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Natural Radiation Sourced Heat Stress: Thermal Comfort Depending On Color
Factor In Safety Reflector Vests

Dogal Radyasyon Kaynakli Isi Stresi: Reflektorli Guvenlik Yeleklerinde Renk
Faktoriine Bagh Termal Konfor

Murat KODALOGLU

ABSTRACT

Research has shown that personal protective clothing is not used by employees due to personal reasons such as lack of wor-
king comfort and heat stress. Solar (UV) radiation creates a heat effect on people working outdoors. Agricultural and const-
ruction workers are exposed to solar radiation and are known to be at high risk of heat stress, especially in arid climates. It
is important for the person to individually evaluate the ambient temperature as hot or cold for the ergonomic conditions of
the employee. In this study, for increasing safety and comfort expectations, heat changes in reflector vests based on colors
of heating due to natural radiation were estimated with thermal camera measurements, and gained heat values of vests
with different fabric thicknesses were estimated using fuzzy logic modeling over time, and the effects of natural radiation
on human health were examined.
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OZET

Yapilan arastirmalar kisisel koruyucu giysilerin calisanlar tarafindan ¢alisma konforu eksikligi ve 1s1 stresi gibi kisisel se-
beplerle kullanilmadig tespit edilmistir. Glines (UV) radyasyonu, acik havada ¢alisan kisiler tizerinde 1s1 etkisi olusturmak-
tadir. Glines radyasyonuna maruz kalan tarim ve insaat iscileridir ve bunlar 6zellikle kurak iklimlerde yiiksek 1s1 stresi
riskine sahip olduklar1 bilinmektedir. Kisinin ortam sicakligini bireysel olarak sicak veya soguk seklinde degerlendirmesi
calisanin ergonomik sartlari agisindan 6nemlidir. Bu ¢alismada, artan giivenlik ve konfor beklentilerine yonelik, dogal rady-
asyondan kaynakli 1sinmanin renklere bagl olarak reflektorlii yeleklerdeki termal kamera dl¢iimleri ile 1s1 degisimleri ve
farkli kumas kalinliklarindaki yeleklerin zamana bagh olarak bulanik mantik modellemesi ile kazanilmis 1s1 degerleri tah-
minlenmis ayrica dogal radyasyonun insan sagligina etkileri incelenmistir.
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I. INTRODUCTION

Personal protective equipment is not used enough be-
cause employees prefer work comfort to safety. Solar heat
radiation imposes a significant heat load on workers.
Requiring employees to wear protective clothing may also
be counterproductive in such environments because physi-
ologically, the human body is a metabolic heat-producing
system, which maintains a balance between heat loss and
heat gain. The manufacturing material and garment design
of the reflective vest can affect thermal balance by increa-
sing or decreasing heat. The radiant shielding performance
of fabrics is related to the chemical structure of the fabric
material and its physical thickness. Textile materials gene-
rally protect against infrared radiation, the greater the

thickness of the fabric, the better.

Safety vests are preferred for security and awareness
purposes, produced using phosphorescent type fabric, with
strips on the front and back that reflect light even in low-
light conditions, and can be worn over sleeveless and wide
work clothes. These vests, which have reflective parts wit-
hin the scope of work clothes that are required by law to be
worn as determined by legal regulations and legislation
regarding occupational safety, are used for occupational

safety and to ensure easy identification of personnel.

We can also call the reflector tapes on safety vests that
can reflect light as life-saving tapes. Because conspicuous-
ness is of vital importance in the production field, which is
full of many dangers. Polyester fabric is mostly used in the
production of safety vests. Polyester fabrics have a breat-
hable fabric structure that is not heavy, dries quickly when
wet, can be used without the need for ironing. In this way,
employee comfort is prioritized, work performance is not
reduced, and frequent use is aimed. In today's market, vest

colors are prioritized in the color and size standards deter-
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mined for work safety vests, and products made of phosp-
horescent fabric with orange, yellow or red colors, which
allow easy distinction from the surrounding environment
during the day, are preferred. The front and back of the
vests have stripes that reflect light in the night environ-
ment. It is as wide, thin and comfortable as possible becau-

se it is worn over a dress with business attire.

