities of fibers and thorough
performance analysis by means of various mechanical tests. As per ASTM stan-
dards, such as tensile, compression and flexural, by varying proportions of fibers.
The findings obtained suggest that natural fiber composites were equal to or greater
than synthetic fibers such as glass fibers.

Choudhry et al. [10] researched of the mechanical behavior of polypropylene
composites Reinforced with human hair fibers at (3, 5, 10, and 15 percent wt), re-
inforced polypropylene and hair fiber polymer composites shows higher flexural and
Izod impact strength than polypropylene and lower tensile strength.

Oladele et al. [11] investigated the effect of chemical treatment on the mechani-
cal behavior of animal fiber reinforced with polyethylene composites. Used chicken
feathers and cow hair were used as animal fibers. Both segments were then using to
reinforce the polyethylene polymer at (2, 4, 6, 8, and 10 %) fiber loading , chemi-
cally treated cow hair and chicken feathers reinforced polyethylene composites have
been shown to have the better flexural properties compared to their untreated animal
fiber reinforced polyethylene composites for most fiber loading percentages. Naik
et al. [12] investigated the effect of horse hair on cement concrete in terms of its
compressive, flexural strength, crushing, , crack and heat resistant to save concrete
and to minimize environmental issues. Experiments were carried out on concrete
beams and cubes with different percentages of horse hair fiber, namely (0%, 1%,
and 2%) by weight of cement. The mechanical properties of one beam and three
cubes are checked for each combination of concrete proportions. We discovered
that adding horse hair as fiber reinforcement to concrete enhances its various proper-
ties and strength, as well as its heat resistance, through testing of cubes and beams.
Abed and Battawi [13] investigated the creep behavior of polystyrene composites
reinforced with natural fiber at various weight fractions, constant loads, and tempera-
tures. Hand layup was used to establish the fabrication setup for composite materials.
Maxwell techniques were utilized to derive the stress and modulus of elasticity from
the strain-time curve using curve-fitting methods. Abed et al. [14] evaluated the creep
behavior of an epoxy composite material filled with YoO3 powder at various weight
ratios while maintaining the temperature constant. Each volume ratio was subjected
to five loads ranging from 1 N to 5 N. Creep behavior, stress, and elasticity modulus
were studied using both experimental and computational methods.
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1.1 SHEEP WOOL CHARACTERIZATION

Wool is a natural protein fiber derived from sheep’s fleece. A single wool fiber con-
sists of a cortex and a surrounding cuticle layer, making it one of the most complex
structures among textile fibers (Fig. 1) [15].
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Fig. 1: Schematic illustration of wool fibers structure [15].

The use of wool in composite material manufacture is both ecological and en-
vironmentally benign, as it encourages recycling [15]. Wool might be a promising
marketing tool as well as a reliable raw source if used creatively. Furthermore, al-
ternate uses for wool may result in a new product entering the market, transforming
it into a worthy and successful competitor. Compared to insulating materials used in
industry [16].

1.2 HORSE HAIR CHARACTERIZATION

Horse hair is long, coarse hair that grows on horses’ manes and tails (Fig. 2). Up-
holstery, brushes, musical instrument bows, and a hard-wearing fabric known as hair
cloth are only some of the applications. The hair of a horse is rigid, fine, and flexible.
It’s a protein fiber that takes a long time to absorb water. The use of horse hair as a re-
inforcement material is a novel attempt because it requires a creative waste disposal
process. Because of its resistance to stretching, compression, and high strength, it
can be used as a reinforcement material.
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Fig. 2: Horse hair.

The objective of this work is investigate the effect of natural fiber (sheep wool and
horse hair) as a reinforced filler on polyester composite to analysis the creep behavior
through experimental, theoretical and numerical simulation.

2 THEORETICAL PART

In order to calculate the theoretical composite materials properties, several equations
were applied:

(1 oo = 1 Mpa, gy = % , e(t) =eo+ Cho“%e3 .
Total strain is given by
() e=¢eo+e" =eo+ CoH3,

¢ _ strain

where ¢ is the initial strain, &Z — Young modulus, o — the initial stress, €
at any time, ¢ — time in second, C, C5, and C'3 — creep constants.

