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Abstract: The function of clothing includes many aspects such as protection,
adornment, status and modesty. Despite all the functions listed, clothing could also
give the feeling of discomfort to the wearer. Therefore, there is a need to study the
comfort properties of a clothing. This research will analyze the thermal comfort
properties of army uniform in context of clothing. The sample used in this research is
a standard army uniform from poly cotton fiber. All the experiments conducted in this
research are in compliance with American Society for Testing and Materials (ASTM)
standards. In the end, objective evaluations did not have the same results as subjective
evaluation as human bodies work differently each person. As a possible suggestion,
the use of new material to manufacture the army uniform shall be considered.
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1. Introduction

Clothing was a textile material that made up from any type of fiber that had been through different
type of process making. Clothing was meant to protect the human body from any kind of danger. It has
been worn long ago as human characteristics. Later, it was found that textiles and clothing can also be
used for technical purpose in order to improve the quality of lives. The function of clothing includes
many aspects such as protection, adornment, status and modesty [1]. Despite all the functions listed,
clothing could also give the feeling of discomfort to the wearer. The environmental factors such as
humidity and the heat will effect on wearer’s thermal comfort. Comfort is a pleasant state of
physiological, psychological and physical harmony between a human being and the environment [2].

Comfort is an experience that is caused by integration of impulses in the brain. It is a qualitative
term and one of the most important aspects of clothing. Thermal comfort is related to the ability of
fabric to maintain the temperature of skin through the transfer of heat and perspiration generated within
human body. Comfort, as felt by the user, is a complex factor to be studied. Subsequently, there is no
study conducted to give concrete evidence proving the army uniform is comfortable to be wear.
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Hence, this research was aimed to analyze the thermal comfort properties of army uniform. Besides,
it was also to identify the relationship between the objective and subjective evaluation of the army
uniform. It is hope that this study would give a better exposure of the army uniform thermal comfort
properties.

2. Research methodology

There is only one material of fabric used in this research that is poly cotton fabric. The fabric is
purchased from a licensed uniform clothing store. The material was a woven fabric of a plain weave.

2.1 Objective evaluation

Fabric density (ASTM D3775)The density of the fabric is calculated according to warps and wefts
per inches of woven fabric. Five random places on each of the fabric sample were marked by 1 inch x
1 inch, and then they were cut. The number of warp yarns (ends) per unit distance and filling yarns
(picks) per unit distance.

Fabric thickness (ASTM D3776 — 2009a)

The fabric was placed on the anvil base of the thickness gauge. Then, the pressure foot was lowered
towards the fabric and the thickness reading can be taken from the scale. The reading was taken for 5
times at random spots of the fabric.

Moisture vapor transmission (ASTM E96 / E96M — 16)

5 fabric samples were cut to 16 cm x 16 cm and being tied on top of a beaker each with a rubber
band. The beaker was filled with 350 ml of water which leave the air gap to the top of beaker mouth for
6 cm. The beaker was left in a controlled temperature room of 20 °C and 65.00 % relative humidity.
The weight of the beaker was taken after 24 hours for 2 days straight. Moisture vapor transmission can
be calculated using equation 1 below.

mvr =22 Eq.1
At
MVT = rate of moisture vapor transmission (g/m?/day)
M = the difference of mass before and after
A = test area (cup mouth area) (m?)
t =time (h)

Thermal insulation (ASTM D1518)

The sample taken should be in full width and at least 75 cm x 75 cm long. They were placed on the
copper plate inside the apparatus and the heat will be spread through. HE116 thermal conductivity
apparatus was used in this experiment. The initial temperature was set to 40 °C and the temperature
difference in every 10 minutes were recorded until it reached 30 minutes. However, the temperature
must be maintained in the range of not more than 60 °C. The heat insulation for textile is measured in
Clo and can be calculated by equation 2 below.

1 Clo = 0.155™
0o =V. W

K = temperature in Kelvin
W = weight of the sample
m? = refer to the area of the sample

Eq.2
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2.2 Subjective evaluation

The subjective evaluation was adapted from (3). Five healthy army officers were selected as the
participants. They were regular army officers having trainings every day. Their age was 20-23 years
(SD, 1.22); height 1.79-1.91 m (SD, 4.71) and weight 72-77 kg (SD, 1.95). Each subjects were informed
the general purpose, procedure and possible risks of the wear trials by written forms and training
sessions. Wear trial program was arranged for performing the test at the same period of the day with
each subject. Subjects were asked to eat their meal at least two hours before the trial session. Participants
wore 100.00 % poly cotton gear produced from the test fabrics. The uniforms were conditioned in the
test room before the sessions.

