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Abstract

This study aimed to investigate the impact of varying fibre compositions and fabric constructions on the
elastic behaviour of compression fabrics. Knitted fabrics used as compression garments are subjected
to deformation due to various loads used to extend the fabrics during wear. The loads to extend the
fabrics are influenced by fabric constructions, strain levels and fabric directions. In this study, the strain
of fabrics was measured using a commercial tensile testing machine (LR30K Lloyd) according to ASTM
D496. Each sample was cycled five times between zero and the specified strain to replicate the repeated
use of compression garments. In addition, the fabric was also heat-set and laundered to evaluate the
impact of these treatments on the elastic behaviour of the fabric. The results indicated that different
fabric constructions exhibited different elastic properties (P < 0.05), with 1x1 rib fabric demonstrating
the highest load in the wale direction and terry fabric displaying the highest load in the course direction.
Fibre composition in single jersey fabrics significantly affected (P < 0.05) their load requirements for
extension, with 8% elastane displaying the highest resistance to stretching. Heat-setting positively
affected the load capacity of the fabrics (24%-47%), enhancing the dimensional stability and strength.
However, laundering after heat-setting decreased the load capacity (6%-32%), negatively affecting fabric
deformation and shape retention. These findings aim to lay the groundwork for the importance of
careful selection of fabric attributes and post-processing treatments for optimising the elastic properties
of compression fabrics.
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1 Introduction

Compression fabrics are used for medical, sports and body-shaping [1]. In the medical field,
compression garments are used for scar management of burn patients, orthopaedic support and
management of arthritis disease [2-5]. Most medical compression garments, such as stockings,
gloves, sleeves, and bodysuits, are designed and manufactured for specific body regions with an
engineered compression gradient. These materials are used over a specified time, depending on
the need [5]. Due to their elastic nature, they generally provide a certain amount of pressure on
the body parts for therapy treatment [6]. Some advantages of compression garments for sports ap-
plications in the market have been reported, for example, to improve blood flow, improve muscle
oxygenation, reduce fatigue, improve recovery, reduce muscle oscillation, and reduce muscle injury
[6-7]. In sports, it has become a popular tool for athletes to enhance performance in competi-
tion, reduce post-exercise trauma, reduce muscle soreness and reduce recovery time after exercise
and training [8-9]. Additionally, Machado-Sousa et al. (2019) [10] reported that compression
garments can even improve proprioception (body awareness) in athletes during exercise. These
advantages were reported based on the fact that the compression garment is used as a principle
for aerodynamics to reduce drag in high-speed sports and resist the impact force of muscle caused
during running or jumping, thus decreasing unnecessary muscle vibration and applying pressure
on specific muscle to increase blood flow [1, 11].

In developing compression garments, knitted construction with different stretch properties must
be chosen, arranged and used for that particular body part. Fabric extensibility and ability to
maintain stretching force influence the effectiveness of compression. The degree of pressure exerted
by the garment depends on the garment design in terms of reduction factors and physical and
mechanical characteristics, such as the fabrics’ elastic behaviour and the material’s thickness
and density [12, 13]. Knitted construction also influences fabric density, even with the same
parameters, such as knitting machine type, gauge diameter, and machine speed [13]. In line with
this, Lia et al. (2015) [15] also reported that structural parameters of fabrics significantly affect
compression properties. This emphasises the importance of considering fabric construction and
fibre compositions when designing compression garments.

Compression garments are designed to be smaller than the actual body measurement by 10-
50% measurements following fabric extensibility [4, 16]. Incorporating elastane yarns in knitted
fabric improves stress-strain properties and fabric stretch and recovery [17, 18]. The addition of
elastane yarns in the fabric enhances fit, stretchability and good shape retention of a garment
throughout wear. It also provides better strength characteristics [19]. For medical compression
garments, the constant stretching of compression fabric will alleviate the effectiveness of the
garment, resulting in a loss of ability to exert appropriate pressure on the patient, thus reducing
treatment effectiveness. FElastane yarn is usually processed with other ground yarn due to its
higher extensibility and lower breaking strength. The percentage of additional elastane increases
the weight of the fabric, and simultaneously, the course per inch and wales per inch becomes
higher, thus increasing the stitch density and mass per unit area [20]. The presence of elastane
in the knitted structure is expected to enhance stretch and recovery, flexibility and comfort in
pressure garments [21].

