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Abstract

This paper studies the daylighting quality of the indoor prayer-hall in The Great Upper Mosque of Hama city in Syria, highlighting this
distinctive historical converted building that has been functioning as a mosque since the entry of Islam in the 6th century AD. The study
aims to measure, analyze and comprehend the indoor daylight performance in the main prayer-hall, and to determine the highest and
least lighting output time, by carrying out the calculation of three metrics; the illuminance level (E), the uniformity (U0) and daylight
factor (DF). And to compare the output with the modern lighting standards. Computational simulation is conducted on the work plane
at the floor level, and the Minbar front surface, in clear sky and overcast sky conditions during selected dates in all four seasons based
on the climatic data of the case study. Utilization times are defined as per the nature of the Islamic prayer times during day, addressed
as al-Zuhr, mid-day time, and al-‘Asr, late afternoon time. Accordingly, it is found that the studied case sets a significant example of
employing the daylight to achieve sufficiency; conveying mainly functional, in addition to symbolic purposes. Consequently, it is
demonstrated that half of the studied scenarios meet the minimum modern requirements. The study recommends using its simulation
outputs to develop a comprehensive artificial lighting design proposal, along with a design proposal for optimizing daylight to align

with modern occupants’ preferences and to increase opportunities for reducing the use of artificial light during daytime prayers.

© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

1. Introduction

The city of Hama [Hama] is situated in the western center of the
Syrian Arab Republic, on the banks of the Orontes River [A/- ‘4si]
which penetrates the city, dividing it into two parts. Hama is one
of the oldest still-inhabited places, with its origins dating back to
primitive agricultural dwellings in the fifth millennium BC'. It
eventually developed into a walled city by the third millennium
BC? [1].

The Great Upper Mosque of Hama, [4l-Jami‘ al-A‘la], is
located in Al-Mdineh district [Al-Mdineh], to the west of the castle
hill, on the western bank of the Orontes River (Fig. 1). Its water
was driven to it by the historical and largest waterwheel on the
Orontes: Al-Muhammadiyah Noria®. The Great Mosque of Hama
stands as one of the earliest buildings to have been be re-utilized
into an Islamic great mosque. It is now the grand mosque of the
city and has always been the religious center of Hama (Fig. 2).
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Originally, it was constructed as an Arameans temple early in the
first millennium BC*. The pagan temple was later converted into
the ‘Church of John the Baptist’ early in the 4th century BC, later
its name was changed to the ‘Church of John Chrysostom’ in
363AD [2]. In 636AD?, following the Islamic conquest, the city
of Hama agreed to a peace treaty that included a provision to
convert the great church into the great mosque [3].

! The Neolithic Age.

2 The late Bronze Age.

3 Al-Muhammadyah Noria [Na ‘irat al- Muhammadyah): A Hydraulic wooden-
waterwheel. Located in Bab al-Nahr district in the city of Hama. It was previously
named ‘The Golden Noria’ after the ‘Golden Church’ and the ‘Golden Bath’
which it was serving. It is 22m in diameter and it is the largest Noria on the banks
of the Orontes River.

41In 1812, J. L. Burckhardt observed a group of ‘Hamathite stones’ in the Great
Mosque of Hama, which are basalt slabs engraved with Hittites Hieroglyphic
inscriptions. The inscriptions are about Urhilina the Aramean king of Hamath,
who lived in the 9th century BC [4,5].

5 Corresponds to 15H.
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Nevertheless, the Upper Mosque stands out not only as one of
the oldest historical grand mosques,® but also as one of the few
converted grand mosques that still preserve parts and elements
from its pre-Islamic periods, a rarity among historical grand
mosques in the Levant (Table 1). In contrary of the common
practice in the Levant region, which was typically to either
construct a new city-grand mosque or entirely rebuild it during an
Islamic era [6]. In general, the Upper Mosque contains numerous
parts, inscriptions, and antiquities that date back to various
historical eras. However, its main prayer hall, in particular,
represents a collage of different historical periods, owing to
several restorations and modifications that have taken place in

different eras, as three of its four boundary walls belong to pre-
Islamic periods (Fig. 3). Thus, the mosque cannot be categorized
under a specific historical style. Giving this context, it is
understandable that there were limitations in terms of applying
adjustments to apparatuses in the historical walls.

It’s inevitable that lighting is one of the important elements that
influences the architectural and environmental design of the space.
Natural light, in particular, plays an affecting role for user
experience within the built environment. In Islamic architecture,
the thoughtful use of natural light in mosques, considered sacred
places, is a carefully considered aspect [8]. In pre-Ottoman
mosques, light was employed primarily in a practical manner, to

AN

100 m Camera: 1,397 m 35°08'11°N 36°44'45°E 272m

Fig. 1. Arial photo of the city of Hama, showing the location of the Upper Mosque. Source: Google Earth, Syria, Hama. Available at:
https://earth.google.com/web/@35.13664589,36.74596577,272.26646855a,1124.94796253d,35y,0h,0t,0r (Accessed: 27 July 2022).

Fig. 2. The Great Upper Mosque in Hama, Syria. By: Salam Jijakli, 2010.