Subjective wear trials were carried out in a training room where the temperature and relative
humidity can be controlled. Temperature and relative humidity of the environment was set to 24 + 0.5
°C and 60 + 5.00 % respectively for this study. These values were selected to enable comfort and
sensible sweating during heavy activity. Details of the activity protocol are given in Table 1.

Table 1: Activity protocol of the wear trial test

Rating Time, min Activity
0 30 Sitting in test room for acclimatization after dressing
1 15 Sedentary work (reading a book, listening to music, etc.)
2 15 Moderate activity by walking on the treadmill at a speed of 6 km/h
3 5 Stand-up rest
4 15 High activity by walking on the treadmill at a speed of 9 km/h
5 10 Seated rest (cooling)

Five point rating scales were used to assess thermal comfort evaluation results at each rest span of
the activity session. Mentioned evaluation results were determined by a preceding questionnaire survey
study. Details of the questionnaire survey are given in Table 2.

Table 2: Questionnaire survey evaluation

Question 1 It feels hot and uncomfortable to wear the uniform

Question 2 When you are sweating, does your uniform has a good rate of absorption?
Question 3 The sweats absorbed on your uniform are drying fast

Question 4 How comfortable are you to move in the uniform?

Question 5 Can you bear to wear the uniform whole day?

3. Results and Discussion

The results are divided into four main testing that directly involved in thermal comfort of the fabric.
This section will have the discussion on the fabric structure and all the experiments that have been
evaluated on the fabrics.

3.1 Properties of fabric

The structure of the fabric is a 1 x 1 plain weave in which the simplest weave structure yet the
strongest among all of the designs. The structure of the plain weave has more micro pores in between
the interlacing of the warp and weft yarns. Thus, the fabric formed by using the two structure is a very
tight fabric. The result of the test is recorded as in Table 3 below.
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Table 3: Result for fabric thickness and fabric density

Fabric  Fabric
thickness density

(mm) (/in?)
Average 0.60 11 x
17

3.2 Moisture vapor transmission

The human body tends to secrete sweat when they are feeling hot. The sweat will then convert into
moisture vapor and diffuse out through the fabric layers. This test is to measure the passage of moisture
vapor through the material. Poly cotton fabric has been used to undergo the test as shown in Figure 1.
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Figure 1: Graph of weight loss (g) against time (day) for moisture vapor transmission

The graph in Figure 1 demonstrated poly cotton fabric has a high moisture vapor transmission. The

weight loss after 1 day for poly cotton fabric was 2.12 g. Meanwhile on the second day, the weight loss
of poly cotton fabric was 2.13 g.

3.3 Thermal insulation

Thermal insulation test could be practiced to determine the rate of heat transport between object in
thermal contact. As for clothing, the heat is produced by the human body while the fabric or garment
worn will be the object. In a hot and humid environment such as Malaysia, the fabric should have low

thermal insulation for the fabric to reflect the heat out of the wearer’s body. The result for army uniform
thermal insulation test are as in Table 4 below.

Table 4: Result of thermal insulation

Temperature difference, °C Thermal
After 10 min After After insulation,
20 30 Clo
min  min
4.1 3.2 2.9 0.0260
4.2 4.4 3.1 0.0259
Average Clo 0.0263

Table 4 showed the temperature reading detected by the thermal sensor. The average Clo of the
fabric was 0.0263 Clo which is low referred to the International Standard of Clo (4). It signifies that the
clothing has low thermal insulation where the heat can be easily reflect out from human body.
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3.4 Subject wear trials

All the subjects were required to wear the full army uniform and done simple exercises for a certain
period. The experiments were done in a closed training room. After they exercised and rest, they have
answered a questionnaire regarding thermal comfort properties of the uniform. There is no absolute
evidence to prove if the uniform is comfortable to be wear. Figure 2 illustrated the subjects’ answer of
the questionnaire.
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Figure 2: Graph of comfort evaluation by the subjects

For Question 1, 4 out of 5 were agree they felt hot and uncomfortable to wear the uniform with 1
participant strongly agree. For Question 2, 3 participants were strongly disagree that the fabric has a
good rate of absorption. In Question 3, 1 participant was in between, 2 participants were disagree and
the last 2 participants were strongly disagree of the sweat absorbed on the fabric was drying fast. For
Question 4, most of them were standing in between and for the last question, Question 5, 1 participant
was agree and feeling in between, with the other 3 participants stating disagree.

4, Conclusion

At the end of this study, it can be seen that the objective evaluation does not have the same results
as the subjective evaluation. For instance, the fabrics were tested to have low thermal insulation
according to the International Standards of Clo. However, in the subject wear trials, the value of the
fabric thermal insulation was found not low enough for Malaysia’s climate. Bear in mind, the
International Standards of Clo was made in four season country thus, the difference. As conclusion, the
subject wear trial was unsuccessful. It has proved that the mechanical testing cannot be related to the
physiological of a person’s state of mind.
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