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Abstract. A comparative analysis of polymers reinforced with glass fiber and polymers reinforced with carbon fiber was car-
ried out on a cube and a cylinder in the laboratories of Baghdad. 36 samples were taken with fiber percentages of 1.0, 2.5 and
5.0 % by weight of cement. The methodology of this study included the use of composite polymer fibers in the external rein-
forcement of concrete beams for the purpose of improving their performance when bending by gluing polymer fibers to the
surface. Group A tests of non-reinforced concrete heams with other reinforced polymer fibers were also implemented. Excel-
lent results were obtained by adding two types of polymer fibers to a concrete sample. It was found that the polymer rein-
forced with glass fiber showed better results than the polymer reinforced with carbon fiber when testing samples for bending
strength. However, in splitting strength, the carbon fiber reinforced polymer achieved higher performance than the glass fiber
reinforced polymer. Whereas the results of a group of previous studies conducted to study the effect of fiber additives on the
mechanical properties of concrete proved that their addition led to an increase in compression, tensile and bending resistance
at rates that reached 25, 75 and 80 %, respectively.
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CpaBHHUTe/IbHOE HCCJIeI0BAHHE M0JIIMepa,
apPMHPOBAHHOI0 CTEKJI0BOJIOKHOM, U NOJIMMepa,
APMHPOBAHHOI0 YIJI€POJIHbIM BOJIOKHOM, HA Ky0e U IMJIHHAPe

Cryn. A. M. 1II. Anb-O6aiixn?, 1okT. Texm. Hayk, npo¢. C. H. JleonoBmu”

1)Ee:nopycaq/lﬁ HaIlMOHAJILHBIA TeXHHUYECKUH yHUBepcuTeT (MuHCK, Pecriybnmka bemapych)

Pedepat. B nmaboparopusix barnana npoBeneH cpaBHUTEINBHBINA aHAN3 MOJIMMEPOB, ApMUPOBAHHBIX CTEKIOBOJIOKHOM, C TI0-
JMMEpaMH, apMUPOBAaHHBIMHU YIJIEPOAHBIM BOJIOKHOM, Ha KyOe M muiauuape. beuio oro6paHo 36 00pa3LoB ¢ MPOLEHTHBIM
conepxanueM BosokHa 1,0, 2,5 u 5,0 % ot Macchl 1leMeHTa. MeToiMKa JaHHOTO UCCIIe0BaHMs BKJIIOYaja MCIOJIb30BaHUE
KOMITO3UIIMOHHBIX MOJIMMEPHBIX BOJIOKOH BO BHEITHEM apMUPOBAHUU OETOHHBIX OanoK Ui MOBBIILICHUS IPOYHOCTH IPU U3-
rube Mpy HAKJICUBAHWU MOJMMEPHBIX BOJOKOH HAa IMOBEPXHOCTH. BHIMOIHEHBI UCTIBITAHHS TPYIIBI A HEapMHPOBAaHHBIX Oe-
TOHHBIX 0aJIOK C APYTUMHU TOJUMEPHBIMUA BOJOKHAMH. OTIMYHbIE PE3yJbTaThl HOTYyYEHBI NPH J0OABIEHUH ABYX THIIOB IO-
JIMMEPHBIX BOJIOKOH B OCTOH. Y CTaHOBIICHO, YTO MOJIMMED, APMUPOBAHHBIN CTEKJIOBOJIOKHOM, UMEET 00Jiee BBICOKHE PE3YIib-
TaThl, YeM IOJIUMEDP, APMUPOBAHHBIN yIJIEPOIHBIM BOJIOKHOM, IIPH UCIIBITAHUM 00pPa3LOB HAa MPOYHOCTH Npu u3rude. OgHako
MPOYHOCTh HA pacKaJbIBAHWE apMUPOBAHHOIO YIJICPOJHBIM BOJOKHOM IIOJIMMEpa JNOCTHTIIAa 0OJiee BBICOKMX ITOKa3aTeseH,
YyeM, ApPMUPOBAHHOTO CTEKJIOBOJIOKHOM. Pe3ynbTaTsl rpynimsl OpeAblAyIIUX HCCIEA0BAaHNH, IPOBEACHHBIX C LENbI0 U3yUCHUS
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BIMSTHUS 100aBOK (UOPHI HA MEXaHUYECKUE CBOMCTBA OETOHA, IIOKa3ajH, YTO UX J00aBKa MPUBOAMIIA K MOBBIIICHUIO COIIPO-
THBJICHUS CXKATUIO, PACTSHKEHUIO M U3rHOY IPH CKOPOCTAX, JocTHraBuiux 25, 75 u 80 % cOOTBETCTBEHHO.
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Introduction

Polymer fibers have been successfully used for
a long time in the aircraft and vehicle industries.
Currently polymer fibers have found their use
in civil engineering applications [1, 2] where ex-
ternal reinforcement was used to improve the per-
formance of structures, such as strengthening
concrete columns by a collar with polymer fibers
is made around the outer circumference of the shaft
to increase resistance and ductility, as well as it
is used to increase the resistance to bending and
shearing by attaching polymer fibers to the outer
surface of the beams of the bishop [3-5].

