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Abstract

Daylight factor (DF) is recognized as an important element in architecture and a beneficial strategy in
designing energy-efficient buildings. In the meantime, porches one of the influential factors in the amount
of daylight received, which can be useful in reducing energy consumption. Daylight has positive physical
and psychological effect on users and is one of the main aspects of design; therefore, the present study
was conducted with the aim of evaluating the effect of the porches in traditional houses of Tabriz on
the changes in the daylight factor. In this regard, Qajar-era architecture was chosen due to its proximity
to the present time, the structural characteristic of houses from this period, i.e., having a porch, and a
larger statistical population. Thus, the houses of Behnam, Ghadki and Ganjeizadeh in Tabriz were selected
as a sample population. In this study, information was collected through library research and field study.
Subsequently, the daylight factor level in the spaces behind the porches was evaluated using energy simulation
software. Based on the selected index, the performance of porches was examined in different orientations
and seasons. The results showed that the influence of porches on daylight factor levels is greater in summer
with a reduction of 60-30% compared to a reduction of 1-30% in winter. Considering the results, it is
concluded that traditional houses with porches perform more optimally in terms of controlling the lighting
conditions in the space than houses without them and the quality of lighting in the spaces behind the porch
in these houses in different seasons of the year is much closer to the standard level.
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Introduction

Daylight Factor (DF) is a crucial aspect of architecture and a key strategy for designing energy-efficient
buildings, enhancing indoor environments, and promoting sustainable design (Gomes, Santos and Rodrigues
2014). DF is composed of three components: the sky component (SC), external reflected component
(ERC), and internal reflected component (IRC), and its analysis depends on factors such as solar position,
spatial configuration, and orientation (Acosta, Navarro and Sendra, 2013). Architects employ DF to ensure
sufficient illumination in interior spaces, as natural daylight positively influences occupants’ physical and
psychological well-being. Designers value daylight for its psychological benefits, aesthetic effects, and
energy-saving potential. In residential design, daylighting becomes even more significant due to specific
lighting requirements, prolonged occupancy, and diverse age groups(Shafavi Moghaddam, Zomorodian and
Tahsildoost, 2019). Awareness of how occupants perceive interior lighting is crucial for decisions regarding
fenestration, glass properties, building forms, and overhangs. Among traditional architectural elements in
Iran, the porch holds symbolic and functional importance. Its role in enhancing indoor comfort is evident

when considering its design, orientation, and connection to adjacent spaces in specific climates (Bagheri

Kordjamshidi and Piraste, 2016). Porches also function as daylight control systems, improving natural light
quality, reducing glare, lowering energy consumption, and enhancing thermal performance(Moazeni and
Ghiabaklou, 2016).Architecture in the past often presented numerous design options with a focus on natural
light. Among these, the Qajar-era architecture, characterized by the presence of porches and their active
utilization, holds a significant position in current times due to the larger statistical population compared
to other historical periods. Thus, the current study focuses on examining landmark historical houses, such
as Behnam, Ghadaki, and Ganjeizadeh, in Tabriz, which have been repurposed for educational use. The
conducted reviews reveal that in the field of the influence of the porches and their various orientations,
there is a research gap concerning the daylight factor level. Various methods, including computer simulations
and calculation techniques, exist to determine the daylight factor. This study, therefore, utilizes computer
simulation to investigate the impact of porches on DF levels in traditional houses in Tabriz. Consequently,
the research poses the question: What influence does the presence or absence of porches on different
building facades have on the daylight factor? To answer this question, the study begins by reviewing
theoretical foundations and relevant literature to enhance understanding of the subject matter. Subsequently,
the research methodology for data collection is presented, followed by a detailed discussion and analysis of
the research findings.

Method

This research follows a quantitative methodology with a positivist approach. The statistical population
consists of traditional houses in Tabriz. Sample selection was based on availability, emphasizing the presence
and completeness of architectural documents for selecting samples. In total, three houses (Behnam,
Ghadaki, and Ganjeizadeh) were chosen, and their data were extracted from maps and documents (Table
1). It is worth mentioning that these houses have porches in various dimensions and orientations, including
surrounding rooms. For the execution of this research, information related to spatial brightness with the
DF parameter in DesignBuilder software was simulated in both modeling scenarios (Scenario 1: with porch
and Scenario 2: without porch) (Ligure 1, 2). It is noteworthy that six selected rooms with openings to
porches were utilized as architectural studios. Considering the importance of light quality on work surfaces,
simulations were conducted at a standard height (75 cm). This simulation, in both porch and non-porch
scenarios, produced 12 outputs and included the first day of each season with data arranged from the
warmest to the coolest state for each season at 8 AM, 12 noon, and 4 PM, to evaluate the impact of the sun’s
position in the sky on the DF of each space.
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Table. 1: Specifications and features of selected rooms in Ganjeizadeh, Ghadaki and Behnam houses.