The creep constants, initial strain, Young modulus for each composite material
weight ratio are summarized in Tables 1 and 2 for sheep wool and horse hair, respec-

tively.
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Table 1: Characteristic of sheep wool/polyester composite

Add. % Eo (MPa) €0 Cl CQ 03
0 34.592 0.043 1.7 0.6 0.32
0.2 90.558 0.064 0.9 0.6 0.315
0.4 62.195 0.024 0.85 0.6 0.3
0.6 135.428 0.011 0.48 0.6 0.34
0.8 60.685 0.023 1.4 0.6 0.218

Table 2: Characteristic of horse hair/polyester composite

Add. % Ey (MPa) €0 Ch Cy Cs
0 34.592 0.043 2 0.6 0.301
0.2 76.178 0.0196 0.98 0.6 0.27
0.4 66.822 0.0224 1 0.6 0.27
0.6 114.129 0.013 0.728 0.6 0.278
0.8 67.658 0.0221 15 0.6 0.182

3 EXPERIMENTAL WORK
3.1 PREPARATION OF HORSE HAIR AND SHEEP WOOL

Sheep wool and horse hair are gathered from local sources. It is a fiber that is readily
available and inexpensive in Iraq.

To eliminate impurities and dirt, the wool was washed in a Steel basin for 15
minutes with warm water 40°C and cleaner. The clean wool was rinsed for 5 minutes
to remove any cleaner residue before exposure to the sun for at least 24 hrs. The
washed and dried sheep wool is shown in Fig. 3. To ensure a uniform distribution of
wool fibers in the matrix of the composite materials, the dried wool was trimmed to 8
cm long. In the other hand horsehair (tail) (Fig. 4) is not subjected to any treatments
other than cleaning and set its size also to 8 cm long.

Wool yarns and horse hair are weighed with a sensitive scale to obtain the weight
ratios used in this research, and they are as follows: (0.2, 0.4, 0.6, and 0.8%).

3.2 PREPARATION OF MOLD AND MANUFACTURING OF CREEP TEST SPECI-
MENS

Hand layout method was used to fabricate models and specimens of horse hair and
sheep wool reinforced composites, since it is the simplest procedure to use and the
most efficient way to produce specimens in various shapes and sizes. This procedure
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Fig. 3: Sheep wool. Fig. 4: Horse hair.

includes the steps listed below:

1.

Clean both the interior surfaces of a prepared rubber mold of dimension
21x30x 1.5 cm® with a brush to eliminate dirt and other contaminants.

For easy removal and a fine surface finish on the product, a mold release agent
(siliconOspray) was sprayed all over the mold surface.

The granules of polystyrene (PS) are dissolved in chloroform and then mixed
with magnetic stirring. After it had been made separately, liquid polyester (up)
was added and agitated for 3 hrs. The up/ps ratio is (92:8) [13].

Un-saturated polyester is used as a matrix, which is a viscous liquid, that’s
turned into a solid state by mixing with the hardener (K-6) (according to the
supplier’s specified percentage (10:1)) added to the solution and agitated for
15 minutes.

The fibers (horse hair/ wool) are placed inside the mold as a first layer based
on the weighed amount.

Next, a sufficient amount of mixing resin and hardener was poured into the
mold, and a brush was used to blend the material throughout all of the mold’s
surfaces.



142 Creep Characteristics of Polyester Composites with Natural Fiber ...

7. Fibers and matrix were distributed uniformly throughout the specimen, which
was carefully monitored.

8. Then specimens were allowed to cure for 48 hrs. At room temperature, there-
after carefully removed from the mold (Fig. 5). Same procedure are repeated
for other percentage ratios of fibers.

Fig. 5: Creep specimens. Fig. 6: Creep testing machine.

