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GLOSSARY

Abbasid Style: An Islamic style of Architecture in Baghdad 750-1258AD.

Air vent: A purpose provided air inlet or outlet.

Asar or Asr Prayer: Afternoon prayer, which is performed after the middle of the second

part of the day when the shade of an object twice its length.

Atabikid Style: An Islamic style of Architecture in Baghdad 1127-1261AD

Aza’n or Adhan : Calling for prayer

Badgir : Air shaft (Air Scoop)

Centigrade: Temperature scale proposed by Swedish astronomer Anders Celsius in
1742. A mixture of ice and water is zero on the scale; boiling water is
designated as 100 degrees.

Climate: The average weather condition in an area determined over a period of years.

Climatology: Science dealing with climate and climatic phenomena.

Environment: The complex of physical, chemical, and biological factors in which a

living  organism or community exists.

Fahrenheit: Temperature scale designed by the German scientist Gabriel Fahrenheit in
1709, based upon water freezing at 32°F and water boiling at 212°F under
standard atmospheric pressure.

Fajar Prayer: Dawn prayer, which is performed one and a half hour before sunrise.

Fardh prayer: An obligatory prayer

Fershi or Matli : Local Iraqi traditional square bricks.

Friday Khutba : Weekly Friday sermon

Gharbi Wind: Northwesterly wind in Baghdad region

Hijra : The migration of Prophet Mohammad (p.u.h) from Mecca to Almadina

Almunawara.
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Humidity: The “dampness” of the air expressed either as a subjective sensation or as a
physical measure of the water vapors in the air.

Ilikhanid Style : An Islamic style of Architecture in Baghdad 1258-1335AD

Imam: A person who leads the praying persons in prayer.

Intermediate Mosque: The early hybrid style mosque after the Second World War.

Ishak (or Isha) prayer: Night prayer, which is performed 85 minutes after sunset.

Jalairid Style: An Islamic style of Architecture in Baghdad 1357-1411AD

Jum’a prayer: Friday noon prayer

Juss: Domestic Baghdadi mortar used in traditional buildings.

Ka’ba: 1t is a building 50 feet high, 30 feet wide and 40 feet long, its door height is 6.5

feet. Itis located in the centre of the courtyard of Almasjid Alharam in Mecca.

Madrasa (Kuttab): Islamic traditional school

Maghrib Prayer: Prayer performed at sunset.

Masjid Alharam : The most holy mosque in the holy city of Mecca surrounding the

Ka’ba.
Masjid Ja’'mi : The place where all the five obligatory prayers, Friday prayer and
Bariums prayers are regularly performed.

Mecca: The holy city in the Hijaz plain (Kingdom of Saudi Arabia) 21 degrees 26.17
latitude, 37 degrees 54.45 longitude.

Meteorology: Study of the atmosphere and its phenomena.

Mihrab: Niche in the wall, which shows the direction of Mecca.

Microclimate: The climate in the immediate vicinity of a building.

Minbar: Small pulpit located to the right of the niche inside the musalla, used for

delivering Friday Sermon (Juma' khutba).

Minaret: Slender or square shaped tower normally found in the mosques
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with balconies used for delivering aza 'n (call for prayer).

Mosque: Complex consisting of many community facilities including the musalla. 1t is

specifically dedicated as a place for prayer.

Model: A mathematical representation of a process, system, or object developed to

understand its  behavior or to make predictions.

Muezzin: The person who calls for prayers

Musalla: Prohibited defined enclosed space for prayer within mosque complex, which is

oriented towards Mecca.

Musalla Envelope: This is the combination of the floor, walls and roof of the musalla
building. The external surfaces of a building including the roof,
windows, and walls, that encloses the internal space. Generally
used in reference to external heating, cooling loads due to climatic
effect. Also called building shell or skin.

New mosque: Baghdadi new mosque style refers to the mosques built after the Second

World War.

Nora: Domestic Baghdadi mortar used especially in traditional building foundations.

Old (Traditional) Mosque: All Baghdadi mosque styles before the Second World War.

Qibla: Direction of Mecca, where Muslims turn their faces in prayer.

Qura’n: Words of God revealed to Prophet Mohammad (p.u.h).

Riwagq or Iwan: An arcade colonnade semi-covered area, usually attached to the musalla

building.
Salat: Prayer that usually includes standing, bending, bowing and sitting.

Shahada: There is no God accept Allah, and Mohammad is the prophet of Allah.
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Sherji: Southern and southeasterly wind.

Solar Radiation: Energy received from the sun.

Standard Average musalla Occupation Capacity: 30 to 45 praying persons per prayer
time.

Sunnah Prayer: Optional prayer before and after five obligatory prayers.

Sugq: Traditional Muslim market in the traditional Islamic city.
Tahajud Prayer: Optional night prayer usually performed after F. ajar prayer.

Tarawih Prayer: Optional night prayer (usually performed after Ishak prayer) in

Ramadhan (the  holy Muslim month).

Temperature: Measure of the energy in a substance. The more heat energy in the

substance, the higher the temperature.

Weather: Atmospheric condition at any given time or place. Compare with climate.

Wudu’ Area: Ablution Area.

Zuhur Prayer: Afternoon daily prayer which is performed when the shade of an object

equal to its length.
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ABSTRACT

An efficient building design involves not only functional aspects with respect to structural
and space utilization but also environmental aspects and energy considerations.
Architectural design is influenced by the actual thermal behavior of building components,
and this depends not only on their steady and periodic thermal characteristics but also on
exposure effects, orientation, surface colour and the climate parameters of the location. All
these parameters enter into heat transfer computations in a complex manner. The design
data and criteria should be produced in a rational way for each location, so that architects
and engineers can confidently apply them in their design calculations, and to enable
precise evaluation of the influence of various design parameters on the overall thermal
performance of buildings.

The present work is carried out with an objective of first, evaluating: the thermal
characteristics of opaque and transparent parts of the new mosque “musalla” envelope in
Baghdad, the impact of sol-air temperatures, heat gain factors and the U-value of envelope
section components. Secondly, it aims to assess the architectural criteria for appropriate
thermal design of mosques.

The research covers a survey of the design, construction features, and comfort levels in
new mosques, and the definition of the “model musalla”, as well as the identification and
thermal assessment of the typical “model musalla” taking into consideration, urban
planning, available m aterials, skill and o ther religious criteria. C omputer simulations o f
thermal conditions; modification for design, building elements and construction are also
covered by the research. The findings and conclusion of the impact of simulation changes
are stated as well as recommendations given for possible future mosque and design

strategy. The findings show that HVAC systems entail capital, functional and maintenance
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costs whereas the passive musalla building consumes less energy as well as being more
likely to be in sympathy with the environment.

Architectural design and construction of the new musalla envelope in Baghdad are
thermally inefficient in protecting the inner space from climatic fluctuations. Therefore,
the existing new musallas are not within thermal comfort level. To achieve and maintain
that, applying architectural and construction alternatives on the musalla envelope
contributes to controlling heat exchange through it as well as enhancing its thermal

behaviors that contribute to getting internal thermal balance.
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ABSTRAK

Sesebuah reka bentuk bangunan yang efisyen bukan sahaja melibatkan aspek fungsi

bangunan tetapu juga dari aspek strukturnya, penggunaan ruang, keadaan

persekitarannya dan adanya pertimbangan terhadap kegunaan tenaga.

Antara perkaran yang mempengaruhi reka bentuk senibina ialah sifat termal yang

terdapat pada komponen bahan binaan yang dibina darinya. Perkara ini yang bukan

sahaja tergantung kepada sifat bahan itu yang sering berubah-ubah tetapi juga kesan

dari pendedahan cuaca, keadaan orientasi, warna permukaan dan iklim setempat.

Kesemua ciri-ciri ini memainkan peranan penting dan menyumbang kepada komputasi
peralihan haba yang sumit.

Data dan ciri-ciri reka bentuk haruslah dihasilkan dengan rasional bagi setiap lokasi
untuk membolehkan para jurutera and arkitek mengaplikasikan nya dalam kiraan reka
bentuk mereka. Faktor ini juga membolehkan penilaian tepat dibuat terhadap kesan
berbagai bentuk parameter kepada keseluruhan prestasi termal binaan tersebut.

Objektif utama kajian ini dilakukan adalah untuk menilai sifat-sifat termal bahan
lutsinar dan tidak lutsinar pada masjid baru di Baghdad bergelar ‘sampul musolla’,
khasnya terhadap kesan suhu Sol-air, faktor-faktor pertambahan haba dan nilau-U
kepada bahan bahagian sampul. Objektif kedua adalah untuk menilai apakah ciri-ciri
seni bina yang bersesuaian bagi mencapai keadaan termal yang selesa bagi masjid-
masjid.

Kajian ini merangkumi pengajian reka bentuk, sifat binaan, taraf keselesaan dalam
masjid-masjid baru, dan definasi ‘model musolla’. Kajian ini juga menyentuh
pengenalan dan penilaian ciri termal pada model masolla vang tipikal dengan
mengambilkira perancangan bandar, bahan-bahan yang senang di perolehi, kemahiran

dan lain-lain criteria keagamaan.



Simulasi komputer terhadap keadaan termal, pengubahsuaian bagi reka bentuk, elemen

bangunan dan binaan turut dikupas dalam kajian ini.

Hasil dan rumusan kajian terhadap kesan perubahan simulasi telah di nyatakan dengan
di sertakan beberapa cadangan untuk masjid yang bakal dibina yang mempunyai
strategi reka bentuk . Hasil keajian juga menunjukkan bahawa sistem pengudaraan atau
HVAC, perlukan kos permulaan, fungsi dan penyelenggaraan dimana reka bentuk
musolla yang pasif menggunakan tenaga yang sedikit serta lebih bersesuaian dengan
persekitaran semula jadi.

Reka bentuk seni bina dan binaan sampul musolla yang baru di Baghdad, dari ciri
termalnya didapati tidaklah begitu berkesan dalam melindungi ruang dalaman nya dari
perubahan cuaca. Oleh yang demikian, musolla yang terdapat pada masakini tidak
terangkum dalam musolla yang mempunya taraf selesa termal. Bagi mencapai serta
mengekalkan tahap keselesaan ini, perlu digunapakai cara cara alternatif reka bentuk
dan binaan pada model sampul musolla agar ia membolehkan perubahan suhu dikawal

serta meningkatkan sifat termal yang menyumbang kepada keseimbangan termal

dalaman.
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CHAPTER ONE

INTRODUCTION



1.1 AN OVERVIEW OF ENVIRONMENTAL IMPACT ON BUILDING
ENVELOPE

‘Architecture is more than just the art of constructing individual buildings. It
is also the creation of environment. Buildings do not exist in isolation. They
do not only impose their character on their surrounding, but also have an

incalculable effect on the lives of the human beings who inhabit them’
(Bartuska, 1994:3).

‘Architecture may be defined as the art that goes back to the origins-to nature
itself. The root meaning of the word is derived from the Greek, archi, meaning
“first” or “original”; and tect, meaning the ability to put things together.
Thus, architecture implies creation from the origins of nature; putting things
together in ways that express an understanding of nature’ (Tsui E; 1999:9).
‘Components of the built environment are created by human needs, thoughts
and actions. Sometimes human actions are shortsighted; a matter that creates
uncomfortable situations that are less fit for healthy human activities. Each
aspect of the built environment is constructed to Julfill human purpose.
Therefore, the built environment strongly influences human life styles and, in
their turn, those life styles influence it’ (Bartuska, | 994:5).
There is a dialectic relationship between the human and the built environment that is
realized in many examples of traditional mosques in Baghdad.
Since the mosque in Islamic philosophy is God’s home: the place where Muslims pray,
and prayer is the holy relationship between a person and his God, the building of
mosques has the highest value in the hearts of Muslims. In addition, the mosque formed
the most important building in the history of our traditional architecture. This is still
true nowadays.
The first mosque in Islam, which the prophet Muhammad (peace be upon him) built in
Al-Madina Al-Munawwara, was simple in the form of composition. Due to the
extension in the mosque’s functions over a long period, many additional spaces were
annexed to it.
Iraq has around 2000 mosques with others are being added yearly. In spite of this, a
great deal of research is being done to build one of the biggest mosques in the world in

Baghdad, in addition to many other mosque projects, which have been started or are

under construction in many states in Iraq.



Although times have changed and populations have grown, the original reasons for

creating a built environment and mosque building remain essentially the same.

However, the differences normally take place in the form of expression, which we will

discover when we compare the proposed new type of mosque with the traditional type

in Baghdad.

The impact of Western civilization has been very great and powerful on Iraq. It has
influenced all aspects of living, including architecture. Architects in Iraq for example,

were so tempted by the minimalist architecture offered by Western civilization that they
turned their backs on their traditional architecture. The results are buildings that are
totally foreign to the Iragi environment and our tradition. The main feature of these
buildings is the large expanse of glass windows, which suggests a fashionable trend in
imitating Western style, but ignores the obvious requirements of a hot-dry climate.

The planning approach of our traditional Islamic environment has lost its character as
well as its practical and scientific solutions for the environment, in the face of
international style. That character was created over hundreds of years through Islamic
philosophy in urban design (Al-Umary, 1988:2-4).

So, modern Iraqi cities have definitely become closely associated with a global trend
through the introduction of Western approaches, and through the impact of modern life

in general, (Dawud, 1983: 58-60).

‘Modern building technique systems and new materials contribute to lesser

thermal efficiency than was achieved in traditional buildings’
(Tappuni;:1973).

Due to the defined daily uses of mosques (as an example), the problem facing architects

and engineers is how to achieve thermal comfort during prayer times when the mosque
building is occupied. The short time of each of the five daily prayers gives rise to
serious problems in terms of providing comfort. It is noticed that it is not enough to

reach comfort level even if an HVAC system is used and Jjust operates before each



prayer time, and it would be too costly to operate it for a long period before prayer

times to provide comfort for very short periods of prayer.

The temperature inside the building is affected by the building design, orientation and

envelope, which in turn are affected by the solar radiation, ambient temperature, relative

humidity and ventilation (Markus and Morris, 1980).

Since the envelope’s response to climatic conditions is a major determinant of the

amount of energy required to maintain the thermal comfort of the inner environment;

Musalla envelope characteristics play an important role in heat-exchange and increasing
energy conservation inside the musalla building. One of the important characteristics of
the musalla envelope is the orientation of Mecca (Qibla direction), and this design
response is constant as the main feature for every mosque.

Conservation of energy is the problem, and improving thermal comfort is the target.
Conservation of energy and improved thermal comfort can be achieved through a
considered design of the building envelope. The absorptivity of the external surfaces,
and the thermal capacity and thermal conductivity of the envelope of the building have
a profound effect on the internal environment. This is particularly true in a hot-dry
climate characterized by large diurnal air temperature variation and high radiation
receipt. (Shaaban and Jawadi, 1973:21, 71).

This research investigates the thermal design of modern mosques in Baghdad. It will be
directly related to architectural characteristics and heat exchange, which depends on
many variables, such as building shape; orientation, the thermal capacity of the external
envelope, and its time lag.

Based on much research in this field (see Appendix B) the orientation of the mosque
building, which is fixed to Mecca by 10 degrees southwest (relative to the Baghdad
location), has proved to be a good orientation for the mosque zone in general, but needs

to be treated with more suitable envelope specifications, particularly in certain

directions (West, East and Southwest).



In this research, a survey is conducted covering almost fifty new mosques in Baghdad.
The result of this survey indicates that the shape of the major space (musalla) should be
rectangular, which is regarded as the common shape to be developed in the hot-dry
climate of Baghdad (Al-Umary, 1988:4).

Building envelope as an environmental filter represents the exterior skin of a building
including all external additions e.g. chimneys, windows. The building envelope is the
combination of the foundation, wall, and roof assemblies all working together to
provide a comfortable and safe environment in a building. It also preserves the
structural integrity of the building. The building envelope also works in conjunction
with the heating, cooling, and ventilation systems to perform several major functions;
such as controlling the comfort level inside by managing temperature and relative
humidity as well reducing heating and air conditioning costs (Bomberg & Brown,
1993).

As a rule, facades are not just simply a structural division between the exterior and

interior; they have a wide range of functions, which have to be fulfilled.

~Natural ventilation

—Natural lighting

— Thermally comfortable surface temperatures

— Adjustable coefficients of heat transmission

— Adjustable degrees of total energy transmission

— Creation of visual links between the interior and exterior

Building design takes into consideration the building structure and systems as a whole
and examines how these systems work best together to save energy and reduce
environmental impact.

Heat, air and moisture transport across a building envelope are inseparable phenomena.
Each influences the others and is influenced by all the materials contained within the

building envelope. The process of environmental control depends on strong interactions
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between heat, air and moisture transport. And to ensure that all aspects of the building
envelope perform effectively, we must deal with heat, air and moisture transport
collectively.
The building envelope provides shelter from the outdoor environment and encloses a
comfortable indoor space. In doing so, the envelope must withstand many mechanical
and environmental forces and this durability must extend over its service life.
The envelope must also be well insulated to provide the required level of thermal
comfort at a reasonable cost (Bomberg & Brown, 1993).
Assessing the thermal performance of the building envelope involves three
considerations: the quantity of heat transferred through the walls, windows and other
elements of the building envelope -the conductive heat transfer; the quantity of heat
needed to bring the temperature of the outdoor air to that of the indoor air-- the air-
leakage characteristics or air exchange rate; the differences in temperatures on the inner
surface of the building envelope - the mould and mildew control points.

The envelope includes facades, which represent one of the biggest influencing factors

on the building’s technical systems. In order to act ecologically in the long term, it isg

necessary to develop facade concepts as an important component in the overall concept é

polyvalent wall structure, i.e. developing facades which react to seasonal conditions, on

natural resources in the operation of a building, on the other.

Accommodating environmental control in building design requires interactive analysis
and a willingness to change not only minor details, but to alter the basic concept itself if
information indicates that this is desirable. Thus, the design must remain as flexible as
possible until all the consequences are fully examined.

The main function of the building envelope in a hot-dry climate is to minimise the heat

stress imposed by the external climate. Indoor thermal environmental control through
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design and planning can only be achieved through a proper understanding of the
thermal performance of the building envelope in relation to relevant weather elements.
It is being increasingly realised that a lot can be done to mitigate heat stress in
unconditioned buildings to reduce cooling and heating loads and the energy
consumption of air conditioned buildings, through a proper choice of building
components and design.

The envelope’s response to climatic conditions is a major determinant of the amount of
energy required to maintain the building’s thermal environment. The building envelope
consists of solid walls, space windows, space doors and other openings; and roof and
floor surfaces. It is subjected to the influences of climate by its individual orientation
and composition. The building envelope directly influences the cooling peaks and air
conditioning system capacity requirements of all the building envelope components.
Windows have the greatest effect on energy consumption, since they are major
contributors to overall heat loss/heat gain.

The thermal properties of the envelope are determined by the combination of wall mass,
thermal resistance; insulation location, external surface colour and texture, and the size
and location of glazing. All of those affect energy consumption differently according to
weather conditions. The design of the building envelope can also greatly affect
infiltration rates.

Heat in all its forms has a profound effect on human comfort. Therefore, control of heat
flow through the roofs, domes, walls and windows is of considerable importance. A
clear understanding of the modes of heat transfer and the parameters that affect them is
a prerequisite for effective control of the thermal environment of buildings. Studies of

the Baghdad climate may identify the following as the main factors affecting thermal

comfort in the internal environment:
i. Heat gain-due to design and material choice.

ii. Envelope design-opaque transparent ratio.



iii. Orientation.
Therefore, the thermal design strategy is to minimize heat gain through the envelope by
enhancing the design of the envelope and choosing appropriate building materials. This
can be achieved mainly through;
(1) Redesign of the envelope
(2) Use of alternative material
(3) Use of insulation material
(4) Appropriate ventilation system
(5) Shading and enhancing of surrounding microclimate
(6) Optimum building orientation
(7) Optimum window areas
(8) New dimensions and layout for the inner space; and other architectural structural
additions.
1.2 RESEARCH ISSUE
Prayer is the holy relationship between a person and his God, and the building of
mosques has the highest value in the hearts of Muslims. In addition, the mosque formed
the most important building in the history of Muslim traditional architecture. This is still
true nowadays. The relationship between the human and the built environment is
realized in many examples of traditional mosques in Baghdad. The creation of a built
environment and mosque buildings remains essentially the same. The differences
normally take place in the form of expression, which we discover when we compare the
proposed new type of mosque with the traditional type in Baghdad.
‘Modern building technique systems and new materials contribute to lesser
thermal efficiency than was achieved in traditional buildings in Baghdad’
(Tappuni, 1973).
That happened under the impact of the industrial revolution and the modern approach to

town planning as well as an increase in population and economic progress after World



War II. So, the main issue of this research is “the thermal comfort of the modern
mosque in Baghdad”.

1.2.1 Statement of Problem

Baghdad's traditional mosques had a clearly defined character during the historical
periods when Baghdad was the capital of the Abbasid Empire. Those traditional
mosques have been protected from severe environmental swings as an indirect
advantage of traditional compact town planning where buildings were attached to each
other and surrounded the mosque.

The main factor that has changed in the traditional city of Baghdad under the impact of
a modern approach to town planning and architecture is the microclimate of the new
physical environment. Modern gridiron town planning has resulted in mosques 'standing
alone' in open spaces as monuments in wide plazas and streets. That has had the effect
of introducing direct exposure of those envelopes to external environment impact, in
addition to other unsuitable modern building treatments.

As a result, mosque buildings have become more exposed to general climatic variations
than before.

A new life style and needs have developed in Iraq, necessitating the introduction of new
transportation systems that have new requirements such as wide streets, multilevel
bridges, and roads. There is also a need for new facilities, buildings, factories, stores,
workshops, hospitals, mosques and other buildings.

The impact of international style has influenced all aspects of living in Iraq including
architecture. The result is buildings that are totally foreign to our environment and
tradition and which ignore the obvious requirements of the hot-dry climate of Baghdad.
The mechanical and electrical systems of heating and cooling encourage architects to
implement new technical approaches and ideas by creating large openings in buildings’
facades as well as employing new constructional materials etc. All this makes people

depend on HVAC systems, which consume high amounts of energy annually in an
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attempt to provide a comfortable inner environment. The mosque buildings are affected
by the adoption of new materials and new urban planning as well as new architectural
designs, which are not sensitive to the environment, the actual needs of occupants, the
building function or comfort criteria. There is little appreciation of the design response
(synthesis) as well as the criterion of high thermal conductivity and low heat capacity of
newly employed materials.

Modern building systems, like the use of the RC-skeleton structure, which reduces the
need for massive roof and massive bearing walls for structural functions in comparison
to the traditional approach of construction, reduces envelope heat resistance and thermal
capacity. As well as increasing window areas in modern building and ignoring the use
of high thermal conductivity materials, all these factors have influenced the comfort
level inside the new mosque building.

Previous studies have presented findings, which conclude that the present
unconditioned new mosques in Baghdad are not thermally comfortable (Dawud; 1988).
The primary factors are high heat gain, and the effect of external temperature
fluctuations. This suggests the need for the use of air-conditioning, which would result
in high-energy consumption in order to achieve thermal comfort. The findings of the
research were based on fieldwork and computer modelling (see Tappuni; 1973). The
short daily activity period of each prayer and its repetition five times per day, give rise
to many problems if an HVAC system is used to maintain an internal air temperature as
well as the need to provide other running costs for system maintenance etc.

It might be proposed to just operate the system before prayer time, but it is noticed that
the inner thermal conditions would still not have reached a comfort level when the
prayers have finished and people have started leaving the mosque. In addition, this
proposal wastes energy without achieving any actual advantage regarding reaching
thermal comfort. Since the envelope’s response to climatic conditions is a major

determinant of the amount of energy required in maintaining the thermal comfort of the
10



inner environment; the problems of the new mosque in Baghdad may be summerised as:
1. The ignoring of the comfort requirements of occupants in the constructional materials,
which are used in buildings and the details as well as the architectural treatments of the
common new mosques in Baghdad.

il. Lack of optimum design guidelines of the musalla’s envelope which achieve the

comfort level for the inner environment and which contribute to energy conservation.
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FIVE THERMAI
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PRAYER e 1
TR0 GU 1 MOSOUE BULDINGS WIDE STREETS PUBLIC OPEN SPACES
L 4 4 4
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|
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OPERATE BEFORE| | OPERATE IT FOR LONG
EACH PRAYER TIME | | PERIOD BEFORE PRA IGNORING THE OBVIOUS REQUIREMENTS OF
\/\/ THE HOT-DRY CUNATE OF BAGHDAD
UNSUFFICIENT HIGH COST MISSMRT

Fig.1.1 Statement of probiem.

1.2.2 Literature Revie_w

‘Many issues and appropriate measures must be considered and adopted at
the design stage of new buildings. Among the issues to be looked at is the
climatic suitability of the building design and building material. To date
there are various published materials regarding the need and the strategies
Jor climatic design of buildings’ (Olgyay, 1992).

The building should be designed to provide desirable indoor climate.
Indoor climate is the condition of comfort of a person ‘(Fanger, 1970).

There are no obvious cultural symbols of the way people live and move and
eat, their habits and life style-culture as a reflection of climate, Udo
Kulterman refers to the house-The Roof-Roof house of Ken Yeang —as
having demonstrated one possibility of how the traditional climatic and
typological requirements could be articulated in the contemporary house,

combining lessons from the Malay house as well as solution Jrom colonial
English architecture.’ (Powell, 1 989:24).
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‘We can define our design task as the establishment of a “fit” between the
pattern of needs and the use: the patterns of built form, servicing systems,
technological factors, and environmental factors’ (Martin, 1966).

The design of any built environment is therefore determined by the extent of
shelter and comfort required by the people who will use the designed
system. The socio-economic-political Structure of that society and its
standard of living ofien influences this. It is these levels of needs and use
that initially determine the size and extent of the pattern of built form and
servicing systems.’(Yeang , 1995:46).

The temperature inside a building is affected by the building design,
orientation and envelope, which in turn are affected by the solar radiation,
ambient temperature, relative humidity and ventilation’ (Markus,T., Morris,
E.N., 1980).

The appropriate architectural design strategy is summarised by the following statement;

Architectural means for minimizing the heat gain of buildings, and
consequently their cooling needs, generally would be less expensive than the
application of cooling systems, even passive ones. Therefore, there is no
point in applying passive cooling systems in a hot climate to a building that
does not have appropriate design for that climate’ (Givoni, 1994).

Thermal building design can be achieved by means of the appropriate selection of
construction material that would act as an efficient thermal barrier between the inner

and the external environment.

‘Thermal control for buildings in hot climates can be achieved by means of
mechanical and structural control’ (Koenigsberger et al, 1980).

Structural control represents passive cooling via appropriate thermo physical properties
of envelope material, orientation, shading devices and fenestration for ventilation. The
objectives of the thermal control are to control the heat flow through the envelope and

enhance its thermal properties.

‘Building material with suitable thermo physical properties could control
the process of heat transfer in and out of a building. These properties are:

a) Thermal conductivity, resistance and transmittance

b) Surface characteristics with respect to radiation — absorptivity,
reflectivity and emissivity

¢) Surface convective coefficient

d) Heat capacity

e) Transparency to radiation of different wave lengths'. (Givoni; 1976).

‘A design approach that is based on resource conservation principles such
as a design approach based on conservation of resources can be considered
in terms of the following alternative design strategies;
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(1) Measures that reduce the supply to the system
(2) Measures that improve the efficiency and performance of existing
systems, and

(3) General measures for the redesign of existing systems or the design of

new systems.’(Yeang, 1995:154).
Energy required for heating and cooling can be greatly reduced through a proper design
of the building envelope, in response to the local climatic conditions.
Generally, the climate of Iraq is characterized by a large diurnal air temperature range
coupled with a high intensity of incident solar radiation as shown in Chapter Two. On
the other hand, in such widely fluctuating climates, building design has great potential
in providing thermal comfort and reducing energy consumption. An efficient thermal
design of a building envelope should consider three main parameters;
First; the form and orientation of the building.
Second; the fenestration, which includes the size, orientation and exposure of the
windows to the sun and the type of glazing.
Third; the thermal properties of the opaque elements. This includes the solar
absorptance of the external surfaces and the thermal capacity and conductance of the

elements.

‘Modern building technique systems and new materials contribute to lesser
thermal efficiency than was achieved in traditional buildings; and leads to a
dependence on mechanical and electrical systems for providing thermal
comfort for the internal environment of the new buildings in Baghdad’
(Tappuni, 1973).

The interactive effect of all these parameters presents an extremely complex problem
for the designer. The contribution each makes to the heat interchange between the
interior environment and the exterior varies with the peculiarities of the design of the
musalla.

1.3 RESEARCH OBJECTIVES

Conservation of energy and improved thermal comfort can be achieved through a
proper design of the building envelope’s “passive design”. The absorptivity of the

external surfaces, the thermal capacity and the thermal conductance of the envelope of
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the building have a profound effect on the internal thermal environment. This is
practically true in Baghdad’s hot-dry climate characterised by a large diurnal air
temperature variation and high insulation. This study investigates the effect of these
building parameters on the inner environmental temperature.

The present research will discuss the thermal design of the new mosque in Baghdad in
terms of heat exchange, which is affected by its orientation, the envelope design, its size
and constructional components and the material specifications of the envelope. It aims
to:

i. Get the thermal efficiency diagnosis of the present new mosque envelope in Baghdad.

ii. Revise the design of the musalla’s envelope to minimize the environmental impact

through it.

iii. Identify the optimum thermal design and construction materials specifications and
details for the mosque envelope.
iv. Identify environmental and other suitable treatments, which affect thermal design for

the mosque that provides thermal comfort for its occupants and reduces energy

consumption.

1.4 SCOPE OF THE RESEARCH

A study of Baghdad’s climatic parameters will contribute as the background of the
study. Improved thermal comfort can be achieved by means of a suitable passive design
of the building envelope, since the envelope of the building has a profound effect on the
internal  environment. Considerations of all previous criteria contribute to the
understanding of the thermal behavior of the new mosque envelope to assess the indoor
environment thermally.

The scope of the research also covers an investigation of the thermal design of the
typical new mosque that is selected by means of a specific survey of fifty new mosques

in Baghdad (as shown in Chapter Five), taking into consideration heat exchange, other
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constants and variables, like orientation, mosque design, size, as well as climatic
fluctuations, construction materials and components of the mosque envelope.

1.5 RESEARCH CONSIDERATIONS

The following categories are considered in the research as explained below:

I. It is considered that the musalla envelope is treated thermally as one homogeneous
shell including all other parameters with a certain thickness, section and defined opaque
and transparent areas.

2. The floor is treated as part of the envelope of the musalla.

3. The musalla envelope consists of just external walls treated as one homogenous
continuous envelope, comprising the walls, roof and floor.

4. Sub-parameters, windows, and doors are represented by the “transparent part”. Air
vents as uncontrolled openings do not exist in the envelope of the musalla.

