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Abstract

Currently, technical fabrics play a major role in many industries due to their multiple characteristics. The aim of
this research was to utilize composite knitted bars to reinforce concrete beams. Six cord-knitted samples with
two different polypropylene yarn counts (outer layer) and three different core materials were manufactured
and immersed in a local epoxy material (Kemapoxy 150). Composite knitted bars were prepared in this way.
Several tests were conducted for fabrics and knitted bar samples. All data were collected and analysed using
two different tools: ANOVA test and radar chart area. Finally, three concrete beams with a varying number of
cord-knitted bars (one bar, two bars and three bars) were produced. The results indicated that the differences
in outer and core yarns for cord-knitted samples have a significant effect on several fabric and bar character-
istics. The knitted bars with PP core yarn can be more beneficial for concrete that do does not require high
stress, while the knitted bars using glass fibres and polypropylene (50% and 50% PE) as core materials are not
appropriate for applications that require more flexibility and extensibility. Reinforced concrete beams were im-
proved significantly with cord-knitted bars, taking into account the number of bars per area, which may cause
the minimizing of flexure force through an increase in that number of bars per area.

Keywords: cord-knitted, cement, construction, mortar, strength

Izvlecek

Tehnicne tkanine so zaradi mnogoterih lastnosti pomembne v stevilnih panogah. Namen te raziskave je bil uporabiti
pletene kompozitne palice za ojacitev betonskih nosilcev. Pletene vrvice, izdelane iz polipropilenskih prej v zunanji
plastiin jedra iz zdruZenih prej, so bile potopljene v lokalno dostopno epoksismolo Kemapoxy 150. Izdelanih je bilo
Sest vzorcev pletenih kompozitnih palic iz dveh polipropilenskih prej razlicne dolzinske mase in s tremi razlicnimi jedri.
Opravljenih je bilo vec testiranj pletenih vrvic in pletenih kompozitnih palic. Vse meritve so bile statisticno analizirane
(ANOVA) in prikazane s pomocjo polarnih grafikonov. Izdelani so bili trije betonski nosilci z eno, dvema oziroma tremi
pletenimi kompozitnimi palicami. Rezultati so pokazali, da razlicne preje v zunanji plasti in jedru pomembno vplivajo
na lastnosti pletenih vrvic in pletenih kompozitnih palic. Pletene kompozitne palice z jedrom iz polipropilenske preje so
primerne za betonske nosilce, ki ne zahtevajo velikih obremenitev. Pletene kompozitne palice iz steklenih viaken oziro-
ma iz 50 odstotkov polipropilenskih in 50 odstotkov polietilenskih viaken niso primerne za aplikacije, kjer sta zahtevani
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vecja upogibljivost in raztegljivost betonskih nosilcev. Pletene kompozitne palice so izboljSale ucinkovitost armiranih
betonskih nosilcev, pri cemer je bila ugotovijena najvecja upogibna sila pri uporabi dveh palic na betonski nosilec.
Kljucne besede: pletenina, cement, gradbenistvo, malta, trdnost

1 Introduction

Recent advances in textile production technolo-
gy have led to its use in many applications, such as
medical, agricultural, aerospace, filtering, etc., due
to its unique properties. These textiles are known as
technical textiles [1]. Technical textiles are defined
as “Textile materials and products manufactured
primarily for their technical and performance prop-
erties rather than their aesthetic or decorative cha-
racteristics” [1].

The corrosion of steel bars (rebar) used for reinforc-
ing concrete is a major factor in reducing the service
lifetime of reinforced concrete constructions. Thus,
the solution is to cover or replace rebars with non-
corrosive materials [2]. Textile reinforced concrete
is a new advanced composite material. It generally
comprises alkali-resistant fibreglass (AR) or carbon
fibres with cementitious matrix reinforcement, in
contrast to steel reinforcement. The single fibres of
glass or carbon AR can be positioned in textile in
any direction, which results in the adopted perfect
orientation of an applied load [3].