There are usually three types of polymer fibers
that are used in civil engineering, namely glass,
aramid, and carbon fibers. Physical and mecha-
nical properties differ not only between the types
of these fibers but also for the same type
of fiber [6-8].

According to the shape and length glass fiber
can be divided into continuous fiber, fixed-length
fiber and glass wool fiber [9-11] and according to
the composition of the glass it can be divided into
non-alkali, chemical resistant, high alkali, me-
dium alkali, high strength, high elastic modulus
and alkali resistant [12-14].

Polymer fibers alone are of limited use in civil
engineering applications because they can transfer
loads from one surface to another, and for this the
matrix material plays a role [15-18].

Important in the function of polymer fibers as it
works to bind polymer fibers together is to enable
them to transporting loads and providing them with

protection against various environmental influ-
ences and damages resulting from handling. Bin-
ders are of several types such as polyester and
epoxy. It is one of the most common polymeric
materials and is usually used with high perfor-
mance fibers [19-21].

Material and method

In this study 36 samples were collected from
laboratories and distributed according to cube
and cylinder with percentage of added fiber (1.0,
2.5, 5.0 %) from weight cement.

Flexural strength is defined as the maximum
stress that the material exhibits at failure due to the
three or four point elastic load. According to litera-
ture review studied bending behavior of concrete
with compressive strength and density ranging
from 10 to 25 MPa. By using the modified polymer
and the test device it is possible to measure the
flexural modulus in polymer composites.

In general, the strength of fiber-reinforced
composites depends on the properties of the com-
ponents and the interactions of the interface. It is
well known that for fiber-reinforced composites,
as the interfacial region plays a leading role in
transferring the load between the fibers and the
matrix, thus affecting mechanical properties such
as strength, the flexural failure depends mainly on
the adhesion of the fibers and the matrix. The tests
were relied on to examine the cubes and the cylin-
der (Fig. 1) where the U-test device was used
to test the samples (Tab. 1).

Fig. 1. U-test device
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Table 1
Results of cylinder 11x15 cm applying splitting strength
Symbol sample Stress, MPa Load, kN _R_ange Time, s Area, mm? Pace, kN/s
of concrete of splitting strength
Without fiber
c1 2.10 57.2 5 050 5 17671.459 11.44
C2 1.95 55.0 ' 5 17671.459 11.00
C3 1.90 52.0 1850 4 17671.459 13.00
C4 1.80 50.0 ' 4 17671.459 12.50
C5 1.80 55.1 1865 4 17671.459 13.70
C6 1.93 53.0 ' 5 17671.459 10.60
Fiber glass reinforced polymer
C1 (1 %) 7.05 124.64 7 080 12 17671.459 10.30
C2 (1 %) 7.11 125.50 ' 12 17671.459 10.45
C3 (2.5 %) 6.93 130.00 7 285 13 17671.459 10.0.
C4 (2.5 %) 7.84 132.00 ' 12 17671.459 11.00
C5 (5 %) 7.90 137.60 7 508 13 17671.459 10.58
C6 (5 %) 7.11 135.00 ' 13 17671.459 10.38
Carbon fiber reinforced polymer
C1 (1 %) 7.11 126 - 11 17671.459 11.4
C2 (1 %) 7.99 127 ' 11 17671.459 11.5
C3 (2.5 %) 7.22 128 728 12 17671.459 10.6
C4 (2.5 %) 7.34 130 ' 12 17671.459 10.8
C5 (5 %) 7.50 132 7 g5 11 17671.459 12.00
C6 (5 %) 8.20 134 ' 11 17671.459 12.18
The diagram below shows the comparison of 18 samples were collected for the flexural
control samples cylinder against glass fiber rein- strength assay, where a comparison was made
forced polymer and carbon fiber reinforced poly- between the control samples and the samples to
mer in splitting strength. The highest value was which fiber was added, and the highest percentage
obtained when carbon fibers were mixed with 5 % was found when fiber glass reinforced polymer
p as shown in (Fig. 2). was added with 5 % (Tab. 2).
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C1.2 C3.4 C5.C6 | C1.2 C3.4 C5.Cc6 | C12 C34 C5.C6
with with with | with with with
1% 25% 5% | 1% 25% 5%
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Range splitting of | Range splitting of glass|  Range splitting of
control sample fiber polymer carbon fiber polymer
Fig. 2. Comparison of control samples cylinder against glass fiber reinforced polymer
and carbon fiber reinforced polymer in splitting strength
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Table 2
Results of cube 15x15x45 cm by applying to flexural strength
Symbol sample Stress, MPa Load, kN Range flexural Time, s Area, mm? Pace, kN/s
of concrete strength
Without fiber
C1 4522 34.14 4.375 34 7500 10.040
C2 4.230 33.00 3.2 7500 10.310
C3 5.634 42.90 5 202 5.0 7500 8.580
C4 4.770 40.00 5.0 7500 8.000
C5 4.900 44.70 4.955 4.0 7500 11.175
C6 5.010 41.00 6.0 7500 8.200
Fiber glass reinforced polymer
C1 (1 %) 6.11 55 6.405 6 7500 9.16
C2 (1 %) 6.70 52 6 7500 8.66
C3 (2.5 %) 6.82 58 6.960 6 7500 9.66
C4 (2.5 %) 7.10 56 6 7500 9.33
C5 (5 %) 7.50 57 2690 5 7500 10.60
C6 (5 %) 7.88 57 5 7500 11.40
Carbon fiber reinforced polymer
C1 (1 %) 6.40 52 6.395 6 7500 8.66
C2 (1 %) 6.39 49 5 7500 9.80
C3 (2.5 %) 6.80 56 6.700 7 7500 8.00
C4 (2.5 %) 6.60 50 6 7500 8.33
C5 (5 %) 6.99 57 6.805 7 7500 8.14
C6 (5 %) 6.80 51 6 7500 8.50