5. Since the air inside the musalla is in a dynamic condition, the air cubage is
represented by the human “comfort zone” of space. The volume of the musalla
represents the combination of the human comfort zone, that is within 6 feet in height
and the remaining volume of the internal space of the musalla.

6. The new mosque type in Baghdad is representative of the rl;osques built after World
War 1. It is noticed from the survey of the new mosques in Baghdad (as shown in
Chapter Five ) that the new mosque type shares the following characteristics:

i.Itis located in the vicinity of Baghdad .

iii. It is used usually on five short occasions daily. It is not in continuous use. There is
almost no occupation of the musalla space in the intervals between prayers.

iii. Its building is passive designed and constructed. HVAC is not used on account of its
high capital and running costs as well as other technical costs and maintenance.

iv. It is noted that the minaret is not part of the musalla envelope and has no role in the

thermal behavior of the new musalla envelope.
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7. Any proposed design and construction system for the musalla building must take into
account the following;

i The thermal comfort requirements of praying persons and the impact of climatic
fluctuations over the seasons in the Baghdad region.

ii. The limitations of local construction, available materials and labour skills.

iii. Specific nature of activity (salat) inside the musalla building and, the short periods
of use.

iv. It is not viable to consider heating and cooling functioning costs as well as the
capital costs of HVAC systems in the new musalla building in Baghdad. The
consumption of energy in the new musalla in Baghdad is very limited since the cooling
in summer depends on simple fans and the heating in winter relies on simple radiant
heaters. So there is no use of HVAC systems or other different combinations of
components and machinery. It is effectively a passive building. Based on that, there is
no consideration of HVAC systems, capital costs and functional costs which affect
energy consumption and the total cost of the musalla building project.

v. The building fabric should be capable of protecting the inner environment of the
musalla from the external climatic fluctuations expected in the Baghdad region.

vi. The context of the musalla building and the condition of the microclimate as well the
pattern of the surrounding urban fabric.

vii. The construction capability (parameters, sub parameters, opaque and transparent
parts of the envelope that play a direct role in heat flow).

viii. How all the previous criteria affect economic considerations that represent a major
factor in taking design decisions?

1.6 RESEARCH QUESTIONS AND HYPOTHESIS

The research poses the following questions:

i. Is the inner environment of the new mosque in Baghdad within the thermal comfort

level?
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ii. How is it possible to achieve thermal comfort for the inner environment of the

musalla and reduce energy consumption?

iii. How is it possible to maintain the thermal comfort of the inner environment?

iv. What are the thermal architectural design parameters for future mosques in the light
of the thermal assessment of the typical new mosque in Baghdad?

v. Which envelope materials have suitable thermal specifications for the Baghdad
climate that are consistent with available skill and construction technology?

An appropriate thermal design strategy could minimize the thermal impact; this can be
achieved by protecting the musalla envelope from heat transfer by means of appropriate
design and selection of materials. Based on that, desirable internal environmental
comfort could be attained with minimum energy consumption.

It can be concluded that for buildings in a hot-dry climate, minimizing the external heat
gain through the building envelope would be a good strategy to reduce the dependence
on energy in conditions of necessity. That can be achieved by means of appropriate
design for the building envelope.

1.7 RESEARCH METHOD

The research has considered the following steps:

i. Conducting survey to a ascertain whether it is true or not that the new mosque in
Baghdad is not comfortable thermally for occupants. In order to determine the
weaknesses in design and construction components of the mosque, the following
investigation steps have been done:

a. Collecting data from 50 new mosques in Baghdad that represent 80% of the new
mosques in the Baghdad vicinity in July 1997.

b. Identification of the typical new mosque, “Model Mosque”, in Baghdad.

ii. Analysed study and evaluation the architectural and constructional components in
relation to heat exchange and heat flow through the envelope of the “model musalla” in

Baghdad, using heat balance equations as shown in Chapter Five.
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Thermal analysis and assessment for the typical mosque, “Model Mosque”, is

conducted by conventional means to know the actual thermal behaviors of its envelope

in terms of protecting the inner environment from the fluctuations of the external

environment. The evaluation covers the components of the envelope section

specifications and the architectural features. Computing the thermal performance of the

building before it is built has several advantages. It becomes possible in the pre-
construction stages to refine the thermal properties for each building element.

iii. Assessment for the “model musalla” has been conducted, using a computer

simulation program after introducing changes to the total transparent area of its

envelope, its components and external finish and colour, as well as other architectural

and constructional characteristics in order to test the enhancement in the thermal

behaviour of the envelope during the hot and cold months. Comparison study with

some field test outputs done by the assistance of the building research centre in

Baghdad as shown in Appendix B.

The “Model” musalla building has been simulated for the four different roof structures
and five different wall constructions. To make the simulations comparable, the size of
one huge space (musalla) and its direction to Mecca at 10 degrees southwest has been

treated as a constant,

All that could be achieved through the following detailed strategy:

A. FIRST STAGE;
i. Presentation of Baghdad's climatic parameters, their character and their relationship

with the thermal comfort zone to explain the environmental impact on the special case

study in Baghdad.
ii. Study of the characteristics of the traditional mosque in Baghdad by examining some

historical prototypes by analysing their architectural and constructional features to

enable a comparison with the latest new mosque type.



iii. Study of the character of the new mosque types in Baghdad after World War I1. This
latter type was affected by the modern design approach and employment of new
building materials, which indicated the different thermal behaviour of the mosque-
building envelope related to the climatic parameters in Baghdad.

iv. Determination of the characteristics of the typical new mosque,” model mosque”, in
Baghdad in light of the author's analyse and the survey conducted in June-July 1997 of
fifty new mosques in the Baghdad vicinity (see survey data in Chapter Five).

B. SECOND STAGE;

This includes the following steps:

Conducting an analysis study and estimate for the typical new mosque, “model
mosque”, in Baghdad in order to understand the thermal behaviour of the envelope by
means of a thermal assessment of its elements and their role in heat exchange.

ii. Determination of the role of each envelope component (of the section) in providing
the required thermal comfort for the inner environment.

iii. Provision of alternatives for envelope elements with new architectural specifications
and reassessment of their impact to obtain a comparison between the two outputs of two
alternatives with the aim of identifying the thermal behaviour weaknesses of the
envelope.

iv. Analysing the base case design using a computer model including the identification
of a suitable computer-modelling tool; simulation of the base case design using selected
software; simulation tests for the envelope design alternatives; obtaining / drawing
conclusions for the simulated proposed design; and comparing the simulated base case
and the simulated proposed alternatives.

v. Obtaining research findings and conclusions to determine the optimum constructional
clements and architectural specifications for the mosque envelope to enable the making
of recommendations for future mosque envelopes with reference to some international,

regional and Iraqi experiments and giving appropriate design guidelines.
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CHAPTER TWO

CLIMATIC FEATURES OF

BAGHDAD &NEW MOSQUE
CHARACTERISTICS



2.1 INTRODUCTION

The aim of this chapter is to give a general overview of the climate of Iraq, particularly

the Baghdad region as far as it concerns the building envelope. It starts by giving basic

definitions of the climatic elements. General information is also given about various

climate types in order to place the climate of Iraq in the appropriate category of world

climates.

The present chapter explains the characteristics of climatic elements and the variations

of the climatic stresses throughout the Iraq and in Baghdad in particular. The climate of
this country is, then, divided into four zones, according to thermal stress analysis. The
impact of climate on regional building character is discussed in general terms (Shaaban
& Al-Jawadi, 1973:5).

It paves the way for a study of the thermal behavior of the mosque envelope and the
impact of climate on architectural environment. The mosque building has to satisfy two
contrasting functions; keeping the heat out in the summer, and keeping the heat inside
in winter,

The findings of this chapter are based on the climatic data supplied by the Metrological
Department, Ministry of Communication in Baghdad.

2.2 THE CLIMATIC ELEMENTS

The climate of a particular place depends mainly on the radiation it receives from the
sun, which, in turn, affects humidity, rain and wind movements. In the following
section, there are general descriptions of each element.

2.2.1 Solar Radiation;

Solar radiation is a prime factor in determining the climatic character of a given
location. The rates of solar radiation for the four seasons in the Baghdad region are
influenced by the declination angle and seasonal variation as well as cloud coverage and

other forecast phenomena. Solar radiation is more intense in summer than in winter, the

annual total radiation range in Iraq varying from 15 mega Jule/m.day in the northern
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zone to 21 mega Jule/m.day in the southern zone (see Fig.2.1a.). The mean is 18 mega
Jule/m.day (Central Region) for the country (Shaaban & Al-Jawadi, 1973).
The clarity of the atmosphere also affects the quantity of solar radiation. In
the hot-arid regions, for example, the sky is deep blue in color and with low
brightness (unless there is dust in the atmosphere), but the ground receives
a large amount of radiation. Thus, a strong reflected sunlight emits from it.
In the hot-humid climate, on the other hand, scattered clouds reflect bright
sunshine and increase the intensity of radiation from the sky.  Under
overcast conditions, the sky and not the sun is the main source of energy.
Solar radiation intensity, on the other hand, increases (its fall on the
surface) according to the short distance, which the radiation crosses
through the atmosphere’ (Olgyay, 1957:56).
The Meteorological Station makes recordings of global radiation on the horizontal
surface in Baghdad (This was measured in cal./m?/day, and only for the years 1967-
1969). The records show that the maximum value of 750 cal./m*day occurs in
December (Shaaban & Al-Jawadi: 1973).

2.2.2 Air Temperature

Air temperature varies according to the latitude, height above sea level and geographic
character of the region. In hot-dry climate areas, where the sky is mostly clear, there is a
free path for incoming radiation during the day and outgoing radiation during the night,
which causes large diurnal temperature variation. Annual variations are also large. In

hot-humid climate areas, where the sky is overcast, the diurnal and annual variations are

small,

2.2.3 Humidity

Humidity is an important factor in the assessment of climatic stress. Comfort can be

achieved if relative humidity is approximately 30% to 70%(Shaaban & Al-Jawadi;
1973).

ince Iraq's location is adjacent to the Arabian Gulf in the south, and the mountains in
the northeast, the relative humidity varies. The annual highest and lowest relative
humidity in most regions of Iraq (including Baghdad) is 30-60% while it is lowest

during summer (15% during the day and 30%-40% at night ).
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Fig.2.1a. Daily incoming radiation in the Baghdad region
Source: Shaaban; 1973,

Since summer usually extends over more than seven months, the climate is generally
considered to be a hot-dry climate, while the range of relative humidity is 50%-60%

during wintertime and the highest relative humidity is 90% (Shaaban & Al-Jawadi;
1973).

2.2.4 Wind

Wind speed varies with location, topography and height. It is important to assess the
direction and speed of prevailing winds in the cold and hot periods. This will influence
the size and positioning of openings and orientations. Wind may be welcomed in the
hot-humid zone to enter the building for cooling effect, while it could be a nuisance in
the hot-dry climate where it brings heat and dust. In the grouping of buildings and in the
assessment of their ventilation, some basic principles must be observed. Wind causes

pressure on the windward side and suction on the leeward side of the building. This
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causes positive and negative zones between the buildings depending on their sizes and
relative positions. Temperature difference between the inside and outside air causes the
stack effect, or "reversed stack effect" depending on the relative sizes and placing of
openings.

2.2.5 Rain

The rainy season in Iraq extends from November to April. The annual rainfall ranges
from about 120 mm in the south to about 380 mm in the north, but it is much greater
than that in the northeast mountainous region. The heaviest rainfall occurs in March and
occurs as sporadic heavy showers, accompanied by thunderstorms, and could be as
much as 85mm/24 hrs. The roof has to satisfy two contrasting functions: to shed water
away from the building in winter (the rainy season) and to be used for sleeping in
summer. The present domestic roof construction details call for urgent research in terms
of heat exchange.

2.3 CLASSIFICATION OF HOT CLIMATES

The classification of the climate depends on the amount of solar radiation received,
latitude, height above sea level, wind and rainfall, relationship of land and sea and
topography. The climate of Iraq lies somewhere between hot dry and hot humid with
some upland climate (Dawud, 1983:9).
2.3.1 Hot-Dry Climate
The characteristics of this climate are the longer over-heated period and large diurnal
and annual temperature variations. The sky is usually cloudless, deep blue, of low
brightness, except when dust laden, where the brightness increases considerably. The
light reflected from light colored paved ground is very bright and painful. Rain is
scarce, but nights are cool and calm and the roofs are used for sleeping. The layout of
traditional buildings in towns and villages emphasizes the concentration of masses:

buildings are very close to each other leaving shaded alleyways in between and
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exposing the minimum area to the sun. The traditional building is usually heavy weight
and has high thermal capacity construction to give good time lag. Fig. (3.34).

2.3.2 Hot-Humid Climate

The characteristics of the hot-humid climate are the small diurnal and annual
temperature variations. The hot periods are never as hot as those of a hot-dry climate.
However, high humidity makes for very uncomfortable conditions. The sky is usually
overcast through the year, so diffuse radiation is the main source. The intensity of
radiation increases considerably in a partly cloudy sky because of the reflection from
clouds. The view of the sky should be cut off and the eye is directed to green and
shaded areas.

Rain is heavy and falls almost throughout the year and this affects the building structure
and details. Air movement through the building mainly contributes to comfort within
the building. The character of the building is dependent on this main objective. The roof
becomes the main element of design, while the walls lose their usual function and

become a light screen between the inside and outside, and must allow as much breeze

through as possible.

2.4 CLIMATIC ZONING OF IRAQ

A systematic approach is adopted to calculate the climatic stress for monthly
temperatures and the mean maximums of each month from Table (2.2) are compared
with day comfort limits. The same applies to comparing monthly mean minima with
night comfort limits. The result of the comparison will be H- (Humid), M-(Moderate),
or C-(Cold) as explained in the tables (2.1,2.2,2.3b and 2.5).

These symbols of comparison are tabulated for each location. These give us the number
of over-heated, under-heated and comfortable periods for each location.

Based on this information, together with others, such as geographic information, the

climate of Iraq can be divided into the following four climatic zones:
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Table 2.1: Humidity, rain, and wind for the Baghdad Region.

RH.(percentage) J F IM (A [M [J [} A |S [0 [N |[D
Monthly Mean | 870 | 740 [740 [ 680 |450 | 34.0 320 | 320 380 |500 |67.0 | 89.
(max.) (daytime) 0
Monthly Mean | 500 | 410 [350 |27.0 |21.0 130 {120 13.0 | 150 |210 |39.0 |51.
(min.) 0
(nighttime)
(Average) 710 (610 [530 [43.0 [300 |210 | 220 220 260 |34.0 |54.0 | 71.
0
HumidityGroup 4 3 3 2 2 1 1 1 1 2 3 4
seetable3A-1
Rain Average of | 24.5 248 | 285 1935 171 0.1 0.0 0.0 0.1 3.0 21.5 25.
(mm) | 30 days 7
:hx. in24 | 353 380 |556 [250 |650 |25 0.0 0.0 0.6 158 | 489 40.
s 0
Wind | Prevailing | NW | NW | NW NW | NW NW [NW [NW [NW [NW [ NW NW
Secondary | SE SE SE N N N N N N N N SE
Total Average of Rain for 30 days is 150.8 mm . Source: Shaaban; 1973.
Table 2.2. Monthly air temperature for the Baghdad Region
Temperature J F M A M 3 J A S 0 N D
Monthly Mean (max.) | 159 | 18.5 [ 222 [29.0 35.8 1409 |43.4 |43.5 1399 [ 339 [245 | 177
Monthly Mean (min.) | 42 | 5.7 9.2 14.5 1199 1233 | 252 [ 24.7 [21.0 | 16.2 09 192
|_ Monthly Mean e 117 1126 | 13.0 [ 144 [ 159 | 176 | 182 | 188 | 189 17.7 |1 13.9 | 12.5
Source: Shaaban: 1973.
Highest Lowest Average RH% | HG
20-30 1
43.5C° 23.8C° AMT AMT= Annual Mean Temp 30-50 N
40.2C° 35.3C° AMR AMR=Annual Mean Range 50-70 3
70-100 4
HG= Humidity Group

Table 2.3a Daily rates of air temperature for annual months in Baghdad.

Months Temperature °C
Jan, 10.0
Feb. 12.4
Mar. 16.3
Apr. 21.9
May. 28.3
Jun. 33.0
Jul. 34.8
Aug. 344
Sep. 30.6
Oct. 24.5
Nov. 17.0
Dec. 11.1

Source: Coordinative test shared with Building Research Center in Baghdad.
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S= South Zone N= North Zone

M= Middle Zone D=Desert Zone
Zoning divisions and the chosen Meteorological Stations are shown in Fig.(2.1).
Information on the climatic elements and climatic stresses of the stations in these zones
can be seen in Table (2.3), (Climatology Atlas No.II for Iraq).
2.4.1 South Zone
The climate here is hot dry, but it is further complicated by the humidity of the sea. The
moisture saturated “Sher;ji” winds raise humidity to an unbearable level.
The climate requirements are therefore, contradictory in certain periods of the year. For
example on one hand we need heavy walls and small openings for the hot dry climate,
while, on the other hand, we need light walls and large openings for the hot-humid
climate. The designer must reach a compromise of satisfying different functions of the
building at different times of the year by appropriate selection of material and planning
for functions, see tables (B.1, B.2 and B.3, APP.B). Soil in this zone is difficult to
cultivate due to the high water table, fast evaporation and large areas of marshland
(Shaaban & Al-Jawadi: 1973). Rising damp in walls is a serious problem. The
overheated discomfort period is rather difficult to overcome because of high humidity.
Sleeping at night is disturbed because of high humidity and mosquito attacks. The

quality of available building materials is very poor such as bricks and reeds. Concrete is

now used only in towns.

2.4.2 Middle Zone

The climate of this zone is hot dry in the summer, but swings sharply into cold dry in
some winter months. It is a common mistake to consider this climate as hot dry only
and design for that because it has about three winter months. The zone can be divided
into two parts: Ma, which has some of the characteristics of the Northern zone, and Mb,

which has some of the characteristics of the Southern Zone and includes the city of
Baghdad (see Fig.2.1).
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2.4.3 North Zone

Soil in this zone is fertile when irrigated, but naturally dry with a low water table.
However, rainfall increases as we approach the extreme northeast and the land becomes
green and bushy (Shaaban & Al-Jawadi: 1973). The available building materials are
mainly stone and poplar trees. This zone can be divided into two distinct parts:

Sub zone “Na”:

This is a rough mountainous region (see fig 2.1). The climate is cold in winter, where
the temperature drops far below freezing. In the summer, the day is comfortable, and
the temperature does not exceed 30°C; the clear sky allows outgoing radiation, and
nights are usually cold. Unfortunately, no climatic records are available on this region
yet, but a meteorological station has been established recently in Sulaimania, although
this will not represent the whole region. Other stations should be installed in Arbil,
Rawanduz, Quala and Zakho in order to get the true picture of the region. The buildings
have to keep out cold winds, snow drifts and rain in winter. At the same time, they have
to satisfy completely different requirements in the summer such as keeping heat out,
sleeping on the roof, etc.

Sub zone “Nb”:

This is a hilly region, which is a transition between the flat Middle Zone and the‘
Mountainous region (see fig.2.1). It actually exhibits the character of both zones. In the
summer, it is almost hot-dry, while winter can be severe and the annual rainfall is about
370 mm as compared with 125 mm for the Middle Zone.

2.4.4 The Desert Zone

This is an uninhabited area and no climatic records are available for the zone. The
climate is purely hot-dry, with large diurnal and annual ranges. Dust storms make life

difficult to support. Buildings should be of heavy construction in this zone.



Table 2.3b Temperature ranges in Baghdad region.

Average | Average | Warmest (Coldest A\;leer;ge A\:er.‘agt.:
Month | high low ever ever . |Precipitation
B |ep|en e |TE| P
JAN. | 58 | 38 [ 75 | 25 | 38 | 11 3
FEB. 64 43 2 25 40 : ,r 1_1
MARCH| 73 50 88 30 42 i 1—1
APRIL | 84 59 100 43 44 0.7 .
MAY 9% 68 111 50 44 0.3-
JUNE 105 74 120 63 43 0
JULY 110 78 122 61 46 0
AUG. 108 75 118 63 48 ! 0
SEPT. 103 70 117 55 4 il 0
OCT. | 91 | 60 | 105 | 39 | 45 | o
NOV. i 74 47 90 28 41 0.8
DEC. 62 42 76 25 42 1.0 4
Latitude: 33 degrees Longitude: 44 degrees

Source: Meteorologists Bruce and Frank, watsonwx@aol.com

2.5 THE CLIMATIC ANALYSIS OF BAGHDAD

Baghdad is the capital of Iraq. Its position forms a big region in the middle of Iraq, so it
represents the middle zone (Mb). It is situated at 33° north latitude and 44° east

longitude. The annual average daytime air temperature of Baghdad is 23° Celsius and

the relative humidity average is 43%.

The summer season starts in April; the high temperature months are June, July, August
and September. The average over this period is 43°C, 28°C, high and low temperature
respectively, and the usual range is 35°C.

The annual intensity of solar radiation received is about 7350 mega. Jule/m and the

average intensity of solar radiation for a July day is 25 mega. Jule/m (see Dawud,
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1983:10-14). The rate of sunny hours during each sunny day is about 12.2 hrs/day. The
relative humidity during the day is 31% and during the night is 34%
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)

S / Hot Humid Zone .
Na/UpLand Zone , Nb/North Zone

Fig.2.1. Climatic Zones of Iraq. Source: Shaaban, Dr.AC., Jawadi, Dr. M. 1973
The weather becomes cold in the period between October and mid-January. The highest

and lowest temperatures reached in January are 16°C and 4°C respectively. The coldest
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months, on the other hand, are December, January and February. Frosty days are
documented during January. The intensity of solar radiation during winter is 10.5 mega.
Jule/m. The number of sunny hours during daytime is 5.5 hrs/day. The lowest and
highest relative humidity is 50% and 84%.

In Baghdad, virtually every day from May through September has a high temperature
greater than 29°C. The intense heat is accompanied by incredibly dry air. Afternoon
relative humidity in July average anywhere from 5 percent to 15 percent.

Fortunately, winter months are more tolerable. Daily highs in February average
between 14°C and 19°C with daily lows mostly 4°C, although freezing temperatures
have occurred. Extreme high February temperatures range from 26°C in Baghdad.
Wintertime temperatures are generally lower at higher altitudes and more northerly
locations (Shaaban & Al-Jawadi: 1973).

In general, roughly 90 percent of the annual rainfall occurs between November and
April, while the remaining six months (particularly the hottest ones of June, July and
August) are dry. Rainfall from February through April averages is 2.4 inches at
Baghdad — roughly one-third to one-half their respective annual normal rainfall.
Thunderstorms sometimes accompany the rain, particularly in the spring when, on
average, the eastern reaches of the region see 14 days with thunderstorms each year, and
when thunderstorms do occur, they are frequently evening events.

During winter and early spring, low visibility is common at night and in the early
morning in the Tigris river valleys when fog and stratus clouds prevail.
Another unique climatic feature in Iraq are winds. Specifically, the summer months are
marked by two kinds of wind phenomena:
Southern and Southeasterly Sharji: The southern and southeasterly sharji, a dry,
dusty wind with occasional gusts of 80 kilometers an hour (50 mph), occurs (from time

to time) from April to early June and again from late September through November.
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These winds may last for a day at the beginning and end of the season, but for a few

days at other times. This wind is often accompanied by violent sand and dust storms.

Northwesterly Gherbi: From mid-June to mid-September the prevailing wind, called

the shamal also, is from the north and northwest. It is a steady wind.

The very dry air brought by this shamal permits intensive sun heating of the land

surface, but the breeze has some cooling effect (Climatology Atlas No.II for Iraq)

Baghdad, Iraq

Table 2.3: Climatic Data for Mosul , Baghdad, and Basra.
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itude; 33 dc Fi fluctuations in the Baghdad region.
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DATA

Place | Jan. Feb. | Mar. | Apr. May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec
Monthly mean Min | MS 25 35 |63 [102 150 {195 [ 229 [ 218 166 [ 114 |70 |33
(0 BG 43 59 |96 | 146 200 | 234 | 253 | 246 | 210 | 162 | 103 |55
BS 7.0 87 |126 | 180 237 | 269 | 27.7 | 263 | 226 | 183 | 132 | 80
Monthly mean (°C) | MS 69 88 [124 [175 24.1 [ 304 [ 339 [327 272 {203 [ 133 | 82
BG 100 | 121 | 161 | 221 284 | 330 | 348 | 344 | 306 | 246 | 171 | 13
BS 122 | 144 | 186 | 240 294 | 326 | 339 | 335 | 310 | 259 | 193 [ 137
Monthly ~ mean | MS 128 [ 153 [ 190 [ 254 129 [396 | 434 | 430 | 387 | 312 | 223 | 150
Max. (°C) BG 158 | 187 | 227 | 287 158 | 410 | 434 | 433 | 398 | 334 | 246 | 177
BS 186 | 210 | 253 | 308 16.1 | 388 | 40.5 | 413 | 397 | 350 | 26.7 | 200
Monthly Average | MS [ 672 | 634 | 693 | 50.8 253 (070 |01 |0 07 |99 [361 [653
Rainfall (mm) BG 248 | 240 | 231 | 215 73 | 010 [0 0 03 |37 174 | 227
BS 242 | 143 | 203 | 209 78 106 0 0 0 08 | 225 | 293
Relative Humidity %
Monthly ~ Average | MS 92 % [87 |86 74 |53 4 [46 [55 |57 81 9
at BG 84 7 |73 |64 47 34 322 |33 |38 |49 70 84
6.00 am BS 89 87 84 | 74 65 | 60 58 |50 |62 |67 83 89
Monthly Average | MS 64 51T [47 & 26 15 15 13 16 |28 44 60
at 3.00 pm BG 51 42 36 14 19 13 12 13 15 2 39 52
BS 62 55 |49 |4 40 |4 35 |32 12 36 52 62
Daily Solar | MS 226 | 298 | 385 | 476 597 | 658 | 644 | 580 | S80 | 366 | 261 | 190
radiation MW em | BG 306 | 381 | 485 | 585 663 | 747 | 730 | 675 | 675 | 456 | 356 | 273
BS 305 | 399 | 485 | 551 615 | 606 | 609 | 597 | 597 | 434 | 340 | 282

Source :(Al-Riyahi:1985).

Mosul (MS), Baghdad (BG), and Basra (BS).
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Table 2.4: Daily total rates of solar radiation intensity for inclined surfaces in the Baghdad region kWh/day.

Month | North East & West South

30° [ 45° | 65° | 82° | 30° | 45° | 65° | 82° | 30° | 45° | 65° | 82°

Jan. 0.9 (08 (07 |08 |28 [28 [25 |25 |47 |52 |52 |49

Feb. 24|17 |08 | 1.0 {42 [4.0 |34 [3.0 |57 |60 |57 |49

Mar. 39|26 |09 |13 |57 |51 [43 [3.6 {68 |68 |6.0 |5.1

Apr. 45136 |20 |15 |62 |55 |45 |38 |71 |66 |56 |44

May. |57 |47 |3.0 |16 [66 |58 |48 |41 [75 |6.6 |53 |3.6

Jun. 68 (57 |39 |17 7162 |52 |42 |81 |65 |48 |3.2

Jul. 57147 (3.0 |16 [66 |58 |48 |41 |75 |66 |53 |3.6

Aug. 45(63 (20 |15 |62 |55 |45 |38 [7.1 |66 |56 |44

Sep. 3926 (09 |13 |57 |51 |43 |3.6 |68 |68 |60 |5.1

Oct. 24 (17 (08 | 1.0 |42 |40 |34 [3.0 |57 |60 |57 [5.0

Nov. 0908 |07 |08 |28 |28 |25 |25 |47 |52 |52 |49

Dec. 04102 (0506 |19 1.9 |16 |19 [3.6 |46 |48 |49

Source:(Al-Riyahi:1985).



Table 2.5 Temperatures and rain fall statistics for Baghdad

Febrﬁars'

Baghdad Iraq

|
January March } Apnl \ ” May‘ ‘ ~ June l||
it *1 ' Dry | ' VHotVdry | X HotXdry |
EDry October . Dry May | Septdmber }V Dry July 1 Ik July .
. July | August  September = October | November | December |
‘ ' XhotXdry | Xhothry | Xhotdry_i Warm dry
' July | July | July - July i iy 4 Ty f
X means extreme, V means very
7‘_'“"'**[“ Hi '| RE8 | M | T xwe | -
igh Low P High | Low |
Month ‘ THTe . THTe {P m' = Month( TOTe ‘ THTe PIII‘ ?m .
T Jan | 207 | 217 [87[22 | July | 8328 | 5814 3. 42\ 87 ‘
| Feb | 2633 | 9-13 |83 (22 Aug [ 8127 l 60/16 329/ 84 |
March | 383 | 21/6 [142]36 | Sept | 64/18 50/10 3.06 78
CApril | 5613 | 3622 [2.17]55 | Ot | 60/16 F 394 (19 48
 May | 6921 | 489 [334[85 | Nov | 415 | 254 [1.38] 35
Jume | 7926 | 58/14 (4.07(103| Dec | 27/-3 | 12-11 (94| 24

Tf - Average Monthly temperature, Degrees Fahrenheit
Tc - Average Monthly temperature, Degrees Celsius

P in - Average Monthly precipitation, inches

P 'm - Average Monthly precipitation, millimeters

Source: Meteorologists Bruce and Frank, watsonwx@aol.com
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2.6 SUMMARY
Studying climatic elements and the variations of the climatic stresses through the
country, and particularly in Baghdad pave the way for the research project, which will
study the thermal behaviors of the mosque envelope and the impact of climate on it.

It was stated that the climate of Baghdad could be considered generally as of the hot-
dry type. Its main features are the long overheated periods and the large diurnal and
annual variations in temperature. Daytime high temperatures average above 34°C
during the summer and often remain above 24°C at night. Afternoon relative humidity
in July average anywhere from 15 percent to 25 percent in Irag, and 17 percent in
Baghdad.

The low rainfall in the Baghdad region qualifies it as a desert climate. Iraq’s average
rainfall is generally between four and seven inches a year. Another unique climatic
feature in Iraq are the winds. Specifically, the summer months are marked by two kinds
of wind; Southern and Southeasterly Sharji and Northwesterly Gherbi.

The sky is mostly cloudless and deep blue with low brightness unless dust-laden. The
light reflected from the dry ground is very strong and that leaves high impact on
building envelope. Sunlight is then a major problem for the architects and engineers
who try to get a thermal balance for the inner environment. They have to decide when
and to what extent it should be admitted or rejected.