¢ The Upper Mosque was listed as a historical monument estate due to decree no. 98, issued in the 2nd of September 1935. At present, it has been protected by the

Svrian ‘Law of Monuments Protection’. issued in 1963. up to this date.
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clearly portray the basic form of the prayer-hall rather than convey
symbolic meanings [9]. The even illumination on the open prayer-
hall’s floor allows it to be perceived as a united whole and a
peaceful place. While the alternation between light and darkness,
emphasized on the walls due to the differences in thicknesses and
to the presence of recesses and architectural elements, articulates
the importance of light as a beauty-attribute [10]. The presence of
both light and shade is acceptable and has references in the Holy
Qur’an; As God described Himself as the ultimate light [11], in
chapter 24 [Sirat al-Nur]: “35. God is the Light of the heavens and
the earth ...”, the shade was mentioned in a positive manner in
different siiras,® and the Paradise [a/-Jannah], was distinguished
for its numerus, long and thick shades’.

Nonetheless, no prior studies to be found that study, examine or
evaluate the daylight performance in the Great Mosque of Hama.
This emphasizes the novelty and importance of our research,
which is poised to fill a critical gap in the field by shedding light
on the daylight performance of a historical, converted Islamic
grand mosque; an area that has remained largely unexplored in
existing scholarships. However, regarding the daylight study of

historical converted grand mosques, we discovered studies that
examined daylight in the Hagia Sophia!® [Ayasofya] Mosque in
Istanbul, the most renowned example of converted mosques in the
Islamic world. Here are some examples of such studies:
‘Preparing the Past for the Future: Curating a Daylight Simulation
Model of Hagia Sophia for Modern Data Infrastructures’ [12].

e ‘Challenges in the Simulation of the Daylight Distribution
in the Late Antique Hagia Sophia’ [13].

e ‘Hagia Sophia’s Sixth Century Daylighting’ [14].

e ‘Lighting Analysis of Hagia Sophia’ [15].

e ‘Dynamic Daylighting Simulations from Static High
Dynamic Range Imagery Using Extrapolation and Daylight
Coefficient Methodologies’.

These studies accentuated how the apertures and groups of
windows affect the entry of direct sunlight. And the orientation of
the building and openings influence the natural lighting [14].
Previous studies addressed daylight analysis of Hagia Sophia, a
relevant case study of a historical building was exposed to changes
throughout centuries, conducted computational simulation to

Table 1. Comparison of the original usage of main historical grand mosques in Levant cities’.

City Historical Grand Mosque Building Original Use
Era Mosque Converted

Jerusalem Al-Agsa Mosque: Umayyad v

(Qibli Mosque - Dome of the Rock)
Damascus Umayyad Grand Mosque of Damascus v
Aleppo Umayyad Great Mosque of Aleppo v
Beirut Al-Omari Grand Mosque of Beirut Rashid/ Crusader v v

Mohammad Al-Amin Mosque Ottoman v
Hums Khalid ibn al-Walid Mosque v
Hama The Great Upper Mosque Pre-Islamic v
Tripoli Mansouri Great Mosque Mamluk v
Gaza The Great Omari Mosque of Gaza v
Irbid The Great Mosque of Irbid Ottoman v
Hebron (Al-Khalil) Ibrahimi Mosque Pre-Islamic/ Umayyad v v
Haifa The Grand Mosque of Haifa Ottoman v
Nablus The Great Mosque of Nablus Pre-Islamic v
Ramla White Mosque of Ramla Umayyad v
Daraa Al-Omari Mosque of Daraa Rashid v
Lod Al-Omari Mosque of Lod Mamluk v
Jenin The Great Mosque of Jenin Ottoman v
Tiberias The Great Mosque of Tiberias v
Jericho (Ariha) The Great Mosque of Ariha Mamluk v
Bosra Al-Omari Mosque of Bosra Rashid v
Ajloun The Grand Mosque of Ajloun Ayyubid v

7 The cities are ordered in descending order according to population.

8 See: The Holy Qur’an (chapter 14 [Sirat al-Ra ‘d], 15; chapter 16 [Siirat al-Nahl], 48, 81; chapter 25 [Siirat al-Furqan], 45; chapter 28 [Sirat al-Qasas), 24; and

chapter 35 [Sirat Fater], 19-21).

% See: The Holy Qur’an (chapter 4 [Sirat al-Nisa’], 57; chapter 13 [Siirat al-Ra ‘d], 35; chapter 36 [Siirat Yasin], 56; chapter 56 [Siirat al-Wagi‘ah), 30; chapter 76

[Stirat al-Insan), 14; chapter 77 [Sirat al-Mursaldt], 41).

