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Abstract
The purpose of this article is to examine the physical characteristics of three different types of 100%
cotton 1/1 plain woven fabrics. Fabrics like canvas, poplin, and voile are taken into consideration. These
fabrics have a 60-inch width in common. Tear strength, tensile strength, weight (g/m2), cover factor,
shrinkage, air permeability, Martindale pilling resistance, and Ultra-Violet Transmission were all tested on
the fabrics. The experiments were carried out using the ASTM & AATCC Standards test procedure, which
is mentioned further down in this document. In comparison to poplin and voile, canvas cloth has superior
weight and strength qualities. In comparison to the other two textiles, voile fabric had a higher value of
shrinkage and ultra-violet protection factors (UPF). The air permeability of canvas fabrics is higher. The
research is based on exercise, and the �ndings support textile specialists. Researchers will be able to
pursue this �eld further because of our investigation.

1. Introduction
There is immense importance of this research in the �eld of cotton fabrics manufacturing industries as
well as sellers. Different scholars worked regarding this investigation at different times where literature
review exposed different consequences. Some of them were parallel and some of them were widely
different. Woven fabrics are subjected to a wide range of complex deformations during usage [1].
Strength is directly related to the polyester content percentage of the cotton-polyester blended woven
fabrics [2].

 

Woven fabrics are made by the interlacement of two different sets of yarns. In these two sets, one is
called the warp and another is called the weft. Woven fabrics are made with the interlacement process of
warp and weft at a right angle. Generally, woven fabrics are manufactured in weaving loom, and made of
yarns woven on a warp and a weft [3]. Shrinkage ability is a very important factor for the clothing industry
and very strict claims are made for this property. No more than 3% shrinkage in the cross and lengthways
directions of the fabric is allowable. A matter of primary interest for fabric shrinking capacity is fabric
structure, which is characterized by seven main parameters: fabric warp and weft raw material, the linear
density of warp and weft yarns, densities of warp, and weft, and fabric weave. All these factors together
determine the fabric's formation, parameters, and characteristics [4].

 

Woven fabrics are mainly three types such as plain, twill, and satin. Plain weave fabrics are mainly
manufactured by the two sets of yarns with the 1 up and 1 down process at right angles. The higher the
surface openness, the lower or more negligible the in�uences of other factors on UPF values. The colors
of a fabric plays an important role in UV ray protection in the samples with a su�ciently closed surface
and especially black and blue colors exhibit high absorbance in the UV wavelength range and provide
excellent protection when the samples are highly closed (compact). Other chromatic colors, such as red,
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yellow and green also offer adequate (very good) protection against UV radiation. [5]. In this weave,
the warp and weft yarns stay at right angles and create a durable fabric. Every weft yarn passes the warp
yarn by moving above one and then below the following, and so on. The subsequent weft yarn goes
below the warp yarn that its belonging passes over, and vice versa [6].

 

In woven fabrics, there are mainly two cover factor values like warp cover factor and weft cover factor.
Cover factor hangs on some issues like yarn count, thickness, density, and shape [7]. These yarns run
parallel to their corresponding yarns. Muslin is a type of fabric that is made up of 100% cotton yarns with
the interlacement portion of one up and one down. The yarn count of muslin clothes is very �ne ranges
from 200 Ne to 300 Ne [8]. With the higher interlacement ratio, plain weave fabrics showed the maximum
cover factor values. Stiffness or compactness was less in the twill and satin weave compared to plain
woven fabrics. More thread counts like EPI and PPI showed more cover factor values. Extra crimp from
plain weave fabrics due to more interlacement ratio has a greater advantage for more weight (g/m2)
values [9]. It can simply make a relationship between outward evenness and abrasion. Consequently, the
higher the exterior zone of reproduction yarns, the greater would be the clothes balance and, hence, the
higher would be the frictional confrontation. [10]. This strength of woven cloth is one of the most
signi�cant characteristics which make it bigger in many applications as related to nonwoven and knitted
clothes.

 

The property of shrinkage is expressed as the change of measurement through the length and width of
the clothes after washing, either in hot water or in cold water [11]. When cotton fabrics are submerged in
water, they started to shrink in both warp and weft ways to neutralize pressures obtained from the
processing �nishing department. Shrinkage values are both types like positive and negative. Positive
shrinkage refers that a fabric that will increase in length after washing. Wherein negative shrinkage
fabrics started to shrink or reduce their length after washing [12]. 

