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Abstract:

Solar heat radiation can impose significant heat stress on persons working outdoors. A
prototype light-weight vest was developed which can offer protection to agricultural
workers and constructions workers exposed to high levels of solar radiation. The
prototype vest was tested using a laboratory based thermal manikin which was exposed
to controlled heat radiation intensity levels. The tests showed that a vest including 3.2
cm spacers can reduce heat gain by 30% without imposing a significant corresponding
insulation heat gain. The thermal cross-over point for such a vest was lowest in
comparison to others tested. Commercial development of such a vest for use by
agricultural workers and construction workers in hot solar environments is encouraged.
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1. Introduction

Solar infrared heat radiation can impose a significant heat load on workers who
are engage in outdoor occupational activities. Agricultural workers and construction
workers are known to have a high risk of heat stress especially in arid climates
where high ambient air temperatures are often associated with intense daytime
sunshine. These conditions present occupational environments that may lead to
serious heat illnesses. Use of tents, hats, and other protective equipment are
frequently employed to help reduce solar heat exposure. However, such measures
may be impractical in work settings where the workers are engaged in complex
manual tasks, must interact with multiple tools and equipment, and are required to
change body posture and location. Requiring employees to use protective clothing
in such environments may also be counter-productive because such garments
impose heat stress on the body by adding insulation and reducing air flow over the
skin which subsequently reduces sweat evaporation.

Physiologically, the human body is a metabolic heat generating system that
maintains a balance between heat loss and heat gain. This mechanism allows the
body to observe a narrow range of internal temperatures which is required by the
body. Many environmental factors such as air temperature, air velocity, heat
radiation, and humidity can affect this balance (1 -4). Clothing material and garment
design can also impact the heat balance body by promoting or reducing heat
exchange through sweat evaporation, convection, conduction, and heat radiation.
The radiant protective performance of fabrics is related to the chemical and physical
structure of the fabric material being used including thickness and weight. Woven
textile materials generally do not offer a good barrier against infrared radiation.
However, the greater the thickness and greater the weight of the fabric, the better
the radiant protective performance (5).

The development of a light-weight vest was undertaken to offer an alternative
protection strategy for agricultural workers and constructions workers exposed to
high levels of solar radiation. Two prototype vests were assembled and tested using
a thermal manikin which was placed in a controlled environment. Data were
obtained that identified optimal design features of a solar reflector vest capable of
reducing outdoor heat stress.



2. Methods and Procedures

Two vests were assembled for testing. The vests consisted of thin (1.0 mm)
flexible CB material which was cut into a pattern that offered a simple vest design
which included a front panel and a back panel as illustrated in Figure 1. One vest
had a plastic reflective surface (Berry Plastics) while the other did not. Both vests
included flexible ring-spacers that maintained a gap between the vest and the skin of
the manikin. The spacers were distributed uniformly over the front and back panels
of the vest. The spacers maintained a separation between the vest and the manikin
skin at distances of 1.6 cm and 3.2 cm.
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Figure 1. Prototype vest develop to reduce exposure to outdoor heat stress. The vest consists of

a front and a back panel connected to each other over the shoulders. Inside both panels are equally

spaced flexible plastic rings that can be adjusted to provide 1.6 cm and 3.2 cm separations between
the vest and the manikin skin.

The thermal manikin tests were conducted using the protocol described by
Mijovic, Reischl, et.al. (6-8). All experiments were preceded by a reference (control)
run using a semi-nude manikin configuration as illustrated in Figure 2.
Environmental air temperature conditions were maintained between 22.5°C and



23.5°C, relative humidity was maintained between 40% and 45%, and no heat
radiation exposure sources were present.