' Hagia Sophia Mosque [Ayasofya]: A historical mosque in Istanbul, Turkey. It was originally built as church in 360AD, during the reign of the emperor Constantius Il
(r. 337-361AD). The existing structure was completed in 537AD during the region of the emperor Justinian I (r. 527-565AD). It was converted into a mosque after the
Ottoman conquest of Constantinople /Istanbul in 1453AD by the sultan Mehmed II (r. 1444-1446, 1451-1481AD). In 1935AD, the 1st Turkish president Mustafa
Kemal Atatiirk (in position 1923-1938AD) transformed the building into a museum. It was recently reverted as a mosque in 2020AD due to a decree signed by the 12th
Turkish president Recep Tayyip Erdogan (in position 2014AD-now). The building holds a great historical and religious importance, related to several eras and
religions. And is considered an architectural masterpiece in terms of design, structure, style, lighting, ornaments.
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Fig. 3. Historical plan of the Upper Mosque in Hama [7].

Fig. 4. No light usage in the main prayer-hall, outside prayer-times (March
13:40). By: Salam Jijakli, 2010.

gy ST BN O mmlL | ;
Fig. 5. Excessive light usage in the main prayer-hall, during a prayer-time
(Augest 11:03). By: Noor Jijakli, 2022.

! This refers to rain. snow. hail or even dew.

analyze and understand the illuminance level and other metrics for
measuring the daylight performance and for documenting the
simulation model of Hagia Sophia for modern data infrastructure
[12,15,16]. Different lighting conditions were depicted in Hagia
Sophia lighting study corresponding with the liturgical practice,
over the course of three chosen days, defined by the utilization
time of special days that approach the winter solstice and the
summer solstice, e.g., Christmas and Easter day the morning and
mid-day time, defining calculation surfaces at the function areas
within clear sky and overcast sky conditions. Then applied a
comparative analysis of the results [14]. This study will take a
comparable scope matter, in terms of the procedures of studying
the daylight performance and setting the parameters into the
model.

Doubtless, the Upper Mosque has successfully served the
Muslim community in Hama for centuries as the grand mosque.
Alas, no available standards regarding the illumination of such
historical buildings. However, it is noticeable that, in the modern
time, artificial lights have been installed and are excessively being
used, even in broad daylight, by the nowadays occupants (Figs. 4
and 5).

The problem of this research lies in understanding the temporal
paradigm shift in the general and minimal of occupants’ lighting
preferences; between the historical ones, obtained from studying
daylighting quality of the main prayer-hall in the Upper Mosque
as a case of a historical long-functioned converted great mosque,
and the contemporary ones, according to the modern lighting-
requirements standards.

This paper aims to measure, analyze and comprehend the indoor
daylight performance in the main prayer-hall. And to determine
the least lighting output time, by measuring the: illuminance level,
uniformity and daylight factor throughout the four seasons.
Alongside, a parallel comparison of the measurements’ outcomes
will be made with the modern international lighting requirements.

The importance of this paper resides in the chosen case study,
the Great Mosque of Hama, which conveys a historical
significance owing to the fact that it has been in continuous use
since the entry of Islam, in the 7th century AD, up to now.
Additionally, the output of this study is considered as a step for
proposing much effective solutions for enhancing natural light
sources and for detecting opportunities of reducing the need of
artificial light for any future design consideration, which might
contribute to the preservation of this historical place of
worshipping. Given that the existing artificial lighting in the
mosque has several shortcomings; including poor selection and
installation of the existing luminaires, in addition to inadequate
solutions for addressing power shortages in the city caused by the
on-going power crises in the country. For instance, the use of solar
panels on the roof (Fig. 6) does not align visually with such
historical building.

2. Case study
2.1. Building climatic environment

The case study is located in a plain area with a typical warm to hot
climate in Syria. Summers with sunny summers from June to
August [17], at temperatures mostly above 25°C., occasionally
reaching nearly up to 37°C (Table 2). And rainy days'' in the
winter with 13 days per month at the highest record in January
[18].
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Fig. 6. The installed solar panels on top of the north arcade in the Upper Mosque
in Hama. By: Noor Jijakli, 2022.

Due to these climatic factors, the apertures in the building of the
Upper Mosque facades are tight and mostly high, as a common
features in the historical buildings of Levant to allow a little of
light and optimize the thermal comfort [9].

2.2. Building architectural analysis

The layout of the Great Upper Mosque follows the example of the
Arabic hypostyle mosque-type [22], consisted of three main
elements: A Prayer-hall [Haram], and a Courtyard [Sahn], that is
surrounded by Arcades, [Arwigah] (Figs. 7 and 8). This typology
was originally set by the Great Umayyad Mosque in Damascus
and has been followed as the unit-model of the mosques in the

Table 2. Max and average monthly temperature values in Hama in 2022.

Levant and other regions [22,23]. The total area of the Upper
Mosque of Hama is 4,358m?. It contains two prayer-halls; the
main and large one is located in the southern side of the mosque.
It has a rectangular plan with a total area of 711.25 m? (Fig. 9). Its
ceiling is 9.55 m in height, uploaded on eight square-section stone
pillars and bears five domes; the central one’s height is 5.5 m,
whereas each of the rests is 4 m in height (Figs. 8-13). The main
prayer-hall contains different types, sizes and shapes of apertures
on its walls and domes, which serve as admission sources of
illumination (Table 3). The absence of large low-rise windows in
the eastern, southern and western walls of the prayer-hall is
notable. Due to the level-difference outside the mosque between
the north and south sides, which causes inclination of the floors
outside the eastern and southern walls of the prayer-hall. While it
is regular not to open windows in the Qibla-wall that contains the
Mihrab [24], which is the southern wall of the prayer-hall.

