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Cities consume 75% of the world's primary resources such as crude
oil, coal, and natural gas, and also produce 60 to 80% of greenhouse
gases. The share of buildings in this destructive impact is 60%. The
roof is the most affected component of the building against climatic
factors in hot and dry climates because it is exposed to the maximum
amount of sunlight and heat exchange. Therefore, its climatic
performance is necessary to improve the climatic performance of
spaces. The current research presents the current forms of roofs in the
hot and dry climate of Iran including flat and flat roofs, roofs with flat
and dome canopies and flat roofs with a height of 3 meters and more
than 3 meters, and in the traditional architectural model, arched roofs,
the vaulted roof in two longitudinal and transverse directions and the
track arch, and the dome roof using software analysis. The main
purpose of this research was to compel the community of architects,
designers and building managers to pay greater attention to the design
of the form of spatial elements such as roofs and their impact on
optimizing the energy consumption of buildings. The main question of
the research was as follows: among the common forms of roof design
in the hot and dry climate of Iran, which form has the best climatic
performance or in other words, the lowest amount of cooling energy
required to cool the roof and as a result the space covered by it? First,
using the climatic data of the Meteorological Organization of Iran and
climate consultant software based on ASHRAE Standard 55, the
climatic characteristics of Kashan were analyzed. In the next section,
using Autodesk Revit software and Insight 360 plugin, the cooling
energy required for the space under each of the roof forms mentioned
previously in Kashan climate was analyzed. Findings of the software
analysis showed that the transverse arch roof has the most suitable
climatic performance, followed by the 6-meter flat roof and a roof with
a dome and fixed canopy, a dome roof, a longitudinal arch roof and
finally, a flat roof with a height of 3 meters had the worst climatic
performance.
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EXTENDED ABSTRACT

Introduction

In the hot and dry climate of Iran, paying attention to the environmental conditions and
architecture compatible with the climate plays a vital role to achieve thermal comfort and
save energy. Cities in the desert regions of Iran, such as Kashan, are always faced with
extreme heat in summer, extreme cold in winter, excessive dryness of the air, large
fluctuations in daily, night and year-round temperatures, winds accompanied by cold and
scorching winter, dust and scorching heat in summer. In this climate, despite the influence
of all climatic factors, sunlight and lack of relative humidity are the most important factors.
The main focus of this article is the scorching sun in this climate. In summer;, when the sun
shines almost vertically, parts of the building such as the roof, and east and west walls are
more exposed to the sun and gain more energy than other surfaces. Still, a large part of the
cities on the edge of the Iranian desert are made up of low-rise buildings, while in one-story
buildings, the roof level is almost equal to all the side levels. Therefore, this doubles the
importance of paying attention to roof design in this climate. The main purpose of this
research was to identify forms of roofs of low-rise buildings that have a more appropriate
performance in terms of climate. In other words, common form features that cause cooling
of the roof, and reduce the cooling requirement of the space below it and, as a result, the
cooling energy consumption as a whole. The main question of the research is: among the
common forms of roof design in the hot and dry climate of Iran, which form has the best
climatic performance or has the least amount of cooling energy required to cool the roof and,
as a result, the space covered by it?

Methodology

First, using the climatic data of the National Meteorological Organization and the Climate
Consultant software, based on the ASHRAE Standard 55, the climatic characteristics of
Kashan were analyzed. In this section, meteorological data analysis for Kashan city was
performed by the software so that the hot and dry climate characteristics of Kashan could
be fully understood. This analysis was based on Kashan EPW data. In the next section, using
a BIM software such as Autodesk Revit and the Insight 360 plugin, the energy required for
the cooling load for the space under each of the models was analyzed; the common form of
the roof in flat roofs, roofs with flat and dome roofs, flat roof with a height of 3 meters and
more than 3 meters, the traditional architectural model, arched roof, arched roof in both
longitudinal and transverse directions and pitched roof, and dome roof in warm and dry
architecture were subjected to software analysis in Kashan climate. The different types of
roofs previously mentioned were simplified in terms of form and compared to each other in
terms of the comparison of the peak cooling load (the energy required to cool the space
covered by this roof) in their software modelling. A lower peak cooling load number
indicates less need to use cooling devices in summer. It should be noted that in the present
research, the goal was not to quantitatively investigate the cooling load for the entire
building and the year, but the main goal was the climatic performance of different roof forms
in their position which affect the amount of annual energy consumption per unit area. In
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other words, this is not quantitative research, but a quantitative comparison used for roof
form performance. In comparing the cooling load of all the selected models, the number and
size of the openings were fixed in all cases, the materials used were the same, the orientation
of the building was considered as north-south, and only the roof form item was examined as
a variable. In the first step, the types of roof forms were simplified, and a lower number
indicated less need to use cooling devices in summer.