Each of the two vests was evaluated for conditions with no heat radiation
exposure as well as with heat radiation exposure. Heat radiation was produced
using four 250 watt IR lamps directed at the chest of the manikin. The reflective vest
was tested with both the 1.6 cm spacers and the 3.2 cm spacers. The non-
reflective vest was tested with the 3.2 cm spacers only. For comparison purposes, a
lightweight fabric jacket (2.0 mm thickness) was also evaluated under both non-
radiation conditions as well as for radiation conditions. There were no spacers
placed into the jacket. The manikin heat radiation exposure set-up is illustrated in
Figure 3.

Figure 2. Inflatable thermal manikin used for assessing the effectiveness of the prototype vests.
The photograph illustrates a semi-nude (control) manikin configuration



Figure 3. lllustration of inflatable thermal manikin exposed to infrared heat radiation while wearing
prototype vest. The heat radiation produced by the four IR lamps was directed onto the chest of the
manikin.

3. Results

Total manikin body heat gain was used as the measure for heat stress. Total
body heat gain was also used to evaluate the insulation imposed on the manikin
by the garments. The test results are summarized in Table 1.

Heat gain for both the control condition (semi-nude / unprotected) and the
jacket condition was 61.2 watts each. The Non-reflective vest exhibited a heat
gain of 38.5 watts, while the aluminized vest with 3.2 cm spacers exhibited a heat
gain of 42.7 watts. The aluminized vest with 1.6 cm spacers exhibited a heat gain
of 47.0 watts.



Table 1. Summary of manikin heat gain with exposure to infrared heat radiation for the control
condition (semi-nude), for the two prototype vests, and for the comparison jacket

Garment Ventilation Measured Measured heat
Design Space insulation gain for IR
between heat gain radiation
garment and without IR exposure
skin exposure
Manikin semi- N/A N/A 61.2 watts

nude (Control)

Non- reflective

Vest (CB) 3.2cm 1.5 watts 38.5 watts

Aluminized 3.2cm 4.3 watts 42.7 watts

Vest (AL)

Aluminized 1.6 cm 8.6 watts 47.0 watts

Vest (AL)

Jacket Ocm 17.1 watts 61.2 watts
4. Analysis

Table 1 shows that the reflector vest with 3.2 cm spacers exhibited the highest IR
heat reduction. The difference between the aluminized reflective surface and the
non-reflective surface was less substantial. All configurations contributed to heat
gain due to the individual insulation characteristics of each garment.

The relationship between the four vest designs, jacket, and the semi-nude control
configuration of the manikin is illustrated in Figure 4. It can be seen that all of the
garment configurations provided a beneficial shielding. However, the beneficial



effects generally increased with increasing heat radiation levels. The degree of
protection offered by a garment is defined by the temperature cross-over point. This
point identifies the infrared heat radiation level above which the garment reduces
heat stress on the body compared to a semi-nude configuration. Below this cross-
over point, the garment imposes “unnecessary” thermal insulation. Figure 4 also
shows that the non-reflective (CB) vest configuration exhibited the lowest cross-over
point. This is also seen in Table 1 with a insulation heat gain of only 1.5 watts. The
highest temperature cross-over point (and the highest baseline insulation heat gain
value of 17.1 watts) was exhibited by the jacket.
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Figure 4. Relationship between IR exposure and manikin heat gain observed for the manikin semi-nude
control configuration, for the three vest configurations, and for the jacket configuration. The graph is
based on data obtained for the “0” IR exposure level and the 900 watt IR lamp power input level.

5. Conclusions

Our data suggest that use of solar reflector vests can reduce heat stress for
employees engaged in outdoor work during exposure to high solar heat conditions.
The laboratory data showed that a vest with 3.2 cm spacers can reduce IR heat gain



substantially without imposing a concomitant insulation heat gain. Use of aluminized
reflecting surfaces did not measurably increase the infrared reflection efficiency of
the vest. The Thermal Inflection Point (TIP) for the vests with 3.2 cm spacers was
much lower than for any of the other configurations. Development of a reflector vest
for use by agricultural workers and construction workers exposed to high intensity

sunlight environments is recommended.
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