In today's manufacturing environment, where there is
fast flow and intense material movements, wearing conspi-
cuous clothing provides a significant advantage in terms of
precautions against accidents such as crushing, collision,
conflict, etc. for personnel working with human-controlled
moving vehicles. For this reason, while some businesses are
taking precautions on personnel visibility, they are also
implementing practices to increase the visibility of vehicles
that pose a risk of collision, especially with eye-catching
colors and lighting such as red and yellow. In this context,
occupational safety vests are the general name for vests that
must be worn in order to attract attention and increase
visibility, especially in work areas or jobs that require pre-
cautions, such as construction sites and manufacturing

environments [1].

Employees can work productively under working con-
ditions where they feel comfortable. Poor working conditi-
ons; inappropriate physical conditions of the working envi-
ronment, such as insufficient ventilation, heating and the

like, cause negative ergonomic environment conditions.

The advantage of a work safety vest in night work and
facilities with low light is thus considered a necessity wit-
hin the scope of work safety as a specification rather than a
choice[2-5]. Another issue is that a person who gets physi-
cally tired while doing work experiences mental fatigue
after a while, causing attention deficit and coordination

problems. This lack of attention makes it increasingly diffi-
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cult due to mental fatigue to detect objects such as people,
which can be easily separated from the surrounding colors
and background, or objects that are moving and/or dange-
rous and at risk of impact. In this case, even if adequate
lighting conditions are met, encountering objects that use
colors such as yellow, red or orange, which can perceptu-
ally create feelings of attention in the mind, provides re-

sults that can increase awareness even in a tired mind.

Sun et al., radiant protection of textile structures is
affected by the thickness and materials of the fabrics [6].
Holmér, the structure of protective clothing prevents the
heat exchange of sweat [7]. Nunneley, developed computer
models that predict work, clothing, and environmental
response to a combination of heat stress factors [8]. Potter,
clothing designed for safety has shown that heat stress cau-
sed by work and the environment imposes a heat load and
that thermal comfort is necessary to increase safe working
time [9]. Glitz and Seibel, they stated that heat stress cau-
sed by protective clothing reduces working time, therefore
convective heat loss should be increased [10]. Talukdar et
al., thermal properties of fabrics, environmental conditi-
ons and protective performance of fabrics were examined
[11]. Reischl, he developed a heat radiation point for pro-
tective clothing and a prototype vest for workers exposed
to solar radiation, and found that it reduced heat gain by
30% [12]. Feiyu et al., they found that the layer structure
of the clothing affects the heat transfer effect [13]. Neves,
to analyze the thermal conductivity effect of fabric proper-
ties, they determined the effects of multilayer clothing on
heat transfer [14]. Song and Reischl, they estimated the
thermal protection and physiological load provided by
clothing with different layers [15, 16]

In the literature review, there are many studies on the
evaluation of heat stress and thermal comfort measure-

ments in textile protective clothing. However, unlike the

literature, we have not found a study that directly addresses
the field of testing a thermal camera using two different
colored reflective safety vests and detecting heat gain on
the inner surface of the vest by fuzzy logic modeling of the

fabric thickness over time.

II. METHODS

Measurement methods measure only one of many pa-
rameters related to heat transfer. The low IR transmittance
of the vest does not mean that it has high reflectivity. The
vest may also cause an extra temperature increase by trans-
mitting heat to the body due to high IR absorption and

emissivity [5].

For yellow and orange vests, the vests were exposed to
sunlight between 12:00 and 14:00 on November 9, 2023,
and it was determined how the outer surface temperatures
of the vests changed according to their colors with the
FLIR E40 thermal camera. Figure 1 shows the reflective

vest colors used in the study.

The fuzzy logic tables created in this study were descri-
bed using the MATLAB program and the resulting data
were examined[17-22]. The Mamdani method allows us to
define expertise in a more intuitive, more human-like way .
At the same time, fuzzy logic is rule-based to produce an
information output. These rules consist of propositions
such as “If... Then... (If... Then...)”.In the study, the type
of membership functions used in the input sets is the
gbellmf method, and the type of membership functions
used in the output sets is the trimmf method, thus the
trapezoid shape, which is a geometric shape, is obtained
[23-30]. Our input membership functions, Time (min),
were chosen to be three, thickness of fabric (mm) was cho-
sen to be six, and our output membership functions, input
heat gain (°C), were chosen to be sixteen feet. It was crea-

ted with a hundred and thirty rule base in order to unders-
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tand the effect of the relationship between the determined

membership functions on the result.