3. Important terms and definitions

The study is based on the terms and definitions defined in the
standard: EN12665 (Table 4), and under the conditions of the CIE
S003 standard general sky model.

4. Research limitation and obstacles

A computational simulation for lighting assessment was
conducted in The Great Mosque of Hama without manual insitu
measurement due to the absence of the authors from Syria since
2011. It is out-of-limits, too, to delegate the task to a second party
due to the high security restrictions imposed by the government,
which prohibit the insertion of measuring devices in historical and
public sites.

Temperature (°C) 1 2 3 4 5 7 8 9 10 11 12
Jan. Feb. March April May June July Aug. Sep. Oct. Nov. Dec.

Max 13° 16.1° 15.3° 27.8° 29.8° 33.7° 36.8° 36.7° 35.9° 29.6° 21.1° 14.5°

Average 8.6° 11.3° 9.9° 20.3° 23.6° 27.1° 30° 29.7° 27.7° 22.2° 15.2° 10.5°

Table 3. The location, number and types of the existing apertures and recesses in the main prayer-hall in the Upper Mosque.

Location Dimensions Apertures Recesses
Wall Length Doors Windows Niches
(m) Single Double Large Transom Decorative
Northern 333 - 3 2 2 7 -
Southern 21.4 1 - - - 3 -
Eastern 33 1 - - - 11 1
Western 21.6 2 1 - - - -
Dome Diameter Apertures
(m) Dome’s Body Dome’s Drum
Northern 5.9 4 10
Southern 6 4
Eastern 5.9 4
Western 6 4
Center 6.4 -
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Fig. 7. Layout of the Upper Mosque in Hama [25].
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Fig. 9. Detailed plan of the main prayer-hall in the Upper Mosque in Hama.
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Fig. 10. 3D section in the main prayer-hall [right] and western-arcades [left] of the Upper Mosque in Hama [26].

Fig. 11. The interior of the main prayer-hall in the Upper Mosque in Hama. By: Ward Omaren, 2021.
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Fig. 12. The southern entrance of the Upper Mosque, located outside of the main prayer-hall’s eastern wall. By: Salam Jijakli, 2010.
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Table 4. Lighting terms and definitions.

# Term Symbol Definition Measuring Formula
Unit Symbol
1  Luminous Flux (Fig. D The total amount of light that is emitted by a light source lumen Im -
13)

2 Daylight Factor DF How a point in indoor space is lit by daylight, it represents the percentage % prF=2L 100
proportion of daylight that penetrates a building as the ratio of Eo
daylight illuminance at an interior point (£;) to outdoor
illuminance (E,) from an unobstructed hemisphere of standard:

CIE-overcast sky'.
3 Illuminance Level (Fig. E The ratio of luminous flux (@) that falls on a certain area: Tux Ix E=2
13) - HorizonFal Illpminan({e (Ep). lumen per Im/m> 5
- Perpendiculaire Illuminance (£,). square meter
4  Overall Uniformity U, The uniformity of the Illuminance over a surface as the ratio of - - -
g Minimum Illuminance (E,;,) to Average Illuminance (E).
5  Light Reflectance Value LRV Measure the visible light that is reflected from a surface when percentage % -
Reflective Index R, illuminated by a natural or artificial light source.
6  Transmission Factor T The ratio of transmitted light to incident light. percentage % -

12 Diffuse light, for September 21st at 12:00 am, where the outdoor illuminance to be considered is 11921 Ix.
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Fig. 14. Methodology, tools and procedures.

5. Methodology

To assess the daylight performance in the case study building, the
study conducted calculations characterized by; the illuminance
level (E), the uniformity (g;) and the daylight factor (DF) (Fig. 14).

The evaluation of daylight performance in the mosque's prayer-
hall is carried out following three stages; First, a descriptive
analysis of the mosque’s history, site and the building. And
continues with generating BIM 3D model extracted from the
architectural blueprints, using BIM ArchiCAD software, inserting
locations and parameters of the existing apertures and openings,
aiming to determine simulation points in the prayer halls (Fig. 15).

At the Second stage, performing computational simulation to
assess the illuminance level, the uniformity (Up) and the daylight

factor (DF), this was done by exporting the 3D model to lighting
simulation software. For anticipating the illumination level and
uniformity study analysis, the study used Dialux Evo version 10.1,
a validated lighting simulation program against CIE-1717: 2006
test cases [27], with a flexible interoperability to BIM model. And
for calculating and generating graphic charts of the daylight factor
(DF), the study used Velux, a simulation tool dedicated to natural
lighting, and validated against the analytical test cases of CIE-
1717: 2006 [28]. Project location was inserted into the software,
then it selected the closest weather station in Hama, Syria latitude
35.14° N, longitude 36.75° E. The calculation parameters were
adjusted placing the working plane on the floor level at the height
0f 0.00m, considering the floor the task plane where the users look,
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sit and prostrates, in reference to the nature of the Islamic prayer.  Taple 5. Transmission factors as per glass type [29,30].
An XY grid 1.00x1.00 m for calculation points is placed on the

