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45, D. Lai, et al, “Studies of
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Nikolopoulou & S. Lykoudis,
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Urban SpaCes: Analysis
aCross Different European
Countries”; L. Chen, et al,
“Studies of Thermal Comfort
and SpaCe Use in an Urban
Park Square in Cool and

Cold Seasons in Shanghai”;

J. Spagnolo &R. de Dear, “A
Eld Study of Thermal Comfort
in Outdoor and Semi-
outdoor Environments in
SubtropiCal Sydney Australia”;
S. Oliveira & H. Andrade, “An
Initial Assessment of the
BioClimatiC Comfortin an
Outdoor PubliC SpaCe in
Lisbon”; T. Stathopoulos, et
al,“Outdoor Human Comfort
in an Urban Climate”; PK.
Cheung & C.Y. Jim, “Improved
Assessment of Outdoor
Thermal Comfort: 1-Hour
ACCeptable Temperature
Range”; N. Makaremi, Thermal
Comfort Conditions of shaded
Outdoor SpaCes for LoCal

and International Students

at University Putra Malaysia,
Serdang.
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46.E. Johansson, et al,
“Instruments and Methods
in Outdoor Thermal Comfort
Studies - The Need for
Standardization’, p. 17; S.
CoCColo, et al, “Outdoor
Human Comfort and Thermal
Stress: A Comprehensive
Review on Models and
Standards’, p. 47.

S LFY
M. Sulzer, et al, “PrediCting
Indoor Air Temperature
and Thermal Comfort in
OCCupational Settings Using
Weather ForeCasts, Indoor
Sensors, and ArtifiCial Neural
Networks".
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The rapid growth of urbanisation in contemporary era has increased
the human need for open space. One of the most important principles
of open space design is to pay attention to thermal comfort in order to
improve the quality of space and satisfy users. Numerous factors affect
the thermal comfort quality of open spaces including shading; one of
the most important ones. This study investigates the effect of shade on
students' thermal comfort at Shahrood University of Technology in Iran
during the hot season. For this purpose, field studies were conducted
including the measurement of major climatic parameters, as well as
the evaluation of the thermal perception of students by using thermal
comfort questionnaires at four types of location in campus (under
plants shade, building shade, horizontal shading (canopy), and sunlight)
simultaneously. The Physiologically Equivalent Temperature (PET) is used
here as a thermal comfort index. The neutral PET value of 21.9 °C and
the maximum value in the PET comfort range of 26.9 °C are obtained
for this study. The results show that there is a significant relationship
between the location and the thermal comfort. The plants shade
creates an acceptable thermal environment with more than 80% user
satisfaction. After that, the canopy and the building shade also provide
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environmental satisfaction for the majority of people, while the most
uncomfortable condition is in the sunlight position. Shaded locations
decrease the PET value and thermal stress on sunny days and increase
comfort levels as well as comfort hours during the day. Therefore, it can
be concluded that creating shade and blocking direct solar radiation
using vegetation or building elements can significantly improve outdoor
thermal comfort during the hot season.

Keywords: Thermal comfort, Open space, Shading, Physiological equivalent
temperature, Micro-climate.
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