The diagnosis of natural, geographical and climatic phenomena contribute to the
architectural and constructional determinants of the building envelope in such a climate
as that of Baghdad, which is a hot-dry climate, to provide the optimum thermal

requirements for the human body to perform the duty of prayer under physiological and

psychological standards of comfort.
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CHAPTER THREE

THE BAGHDADI MOSQUE:
ARCHITECTURAL AND
CONSTRUCTIONAL
CHARACTERISTICS AND
ENVIRONMENTAL ASPECTS



3.1 INTRODUCTION
The previous chapter introduced the climatic and geographical features of the Baghdad
region, which must be considered in an evaluation of the thermal behavior of the
musalla building, to identify optimum design parameters.
All great religions establish proper places for their worship. Islam, as a great religion,
has developed its own unit, the mosque. The mosque has some additional functions
besides praying. Some are religious and others are secular-related-for example,
meetings. It is also a religious school, a place for individual meditation and study, and a
place for meetings on special occasions. The Quran calls it also (masjid), i.e. mosque:

“Now shall we turn thee to the Qibla that shall please. Turn then thy face

in the direction of the Sacred Masjid, wherever you are turn your faces

in that direction.”  (The Holy Quran, Al-Baraqa: 144).i
In the era of the Prophet Muhammad, the mosque played a major role inside the Muslim
community. Prayer (Salaf) is the main function, although there is no concrete evidence
about praying only in the mosque. However, mosques provide the most convenient
place for performing congregational prayers. A mosque did not only function as the
place for prayer (salat), but also had other major roles such as.

i. A social administrative center

‘Wherever Muslims exist there are many social obligations which need to be
fulfilled. Thus, the mosque function was recognized as a parliamentary
body. Therefore, at the time of the Prophet, the mosque functioned as a
place of political and governmental body’ (Mohd Rasdi, 1998: 103-5).
ii. An Educational Centre: The mosque taught people about survival and the positive
development of the community. It was also the place where children learned about good
manners, behavior, and the rituals and values of the Islamic religion.

iii. A centre to provide a foundation for the welfare of the needy people: the mosque

all through Islamic history has fulfilled this role. Mosques have provided temporary

shelter for poor people, students, and travelers.’



Table 3.1. Morphological Stages of Mosque Elements.

MORPHOLOGICAL STAGES OF MOSQUE ELEMENTS

physical forms.

12. Many types of outdoor
& indoor decoration.

13. Attached type related to
the surrounding’s
physical environment.

ORIGINAL INTERMEDIATE LATEST MODERN
FEATURES ANNEX FEATURES ANNEX FEATURES
After 600 AD After 700 AD After 1945 AD*

1. Musalla 1. Minarets. 1. Occasional hall.
One. Covered Area 2. Domes. 2. Library.

Two. Open Area 3. Wudu’* area. 3. Classes for Islamic

2. Minbar in simple form |4. Arched spaces. studies.

3. Mihrab at rock mosque | 5. Gardens. 4. Women’s prayer
in Jerusalem) first and | 6. Tombs and shrines. spaces (separated).
at Medina* mosque | 7. Mezzanine inside | 5. Open (mosque in
after that. musalla space. general related to

4. No inside & outside |8. Space for women. urbanization
decoration. 9. Staff rooms. treatments.)

5. No interior  and | 10. Minbar* & mihrab* | 6. Less indoor &
exterior decorative with additional features outdoor decoration.
surfaces. and decorations. 7. Detached type

6. Attached type related | 11. Compact type mosque related to the
to the surroundings. related to historical and surroundings.

* Medina: where the first mosque of Islam has been built.

* Wudu’ area: the area where ablution is performed.

* Minbar: the place where the speaker stands while giving his sermon on Fridays and
other occasions.

* Mihrab: is the place where the ‘Imam (the leader of prayers) stands ahead of
everybody, and it indicates the direction of Mecca.

*Mosque type appeared after Second World War in 1950 AD and became the
standard for design.

Source: Based on the conclusion of author’s survey and some historical references.
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iv. A centre to perform judicial function: This is the place where the public may
witness the law of Islam in action and in this way; they can educate themselves about
[slamic law.
v. Occasional facilities: It can, therefore, be seen in addition to being the place for
worship, as a fort, and the house of the leader. Thus,
it has a multifunctional facility with the purpose of organizing and
developing the Muslim community in most aspects of the Islamic way of life.
[t is truly the symbol of the Muslim community, much more than being just a
place where prayers are performed. It is the House of God, as Muslims
believe’ (Mohd. Rasdi, 1998: 105-1 06).
3.2 MAIN ACTIVITIES OF MUSLIMS IN THE MOSQUE
The activities practiced in the mosque are the following:
i. Daily Prayers
L. Fajr (dawn), which is, performed one and a half hour before sunrise.
2. Zuhr (noon), which is performed directly after midday .
3. “Asr (afternoon) which is performed after the middle of the second part of the day.
4. Maghrib (evening), which is performed directly after sunset.
5. “Isha’ (night) which is performed 85 minutes after sunset.
ii. Weekly and Yearly Prayers
[n addition to these functions, Friday prayer is performed once a week in the afternoon
instead of the Zuhr prayer. There are also additional prayers during Ramadan (the holy
month in Islam). Moreover, there are the prayers of the two yearly festivals: Eid Al-Fitr
(lesser Baﬁaﬁ) and Fid Al-Adha (greater Bairam).
3.2.1 Definition of salat (Prayer)

1.The obligatory salat (fard): this is performed five times daily.

il. The optional salat (sunna): this type was added by the Prophet Muhammad (peace be

upon him) and it is usually performed after and/or before the first type.
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3.3 ARCHITECTURAL DESIGN GUIDELINES FOR THE MOSQUE
‘The guidelines of the contemporary mosque design are related to its size,
site, types of spaces, relationship between the spaces, and the relevance of
mosque features, the design of some common architectural elements of the
mosque and its architectural language or expression.’ So the guidelines
include both the suggested guidelines for the (musalla) and other annex
spaces’ (Mohd Rasdi, 1998:103, 105-6).

3.3.1 Size

‘There is no specific guideline, but in the architecture, there are two
Sundamental factors controlling the determination of the size. The first
Jactor is related to occupancy while the second concerns the aesthetic or
symbolic aspects of the building’.
It is related to the aesthetic intention —symbolizing an object — economic
constraint and the visual impact of the building in its surroundings context..
‘Therefore, the Damascene mosque — the great mosque (‘Umawi mosque in
Damascus) — is very big in the Spanish city. The mosque built in the
grandiose scale is an example’ (Mohd Rasdi, 1998:253-5).
3.3.2 Location
Contemporary mosques are built for symbolic purposes in addition to their original
functions. The architects make use of that purpose to create a distinguished urban
landmark. So the best choice is a land site, on a hill, distinguished site within the urban
fabric and, usually, romantic, e.g., in the middle of a lake. On the other hand, the
mosque should also be built at a site where great numbers of people are found.*
3.3.3 Activities and Types of Spaces of the Mosque Complex
There are four “main types” of spaces. These are listed below:
i. Prohibited Space (musalla): for men and women.
ii. The Specific Spaces: ablution space, teaching rooms, library, etc.
iii. The Outside Spaces: outdoor prayer area, garden, and gathering space.
iv Administrative & Service Spaces: offices, kitchen and stores.
The prohibited space (musalla) — the major space — is the area of the building, which
has been intended by the builders, architects, and the actual patrons to constitute the

mosque. The multifunctional space is important because most of the social and religious

activities take place in it. The single function space, on the other hand, is for a specific
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function. The open spaces — which include open paved spaces, gardens, outdoor prayer
area, musalla, and so on — are like courtyards and they are the places where many
facilities are available, and where certain events can take place. In addition to the
above-mentioned spaces, mosques include annexes the size of which depends on the

size of the mosque and the program of the project’(see Fig.3.2.)

3.4 THE RELATIONSHIP BETWEEN THE MAIN SPACES OF THE MOSQUE
COMPLEX

For the relationship, the prayer place must be oriented towards the gibla (the direction
of Mecca), and this space or block influences the distribution of all the other blocks in
location. An example of this is the construction of toilets, which must face away from
the direction of Mecca (gibla). In other words, their axis has to be perpendicular to the
gibla. The ablution place is usually grouped together with the toilet facility and the
facility for washing the dead. Other places can be located in any direction, but this
usually depends on the cultural context (Mohd. Rasdi, 1998:256-7). The women's space
(inside the musalla) should be separated from the men’s space. It should be higher than
that of the men. This is usually practiced in Iraq to emphasize the separation. In addition
to being higher, there should be a separate entrance to the women’s musalla place.
Other facilities, such as the Islamic school and the library, need to have clear access in
relation to the main entrance of the musalla. At the same time, the entrance (s) to the

mosque can be on all the sides of the building, with the exception of the qibla wall to
avoid distracting Muslims during prayers. All these spaces, which are closed, must have
a suitable arrangement in relation to the traditional main feature, which is the courtyard,
the open space. The courtyard represents the major central element, and it functions as a
private space, fortress, or outdoor prayer place during the times when the climate
conditions allow people to perform prayers without the need for shelter, or at times

when the covered area is not large enough to support the number of people inside it.
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The courtyard also includes some vegetation elements, usually small gardens in
traditional Iraqi mosques. The courtyard also represents the transition space from
outside the semi-closed arcade (Jwan) around the outside body of the Musalla. Finally,

the courtyard represents the direct connection to the sky (Heavens).

EDUCATIONAL STORAGE-

SPACES Furniture’s
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SCHOOL gl e

"LIBRARY e

-LECTURE ROOM i P

KITCHEN

ABLUTION LOBBY OFFICES
Ritual ablution, bathing, | Shoe

bathing the dead, toilet | racks, coat
L lacker

Single function spaces that can be :] Spaces, which can be adapted as overflow
Manipulated as the designer sees fit space for prayer and general gathering

- Spaces, which must be within audio-visual range

Fig.3.1.Main Spaces in the New Mosque in Baghdad. Source: Authors’ survey in July 1997.

3.5 OTHER ARCHITECTURAL ELEMENTS

3.5.1 The Mihrab

The mihrab® is the indication of the direction of the gibla, and that determines the holy
Ka’ba in Mecca (Stierlin, 1992).

The first gibla was Al-Quds (Jerusalem), which was changed, in the second year of

Hijra (632 AD) - in accordance with the order of Allah Almighty revealed in the Quran

—to reorient to Ka'ba in Mecca.
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ii* 2. 20 ragh Mosque in Baghdad 1957, Mihrab and Minbar — intermat mosque.

In most cases the mihrab is a semi-circular or segment niche in the wall of the musalla
facing Mecca. A Muslim turns in his/her prayer towards the niche. For the mosque
place, the musalla represents the spiritual focus of the building and it symbolizes the
links of the gibla. The introduction of the mihrab can be stated as early as 662 AD, but
more frequently in 667AH-704AD. As a rule, there is a special framing of the mihrab
panel.” Blanking columns support it. Nothing is inside the mihrab except, sometimes, a
stand for the Quran. The ‘Imam (the leader of the salat) stands in front of the mihrab,
and the niche by its curvature influences the acoustic conditions of the mosque

(Prochazka, 1988).

3.5.2 The Minbar

Prophet Muhammad (peace be upon him) used a low stool made of a trunk of a palm
tree as a distinguished high place for the ‘Zmam. This high place was later developed to
be a minbar. In Arabic, minbar means a high place for the speaker. This practice of the
Prophet was followed by the caliphs and later developed to a higher minbar with multi

steps which were added by ‘Amr bin Al-‘As, the governor of Egypt. In the early Islamic



Fig. 3.3 Noori-Al-Mulla Hwaish Mosque — Baghdad 1994,

period. Nowadays, the minbar is used for the purpose of the Friday sermon (khutba) and
it is usually placed to the right of the mihrab. It is composed of a staircase that leads to a
small platform covered by a canopy or a small domed roof.

3.5.3The Minaret

A Minaret® is a tower for the Mueezin (the man who stands and announces that it is time
for a prayer). The announcement of the time for praying7 (‘aza’n) originated at the time
of the Prophet Muhammad (peace be upon him), and at that time Bilal bin Rabah, the
famous caller for prayers, used to climb over the top of the Ka’ba and call for prayers.
The minaret is the highest point of the mosque or the highest point of the traditional
Islamic city. Nowadays, minarets are equipped with loud speakers. It still provides a
traditional symbolic feature and makes a landmark. It is also a primarily decorative,
symbolic or ornamental element. In all parts of the Islamic world, there is frequently
more than just one minaret in a single mosque, for example, there are seven minarets in
the Central Mosque in Al-Haram in Mecca, and the Turkish mosque, Sultan Ahmed in
Istanbul, is equipped with a pair combination of up to six minarets. The highest minaret

is that of Al-Hasan's mosque in Rabat, Morocco, which is 96 meters high,
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Fig.3.4 Minaret of A/ Adil Mosque in Fig.3.5Minaret Rawda Al Muhamadia

Baghdad 2000 Mosque1992.

for the monumental height is a matter of prestige and pride. To recapitulate, the

functions of the minaret are:
i.As a landmark to indicate the presence of the mosque.
ii.To provide the highest place in the traditional Islamic city and that is to
indicate the Islamic urban fabric historically.
iii.To perform the aza'n (the call for prayers).
iv.As a monument of Islam in any city in the world.
v.To show the power of the Caliph (historically) — at the big mosque — in the

middle of the Islamic city.’

vi.To indicate the political symbol of the ruling patron.

48



1. Typical Baghdad Minaret 7.Stores
2. Typical Style of Baghdad Dome  8.Women’s Musalla,sometimes used
3. Prohibited Space (Musalla) for Quran Readers at Jumua Prayer.
4. Staff Rooms 9.Minber
5. Ablution Space 10.Mihrab
6. Entrance 11.Riwa’q

12.Staircase Leading To Women’

Musalla
13.Courtyard

Fig.3.6 Architectural elements of the intermediate mosque in Baghdad from 1940 to 1955AD.
* Attached type with the surroundings

*It represents the intermediate type between the traditional and contemporary type.
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3.6 THE MAIN TRADITIONAL SPACES OF A MOSQUE COMPLEX

3.6.1 Prohibited Space (Musalla)

This space is prepared for the religious activities, and this is the main function of the
mosque or the whole complex. This space is constructed using a rectangular plan or
sometimes a square one, or other shapes because when Muslims stand up to perform
their prayers they form rows, just like those formed by soldiers, which shows the
concept of equality in Islam (Mohd. Rasdi, 1998:257-8).

3.6.2 Women’s Section:

The women pray in separate rows, other than the rows of men. When they, the women,
do not pray at home, they pray at the reserved section which is like a gallery inside the
prohibited (musalla) space. The women pray separately at the rear of the mosque and
they have a special entrance for them to their section. Some mosques have a separate
musalla for women on the upper floor. That is the tradition in Iragi mosques, especially

those built in Baghdad.

3.6.3 Al Riwaq

The exterior shelter that is built on one or two sides or more (semi-closed space), which
served as a praying, place and for Muslim community gathering is known iwan or
Riwagq. 1t is also used as a musalla or, more accurately, Riwaq al-qibla (arcade area). It
is the main type in historical Islamic mosques that can be seen in the earliest
congregational mosques. The courtyard was inside the surroundings walls of the Riwag.
The Riwaq'’s arcade rows and aisles are recorded to be erected parallel to the mihrab
wall, perpendicular to it, or even in some combination. If the arcade row is directed

towards the mihrab wall, it differs from the other (side and rear) Riwags. As a result,

side Riwags are omitted in those cases.'®
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|_Fig. 3.7 Noori M.Hwaish. Mosque 1994-Mezannine as Women’s Musalla.

| Fig. 3.8 A Khudairi M. Entrance Baghdad 1982
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L ‘ﬁui hm, [
Fig.3-10:Riwaq of Dragh Mosque -Baghdad.  Fig..3-11:Riwag of Noori Mulla Hwaish
Mosque-Baghdad.

3.6.4 The Ablution Space (Wudu’ Area)

Praying must be performed with full concentration, and in a state of ritual purity, that is,
the ablution that consists of a sequence of washing hands, mouth, nose, head, arms and
feet. This action could be performed at home or anywhere, but there is a defined space
for this function in the complex of the mosque. The praying persons should go first to
the ablution space to ensure their ritual purity, after that they place their shoes in the
provided area and then enter the praying hall (musalla). The place where ablution takes
place is known as the wudu ' area. Toilets are usually grouped together with the ablution

place and they should be designed with their axis perpendicular to the gibla, this means

that the toilets must not face towards it nor face away from it.

53



3.6.5 Islamic Teaching Space (Madrasa)

The mosque has kept the function of teaching Islam despite the numerous modern
contemporary schools — religious or secular. In the early days, the contact between the
madrasa and the Muslims was well established, but in separate rooms or a defined

space. The mosque also provided the primary school (kuttab).'' This is the place

where children from the age of four are taught, especially memorizing Quranic texts
inside the musalla. The environment of the mosque was suitable as a learning place, and
it was usually provided with a small or, sometimes, big library.

3.6.6 Other Activities and Spaces

There are other annexed spaces such as the rooms for officers, who administer the
facilities inside the mosque. In addition, the paved courtyard surrounded by the arcade —
colonnade passage can be structured and it functions as an outside praying area
(musalla) as well as an outdoor space for celebration. This space can include a garden to
encoupage Muslims to pass their leisure time at the mosque and to enhance the
microclimate inside the complex especially in a hot-dry climate (we can notice this
feature especially in the traditional mosques built in Baghdad).’

‘We can find also a small kitchen, which can be considered, as an important
space for food preparation for the many social functions and celebrations in
addition to stores for keeping the furniture’ (Mohd Rasdi, 1998:225-9).

3.7 ARCHITECTURAL FUNDAMENTALS OF THE MUSALLA BUILDING

i. Musalla Orientation: This is the main factor in the architectural design. It is also the
main aim to be achieved in the musalla and because the entrance to the mosque is
accompanied by the feeling of the direction to Mecca where the prayers are oriented. It
is the main factor in terms of climatic consideration also.

ii. Entrances: The entrances of the musalla are mostly placed on the front wall, which

faces the direction to Mecca. Entrances to the mosque can be found on all sides of the

building."
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1. The Situation of Musalla doors-usually-on the walls which are parallel to
the Qibla wall to let the praying persons rows complete one by one without
interference between praying persons activities and the walking persons flow
through the doors.

2.At the bigger Musalla space, we can add side doors to facilitate flow after
finishing prayer during peak time particularly.

3.Sometimes there is a need for attached rooms to the Musalla, so we have to

use one of the side door corridors between the Musalla and the rooms.
Source; Al-Umary, 1988:2,3.

Fig.3.12. Locations of Musalla access. Source: Author survey, July 1997.
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iii. Windows: These are usually situated above or below eye level to prevent the visual
impact on the solemnity of the prayer.

iv. The height of the musalla ceiling: This is usually no less than 6m to give a holy
atmosphere inside the musalla and to allow the possibility to have a mezzanine as a
prayer area for women as part of the musalla (as a tradition in the Baghdadi mosque).l3
Also to get a hierarchy in massing in relation to other surrounding buildings and to get
the visually optimum proportion related to the length and width of the musalla.

3.7.1 Determinations of the Musalla Area

The area used for praying is calculated by adding the musalla area to the colonnade area
(arcade area-Iwan) in front of the open area, which is not always used for
congregational prayers because of the unpredictable outdoor weather in general. Thus,
the mosque is for a defined number of prayers based on the space occupied by a single
prayer in the musalla. The single praying person has to occupy an approximate area of
1.00 liner meter; the short side of this area equals 0.80, this is at the sitting state, and the
long side equals 1.2m. Therefore, that represents the total space occupied by each
praying person during the bowing state."*

In addition, we can define the following areas according to Saudi Arabian Standards as
follows:

. Mosque for 200 praying persons = 240 sq.m."”

ii. Mosque for 500 praying persons = 650 to 700 sq.m.(see fig 3.9).

iii.In the case of the existence of an open musalla-half of its area is added to the original
musalla building .

It is assumed that there is parking area of 25 sq.m. for every 15 praying persons.

3.7.2 Other Characteristics of the Musalla Building

Architectural space must aid the Muslim to have a sense of solemnity and it should not

confuse his thinking or take the praying person’s mind away from its main aim.
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Fig.3-14 Standard classification of population with regards to the prayer duty in Islamic teachings.
According to this diagram which reflects the Islamic teachings ,the prayer duty in the mosque is
compulsory for 27.57% of the total Baghdad (Friday prayer-Jumua prayer)since the Islamic teachings
exempt children of less than eight years and encourage women to pray at home ,so the congregational
prayers duty in the mosque just includes adults.,Source:(Al-Umary;1988).

Fig..3-15 AlKhudairi Mosque Baghdad 1982. Fig..3-16a Bunia Mosque Baghdad 1971.
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i. The contemporary mosque in Baghdad has a rectangular shape to leave its long side
perpendicular to the axis of the direction to Mecca to let the tall rows face it. This is an
important Islamic rule in this respect.

ii.The orientation of the mosque must be in the direction of Mecca where the Ka ‘ba is

situated, in accordance with the Quranic order, and this direction is 10° southwest (Al-

Umary, 1988: 20).

3.8 BAGHDAD MOSQUES

3.8.1 Old Baghdad Mosque

Because of Islamic and architectural design rules in the building of mosques, the prayer
area (musalla) is a rectangle; the longitudinal side of it is put vertically in perpendicular
to the direction of Mecca. Most of Iraq’s mosques, from different periods, are built
using traditional constructions: bearing walls are generally 0.80-1.20 m thick
(sometimes thicker), using cross vaults and huge arches to support wide roofing spans,
and using a domed roof to cover the large spaces. The old mosques are normally
attached to the surroundings with small-defined openings to them as in Al-Muradiyya
Mosque (from the Saljug period) and Al-Haydarkhana Mosque (from the Jalaired
period) in Baghdad.'® Some of them include outdoor musalla for Jajr (dawn), maghrib

(evening) and ‘ishq’ (night) prayers in summer time, which is the hot-dry season in

Baghdad.

3.8.2 Modern Baghdad Mosque'’

As in other cities, Iraqi cities are affected by new planning approaches that have been
applied to most of them over the last fifty years. Due to the demands of modern city
life, wide streets for vehicles, multi-storey buildings, and other urban facilities have
been built. The external surfaces of these large individual buildings are affected by solar
radiation. There is little consideration for environmental impact and the use of suitable
materials with good thermal specifications, indirect contrast to the thermal isolating

considerations of the traditional mosque in Baghdad. Dependence on (HVAC) system
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has led architects to change from the old approach to the modern one, i.., wide

openings to the surroundings, and unsuitable materials in relation to the special climate

of Baghdad.
Some observable features of the new mosques are as follows:
i. 25% of the new mosques do not have outdoor musalla (prayer area) and the garden

usually takes its place.'®

ii. Lack of the clear access as an approach found in the traditional mosque’s planning

and design.

iii. No unified approach to massing on the site resulting in a lack of visual clarity and
clear hierarchy.

iv. Lack of self-shading between elements, increasing solar radiation and reducing the
efficiency of the envelope is thermal exchange between the outside and inside
environment.

v. The appearance of international style affects modern buildings and mosques
especially, for example, in the sizes of openings in the new musalla building using
materials without an understanding of a particular environment.

vi. The use of a thin envelope that has low thermal capacity and high thermal
conductivity that causes a reduction in the efficiency of the thermal balance of the
modern mosque.

3.8.3 Standard Components of New Mosques in Baghdad"’

Baghdad has more than 85 mosques, and others are added yearly.20 In spite of this,
research is underway to build one of the biggest mosques in the world in the historical
centre of Baghdad, in addition to many other mosque projects, which have been started
or are under construction in many states in Iraq. The original purpose of the mosque
space, which is directed to Mecca, is to allow worshippers to perform prayers. The first
mosque in Islam, which the Prophet Muhammad (peace be upon him) built in A/-

Madina Al-Munawwara, was simple in its form of composition. Due to an increase in
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the mosque’s functions over a long period, many additional spaces were annexed to it.

The latest modern mosques include the following spaces:”'

i. Musalla or Prohibited Space:

The obligation of the adult Muslim is to perform prayers five times daily and, if
possible, together with other Muslims in the mosque. This is the area determined for
prayers. It is the main space in the mosque’s complex. It has a defined voluminous
character and other features such as the dome and mihrab (to the direction of Mecca).
Yet, the main characteristic of this space is its orientation towards the Ka ba in Mecca,
10 degrees southwest.?

ii. Occasions Hall: This is the second in importance in the mosque complex. It is used
for multipurpose religious occasional facilities.

iii. Classes and Library: These are used for Islamic studies and cultural services for
the Muslim community.

iv. Offices / Staff Rooms: the officers use these as well as Imam (the prayer leader).

v. Washing Area (Ablution Space): This is the wudu’ area which is used for washing

before prayers.

vi. Minaret (s): This is the symbolic highest landmark of the mosque complex. It was

used for calling for prayer in the ancient period.

vii. Imam’s House.

viii. Stores with other annexes like the kitchen, pantry and Parking Lot.
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Fig.3.17 Alshahid Mosque in Baghdad. New Mosque as an isolated building, that exposes it to
Enzironmental impact A
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Fig.3-18 Traditional compact fabric and the distribution of traditional mosques, which are attached
to the urban fabric. Source of both; Process: Architecture 58. 1996.
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3.9 PLANNING FOR THE DISTRIBUTION OF MOSQUE BUILDINGS IN THE
CITY

The mosque complex can be considered as a major monument as well as a social and
religious center in the residential areas of Baghdad city. It has extreme importance as a
focus of daily activities in the housing scheme. Thus, it is very necessary to be

proportionate with the development of the cities. To understand the physical

ety

Fig..3.20 4 dila Khatoon Mosque -Baghdad 1961,

environment and planning of mosques, it is necessary to know the function and type of
their building and their distribution in the new urban fabric of Baghdad. The mosques
are classified relating to the size of their facilities as below;

i. The Small Mosques

These are local mosques, which serve quarters that are easy for prayers to reach on foot
(Saudi Arabia Standard for mosques). The determined standard distance of this type is
150 to 250m, (Ibrahim, 1969). This type of mosques is used for the five daily prayers
only, but not for the Friday prayers. It serves quarters that include (500 to 2,500)
inhabitants.

ii. Sector Mosques; This type serves residential sectors (neighborhoods) that include
2500 to 3500 inhabitants. It is situated in the center of the sector’s area. This type of
mosque is used for the five daily prayers as well as the Friday prayers (Saudi Arabian

Standard for mosques). This standard determines that the distance to reach.
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this type should be between 250 and 300m but the suitable range in [raq extends to
around 500 meters according to Ibrahim, 1969 & Author survey 1997.

iii. City Mosques

This type serves 3,500 to 5,000 inhabitants. The standard distance to reach it is about

500 to 800 meters (Al Umary: 1988).

Fig.3-23 Riwaq and courtyard of Al Khudairi Mosque. Fig..3-24 Al-Umary Mosque , 1977.
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PR S i A- Administration
$obY g HON RE B- Occasional Hall
=3 C- Ablution Area
D- W.C.

E- Garden

F- Out door Musalla
H- .Imam House

g

BUNIA.' MOSQUE, 1971, BAGHDAD

GARDEN

NOORI ALMULLA HUWAISH
MOSQUE BAGHDAD, 1994

HAI ALJAMTA MOSQUE;}%J

+ 3-25 . Top view for three Mosque complexes in Baghdad showing the facilities, main blocks and

the layout of planning . Source:Author’s survey,July 1997.
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Fig.3.27. M Hwaish Mosque-Baghdad

Fig.3 28 Ashuhada Mosque-Baghdad
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Fig.3.29 The rites of prayer (salat). Source:Rasdi;1998.
3.10 MOSQUE STRUCTURE AND MATERIAL
3.10.1Materials&Technique

Appendix-A includes all the contemporary material products which are used in
Baghdadi buildings nowadays. However, it is necessary to discuss traditional
constructional materials, which are still used as well as other developed materials that
are reused because of their suitability to the Baghdad environment. 23

In Iraq, both the type of materials and the climate play decisive roles in determining the
form of local monuments. Various building materials are to be found in different parts
of Iraq, for example the northern part of Iraq has abundant supplies of stone and wood.
The type of building materials available in each part of Iraq also decides the type of

architecture. In the central (Baghdad region) and southern part of Iraq, the lack of wood
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and stone makes brick architecture inevitable. But it seems that brick is preferred even
in districts where stone is available. This is because it is cheaper than wood and stone
and is more flexible than either of them, especially for building vaults and domes. The
building of all previous historical periods employs the following building materials.
3.10.2 Bricks

Bricks are widely used in modern and traditional built environment components in
Baghdad. The traditional Islamic monuments in Baghdad show that stone was not as
popular as bricks. Its use was confined to the northern part of Iraq, and thus one may
see stonework in this part (northern) and brickwork in the center (Baghdad region) and
southern Iraq where brick is readily available. Brick has also been the principal source
of variations in color resulting from different degrees of firing and this is a noticeable
feature of the bricks of all periods. Also it is used in many ways to create inside and
outside patterned surfaces, (see Fig. 3.31 and Table 3.2).

3.10.3 Other Materials and Building Process

Before the 1950’s, the use of timber in roofing is puzzling. It merely begs the question
to propose that builders and users were satisfied with the results and so continued to use
what was obviously an impermanent material in defiance of good sense. Timber has its
advantages in being a swift, inexpensive method of construction. In addition, it has
some further advantages, for example in providing warmth especially on the cold winter
nights of Baghdad where sunshade is vertical on the roof (high thermal capacity and
high time lag). The financially motivated influence of German technology reached out
castwards through the Ottoman Empire, bringing with it a new method of construction
called Jack-Arching for constructing a solid roof by using a combination of brick and
iron. Paralleled steel joists (often a simple length of rail) pitched at about 90cm filled
with low segmental brick vaults and produced a solid platform with longer spans free
from the danger of collapse which was inevitable when termites had penetrated a

wooden structure. The mortar used was gypsum (Juss), which set quickly like plaster of
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Paris, so that the mason could hold the brick in position until it set. After the 1950’s,
reinforced concrete roofing and skeleton structures were introduced which became

commonly used in Mosque construction in Baghdad. ;

Fig.3.30: Al-Hydar Khana Mosque; One of the famous traditional Mosques in Baghdad.

Table (3.2): The main types of materials, which were used in traditional mosques in Baghdad during
the mentioned periods.

Name of mosque Period Brick specification

Al-Khaffafin (eastern | Atabikid 24x24x5¢m

Baghdad)

Al-Qumriyya (western | Later Abbasid 22x22x5 & 23x23x5cm

Baghdad)

Al-Khulafa’ (Suq Al-Ghazl, | Later Abbasid 20x20x5 & 23x23x5cm

eastern Baghdad)

Al-Madrasa Al-Murjaniyya | Illikhanid 22x22x5cm,26x26x5cm &

Mosque (eastern Baghdad) 22x22x7.7cm

All mosques in this period | Jalairid 22x22x7.5cm, 15x15x4cm,
21x21x6cm,25x25x6¢m,
27x27x7.5cm,
18.5x18.5x4.5cm, &
19x19x5.5¢cm

Types of mortar:

Nora: local material used especially in built foundations (lime-cao).
Juss: used in all stages of the building, except the foundations.
Mud: used for building walls, roofs, and external finishing.