Results and discussion

Due to a large number of thermal load analysis tables taken from the Design-Builder
software, only a 3-meter-high flat roof is presented as an example, and the comparison of
the cooling load calculated by the software is provided in the summary. As can be seen in the
table below and based on the proposed AIA design process, peak loads are the basis for
measuring design measures and comparing them with each other.

Space Summary - 3m Flat Roof

Input Data

Area (m?) 21
Volume (m?) 63.27
Wall Area (m?) 0

Roof Area (m?) 23

Door Area (m?) 0
Partition Area (m?) 0
Window Area (m?) 3
Skylight Area (m?) 0
Lighting Load (VA) 227
Power Load (VA) 227
Number of People 4
Sensible Heat Gain / Person (Btu/h) 250.0
Latent Heat Gain / Person (Btu/h) 200.0
Infiltration Airflow (CFM) 0

Space Type Single Family (inherited from building type)
Calculated Results

Peak Cooling Total Load (Btu/h) Il 439256 |
Peak Cooling Month and Hour July 5:00 AM
Peak Cooling Sensible Load (Btu/h) 3,672.6
Peak Cooling Latent Load (Btu/h) 720.0
Peak Cooling Airflow (CFM) 165

Peak Heating Load (Btu/h) 1| 7586 |
Peak Heating Airflow (CFM) 143

Figure 1. The cooling load of a flat roof with a height of 3 meters extracted from Insight 360 software.

Conclusion

According to the comparison of the peak cooling load required for the assumed space
under the type of roof (the energy required to cool a space) in the modelling of various types
of roof forms conducted by the software, a lower number indicates a lower need to use
cooling devices or in other words energy consumption shows less for cooling in summer.
The transverse arch roof is in the most suitable condition and it is placed in order of a 6-
meter roof, a roof with a domed and fixed canopy of the same size, a domed roof, a
longitudinal arch roof, and in the worst case, a flat roof with a height of 3 meters. Finally, it
can be observed that among the most influential factors in the climatic design of the roof
form in hot and dry climates are the three factors of increasing the height, shading (use of
canopy) and arch form preferably transverse or perpendicular to the dominant direction of
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radiation, which is southern radiation in the northern hemisphere. The comparison of the
effect of roof form design on their climatic behaviour in peak cooling load demand is
presented in the table below.

Default Spaces

Peak Coolin, Cooling Airflow Peak Heatin, Heating Airflow
Space Nemu Area(m?) | Volume (m’) |, 4 (Btu/hg) ¢ (€M) | Load {Btu,’hg) ¢ (CFM)
3m Flat Roof 21 63.27 4,392.6 165 758.6 143
6m Flat Roof 21 126.54 2,937.4 110 2,2373 143
Roof with canopy 21 63.27 2,937.4 110 2,237.3 143
Transverse arch roof 21 86.19 1,967.5 71 1,336.7 97
Langitudinal Arch Roof 21 102.56 3,609.2 136 3,299.2 197
Domed Canopy 21 63.27 2,937.4 110 2,237.3 143
Fixed Canopy 21 63.27 2,937.4 110 2,237.3 143
Domed Roof 21 95.35 3,003.0 112 2,430.8 153
Figure 2. Comparison of the peak cooling load of the space under the roof in various roof forms extracted
from the Insight 360 software.
. 0 DT M TMET BN BN W - ~ .