Material T
working plane for the perpendicular illuminance and uniformity (6mm Glass) %
calculation. Materials and colors considerations were taken by Clear. 0.87
assigning materials to the model with the values of transmission Strongly reflecting. 0.78
factors (7) (Table 5) and the values of lighting reflection factors Tinted (Bronze). 05
(LVR) (Table 6). And taking into account; the existing apertures Tinted (Green) 075
and tran.s.ennas’ . . . . Tinted (Gray). 0.44

Conditions of lighting needs was studied relying on resources )
Strongly reflecting. 0.78

of the reference standard for: illuminance level, uniformity, and
daylight factor for indoor prayer halls. The lighting needs, for Double clear glazed (2 * 6 mm) 0.76
praying task, is addressed as minimum (£ > 100-150 lux) for

overall illuminance level [24,34]. And for seeing the Imam [/mam],  Table 6. Lighting reflection values as per material [31-33].

or lecturer, by the audience is addressed as minimum (£ > 50 lux), Material LRV
according to EN12464 as it was considered as casual seeing. %
According to the BS8206-2:2008, a minimum daylight factor of Aluminum, matte. 5575
(DF >1.5%) is required for living spaces in a minimum of 75% of Aluminum, Polished. 65-75
the plan area. The uniformity shall achieve minimum (g; > 0.10), Body where no light is reflected (Black Body). 0
according to EN12464-1. Body where all light is reflected. 100

The third stage is characterized by defining the utilization time

R X - X > Carpet (Patterned: Multi-colored). 5-12
and interpreting it into light scenes and scenarios into the software Carpet (Plain: Dark to moderate shades) 12
in the main indoor prayer-hall through the four seasons of the year c P Plai ' Mod ot shad ‘ 2050
(Table 7)"3, via proposing two main scenarios, in both sky arpet (Plain: Moderate to light shades). -
conditions: Limestone. 35-55

. Marble, Polished. 30-70

e The time of noon prayer, al-Zuhr.'* Conducted assessment Oak. Lisht Polished Y5
on both: working plane, the flooring, and the surface of the o g ToTsed -

Minbar’s fagade. Due to the frequent use of the Minbar in Paint, white. 75-85

Friday prayer, al-Jum‘ah.'® Plaster, dark. 15-25

e The time of afternoon prayer, al-‘Asr.'® Conducted Plaster, light. 40-45

assessment on working plane only, the flooring. Sandstone. 20-40

B

— ey

Fig. 15. 3D white-model of the main indoor prayer-hall of the Upper Mosque.

13 In Syria, Summer Time, or Daylight-saving time (DST), is applied for about seven months, in which the clock is set forward by one hour; from the 25" of March to the
27" of October 2022. Thus, we will deduct the extra hour from this period [35].

' In the Islamic Figh, the Noon Prayer begins when the sun passes its meridian and it continues until the object’s shadows is approximately the same length as the object
itself [36].

15 In the Islamic Figh, the Friday Prayer is an obligation upon every free, adult, sane, resident male Muslim. Its time is the same of the noon prayer’s [36].

16 In the Islamic Figh, the Afternoon Prayer begins in the afternoon when the shadow of an object is of the same length as the object itself, and continues until the sun
sets [36].

2383-8701/© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https:/creativecommons.org/licenses/by/4.0/).


http://creativecommons.org/licenses/by/4.0/

163 S. M. B. Jijakli & S. M. B. Jijakli / Journal of Daylighting 10 (2023) 153—172

[lluminance level (£) and the uniformity (g;) were calculated to 6. Simulation output
set the daylight scenarios under both sky conditions: Clear sky and
Overcast sky, whereas the daylight factor (DF) was calculated in ) ] ) )
overcast sky condition. These parameters were adjusted in the !luminance (£), uniformity (g;) and daylight factor (DF) were
simulation tools to extract different scenarios of daylight calculated on floor-level for the main prayer-hall in the Upper
performance, to distinguish the scenarios achieved the standard ~ Mosque (Tables 8 and 9), and Minbar front (Table 10). Then, the
requirements for indoor natural light, and diagnose the scenarios
outputted with darker zones and higher contrast.

6.1. Calculation results summary of al-Zuhr and al- ‘Asr times

Table 7. The times of daytime prays in the med-days of the four seasons in Hama, for 2022 AD/ 1443-1444 H, according to "Umm al-Qura Calendar [37].