3.3 CREEP TEST

Creep tests were carried out according to ASTM (D2990) using the creep testing
machine type (WP600) as shown in Fig. 6. These tests were mainly carried out at
a constant temperature of 18°C controlled with the assist of temperature controlling
system, with a static load of 1 N. Steel wire and turnbuckle arrangements are mainly
used to apply loads. The strain rate of specimens is recorded using a digital strain
meter.

4 FINITE ELEMENT ANALYSIS

The ANSYS Mechanical APDL software 15 package has a well-deserved reputation
for technology, quality, and dependability, and it offers a powerful and comprehen-
sive solution for both regular and complicated linear and non-linear engineering is-
sues. ANSYS provides a unified FEA environment that is an appealing alternative to
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Fig. 7: Creep specimen with an appropriate mesh.

multi-product, multi-vendor solutions. The material was assumed to be isotropic in
nature when performing finite element analysis. In this work, finite element analysis
is utilized to investigate the creep behavior of polyester composite reinforced with
sheep wool and horse hair with different volume ratio at constant condition the el-
ement type that was employed in this study is PLANE182 adequate for predicting
creep behavior. Experimental data were used to determine the values of young mod-
ulus and poison ratio. Specimen model was meshed with an appropriate mesh figure.
Figure 7 shows a FEA model, and the boundary and load conditions used were simi-
lar to those used in the experiment. The model is solved, and finally the strain versus
time for each volume ratio model is plotted.

5 RESULTS AND DISCUSSION

The creep behavior (strain vs. time curve) was investigate in this study for two mate-
rials groups, initially, for polyester composite reinforced with Horse hair. Secondly,
polyester composite reinforced with sheep wool. Using different weight ratios (0,
0.2, 0.4, 0.6, 0.8%) with ambient temperature of 18°C and constant load (1 N), to
understand the processes of deformation that occur. Creep is dependent on the time
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Fig. 8: A comparative between experimental, numerical and theoretical results of
creep behavior with 0% weight ratio of natural fiber.

that the applied stress is applied as well as the value of the applied stress. Figures 8
to 10 explain the effect of adding natural fiber weight ratios (horse hair and sheep
wool) to polyester composites on creep behavior (strain-time) based on experimen-
tal, numerical and theoretical results. It was observed that adding natural fiber to a
polyester composite material improved its creep behavior, this is evidenced by the
lower values of strain of polyester resin reinforced with natural fibers in contrast to
that of non-reinforced polyester resins.

Based on the experimental results, a pure polyester sample has a creep strain of
23.306; however, with the addition of horse hair fiber at weight ratios of 0.2%, 0.4%,
0.6%, 0.8% to the polyester resin, this number reduced gradually to 8.79, 8.9, 7.06,
and 6.725. When sheep wool was added to the resin, the creep strain was lowered
to 11.86, 9.887, 7.867, and 5.91 by the same weight ratios as compare with pure
polyester. The summary of maximum creep strain values in experimental, theoretical
and numerical results for different weight ratios of Horse hair/ sheep wool are listed
in Table 3.



Ali A. Battawi, Balsam H. Abed

145

20 19
0.2% sheep add. 0.4% sheep add.
o o :‘p o0 Exp.
" 10 F o theor
@—® Ansys
16 - ®—0 Ansys
g L
12
£ 2
<
® S 6k
& &
8
4k
/
2
|
’
0 I ‘ ‘ L 1 1 J
0 2000 4000 6000 800 0 '
Time(sec) 0 1000 2000 3000 400
Time(sec)
(a) (b)
8 - .
° N 0.8% sheep wool add.
B ad o ot
o e
.l o« ® - Theo
z ’ § po L o 6% sheep add. ®—® Ansys
6 .33 .l' &8 Exp 6L '2
4
ov . o 9 Theor ; pors
4 N |
o8 & @@ Ansys e 3: i!
oo N = o
L o e td ® o e -~
® § " e *
c c TS o -
®er & AT o s
3 § = o e s
wy . [ 3 a i o
P o »
/ y P
g5 / ”
I ““ .,' '
S Ue 2 r .
| ’
.
0 " ! Il J 0 L L 1 |
0 1000 2000 3000 4000 0 1000 . 2000 3000 4000
Time(sec) Time(sec)

(©) (d

Fig. 9: A comparative between experimental, numerical and theoretical results of
creep behavior with weight ratios of sheep wool: (a) 0.2%; (b) 0.4%; (c) 0.6%; and
(d) 0.8%.