Nora + juss: used for roof, interior, and exterior finishes.

Timber in Cylindrical section: for columns and roofing system, 0.20 to 0.30 m, diameter normally for
each member,

6. Source: Al-Janabi: 1984,
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3.10.4 Interiors

Many historical Baghdadi mosques display the use of bricks, which were made in
especially shaped moulds to be used in specific parts of the structure, such as angle
colonnades, and for the concave and convex forms at the entrance portals. Examples of
such bricks may be seen in the Madrasa Al-Murjaniyya mosque (in the east of
Baghdad), which includes patterns of arabesque bricks, (see Fig.3.33 and Table 3-1).
Scaffolding was an indispensable element in the erection of lofty ornamented
monuments serving, as Wilber (1955: 54-6) explains, the following purposes: as staging
up material, and as working platforms for erecting the complex. Elements such as wall
arch heads and cornices were also used. As a platform for applying a decorative
revetment to the fabric, unplugged scaffolding holes were also common features during
the Jlikhanid period [Al-Janabi;1984].

The existing evidence shows that the musalla of medieval Baghdad mosques was
carefully and sometimes lavishly decorated as in the case of the musalla of Al-Madrasa
Al-Murjaniyya Mosque. Similarly, the street entrance of the mosque could be lavishly
decorated as in the case of the 8 —14™ centuries entrance of the great mosque of Al-
Khulafa’ in Baghdad, (see Fig.3.33). Lavish interior decoration was also given to the
mihrab, minbar, and the minaret of mosques of these periods.

Apart from the exterior shells of some later Abbasid, llikhinid and Jalairid domes 24,
which were plastered, the exterior brickwork fagades of the Iraqi monuments of these
periods were always left unplastered 2. As for the interior, the case is not always the
same, for it varies from one monument to another, and even within a single building.

Iwan (semi-open exterior corridors) and musalla usually display ornamented fagades,

while cells and halls are always plastered.
Bricks have been employed in many ways (in traditional Islamic mosques in Baghdad)
to create patterned surfaces and decorations, and have thus been made in especially

shaped molds. These bricks are also used in specific parts of the interior and exterior
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surfaces as well as for angle colonnades and for the concave and convex forms at the
entrance portals. Examples of such bricks may be seen in Al-Madrasa Al-Mustansiriyya
Mosque and the Marjaniyyah Mosque.

Because of the importance of the mihrab as a single architectural element endowed with
certain symbolic values, and because of its commanding position in the musalla,
extreme attention was lavished on it. The examples of mihrabs show that their surfaces
were adorned with almost every known decorative element .The Atabikid mihrabs were
characterized by bands of Kufic inscriptions of Qur’anic texts surrounding the central
panel, or a single band containing the shahada (that there is no deity except Allah and
Muhammad is His Messenger) at the top. A pointed arch carried over a pair of twin
columns of the same type, an arabesque depicting a stylized tree of life filling the space
within the arch and on its spandrel, and finally an interlaced geometrical pattern which
developed a star motif filling the central panel of the mihrab gave an idea of the
standard flat Atabikid mihrab in its early stages and during the Jalairid period.
Nevertheless, certain developments occurred.

3.10.5 Structures

Other kinds of specially shaped bricks in traditional mosques were made for the
construction of arches, which suggests that they were cut before firing. Such bricks are
found at the entrance of the great mosque of A/-Kufa (south Baghdad, from the
Umayyad period). The fact that each of these buildings had particular shapes of
moulded bricks suggests that the details of the mosques had been carefully planned
before actual construction began. The brick mosques of those periods showed that
common horizontal bond and vertical bond were also used, especially in minarets, to
divide the ornamented zones as outer frames for historical inscriptions.

That method of construction was first introduced in the Islamic architecture of Iraq in
the Great Mosque and Dar Al- ‘Imara in Kufa (south Baghdad) in the Umayyad period.9

They demonstrated the following bonding technique; the bricks there were set upright
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on their edges in rows, one over the other. That technique was also applied on the
abstain of the Great Mosque of Samara (100Km north of Baghdad). Here the vertical

courses alternated with five horizontal courses creating a simplified geometrical pattern.

Fig.3.33, Left: Traditional construction detail of typical traditional mésdué in Baghdad
Source: Galdieri E; 1979

Right: Alkhulafa traditional mosque in historical center of Baghdad.
Source: Source:Salman; 1982

That method, however, seemed to be a later restoration. The technique of vertical
setting combined with horizontal courses reinforced the fabric besides having a
decorative effect, (see Table 3.31,and F ig.3.33.)

During the Ilikhanid period, the roofing system of the mosque comprised rows of
domical vaults resting on substantial piers to cover the mihrab bay as well as the lateral

bays (see Fig.3.32). The prayer hall (musalla) was entered by means of a single arched
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entrance (Fig.3.34). In the Jalairid period, the prayer hall of Al- Madrasa Al-
Murjaniyya Mosque (in the historical center of Baghdad) showed a single row of three
domes carried over wide transverse arches which were used in its roofing.

The Jalairid architect made the middle dome, which covered the mihrab bay, larger
than the lateral ones, probably to emphasize its importance and centralization as an
Islamic symbol. A triple-arched entrance was used in the musalla of the Jalairid period,
a feature already found in Al-Madrasa Al-Mustansiriyya mosque (from the second
Abbasid period). The triple arched fagade was, in fact, the Islamic architecture of Iraq
and the neighboring countries. In Iraq, this feature was first seen at Hatra (1%-2™
centuries AD). In the early Abbasid period, it was used in the palace of Al- ‘Ukhaydir 26
2"/ century), 150 km south-east of Baghdad. Plugged and unplugged scaffold holes
are apparent on exterior and interior surfaces of many of the earlier Baghdadi
monuments,

In the early Abbasid period, unplugged scaffold holes were seen on the minarets of Suq
Al-Ghazl,(see Fig 3.33). The scaffold holes are always square in profile and their
dimensions range from 9 to 15 square cm.(This tells us something about the technology
at that period used to build the structure). The main minarets, though, consist of these
parts (see the minarets of intermediate and new mosque types of Baghdad in the present
chapter) displaying variations in their bases, galleries and other architectural details.

The Ilikhanid period in Iraq, for example, Sug Al-Ghazl(AlKhulafa mosque),and Al-

‘Asafiyya mosque (in the eastern historical center of Baghdad,(see Fig.3.35).

The minaret of the Qumriyya mosque offers further evidence in this respect. This
minaret, in fact, followed an earlier native model as far as the ground plan was
concerned, (see Fig.3.31). Minarets of completely different shapes were constructed
over cubic bases as early as the 3,and up to the 19" century. Examples include the
spiral minarets of the great mosque of Abu Dulaf at Samara.27. The plan and style of

these minarets were introduced into Egypt by Ahmad bin Toulon. During the Ililkhanid
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e: Source: Galdieri E, 1979.

Fig.3.34 Structural system of traditional mosque in Baghdad.
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Fig.3-35 : Al A' safiyya mosque.

period in Iraq (particularly in Baghdad), a new dodecagon design had been used for the
base of the minaret, as in Suq Al-Ghazl minaret. It seemed that this was the first time
that such a design was used in the Islamic architecture of Iraq for the base of a minaret.
It may, thus, be regarded as the final stage in the development of the design bases for
such religious monuments (Creswell I, 1932: 40, Figs. 57, 11, 143, and 180; and The
Lawfulness of Painting in Early Islam, 1946:1 59).

The Baghdadi minaret was usually topped with a roof similar to a small dome in most
cases. It had a small exterior with a slightly or a sharply pointed profile. In other cases,
it had a bulbous fluted exterior. The existing evidence shows that the later types of
minaret roofing began in the /lkhanid period in Baghdad which, for example, produced
for the first time a minaret with two galleries, as shown by the minaret of Sug Al-Ghazl

(Al-Khulafa mosque), and Al-‘Asafiyya mosque (in the eastern historical center of

Baghdad), (see Fig 3.35.)

3.10.6 The Landscape

Most of the mosques constructed during the later Abbasid, Ilkhanid, Jalairid, Ottoman

and, for example, the latest periods included small courtyard gardens surrounded by
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brick paving, which, sometimes, crossed the garden in many directions, and which
included many types of trees and shrubs 2, (see Fig.3.31.)

A traditional large brick 30x30x5 cm, which was known locally as matli or fershi, was
used in the pavement of the courtyards of all the old monuments, such as A/-Madrasa
Al-Murjaniyya complex (including the mosque), (see Table 3.2). Sometimes, arabesque
was used to give a defined pattern to that paving. The use of hard landscape was also
noticed in Al-Murjaniyya mosque, the courtyard garden and the paving around it, and so
on.

The treatment of the landscape inside the courtyards of Al-Haydarkhana mosque and
Al-Khaffafin mosque (on the banks of the eastern Tigris in Baghdad) had the same

landscape features and plants, such as date palms, lot- trees, and other shrubs 2.
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3.11 SUMMARY
Although time has changed and populations have grown, the original reasons for
creating a built environment and the mosque building within it remain essentially the
same. However, the differences are normally found in the way of expression, which will
be highlighted in the comparison of the new mosque type, with the traditional one in
Baghdad, in this chapter.
There is a lot to be learned from traditional architecture in terms of the architectural and
constructional approach, use of materials and other architectural details. The urban
fabric of the traditional mosque environment in Baghdad is characterized by grouping
the buildings close in order to expose an absolute minimum area of those buildings
(including the mosque) to the solar radiation, leaving small courtyards and narrow
shaded alleyways for pedestrians.
There are many reasons for the changes in the traditional physical environment,
‘three main factors are believed to have encouraged and helped this process
of change. These are: first, the existence of certain implied ideologies;
second, changes in the scale of power and technology, and third, problems
within the field of architecture and urbanism, and their relationship to the
Arab-Muslim context in general’ (Al-Hathloul, 1981:258).
The modern mosque style in Baghdad is affected by the western international style that
has influenced all aspects of life including architecture. The designers of this modern
style turned their backs on their traditional architecture. The results are buildings, which
are foreign to our environment and tradition. The main feature of these buildings is the
large expanse of glass windows that is a fashionable trend in imitating international
style, but sadly ignores the obvious requirements of a hot climate.
This detached modern mosque, due to its surroundings and the new urban fabric of
Baghdad, exposes its envelope to direct high density solar radiation, as well as using the
skeleton structure (reinforced concrete columns and beams) that facilitates the use of
hin partitions (non-bearing walls) which means low thermal capacity of the envelope

and less thermal protection for the inner environment. All these factors lead to a
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dependence on mechanical and electrical systems to cool and heat the inner space
(musalla) to the comfort level, taking into consideration the short period of occupation
and repetition of that short time —prayer time — five times daily of the occupied musalla

space, that makes the facilities so costly and difficult to achieve, in addition to

disturbing the prayers.
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" The first sura (chapter) of the Holy Quran.

? See the diagram of the influential factors on the design philosophy of the mosque as a background of
research methodology Ch.1.

? See the development of the mosque elements via many stages, Fig3.1.

* See the competition proposals for the government mosque in Baghdad in 1983, Figs. 7.14 and
7.15,Ch.7.

’ See the relationship and types of spaces in the mosque center (complex), Fig.3.2.

¢ Mihrab is so symbolic that it is not influenced by the envelope design in terms of heat exchange
&physical character.

” Mihrab is originated and developed architecturally via many historical stages; see (Al-Janabi: 1984).

¥ See the special type of new minaret in Baghdad mosques Figs.3.5 and 3.6, It may be modified to serve
thermal design for musalla as will be seen in Chapter 7.

® Source: www.hotmail.com.Islamic architecture.

' Riwag normally serves as thermal protector for one, two or three sides of the musalla zone by
providing shade to them,

"' See the approach of teaching groups inside the mosque as one of the main facilities inside the musalla,
Fig.3.13.

12 See the entrance alternatives, Fig. 3.12.

1 See this type clearly as mezzanine, women’s musalla, in intermediate mosque’s type in Baghdad,
Fig.3.7.

" See Fig.3.13.

P My estimation & the assistance of the research of Al-Umary,Hafsah. (New Mosque Building in
Iraqg.MSc. Thesis submitted to the Arch. Dep. College of Eng. Baghdad Univ. 1988, pp. 2, 19).

'° See their plans and elevations in Chapter three.

17 See the typical new Baghdad mosque, Fig 5.3.
* Based on author’s survey in June-July, 1997,see APP.B.
® See the typical new Baghdad mosque, Figs5.3 and 5.4.

Author’s survey in addition to information obtained from the Ministry of Awgaf and Religious A ffairs,
aghdad, Iraq.

! See the axonometric sketch of the intermediate mosque in Baghdad, Fig. 3.7.

Based on researcher’s survey in June-July, 1997, see survey data in Ch.5.
3. We can give many examples of that, e.g., the dome of A/-Madrasa Al-Murjaniyya Mosque on the east
f Baghdad and all the mugarnas laquearia domes of the later Abbasid and //khalid periods.

4. Second Islamic empire capital, located southeast Baghdad.

S5 See Fig. 3.5 and 3.6.
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26 The triple-arched scheme, as Herzfeld (Islamic civilization historian) has pointed out, was probably
derived from the Roman triple triumphal arch and archway of colonnaded streets,see (Easter Vorlau
Figer Bericht).

27. See Creswell,Ema I1.pp.254-65, Western scholars think that this mosque was built in 232 AH/847 AD.

28 Inner courtyard, it becomes a tradition since it is used as a prayer area in the night during summer

time.

29 See the plan in Fig.3.32.
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CHAPTER FOUR
THERMAL COMFORT AND
DESIGN PARAMETERS OF
THE NEW MOSQUE BUILDING



4.1 INTRODUCTION

‘The study of thermal comfort touches on many discipline including heat

and mass transfer, thermal physiology, psychophysics, ergonomics,

biometrology, architecture, and textile engineering. The reason for creating

thermal comfort is first and foremost to satisfy man’s desire to feel

thermally comfortable, in line with his desire for comfort in other

directions’ (Fanger; 1970.)
Thermal comfort is a complex and subjective problem and is related to a combination of
physical, physiological and psychological factors.
It is achieved when there is a balance between the generation of metabolic heat within
the body and the loss of heat from the body via the mechanisms of conduction,
convection, radiation and evaporation. Where there is this balance, a person will feel
neither too hot nor too cold. Individuals are not the same and some people will feel
warm when others feel cool. However, generally we are remarkably similar in the way
that we react to different temperatures, and as temperatures move away from a neutral
balance point, an ever-greater proportion of people will feel increasingly uncomfortable.
The heat generated in the body through metabolism will depend primarily upon the
activity being undertaken. The greater the exertion, the greater will be the metabolic
heat generated within the body.
Buildings must be designed to use less energy. Reducing the energy consumed by
mosque buildings may be achieved by exploiting to the full the natural advantages of a
site, adopting appropriate building forms and using types of construction that are energy
efficient. Buildings that tend to produce comfortable conditions via a naturally passive
response are likely to be energy efficient structures. Energy in new mosque buildings
for thermal comfort has not been a great concem in the past. The functionalism of the
1920’s and 1930’s urged that the form of a building, and particularly its plan, should

clearly reflect, express or make plain the nature of the activities carried out inside that

building.

88



Passive solar design is the process by which climate oriented buildings are understood.
Passive solar mosque buildings will be more energy efficient, more comfortable and
easily used.
To provide a comfortable environment in the musalla is an intricate problem because
the problem itself is not always clearly defined. The climatic environment operates with
many variables, which will be discussed in the present chapter relating to all musalla
design criteria. They act on the human body in an inter-related action. They affect the
physiological and psychological well being of the occupants.
This chapter is confined to the effect of air movement, air temperature, radiation and
humidity, and on how an improvement of comfort can be achieved in the occupied
space of the new musalla in Baghdad.
4.2 THERMAL COMFORT FACTORS
A person attains thermal comfort when he is no longer aware of ambient
temperature. This happens within a temperature interval denoted as the
comfort zone, indoor climate should be kept within that zone or else space
users will suffer mentally and physically, both of which decrease the
productiveness of people and their quality of life’
(Davis: 1999).
It is important to note that many factors influence the perception of thermal comfort
(Fanger; 1992).
1. Air Temperature
2. Relative Humidity
3. Air movement
4. Mean Radiant Temperature
5. Activity Level
6. Clothing
7. Local parameter variations, like asymmetrical surface radiation (e.g. hot ceiling) .

All of the above parameters will affect the thermal comfort. Fanger’s work shows that it

is impossible to satisfy everyone at any given temperature (Fanger; 1970).
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The aim of comfort studies is twofold, viz, (i) To determine the environmental
conditions that would produce thermally pleasant sensations to occupants for different
activities in their ordinary daily life and; (ii) To evaluate the degree of discomfort that is
likely to be encountered in buildings due to the prevalence of an oppressive thermal
environment.
This would be of relevance to non-air-conditioned buildings redesign (envelope shape,
section, other architectural and constructional specifications). There is a wide variation
in thermal requirements and in thermal sensitivity between individuals in a given group.
The aim should be to create conditions for thermal comfort to satisfy the highest
possible percentage of the group.

‘Probably at best only 80% of the occupants would be comfortable at any

time under the best possible conditions. The individual differences in

preferred temperatures arise in part from the differences in the clothing,

activity and acclimatization to the local time.’ (Rao S. P; 1991:4).
4.2.1 Air Temperature
Tﬁe lowest range of air temperature in terms of thermal comfort is 18-20°C, and the
highest range is 26-30°C. When the air temperature falls below the lowest range,
clothes become necessary to control the heat exchange between the human body and the
environment. The clothes increase the isolation and conserve human body temperature
by maintaining the temperature of the surrounding air, which is under the clothes and
reducing heat gain in a dry environment (Dawud; 1983: 15-16). When air temperature
rises above the highest range then sweating begins, with air movement contributing to
providing thermal comfort. The annual average air temperature over 24 hours in Iraq is
16-17°C (this rate is represented by the climate characteristics of Baghdad, which is
located in the middle zone of Iraq) in the northern zone; the temperature gradually
increases to 24 °C in the southern zone. The weather gradually starts to cool in October,
and the temperature drops continuously until the end of January. While the highest

temperature is not more than 18°C in the southern zone during winter and 8°C in the
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northern zone, the lowest temperature is 6°C in the southern zone; 4°C in the middle
zone (Baghdad region); and 2°C in the northern zone (Shaaban & Al-Jawadi; 1973),
(See Appendix A3).

The difference between the highest and lowest daily average temperatures as is 20C° in
the Baghdad zone, but increases gradually towards the northern zone of Iraq where it
becomes 27C°.

4.2.2 Relative Humidity

The range of relative humidity for the human body comfort zone is 20%-80%. Under
the lowest limit, the air becomes dry and that influences human skin. Cracks on lips
may appear as a result of dryness. On the other hand, when relative humidity rises
above the highest limit, evaporation is reduced and the air saturates with moisture. The
human in this case feels uncomfortable. The annual range of highest and lowest relative
humidity for most regions in Iraq (including Baghdad) is 30-60%. It is at its lowest
during summertime (15% during the day and 40%-30% at night) and the range of
relative humidity is 50-60% during wintertime. The highest level of relative humidity
can reach 90%.

4.2.3 Air Movement

Air movement influences the thermal balance of the human body according to the
phenomena listed below:

i.Heat exchange increases between the human body and the air due to an increase in
surrounding air movement.

ii.Body cooling by sweating increases due to an increase in evaporation (body
evaporation cooling) and air movement contributes to that.

iii.The human body’s ability to cool by sweating and evaporation is important to reduce
human body heat, and to feel healthy thermal comfort. (Szokolay;1980).

Therefore, the air speed temperature, and vapor pressure affect the amount of

evaporation from the human’s skin surface, which increases as air speed increases. For
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this reason, a human feels cool even though the vapor pressure is still high. Air
movement in the Baghdad region usually reaches a peak speed of 14m/sec.
4.2.4 Mean Radiant Temperature and Mean Radiation
This phenomenon has a considerable effect on human thermal comfort. Heat exchange
through radiation depends on the mean-radiant temperature; so human beings feel
comfort in a conditioned environment when the difference between the human body
temperature and surrounding surfaces becomes small, and vice versa. One-degree air
temperature difference changes the temperature of a radiant surface (0.5-0.8) (Dawud;
1983). Solar radiation is greater in summer than in winter, the annual average total
radiation in Iraq being 15 mega J/sq m.day in the northern zone, and 21 mega J/sq
m.day in the southern zone. The mean is 18 mega.J/sq m.day for the country (and for
Baghdad).
4.2.5 Activity Level
There is a relationship between thermal comfort and human activity. Different physical
and physiological human activities have different effects. These effects are less for
women's bodies than for men's bodies and less still for children's bodies.
i. Heat Flow as a Result of the Biological Activity of Praying Bodies
The human body produces metabolic heat (metabolic energy) because of biological
activities. Therefore, heat comes through the skin and radiates to the surrounding
atmosphere through convection and radiation. Thus, a feeling of comfort depends on the
skin temperature, which is normally 31°C to 34°C. It is possible to keep this level
constant, if there is a balance between the inner temperature and the out-flow
temperature according to the following heat balance equation’;

Met ~Evp + Cnd + Cnv + Rad = (

(Koenigsberger & Others, 180: 76; and Dawud; 1983: 16)

Positive and negative signs depend on human and environmental phenomena.

The positive signs are used for the following cases:
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Cnd = if the air temperature is higher than the skin temperature (conduction)

Cnv = if the air temperature is higher than the skin temperature (convection)

Rad = from the sun, sky, or hot bodies (radiation)
The negative signs are found in the following cases:

Cnd = contact with cold bodies (conduction)

Cnv = if the air temperature is lower than the skin temperature (convection)

Rad = the radiation to cold surfaces (radiation)

Evp = from moisture and sweating (evaporation)
It is evident that the thermal balance does not depend only on physical reactions inside
the human body, but also on climatic environmental factors, such as air temperature,
relative humidity, air circulation, mean radiation temperature, and other secondary
factors like age, sex, and health conditions. Therefore, in hot climates, a building, which
is designed according to good thermal and environmental criteria, can provide a
thermally comfortable inner environment. Where air temperature keeps on continuously
increasing, the building starts to lose its thermal and physical efficiency. Therefore, it
needs a mechanical process to restore the optimum thermal comfort, and that depends
on the expected difference between the inner thermal environment and the human
thermal comfort level (Dawud; 1983: 15-16 and 27-29).
The biological processes that take place inside the human body release energy to the
surrounding atmosphere (inside the musalla). This fact has a positive effect on the
requirements of heat during winter and a negative effect on the cooling requirements
during the long summer in Baghdad.
Since the praying person is in continuous movement while performing his prayers
inside the musalla, the calculation of the metabolic energy from the praying person’s

body to the inner atmosphere is as follows:'

The metabolic heat from the praying person’s body caused by biological processes is
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Table.4.1 Metabolic Energy of the praying person

Number of | Praying period Number of daily | Metabolic energy | Metabolic energy
prayers Hour prayers kW/hr KW/day
1 0.5 5 0.212 0.508

Source: Fanger; 1970.
measured by using the unit of kW/h, since the praying person’s activities are equivalent

to the activities of a person who is walking at a speed of 2 mph. (For more details, see

Fanger’s classification, Table 4.2). Thermal comfort is affected by the type and level of
human activity. Consumption of energy is measured by met as a unit, which represents

the produced thermal mean from the human body at comfort levels; it is equal to 58.02

Watt/sq.m, while the mean value for a human body equals 100 watt.

A human can control the heat exchange between his body surface and the environment

by wearing clothes, which can increase the efficiency of thermal isolation by keeping

the air temperature around his body constant. Suitable clothes can reduce heat gain in a

hot-dry climate; the heaf resistance of clothes is represented by (Clo.)

ii. Prayer (salat) and thermal comfort

The person doing the prayer movement looks like someone performing a light sports
movement. Thus, when we make a comparison between the metabolic rates of the
human body during prayer in the standing, sitting and bowing positions, with the
metabolic rate of a person walking at medium speed, we will discover that the praying
person needs a lower temperature for the surrounding air than a person in a physically
inactive condition. The thermal condition of the human body and air ventilation are very
important because breathing increases (in addition to the essential ventilation) to radiate
the heat from the body in order to feel comfort. As the number of praying persons
increases, we must calculate the metabolic rate of their movements. For that to be
measured, we need field survey and health assessment. The proposal here is to simplify
this by considering the praying movements as being equivalent to the movements of a

laborer in a handicraft factory, (Fanger Classification, Table.4.2), which is similar to a
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person walking at a rate of 2miles/h who produces more heat from his body than if he

were at home.

Table. 4.2 Fanger’s Classification for human activities and metabolic rates. Source: Fanger: 1970.

MET Units Energy rate for average sized man

Activity K Cal. /H BTU. H Watts
Sleeping 0.7 67 253 74
Sitting-sedentary 1.0 91 361 106
Standing, relaxed 12 109 433 127
Typing 1.3 118 436 138
Walking, 2mph 2.0 182 722 212

= , 3mph 2.6 237 939 276

, 4mph 3.8 346 1372 403
One MET =50, k Cal/h (m®) = 18.4, Btu h/ft” = 58.2 W/m>

4.2.6 Clothing

The isolation of the clothing is generally expressed in ‘clo units’. The clo unit was
introduced to facilitate the visualization of clothing level, and is the insulation necessary
to keep a person comfortable at 21°C- about that of an office worker’s suit. The
traditional muslim overall wrap (gown) clothing is usually used by persons doing the

prayer in the new musalla in Baghdad with the following additional specification

details;

Table 4.3 Clothing commonly worn by praying people in Baghdad

GARMENT DESCRIPTION clo. sq.m k/'W

A. Long sleeved wrap (Gown), 0.53 0.082
| long

B.Lights trousers (in summer) 0.20 0.031

C.Normal trousers (in winter) 0.25 0.039

C&C.Normal long sleeved shirt 0.25 0.039

(in winter use with trousers

normally)

A&C.Jacket (in winter) 0.35 0.054

B.Underwear shirt, sleeveless 0.06 0.009

(in summer, spring, autumn)

A&C.Underwear shirt with long 0.12 0.019

sleeves (in winter)

A&C.Underwear  short (in 0.06 0.009

summer, spring and autumn)

A&C.Underwear  pants-long 0.1 0.016
| legs (in winter)

Source: www.squ 1.com.

A-Traditional clothing used in all seasons,
B-Normal clothing in summer.

C-Normal clothing in winter.

A&C , A&B-Mix between two of them sometimes to get certain uniform and feel comfort.
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Normally the prayers inside the musalla when performing prayer use three types of

clothing as below;

i. Long sleeved wrap (Gown), which is type A, used by 70% of the praying persons in
summer.

ii.Light trousers and shirt in summer, used by 30% of the praying persons in summer.
iii.Normal trousers + long sleeved shirt +jacket, used by 30% in winter.

One overall uniform (case A) that is normally worn by 70% of praying persons
represented by one loose piece of uniform which lets air be in touch with the body more
than in (case C) of wearing trousers and a shirt in addition to a jacket in winter. The
people from long of experience know that the loose type of uniform feels more
comfortable and continue wearing it generally inside the musalla for worship.

In addition to acting as insulation against the transfer of heat, the clothing has an effect
on the heat loss by evaporation. Firstly (in summer) the clothing effects evaporative
cooling by introducing extra resistance to the diffusion of water vapor away from the
skin. The strength of this effect depends on the nature of the clothing and its
permeability to moisture that happens in (cases B&C) more than in (case A). The
second way clothing effects evaporative cooling is that it absorbs excess moisture next
to the skin. The absorbed moisture is then evaporated from the clothing and not from
the skin, so that the latent heat is removed from the clothing and is not so effective in
cooling the skin in winter when that one piece is thicker and woolen and covers quite
thick additional underwear in winter.

The actual way in which clothing works is often far more complex than the classic
model outlined above .In Baghdad’s hot-dry climate, for instance, the prayers wear
loose, multiple layered clothing. The function of the clothing is then to keep the high
environmental temperatures away from the skin, whilst allowing heat loss by
evaporation when dry air is pumped through the clothing as the body moves as in (case

A). Where there is a high rate of sweating the heat loss can actually be increased by the
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clothing, by providing extra surfaces from which evaporation can take place and
cooling the space between the skin and the inner layer of clothing.
Another complication in dealing with clothing is that its function is not purely thermal.
The way in which we use clothes is determined by our social as well as our thermal
needs as mentioned. Such variations as wearing a jacket open or closed can make a
significant difference to its thermal characteristics.
By choosing optimum clothes, a human body can thermally control different conditions
of heat exchange between his body surface and the environment.
Clothes increase the efficiency of thermal isolation during prayer activity by keeping
the surrounding air of the human body at a constant temperature. On the other hand,
clothes reduce heat gain in the hot-dry climate in Baghdad. The thermal resistance of
clothes calculated by “Clo.” unit, is equal to 6.5 Watt.s.m?. on the body surface, and this
equals the output for a human wearing a complete suit, which consists of all clothes
including under wear, (see Table 4.3). This is exactly the condition of a person praying
in wintertime in Baghdad, (see Tables.4.1, 4.2 and 4.3).

In order to combine factors which affect indoor thermal comfort, like air

dry bulb temperature, humidity, air movement and radiation, several

thermal comfort indices have been proposed... The best-known index of this

kind is “Effective Temperature”. This was developed in 1923-1925 by

Hongton ,Yaglow and Miller. This index included air temperature, humidity

and air velocity. Later the “Effective Temperature” was developed where

the globe thermometer reading replaced the dry bulb temperature. The

CET? for temperature climate is generally recommended to be 21.7°C for

summer conditions for normally clothed male subjects at rest.’
(Rao; S.P: 1991:5).

That is the desired condition in the long summer time when the people praying are
usually wearing light clothes.

4.3 THERMAL DESIGN PARAMETERS

Fanger has set the international standard for thermal comfort studies by quantifying all

of the previous parameters and putting them into a unified “thermal equation”. This
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equation predicts the mean thermal comfort level for people under any circumstances.

The detailed calculation is found in the references (Fanger;1992)
Fanger has proposed the use of complex comfort equations and diagrams which include

several variables such as activity level, Clo-values, air velocity, air humidity and

ambient temperature.

Envelope climatic design for any building should fulfill human needs; the requirements

of users, and the final shape of the building should be the conclusion of many

requirements. Thermal design of the building considers variations in climatic elements.

~The determinants of thermal design are:

4.3.1 Orientation: Optimum building orientation should guarantee obtaining the

highest amount of solar radiation during the winter season when heating is necessary

and the lowest during the summer season when cooling is necessary.

Dawud A J (1983) found that the best orientation in the hot and tropical regions is 20-

degrees southwest or southeast (Dawud; 1980), (fortunately the Qibla direction in the

Baghdad region is within this range of south-west). Since a rectangular shape approach,

a square shape (due to that proportion the width should be not so much longer than the

length) it represents the best shape for the musalla building in terms of both Islamic

teachings and environmental assessments. This ratio becomes more acceptable when the

long sides of the musalla face those optimum orientations.