Figure 1: Color colors used in the study

Reflective vest fabric properties are given in Table 1.

Table 1: Vest fabric features

Fiber 100% Poliester (PES)
Thread 75/72 Denye
Weight 120 +5 gr/m2

Most 1500 +20 mm

Burst Strength >1000 kPa (kN/m?2)

It is assumed that the sun's rays penetrating the vest
surface are equal. In order to assist vest manufacturers with
optimum thermal comfort, measurements were made ba-
sed on vest colors. The method of modeling thermal com-
fort presented in this article clearly reveals the dependence

between the parameters characterizing vest color.

ITI. DISCUSSION

Since there is no need to consider all color types, we
focused on the selected yellow and orange colors. Therefo-
re, although the thermal change is affected by the chemical
structure of the color molecules, the color tone is determi-
ned by the color parameters that characterize the vest color

in the visible spectrum range.
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Figure 2: Yellow vest preliminary temperature
measurement

A.  Thermal Camera Measurement Applied To The
Yellow Vest

Measurement values for the yellow vest are given in
Figures 2-3. Yellow colored vests provide very good protec-
tion against sunlight and reduce heat. External surface
front temperature: 28.8 °C, 29.2 °C measured from the

rear side on the worker. These levels are important to con-

Figure 4: Vest inner surface temperature change graph
depending on time and fabric thickness

Input Heat Gain(°C)

Time (min.) .X\\ __,--"”“/ %
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’ Thickness of Fabric(mm)



Karaelmas Is Saghg ve Giivenligi Dergisi, Cilt 8, Say 2, 2024, ss. 95-103
Karaelmas Journal of Occupational Health and Safety, Vol. 8, No. 2, 2024, pp. 95-103

sider for thermal comfort. Figure 4 shows the acquired
temperature change graph entering the inner surface of the

vest depending on time and fabric thickness.

When the connection graph between fabric thickness
and time is examined, it is seen that the temperature value
entering the vest decreases with the increase of fabric thick-
ness, and with the increase in the acquired temperature

Figure 5: Vest internal temperature change over time

- - - -
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Input Heat Gain (°C)

“u » - - ] - g

Time (min.)

entering the vest depending on time, the value of the acqu-
ired temperature value reaches 28.8 °C. Figure 5 shows the

temperature change inside the vest depending on time.

In the 0-20 minutes, the temperature rises to 23.3-

23.80 °C, in the 20-40 minutes, it rises to 23.3-25.4 °C, in

Figure 6: Vest internal temperature change depending on
fabric thickness

Input Heat Gain (°C)

Th.ickness 6If Fabric (:mm)

the 40-60 minutes, it rises to 25.5-26 °C, and in the 100-
120 minutes, the maximum level is 28.80 °C. It is seen
that it has increased to C levels. It is seen that the acquired

temperature change increases with time.

For 0.5-1 mm fabric thickness, the temperature drops
to 28.8-28 °C, for 1-1.5 mm, it drops to 28-26.4 °C, for 2-
2.5 mm it drops to 25.7-24 °C, for 2.5-3 mm it is the mi-

nimum level. It is seen that it dropped to 23.23 °C levels.

Figure 7: Orange vest front temperature measurement
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1009%

It is seen that the acquired temperature change decreases

depending on the fabric thickness.

B. Applied Thermal Camera Measurement for Orange
Colored Vest

Measurement values for the orange vest are given in
Figures 7-8. It appears that orange vests have a lower level

of protection against sunlight. External surface front tem-
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Figure 9: Vest inner surface temperature change graph
depending on time and fabric thickness

Input Heat Gain (°C)

Time (min}) .\

Thickness of Fabric (mm)
perature: 29.3 °C, 30.5 °C measured from the rear side on
the worker. These levels are important to consider for ther-
mal comfort. Figure 9 shows the temperature change graph
entering the inner surface of the vest depending on time

and fabric thickness.

When the connection graph between fabric thickness
and time is examined, it is seen that the temperature ente-
ring the vest decreases with the increase of fabric thickness,
and with the increase in the acquired temperature entering
the vest depending on time, the temperature reaches 31.6 °

Figure 10: Vest acquired internal temperature change
over time

-

-

Input Heat Gain (°C)

C. Figure 10 shows the temperature change inside the vest

depending on time.