Season’s Med-Day Date Pray Times
Meteorological Season No. of Med-Day 2022 1443-1444 Al- Zuhr Al-‘Asr
AD H (Noon) (Afternoon)
M D M D Time Time
Winter 45 January 14 Jumada al-Tani 11 11:42 14:24
1Dec.2021-28Feb.2022
Spring 46 April 15 Ramadan 14 12:34° 16:13"
1March-31May 2022 11:34 15:13
Summer 46 July 16 Dil Hijjah 17 12:40 16:27
1Jun.-31Aug. 2022 11:40 15:27
Autumn 45 October 15 Rabi* al-Awwal 19 12:19 15:31
1Sep.-30Nov. 2022 11:19 1431
Table 8. Calculation results summary of al-Zuhr time.
Season and Sky Model Iluminance (E) Uniformity (g1) Daylight Factor (DF)
Time Ix %
E of Euin Euax gi of DF DFuin DFpax
Winter Clear Sky 73.4 i} 13.7 444 0.19 i 6.7 1.05 14.86
11:42 Overcast Sky 335 a 3.29 370 0.1 i i i
Spring Clear Sky 129 i 20.2 797 0.16 i
11:34 Overcast Sky 92.1 9.04 1018 0.1 i
Summer Clear Sky 127 i 21.5 917 0.17 i
11:40 Overcast Sky 115 i 11.3 1268 0.1 i
Autumn Clear Sky 121 it 233 745 0.19 i
11:19 Overcast Sky 75.8 a 7.44 838 0.1 i
Table 9. Calculation results summary of al-‘Asr time.
Season and Sky Model Iluminance (E) Uniformity (g:) Daylight Factor (DF)
Time Ix %
E Cf Ewmin Emax 81 Cf DF DFuin DFuax
Winter Clear Sky 205 i 20.7 7625 0.1 i 6.7 1.05 14.86
14:24 Overcast Sky 523 a 5.22 587 0.1 i i ii
Spring Clear Sky 249 i 24.7 21889 0.1 i
15:13 Overcast Sky 90.6 9.04 1018 0.1 i
Summer Clear Sky 155 i 26.6 1658 0.17 i
15:27 Overcast Sky 119 i 11.8 1331 0.09 i
Autumn Clear Sky 248 i 28.6 15292 0.12 i
14:31 Overcast Sky 66.3 i} 6.62 745 0.1 ii
Table 10. Summary of output results for the 3™ scenario: Minbar during Al-Jum‘ah prayer.
Season and Time Sky Model Iluminance (E) Uniformity (g:)
Ix
E of Ein Enax gr of
Winter Clear Sky 41.7 27 59.3 0.65 i
11:42 Overcast Sky 9.8 a 5.7 14.2 0.58 ii
Spring Clear Sky 71.6 i 45.4 102 0.63 i
11:34 Overcast Sky 26.9 i 15.7 39.1 0.58 i
Summer Clear Sky 67.7 i 40.6 98 0.6 ii
11:40 Overcast Sky 33.5 i 19.5 48.7 0.58 i
Autumn Clear Sky 67.2 i 42.6 95.7 0.63 i
11:19 Overcast Sky 22.2 i 12.9 32.2 0.58 ii
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findings were compared to the modern requirements, as following:
(x) Conformity; (x) Near Conformity; (X) No Conformity.

1000 2000 3000 5000 7500 10000 15000 (ix]

Fig. 16. Vertical and horizontal gradient of illuminance level (E) created contrast between the entrance zone and Minbar zone, as well through in the vast height of the
structure. (Al-‘Asr, winter, clear sky).

200 300 500 750 10 20 30 010 020 030 05 0 100 200 300 500

010 020 X X -
| ) B I
300 500 750 1000 2000 3000 5000 7500 10000 15000 (ix] 500 750 1000 2000 3000 5000 7500 10000 15000 ()

Fig. 17. Contrast between the northern wall, entrance wall, and southern wall, Minbar and Mihrab wall, effect of the thick window’s reveal reflecting high daylight
level. (Al-Zubhr, spring, clear sky).

2383-8701/© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https:/creativecommons.org/licenses/by/4.0/).



http://creativecommons.org/licenses/by/4.0/

165 S. M. B. Jijakli & S. M. B. Jijakli / Journal of Daylighting 10 (2023) 153—172

250
200 ]
150
Ix
100
50
0
Winter Spring  Summer
2022

Fig. 18. Average Illuminance (E) on floor-level during day-time prayers in 2022.
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Fig. 19. Average Illuminance (£) on southern wall level during al-Zuhr time prayers in 2022.
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Fig. 20. Overall uniformity (g;) on floor-level during the four seasons.

6.2. Overview; visual aesthetics

The calculation output revealed that the lighting of the prayer-hall
tends to be more functional than symbolic. In most cases, natural
lighting achieved efficiency at minimum rate in reference to the
requirement and proved its capability to dispense with artificial
lighting.

Despite of functionality of the whole, the aesthetic factor is not
absent. It is noticeable that the lighting of the place highlights the
contrast in showing the architectural elements of the interiors; the
high openings in the thick load-bearing walls contributed to
creating the aesthetic contrast between the strong light on the
window reveal and its flow inward, and the projections of the
window shapes through sunlight beams on the columns, as shown
in al-‘Asr time scenario (Fig. 16).