The direction to Mecca in Baghdad is 10° south-west and this orientation is good in

terms of thermal gain generally in a hot-dry climate (since the two longest walls of the

fectangular shape of the musalla which is common in the new mosque envelope in

Baghdad face north and south, and therefore receive approximately the lowest amount

of solar radiation in summertime and the highest in wintertime.

4.3.2 Size of the Musalla building

The dimensions of any building influence heat gain through its envelope. The

h and height, also define the total
98
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If we search for the form which gives the best performance, this can be expressed as:
XYcl +y ¥ ¢2=Minimum

Where C1 and C2 are the thermal forces of the opposite sides.

Putting this in the form of the multiplier:

>Cl-Xy=0 then Y Cl=Xy

2C2-Xy=0 Y C2=Xy

The optimum form can be expressed as:
2 Cl y
Y62 X

‘When an inverse relationship exists between the thermal impacts and the
sizes of the sides of the structure, the optimum form represents the thermal
forces in equilibrium’ (Randal, 1992:86- 88.)

This is the conclusion reached from the comparisons done by Markus (1980:392) for
many forms when he tried to get many results of the percentage of the total surfaces of
each shape regarding the same size for all shapes.

By giving different values to the surfaces for a constant size of the building, we can say
that a cubic shape for the musalla building is the optimum shape for the Baghdad region
in accordance with the solar radiation amounts falling on the surfaces compared with
other shapes of the same size. The cubic shape represents the lower percentage of the
area of the surface size with regard to other shapes in general. At the same time, this

shape also receives the lowest solar radiation (Markus, 1980:390-392).

4.3.3 Ventilation

Ventilation is necessary for thermal comfort in the inner environment for the reasons

listed below:
I. It helps increase human body heat loss by removing humidity from the internal

environment, which is the output of metabolic and other inner activities.

2. It reduces the air temperature of the inner environment when it is more than external

air temperature.
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3. It provides the inner environment with fresh air and takes out polluted air and water
vapor as well as bad smells. The required amount of air, which fluctuates, depends on
usage of space; number of users, kind of activities, and building function.
“The natural or mechanical ventilation is necessary, but during winter time
the external temperature is lower than the internal environment
temperature, so there is no need 10 use ventilation’ (Shaaban A K & Al-
Jawadi M; 1973.)
i. Ventilation and Indoor Thermal Conditions
The influence of the indoor thermal environment on thermal comfort is widely
recognized. Thermal comfort has been studied for decades resulting in thermal comfort
standards and models for predicting the: level of satisfaction with the thermal
environment as a function of the occupants’ clothing and activity level (ASHRAE;
1997).
Air temperature and humidity also influence perceptions of the quality of indoor air and
the level of complaints related health symptoms (often called sick building syndrome
symptoms). Higher air temperature has been associated with the prevalence of
increased sickness symptoms in several studies (Skov et al. 1989, Wyon, 1992; Menzies
et al. 1993). Occupants’ perceived acceptability of air quality has been shown to
decrease as temperature and humidity increase in the range between 18 °C, 30% RH and
28 °C, 70% RH (Fang et al. 1997, Molhave et al.; 1993).
Moisture is not a pollutant but it has a strong influence on indoor environmental quality
particularly inside the musalla and the hot-dry climate in Baghdad. Water vapor is
generated indoors due to human metabolism and human activities involving water use,
as well as due to unvented combustion activities and by humidifiers. Moist soil may be
a source of moisture in indoor air and in the flooring materials that contact the soil. The
implications of high humidity for human health are complex and still a subject of debate

(Arens and Baughman; 1996). The impact of moisture and pollutants still has no clear

influence in general in Baghdad’s hot-dry climate region particularly on the indoor
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environment of the new musalla where prayers are performed, but humidors are used to
cool the inner environment sometimes.

ii. Basic Principles of Natural Ventilation for the Musalla Building

Natural ventilation is defined as ventilation driven by the natural forces of wind and
temperature. Natural ventilation is created by pressure differences between inside and
outside of the building induced by wind and air temperature differences. These provide
the two main mechanisms of wind induced ventilation and stack ventilation or thermal
buoyancy ventilation. The existence of a courtyard in the new mosque complex
contributes in this phenomenon. Solar assisted ventilation uses the solar thermal energy
to increase the thermal buoyancy, either within a building envelope or associated flue,
and therefore enhances any stack effect that exists.

-Good design is based on the principle that adequate ventilation is essential for the
health, safety and comfort of building occupants, but that excessive ventilation leads to
energy waste and sometimes t0 discomfort. The aim of good musalla building design is
therefore to 'build tight - ventilate right'. That is, to minimise uncontrolled (and,
usually, unwanted) infiltration by making the building envelope airtight while
providing the required ventilation with “fresh' air in a controlled manner. We need to
remind ourselves that the musalla building cannot be too tight-but that can be under-
ventilated. For an overall successful natural ventilation strategy, the three issues of
building tightness, good ventilation for praying people, and natural ventilation design
have to be considered together in an integrated manner for musalla design.

_Ventilation must be providing safe, healthy and comfortable conditions for building
occupants. An over-riding principle in “ventilating right” is that ventilation should be
for prayers-not for the building. This is important in the musalla building, which is
voluminous related to the limited number of occupants performing the five daily

prayers.

102



-In naturally ventilating the musalla, two distinct strategies have to be developed, one

for the winter and other for the summer,

The key issue for winter ventilation is the control of indoor air quality (IAQ). Summer

ventilation is usually linked to the control of internal temperature. - Control of the

airflow rate is in itself not so important. The issue is that of overheating in the summer
and one of the main technical barriers considered.

iii. Flow Caused by Wind

Major factors affecting ventilation wind forces include: average wind speed; prevailing
wind direction; seasonal and daily variation in wind speed and direction; local
obstructing objects, such as nearby buildings and trees; position and characteristics of
openings through which air flows; and distribution of surface pressure coefficients for
the wind.

iv. Guidelines for Natural Ventilation for the Musalla Building

The following guidelines are important for planning and designing natural ventilation
systems in the musalla buildings: a natural ventilation system should be effective
regardless of wind direction and there must be adequate ventilation even when the wind
does not blow from the prevailing direction; inlet and outlet openings should not be
obstructed by nearby objects; windows should be located in opposing pressure zones
since this will usually increase ventilation rate; a certain vertical distance should be
kept between openings for temperature to produce the stack effect; that is, it could be
achieved using low level openings as inlets for fresh air to get cross ventilation with the
existence of high openings on the drum of the dome. Openings at the same level and
near the ceiling should be avoided since much of the air flow may bypass the occupied
zone which is situated at a height of eight feet; architectural elements like wing walls,
parapets and overhangs may be used to promote air flow into the musalla building;
landscaping, courtyards which almost always exist in the traditional mosque complex

in Baghdad, and the surroundings of the musalla buildings should be used to redirect
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airflow and give maximum exposure to breezes; according to the fixed orientation of
the musalla, the long fagade of the building and the door and window openings
generally oriented with respect to the prevailing wind direction (northwest in the
Baghdad region); window openings should be accessible to and operable by occupants;
vertical shafts and open staircases may be used to increase and generate the stack
effect; openings in the vicinity of the neutral pressure level may be reduced since they
are less effective for thermally induced ventilation; if inlet and outlet openings are of
nearly equal areas, a balanced and greater ventilation can be obtained as well as adding
humidors which contribute to enhancing the hot-dry climate in Baghdad( see survey
strategy in Chapter five.)

v. Barriers to the Application of Natural Ventilation for the Musalla Building

A successful application of natural ventilation strategies is only possible when there
are no problems in many areas at various levels from the design stage to actual

operating demands placed on the building users (Allard; 1998). These potential

barriers include:

-Barriers during building operations; are not expected in case of the musalla for limited

activities and periods of occupation.

-Safety concerns; are not expected in the musalla.

-Noise from outdoors; is not expected since the musalla is surrounded by other mosque

complex facilities which protect it from outside noise.

-Dust and air pollution; that is expected in case of a southeast wind blowing during a

few days in summer.

-Solar shading covering the openings; particularly Islamic grilled patterns on the

musalla’s windows that are uses traditionally. It does not represent a major barrier.

-Draught prevention; it could be controlled through the design process of the musalla

envelope and microclimate.
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vi. Chimneys; Natural Ventilation Alternatives
Chimneys (or vertical air tunnels) can often be utilized in the musalla to conveniently
Provide effective ventilation.
The chimney can be designed for remodeling purposes in the musalla building or
modified environment building. When the inside air temperature is higher than the
outside air temperature, a pressure difference is created that causes the warmer, less
dense air to rise. The natural process behind this air movement is commonly referred to
as thermal buoyancy or the stack effect.
Natural ventilation by thermal buoyancy is affected by inlet and outlet area, height
difference between the inlet and outlet (we can benefit from this phenomenon for such
typical high spaces of the new musalla in Baghdad generally), and the difference
between inside and outside temperatures that occurs normally with the existence of a
courtyard. Utilization of the stack effect for ventilation can provide the primary air
exchange needed during summer periods particularly in congregational prayers, and
supplemental ventilation for the musalla in other defined conditions during other
seasons.
Air moves through the lower openings of the musalla to the upper openings, and out of
the musalla under the impact of the stack phenomenon. The chimney concept can
contribute more in this case to get highest ventilation efficiency. Inlet openings must
exist around the perimeter of the musalla envelope to allow cooler outside air, which
move from the traditional courtyard in the new mosque complex under the impact of
the buoyancy phenomenon, to enter the musalla. This fresh air replaces air that is
exhausted from the upper openings of the musalla envelope.
vii. Mixed Mode
From CIBSE AM13: 2000 'Mixed mode' is a term used to describe servicing strategies,
which combine natural ventilation with mechanical ventilation and/or cooling in the

most effective manner. The mixed mode approach to achieve indoor environmental
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conditions involves maximising the use of the building fabric and envelope, and then
supplementing this with degrees of mechanical systems, in all or parts of the building.
The greatest saving can be made if the improvements to the fabric allow a building
services system to be completely eliminated from part if not all of the building. For
example:

-Reducing fabric and internal heat gains may allow mechanical cooling to be avoided.
-A highly insulated and airtight fabric with low-powered mechanical ventilation and heat
recovery may allow both mechanical refrigeration and perimeter heating to be avoided.
-The effective use of external night-time temperature differentials in summer can permit
any excess heat built-up during the day to be removed at night, using natural ventilation,
thereby reducing, and possibly eliminating, the need for simple mechanical cooling
during the daytime.

4.3.4 Thermal Properties of the Musalla Building

The building envelope is the division between the external and internal environment, so
its thermal specifications determine the impact of climatic variations on the thermal
environment of the building.

The envelope parameters, which include walls, windows, doors, roofs, and domes, have
different effects on heat exchange, whereby heat gain through unshaded windows and
roofs represents the largest proportion of the total amount of heat gain of the building,
(see Fig.4.2).

Radiation is absorbed, reflected or passed through the building envelope and heat is
radiated to the sky through it. This process depends on the physical and thermal
specifications of the envelope.

The absorption of the external surfaces depends on exposure time which determines the
heat gain of the section, so low absorption means low heat gain. It also depends on the

color, texture and the material of the surface because light colors with smooth textures

reflect the radiation more, and vice versa, (see Fig.4.2.)
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The U-value of the building is one of the envelope characteristics. It is an indicator of
heat gain through the section. When the thermal conductivity is high (that means low
resistance of the section) the heat gain and heat loss become high, and thus the
insulation materials have low conductivity with high resistance to the heat transmission
through it. Its efficiency depends on its quality and location, but it has a negative impact
on the transmission from the internal space to the outside through the section,
particularly in summertime (see Fig.4.2.)

Research performed by Givoni (1970) and Van Straateen (1967) shows that insulation

13

layers in the section “on the external surfaces” are better for
envelope efficiency than “the internal surfaces.”
However, there are different elements of the envelope such as the windows, doors,
walls, domes, flat and pitched roofs. Each of these elements and parameters has a
different impact in terms of heat exchange, while the heat gain through unshaded
windows and roofs represents the most effective part regarding heat gain, in comparison
with other parts of the building envelope (Shaaban & Al-Jawadi; 1975), (see Fig.4.6.)
Some of the radiation falling on the envelope is reflected; some is either transmitted or
absorbed depending on the thermal and physical specifications of the building envelope
materials, common local materials used in the .new musalla in Baghdad.
The solar absorptivity of the external surfaces of the building defines the heat gain by
certain section specifications; this also depends on surface color and texture. Light and
smooth surfaces reflect more, this means the low absorptivity factor of the wall or roof
and vice versa.
Other envelope characteristics, like conductivity (U-value), represent one of the heat
flow indicators through the envelope section. When the conductance is high because
section components have low resistance, the heat gain and loss become high.

“There is much energy and much money to be saved by employing climatic

design principles, i.e. adjusting the building to the climate. The potential
energy savings can be determined’....’A prerequisite for understanding
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energy saving in building is through an understanding of the mechanisms,
which influence the energy balance’ (Reimann; 2000).

Displaying the various heat flows for buildings as Koenigsberger & Others (1973)
explain for energy balance for building in formula is described in detail below:
Q1+Qs+Qc+Qv+Qm-Qe = 0

QI = Internal heat gain (human bodies, lamps, appliances etc.).

Qs = Solar heat gain through windows.

Qc = Conductance of heat through walls, roofs and foundation.

Qv = Heat exchange by ventilation.

Qm = Heat removal/ supply/ by mechanical controls (eg. air-conditioner and heater).

Qe = Evaporative cooling from building surface (eg. a roof pool).

All the respective heat fluxes in the equation must add up to zero to maintain the desired
indoor temperature. If the heat fluxes add up to a positive number the temperature of the
musalla (building) will increase and vice versa. This equation applies to all climates as
heat transfer by condt}ctancc (Qc), ventilation (Qv) and mechanical control (Qm) can be
both positive and negative. The outdoor climate and usage of the building are constantly
changing, and the indoor temperature will therefore vary accordingly. The air flow-
energy of the building is to keep temperature variations within the comfort zone of the
occupants at minimal (energy) cost-i.e. Minimizing Qm (Reimann; 2000).

Storage of heat (which indicates the time lag factor or thermal mass of the envelope)
transfers from the envelope to the lower heat medium (external environment).

In this manner, the heat flow to the inner environment is reduced, so heat time lag
delays heat flow to the inner environment when the external environment heat becomes
high and heat flow to the external environment also delays as a result of that. Low
external air temperature takes away the stored heat of the envelope when the external air
temperature becomes lower during the night. The opposite heat flow during night-time

may happen depending on the external environment air temperature; the internal air
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temperature; and the envelope thermal specifications. Envelope heat capacity delays
cooling and heating periods at daily heat flow circulate.
i. Components of the Musalla Building Envelope and Thermal Comfort

Integrated resource planning shows that it is five times cheaper to save
energy in buildings (US$ 400/kW) than to increase the power production
capacity (US$ 2000/kW)...it is economically feasible to save an estimated
40-50% of the energy in new buildings (new envelope) and 15-25% in
existing buildings.’ (Kannan; 1 999).

‘Denmark has been very successful in attaining energy savings in buildings.
The energy consumption Jor space heating per.sq m floor area has been

reduced by 50% over the last 20 Years. During this period, the building
codes have gradually become more stringent.’ (Longhi; 1999).

Envélope characteristics play an important role in increasing energy conservation inside
the building, (see F ig.4.2). One of the important characteristics of the musalla envelope
is the orientation towards Mecca, which is constant as a main feature for every mosque.
Therefore, the envelope design represents the third and last variable after the thermal
specification of envelope materials and orientation, which plays a major role in
protecting the inner environment. The building envelope consists of both the opaque
and transparent parts of the walls and roof, which are in contact with the external
environment. These may be single or multi layer, and represent the partition between
the external environment (microclimate around the musalla) and the internal
environment (Al-Umary;988).

The functions of the envelope perform structural, aesthetical, environmental and other
tasks. The environmental function represents the main function that protects the inner
environment of the building from the impact of external variations of climatic
phenomena (see Fig.4.4, 4.5.) It may depend on mechanical and electrical systems —as
additional elements to the thermal efficiency of the building—to reach the comfort zone

when the envelope is unable to maintain the internal environment, and to achieve a

thermal balance inside the musalla(Al-Rawi; 1988),
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Since Iraq does not have any energy regulations for buildings yet, there is not much to
say about energy regulations for buildings in Iraq, and it needs to establish more up-to-
date regulations and progressive systems concerning energy standards.

‘A design criterion —the OTTV (Overall Thermal Transfer Values) is applied

to the building envelope. The idea is to set a maximum level for the heat

gain through the building envelope (walls, roof and windows) in order to

reduce the cooling load’ (Reimann; 2000).
Since the envelope consists of two kinds of elements; the opaque part, which includes
constructed walls and roofs; and the transparent part represented by windows or
openings, it is necessary to know the specifications of each as detailed below.
1. Opaque Part
As a result of the difference between the inner and outer environmental temperatures, as
well as the effect of falling solar radiation on the external surfaces of the envelope, heat
is transferred to the inner environment by conduction. In addition, solar radiation is
absorbed by external surfaces and transferred across the envelope section, and heat is
transferred by convention from the inner surface of the envelope through the air to the
inner environment. The heat transmission continues to reach the inner wall surface by
conduction, and later to the inner environment by conventions, which convert it to the

inner surfaces by radiation.

2. Transparent Part

Some solar radiation falling on transparent surfaces such as window glass is reflected,
but other amounts are absorbed by the glass and transferred through it to the inner
environment.

So, this radiation adds to the amount of heat, which is transferred in other ways, and
increases the amount of heat in the inner environment through the additional amount of
solar radiation transmission. This is what is called 'solar heat gain'. In addition, the

conduction method through transparent parts is due to the difference between the

external and internal air temperatures, (see Fig.4.6)
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i Building Envelope Treatments Under Different Environmental Conditions
An isolated envelope during the cold season represents a barrier to prevent heat from
eScaping from the inner environment, so an insulation layer should be used to enhance

the ability of the envelope and should be attached to the external surface of the

envel()pe‘

An additiona] smooth thin layer must be attached too to the inner surface of the

e : , ; :
Wvelope section to prevent vapor condensation and its appearance on the inner surface

of envelope,

The therma] capacity of the envelope in a hot-dry climate helps reduce the thermal

*mperature instability of the inner environment and delays the heat from reaching peak

levels.

In

addition, since the external thermal temperature during night-time drops, 1t is
fiecessary to protect the inner environment from external variations of temperature, (see

Fig.43.4.4 ang 45.)

= transparent part of the envelope plays an additional role in heat exchange: It
PeImits go]ar radiation wave transmission, and prevents its reflection out of the inner

envi
Vironment when the short wave becomes long wave.

. : : i e the air
i ransmitteq solar radiation across window glass 18 able to INCTeas

t . 1 tllre,
*Mperature of the inner environment to a level higher than the axiemi BT

. Teal IS
‘rough What is called the 'Green House' Effect, while the normal transmission rang

thr : : ;
Ough glass i 70% of solar radiation falling on it (Al-Rawl, 1988;47).

Thuyg gh the

> It . : - ner environment throu
e necessary to limit solar heat gain by the inner

Ollow: .
OWing listeq recommendations:

1, .
Use heat filter glass for windows. (See Appendix Al) P.286.
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Baghdad, is similar (about 0.12-0.25 Wh/kgC®),see more details in p.120. Thus the total
heat storage capacity is a function of the total mass of masonry materials, regardless of
its type (concrete, brick, and earth). Due to the high thermal ranges and external
climatic fluctuations during day and night in Baghdad which have a major impact on the
inner thermal comfort of the musalla, the high thermal mass of the musalla envelope
can protect the inner space from thermal unsuitability through the previously mentioned
traditional treatments. Based on the research of Evans (1980), the desired time lag of the
envelope walls in a hot-dry climate should be within 8 to 14 hours. A greater time lag
than this range will not enhance the inner environment thermally to reach comfort level
because of overlapping occurrence with the heat gain of the roof by ventilation. The
desired time lag for the roof is normally in the range of 20-30 hours.

Considering an external wall exposed to a high outside air temperature and a lower
inside air temperature, the rate of heat flow transmitted through the wall from the
Outside air to the inside air is proportional to the air temperature difference, area of the

Wall, and rate of global heat transmittance that can be determined from an analysis of

the components of the total resistance to heat flow. The total resistance is composed of

the resistance to heat flow through the material, the interfacial resistance at the external

surface, and the interfacial resistance at the internal surface. Since the interfacial

resistances are determined primarily by temperature conditions over which the builder

has little control, his principal effect on the heat transmittance is in changing the

resistance to heat flow through the wall material. To reduce the heat transmission from

one side of a wall to the other, the thermal transmittance must be reduced as much as

POssible by either increasing the thickness of the wall or using materials of lower

therma| conductivity and, therefore, of higher resistance, Often walls composed of

Several materials. are used to provide the desired thermal and aesthetic wall

charactcristics. In hot-dry climates, the coefficient of thermal transmittance should be
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about 1.1 kcal/hm?°C (0.225 Btwhfi?F°) for an outer wall to have an appropriate

thermal resistance to heat flow through the wall material.

Light-colored materials reflect sunlight; dark materials absorb the radiation. A musalla
building with dark walls and roof is less expensive to heat in winter, but more costly to
cool in summer. Light-colored walls and roofs lower cooling costs but increase the need
for winter heating. The use of light-colored materials is more cost effective and energy

efficient, since the cooling season is longer than the heating season.

V. Insulation Materials

The most available and economical thermal insulation material used for external brick
wall and RC roof for the musalla in Baghdad is polystyren. This is widely used in

Baghdad buildings generally. The most important properties in the selection of the

insulation materials are (1) low thermal conductivity, (2) low density, (3) low initial and

labor costs, and (4) long thermal life. (See Table.4.6)

The location of insulation material should be nea; the exter_'tnai;a};r (;f the
wall, or ventilation between it and the layer
and dhure Shouli AP condensation’ (Husain, 1984:4).

which is beyond it to prevent water vapor

VL. Shading devices and Thermal Comfort for the Musalla Building

Because of the necessary sun shading measures, small windows and relatively compact

external facades are correct for the musalla building in the climate of Baghdad. The

Musalla building should open onto (shaded) inner courts. If this design is not followed,

then highly efficient sun shading devices must be attached to the windows (external

roller blinds or awnings).

The decision for selecting the proper shading device presents many difficulties. One of
the main difficulties is that it should exclude the sun in the overheated period, yet it
should allow sun penetration in the cold period. It is noticed from Fig.4.6 that in the
graph of the apparent seasonal movement of the sun changes in declination are

SYmmetrical about the solstices (zero declination). It can also be seen in the graph of
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Bricks 0.24 0.84 1.95
9 Cement (external plaster) | 0.025 1.16
0.36 Bricks Gypsum (inner plaster) 0.025 0.7
Bricks 0.36 0.84 168
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Concrete Gypsum (inner plaster) 0.03 0.7
Roof Without | Concrete Slab 0.15 1.5 2.1
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(e Cement Tiles 0.03 1.4
Concrete Roof | Gypsum (inner plaster) 0.03 0.7
With Concrete Slab 0.15 1.7
insulation Sand (l).(l)g (1). (1) g 0.479
ne . 8
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5 Cement Tiles 0.03 1.4
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Glazed bricks 0.52

\
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symmetrical. So, the seasonal variation in air temperature has a time lag behind the
seasonal variation of the declination of the sun. This presents a problem, for example, if
We want to give complete shading for October, it means we also give complete shading
for February. On the other hand, February is the cold period, and it does not require any
shading. Obviously we cannot have a perfect solution. We must reach a compromise at
the expense of part of the overheated period and part of the cold period. Three
suggestions are given in Fig.4.6. In the case of the new musalla building, the first
suggestion might be applicable, because the sun is needed in winter, and some sun heat
during the short prayer time which is tolerated at the end of the hot period in Baghdad
in such a unique space is not acceptable since the praying people have no choice to shift
their prayer place to another shaded area. The final decision will have to be made by the

architect. It obviously depends on the circumstances and the type of building (Shaaban

A K, Aljawadi M,Jawad A;1975.)

By looking at the overheated period chart in Baghdad Table 4.7, it is noticed that the

type of shading devices used for southeast orientation is not the same as those used for

southwest for example, even though the values of H.S. and V.S. arc similar. Even south

)

windows require different values of protections 0 their sides, (see Fig.4.6.

4.4 ESTIMATION MODEL OF HEAT FLOW RATE THROUGH THE MUSALIA
ENVELOPE

Heat flow happens where there is thermal difference between the inner environment of

the musalla building and the external environment.

There are many methods used to estimate the heat flow rate through the musalla building

g n ch
envelope. Therefore, the estimation of the heat mean method has been chosen to

attain inner thermal
calculate the heat transmittance and the average enerey needed to

: heat exchange as
comfort, which is influenced by environmental impact as well g a

Phenomenon of it.
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-The heat flow transfers through the following structural components:

i. Roof -Reinforced concrete.
ii. Walls -Bricks.

iii. Windows -Glass.

iv. Doors -Normally timber.

v. Flooring -Normally cement tiles.

Vi. As well as heat transfer by ventilation.
vii. The heat transfers through air infiltration.
The estimation of the amount of air getting through cracks is given by:
Q=KL(AP)n
L = Length of crack or opening (m)
AP = Applied Pressure difference (pa)

n = Flow exponent taken as 0.67 (see Baden; 1997)

Typical values of K in liters per second per meter of crack length for an applied

Pressure difference of 1pa are 0.80 for sliding windows and 0.21 for pivoted windows.

(This equation may be used as an additional effective factor in cold countries, which

have long harsh cold winters unlike the Baghdad region).
Where Q = flow rate (m*/s)
K = window leakage factor

For each item and material there is a defined equation 0 calculate the heat flow through

it. The equations to be mentioned below express the heat flow methods through the

envelope according to the CIBSE.
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Fig.4.6 Comparison of sun position and overheated period in the Baghdad region.

Table 4.7 Over heated period in Baghdad.
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4.4.1 Heat Flow Rate Through Transparent Part of the Musalla Envelope

The equations that express the heat flow rate through the transparent part of the musalla

envelope are the following:

i. Heat gain through windows, Qgt.

Qgt=A.LS. (CIBSE ;1975)

i.The mean heat flow through windows by conduction, Qgc.

Qge=A-U. (teo-tei) (CIBSE;1975)

4.4.2 The Mean Transferred Heat Through Opaque Parts of the Musalla Envelope,

Qgf

The mean heat flow through walls, roof and dome; Qgf is obtained from the following
€quation:

Qgf=A.U. (tao-tei) (CIBSE; 1975)

See more explanation about this in Appendix Al.

4.4.3 The Mean of Transferred Heat by Ventilation, Qgv

The value of Qg is obtained from the following equation:

HRAE;1980
Qgv=1/3 NV (teo-tei) (AS )

And the monthly transferred mean heat is calculated as below:

;1980
Qr=24 x n (Qgt+Qgc+Qgf+Qgv) (Szokolay;1980)

= number of days in the month

I= the mean of solar radiation on the surfaces (W/sq.m).

S= the mean of heat gain which equals = 5.6 W/sq.me.

U= the value of heat conductivity for envelope’s elements (W/sq.mc.)

A= the area of element.
tao= the mean external air temperature (C)
teo= the mean sol-air temperature (C)

: i usalla (C)
tei= the mean air temperature of inner environment of m (

V= musalla volume (m°) 124



N= number of times of air changing per hour for the inner space of musalla.

The monthly positive mean of cooling and the monthly negative mean of heating can be

calculated as below:

i. The annual total cooling needs equal the total cooling needs for the hot months in

Baghdad: May, June, July, August, and September.

ii.The annual total heating needs equal the total heating needs for the cold months in

Baghdad: December, January, and February.

iii.The optimum temperature of the inner environment is 25C° for the cooling season
(Summer) and 18.5C° for the heating season (Winter) (Al-Riahi;1985:2-13). The

18.5°C is assumed as a thermal design degree for the inner environment of the musalla
in winter in spite of its being lower than the comfort zone. This is because the produced

i i ing, standing,
heat from the continuous movements of the praying person, viz., the bowing g

sitting, etc., increases the feeling of warmth. This happens as a result of the impact of

the metabolic rate temperature. Meanwhile the temperature in summer is assumed to be

o i L
4.4.4 Heat Flow Rate Calculation

i. Heat Flow Rate Through Windows

\ foklon it
One. The solar heat gain rate through windows Qg (positive gain)

i i he drum of the dome,
Since the direction of the musalla windows and windows on the

which follow the same directions, have many different orientations, the orientation of

the walls and angles as in Tables A3.A7 and A3.A8, APP.A3 are considered to receive

i i t gain to internal
different amounts of solar radiation in proportion to the heat g

ined i il i entioned tables.
environment of the musalla as explained in detail in the m

Two. The heat flow rate through windows, Qg

And Qg = A.U. (teo-tei)

i i sq. m, and is
Thi the heat flow rate through windows by conduction of one sq
is concerns the
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calculated as kWh/sq.m °C., (See Tables.A3.A8 and A3.A9,APP. A3.)

ii. Heat Flow Rate Through Walls, Qg

Qg = A.U. (teo- tei)

The section of the typical walls of the musalla envelope consists of 0.24m thicknesses
of bricks and 0.025m finishing (using local gypsum) for the internal surfaces and
0.025m finishing (using cement mortar) for the external surface. Thus, the u- value

(heat conductivity) will be 1.94 W/sq.mc. (See Table. A3.A1,A3.A2,A3.A3 APP. A3).

iii. Heat Flow Rate Through the Roof

Qg =A.U. (teo-tei)

This includes the heat flow rate through the roofs for each sq.m and is calculated as
kWh/sq.m.day. (See Table. A3.8b, APP. A3).
iv. Heat Flow Rate Through the Dome

Qgf= A.U.(teo-tei)
This includes the heat flow rate through the dome for each sq.m and is calculated in
kWh/sq.m.day (See Table A3.7, APP.A3 and all the details of heat calculation process

through all parts of the dome in Chapter five).

v. Heat Flow Rate by Ventilation includes the heat flow rate for each m3, which is
calculated in kWh/m® day. (See Table. A3.8, APP A3).

Qgr= 1/3 NV (teo-tei)

vi. Heat Flow Rate in Conditions of Increasing Humidity

The use of fountains, water sprinklers and water surfaces, in general is suitable to

alleviate the hot-dry summer climate of Baghdad. This method will be useful to enhance

the musalla microclimate then reduce the environmental impact on the inner

environment of it to reach thermal comfort. However most researchers are unable to

include this in the calculations because of the difficulties of estimating heat flow using

this method.
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4.5 IMPACT OF THE CLIMATE ON THE NEW MUSALLA BUILDING
4.5.1 General
All external heat impacts must pass through the building shell before they affect the
internal environment. The impact of daily heat variations causes a corresponding
oscillation inside the musalla building envelope, which in turn causes variation in the
inside temperature. Two effects do this simultaneously. Firstly, the inside cycle will be
damped by the resistivity of the material. Secondly, the inside cycle will be delayed
behind the outside cycle by a period called the “time lag”, due to the heat storage value
of the material. This gives the opportunity to store peak heat loads and release them at
low temperature periods (Dawud; 1983: 14).
A comparison is made in Figs.4.4 and 4.5 between the behavior of heavy and light
constructions in a hot-dry climate. For the purpose of comparison, the following general
words are used: very hot, hot, warm, cool, cold, and very cold.