However, since elastane fibres have a memory effect, they tend to revert to their original shape
after being stretched and dimensionally unstable. Elastane yarn has a random molecular structure
with many polymer bonds; thus, when working with elastane-containing fabrics, heat setting is
often required during the finishing stage of grey fabric to give the fibres a rigid permanent structure
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and to lock the fabric properties, such as width, weight, and stretch and recovery [22]. During
heat setting, the inter molecules of elastane are broken, and the polymer chains are rearranged.
To ensure an effective and efficient heat-setting process, parameters for optimisation, such as
temperature, time and fabric width extension, must be chosen and meticulously monitored [23].

This study evaluated the effects of fibre compositions, knitting constructions, and heat-setting
treatment on the elastic properties of compression fabrics. It is not yet clear how these charac-
teristics impact the fabric’s properties. The results of this research are expected to contribute to
a better understanding of how the properties of compression fabrics can be optimised for better
performance and comfort.

2 Materials and Methods

This study used two types of yarns: cotton (30 Ne) and elastane (40 Ne). Based on previous
research, combining these two yarns could produce excellent elastic fabrics [3]. Three different
types of weft-knitted structures and three different fibre compositions were chosen as the con-
structions for this study. The knitted fabrics were produced on a circular knitted machine, and
the machine’s specifications are given in Table 1. The details of the fabric specifications are
presented in Table 2. All the fabric samples were divided into two groups: the control group
and the heat-setting group. The heat-setting group was further divided into two groups. One
group underwent a laundering process, and another group was unwashed to measure the impact of
laundering on elastic properties. In total, three groups of fabrics were evaluated in this research,
which are control sample (S1, S2, S3, R1 and T1), unwashed heat-set (H group: S1H, S2H, S3H,
R1H and T1H), and washed heat-set (HL group: S1HL, S2HL, S3HL, R1HL, and T1HL). The
experimental results were analysed and compared, and an analysis of variance was performed to
determine if there were statistically significant differences among the means of each group.

Table 1: Knitting machine specifications

Model UBX 3 SK-Unitex
Machine gauge (Needles per Inch) 28
Machine diameter (Inches) 30
Number of feeders used 80
Machine speed (rpm) 24

Table 2: Constructions and compositions of fabric samples

Fabric code Fabric Constructions Fibre Compositions (%)
S1 Weft-knitted Single Jersey 95% Cotton, 5% Elastane
S2 Weft-knitted Single Jersey 92% Cotton, 8% Elastane
S3 Weft-knitted Single Jersey 90% Cotton, 10% Elastane
R1 Weft-knitted 1x1 Rib 95% Cotton, 5% Elastane

T1 Weft-knitted Terry 95% Cotton, 5% Elastane
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2.1 Heat-setting Treatment

Fabrics containing elastane yarn or fibre have poor dimensional stability and tend to crease and
curl extensively. Heat-setting treatment rearranges and relaxes the molecular chains, thus signif-
icantly improving the dimensional stability of elastane-blended knitted fabrics [24]. According to
our preliminary study [23], heat-setting treatment was applied. The parameters are 190 °C, 75
seconds of process time, and 13.5% width extension.

Before the heat-setting process, the fabric samples were stretched onto a frame with a size of
300 mmx300 mm (Fig. 1(a)). To achieve the 13.5% width extension as per the parameters of
heat-set, the sample was cut to 260 mmx300 mm. Next, the fabric samples were put into the
oven (Fig. 1(b)). The heat-setting process was done using Universal electronic oven. Then, the
sample was taken out, and time was given to relax before removing the fabric from the frame.