The gradient effect is clearly noticeable. How the illuminance
level is gradually fading vertically from lower to higher levels, as
well horizontally on the floor from the entrance zone to the Mihrab
zone. This creates a spiritual value in the shedding of the sun and
highlighting the sun on the worshipers, and the gradation of shade
towards the darkest zone at the top of the domes. This can be

@=@== A]-Zuhr: Clear Sky
Al-Zuhr: Overcast Sky
Al-‘Asr: Clear Sky

@ A]- Ast: Overcast Sky

Spring Summer Autumn

attributed to the vastness of the prayer hall, and the solid domes
with small openings (Fig. 17).

6.3. Output discussion

The simulation output ensures the importance of understanding the
relation between the natural light and the function of the space; the
indoor daylighting shows a general compatibility with the function
of the prayer-hall; as indicated in the whole analyzed scenarios of
both al-Zuhr (Table 11) and al-‘Asr times (Table 12), observing
the middle zone of the prayer-hall, where the worshipers stand to
pray in rows, the illuminance level recorded proximate values in
this middle zone, and the lighting is diffused and uniformed. The
lighting is convenient with the practical act of congregational
prayers. During which, the Imam, who presides over the prayers,
stands in the Mihrab, located in the middle of the Qibla-wall.
Behind him, the rows of the prayers begin to form, and they never
extend to the hall’s walls unless it is full with worshipers. This
makes the middle zone the most occupied spot within the prayer-
hall.
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Fig. 21. Natural lighting during al-Zuhr time (right side) seems more diffused, gradient and uniformed. Whereas, in al-‘Asr time (left side) more sharp spots and
window projections were created by sunlight. (Winter, clear sky).

Fig. 22. Daylight factor (DF) analysis.
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Table 11. Prayer-hall’s flooring calculation output, al-Zuhr scenario.
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Table 12. Prayer-hall’s flooring calculation output, al-‘Asr scenario.
Clear SKky

Overcast sky
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Table 13. Minbar’s fagade calculation output, al-Zuhr scenario.

Clear Sky Overcast sky

‘Winter

Spring

Summer

Autumn
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These results showed the influence of direct sunlight on the
value of overall level; the position of the sun during al-‘Asr time
allowed more direct light beams to penetrate the prayer hall,
specifically through the apertures of the main facade. Sunlight
infiltrates as well through the western fagade, as noted in clear sky
scenarios, and fades gradually to the east till the body of the
Minbar (Table 12). The lowest illuminance values, were detected
as (Emin) 3.29 Ix in al-Zuhr scenario and 5.22 Ix in al-‘ Asr scenario,
at the adjacent zone to the Minbar mass (Tables 9 and 10), (Fig.
18), due to the shadow created by its remarkable height (Table 11-
B; Table 12- B). This is functionally acceptable, since this spot is
never used for the task of praying; as the first row of prayers
always form after the Minbar and never next to it. The output
ensures the importance of the daylight diffuse in the praying area.

The study of overcast sky is proposed to show the least cases
of illuminance values; it’s noticeable how the sunlight abates from
the west, unlike in clear sky scenario, and the source of daylight is
almost confined to the entrance openings (Table 12 - B, D, F, H).
The illuminance in the overcast winter was recorded as the least
level, in both al-Zuhr and al-°Asr times, at 33.5 Ix and 52.3 Ix, in
addition to its approach to reach to the required reference in the
autumn. This level is nearly acceptable for visual task does not
require accurate visual effort. These scenarios are dispensable for
artificial light, since clear seeing is not essential to perform the
task of praying. Yet, utilizing artificial lighting is recommended

In terms of achieving the modern standards, the output of the
analysis revealed in al-Zuhr scenario (Table 9), about 63%,
amongst the eight analyzed scenarios, matched the required
reference; 100-150 lux, higher or lower by a margin of 20% (Table
11), whereas in al-‘Asr study (Table 9), a total of 75%, amongst
the analyzed scenarios, of the results matched the required
reference, higher or lower by a margin of 20%. Moreover, 50% of
the of the illuminance levels’ best cases in al-‘Asr study showed
results that exceeded 150-200% above the target value, which
indicates the highest achieved illuminance level, at about 250 Ix,
in the autumn and spring under clear sky condition (Fig. 18).
Overall, 50% of the studied scenarios were found to achieve the
minimum illuminance requirements (Tables 8 and 9), 20% more
or less.

It’s noteworthy to mention that the case of this mosque is
following the typical layout and design of the pre-Ottoman
mosques in Levant, in terms of proportions, sizes and styles of
apertures as a response of the hot climate condition [9,22]. In
addition, that the pre-Islamic remaining parts limited the later
architectural interventions and modifications [7]. These factors
mainly caused applying the conditions of least requirements for
interior natural lighting in the mosque.

The calculation of illuminance level of Minbar front in al-Zuhr
time showed that the wooden body of Minbar absorbed the light
and recorded less values than projected illuminance on the floor
(Table 10), and recorded highly uniformed lighting, the uniformity
is almost 60 in all cases (Fig. 19). Under the clear sky condition,
the highest value was checked in the spring 71.6 Ix (Table 13- C).
On the other hand, under overcast sky conditions a significant
reduction was noted, as the least case was recorded in the winter,
overcast condition at about 10 Ix, definitely these scenarios are
indispensable for artificial light. According to the modern lighting
requirements, the illuminance level in spring, summer and autumn

achieved better values than winter, approaching 50 Ix (Table 13-
A, C, E, G), 20% more or less.