Figure 3. Modelled analysis in Design Builder software and Insight 360 plugin.
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Space Summary - 1 je 3 cadw

Input Data
Area (m?) 21
Volume (m?) 63.27
Wall Area (m?) 0
Roof Area (m?) 23
Door Area (m?) 0
Partition Area (m?) 0
Window Area (m?) 3
Skylight Area (m?) 0
Lighting Load (VA) 227
Power Load (VA) 227
Number of People 4
Sensible Heat Gain / Person (Btu/h) 250.0
Latent Heat Gain / Person (Btu/h) 200.0
Infiltration Airflow (CFM) 0
Space Type Single Family (inherited from building type)
G Results
Peak Cooling Total Load (Btu/h) 4,392.6
Peak Cooling Month and Hour July 5:00 AM
Peak Cooling Sensible Load (Btu/h) 3,672.6
Peak Cooling Latent Load (Btu/h) 720.0
Peak Cooling Airflow (CFM) 165
Peak Heating Load (Btu/h) 758.6
Peak Heating Airflow (CFM) 143
Space Summary - 4 _o,e 3l
Input Data
Area (m?) 21
Volume (m?) 86.19
Wall Area (m?) 7]
Roof Area (m?) 8
Door Area (m?) 0
Partition Area (m?) 0
Window Area (m?) 3
Skylight Area (m?) 0
Lighting Load (VA) 227
Power Load (VA) 227
Number of People 1
Sensible Heat Gain / Person (Btu/h) 250.0
Latent Heat Gain / Person (Btu/h) 200.0
Infiltration Airflow (CFM) 0

Space Type Single Family (inherited from building type)
Calculated Results

Peak Cooling Total Load (Btu/h) 1,967.5 l

Peak Cooling Month and Hour July 6:00 AM

Peak Cooling Sensible Load (Btu/h) 1,939.6

Peak Cooling Latent Load (Btu/h) 27.9

Peak Cooling Airflow (CFM) 71

Peak Heating Load (Btu/h) 1,336.7

Peak Heating Airflow (CFM) 97
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Space Summary - 2 _Ae 6 idw