 

The Cover factor is a technical dimension of the proportion area of the cloth enclosed by the yarns. The
Cover factor is dependent on the construction of the clothes and the type of yarns used. Plain weave
fabrics expressed the best cover factor values compared to twill and satin weave fabrics [13]. Air
permeability is a property that measures how effortlessly air passes through the clothes. It speci�es the
breathability of fabrics. The more the air-permeability is, the better the breathability is. Air-permeable
clothes have a habit to have moderately high moisture vapor diffusion capacities [14]. Canvas fabric
expressed a higher value of weight and strength compared to poplin and voile, on the other hand, voile
fabric expressed a better value of shrinkage compared to the other two fabrics. [15].

2. Materials And Method
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2.1 Materials Used
100% cotton  plain woven fabrics were used in this research for the investigation of the physical
properties of fabrics as stated in table 1. Three uncontaminated kinds of cotton of plain 1/1 weave
fabrics with different construction and the same width were used in this research. All the fabrics were of
the plain weave in uncontaminated cotton yarns. Canvas fabrics are produced with 30Ne Warp and weft
30Ne weft yarn count with EPI 92 and PPI 78, poplin fabrics are produced with 38Ne warp and weft yarn
count with construction EPI 102 and PPI 92. Voile fabrics are produced with 48Ne warp and weft count
yarns belonging to construction EPI 110 and PPI 100.

 

 

Table 1: Materials used in this research

S. N Fiber content Construction  Weave Width (Inch)

A 100% Cotton Canvas  Plain (1/1) 60

B 100% Cotton Poplin 60

C 100% Cotton Voile  60

2.2 Method Used 
Specimens were performed following the test method provided by ASTM and AATCC Standard as
mentioned underneath this paper. Allow the specimen to bring the equilibrium state in the standard
atmosphere for test performance. Each specimen is directed in practice conditioning standard ASTM
D1776. 

3. The Experimentation

3.1 The experiment of Weight (g/m2)
The weight of the specimen was taken in ASTM D3776 Standard. Weight was taken in mass per unit area
of fabric. A round GSM cutter was used to take the weight of the samples. First, the fabrics were
conditioned as per standard ASTM D1776 after taking from the industry. Fabrics were cut with the round
GSM cutter at 5 different places to avoid selvage to get the average weight of the clothes. After cutting
the fabric, it was placed in the measuring balance to get the results. The results were placed in Table 2.

3.2 The experiment of Tear Strength
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Tear strength was measured following the test method provided by ASTM D1424 standard using a
pendulum apparatus. By the pendulum C in its original location, the two clamps were detached at a
distance and associated in such a way that the clamped samples have stayed in a plane parallel to the
axis. After cutting the samples at the middle using scissors, one part was clamped at the instrument and
the other part was clamped at the pendulum in such a way that while splitting, the tear strength was
recorded using the pendulum reading and positioned the results are obtained and put in Table 2. Figure 1
shows the tear strength measurement process of fabrics.

3.3 The experiment of Tensile Strength
Following ASTM D5034 the tensile strength was measured, which is a grab test system for the
measurement of breaking force and elongation of the woven fabrics. The fabric samples were cut in a
size of 4-inch square shape. Then the samples were mounted with their clamp and a force was applied to
break the specimen 12 inches/min extension with jaw separation 3 inches between two jaw schemes.
The upper part and lower part of the samples were clamped at the jaw. Using a computer, a signal was
given to start the machine until the fabric is destroyed of its 60% Ruptured due to upward force from the
device where the downward clam is static. In Table 2, Fig. 2 shows the tensile strength obtained process
of fabrics.

3.4 Experiment of Shrinkage
Dimensional stability or shrinkage of fabric was measured using AATCC 135 standard. The fabric was
cut in 40-inch square size and interlock stitched was given at the edge of the clothes so that the yarns
could not be removed from the fabric due to heavy laundry in a washing machine. The fabric was marked
by a 36-inch square shape for measurement with a permanent marker. The sample was loaded on the
machine and started washing at 60°C temperature for 5 minutes. Then the sample was rinsed wash at
normal room temperature. After that, the sample was dried in the machine for 3 minutes with hot air blow.
At last, the samples were pulled out and dimension was measured using measurement tape and the
shrinkage values were detected and positioned in Table 2.