‘However, it must be noted that “warm” could mean comfort in winter only,

while “cool” could mean comfort in summer only. The extreme effect of

heavy construction is evident, for example, in the “crypto-climatic” effect of

the pyramid interior tomb space, which is negligible in relation to the

immense mass of pyramid material. The interior tomb will constantly be

close to yearly average outdoor temperature * (Shaaban; 1973.)
An example of the extreme effect of light construction is that of a small shed with a
corrugated metal roof. The internal environment is at the mercy of the external climate.
4.5.2 Microclimate and Site Design
Site layout followed by landscaping can improve the microclimate around the musalla
building, taking advantage of existing topographical features, adjacent buildings and
vegetation for solar protection. Good site layout can also take greater advantage of local
breezes by the formation of air tunnels and also aid natural ventilation by staggering the
building layout or optimum location within the mosque complex. The presence of water

and vegetation on the site can also be used for natural cooling. Good site layout can

reduce cooling loads appreciably by optimising natural solar protection and local
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breezes. Staggered layouts can enhance natural ventilation. Proper siting of the building
can provide good comfort conditions within the building as well as reducing energy
costs to a large extent. Elements of site design that can be used for efficient natural
cooling include landscaping, orientation to sun and wind, building shape and planning,
and natural ventilation.

i- Landscaping

Landscaping can improve the microclimate in both summer and winter, providing
shading, evaporative cooling and wind channeling in summer by the appropriate
location of the musalla building among the other buildings within the mosque complex,
or shelter in winter. Vegetation absorbs large amounts of solar radiation in summer
helping to keep the air and ground beneath (which is used in old traditional mosques,
and even other traditional buildings in Baghdad) cool while evapotranspiration can
further reduce temperatures.

Use of shade trees, shrubs and vines can provide protection from solar radiation in
summer. Careful planting of trees for wind channeling can provide efficient ventilation
and circulation of summer breezes in addition to creating attractive spaces for outdoor
musalla.

Grass and other ground cover planting can also influence the microclimate, keeping the
ground temperature lower than most hard surfaces as a result of evapotranspiration and
their ability to reduce the effect of solar radiation. This happens due to the shading
provided by the grass which prevents radiation from reaching the ground, resulting in a
difference between asphalt and lawn being as much as 25 degrees F (figures taken from
Climatic Design, Energy efficient building Principles & Practices/ Donald Watson and
Kenneth Labs, http://21* ~century-home.com).

Windbreaks can enhance air pressure differences around buildings in the mosque
complex and improve cross ventilation. Hedging, for example, can allow a gentle

breeze to filter through the foliage, while masonry windbreaks can create a calm,
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sheltered zone behind them. Gaps in windbreaks, openings between buildings or
openings between the ground and canopy of trees can create wind channels, increasing
wind speeds by about 20%. So, Riwag and other arcade corridors within the mosque
complex and around the musalla building in particular should be oriented to the
prevailing wind direction (which is northwest in the Baghdad region). Thus contributes
to getting air tunnels, which then enhance ventilation for the inner musalla environment,
(Parker; J.H. 1981).

Water can also be used effectively for cooling the internal as well as the surrounding
environment. Ponds, streams, fountains, sprays and cascades can be used where water is
available in summer. These are particularly effective in the dry conditions of summer
days in the Baghdad region where relative humidity levels are low. They should be
located near the north and north east side of the musalla building.

ii. Cooling Effect of Transpiration

Plants release water through pores in their leaves. The evaporative loss of this water is
called transpiration. As hot air passes over the surface of the leaves, the moisture
absorbs some of the heat and evaporates. The process thus cools the air surrounding the
leaf surface. This interaction is called evaporative cooling, which can lower air
temperatures surrounding vegetation by as much as 9°F (5°C) (Climatic Design, Energy
efficient building Principles & Practices/ Donald Watson and Kenneth Labs, http://21°
—century-home.com).

The greater the leaf area in the landscape, the greater the cooling effects of
transpiration. The use of plants for shade and wind control instead of structural features,
such as fences and arbors, thus provides an additional benefit toward maintaining
thermal comfort during Baghdad’s long summer. Air temperatures near shade trees and
foundation shrubs are considerably lower than in open areas, resulting in lower heat
gains through nearby walls or windows of the musalla building. If summer breezes are

channeled through and across vegetation, their cooling capacity in non-humid weather
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is increased. To maximize the effects of evaporative cooling, increase the amount of

plant cover around the musalla building. Use turf grasses and ground covers to their

fulle potential in the landscape as alternatives to paved surfaces such as asphalt or

concrete.

iii. Impact of Orientation to Sun and Wind on the Mosque in the Urban Area

The orientation of the building on site is very important to achieve reduced heat gain

and improved wind circulation and ventilation. The major openings in the musalla

building envelope should be placed on the north while the south and south-east faces

should be adequately protected from heat gain by using shading devices or vegetation as

well as extension of Riwaq to embrace the musalla building from several sides. As far

as possible all windows of the musalla envelope should benefit from shading to reduce

heat gain. The prevailing wind direction should be taken into consideration while
deciding the position and size of the openings to ensure proper cross ventilation. This
can go a long way in improving comfort conditions within the building.

iv. Building Shape, Site Planning and the Musalla Microclimate

The configuration of the musalla building and the arrangement of internal activities can
help to influence the exposure to incident solar radiation, the availability of natural
daylight and airflow in and around the building.

In general, a compact building will have a relatively small exposed surface as
mentioned in the discussion of the optimization of the size of the musalla zone, or in
other words a low surface to volume ratio (SVR). This can offer advantages for the
control of heat gains through the building skin without conflict between the design
priorities for winter and summer months. There are ranges of other options to improve
thermal performance including courtyards (which represent the main element in the site
design of the mosque complex in Baghdad), massive construction, use of wing walls,
etc. However, the relationship between form and thermal transmission are not very

critical as a number of strategies are available to counteract its negative effects. More
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important are the effect of the majestic size of the musalla building that helps wind
channeling and airflow patterns and the opportunities for enhancing the use of daylight.
v. Role of Natural Ventilation in Enhancing the Musalla Building Microclimate
Ventilation provides cooling by using air to carry heat away from the building and from
the human body. Air movement may be induced either by natural forces (wind and
stack effect) or simple mechanical fans. Airflow patterns are a result of differences in
pressure patterns around and within the musalla building. Openings should be oriented
to catch the prevailing summer breeze from the northwest as far as possible.

Air moves from high-pressure regions to low pressure ones. When the outside air
temperature is lower than the inside air temperature, building ventilation can exhaust
internal heat gain or solar heat gain during the day and cool air during the night, if
required. Indoor air movement enhances the convective exchange at the skin surface
and increases the rate of evaporation of moisture from the skin. Evaporation is a very
powerful mechanism for cooling which may bring a feeling of comfort to the occupants
under hot conditions. However, to be effective the surrounding air should not be too
humid (relative humidity less than 85%). Turbulent air movement will hinder both of
these mechanisms of heat removal.

Both the design of the musalla building itself as well its surrounding spaces can have a
major impact on the effectiveness of natural cooling through ventilation. The rate of air
flow through the building will be affected by location, sizing and air flow characteristics
of the openings (wing walls, louvers, overhangs can be used to direct summer wind
flow into the interior), the effect of indoor obstacles to air movement (open plan spaces
of the musalla building promote air flow), the effects of the external shape of the
building in relation to wind direction, etc. The total airflow normally depends on a
combination of buoyancy and wind pressure differences, and is affected by the size and
location of openings and the courtyard treatment in terms of vegetation, corridors

around it as well water elements (Wolman, Abel,; 1965). Proper placement of openings
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along with the use of wing walls can greatly enhance the effect of ventilation by
increasing wind pressure differences and consequently air velocity within the space.
Other strategies for improving ventilation are wing walls, wind towers and solar
chimneys.
vi. Architectural Design for a Comfortable Microclimate and Building Materials
Before the advent of modern mechanical means for obtaining thermal comfort, people
in the hot-dry zones were forced to devise ways to cool their buildings with only natural
sources of energy and physical phenomena. Generally, these solutions have been found
to be much more in harmony with the human physiological functions than such modern
means as electrically powered desert coolers and air-conditioners, and for other
important reasons particularly in Iraq after the Second Gulf War.
This situation is unchanged for the majority of people in the industrially developing
countries, where the conventional energy sources of the industrialized world are not
readily available at affordable prices. There is a clear need to further develop the
traditional systems of mosque building in Baghdad based on natural resources. Before
inventing or proposing any mechanical solutions, rich traditional solutions in vernacular
architecture in Baghdad should be evaluated, and then adopted or modified and
developed to make them compatible with modern requirements. This process should be
based on modern developments in the physical and human sciences, including the fields
of materials technology, physics, aerodynamics, thermodynamics, meteorology, and
physiology, (see Fig.4.7.)
vii. Architectural Design for a Comfortable Musalla Building Microclimate
In designing and planning for the hot-dry zone, two of the main problems confronting
the architect are to ensure protection against heat and provide adequate cooling. The
Earth's major source of heat, the sun, also creates the secondary climatic elements of
wind and humidity that affect physiological comfort. These are caused by the

configuration and nature of the local surface, such as the mountains, plains, oceans,
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deserts, and forests. The interplay between this astronomical source of energy with the
effects it causes and the landscape creates the microclimate, which is the concern of the
science of meteorology.

However, the built environment for the defined site of the mosque complex in Baghdad
produces changes in the microclimate. The configuration of buildings, their
orientations, and their arrangement in space create a specific microclimate. To this must
be added the building materials, surface textures and colors of exposed surfaces of the
buildings, and the design of open spaces, such as pavement, arcade routes, courtyards,
and gardens. These man-made elements interact with the natural microclimate to

determine the factors affecting comfort in the built environment: light, heat, wind, and

humidity.

There is no doubt that certain configurations create better microclimates than others.
For each site, but in such for such building typology of musalla and such hot-dry
climate of Baghdad, there is an optimum arrangement in space that the designer should
seek and use as a standard of reference in the process of deciding upon a certain design.
Where it can be avoided, it is inappropriate and irresponsible to implement a design that
adds even one degree of temperature or reduces air movement by one centimeter per

second, if this would negatively affect thermal comfort for such a particular free

running musalla building.

viii.Other Structural Features

In summer, large roof overhangs can help shade windows and walls, as well as
walkways adjacent to the musalla. Arbors or trellises over outdoor living areas increase
mfort and shade nearby walls. If possible, driveways and Riwag should be located on
e south, southwest and northeast sides of the musalla building, east or north side of it,
reduce heat buildup during warm afternoons.

olid surfaces such as concrete and asphalt, which reflect a great deal of heat, should be

ept to a minimum around the musalla building. Brick driveways build up less heat than
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Cither asphalt or concrete and produce less glare than concrete; in this case local

traditional squared fired bricks Fershi (0.30x0.30x0.05m) might be used. Ground cover

Plants and organic mulches are the best option for covering large areas. Ground covers

Offer a cooling effect and are not energy intensive.
Organic mulches reduce runoff, are inexpensive and an attractive alternative to

PaVemems.

b Creation of Micro-climate
In the hot-dry climate of Baghdad, the design of buildings for comfort must address:

“Tesisting summer heat inflow from outside

*lecting the heat build up emanating from occupants and appliances inside the

building

Thi approach is appropriate for comfort design for the musalla building in Baghdad.

riations in weather occur every day.

Even though it varies in detail from day to day, it is nevertheless uniformly composed

of .
three Contributing influences:-
" Sun heating

" Wing

* Moj A
'Sture mixed to varying degrees
The R
¢ forces are the component pieces of micro-climate.

: . =
By €recting a building on a piece of land, the climate changes on the land. This occu

with eVery buildi :
uilding constructed on every site.

Now there is shade cast by the building onto the ground 10 the south of that building,

. it heat load
g e Portion of the site north of the building receives additional reflected

. ‘e is segmented
om the building's walls. By constructing a building on the land, the site IS SCEM
. : f locating
b Sunny side hot zone and a shaded side cool zone. This occurs as part 0

Puilding on the land.
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X. Using Microclimate Forces for Comfort

Warm external afternoon spaces are pleasant places to live in winter, cool outside

Spaces are comfortable in summer. But these changes 10 the musalla building site's
Microclimate also affect the interior comfort of the musalla building. By creating

Variations in heat load, wind pressure and moisture on different faces of the musalla, the

interior can be kept comfortably warm in winter and ventilated and cool in summer.

This is described in detail in other areas below. Microclimate occurs of every musalla

Site within the mosque complex, with the combination of the land's existing features,

= by placing the building appropriately on the site.

The firs considerations in planning the new musalla are:-

" Which existing features of the land affect the microclimate, and determine where the

buildin. :
Uilding is (o be situated on the land for comfort.

= Which way the walls face and openings are 10 be oriented to maximise comfort,

" the heat, cooling and air flows which are created by the above for comfort in other

5 on this site.

46
CLIMATIC DATA TEST

The climatic data that are needed are the means of air temperature and solar radiation

f 0
" Baghdag. Therefore, the definition of the tWO temperatures (25 and 18.5°C for

i i vironment
*Ooling ang heating) means that when the air temperature of the inner e

drops off to 18.5°C there will be a need to increase it or a need to heat, taking Into

' : i bl
Maximum comfort temperatures for the human body (Dawud; 1983: Appendix A, Table

A2 This i due to the reasons stated below:

‘Peome Praying are continuously moving; therefore they produce energy of more than
1.0 me (metabolic process), (see Fangers’ classification, Tabled.2).
Poopl Praying wear all their clothes during the prayer time (se¢ MOre e e

ilding i dad
%mmon clothes used by praying people inside the new musalla building 1n Baghda

nde : 43).
"the topic of clothing in the present chapter: (Table no4-3) 135



4.6.1 Calculations of Heat Transmittance (U-value)

nds
The u-value calculation for the structural components of the musalla envelope depend

i i i nd
on the section area and heat transmission factor of materials, and also the inner a

\__‘-' Sy . _a Do b o T ;Ai”_‘_—_-’—/
CONDUCTION  CONVECTION RADIATION EVAPORATION
PROMOTE
& | GAN
. -
w 2
0 —
" ; RESIST Miimize Conductiv
4 LOSS
K
w)
g
O o | RESIST Minimize Conductive
O w GNN Hed Flow
2
b
a PROMOTE EIETRr Cooling
LOSS Eath Cooling
HEAT Sun
SOURCES Atmosphere
Atmosphere
HEAT Sky
Atmosphere
snks  |farh
‘\“m_ - . H/’/_’__,_,’__J

Fi ) i
w Climatic control criteria. Source; Waumwxuwl;x[ﬁ_,_ e —imum an N ke

> limi r
cons'deratlon that those thermal det,rec limits are lowe

¢ thermal efficiency calculation for the

s By i
Urfaces resistance. That represents a primitiv
i |
£ use it neglects the actua

“Onstruction elements of the envelope, but it is 1Ot enough beca
i tures

tust assuming the tempera
emperatyre of the external surfaces of the envelope by Jus

sing it in the heat flow
o the inner and outer surfaces. It will be completed after using
igni ture.
: ' d designing tempera
“Mations by using the difference in the sol-air temperature an gn
s, should be provided to

. : , equations,
Al the following values, which are used in the €4

Cale ;
lculate thermal transmittance (U-value):

J= b i . _
heat transmittance value of section.

hi e |
heat flow factor of the inner surface. -



ho=
heat flow factor of the outer surface.

Kn.. X3
, K2, K1= external heat conductivity for constructed section’s layers.
dn,..., :
d3, d2, d1= thickness of the envelope section.
Thus, the equation is:

1
U=
W/sq.m.K (CIBSE, 1975)

B ——

1ho+1/hi+ (d,/ky+do/ka+. . ..dw/Kn)

(See
more explanation in Appendix A2).

Where ho i
0, hi values are affected by the surface emmissivity, their textures (whether

they are
rough or smooth), and by the mean of air circulation on therm (CIBSE manual,

1970-
70; and ASHRAE; 1977).
Van §
traaten; (1969), and the ASHRAE manual documented the internal and external

Surface
factors for all types of surfaces, so they are as follows:

hi= 0 8
SW.
/sq.m°C For more details see Table no.4.5.

ho= 23W/S m°C ; 4
q. Heat flow factors which are equal to surface resistance.

4.6.2
Sol-air Temperature Calculation

The ¢
IBSE manual (1975) states that air temperature and solar radiation intensity are

impo
Mant factors, which affect the solar air temperature value. Thus, the solar air

Tature value can be calculated by using the following relationship (Dawud;1983:

A :
PPendix A, Table A2).

teo= tao=Rso (alt - ElL) where:

te0'= 80]-aj
air (empcralurc

tag=
0 .
Utdoor ajr temperature

a=
absorpy;
!
IPtion of the outer surface of the wall or roof

t. N
INteng;
E ensity of solar radiation
=
CMmissiyi :
ivity of the outer surface to long-wave radiation

ly= )
Ong. .
E-Wave radiation temperature from black surface
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Rso =external surface resistance. According to the ASHRAE manual (1977), for
horizontal surfaces that receive long-wave solar radiation only from the upper side, the
Optimum value, which is taken into consideration, is:

E= 0.9 and R= 0.045m-, ¢/W, and for Ir= 113.5 W/sq.m

In the case of vertical surfaces, it is supposed that the heat gain by long-wave radiation

from the carth equals the long-wave heat radiation loss 10 the sky.

Therefore, I.=0 x I.= 0. Moreover, the daily mean of sol-air temperature (c) for all

directions is calculated using the equation above, and the results are fixed in the tables.

This equation is based on the daily mean of solar radiation of the months of the year and

the absorbability of the walls and roof, and the considered values of dark and light

Surfaces, which are 0.5 and 0.8 respectively. (See Table. A3.8b) APP-A3.

47 TREATMENTS OF “OUT OF COMFORT ZONE” CONDITIONS OF THE

INNER ENVIRONMENT OF THE MUSALLA BUILDING

411 General

According to Givoni (1961)& Watson;(1979), there ar¢ defined conditions of discomfort

Which haye to be deal with by defined treatments as in the following sections.

4.7.2 H'gh Mm o

- the air temperature becomes higher than the the
thermal comfort level by providing a good

rmal comfort level inside the

m e
usallq building, it is possible to reach the
thermg) design for the musalla building envelope, taking into consideration time lag

(the'mal mass of envelope), because good thermal behavior and suitable time lag of

Passiye envelope design reduce the external impact. This method is applicable in some

"gions, Which have large variations between day and night temperatures, such as in the

B
4ghdad region, (see Fig.4.8.).

4‘70
3 Natural Ventilation

Wh : ily relative humidity is
N daily temperatures are between 20°C and 32°C, and the daily

gsible 10 conserve the comfort level by

betw
®en 20% and 90% or more, it is po E



intl‘odu(;in . .
g natural air into the inner environment through openings facing the
Prevailing wi -
1 g wind direction. The negative and positive pressure zone phenomenon
ntributes
utes in terms of air circulation (see Fig.4.9.)
474 Hi
gh Thermal Mass with Night-time Ventilation

When th
¢ tem
peratures fall to the comfort zone at night, it is possible to provide thermal

comfort duri
rin ; :
g the daytime by cooling the inner environment by using the night

Ventilation
, and preventing the hot air from entering the space during daytime.

Buildip
gs i 1
with thick walls; surface reflectivity can increase their capability in

maimainin "
g inner thermal comfort by having shaded openings. The comfort zone is

b : :
y the day and night air temperature rate. It is usually between 16°C and 22

.C at nigll .
t :
in a hot-dry climate of Baghdad. (Dawud; 1981 :28), (see Fig.4.9.)

475
Evaporative Cooling

When
t.he : . g0
relative humidity of the air is low and the high mass zon¢ and natural

ventilati
tion trea
tments are not enough to reach the comfort level, it is better to use the

Ey
Aporatiy 4
e Cooling Method. This depends on the phenomenon of the “Evaporative

Equalt
0 COO ; ” .
ling”. Losing energy, through changing the liquid water to vapor, cools the

air, and
we
can thereby reduce the environmental temperature, (see Fig4.9.)

4'7.6
Air Conditionin g

Whe
n the
afo . i s
rementioned treatments are not sufficient to achieve thermal comfort for

the
Prayin o
g people inside the musalla , then using a mixed mode or even an HVAC

System
10 obtai
btain the conditioned air for the space is the last alternative for getting

coﬂdltl
0
ning systems require investment (additional cost to the capital fo

Qlla bu
ilding costs) and operating COStS. It will become difficult to get the high

Summey h
eat load in the Baghdad climate, for the next years with the big economic

isig
v Whic
h started after the war, in that Case where the inner environment

f air-conditioning systems are

req!lire
ments
s for the thermal musalla are rather high. 1
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provided 2
, the above-mentioned building physics measures must be planned with special

care and limitati
[mlta . ., .
tions. An air-conditioning system can only work economically and be

energy saving i
ing if all structural possibilities of protection against the sun are exhausted.

lhis fac
t has i
not been considered enough in the past. It would be wrong to economize

On constrycti
cthn . . o .
because the mechanical air-conditioning system will repair the sins

ag&il\st buil s "
ding physics (Gertis;1981). Climate-compatible construction and passive

design
must . o
be given priority more than before in Iraq, and energy saving solutions

sho
uld be obtained from those criteria.

408 E
NVIRONMENTS, ENERGY AND WELL-BEING

n\e Iar
gest i i
impact of buildings on the outdoor environment during the whole life cycle is

due to th
e
energy used to ensure a comfortable and healthy indoor climate.

Accordi
In
g to Orme (1998) ventilation accounts for between 25-30% of the total

build;
Ing ener
gy use. There are large disparities in the energy consumption of similar

new build:
ulldm s s e
gs in similar locations and this is due t0 various levels of thermal insulation,

Service
S system ——
efficiencies, differences in building construction, more or less effective

Use of
Sive design techniques, occupancy behaviors and building management. This

is :

typ‘:hat is expected for the new musalla building in Baghdad according (0 the building

Occ:::tsdassiﬁcaﬁon that has been obtained from the field survey. Behaviors of

oy reflect their expectancies and life style that are demonstrated in. thelr
as well as their homes and musallas. Facilities management is nOwW

fecogni
sed e
as an art, which not only looks after systems that make the building operate

but
also
the people. [Roulet; 1995] shows the total energy index (annual energy use

divig
ed b
" Y the gross heated floor area) for 56 European office buildings. In this sample
¢ large
St energy consumption was more than six times the smallest. This variation can
sign, but overall it is

be
reducc '
d in the case of highly insulated and passive buildings de
but it has

%cu

Panc : L T
Y behaviors, which contribute the largest effect in this variation,

ber of occupants for

lOW
CSt effect
€ct in the case of the musalla because Of the limited num
140



each of the five daily prayers as well as the limited period of occupancy for such a
volumetric size of musalla building. The variation in energy consumption of buildings

arises at the design, construction, commissioning and facilities management stages.

Many new musalla buildings in Baghdad give the occupant very poor control of their

environment and this is not only inconvenient but is psychologically necessary. The

basic intention of the musallas is that they should be planned, designed, built and

Managed to offer an environment in which occupants can carry out their prayers and
fe :
¢el well and, to some extent, be refreshed by the environment.

40
9 THE ADAPTIVE APPROACH AND MECHANISM

The adaptive approach to thermal comfort starts, not from 2 consideration of the heat

®Xchange between man and the environment, but from the observation that there are a

4nge of actions that we can and do take in order 0 achieve thermal comfort. An

adaptive neina:
APtive principle is at work stating that:

Ifa change occurs which produces discomfort, praying people react in ways that tend to

festore comfort.

Th
€ types of action, which can be taken, are:

Modification of the internal heat generation can be achieved unconsciously with raised

"Scular tension or, in a more extreme situation, the shivering reflex, or consciously.

e Instance by starting to pray optional prayers instead of sitting in the musalla waiting

i obligatory prayer in the cold to increase the metabolic heat or having siesta in

th
€ Wam 1o reduce it. Modification of the rate of body heat loss can be changed

: : ions as
eonsciously through vasoregulation or sweating of consciously by such actio

chanos = _ .
"a1ging ones clothing, cuddling up or by taking 8 ooling itk before going 10 P2

M°difying the thermal environment can be achieved through lighting a fire or radiant

hea
- Opening window controls or using fans €{¢:
seleqing a different environment can be achieved within & musalla space by moving
. i i in
Oser 1 the radiant heaters or catching the breeze from a window, or moving 10 pray :
1



the Riwaq or outdoor musalla (the courtyard) within the mosque complex. Praying

Maghrib and Ishak in the Riwag in spring and autumn (Nov.,Dec., as well April and

May) and in the courtyard during summer is quite acceptable generally as an alternative.

These are only examples of the action, which can be taken, and if we are always free to

take the necessary action then thermal discomfort should not be a problem.

4.9.1 Adaptive Comfort

Adapﬁve comfort models add a little more human behavior to the mix. They assume

that, if changes occur in the thermal environment to produce discomfort, then praying

People wij| generally change their behavior and act in a way that will restore their

“omfort. Such actions (in case of praying person) could include taking off clothing,

feducing activity levels (like praying just the obligatory prayer then leaving the musalla

afler that (o perform the rest of the optional prayer at home) or even opening a window

to ) i
8¢t breeze. The main effect of such models is 10 InCrease the range of conditions that

designers can consider as comfortable, especially in naturally ventilated musalla

builgj ,
Vildings where the occupants have a greater degree of control over their thermal
“IVironment,

A8 they depend on human behaviors so much, adaptive models are usually based on

Xteng: i ;
Xensive surveys of thermal comfort and indoor/outdoor conditions. This research

¢ .
lear]y shows that providing praying people with the means 10 control their local

e i them
*oRment greatly increases the percentage of satisfied occupants and makes

m |
¢ forgiving of occasional prayer periods, which are happened by uncomfortable

“onditiops. Humphreys & Nicol (1998) give equations for calculating the indoor

Co
Mfory temperature from the outdoor monthly mean temperature as follows.

Free .
Running Musalla Building:
T
119405347,
Heq
¢d or Cooled Musalla Building:

Tew
%2394 0.295(T,e-22) cxp([_(.l..w_zz)/”'%”z) ¢
|
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Table 4.8, The effect of adaptive behaviors on optimum comfort temperatures. Taken from BRE Adaptive

Thermal Comfort Models (Oseland; 1998)

[ —————
 BEHAVIUOR EFFECT OFFSET
w varies met by +0.3 +12.6k
Mﬂﬂm“e/hﬂmyer varies met by+0.4 +3.4k
llwactivity varies met by +0.1 +0.9k
—=onsume cold drink varies met by —0.12 +0.9k
| Consume hot drinks/food varies met by +0.12 -0.9k

e desk fan varies vel by +12.0m/s +12.8k
| Operate ceiling fan S s velbyrl.omis | +12.2K
Open window varies vel by +0.5m/s +1.1k

Unknown system (an average of all musalla buildings):

T6=24.2 + 0.43(Te-22) exp(-{(Tave-22)/28.2841)

However, building would be to use the free running method for musalla building in

lights,

Which the occupants can directly control their own local environment with fans,

0 : Lty
Perable windows and simple radiant heaters in winter.

Yo heated and cooled formula is more applicable to fully thermostatically controlled

axr-conditioncd buildings. Having said that, it might be useful to use the average of all

build‘mgs formula in some cases that depend on the simple mechanical air cooler which

Use water With blowing air to help to produce air movement as well as moisturizing the

Woee environment of the musalla in the hot-dry climate in Baghdad.

Aulicigqg built somewhat on these adaptive models for Australian conditions.
Howeyer, the adaptive comfort equation he developed is a function of both the mean
Outdogy dry bulb temperature and the average indoor temperature (T;). In most design
Situati()ns’ the indoor temperature will not be known. However this can be useful in the
nalyg;g of existing buildings or the determination of comfort from internal hourly

hm . 2 .
Perature predictions. The Auliciems equation IS given as:

T =
59224048 T, 4 0.14 Tye

4,
take action 10 avoid discomfort.

ere ' =
are usually constraints which limit our ability 10
r the environment

For ;
. ove
lnsu"‘Cc.climalc,cost and fashion. If we have no direct control 145



(for instan
o8 ; :
when the heating engineer sets the temperature for everyone) this can

increa3e the li -
k .
ikelihood of discomfort. In addition many of the actions we could take to

i"lprove co
mfort sotd . o i
have a distinct time limitation - building a new musalla, changing

CIOlhin .
g, mov i
ing to pray in another place within the mosque complex and so on all need

time t
0 com le . .
plete. Actions are also limited in how successful they can be: removing a

garment
can
only compensate for a limited change in temperature.

In the ¢
ynami s g
ic relationship with the environment, constraints are the key to deciding

Whether
a parti .
particular temperature is comfortable, and whether comfort can be achieved.

The impli
plicati - i
ion of the adaptive principal is that given sufficient time, people will find

Ways in whi
hich
to adapt to any temperature so long as it does not pose a threat of heat

Stroke or
- ypothermia. Discomfort will arise where temperatures:
g€ too fast for adaptation to take place

*
are ()u H
tside normally accepted limits

*
¢ unexpected

*
are .
beyond individual control
Chap
B€s, whi
e ich take place too fast, will not allow preventative action 0 be taken.
thin g g
- ngle day the change may be 100 much to be compensated for by clothing
ges. Th T
e variation in the environment is the cause of discomfort that happens in

Bagh
dad in gpri
spring because of the big temperature variations between day and night. Itis

impo,
Mant to .
make the distinction between imposed variations that can caus¢ discomfort

uce it. Chosen variations may be the way in which

ndows towards the side garden or

th OSen variations, which can red
€ perso,
n
N keeps comfortable, such as opening the wi
Myard {
0 get a moisturized breeze to the inside of the musalla.

The
fange
B¢ of temperatures, which any society normally encounters, is limited. A

tem
Nmtu ’
re outside normal experience may mean that people become comfortable

becq,,
S¢ th
ey have the experience to deal with such conditions, like praying fajar in the

146



Riwaq and Ishak and Maghrib prayers in the courtyard during April,May,June,October.

To define the comfort limits these normal limits need to be known.

In any particular situation people have expectations about the thermal conditions they

Will meet. These are usually based on experience. The success of the thermal strategy

they take wil| depend on the accuracy of this prediction. Arriving for a concert, for

Instance, one might find the hall colder than expected and be unable to get comfortable.