Each two samples were collected separately
depending on the added percentage to know the
resulting differences as shown in (Fig. 3).

The mean value was taken to the three samples
with respect to the cylinder and the cube without
the fibers, and the mean value for splitting strength

test for the cylinder samples was 1.92 MPa, while
for the cube was 4.844 MPa (Fig. 4).

The amount of addition was determined during
the examination of the splitting strength samples
and compared with the control samples, and deve-
lopments and increases were found when adding
fibers at all levels as shown (Fig. 5, 6).
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5
4 |
3 -
2 -
1 -
0 -
C5.C6 c1.2 C3.4 C5.C6 C1.2 C3.4 C5.C6
with1% | With25% | with5% | with1% | with2.5 % with 5%
fiber fiber fiber fiber fiber fiber
Range splitting of control sample| Range splitting of glass fiber Range splitting of carbon fiber
polymer polymer

Fig. 3. Comparison between control samples cubes against fiber glass reinforced polymer
and carbon fiber reinforced polymer in flexural strength
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4.844
1.92

Cube mean value
flexural strength

Cylinder mean value
splitting strength

Fig. 4. Means value of flexural and splitting strength

Discussion

Samples were collected in this study where
they depend on added fibers of carbon polymer and
fiberglass where the percentage of added fibers
was 1.0, 2.5 and 5.0 % and then the samples were
tested by U-test for flexural and splitting strength.
The samples were distributed depending on the
type of examination that was used in this study.
The samples were collected from cylinders and
with dimensions of 11x15 cm, and 18 samples
were collected with dimensions of 15x15x45 cm.

By examining the splitting strength to the cy-
linder, the average value of 6 samples without fiber
was 1.92 MPa, and in the next stage, fiber glass rein-
forced polymer was added with (1.0, 2.5 and 5.0 %),
respectively. Excellent results were obtained when
examining the splitting strength and when adding
fibers with 5 % of the splitting strength (7.505 MPa).

As for the second side of the comparison with
carbon fiber reinforced polymer, the splitting strength

rates were high when they were compared with fiber
glass reinforced polymer, and the rates were the
highest when 5 % was added with 7.85 MPa. Tab. 2
shows the results of cube 15x15x45 cm by applying
to flexural strength at 7 days. Where 18 cubes were
collected, including 6 samples without fibers,
6 samples of fiber glass reinforced polymer,
and 6 samples of carbon fiber reinforced polymer.

The mean value of the cube samples without
fiber was 4.844 MPa, and the flexural strength
value increased when fiber glass reinforced poly-
mer was added, and it achieved the highest rates
of flexural strength to 7.69 MPa with 5 %, and the
same was the case when carbon fiber reinforced
polymer was added and it was higher flexural
strength ratings at 6.895 MPa.

Fig. 5 and 6 show the amount of increase in
splitting strength and flexural strength when ad-
ding types of fiber. A comparison was made be-
tween the two types of fibers with the control
group used in these shapes, and it was noted that
the percenttage of increase in splitting strength was
higher when carbon fiber reinforced polymer was
added when adding the three percentages[18, 22].

But it was not the case when examining the cu-
bes, so the amount of increase in flexural strength
rates when adding fiber glass reinforced polymer is
higher than carbon fiber reinforced polymer (Fig. 3, 4).
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Fig. 5. Amount of increase in splitting strength when add types of fibers
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CONCLUSION
The conclusion was drawn based on the amount

of evolution in ratio splitting strength of cylinder and
flexural strength to the examination of cubes. When
comparing the two types of fibers, we notice that
splitting strength. It was higher when added carbon
fiber reinforced polymer compare fiberglass rein-
forced polymer [23, 24]. But when examining the
flexural strength, we found that fiberglass reinforced
polymer had achieved higher results than carbon fiber
reinforced polymer [25], although the differences
were slight between the two types of fibers [26-28].
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