(b)

Fig. 1: Sample fabric (a) stretched by 13.5% width extension; (b) in the oven.

2.2 Laundering Treatment

After the heat-setting process, one group of fabrics (HL group: SIHL, S2HL, S3HL, R1HL, and
T1HL) went through the laundering process. This step examines the effect of laundering on
knitted fabrics’ physical and mechanical properties. The fabrics were washed for ten laundering
cycles, and the laundering effect was studied by comparing the heat-set unwashed fabrics and the
heat-set washed fabrics.

The laundering method was conducted according to the previous study [24], with minor modi-
fications, where no heating was employed during washing and rinsing. Laundering was performed
using a top-load washing machine branded Toshiba (Model: AW-A820M). Each wash cycle in-
cluded wash, rinse, and spin. The detergent used for fabric washing was 0.1 g/L, while the
material-to-liquor ratio was maintained at 1:10. For each sample, the washing cycle was repeated
for 10 cycles. Samples were dried using the flat-dry method. After laundering, the samples were
conditioned at 21 4+ 2°C with a relative humidity of 65 + 3% for 24 hours before proceeding to
the subsequent stage. Laundering was carried out using an upper loading machine under normal
agitation.
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2.3 Determination of Fabric’s Physical Properties

The properties tested in this research were mass per unit area, thickness, and density. Mass per
unit area was measured in g/m? using the ASTM D3776 Standard Method. The thickness of
fabrics was measured using a fabric thickness gauge at ten different locations according to the
ASTM D1777 standard. The average thickness of fabric samples was then calculated.

2.4 Investigation of Fabric’s Elastic Behaviour

The fabric samples were cut to 290 mmx75 mm. Two gauge marks were marked on the sample,
250 mmx 75 mm apart, approximately the same distance from the fabric samples. Then, a loop
was formed by folding the samples before sewing them along the gauge mark using a single-
needle stitch. The test sample was conditioned in the standard atmosphere, 21 4+ 2 °C & 65 +
3% relative humidity at least 24 hours before testing. The fabric tension decay was conducted
using a commercial tensile machine - LR30K Lloyd instrument by the standard test method for
fabric tension and elongation (ASTM D4964). Under zero load, the samples were manually placed
onto the looped bars of the tensile machine, and their position was adjusted around the bar so
that the seam lay halfway between the bars (Fig. 2). The specimen was extended and retracted
at a 500 mm/min rate. To simulate the repeated use of compression garments, the samples were
cycled five times between zero and the specified extension. After cycling five times, the load
and strain level data were recorded. The test was repeated five times for every strain level using
different samples in both course and wale directions. In this experiment, 10%, 15%, and 20%
strain levels were utilised following the standard reduction factors commonly used for producing
compression garments for glove application, as stated by [25].

Fig. 2: Looped fabric sample mounted on the looped bar of the tensile machine.

3 Results and Discussion

Table 3 and Fig. 3 show the average fabric thickness for the three groups of fabrics: control fabric,
fabric after heat-set treatment and fabric after heat-set treatment and laundering. Fabric T1,
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the terry structure, recorded the highest thickness (1.23 mm) and fabric S3, single jersey fabric,
recorded the lowest thickness (0.75 mm). Analysis of variance found that for each type of group
(control fabric, fabric after heat-set treatment and fabric after heat-set treatment and laundering),
there are significant differences between each type of fabric (S1, S2, S3, R1, T1). When comparing
the treatment effect for each fabric code, only fabric S3 and R1 showed significant differences (P
< 0.05), which means the heat-setting and laundering thus affect the thickness of the fabric.
This is supported by a study conducted by [26], where heat-setting and laundering affect fabric
properties. Heat-setting could cause shrinkage and compaction of fibres, leading to decreased
fabric thickness.