House name Room name Orientation | Floor Area (m?) Height (m)
Tondguyan South First 54.38 3.35
Ganjeizadeh Avini 1 East First 28.37 3.35
Avini 2 West First 30.50 3.35
. Prayer room South Second 160.58 4.20
Ghadaki .
Audiovisual 2 East Second 34.74 4.20
Behnam Rector’s room South First 59.50 7.20

[ DOI: 10.61186/ciaLj.9.1.91]

Fig. 1: Houses modeled in Design Builder software in the presence of a porch.

Fig. 2: Houses modeled in Design Builder software in conditions without a porch.

According to the method introduced in the previous sections, the DI index has been simulated, and the
results are presented in figure 3. The performance of porches in different directions based on the DF index
throughout the year in the three examined houses is specified.
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Fig. 3: The amount of DF in the investigated rooms of Behnam, Ghadaki and Ganjeizadeh houses.
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Results

Considering the criteria regarding the DF threshold, this index varies from 2% to 5%. Spaces with an
average DF of less than 2% are considered inadequately bright, DF between 2-5% is considered sufficiently
bright, and DF above 5% is categorized as good illumination. The findings of the current research indicate
that during winter, due to the optimal entry of light with a lower solar angle altitude, the examined spaces
fall within the good DF range (DF greater than 5%). However, during summer, due to the obstruction of
porches preventing daylight entry and the higher solar angle altitude, the DT value falls below 2%, indicating

insufficient brightness.

Discussion

The current article examines the impact of porches on daylight factor levels in traditional houses in Tabriz.
The diverse spaces of three houses—Behnam, Ghadaki, and Ganjeizadeh—with porches facing south, east,
and west were evaluated. According to the data presented in previous section, it was observed that in all
the times available in the simulation, the amount of DF has decreased in the state where there is a porch
(30-60% in summer 1% and 35% in winter). The research results indicate that the porch’s functionality
effectively controls the daylight factor in summer and facilitates the passage of required light in winter to
a satisfactory extent. The conclusion drawn from these findings is that the porch has a greater impact on
reducing DF levels in summer, ranging from 30 to 60%, compared to winter, where the reduction is 1 to
30%. In line with many studies, the presence of porches is suitable and climatically justifiable during warm
seasons. Upon closer examination of the data, it was observed that the maximum reduction ratio in the
porch-present condition during summer (60%) is more than twice the maximum reduction ratio during

winter (30%).

Conclusion

The climatic performance of porches should not be viewed solely as a shading element for direct sunlight.
Research results, indicating a reduction in DF levels in the porch-present condition, suggest that porches are
climatic architectural elements influencing this parameter. Architectural form is another crucial factor against
climatic elements, according to CIBSE 1999 standard, demonstrating that a building’s form significantly
affects daylighting conditions. Findings suggest that traditional houses with porches reduce 30-60% of
DE, a factor affecting interior illumination, depending on orientation during warm seasons. The impact
on reducing DF in eastern and western fronts is greater than on the southern front. Thus, the porch can
be considered a type of vertical shading device that performs better in eastern and western fronts, where

the solar altitude angle is lower. Evaluating the information from this research leads to the conclusion
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that traditional houses with porches have better performance in controlling lighting conditions in spaces
compared to houses without them, and the quality of illumination behind the porches in these houses is

much closer to the standard in different seasons.
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Fig 1: Houses modeled in Design Builder software in the presence of a porch.
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Fig 2: Houses modeled in Design Builder software in conditions without a porch.
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Table 2: Specifications and features of selected rooms in Ganjeizadeh, Ghadaki and Behnam houses.
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Table 3: The shapes of the porches in the houses of Ganjaeizadeh, Ghadaki and Behnam
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Fig 3: The studied porches in the houses of Behnam, Ghadaki and Ganjeizadeh
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Table 4: Specifications of the studied porches in the
houses of Behnam, Ghadaki and Ganjeizadeh

oo b Sl Gl ead gy dlie il > o8 Al (5e) 5] | () 3o BN
Slwdand joy s a3l (Jd by iSu jd odd (Syme
sl 013 80 o5 st 3 o] 51 Jols gl 5 o3 i Ve Pl o5tz Ol

5 Y/ S8 By el
S ljae @ 0)lod s 5l ol glaaidl, aan gl Ve Y o) glaeiS g syl
15 gl o fodd ¢ il e dls o I W
MY (o sl (§Hlwdnw (£ 0009009 99) Yo \/d o3y glasiS By s
Fojled gz 53 i) g Ll Jouad yd lsl 456

Yl/a \//\ b.)])‘ 61&5 LS’)'C u‘yl

ol 48)5° 118 dugliie 3)90 ;5050 L
1ol (gl &l ogs Jlw ool (5jlu sgils g 5 loso Says | ok


http://dx.doi.org/10.61186/ciauj.9.1.91

[ DOI: 10.61186/ciaLj.9.1.91]

Sl jses! sl 8 (5 umad Gaw> 03] j53ae Uagw

odlj slasS 5 (S8 pliag A o)y 390 s3] )3 DF lado b Jouo
Table 5: The amount of DF in the investigated rooms of Behnam, Ghadaki and Ganjeizadeh houses
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Table 6: Comparison of DF difference in both simulation modes in summer and winter seasons
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