146

10~
0.2% horse hair add.
@9 Exp.
—@ Theor , }.”'\
&8 Ansys Jr. L
8+ 2 B
Y _ o
: J L]
. [ o
W e
.‘ & »
l'. r
6 ¥ L
® ¥ °
£ 4
© .
a i
4+ f*‘
2 é
0 1 1 |
0 1000 2000 3000 4000
Time(sec)
(@)
B -
0.6% horse hair add.
[ o 250N
ool
i
6+ . ri,"
g ¥
i
vy
I"
H ]
]
lv'
Es [’ ]
5 4= o 8
a .{‘
[
2
I
ol N I : I . 1
] 1000 2000 3000 4000
Time(sec)
©

Strain %

Strain %
-

Creep Characteristics of Polyester Composites with Natural Fiber ...

4% horse hair add.
)
por '__; .l::".
L e o
T
e
(¢
)
1
.
:
L L 1 " 1 . 1 . J
0 1000 2000 3000 4000
Time(sec)
(b)

8% horse hair add.

1000 2000 3000 4000
Time(sec)

(d

Fig. 10: A comparative between experimental, numerical and theoretical results of
creep behavior with weight ratios of horse hair: (a) 0.2%; (b) 0.4%; (c) 0.6%; and (d)

0.8%.



Ali A. Battawi, Balsam H. Abed 147

Table 3: Comparison of max. creep strain values in experimental, theoretical and
numerical results

Wi Experimental Theoretical Numerical

(%)  horse hair  sheep wool  horse hair  sheep wool  horse hair  sheep wool
0 23.306 23.525 23.736

0.2 8.79 11.86 8.95 11.981 8.82 12.215

0.4 8.9 9.887 9.14 10.001 8.79 10.055

0.6 7.06 7.867 7.09 7.836 6.99 7.405

0.8 6.725 591 6.84 5.909 6.93 6.114

According to the above results, it is apparent that when natural fiber is added to
polyester resin, the creep strain was restricted since the structure becomes stiffer with
a sufficient strength.

Also it is found that numerical simulation of creep strain can be satisfactorily
with the experimental results. Figure 11 demonstrates finite element model of creep
sample for pure polyester with max strain 23.736. Figure 12 depicts FEM of creep
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Fig. 11: Numerical results of creep behavior with 0% weight ratio of natural fiber.



148

Creep Characteristics of Polyester Composites with Natural Fiber ...

" ELEVENT SOLOTION ANSYS ELEVENT SOLOTION ANSYS
e RSO, | s RI5.0
30 =178 306 =178
TIVE=3580.52 OCT 10 2021 TDE-3590.52 OCT 10 2021
ESCREQT (XOAVG) 11:31:55 ESCREQT  (4OATG) 11:22:34
DX =33080.5 DX =288121
07 =48.3498 N =152.32¢
UK =65¢4.13 UK =5624.4

] L
48.3498 182.9¢68 317.585 452.203 586.821 152.324 1412.79 2673.25 3933.71 5194.17
115.659 250.27¢ 384.894 519.512 §54.13 782.585 2043.02 3303.48 4563.94 5824.4
Creep Teat Creep Teat
(a) (b)

ELEVENT SOLOTION AN SYS ELEVENT SoLOTION ANSYS
e RISQ | = RIS
80B =178 SUB =178
TIE=2500.52 OCT 10 2021 TIE=2500.52 0cT 10 2021
ESCREQV  (NORVG} 11:25:15 ESCREQY  (NOAVG) 11:28:27
DMX =42782.7 DX =38777.6
VN =59.471% =51.1626
SMX =842.9€2 X =759.895

.|
994719 233.581 407.63 581.738 785.907 sl.l82¢ 208.658 366.155 523.651 €81.147
146.526 320,835 434,784 §88.853 842.982 129.911 287.407 444903 §02.393 759.895
Creep Test Creep Test

(©)

(d)

Fig. 12: Numerical results of creep behavior with weight ratios of horse hair: (a)

0.2%; (b) O

4%; () 0.6%; and (d) 0.8%.