Table 3: Average fabric thickness (mm) for control fabric, fabric after heat-set and fabric after heat-set
and laundering (HL)

. . ) Fabric after heat-set
Fabric code Control fabric (mm) Fabric after heat-set (mm) P-value
and laundering (mm)

S1 0.88+ 0.01 0.86+0.01 0.90£0.01 > 0.05

S2 0.84+0.01 0.8240.00 0.851+0.03 > 0.05

S3 0.84+0.01 0.7540.00 0.84+0.04 < 0.05

R1 0.94£0.01 0.9340.03 1.0640.06 < 0.05

T1 1.23+0.01 1.22+0.03 1.23+0.01 > 0.05
P-value < 0.05 < 0.05 < 0.05

—o— Control fabric
1.5 Fabric after heat-set

= Fabric after heat-set and laundering 5
£ .l —
< 1.0 3
> = - 4
g
S 0.5
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|_
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S1 S2 S3 R1 T1
Fabric code

Fig. 3: Fabric thickness (mm) for control fabric, fabric after heat-set and fabric after heat-set and
laundering (HL).

Table 4 and Fig. 4 show the average fabric weight for the three groups of fabrics. Similar to
the observation seen in the thickness of fabric, Fabric T1, which is the terry structure, recorded
the highest fabric weight (348.01 g/m?). Significant differences exist between the samples of each
type of fabric sample for the control fabric. However, the differences in fabric weight between each
sample fabric are not significant for the groups of fabric after heat-set and fabric after heat-set
and laundering. The effect of treatment for each fabric code was further compared, and only
fabrics S1, S2 and R1 showed significant differences (P < 0.05). Heat-setting treatment followed
by specific finishing treatments, such as laundering, could reduce fabric weight beyond the initial
decrease from heat-setting treatment alone [27].
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Table 4: Average fabric weight (g/m?) for control fabric, fabric after heat-set and fabric after heat-set
and laundering (HL)

. . ) Fabric after heat-set
Fabric code ~ Control fabric (g/m?)  Fabric after heat-set (g/m?) P-Value

and laundering (g/m?)

S1 265.20+£0.07 240.12+0.03 276.51+0.06 < 0.05
52 309.99+£0.15 270.86+£0.08 269.93+0.04 < 0.05
S3 280.70+0.20 259.29+0.16 265.48+0.10 > 0.05
R1 247.46+0.11 239.65+0.08 277.43+0.07 < 0.05
T1 348.01+0.25 307.11+0.12 331.46+0.10 > 0.05
P-Value < 0.05 > 0.05 > 0.05
4001
_ 350 /
E 300- A
5 300 - o /
= 250F ——y
e
22001
E 150+ —e— Control fabric
5 1000 Fabric after heat-set
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50
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Fig. 4: Fabric weight (g/m?) for control fabric, fabric after heat-set and fabric after heat-set and laun-
dering (HL).

3.1 Effects of 10%, 15% and 20% Strain Levels on Different Knitted
Constructions (Control Fabrics)

Table 5 shows the maximum load of knitted fabric constructions at different strain percentages
in wale and course directions. Different fabric constructions recorded different loads at 10%, 15%
and 20% strain in both wale and course directions. It was evident that the higher the strain
level, the greater the load on the fabric. It is a general physical property of elastic fabric [28].
Sample R1 recorded the highest load in the wale direction, while T1 recorded the highest load
in the course direction. The load required to extend R1 at 10%, 15% and 20% strains in the
wale direction are 5.11 N, 7.81 N and 10.60 N, respectively. At the same time, the load required
to extend T1 at 10%, 15% and 20% strain in the course direction are 3.36 N, 4.93 N and 6.41
N, respectively. The results indicate that using R1 in the wale direction and T1 in the course
direction will create more significant pressure when extended, putting more compression on the
patient’s body. Inversely, R1 required extending the lowest load in the course direction. This
could be explained by the fact that rib structure has better course direction stretch properties
than other knitted structures [29]. This is because fabrics with high extension properties need
a low load to extend, thus lowering their strength (load) [30]. This result also shows that rib
knitted fabric has a lower load (N) to extend in the course direction than its wale direction.