The use of polypropylene fibres (PP) in concrete
increases the concrete’s tension and compressive
strength [4, 5]. PP fibres are hydrophobic and have
a melting point of about 160 °C [6]. When used in
concrete, the yarns of PP create pathways in the
concrete to evaporate moisture. PP fibres have been
used in concrete to reduce cracking, increase tough-
ness and impact resistance, and thus improve the
energy absorption capacity of the concrete [7-9].
Many studies have shown that adding a small
amount of PP fibres to fresh concrete can signifi-
cantly reduce plastic cracking in the early stages,
while these fibres can also significantly limit surface
cracking and aggregate settlement in fresh concrete,
reducing the possibility of setting cracks [7, 10].
Textile composites are stiff materials (enhanced by
fibres, yarns and different fabric materials) that have
properties, such as light weight, flexibility, solid
construction and toughness. They have been em-
ployed for structural or load-bearing applications
due to their outstanding quality [11, 12].

Rebars made of glass fibre-reinforced polymers pro-
vide various advantages over standard reinforced

steel, including a higher ratio, greater corrosion re-
sistance, and greater fatigue load resistance. A lack
of ductility, however, is one of the key drawbacks of
GFRP rebars (13, 14].

Fibre-reinforced polymers (FRP) provide special
benefits to address a variety of civil engineering
issues in situations when traditional materials fall
short of expectations. Unlike steel, FRP can with-
stand the corrosive effects of acids, alkalis, salts,
and other similar hostile compounds, without be-
ing damaged by electrochemical degradation. FRP
is widely recognised as a steel substitute in appli-
cations where steel is susceptible to the significant
risk of corrosion due to its superior properties, in-
cluding high tensile strength and corrosion resist-
ance [13, 14]. Tarek Elsayed et al. suggested the use
of aramid, carbon and glass fibres via pultrusion to
produce local rebars [14].

Knitting techniques usually give fabrics unique
performance characteristics due to their yarn-loop-
ing shape [15, 16]. Those types of knitted fabrics
have been employed as textile reinforced concrete
(TRC) for concrete reinforcement in some stud-
ies [17]. In the same context, the cord-knitted fab-
ric is considered one type of knitted fabric that is
produced in a tube shape with different structures
using a very small diameter of a circular knitting
machine. Inlay warp, weft, and core yarns can be
added for cord construction, where the final appli-
cations of the cord-knitted fabrics are affected by
tightness factors [18].

The available commercial materials for the TRC sys-
tem were basalt, carbon, glass and polyphenylene
fabrics with different construction. Mortar must
have fine grains, good workability, plastic consist-
ency, low viscosity (to facilitate application on steep
or vertical surfaces) and sufficient shear strength
(to keep the composite material from peeling away
from the substrate) [19, 20].

Taking into account earlier studies, this research
aimed to utilize PP fibres to design and produce
bars as a composite technique with a cord-knitted
fabric for reinforcing concrete beams (which is an
economical material for this application) and evalu-
ate its performance.
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2 Materials and methods

Six cord-knitted samples were fabricated with a
plain structure and constructed with two layers
(outer and core). Two different yarn counts from PP
yarn (133 tex and 267 tex) were used for the outer
layer, while three different materials with the closest
yarn counts were used for the core layer as present-
ed in Table 1. Figure 1 illustrates the experimental-
ly manufactured cord-knitted samples and cross
section.

2.1 Manufacture of cord-knitted samples

A cord-knitting machine with a cylinder diameter
of 6 mm, and eight needles was used to manufac-
ture the six polypropylene cord-knitted samples.
Figure 2 shows a cord-knitting machine and its
specifications.

2.2 Preparation of composite diameter (cord diameter) = 6 mm

cord-knitted fabrics Quantity of needles: 8needles per diameter; machine
Kemapoxy 150 (solvent-free, transparent epoxy) speed: 800-1200 rpm; no creel needed and cones can be
commercial resin from the company CMB was used  installed directly on the machine; automatic stop-motion
for the preparation of composite bars as shown in  system with tensioner configuration

Cord knitted Cross section

Knit
Polypropylene

Bundle of Yarns (PP, FG or PE 50% PP 50%)

(@ (b)
Figure 1: Cord-knitted fabrics: a) produced PP cord-knitted fabrics, b) cord-knitted cross section

Table 1: Experimental design of manufactured cord-knitted fabrics

Outer layer Core layer
Sample code
Material Yarn count (tex) Material Yarn count (tex)

1 PP® 267 PP¥

2 PP 267 GF"Y

3 PpP® 267 50% PP/50% PE ©

approx. 156

4 Pp® 133 PP

5 PP? 133 GFY

6 PpP® 133 50% PP/50% PE

9 polypropylene, ¥ glass fibre, 9 polyethylene
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Figure 3. In order to prepare Kemapoxy 150, com-
ponent B (hardener) was added to component A
(resin) and manually mixed for three minutes.
The cord-knitted fabrics were then immersed in a
mixture for one minute, removed and put on a flat
surface. The air was then vacuumed from the fab-
rics to obtain a stiffer shape and rough surface after
drying.