3.5 Experiment of Cover Factor
The Cover factor speci�es the extent to which the area of the cloth is covered by the yarns. It is the
percentage of the area covered by the yarns to the total area of fabric. Cover factor also describes the
compactness, solidity, and density of the fabric. Cover factor values of the samples were measured with
Eq. 1 as stated below. Three types of samples from Table 1 were taken and their cover factor was
measured with this equation and placed the results in Table 2. This equation needs the values of EPI, PPI,
warp count, and weft count. Yarn count checked through ASTM D1059 standards.
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Equation 1: Cover Factor calculation formula.

3.6 Experiment of Air Permeability
Air permeability is the rate of air�ow passing perpendicularly through a fabric between the two surfaces
following the ASTM D737 standard. The rate of air�ow is measured in ft3/min/ft2. Air permeability is the
competence of a material to permit air to pass through the clothes. The assessment of air permeability is
less where the clothes are stiffer. The air permeability principle was complex where fabrics were slackly
woven. The air pressure kept for this test was 125Pa across the samples keeping the laboratory
temperature 20°C with a relative humidity of 65% and the values were positioned in table 7 and Fig. 4.

3.7 Experiment of Martindale Pilling Resistance
The Pilling resistance of the clothes was measured in contract with the test method provided by ASTM
D4970 Standard. Specimen test conducted in the standard atmosphere. The fabric was cut 3 pairs of
specimens where 3 pieces are 5.5 inches in diameter other 3 pieces 1.5 inches diameter. Mount one 5.5
inches diameter of standard felt and one fabric specimen of diameter. Placing one 1.5 inches diameter
disk of 3 mm polyurethane foam and a specimen of the same 1.5 diameters of fabric in each holder.
Start machine without any load run for 100 movements. The rating was taken individually and recorded
as its average result.

3.8 Experiment of Ultra-Violet Radiation Protection
Resistance:
Ultra-violet radiation (UV-R) is electromagnetic radiation, that we cannot see or feel, and its emitted by
natural or arti�cial sources. The transmission of ultraviolet radiation (UV-R) through the fabric is
measured on a spectrophotometer at known wavelength intervals. The ultraviolet protection factor (UPF)
is computed as the ratio of the erthemally weighted ultraviolet radiation irradiance at the detector with a
specimen present. The ultraviolet radiation (UV-R) test is performed according to the AATCC-183 method.
Test conducted in two conditions dry medium and wet medium. Specimens are cutting (50x50) mm
square avoiding distorting & selvage areas.

Test a minimum of two (2) specimens from each sample for the wet and the dry testing. Cut each
specimen at least 50 × 50 mm (2.0 × 2.0 in.) or 50 mm (2.0 in.) in diameter. Avoid distorting the specimen
during preparation and handling.
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4. Result And Discussion

4.1 Weight measurement:
The specimen's weight in g/m2 was determined using the ASTM D3776 Standard's test technique. Table
2 displays the results. Table 2 shows that fabrics with a coarser yarn count have a heavier weight than
those with a �ner count. Canvas materials are always thicker than poplin and voile fabrics. An electric
balance was used to determine the average weight of �ve specimens, which was then positioned in Table
2.

4.2 Analysis of Tear & Tensile Strength:
The specimen's slit strength was tested according to ASTM D 1424 Method. Using a falling pendulum
equipment, this procedure generates a test report. Table 2 shows the strength values. It has been
demonstrated that coarser �bers have more tear strength than �ner fabrics. Because coarser yarns are
stronger than �ner yarns, this is the case.

The specimen's tensile strength was tested according to ASTM D 5034 Method. The breaking strength of
fabrics is measured using this method. The central half of the sample is riveted in the jawline during this
examination. Both the warp and weft directions were tested. Because it is sized with PVA weft yarn that is
not sized, the warp direction extension percentage is minimal. The canvas cloth had the highest tensile
strength, whereas the poplin and voile fabrics had lower tensile strength. The tensile and tear graphical
representation is shown in Fig. 6.

4.3 Shrinkage measurement:
The fabrics' dimensional stability was determined using AATCC-135, which supplied the test procedure.
This test method measures cotton fabric shrinkage in both the warp and weft directions. The EPI is higher
than the PPI because the warp yarn was sized and the weft yarn was sized. The shrinkage report for
various textiles is shown in Table 2.

4.5 Measurement of Cover Factor
The area of woven fabrics covered by a single pair of strands is expressed as a cover factor. Based on the
warp/weft ratio of the neighborhood's yarns, this value represents the tightness and looseness of
materials. The cover factor of these fabrics is shown in Table 2. As can be seen from the chart, 100%
cotton voile fabric has the highest cover factor value, while 100% cotton canvas fabric has the lowest
cover factor value. Among these three samples, poplin fabric has the middle cover factor value.