Ali A. Battawi, Balsam H. Abed

149

|

Creep Test

53.9319 198.469
126.201 pa

343.007
70.738

487.544 §32.082

415.276 §59.813 704.351

" ELEVENT SOLOTION ANSYS ELEVENT SOLUTION ANSYS
s RISO | e RI5.0
S8 =179 ST8 =179
TIEF2590.52 OCT 10 2021 TIME=2580.52 OCT 10 2021
EOREGY (¥ORTG) 11:10:07 ESCREQY  (NOATE) 11:14:57
DX =1255.2 DMK =49767.€
7 =B1.7008 S0 =60.1342
DX =1220.32 U =979.267

— | |
81.7003 334.728 587.788 840.783 1093.81 €8.1343 270.63% 473.13¢ £75.63¢ 878.137
208.21¢ 461.242 714.269 967.297 1220.32 169.385 371.885 574.388 776.887 979.387
Creep Test Creep Test
(@) (b)

"ELEVENT SOLUTION ANSYS  ELEVENT SOLTTION ANSYS
amee=2 R15.0 =2 R15.0
9B =173 5B =173
TIES3550.52 OCT 10 2021 TIE=1580.52 oct 8 2021
RREQT (NOATS) 11:18:22 ERCREQV  (OATG) 12:20:51
DX =35450.5 DMK =283298
N =53.9219 0 =127.991
X =704.251 DX =5719.48

|

1370.5
9.214

127.931
74

Creep Test

1991.78

2613.08
3234.3¢

3855.83 5098.19
4476.91 5719.48

(©)

(d)

Fig. 13: Numerical results of creep behavior with weight ratios of sheep wool: (a)

0.2%; (b) 0.4%; (c) 0.6%; and (d) 0.8%.



150 Creep Characteristics of Polyester Composites with Natural Fiber ...

sample with weight ratio 0.2%, 0.4%, 0.6%, and 0.8% of Horse hair with decreasing
the max. Strain to 8.82, 8.79, 6.99, and 6.93. And Figure 13 depicts FEM of creep
sample of sheep wool with decreasing the max strain to 12.215, 10.055, 7.405, and
6.114 by the same weight ratios.

Furthermore, it was found that the simulated and experimented creep strain com-
pliance can be approximately fitted by a power-law function.

6 CONCLUSIONS

Experimental, theoretical, and numerical results were used to explore the efficacy of
adding natural fibers from two distinct types of horse hair and sheep wool as tough-
ening agents in polyester resin composites in terms of creep behavior. The study’s
most important conclusions are as follows:

1. The Creep strain decreased with increasing the weight ratios of natural fibers.

2. When compared to pure polyester, the creep strain behavior of horse hair fiber
was improved (62.28%), (61.81%), (69.7%), and (71.114%) for weight ratios
(0.2, 0.4, 0.6, 0.8%), and sheep wool was reduced to (49.11%), (57.57%),
(66.25%), and (74.64%) for the same weight ratios.

3. The best percentage of creeping strain reduction was found at the weight ratios
of 0.8% for each of horse hair and sheep’s wool compared to pure polyester,
and by comparing the same natural fibers, we find that sheep’s wool exhibits
more decrease than horse hair compared to pure polyester for the same men-
tioned percentage by 74.64% for sheep’s wool and 71.114% for horse hair

4. Numerical simulation using ANSYS Mechanical APDL as well as theoretical
studies backed up these findings.

5. A good agreement was found between the results of experimental, theoretical,
and numerical investigations.

Horse hair and sheep wool are organic materials that are renewable and have a low
negative environmental impact and might be used to replace synthetic materials.
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