Figure 3: Coated samples (a) by Kemapoxy (b)

2.3 Reinforcement of concrete beams

with composite cord-knitted bars
The concrete mix was prepared with the mix-
er shown in Figure 4 using the proportions pre-
sented in Table 2. One blank concrete beam and
three groups of concrete beams measuring 50 cm

Figure 4: Concrete mix

Table 2: Proportions of concrete mix

Cement | Water Super Sand | Coarse
(kg) (kg) plasticizer (kg) | aggregate
@) (kg)
325 146 4.8 765 1145

x 10 cm x 10 cm were then produced. The first
group of concrete beams was reinforced with one
prepared PP cord-knitted bar, the second group of
concrete beams was reinforced with two prepared
PP cord-knitted bars and the third group of con-
crete beams was reinforced with three prepared
PP cord-knitted. Figure 5 shows the pouring of
reinforced prepared beams and Figure 6 shows rein-
forced concrete beams with PP prepared bars.

Reinforcing
PP cord
knitted bars

N . i . =
Figure 5: Pouring reinforced beams with PP prepared
bars

Figure 6: Reinforced concrete beams with PP prepared
bars

2.4 Testing and analysis

Standard tests were used to test cord-knitted fab-
rics, composite bars and reinforced concrete beams,
as described below.

2.4.1  Fabric testing

According to standard methods, tests were conduct-
ed on cord-knitted fabrics to determine their stitch
length [21], tightness factor [22-26], longitudinal
weight [27], thickness [28], bending length [29] and
tensile force [30]. All tests were carried out according
to standard conditioning, as described in test meth-
od BS 1051 for textile testing, where all samples were
placed for 24 hours at a temperature of 20 °C £ 2 °C
and a relative humidity (RH) of 65 % * 2 %.
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2.4.2 Testing of composite cord-knitted bars

At the national research centre, all prepared com-
posite samples were examined for the bars’ longi-
tudinal weight [27], diameter and tensile force [31],
in accordance with standard methods to investigate
any potential effects on the application of reinforced
concrete beams.

2.4.3 Testing of reinforced concrete beams

One of the key metrics for describing concrete
strength is flexure strength. It is a measurement
of a beam’s or slab’s resistance to bending failure.
According to the ASTM C293 standard test method
(centre point loading) [32], flexure strength is test-
ed in the lab of the Housing and Building National
Research Centre by applying a point load to con-
crete beams in the middle of a span length. Figure 7
shows the flexure of a beam that has been reinforced
with bars made from PP cord-knitted textiles.

Figure 7: Flexure point load test of reinforced beam
with the PP cord-knitted bars

Table 3: Tests results of PP cord-knitted samples

2.5 Data analysis

All results were collected and analysed using two
different tools: an ANOVA test with a P-value of
< 0.05 was performed in order to identify the sig-
nificant/insignificant effect of different variables
on the production of bars, while a radar chart area
was calculated and plotted in order to rank the
samples and assign the preferable performance
characteristics.

3 Results and discussion

3.1 Physical and mechanical
characterizations

Cord-knitted samples were tested and tabulated to
compare their characteristics, as shown in Table 3.
The findings show that the cord-knitted bars with
a core PP yarn (samples No. 1 and 4) achieved the
lowest fabric thickness and fabric tensile force, as
well as the highest tightness factor and elongation
percentage relative to other cord-knitted samples.
Furthermore, the cord-knitted bars with core glass
fibres (GF) (samples No. 2 and 5) attained the high-
est fabric weight/length at one meter and the lowest
elongation, while the cord-knitted bars with a core
of 50% PP/50% PE (samples No. 3 and 6) achieved
the highest fabric thickness, bending length and
tensile force. The reason can be traced to variation
in the density and elasticity of the core yarns, which
are seen in several knitted-bar characteristics.