The overall uniformity achieved an acceptable ratio, according
to the modern lighting standard; not less than 0.1, but not more
than 0.19, without emphasizing on matching the optimum level
(Fig. 20).

There is a slight difference distinguishes the uniformity once the
sun is positioned in the middle of the sky, it creates a diffused light,
more darker shadows spread on the domes in the light of absence
of horizontal openings (Fig. 21). Hence, the uniformity ratio during
al-Zuhr time recorded between 0.16-0.19, which is slightly higher
than al-‘Asr time, especially under clear sky condition. Reduction
during al-‘Asr is attributed to direct sunlight beams that create
sharper light and shadows, it recorded, in most cases, less than
0.15.

The daylight factor, as per the proportions and dimensions of
the apertures (Tables 8 and 9), revealed good ratio, with average
of 6.7%, whereas at the least ratio recorded 1.05%, which is less
than the modern standard reference in some areas (Fig. 22).

7. Conclusion

This paper conducted a study of the quality of daylight for the
main prayer-hall in the Great Upper Mosque in Hama, Syria. It
employed lighting simulation programs to understand the
daylighting design in this historical converted building. The
research achieved its aims, in terms of measuring, analyzing and
comprehending the indoor daylight performance, and compared
the obtained results with modern lighting requirements, sourced
from the ‘Mosques Design Standards’ and the European standard
‘EN12464-1". The illuminance of the prayer-hall proved to meet
the minimum of modern requirements, 20% more or less, in 50%
of the studied scenarios, this can be attributed to the common
aperture design in the pre-Ottoman mosques of the Levant. These
results may explain the paradigm shift in occupants’ lighting
preferences. The research reached a number of findings regarding
the daylight in the studied case:

e This great mosque sets a significant example of employing
the daylight to achieve sufficient interior light in a
converted historical mosque. Perceived in the
measurements of illuminance level (£), uniformity (g;) and
daylight factor (DF).

e  The natural lighting that enters the main prayer-hall serves
functional purposes mainly, highlighted in the middle zone,
the most occupied area, where the light is diffused and
highly uniformed. Yet, it serves aesthetic and spiritual
purposes, too.

e In the main prayer-hall, the highest daytime illuminance
levels, at about 250 Ix, are achieved in autumn and spring
under clear sky condition.

e The least illuminance values were found in winter in the
overcast sky in both times; al-Zuhr and al-*Asr, whereas the
values approached higher values in the autumn overcast sky
for both times. Hence, the utilization of artificial lighting in
these times is recommended but still dispensable.

e The lowest illuminance values were detected in both sky
conditions at the adjacent zone to the Minbar mass, due to
the shadow created by it, which is acceptable as this spot is
never used for the praying task.
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e Theilluminance level of the Minbar front was found always
adequate under the clear sky condition. While a significant
reduction was noted under the overcast condition, it is
highly recommended to equip artificial lighting to be used
in this scenario.

e The light uniformity on the minbar front recorded stable
readings on different scenarios and sky conditions.

e The distribution, proportions and dimensions of the existing
apertures in the main prayer-hall have a positive role in
achieving a good daylight factor in average.

The research, also, reached a number of findings regarding
the daylight checked against the modern daylighting standard:

e The main prayer-hall in the Upper Mosque achieved
general acceptable readings in terms of illuminance level
(E), uniformity (g;) and daylight factor (DF), in respect to
the modern lighting standards.

o In the most of the studied cases, natural lighting was found
to achieve efficiency at minimum rate, according to the
modern requirements, and, thus, is capable to dispense with
artificial lighting.

e The overall uniformity in the prayer-hall achieved an
acceptable ratio, as per to modern standards, generally,

slightly higher in al-Zuhr time under the clear sky condition.

e The natural lighting design in the studied main prayer-hall
mostly fulfilled the minimum modern requirements,
combining both lighting efficiency and thermal comfort.

The research proposed a number of recommendations, as
follows:

e Despite the natural lighting in the main prayer-hall
achieved the acceptable measurements as per the modern
standards in more than the half of studied scenarios, yet the
existing usage of the artificial light in day-time is still
excessive. This encourages the recommendation of using
this analyzed lighting simulation to propose two inclusive
studies: A lighting design proposal for optimizing the
daylight, and applications of natural lighting enhancement
to maximize the opportunities to dispense of the artificial
light. And a second lighting design proposal of artificial
lighting helps to wisely select the proper luminaires with
distribution layout by zoning in accordance to the distance
from apertures in the building.

e It is recommended to conduct a survey-based study to
identify the extent of present occupants’ satisfaction of the
daylighting conditions in this historical mosque. And to
identify the influence of the mosque-light on the spirituality
in the view of the worshippers.

e [tis recommended to conduct more studies on similar case
studies to discover the historical criteria of lighting design.

It is recommended to preserve the authentic daylighting designs
in the historical buildings. An, in case intervention is needed, to
apply solution that do not interfere or contradict with the essence
or aesthetics of such buildings.
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