Input Dta 3| [nputData
Area () 21 Area () 2
Volume (m") 6327 Vobume (1) 12654
Wall Area {mi) Wall Area (m?)
Taof Area (m) 3 Foof Area (m) 3
Door Area |m) Door Area (m?)
= ) 7
Window Area ) )
Skylight Area (m) il
Lighting Load [VA) 27 ghting Load (VA) 27
Pawer Load (VA] a7 ower Load (VA] 227
Number of People 1 Number of People 1
Sensible Heat Gain / Person (Btu/h) 2500 Sensible Heat Gain / Person (Btu/h) 2500
Latent Heat Gan / Person (Btu/h] 2000 Latent Heat Gain / Person (Btu/h) 2000
Infitration Aifiow (CFM) o (CFM) [
Space Type Sing) Space Type Single type)
Peal Cooing Tota (ovd (BR/H] 2574 Peak Goslng XTI
Peak Cooling Month and Hour July 6:00 AM four July 6:00 AM
‘Peak Cooling Sensible Load (81u/h) 2,9095 Peak Cooling Sensibie Load (B1u/h) 35035
Pesk Coning Latent Load (Btu/h) 2739 Peak Cooling Latent Load (8t/M) 279
(cPM) 110 Peak Cooling Airflow (CFM] 110
T 3,573 Peak esting Losd (8tu/h) FEE}
ir (CFM) 143 Peak Heating Airflow (CFM) 143
Space Summary - 5 S 0b alu Space Summary - % <ol 0b wbs
Inpust Data Inpit Data
Area (m?) 1y Ed Area {m?) 21
Vouume (m*) 3.27 folume (m?) 3.27
Wall Aea (m'] jall Area ()
Roof Ares (m*) 3 Roof Area (m) 3
Door Area (') Door Area (mf)
Partition Area () )
Window Area (m) Window Area (m*)
eyt vea (mi) Shylght Area (m?]
[[Ughting Lood (vay 27 Ughting Losd (va) 257
[ Power Load (vA} 27 Power Load (VA 227
Number of Peopie 1 Number of People 1
[ Sensible Heat Gain / Parson (Btu/h] 2500 Sensible feat Goin 3500
[atent Heat Gar  Person (8turh) 2000 Latens st Gai / Perscn (Buu/n) 200
fitation Aflow (CFMY o ), o
Space Type Sngle Space Type T Duikding type)
sty Calculated ety
[[Peak Coong Total L3 BHa/FT EXEI) Vel Cooling Tota [oad BRi] )
Peak Caging Vonth and Hour iy 600 AT Ty 600 A
Cooling Serible Load (Btu/h) 239095 29095
Peak Cooling Latent Load (Btu/h) 279 Load (Btu/h) 279
[[Pesk Coolng Airiow (Ci] 110 o (cF) 0
[ PeakHeating Load (8tu/h) 22373 d Bt/ 2,573
[E0) 143 [ 143
Space Summary - 8 45 Space Summary - 6 Jgb Sl
nput Data. put Data
rea (m) 1 bl rea (m) n
folume {m*) 95.3%. folurme (m”} 10256
il Area () all Area (m?)
oot Are (] 7] [Roof Area (m) 3
Area () [TGoor Area {m]
Yartition Area (m?) artition Area (m)
Window Area () ‘Window Area (m)
Skybght Ares ()
| Uighting Load (VA) a7 Ughting Load (VA) 227
[Power Losd (va) 27 Power Load (VA 227
Number of People 1 Number of People 1
rson (Btu/h) 250.0 2500
et Weat Gain /Parson {Btu/n] 3000 Parson (Btu/h) 3000
infiktration Airfiow (CFM) o I flow (CFM) o
pace Type Siny buikding type] Space Type
Peak Cooling Total Load (Btu/h) Peak Cooling Total Load (Btu/h) 36092
[[Peak Coving Mt and owr Ty £ ek Coing Month and Heur hiy 300 R0
Pea Load (Btu/h) 29751 8 (Btu/h) 35733
Load (Btu/h) 7.8 09d [Btu/h) 359
[E10] 112 (CFM) 136
tufh] 24383 tufh_ 5983
] 153 ing Ao (CFV) 207

ol odls & az i b i a0 el s3luduo sl (Dase case) cuiaid JF iy S wlasin O Jguo

NSt Y8+ 13800 55 31 oaig] il o7 )y o,k dsolono g LBy

Cooling Total Porcontage North Scuth East West | Northeast h
Components | (Btu/h) (Btufn) | (Btu/h) | (Btu/h) | (Btu/h) (Btu/h) (Btu/h) {8tu/n) (Bturh}
wall 0.0 0.00% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Window 0.0 0.00% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Boor 0.0 0.00% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Roof 2,359.2 53.71% . - . - . - - -
Skylight 0.0 0.00% - - - - - - = -
Partition 0.0 0.00% - - - - . - - .
i 0.0 0.00% - - - - - - - -
Lighting 238.6 5.43% . - . - - - - -
Power 238.6 5.43% - = - - - - - -
People 1,556.2 35.43% . - - - . - - -
Plenum 00 0.00% = = £ 5 - - - -
Total 4,392.6 100% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Heating Total Percentage North Scuth East West | Northeast h
Components | (Btu/h) (Btufh) | (Btu/h) | (Btu/h) | (Btu/h) (Btu/h) {Btu/h) {8tu/h) {8tu/h}
Wall 0.0 0.00% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Window 0.0 0.00% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
| Door 0.0 0.00% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Roof 2,792.1 57.86% . - . - . - - -
Partition 0.0 0.00% - - - - - - - -
Skylight 00 0.00% . - . - . - - -
Infiltcation 00 0.00% - - - - - - - -
Lighting -238.6 -4.95% - - - - . - - -
Power -238.6 -4.95% - - - - - - - -
People 1,556.2 -32.25% - - - - - - - -
Total 758.6 100% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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