As a result of the above, prepared composite bars of
cord-knitted samples were tested, and the findings
are presented in Table 4. The findings show that the
bar samples prepared with PP as a core material
achieved the lowest weight, diameter and tensile force
(N). On the other hand, the bar samples prepared
with GF achieved the highest weight, medium diam-
eter and tensile force, while the bar samples prepared

No. Stitc(lzli:)ngth Tifil(l:ttr:r:ss Weight (kg) "l'h(i;l;l)ess lei;ltl}clli(lclrgn ) Tenszfl)force Elorz(iz;tion
1 0.2 5.74 0.147 5.1 33.5 1120 32.77
2 0.228 5.03 0.163 5.8 40 1670 4.32
3 0.247 4.65 0.126 6.3 40 2190 18.73
4 0.251 6.47 0.189 6.4 325 1180 73.32
5 0.255 6.37 0.218 6.5 37 1290 5.25
6 0.286 5.68 0.167 7.3 42.5 2990 59.92




Enhancement Reinforcing Concrete Beams Using Polypropylene Cord-Knitted Bars 69

with 50% PP/50% PE achieved a medium weight, and
the highest bar diameter and tensile force, emphasiz-
ing the unique and significant effect of core yarns on
the characteristics of bar samples.

Table 4: Tests results of PP cord-knitted prepared bars

Srmle Bar weight | Bar diameter | Bar tensile
(kg) (mm) force (N)
1 0.028 59 1800
2 0.033 59 2620
3 0.032 6.3 3370
4 0.031 6.5 1770
5 0.037 6.7 2240
6 0.034 7.3 3360

3.2 Significant/insignificant effect

In order to explain the effect of different variables
in the production of samples, an ANOVA test with
a P-value of < 0.05 was performed, with the results
shown in Tables 5 and 6. The results indicate that
the difference in outer PP yarn count (133 tex and
267 tex) has a significant effect on the stitch length,
weight and thickness characteristics of cord-knitted
samples, and on the diameter characteristic of the
prepared composite bars. Moreover, the results in-
dicate that the variation of core yarns only had sig-
nificant effect on the fabric weight of the cord-knit-
ted fabric, and on the tensile force of the prepared
composite bars.

Table 5: ANOVA results of PP cord-knitted samples

P-value

Characteristics Outer count Core

yarns materials
Stitch length (mm) 0.030139 ¥ 0.077754
Sample weight (g) 0.008714% | 0.028537%
Sample thickness (mm) 0.028714 ¥ 0.074176
Sample bending length 0.785166 0.098936
Sample tensile force (kN) | 0.687811 0.135106
Sample elongation (%) 0.174346 0.176963

9 Significant effect

3.3 Ranking of samples

In order to determine preferable performance char-
acteristics, radar chart areas were calculated and
plotted for all samples, as shown in Figure 8 and
Table 7. The results indicate that the cord-knit-

Table 6: ANOVA results of PP cord-knitted prepared
bars

P-value
Characteristics Outer count Core
yarns materials
Bars’ weight (g) 0.31687 0.269231
Bars’ diameter (mm) 0.020204 a) | 0.088235
Bars’ tensile force (kN) | 0.364074 0.016863 a)

# Significant effect

ted sample No. 6 (PP 266 tex, 50% PP/50% PE core
yarn) achieved the highest behavioural character-
istics, while the cord-knitted sample No. 5 (PP 133
tex, GF core yarn) recorded the lowest. Moreover,
the results indicate that the cord-knitted sample
No. 1 with a core yarn PP and outer PP yarn count
of 133 tex ranked highest among other samples with
the same outer PP yarn count, while the cord-knit-
ted sample with a core yarn PP and outer PP yarn
count of 266 tex ranked second. We can thus con-
clude that the PP yarns had a significant effect on
produced cord-knitted performance characteristics.