The analysis of variance was performed to measure the main effect of different fabric construc-
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tions at various strain levels and strain directions. The main effect of fabric construction, fabric
direction, and strain level is significant (P-value < 0.05), meaning that the fabric construction,
fabric direction, and strain level significantly influenced the maximum load of the fabrics. The
interactions between the independent variables are also tested. The interaction between fabric
construction and fabric direction (Fabric construction*Fabric direction) is significant (P-value <
0.05), indicating that the effect of fabric direction on the maximum load of the fabrics depends
on the fabric construction. The interaction between fabric construction and strain level (Fabric
construction®Strain level) is also significant (P-value < 0.05), suggesting that the effect of strain
level on the maximum load of the fabrics depends on the fabric construction. The interaction
between fabric direction and strain level (Fabric direction*Strain level) is significant (P-value <
0.05), indicating that the effect of strain level on the maximum load of the fabrics depends on
the fabric direction. The three-way interaction between fabric construction, fabric direction, and
strain level (Fabric construction®*Fabric direction*Strain level) is significant (P-value < 0.05),
suggesting that the effect of strain level on the maximum load of the fabrics depends on both
fabric construction and fabric direction.

Table 5: Maximum load (N) of different knitted fabrics construction at 10%, 15% and 20% strain in
the course and wale directions

Load in wale direction (N) Load in course direction (N)
Fabric code Strain of Strain of
10% 15% 20% 10% 15% 20%
S1 2.60£1.2 3.66£0.9 4.53£1.3 2.31£1.1 3.35£0.8 3.43+0.7
R1 5.11+0.2 7.81+0.3 10.60+1.2 1.02+0.7 1.49£0.9 1.89£1.1
T1 3.71+0.7 4.80+0.8 5.72+1.2 3.36+0.8 4.94+1.1 6.41+1.3

3.2 Effects of 10%, 15% and 20% Strain Levels on Different Fibre
Compositions (Control Fabrics)

Table 6 shows the maximum load of different fibre compositions at 10%, 15% and 20% strain in
course and wale directions. Fabric S2 with 8% elastane yarn requires the most load extended at
all strain levels and in both directions. The load needed to extend S1 at 10% strain was 2.64 N.
For S2, the load required to extend it at 10% strain was 4.46 N, and the load needed to extend
S3 at 10% strain was 2.98 N. This implies that a pressure garment made from fibre composition
in S2 would generate more pressure on a user’s body than compression fabric made from fabric
S1 or S3, assuming that the same amount of stretch is applied.

The analysis of variance was performed again to measure the main effect of different fibre
compositions at different strain levels and strain directions. The main effect of fibre compositions,
fabric direction, and strain level is significant (P-value < 0.05), meaning that the maximum load
of the fabrics significantly influences the fibre compositions, fabric direction, and strain level.
Fibre compositions and fabric direction are significant (P-value < 0.05), and fibre compositions
and strain levels are significant (P-value < 0.05), indicating that the effect of fabric direction and
strain levels on the maximum load of the fabrics depends on the fibre compositions. The three-
way interaction between fibre compositions, fabric direction, and strain level is also significant
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Table 6: Maximum load (N) of different fibre compositions at 10%, 15% and 20% strain in course and
wale directions

Load in wale direction (N) Load in course direction (N)
Fabric code Strain of Strain of
10% 15% 20% 10% 15% 20%
S1 2.60£1.2 3.66+£0.9 4.53+£1.3 2.31£1.1 3.35£0.8 3.43+0.7
S2 4.46+£1.1 6.43+0.9 7.96+0.7 3.38£1.5 5.31£0.5 6.13+0.9
S3 2.98+0.8 4.58+1.0 6.31+1.2 2.67+1.2 3.38+1.1 4.98+1.3

(P-value < 0.05), suggesting that the effect of strain level on the maximum load of the fabrics
depends on both fibre compositions and fabric direction. A previous study which examined the
impact of using different elastane ratios found that fabrics’ physical and mechanical properties
were significantly affected by the structure’s tightness and amount of spandex [31].