Discomfort would then be unavoidable — but still such critical conditions are very

limited but foresecable during a few days in summer and winter in the Baghdad region

Particularly in the case of the wind moving from the south west direction which brings

dust a5 well the peak hot days in mid August which usually need air filtration treatment

for the Musalla building.

n any sityation an individual will have a desired musalla temperature. If the individual

#amot control the temperature (and if they cannot move to a better location) then

discomfort can occur. One of the problems for the environmental engineer is to deal

With 2 multi-occupied space such as the indoor musalla, Riwaq or courtyard, where

tere are variations in the needs of different occupants. The adaptive model favors some

Measure of control being at the disposal of each individual. Praying persons in Baghdad

d : S .
€al with this condition over a long time, and they have varieties of clothes t0 suit the

limate in all seasons, so they change from time to time with the aim of achieving

Comfory,

49
3 Comfort Temperatures Reflect Average Temperatures
F’ . . d
ISt consider the effect of adaptation on the comfort temperature. Given the time an

0
Ppoﬂunity people will try to suit themselves 10 the average temperature they

peri i re itself, some
Perience (note that some of the adaptation is expressed in the temperatu
¥ to be close
= Person's adaptation to it). So we would expect the comfort temperature
0 the
AVerage temperature they experience.
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49.4 Indoor Temperatures are Affected by Adaptive Measures.

The designer rarely has accurate knowledge of the indoor temperatures, which a
Population will experience. Outdoor conditions are more easily obtained from
Meteorological data. In a development of his work correlating comfort temperature with
indoor temperature, Humphreys (1978) correlated comfort temperature with outdoor
*emperature and indoor temperature with outdoor temperature for surveys conducted in

free"'Umling buildings. The results are shown in Figure 4.10. The relationship between

Mean indoor (Tw) and outdoor (T,) temperatures are particularly interesting as evidence

Ofadaptive action taken by building occupants. The equation for the line of best fit is:

Tn=0.55T, + 14.1 (4.1

The indoor temperature is changing at only half the rate of the outdoor temperature. At

Mperatures in excess of about 31°C (at which point Tm = To) the indoor temperature is

below the outdoor temperature, at temperatures below this figure the indoor temperature

ex :
¢¢eds the outdoor temperature by an increasing amount.

Even in buildings with no heating or cooling plant, the occupants' efforts t0 achieve a

“omfortap)e environment reduce changes in indoor temperatures below those of the

i ¥oor temperature. They achieve cooling in hot conditions and warming in cool

“Ondition,

4,
%5 Setting Comfort Standards Using the Adaptive Model

Comfory standards based on adaptive assumptions will be more than simply a

i i fort
tempem“"‘ to aim at. The standard will need to reflect the interactions between com

i 1 tahili ints, variety,
M envir onment in its formulation. Such concepts 43 predictability, constrain o

adapy . i standard.
Plive Opportunity and control will need to be incorporated into the

hich
P o With, the ‘comfort temperature’ may be defined as the temperature at Wi

h satisfaction with the environment

ere | .

'S the least probability of discomfort, or at whic

' mogt | will vary at the very leas!
St likely, The value of the comfort temperatire



Tunning buildings can be deduced from a graph such as that shown in figure 4.11.
Humphreys (1978) found that the best o utdoor temperature predictor for the c omfort

mperature was the mean of the monthly mean minimum and the monthly mean

MaXimum temperatures. The prediction was improved significantly by the inclusion ofa

. for the annual maximum temperature, and although we do not know why this

shy : L

ould be, it suggests that a climatic effect 1s involved.
\
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le can find

co i . . us
ortable, Clearly there are allowable variations around 1t which will not cause

‘ : is is because
SComfory, The amount of variation allowable will pe time-dependent. This is becau
of without significantly
. ONger people have to adapt, the more they can change

Mereag i allowable
Weas,ng discomfort. Thus, we might find that +2C°was the maximum

it ati +5C°, D ynamic
thm'day Variation with a maximum within-week variation of; say, w

er investigates a

temperaturc y in Wthh the deﬂg‘

standards would change the W&
Uilg; _ o buildings as well as the
"8 The dynamic thermal characteristics of free-running

Seagy, 149

§ he . : design.
late characteristics would be mcorporatcd in the design



Another f
actor i . .
, w hich n eeds c larification, is the v ariability o f temperature (and other

factors) with;
within the i
e inner space of the musalla building. A model, which seeks to explain

therm
al comfort
. needs to take into account the variations in conditions within a space

and the constraj
nstra 2
ints on the ability of the occupants to make use of this variability, which

i very limi
ted i i
\ln terms of praying people’s activities.

1 1 T
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neutral (comfort) temperature. Sourc
in musalla buildings

th outdoor temperature especially
led) - filled circles and Line A

3; indoorf?g:,:;-f outdoor temperature on indoor
ch are free. ort temperature also changes wi
running (neither being heated nor c00

The
A\ haVe to :
practice defined obligatory prayers according to very limited rules. Many

EXistj
Ing m
odels o
of room temperature assume a single ‘room characteristic temperature’

withOu
t defin; :
ning how it might vary from place 10 place within the room- In conditions

Where
peop]
ple are able to move around, variability ma¥ be a key factor in user

Satigf.
action
y dn : . - " 5 :
d that is still limited in terms of moving from indoor to outdoor spaces

since th
ere |
is normally one indoor musalla but on other hand, the prayer persons h

the
Pportun;
Nity to move from the enclosed musalla 10 the semi-enclosed (Riwag) or 10

the
urtyard within limited periods of each

pen (oy

t s
E door) musalla which 15 the co
A

daptive Action

€acyj
o
s in response to cold:
150

.hcr
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t
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"Adding clothing (reduces the rate of heat loss per unit area), practicing optional prayers

(sunnah, tahajud or trawih ..etc.)

“Switch on radiant heaters or lighting (usually raises the musalla temperature)
Finding a warmer spot in the musalla (maybe fireplace) or leave after the short

obligatory prayer, for example (Fardh) to (select a warmer environment)

“Complaining 1o the management (hoping someone else will switch on some other

fadiant heaters or pull back the curtains to let get sun radiation in)

“Insulating the oft or the wall cavities or using air protector for the cracks and windows
frames to get a more compact space (hoping to raise the indoor temperatures)
‘ImpmVing the windows and doors (to raise temperatures/reduce draughts)

“Building 4 new passive designed musalla .as the last alternative!

-Emigming (seeking a warmer musalla for praying or Space within the mosque

Complex)
-AcclimaﬁZing (letting the body and mind become more resistant to cold stress)

Y
OMe conceivable actions in response to heat:
Taki
aking off some clothing (increases heat l0ss)
: i ¢ i It
Reducing the level of activity by practicing just the obligatory Prayer in the musalla

( :
*uces bodily heat production)

- 3 . . . h : w
Dnnk'"g a cup of tea before coming to pray. That is widely available in the cafes n

" the center of the neighborhoods where the mosque is normally allocated (induces

SWeat:
“ating, more than compensating for its heat)

e . L
Eatmg less (reduces body heat production), eat breakfast after Fajar prayer. lunch after

Zuh
" Prayer, and dinner after Ishak prayer.

ns * 2 . ) s
"Vllchmg on a fan (increases air movement, increasing heat l0ss)

Ieni o : s ventilation
g a window in the direction of prevailing wind to get cro

» “ase insi alla)
“reases ventilation and enhances the comfort level inside the mus
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*Finding a cool spot or using alternatives to enhance inner temperature (hoping for a

Cooler temperature)

“Using water sprinkler fans particularly for the Riwag and outdoor musalla (selects a

Cooler eénvironment)

“Building a better passive designed musalla or renovating the envelope design as far as

Possible (long-term way of finding a cooler spot)

.Acclimatizing (letting the body and mind adjust to concentrate on strengthen

relationship with the God when practicing prayer, SO that heat is less stressful

PSychologically)
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Thermal comfort is defined as “that condition of mind which expresses
j‘;ﬂl?faction with the thermal environment’ (ISO 7730;1984 - ASHRAE; 55,
92).

"The condition necessary for human thermal comfort is the heat balance, i.e.
the heat produced by the body's metabolism should be equal to the amount

of heat loss from the body’ (Fanger; 1970).

The air temperature affects this, mean radiant temperature, air velocity, humidity,

activity level that influences the metabolic rate and thermal resistance of the clothing.
Thus, the indoor temperature is one of the direct factors that indicates the thermal

“omfort level of the occupants. The temperature inside 8 building is affected by the

bUilding design, orientation and envelope, Which in tum are affected by the solar

diation, ambjent temperature, relative humidity and ventilation (Markus and Morris;

1980.
80 Santamouris and Asimakopolous; 1996).

g climatic stress on human inhabitants has been studied in accordance with comfort

i, The climate of the Baghdad region is severe; it has large daily and annual cycles.

{thas about two or three comfortable months, three cold months; and seven hot months.

The building has to satisfy two contrasting functions: keeping the heat out in summer,
: : i itime
o keepmg the heat inside in winter. This is even further complicated in the mari
. d i . . f
fesert i the south and middle region where breeze is required during certain periods 0

the Year,

. a buildin
*how can he climatic impact on the inner environment of the new musall g

Which g situated in Baghdad at 33 Latitude, be reduced, taking into consideration the

N inner thermal comfort by economical energy consumption?
In oy i temperature ‘tracks’
ﬁee.m“"i"s (unheated or cooled) musalla buildings the indoor pe

oor temperatures.
tdoor temperature. This means comfort temperatures track outd
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Using meteorological records the linear relationship between comfort temperature and

Outdoor temperature can be used to predict the likely comfort temperature in a free-

running musalla building.

Prayer People are not simply acted upon by the environment but play a part in deciding
1t - becoming both the subject and the object. Architects and engineers must deal with

the prayers as inter-active beings who can make their own decisions. The behaviors of

OCCupants can be of two basic types, they can adjust their own characteristics so that

they are comfortable in the existing environment or adjust the environment t0 suit their

Needs,

The traditional approach of mosque design suits the same criteria as the empirical

%Droach tha is based on the results of field surveys, known as the ‘adapive’ approach

The indoor climate in the musalla building influences the behaviors of the occupant(s)

“oeording to the adaptive principle: If a change occurs which produces discomfort,

Peo ;
Ple react in ways, which tend to restore their comfort.
buildings are more likely to be acceptable

yment, particularly in

N
urally ventijated (= low energy) musalla

in .
terms of energy consumption and musalla building emplo

B .
"hdad, With the expected economic crisis after the war.

Co .
"ol over air movement is related to the availability of fans, openable windows €fc.

Th : :
¢ are often constraints on the use of clothing, but those constraints do not have

Maior g ;
ajor influence on the acceptability of certain levels of comfort in the inner

o in hot-humid
fonment, For example, skin molsture el i and people in hot hu

cli _ N
Imateg often take it as natural, and may dislike dry skin, but the opposite 1§ true of

Peo e
Ple who are familiar with the hot-dry climate i Baghdad.
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1
Prayer facilities inside the mosque, anthropometrics and ergonomic analysis, See the activities inside

Musalla in CH.3 for more details.

2"
Corrected Effective Temperature™ represents the combine effect of two or more variables into a single

A
ariable on humans, the indices of that have developed in 1923-1925 by Hongton, Yaglaw & Miller,

Tl.lat combine effect included air temperature, Humidity &air velocity. The CET for temperature
for normally clothed male

:::Lnate is generally recommended to be 21.7 C for summer conditions
ects at rest.(Rao S.P;1991).

\
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CHAPTER FIVE
SURVEY DATA AND THERMAL
ESTIMATE FOR“MODEL MOSQUE"



5.1 INTRODUCTION

The present chapter includes the collected physical data and occupants’ surveys strategy
for the fifty selected new mosques in the Baghdad vicinity, as well as a thermal
®valuation for the “model mosque” envelope in order t know the actual thermal

behavior of the mosque envelope in terms of protecting the inner environment from the

fl .
UCluations of the external environment.

The evaluation considers the components of the envelope section, the thickness and area

of each regarding thermal performance and their behaviors under climatic impact.

The chapter will give ilustration of heat flow through the opaque parts (including walls,

roof and dome) from the external to the inner environment of the Musalla building and
Vice versa, ag well as for the transparent part (windows and doors) .

The Quantitative thermal assessment depends on marny equations of heat exchange in
Order to calculate the Mean Heat Flow through the Musalla envelope.

All numeric values and calculations that will be used in the present chapter consider
all the data of the previous chapters, which depended on the mentioned references as
“ell as the field survey, and the output of other research in the same field.

5
2SURVEY STRATEGY

P Survey strategy was to scan a large number of new mosques in Baghdad. The

Stra :
tegy depended on the following two stages t0 perform that scan;
This
Slage required a definition of the following:
I Whar ;
ALis a “mosque” or “musalla”?
2,
What does the term “new mosque™ mean in general?

' E
What the definition of “new mosque” in Baghdad?

ich should

MSwered ; .
red in this stage, are: -



1. How many mosques in the Baghdad vicinity yield to the definition of “new mosques”

In light of previous answers?

2. Which, and how many new mosques in Baghdad need to be surveyed?

3. And, why are those mosques selected to be surveyed?

Visual analysis, some other available research, as well as information that has been

Obtained from the “Ministry of Awgaf and Religious Affairs in Iraq” are the references

th
athelp to answer stage two questions as follows:

21 Definition of Mosque, Musalla, its Function and Features

Mosque or magjid. A place of worship for Muslims. A place where the obligatory five

oy Prayers are regularly done, except for the Jum'a prayers (the Friday noon prayer

“d Friday Khutba). The Masjid Jame' is the place where all the five compulsory Salat

(Pmy"s) and the Jum'a prayers are regularly done. The Masjid Jame' is usually larger

th o
A a Masjid, Plural: Masajid.

The most holy mosque on Earth is the Masjid al-haraam (The sacred mosqic). in the

holy ¢
Y ety of Mecca, surrounding the Kaaba.

Muslims all around the world are required to fice the Ka'ba in Mecca when performing

the; _ ;
€Ir five dajly prayers. Mecca is a place on the Hijaz plain, 21 degrees 26, 17 latitude

37 A ,
degrees 54,45 longitude. The Kaaba is 2 building 50 feet high 30 feet wide, and 40

feet
long. Its door height is 6% feet.

e English term for mosque is derived from the Spanish word for mosquito that came

in fieenth century.

Y e during the Christian invasion of Muslim Spain in the fi
Mosques Play a vital role in the lives of Muslims. The primary function of the mosque
is to Provide a place where Muslims may perform their obligatory five daily prayers as
a “Ongregation, One can do it alone, but there is & greater blessing if it is done with

oth A
1S, The Prophet once said that it is an extra 8°°d deed to pray in

™ are known
o e doing so is 27 times more than if done anywhere else. Mosques

for thej . A large
J fabulous architecture, some of which date back to the 7th century a:gsg



dome is a common design, though not in all of them. Many mosques, especially larger
or older ones, have a minaret, or a tower from where the call to prayer is delivered. This

s done 5 times a day. Nowadays, most have installed loudspeakers, and the muezzin

does it from a microphone.

The mosque is different than a Christian Church or Jewish Temple. A mosque has no

al .
ar or pews. It is a place that is specifically dedicated as a place of prayer.

Mosques can vary in size from small chapels to large Islamic centers that hold

The prayer hall within the mosque complex is called @ musalla, which is oriented facing

the Holy city of Mecca.

The Musalla is open and uncluttered to accommodate lines of worshippers who stand

an : ! .
d bow in unison. There are no pews or chairs, since prayer consists of bowing and

Prostrating oneself. Members of the congregation sit Of the floor, which is commonly

“vered with large rugs or carpets. Muslims all stand in this hall facing the same

direct; .
fvtion, forming rows side-by-side, shouldcr-to-shOulder. Muslim men and women

fo :
™ Separate rows when praying. Mosques offer a balcony for women. If there is one

10 . .
M, a curtain is placed as a partition from front to back, or the women stand in a row

behj oY
hind the men. Almost all mosques have some sort of mihrab, or niche In the wall, that

s : ,
Sows Which wall faces Mecca. It is often decorated with Arabic calligraphy, and may

o i ight of the nich
4 curved shape. In addition, there is also @ small pulpit to the right of the niche,

own aS @ minbar. During the Friday prayer service, the imam (prayet leader) delivers

a
*mon from the steps of the minbar.

p i ith all the
Persop chosen as the imam leads the group in prayer. He stands in front, wi

™ ' i ice tow
behind him, facing the mihrab. which helps reflect his voice 10
knees, then pray prostrate

ard the

Con . k
#regation, Everyone prays together, and all drop to their

(f.ce : '
10 the ground). Prayer is usually short, and the PreYet is repeated at di

u\mu : 2 ing, SO
ghout the ¢ . f Ablution (purity) before pray £
X state 0

ay. A person has to be in @ .

fferent times



there is usually a washroom inside. Aside from prayer, mosques Serve a variety of
functions, They are often places for meetings and social gatherings, where one can
feach out and connect with the local community. They have day care, Arabic classes,
Youth activities, marriages, funerals, and potluck dinners. Many mosques serve as
TeCreational centers, and can have libraries, classrooms, and offices.

Iti
is assumed that the new mosque is the mosque which is built using new construction
m .

Alerials, technology (comparison to the old type, see Fig. 5.1) under the supervision of

engj s
gineers and an architect who prepared the design in advance 10 construct it in new

Planned djstricts of the city.

T
© be more accurate, additional determinants are applied to define the new mosque

ch R . .
Aracteristics in Baghdad, that consider the time period of construction, geographical

4a and the architectural style. So, the “new mosque” in Baghdad is that mosque which

is ;
“onstructed post Second World War in the Baghdad vicinity. The previously

Mentj ol
Mtioned references have enabled us to answer the questions of stage two also as 1L 1S

was ° ”
8 mosques, used for five times prayers, Jumuah “Friday” prayer as well as two
Eids «py.. .

o Bariums» prayers. Those mosques are located within the area of Baghdad. There

are g0 :
Me other small mosques for just five times prayers here and there, which were not

and did not have an

arch; "
ltectyrg| identity of the mosque.

2. R
Fifty of the 85 new mosques in Baghdad were selected for the survey for the

f°"°Wing -

Lt : o
$ found that those fifty mosques are similar in their architectural characteristics and
Constryer: : .
Ctional materials used as well as planning. facilities, anNEXES, guvd el focetiome

N heyw i .
W districts of the city (see attached sample of the survey form.)
160



ii. All those fifty selected mosques have complied in their design and construction
details to the special architectural and Islamic instructions of the “Ministry of Awqaf

and Religious A ffairs” in Iraq.

iii. Those 50 selected new mosques have been designed by architects and constructed

under the supervision of consultant engineers.
% The remaining new mosques in Baghdad were not selected for the survey because

they were recently completed and not in full use. So the respondents did not give a clear

impression and in some cases did not even reply or send back the survey forms.

41t is foung that the 50 surveyed mosques represent an adequate sample of the total

fumber of pey mosques in Baghdad to give complete data that serve the research

jectives (sec attached sample of survey form.)

522 Survey Form

e farch concerns two major points:
! The architectural characteristics of musalla design and the constructional details of
the envelope section relating to heat exchange and environmental impact.

r me"“al design criteria, which concern the impact of climatic fluctuations n

Baghdag»s hot-dry region that influence the thermal comfort of the inner environment

i is needed
e new musallg, With the aim of collecting enough specific field data et 517

i following:
10 coyey the previous categories, the survey form was prepared to obtain the

- .
Location of the Baghdad region in the map of Irad:

: ues.
, Map of the Baghdad vicinity to show the locations of the surveyed mosq
A28 distinguishing
3, Location of each mosque related to that district in Baghdad and distingu
i it.

i, . including:
Complege information about each respondent in each survey form in¢ g

" The name, 2.Age. 3.Gender. 4. Career and education level

led for all other activities. "



iil. Further information concerned the following:
I.Date of survey. 2. Time of survey ~ 3.Specific time of survey relating to prayer
times,
n addition to all the previous categories, the survey form included a further two
Parts;
L Part Ope; Concerns analytical details and the survey for the building envelope,
%Paque and transparent parts, as well as the following;
L Mosque specific data, that includes:
. Mosque’s name and location.
i, Mosque building typology.
iii. Date of construction.
V. Musalla dimensions.
R Description of the specifications of the musalla’s walls section.
3 Description of the specifications of the musalla’s roof section, dome and minaret.
. Description of the specifications of the musalla’s floor section.
usallas in

" Part two; includes documentation of the impressions of occupants of the m

i alysis
MMmer and winter, The impressions of those occupants are obtained from an anay

of the; :
their answers o eight questions concerning:

-
F°°""8 of comfort during prayer times.

. . 1 S
2. The impact of natural and simple mechanical ventilation and how that influence

iy feenng of comfort.

3 Usi ter air-coolers and
Us"‘g available traditional mechanical equipment such as, fans, wa

how ... .
thay influences comfort levels inside the musallas.

, d impact of
4, Naturg| light relating to the opening areas of the musalla’s envelope and impa

thig
factor on thermal comfort.

5,
Mosque design and its relationship with the thermal comfort

- : in the form.
Pondents can contribute more by adding further notes | L



523 Sampling Method for Determining of the Typical new Mosque” Model
MOsque”
The new mosque in Baghdad has inherited the main characteristics of the traditional

Islamic mosque Those characteristics concer Islamic and architectural criteria in

MOsque building, such as orientation to the gibla, other definitions of main spaces and

clements like the musalla arca, ablution arca, minbar, mihrab and other specific

SYmbolic features like the dome, minaret, Riwag. All those elements are considered as
Criteria for the classification method that is used in the survey of new mosques to define

% Mosques, which share common features. Fifty new mosques in the Baghdad vicinity

have been chosen including those of the nine districts that compose Baghdad

Metropolitan area on the two banks of the Tigris River (westem bank (Alkarkh) and

bank (Arrusafa) Those fifty mosques represent 59% of Baghdad’s total number

*f new mosques, which have been built from after the Second World War until the time

of .
the survey in July 1997.

It is noticed that the fifty surveyed mosques include some differences that need to be

Classifieq into distinct groups to be more accurate in the sampling of the actual typical

+5.28 D,
o Mosque. So, they have been classified into four building types A, B, C and
on distinguishing architectural and constructional features (hat 81 documented in

> Survey as listed and explained in part one of the attached sample of the survey form.

524 Mosqu
¢ Building Typology Definitions

M .
“Mue building typology definitions are as follows:
TYPe .

i dad vicinity
» Tepresents the new mosque that is more common in the Bagh
mg
Ng other surveyed types of new mosques generally.

’ ‘ot d in
y Meludes g (e main and common architectural characteristics that are foun

iti ' , the Riwaq
h'admonal Islamic mosques, which are, the dome, the minaret, the courtyard

(
e area, the minbar, the mihrab (Alumary; 1988).

163



Survey Form No. | |

E—

| Mosque’s Name Dragh
Location Maruf st., Karkh
Mguity Semi attached

Year of Construction 1959 AD

Name of Respondent | Jasim Sedun

 Gender Male S

(Age 27 year old
Education Level Secondary School

Date of Survey 12.6.1997
Time of Survey 5.15PM

Other Information After Asar Prayer
\\
W

10
—Mosque Building Type. B
A\“’_’SALLACONTENTS: | 22mx10mx7m
-8 Dimensions of Musalla " One Front Side only
B. Shape of the &7 .
Wk iwaq (Arcade arca) e veesepE I T

" Otal Area of Transparent PITQM_!'M——-"T—,#
-4Number of Minarets TESEET
AENVELOPE SECTION AND MATERIALS:
T‘-m;_
%em of the Walls.
%cliou&l Details.

i-:imx:l al Finishing Material; Color, Texture.
S‘Tmnsal Finishing Material.

l\& S- E . . e
B oot Area at S-W & N-E Orientations

Bearing walls (partitions)
Bricks and Juss mortar (local gypsum)
Jaster (quite rough), Gre color

Gypsum plaster :
0,0 sq.m. &42 m.sq respectively

% // msm"
Myswm- /% o
‘Constructional Details of Roof Layers. +RC+Tar (water proofing)Friver et
e jtlSS mortar +cement
wom.
Fyomal Finishing of the Roof. [Cement tles 0.20mx0. 2222 ———
Wﬂof the Roof. e
- The Dome,

|.Numbe, of the Domes.

2. -
}Mﬂ" the Dome on the Roof.
4-n‘= Hgn t of the Dome.
S € Diameter of the Dome.
m Mr'

X .
Co""“‘lCllonal Layers of the Floor.

e T SPecific Details or Notes: e
he mosque represents early new mosque style after Second

AR e
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PART TWO:
. Note: Please define the number in the appropriate box.
SURVEY QUESTIONS:

\‘
Use this scale to answer  the

5 6 | 7”
Following questions 1 v " . B
Disagree
: k] 1 | Agree Strongly | certain
rongly i agree prayers
disagree praye
[ % il

I Ifeel comfort during the prayers
in su.mmer (July). . ; - i

e IS WURE PR N 1 2 2 e
2. 1 feel B L
2. 1 feel co i - 7
4 Wima(;:nfm du;mg the prayers I 5 3 - ; o

L R WORT R ) :
3.1 feel comfort wi ! i
nilaion n Summer. | : ; : 5
Saly Lulad 3 ) aedal )y i3 :
L¥ = s ki
¢l comfort with the natural ' b
Ventilation in Winter. : I 3 i 4
ik L PERE AT :

5

- Natura] lightin 5 6 7
ize g and openings 4

" of the musalla are 1 2 3 (

s dpaedl ol gy Sl 5

T |
b ecint o g comfor | | A 5 o 7
Al )l 88 - 9 5 6 -
Y : I %
I 4 3 0 5 ’
o e R
‘ P_____———‘P—f
h\\—-‘._—__,-—db/‘-—-—‘/——’_—____‘
;‘ The design of the musaila is , @ 5 ¢ s
Clivitieg . " the  pravers | | 2
Q& g L____,_._J._-———-L—-—"'
Oultl' Spetlﬂc
Details or Notes:
+he Respondent has practiced prayer 7 years in the mosdue.
"t g O%aue includes an open courtyard with a
doesn’t have an outdoor musalla.
\_ ‘/f
NOTEg
: ists only in (A)
y for the dome that ex
L and B} Share the same characteristics and features el‘:;md features, other differences in

, includes form,
2:"2 {C} is Bigger , square shapes or sllll!l'{m ‘nore differences, hybrid style, |l'"‘l‘h"°‘ -

of transparent and opaque total areas.3: Yo the same
Uifferent architectural features. 4. All new Musalles ':..z. 5.3 Appendix B.5. The external finishes

£ 4lls (D) and the same details of the roof (€, se¢ Figs. color), and

(’:r 7% of the musalla’s walls are cement PIster (tight

F."l‘b“qne-blue color) for the domes. :  prayer, I Ishak prayer.
*Fajar prayer, 2: Zuhur prayer, A: Asar prayet, M Maghri

Fi .
2.1 Sample of survey form, continued.
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On the other hand, they share certain features that give a very clear architectural identity

for all musallas of this type, such as similar proportion and ratio of width to length as

Well as similar height, typical envelope constructional section. They have the same

location of domes related to the roof plan of their musallas , and all of them have a
ectangular plan,

T¥pe B mosques have the same features as type A in general, except for the dome. This

reason was enough to segregate those few mosques because of missing that important

Wehitectural, constructional, symbolic element which represents the Islamic architecture

and pj :
d gives clear identity to the mosque buildings.

T
¥ C mosques are considerably bigger than type A and type B. The musalla plan of

"his type is square or similar, as well as differing from A and B types in terms of the

tota
| opaque ang transparent areas of the envelope-

T
¢ D musalla include many other differences related to A, B, and C. Those

dlﬁemnces concern architectural design and architectural language in general. It has a

hybriq 4. . . :
Ybrid design, very big and massive construction, majestic musalla spaces, an irregular

"salla plan as well as other architectural details. This building type of mosques is

rep
resented by very few new mosques in Baghdad (see Table 5.1.)

Al : ) 3
I new Mosque buildings have approximately similar constructional materials and

deta; : :
- for the roof, walls and floor sections. It is noticed that they have typical

Co ’ L’ et
nshuctIOnal dCtalls of (C) and (D) in appcndices B-1 SI'Id B-2 as shown In Flg.5.5a

alsg,

M
¢ than 87% of the external finishes of the musalla walls of the surveyed new

m . .
05queg have been done using cement plaster pain(ed with light color and have a rough

lexgy _
€. The roofs were tiled using dark gray cement tiles.
T .
"0 hundreq survey forms were delivered to the respondents in the ey AR

» : hundred
thown In the attached survey forms and vicinity plan of Baghdad. Jst omp e
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and fifty-two of them were received from the majority of the respondents i.e. just 75%

of them responded.

W completed survey, and previous classification and detailed data in the attached

forms lead to the following conclusion:

. The survey covered fifty new mosques in Baghdad. Since three of them are from C

¥pe, and three others from D type, as shown in (Table 5.1), they do not share the

Majority distinguishing features, so, they have been taken away from the selection of

the typical new mosque.

ii. The remaining 44 new mosques include A type and B type. Eleven of them are from
- type which is slightly different to A type that represents the majority as shown in
(Table 5.1) and a greater part or portion according 10 the final conclusion of the survey.
The majp, difference between A type and B type is the dome that is missing in the B

Wpe. Based on that, the B type has been taken away from of the typical new mosque

too,

: 4
Il Based on the previous items (1) and (2), 33 mosques of A type which represent 66%

of the 5 surveyed new mosques in Baghdad share the main characteristics of the new
mOSQUc style in the Baghdad vicinity. Those mosques of A type share 95% of the major

“ehitectura] ang constructional characteristics of the musallas particularly, as shown in

52
S Output of the Survey

Part One:

in Baghdad
> Previous analyzed presentation of the surve of the new mosques i B85

Cong) . .

Udes in the following listed categories:

I ing the same
The fifty new mosques surveyed were almost all constructed using

section details, in terms of

Con .
Sructiona materials, structural system, envelope

thic L color.
kness and internal and external surface materials, textre and
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2Mosques of group A differ from the other groups B, C, D in terms of the existence of

@ dome, area of transparent and opaque areas of envelope, area and height of the

Musalla, and other dimensions of the mussalla.

3. Since 33 pew mosques of the group A type share almost all the main characteristics,

they are dominant among the 50 new mosques in Baghdad and represent the actual new

MOsque type in Baghdad. They share the following important features that concern the

Present research aims as below:

. Existing dome with almost typical details for all, in terms of diameter, height and its

location on the musalla roof and constructional layers as explained below:

Intemal surface finishing is treated with 0.025m thickness gYpSur plastering.

* Then, concrete slab 0.15m thickness

“And the external surface is treated with arabesque.
il Sim: -
Similar dimensions of the musalla.