Fabrics’ longitudinal
weight (gm)
100

Fabrics’
elongation (%)

Fabrics’
Thickness (mm)

Fabrics' tensile force \/Fabrics’ bending length

(KN) (em)
sample No 1 sample No 2 sample No 3
sample No 4 sample No 5 sample No 6

Figure 8: Radar chart for PP cord-knitted fabric
samples

At the same time, radar chart areas for prepared
composite bars were calculated and plotted, as seen
in Figure 9 and Table 8. The result indicate that
samples with 50% PP/50% PE core yarn ranked
highest at different yarn counts of outer PP yarn,
while samples with PP core yarn ranked lowest at
different outer PP yarn counts, despite achieving a
preferable rank among cord-knitted samples. This
could be attributed to the decreasing tensile force
of PP yarns compared with other materials (glass
fibres and 50% PP/50% PE), an indication that its
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Table 7: Radar chart for PP cord-knitted fabrics

S, Weight (%) "l'hiz(}/z;less lfne;(;llir(loi) Tensi};:’)force Elorz(ia)tion Rad:;ecahart Rank

1 85.7 100 97.01 37.4 44.6 26070.41 3

2 77.2 87.9 81.2 55.8 5.89 18312.8 5

3 100 80.9 81.2 73.2 25.5 23823.32 4

4 66.6 79.6 100 39.4 100 26478.26 2

5 57.7 78.4 87.8 43.1 7.16 15159.14 6

6 75.1 69.8 76.4 100 81.7 30964.57 1
Table 8: Radar chart area calculation for prepared bars

Sample no. W?Sht "1'11(1;1(;11; 5 Bar te(nksli&()e force Radar chart area Rank

1 100 100 53.4 17911.6 5

2 84.8 100 77.7 19793.8 2

3 87.5 93.7 100 22784.7 1

4 90.3 90.8 52.5 15337.2 6

5 87.5 88 66.5 16778.8 4

6 75.7 80.8 99.7 18809.7 3

potential use in various applications does not re-
quire high stress. At the same time, the other ma-
terials may be inappropriate for applications requir-
ing more flexibility and extensibility.

Bars’ longitudinal weight
(gm)

Bars’ tensile
force (KN) diameter (mm)
sample No 1 sample No 2 sample No 3
sample No 4 sample No 5 sample No 6

Figure 9: Radar chart for PP prepared bars

3.4 Results for reinforced concrete beams

Concrete beams reinforced with composite PP
cord-knitted bars (PP 133 tex, PP core yarn) were
produced. Three different composite cord-knit-
ted bars (one, two and three bars) were applied to
concrete beams, while a basic concrete bar with-

out cord-knitted fabric was also tested. The flex-
ure forces of basic and reinforced concrete beams
were tested, as shown in Table 9. The results con-
firm that, although PP bars (PP core yarn, PP out-
er yarn) achieved the lowest tensile force (kN) as
seen in Table 3, they enhanced reinforced concrete
beams using varying numbers of cord bars, indi-
cating that other prepared cord-knitted bars with
altered cores yarn could further improve rein-
forced concrete beams. Additionally, the results in-
dicate that the number of bars per area impacts the
flexure force of reinforced concrete beams, as ex-
ceeding a certain limit might reduce flexure force,
where beam No. 3 with three bars achieved the
lowest force and beam No. 2 with two bars achieved
the highest force.

Table 9: Flexure force results for concrete beams rein-

forced with polypropylene cord-knitted prepared bars

Sample no. Number of Reinforcir.lg Flexure
bars bar material | force (kN)
pasic 0 reinlfj):cing 10.5
Beam 1 1 PP 14.7
Beam 2 2 PP 15.7
Beam 3 PP 135
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4 Conclusion

Based on the results reported in this study regard-
ing the use of cord-knitted PP fabrics to reinforce
concrete beams, the following main conclusions can
be drawn:

The variance of outer PP yarn count (133 tex
and 266 tex) and core yarns has a significant
effect on several cord-knitted fabric and bar
characteristics.

Although the cord-knitted fabric with PP out-
er and core yarns did not achieve the highest
results (depending on radar area), it did have a
significant effect on the samples’ performance
characteristics.

According to the testing of knitted bars, the po-
tential use of bars with PP core can be excluded
for applications that require high stress. On the
other hand, the knitted bars with core materials
glass fibres and 50% PP/50% PE are not suitable
for applications requiring more flexibility and
extensibility.

Cord-knitted bars enhanced reinforced concrete
beams effectively, while the number of bars per
area should be considered during the production
of reinforced concrete beams, as exceeding a cer-
tain limit might reduce flexure force.
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