Figure 11: Vest internal temperature change depending
on fabric thickness

Input Heat Gain (°C)

Tl;lickness 0} Fabric [r:nm)

The temperature rises to 24.6-25 °C in the 0-20 mi-
nutes, 25-27.4 °C in the 20-40 minutes, 27.4-27.8 °C in
the 40-60 minutes, and reaches the maximum level of 31.6
°C in the 100-120 minutes. It seems to come out. It is seen

that the acquired temperature change increases with time.

Between 0.5-1 mm fabric thickness, the temperature
drops to 31.6-30.8 °C. Between 1-1.5 mm, the temperatu-
re drops to 30.8-28.4 C. For 2-2.5 mm, it drops to 27.7-
25.1 °C. 2.5 It is seen that it drops to 24.3 °C, which is the
minimum level of -3 mm. It is seen that the acquired tem-
perature change decreases depending on the fabric thick-

ness.

IV. NATURAL RADIATION SOURCED (UV) EF-
FECT ON HUMAN HEALTH

Initial effects of solar radiation (UV) include sunburn,
tanning, hyperplasia, immunosuppression, vitamin D synt-
hesis, and photoonycholysis. Sunburn inflammation is the
first and most well-known immediate skin response to
ultraviolet rays. Absorption of sunlight by DNA and prote-

ins leads to molecular and cellular destruction. One effect
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of UV is skin discoloration [31]

Another effect of UV is abnormal proliferation of cells.
When the inflammation threshold stimulated by ultravio-
let rays increases, it causes thickening in the stratum cor-
neum, epidermis and dermis layers of the skin. Especially
in those with fair skin and white spots on their skin, the
protective layer of the skin thickens after a single UVB
dose. This thickening protects the skin from sunburn 10-
20 times. “Hyperplasia is the result of increased DNA,
RNA and protein synthesis, as well as increased epidermal
and, to a lesser extent, cell proliferation activity, following
exposure to acute UV. This thickening provides more pro-

tection against tanning in light-skinned people”.

UV rays also disrupt the functions of keratinocyte cells
and affect their effects on LH cells. They negatively affect
its regulatory properties. Uroconic acid, which absorbs
UV, plays an important role in immunosuppression. The
positive effect of UV radiation on human health is the
synthesis of vitamin D3. UVB rays convert moderate amo-
unts of epidermal dehydrocholesterol into provitamin D3.
Provitamin D3 multiplies within days and enters the circu-

lation with plasma vitamin D binding protein [32].

V. CONCLUSION

Today, as a result of increasing industrial applications,
variations of work accidents have also increased. For this
reason, the use of equipment called Personal Protective
clothing by field workers is of vital importance. By provi-
ding visibility, protective clothing protects against most
potential accidents and reduces the impact of impact in the
event of an accident. The development of a reflector vest is
recommended for use by agricultural and construction
workers exposed to high heat stress in environments expo-
sed to sunlight. One of the simplest precautions is to try to

be exposed to the sun as little as possible in the middle of

the day, when the sun's rays are more direct. If we are
exposed to these harmful sun rays (UV radiation), even if
unintentionally, by wearing clothes that cover the body, we
should try to minimize the damage by taking the necessary
precautions. The outer surface front temperature for the
yellow colored vest was: 28.8 °C, measured from the back
side on the worker at 29.2 °C, and the outer surface front
temperature for the orange colored vest was: 29.3 °C, mea-

sured from the back side on the worker: 30.5 °C. measu-

red.

In the textile industry, especially in order for protective
clothing manufacturers to benefit from fabric development
studies, it is necessary to take into account the heat trans-
fer, weight, comfort, and safety parameters of the develo-
ped fabrics. Other issues that should be taken into account
in the design of protective clothing are environmental da-
mages and energy costs during production and use. In ad-
dition, during the management of the radiation compo-
nent of heat transfer in the body-clothing-environment
system, it is important to consider the combined heat and
mass transfer mechanisms that occur by transmission,
transportation and evaporation, as well as the transfer of
sweat in vapor and liquid form, which are other heat trans-
fer mechanisms, as a whole, in terms of determining the

real-life performance of products.
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