4.6 Air Transmission measurement:
The ability of cloth to transmit air through it is known as air permeability. Where the materials are more
rigid, the air permeability �ow rate is lower. Where materials are loosely woven, air permeability ratings are
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higher. The ASTM D737 standard is used to verify air permeability values, which are then entered Table 2.
The air permeability measurements were measured in feet per minute (ft3/min). The table shows that
100 percent Cotton Canvas has the highest air permeability value. The air permeability value of 100
percent Cotton Voile, on the other hand, was the lowest. It was discovered that the fabric's architecture
and yarn count are directly responsible for air transmission through the fabric surface.

4.7 Grading of Martindale pilling resistance:
This method covers the determination of the resistance to the formation of pills and other related surface
changes on fabrics using the Martindale tester. Followed by ASTM D4970 standard, pilling grades are
veri�ed and placed in Table 2. The experimental resistance to pilling is reported on an arbitrary scale
ranging from 5 to 1 (No pilling to severe pilling). It is understood from the table that 100% Cotton Canvas
exposed the maximum pill resistance value. Alternately, 100% Cotton Voile exposed the lowest pill
resistance against face to face rubbed.

4.8 Measurement of Ultra-violet Protection Factor:
To measure the degree of UVR protection of fabrics, the ultraviolet protection factor (UPF) is de�ned as
the ratio of average effective UV radiation irradiance transmitted and calculated through the air [effective
dose – ED] to the average effective UV radiation irradiance transmitted and calculated through the fabric
[effective dose - EDf] [EN 13758-1, 2002; Scott, 2005]

UV light �ows through the open areas of fabrics (macropores) and through the yarns, where it changes
direction before leaving the fabric with scattered UV transmission. Numerous researches have been
conducted on several fabric constructional characteristics that best describe the fabric structure and have
a direct and signi�cant impact on UV protection. Fabric cover factor, fabric open porosity, fabric mass,
fabric thickness, and other factors have all played a part. [Gies et al., 1998; Dimitrovski et al., 2009;
Gabrijeli et al., 2009; Hatch & Osterwalder, 2006; Dimitrovski et al., 2009; Dimitrovski et al., 2009;
Dimitrovski et al., 2009; Dimitrovski et al., 2009; Dimitrovski et al.

The UVR spectrum can be subdivided into near UV (400 − 300 nm), middle UV (300–200 nm), and
vacuum UV regions (200–10 nm) by physicists, or into UVA (400–315 nm), UVB (315–280), UVC (280–
100 nm) and UVD (100 − 10 nm) regions by biologists [Williams & Williams, 2002]

Conclusion
      The physical features of 100 percent cotton 1/1 plain woven fabrics were detailed throughout the
research, and new research focusing on the topic was reviewed in this publication. These textiles had a
1/1 plain weave structure and came in a variety of forms, including canvas, poplin, and voile. In
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comparison to poplin and voile fabrics, canvas fabrics have a thicker form and thickness. In comparison
to the other two textiles, poplin and voile, it has the highest tear, tensile strength, and pilling resistance.
Due to tight, loose strands and interwoven warp yarns in the weft, canvas textiles shrink -2.5 percent less
than poplin and voile fabrics. Despite its bulkier appearance, it had a cover factor of 25.6.

       

       The appropriate combination of the characteristics allows for the manufacture of UV-protective
passive woven fabrics, which may lower the danger of UV overexposure. The number of EPI and PPI with
a yarn count and type of weave, yarn �neness, fabric tightness, fabric cover factor, and Ultraviolet
protective factor (UPF) with GSM values is proven to directly stimulate the physical qualities of the fabric,
except for shrinkage values seen reversed. The �ndings of this study are relevant to those working in the
textile industry who are responsible for producing cotton-woven fabrics and managing their physical
qualities as intended end products.
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Figure 1

Tear strength measurement observed by James heal tear tester machine (Elmendorf).
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Figure 2

By Using Titan 5 Tensile strength measurement Observed.

Figure 3

Air porousness transmission measurement process of fabrics.

Figure 4

UV Protection Factor (dry condition) measurement.

Figure 5

UV Protection Factor (wet condition) measurement.
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Figure 6

Graphical presentation of tear & tensile.
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Figure 7

Graphical presentation of shrinkage, cover factor, air transmission, pilling resistance.
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