3.3 Elastic Properties of Control Fabric, Heat-setting Fabrics and
After-laundry Fabric

Fig. 5 shows the elastic properties of control fabric, fabric after heat-setting, and fabric after
laundry in the width direction. It can be observed that heat-setting had a significant effect on
the load of the fabrics. The load increased after heat-setting for all fabric samples compared to
the control sample. The percentage increase in load varied between fabric samples and strain
levels. For S1, the load increased by an average of 35 % after heat-setting at all strain levels.

14~
B Control
121 M Heat-setting

Laundering
10+

Load (N)

0
10% 15% 20% 10% 15% 20% 10% 15% 20% 10% 15% 20% 10% 15% 20%
S1 S2 S3 R1 T1
Strain (%)

Fig. 5: Elastic properties of fabrics for control after heat-setting and after laundering.

Similarly, S2 showed an average load increase of 33% after heat-setting at all strain levels.
The same trend was observed for S3, R1, and T1, which showed average load increases of 36%,
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44%, and 31%, respectively. This suggests that the heat-setting process could be beneficial for
increasing the durability of the compression fabric. The heat-setting process can also reduce
shrinkage during laundering, ensuring the glove maintains its shape and size over time.

After laundering, the load slightly decreased compared to the heat-setting fabric for all fabric
samples. The percentage decrease in load varied between fabric samples and strain levels. For
S1, the load decreased by an average of 8% after laundering at all strain levels compared to the
heat-setting fabric. For S2, the load decreased by an average of 18%. Meanwhile, for S3, the
load decreased by an average of 9%. The same trend was observed for samples R1 and T1, which
showed average load decreases of 15% and 12% after laundering compared to the heat-setting
fabric. Laundering had a negative impact on the load capacity of the fabrics, particularly at
higher strain levels. This suggests that laundering may weaken the fabric, reduce its ability to
withstand deformation and maintain its shape over time. The negative impact of laundering may
be due to the mechanical action of the washing process, which can cause friction and stress on the
fabric fibres, as well as the use of detergents and high temperatures, which can weaken the fibres.

The results from this study indicate that heat-setting can significantly increase the load of
the fabrics, but laundering can decrease the load. It is parallel to past research, where heat-
setting improves the dimensional stability of fabric by optimising the strength properties of cotton
elastane fabric within moderately rigid limits [32]. The load of fabric increases while being
stretched. However, the elastic properties of fabrics can be negatively affected by laundering.
Constant laundering could impact the fabric’s ability to return to its original shape quickly after
being stretched and withstand deformation [33].

4 Conclusion

This study assessed the effects of heat-setting and laundering on the physical and elastic char-
acteristics of weft-knitted fabrics with different fibre compositions and fabric constructions. Five
types of fabrics were examined and revealed distinct elastic behaviours. At 10%, 15%, and 20%
strains, the results indicated that different knitted fabric constructions exhibited distinctive elastic
properties (P < 0.05). The 1x1 rib and terry fabrics demonstrated superior stretch and pressure
exertion in the wale and course directions. Fibre compositions in single jersey fabrics significantly
affected (P < 0.05) their load requirements for extension, with 8% elastane displaying the highest
resistance to stretching. Heat-setting treatment enhanced fabric durability and stability by 24%
to 47%, but it reduced load capacity after laundering, accentuating the need to consider meticu-
lously fabric selection for prolonged use. In summary, this research provides valuable insights into
the complex interactions between fabric properties, fabric construction, and types of treatment,
such as heat-setting and laundering. The findings of this study have practical implications for
optimising performance in the development of compression fabric. This study’s limitation is the
limited fibre composition for other types of fabric structures, such as ribs and terry. Therefore,
future research can include these fabric structures to explore the elastic properties further.
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