Ui, Similar areqs of opaque and transparent parts of musalla’s envelope:

V- Typical detail of the section of the musalla envelope in terms of materials used,

fyers ang thickness of materials used in the section 85 well as the components and

Pecifications,
v, f musalla of V2
Layout of architectural design of the envelope, rectangular plan O 1

Widthsg 10 length ratio as well as the same height and almost all other secondary details.
5.2.
6 D"ﬂllition of the New “Model Mosque”

it is found that the new “Model Mosque” in

Fro
™ the previous stages of the survey,
B
48hdad hag the following characteristics:
iR )
“tangular plan with % width to length ratio-

i, Ite 4
. dimensjons are 22mx | Imx6m (see Table 5.1)

Y- Th see Table
® ransparent area of the envelope is equal 10 66.0 ma { 168



VL. It has one side Riwagq located at the wall that runs parallel to the gibla wall; the

dimensions of Riwagq are 22mx4mx3m.

Although there are very slight differences among a few of the group A mosques (like for

e .
Xample, less than one meter difference in height or transparent areas €(C, which are not

Considered ag affecting differences). Mosque no. 28 is selected as the ideal among them

ev
en though there are almost no differences among them. Nevertheless one of them

should be chosen as the model for testing and that is what happened based on the

following criteria:

1, ChooSing that mosque which is neither in Baghdad city center nor on the edge of the

B 4
4ghdad vicinity nor it is one of the famous mosques.

2 - .
Date of construction and design style that reflects the likely design of future mosques.

N _ :
W Baghdad mosques that were built too early relating 0 the defined period of new

traditional mosques features.
three mosques to be

Mo,
Sques, may be influenced slightly by previous
M
95que 10,18 was selected as the “Model Mosque” among fhose

based on previous criteria as well as visual analysis and final impression of the

viii, : : :
Construction details of the musalla's walls consist of the following layers:

“Interng| finishing is treated in gypsum plastering 0.025m.
“Bricks bounded using cement mortar 0.24m thickness.
 "EXtemal finishing is treated using cement plastering in 0.0301:
E Constmcﬁon details of roof section of the musalla:

“Cement tiles 0.80mx0.80mx0.03m.

“Natural sand 0.15m thickness.

-0, .
07m thickness tar layer.
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“0.15m thickness RC.

=0.025m thickness gypsum plastering (internal finishing)
X. Construction details of floor section of the musalla:

=0.01 m woolen carpet.

=0.025m mosaic tiles.

~0.05m cement mortar.

*0.15m Bricks.

Part Tw,

This part shows the following conclusions :

1.17% of respondents feel comfortable in summer just at Zuhur (afternoon prayer-when

the shade of any object in the sun becomes equal to its actual height) & Asar prayers
(When the shade of the object becomes double its actual height).
7% of respondents feel comfortable in winter just at (2) prayer.

ol o
".16% of respondents feel comfortable with the natural ventilation in summer Just @

F »
Yar Prayer (one hour before sunrise).

V9% of respondents feel that the size of windows are acceptable.

vi . mfort.
W% of respondents agree that fans are not efficient to feel c0

$ fortable in
i, . : ough to feel com
% of respondents agree that the water air cooler is enough

su e
"Mer just in () and (4) prayers.

Nt jate for prayer
9% of respondents agree that the musalla design is approprt
of the new musalla

activities.

It : jronment
tis found from the previous eight items that the inner environ

{
: ; f uncontrolled hea
in Baghdaq fails to meet comfort level under the influence © ;

) : {

um protection tha

°Xchange and external environmental impact s well as the opCL g

tld be Provided by appropriate envelope design-
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33 "MODEL MOSQUE”

Accordin
g to the surv :
e survey of Baghdadi mosques (see the sample of the survey form

Fig5.1) 1 arri
. alTl ..
ved at a definition of the typical mosque (Model Mosque) to be tested.

This
type includes ;
udes the following familiar characteristics in constructional and

ahchitectuml
features that have relationships with the thermal behaviors of the musalla

(mosque building)

i The
gen :
eral shape of the typical new musalla in Baghdad is rectangular. Its

dim i
€nsion
10ns are thc followmg

I,
Length = 20
2' Width = l lm

orjllst alo
n
g the wall that faces the entrance of the mosque are the following:

L.
Length = 20m
2' Width = 4m

3- Height - 3m
e main musalla which is

iii, T
e dj :
imensions of the gallery (mezzanine area inside th
Used as g, :
€ women’s musalla) are the following:

1,
Length =22m
| Width = e

e
Height = 2 g

show the areas, angle direction and

The
analytj
E Ytical Tables no. A3-4, in Appendix-A3-
area of :
k. the openings on each wall of the mosque’s envelope.
‘I The
General Form of the Mosque (M“sa”a)

Thc free
S : 3
tanding musalla zone is one of the important featifes that di
gular shape with a lengt

stinguish it from

h no

Other by
Uildings
ings in the mosque complex site. [t has a rectan
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more than twi
ice the wi
» ¢ width, and the average height of the ceiling is no more than 6.0m
an approximate area of 200-250 sq.m.

532 M,
usalla Orientation to Mecca (Qibla)

The definiti
Inition irecti
of the direction to Mecca depends on the situation of the mosque. This

directio
n should i ;
be shifted approximately (3°) southwest of the magnetic direction (the

m -4 . - - -
agnetic direction is shifted at an angle of 7° from the south geographical

directio
n). The {118
refore, the direction of Mecca is (10°) from the geographical southern

The ori
rientatio :
n of the musalla in the Baghdad region to Mecca is 10° southwest. Thus,

its bujlgi
ing s i
(musalla) is shifted alone (among all the blocks in the site of the mosque

In . . *
this direction, where the regulation planning of the other blocks of the

Mosque
compl :
plex are not influenced by this factor. Therefore, the (Riwag) or the arcade

area, if it exi
exists. i Mecca
sts, is parallel to the wall which is in the direction of the gibla or

ndicular
t i : i
o the direction of Mecca), or, sometimes, continues to make an ‘L” or

‘U’ sha
pe aro
und the musalla building (in 30% of the surveyed mosques in Baghdad.).

A all Directions of the Musalla

Cordin
gto ——_—

R the direction of Mecca in Baghdad, the orientation of the walls of the
la s as follows:

Lo
€ wall whi
which faces Mecca (gibla) is 10° from the northern to the eastern direction

(clockw;
Wi .
se movement in this direction).

i, Th
¢ easte
m wall = 100° from the northern 10 the eastern direction (clockwise

direcﬁ(,n)_

iii, Th
€ sou .
thern gibla wall is 190° from the northern 10 the eastern direction. 2' The
m .
wall is 280° from the northern o the €asier direction (see fig-1, P.99)”’
oes not have a direction.

ally, i
Y, in Baghdad, the roof is a horizontal surface that d
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H :
owever, if there are other walls, they will follow the same directions, and bases,

but - s
the dome splits or divides into four parts according to the same directions.

3.
4 The Mosque Construction

The typ; :
typical musalla is normally constructed according to the following specifications:

1
beams and reinforced concrete

. Con
crete skeleton structure, in general, for columns,

sl
ab roofing of 0.15m thickness as well as other layers of roofing which are added

-
Ver it (tar 0.07m + sand 0.19m + cement tiles 0.80x0.80m of 0.025m thickness) In

additi . .
ition, there is finishing material (Gypsum plastering) = 0.03m.

B .
rick walls 0.24m thick, usually finished with gypsum plastering treatments of

0. : :
025m thickness + painting. The external finishing consists of 0.025m thick cement

atment plus suitable painting or texture of gray to white 0r, sometimes, with the

Use of local bricks or stone. This applies especially t0 modern mosques, which have

been built in the past ten years.
Th Bl - . .
¢ flooring is constructed in four layers. The first layer consists of brick; the

Second consists of a 0.10m concrete layer; the third, cement mOrtar; while the fourth

layer i ! )
yer is mosaic tile 0.30x 0.30 x 0.03m. The floor is usually covered with carpets.

5-3.5 Th e Dome

This ; )
1S the unique or distinguishing feature of the modern mosque. It 18 usually
Con. L

Sttucted with average reinforced concrete shell thickness of 0.15m (in 65% of the

ncw m .
0Sques) but in 35% of the new mosques bricks are used (Jack arching system of-

Just by .
bricks and mortar) .It has a spherical of semi-spherical shape and is finished at the
p in : ]

& cone (see Figs. 5.6 and 5.7). Its external appearance 15 treated with arabesque

(ceryl :
€an blue color ceramics, in general, and includes some local Islamic patterns)
in more than 65% of the

ang jyg
Internal finishing is treated with Juss (local Gypsum), I

Mode
m
Mosques that have domes.



Table, 5
59H 4
eat capacity for local building materials in Baghdad.

S

pecific Heat

Materia] = Specific Heat

apacity | Material Capaci

Oty s - i
Lime bricks 800 Plastic files for flooring | 968
Concrete—— 985 White marble 720

Asbestos shoets 1180 Black marble 500
| 1220 Squared bricks-Fershi | 480
il stone-ocal st 0.30x0.30x0.05m

€0 stone-local sto o 906 Cement bricks 815
Ord'em mortar ne 925 Marblex finish for walls 750
M fooa 950 Natural Stone 613
sosaic% ooring 960 Artificial marble 835
Sl sz aggrega 956 Concrete bricks 1280
Md\ 700 Ordinary soil 1115
.h:fb% 760 Tar 1568
R local mo riar) 1150 Waterproof layers 1580
% 1025 Thermo stone bricks 1280
smtmms 817 Big aggregate 843

1% Thema] S 550
Mitonmen; Bu;ififf";'{“"m Tor Buiiding Materals in Iraq, Prooceding of Depariiety of Architecture and
g Research Center, Scientific Research Council, Baghdad-Iraq (1988:17)-
musalla envelope.

Tab
(] 5. lo "rh
Crmal s 8
conductivity of materials for different section components of new

- R §ia AR
| gvectlon of | Layers Thickness k-value | u-value
" o | wimK | Wisq.mK
0.24m Bricks | Gypsum (inner plaster) 0.025 07 |
2 Bricks 0.24 0.84 1.95
_ Cement(external plaster) 0.025 1.16
0.36 Bricks | Gypsum (inner plaster) 0.025 0.7
3 Bricks 0.36 0.84 1.5
Cement(external plaster ) 0.025 1.16
Goncrete T Gypsum (inner plaster) | 003 0.7 e
Roof Without | Concrete Slab 0.15 1.5 2.1
1 Insulation Mortar 0.02 1.16
Cement Tiles 0.03 1.4
Concrete Gypsum (inner plaster) 0.03 0.7 ]
Rqof Concrete Slab 0.15 1.7
With Sand 0.15 L6 | 0479
insulation Polystyrene 1.05 0.05
N Mortar 0.02 1.16
| Cement Tiles 0.03 0 R ey
The Dome | Gypsum (inner plasier) | 047 0.7
Bricks 0.12 1.5 3.26
S| Cement 0025 | 116
Evirgy Glazed bricks 0.52___
ing of Department of Architecture and

""!)nml | Sl ok,
L Buumc ir,'(““"“’ for Building Materials in Irad; Proceeding
g Research Center, Scientific Council, Baghdad-Iraq (1988:17)



54 THE
RMAL AS
MUSALL4» SESSMENT OF THE TYPICAL NEW MOSQUE “MODEL

The typi
lCal mosqu
sque has the same specifications as all the modern types in Baghdad. It

Was found
that these specifications are the following:

i The mus
alla has
a detached rectangular form with inside net-dimensions in general

22mx]1 1
mx6m i : )
n height. It includes a central dome, the diameter of which is 7.0m and

the heigh
t of which
ich from the base to the top of the cone is 4.5m. This rectangular shape

has on
€ attached ar .
cade laid at the same longitude wall, which is parallel to that which

fi
aces the gibla or Mecca.4

ii. The ma;
ain featu
re of the musalla mass is the dome which lies in the center of the roof.

The 4
ome has th
ree levels from bottom to top, (se€ Figs 5.4,5.5 and 5.6). The first part
s a spherical part and the

aghdadi

m (d
(dome base), Its height is 2.00m. Above it there i

Upper part is the
CoO
ne. All these components are usually found in the typical B

dOme
- Four co
lu
mns support the dome; the average thickness of its concrete slab is

0.15
M and ing| :
. cludes eight small arcade windows normally situated on the drum part of
me, (see Fig.5.6).

iv. Th
€ musallg i
is usually constructed from a reinforced concrete skeleton structure

With b .
an Wa“ 0.0
partitions. The roofing slab thickness is 0.15m, and the brick wall is

0.24
m thick
. Abo
ve the concrete slab of the roof there are many layers which consist of

Alerproof
1
ayer (0.07m), natural clean sand (0.15m) and rough sand (0.05m) and

%men
U tileg
(0.03m). The dimensions of each cement tile are 0.80m

interio
r finishin
g of the dome and the walls is fine gypsum, and its thickness is 0.025m,

(see
Tables 5.9 and 5.10)

54,1
) Th
¢rmal Impact of the Dome

Thig
architec
tura . R
| element represents well the main symbolic eleme
{ the dome may have a role

nt in the whole

m()sq
ue Compositi
position just like the minaret. It is noticed tha
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in the thermal behavior of the envelope; therefore, it is very important to analyze its

thermal impact. Thus when we look at Tables (A3.Al and A3.A2) in Appendix A3, we

find that the dome is responsible for 1/3 of the heat loss through the roof of the mosque.

The heat flow rate through the dome from the outside to the inside space during summer

i8 1/7 of the heat flow rate of the horizontal roof. Consequently, the positive impact of

the dome on the inner environment in summer is much more than its impact during

winter. The transmitted solar radiation through the dome shell concentrates in the inner

Center of the base of the dome (as shown in Fig.5-5), thus the focal point of the solar

: . -n
fadiation heat will be concentrated in the center of the space of the dome, and exactly 1

the center of it circular base. This focal point results from crossing the heat radiation,

Which emits from the shell or envelope of the dome.

\‘_
1 4
5
2 3
¥
2l ; !
83
6
:
| e B
8
. 17
| 22
:__-_I
Mo S -
At 20
' 50 f ' 10
----- -
15|
_— 1
14 3 1
5 Resfarced
2iod th 3 mrwl ‘”“‘,&mgcm
lm-nr. %c-um” ‘r" 1 (Rarg W
15 Sof- Conetart. Opam adtion [
1 Baealwal 2 71 Sohrmaditim a8
ey

“.ﬁon_s()urcc:/\uthor surv

':i“ 5 |
S.5a ¢ i1di ope
Sa( onstruction details of the new musalla building enve 189



The heat is not transferred directly to the inside of the musalla, but it raises the

temperature of the attached air to the inner surface of the dome first, and then continues

0 complete the heating of the inner atmosphere by convection. Thereupon, the heated

oir flow to the outside happens through the small windows which are situated on the

rum (base of the dome, or its lower part) and the high small windows on the walls of

the musalia, Therefore, the dome is very useful in summer time, in enhancing the inner

envj ) :
Vironment of the musalla thermally. This is one of the important reasons, which

“NCouraged architects in Baghdad in many historical periods to increase the number of

domes o the roofs not only of mosque buildings, but also in most of the other the

historica| buildings in Baghdad.

5-
42 Impact of Southwest Orientation on the Musalla Envelope
Elevations which face the south and even those which may be shifted to the west

Teceive o considerable amount of solar radiation, while the zone of the musalla is

Hifed to face the direction of Mecca (gibla) 10° south-west. The impact of this solar

diation op these elevations could be reduced by using shading devices and sun louvers

(Vertica] gnq drizontal) according to need and direction. This is useful during

s . .
Mmer, but these south and south-west elevations receive enough radiation 10 heat the

g SPace of the mosque naturally during winter and that is an advantage in terms of
i Consumption energy of heat in winter. When decreasing the total area of the
00w rom 3084, in case (A), to 20%, i case (B) and Puing (¢ widee es 00 10
Maip (North) fagade, we gt the lowest heat flow rates to inner environment and lowest
g impacy on the envelope of the musalla. The following equation determines the

the additional encrgy obtained from

tages in the heat assessment condition. Since
the biop,.. . : cases (A) and (B), it s
0logical activities of the human body i constant In e fas :

N0t copng:
n : .
Sidered in the following equation:
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Heat assessment - Total percentage of window area at each wall

- Total area of inner space of mosque (musalla)
eat flo 5
w through the flooring is neglected because of a number of important

facto
IS, fOr exam
ple, the floor of the mosque consists of many layers of semi- insulation

% listed below.
i. Com
pacted :

o fine mixed aggregate layer attaché t0 the ground.

. Ompac
: ted earth layer upon the first layer at (1).

i Com

pact

. ed layer of rubble fired bricks, which has high thermal insulation.

- “ément m P

ortar and mosaic cement tiles as the latter have 2 higher finish.

V- Carpet,
which i
hich is normally put on the floor throughout the year.

For a))
thesc 2
reasons, and in order to facilitate the calculations, the other unaffected

facu)rs 3
In my estimations are neglected.

Table
5.11 Heat
flow for the musalla envelope of typical neW mosque W/sq.m.

,M\
onth
HF »p -—-—-—-—""———""""-—-———“"‘
| HF HF HF SG Total
B | through | through | through through | through | beat flow
- T 1267 dome | roof walls | windows | windows
W : -36.1 124 -114 -185 1384 | 3474
'91.9 23 “-————‘_——-/
W\ 8 -89.5 55.7 61 11557 | -166.2
e 42 21.0 52 2 Fi743 |92
W- . - . . 71901 | +190.1 =
W‘ +27.8 1337 | +105 +33 +187 +435.7
+ e - HIET _______.—-—______,——_________4
W ol +46.2 T6A12 | +1913 +80 11766 | t779:6
+ _____,__—_______——-_________—-
% p +57.3 +192.6 2227 +90 +161.3 +874.12
P—
E L ——— /
SEp—— g +52.3 1775 | 215 94 361 | 18239
d f//
oG . +344 ~rvy CZ 0 b a2 | 423
W— +3.7 - ¢ EEN L 91 +120.7
. '_\
W_ .S 6.8 +21.9 3.1 15 +100 +58.5
% ' -32.12 110 94 o4 +119 -86.7
o] T
12.1 W/sq.m KU of the dome = 3.21 Wisqm K.

Soucy. OF the walls = ol
ol = 1.94 Wisgum K, U of the rocty
s achieved with the assistance of BRC-

(]
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543 Impact of the Type of Color of the External Surface of the Musalla Envelope

Based on achieved field experiments by Dr. Awni K. Shaaban at Texas University for

the double building envelope for natural cooling of buildings in hot-dry and hot-humid

climates (Shaaban: 1981), a light color external building surface contributes t0 cooling

the inner environment. In addition, the performed field test by Mr.Mohd.Peter Davis

(Thermal House-Environmental Studies Department-University Putra Malaysia) on 22

Feb, 2001, using eight different colored metal sheets exposed directly to the sun showed

that the sun's impact is 1315 °C more on a dark surface than a white surface.

S5 ESTIMATATION OF HEAT FLOW IN THE "MODEL" MOSQUE

Using standarg heat flow estimates (ref.CIBSE, s¢€ Appendix A3 and Chapter four item

d44) the heat gain/loss flow rate through the musalla building envelope is

d°m°“5tmted in Fig.5.5. Assumed heat flow through fabric is given in the Table 5.11
baseq on calculations by BRC-Baghdad and the author.

To calculate the total volume of the mosque (air cubage), the following three types of

Yolumes should be estimated:

! The volume of the musalla (prohibited main space- PY<t area).
73 Women’s musalla (the gallery mezzanine inside the main musalla).
* The volume of the dome which includes:

* The drum - the lower part of the dome.

" The spherica part — the middle part of the dome:

* The conical part — the upper part of the dome:

" The aren of the musalla (main space)

2
2m (length) x 11m (width) =242m’
s are:
% The total areas of all the walls of the mosaue 12 21 direction

1,
The area of the wall at 10° orientation:

22X3 422 x 2.6 = 123m?
192



2. The area of the wall at 100° orientation:
11x6+238x4.0=77.0m’

+ The area of the wall at 190° orientation:

622 =132m?

The area of the wall at 280° orientation:

11X 6+4x (2.6) = 77.0m?

b. Window and door area:

I The area of the windows at 10° orientation:
=(1.10x1.75) x 4 = 7.7m? = 8m”

i. The area of the doors at 10° orientation:
=20x2) x 3 =12.0m? (Normally two or three doors)

Thus, the et wall area at 10° orientation is:
23~ (1248) = 103m?

1 Area of the windows at 100° orientation:
= (110X 4.0) x 4+ (1.10 x 0.55) x 4 = 20m’

- The ey wall area at 100° orientation is:

11x6+3.75 x 2.80 = 77.0m’

77.0-20.0 = 57.0 sq.m

3, 3 i jon:
I The area of the windows at 190° orientation:
. 2
(175 X 0.55) x 4 + (1.00 x 0.55) x 4 = 6.00m
. Thus, the net area of the walls at 190° orientation 15:

32~ 6= 126m?

: . of the windows al
% 1 The area of the windows at 280° orientation 15 equal to the area

100° Orientation = 20m”°. area at 100°
, same

: - ntation is equal 1o the

i, “'US. the net area of the wall at 280° ort o

oricnlation = §7.00m°.
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3. The total volume of the typical mosque is:
22m (length) x 1 1m (width) x 6m (height) = 1452m’

6. The total area of the women’s musalla (upstairs as a gallery Of mezzanine) is:

22 X 3.75 = 82.5m” — (The wall of the women’s musalla is calculated already with

the maj
main musalla walls estimate).

2.
\_QThe Volume of the women’s musalla:

=22x3.75x2.80 = 231m’

30
The volume of the dome includes the following:

a, :
The wall area of the drum of the dome, the lower part (see Fig.5.7)

The drum s similar and parallel to the walls of the musalla in terms of window

Ofientas: - .
ientation. Sometimes, instead of being a circular shaped it 15 modified to be a square

*hape dome drum, with each of the two windows of the drum supposed to face one

Oﬁemaﬁon’ parallel to the walls of the musalla. The area of each side of the drum is:

=7.0m x 2.0m (height) = 1 P

“The area of each window on each side of the drum=2.0m x 0.6m = 1.2m’
“Thus, the net area of each wall= 14-(2.0 X 0.6) = 12.8m’
'According to this, the total volume of the drum:

=2x7x7=98m3

b. Th € cone:

i i th
e "epresents the upper part of the dome, and is situated above the spherical part (the

Middle parr),

i lo
% radius of this part is 4m, while its height is 1.10m, and the length of the slope

SUrface :
ace jg 2.65m, as shown in Fig.5.7.
us,
the surface area of the cone is:

S«
T8=3.14 x 2 x 2.65 = 16.66 sq.m



iangles), each of which is
The surface area of this cone is split into four equal parts (triangles)

d west), and is equal to
oriented to one of the four ordinal points (north, east, south, an

1666/ 4 = 4.2m2.
=24m’
The volume of the cone, V =1/3 wr=1/3x3.14x 2.0

¢ The spherical part (the middle part of the dome) i
e rizontal parts,
This Part represents part of the sphere. It is divided into three ho

° and 82°.
' follows: 45°, 657, an
Which has a slope angle that is related to the horizon s

.

: Is:
4r¢a of the dome, the spherical part or middle part, €qua

b
S=[2n fX[1+£ (X)) ? dX
Y=3.5)2_x2

Y =\l (3-5)2'X2

0 X ]
o IZn\/35x2\/1+( -------------- )
3.0 (V3-5-X%)
=2 3. SX] o
3, 5(0) 3.5(-3.0)) = 21x 2277
20 66m’
V?é‘ [f (X)) dX=n | (3.5%-X")dX
k|
RS.SYx. . ?0 =872 m’
3
(See Figs, 5.6 and 5.7)
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Sphere circumference = C = its diameter X
C=d=3.14x7 = 22m
37X 22/360 = 3.48 m, the height of the curved surface of the spherical part.

i ight of each
According to the dividing of the sphere into three horizontal parts, the height 0

Part will be =3.48/3 = 1.16m, and the height of each part will be (spherical strip), (se€

Fig:5.6 and 5.7),

. The area of the lower, spherical strip, (s¢€ Fig.5.7) equals:

I

L16x3.14 (3.5 + 3.35) x2=24.97m® (see Fig:5.7,case 1)

S0, the area of each piece from the lower part is:

24.97/4 = 6.24m2

: i Is:
The area of the middle part, spherical strip, (see Fig:3-7) €%

116 x3.14 (2,972 + 2.9) x 2 = 28.79m" (See Fig 5.7, case2)

S0, the area of each piece from the middle part s:

22.79/4 = 5.7m2

: : Is:
The area of the upper, spherical strip, (s¢¢ Fig.5.7) equals

. 3 A
LI63.1402.97 +2.0) x 2= 17.87m* (See Fig3-7,ca5¢)

S0, the area of each piece from the upper part is:
17.87/4 = 4.5m2

Therefore, the volume of the dome will be:
8721 +2.4 = gom’

The tog volume of the musalla will be equal 10: &
men’s musalla + the volume of the

ume of th lla + the volume O
g ch consist of 2 parts, the

hi
f (the base of the dome) + the volume of the dome (W
Sphert
Pheical and conica part),(see (Qadir; 1990)

x 89
6141512 4230.77 + 148322
~954'78‘|955
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56 SUMMARY

The present chapter discussed the criteria for collecting data and the survey strategy for

the new mosque buildings in the Baghdad vicinity, it also presented a definition of the

MOsque, musalla and determined the architectural and constructional details of the new

m - .
05que envelope as well as thermal comfort response for the praying people in those

ffty new mosques.

The output of the survey comes from the analysis of collected data and statistics that are

listeq ;
ed in Tables (5.1,5.2,5.3,5.4,5.5,5.6,5.7,5.8 and Fig.5-1)-

The conclusion of the output gave the architectural  characteristics and other

co : 1es %
fstructional details of the typical new mosque in the Baghdad vieinity the “Model

Musqj) :
Usalla”, which is considered as representative of the new mosques for use in the

therm as
a 4 !
l'assessment and computer simulation.

Th
®fmal assessment depends on the heat flow through the parts of the musalla

tn “ " is |
Velope. It is proposed that the inner environment of the “Model musalla” 15 0

th AE A
rmal balance to estimate the actual ability of the musalla envelope to maintain that

bal . .
116 The present chapter discussed, by means of geometrical analytical study, all

each, area of opaque and

r cubage.

Pars
of the musalla envelope to highlight the role of

"aNSparent parts, detailed study for the dome parts as Well 25 defining the ai
Climac information, including air temperature and solar intensity in the Baghdad
"Bon, as wei] g5 thermal air rates, humidity and other parameters Were obtnined o
" Iraq Forecast Dircctory-Baghdad. It has been amanged with the Buiking Research
Centey in Baghdad to get the outputs of some tests carried out by the center’s
lns"'umems‘ which help in funishing this research with some jmportant information.

per sq.m through walls, windows and

¢ h
¢4t exchange estimate by heat flow mean
oo 4 | results
Fas Well as heat flow mean by ventilation per sq.m owing 10 the suooCSSfU
dered.

m : consi
thermg) computer simulations and approach, which have been



Source: Ministry of Awgaf and Religious Affairs-

kg Jocation to another
*qibla direction is fixed for every location, and it varies from one

3 S“ Fig'4' l ’Ch.4.

4See Figs.5.4, plan of “Model Musalla”, and Fig.53.

Engineering Office, Baghdad, Iraq.



CHAPTER SIX

CHOOSING OF VARIABLES
AND COMPUTER SIMULATIONS
FOR THE “ MODEL MOSQUE “



6.
1INTRODUCTION

By followi
ing the
g CIBSE Manual (1975), the rates of the heat flow through the

influence
of ea
ch component of the construction on the total ability of the musalla

buildi
Ing envelo
pe to protect the inner environment from climatic fluctuations .

General|
Yy speaki :
ing, the minaret does not have a direct impact on the building behavior

) threas .
the dome has the impact of rebalancing by facilitating air circulation

thl"ou :
gh its wi A
indows, especially by hot air removal and air circulation which happens

dUe t
0 the variation in
1at1 in ai i
on in air temperature between the external and internal environment.

Theref
orey the d .
ome was chosen (with the roof) in accordance with the calculations and

®valuati
on ste . s
ps mentioned in Chapter five as an important element in enhancing the

inner envi
nVU'Qnme . . .
nt and contributing in keeping the temperature at a constant level inside

usalla 0 :
at 25C° in summer and 18.5C° in winter; which is the required level .

Since
the Su; "
E mmer season in Iraq is very long (more than seven months), the need for
ing is .
4 very important, and it is necessary to get good thermal isolation of the
Vel()pe in .
its components and behavior 10 prevent the heat from entering the building.

which is represented by the “Model

FOr th.
is
4 reason,the typical new mosque in Baghdad,
O5que” i .
. In that city , is used t0 determine the problems which are related 10 the weak
€rmal behavi
havior of section materials in the building of the musalla’

¢ assessment of the “Model Mosque”

The by
uildi .
ding simulation program is employed in th
the musalla. The BLAST

lo sh
OW the :
environmental impact on the innef environment of

ral community with a tool for

Program
provides the engineering and architectt
envelope Wi

gn under climatic fluc

th different variables of

eStimag;
atin
g the behaviour of the musalla
tuations in

onstryey;
cti : i
on materials, specifications and building dest

the
Baghdad region.



62 STRATEGY FOR CHOOSING VARIABLES

The basis of this research would be how close we can get to the optimum temperature,
ad one of the major aims of this research is to make use of changing the characteristics

of the members of the envelope and using it to get thermal comfort, or to be near that

pan Therefore, the heat flow unit for one sqm of the envelope of the musalla building

Wil be according to the following changes: Changing the wall thickness from 0.24m to

0.36m, Le., increasing the thermal resistance of the walls as well as the thermal capacity

(therma] mass),taking into consideration the fime lag factor.”That will be possible

through the implementation of the following alternatives (variables):

. 3 . ]
' Providing insulation material, like foam sheets of polystyrene as an additional layer

10 the envelope

i ' : ing i ideration the
3 Chang, ng the gross area and situation of windows, taking nto conside
Minj : g oh gtk

Mum optimum size in each direction.

7
. ' jor surfaces.
" Studying the choice of the optimum color and texture for exterior S

' iding arcades
v, Studying the shaded areas around the praying arcd (”m‘m”a) and providing

On e 5 ) i
ah side according to need and onentation.

: . i microclimate and
¥ Studying e vegetation and types of trees 10 provide the optmum

Sha
Ue around the pmusala building

1 . d testing the impact
3 TW"‘E more variables (more alternatives) for walls and roo, &0

Of each w; LAl
¢h with the assistance of computer simulations -

: oo the stepes of the
Th;; fesearch considered the following proposals to facilitate

“eulation, y; ut:
Ulation without imposing major effects on the final outp

203



i. Assumin
g the
envelope as one homogeneous layer. Since the temperature gradient

thmugh
a composi —_—
posite wall is different from the gradient for a homogeneous layer, 10

facilitate
the cal —
culations it is proposed that one K-value (thermal conductivity)is due to

the fOHOWing:.‘

K=K/d
xc (W/mC®) d = density (kg/m’)
¢ = specifi
B Ic .heat (J/kg C° ) and that has an impact on the time lag (See Energy
nt Design,(1995:80),and Fig.40.)
ii, Assumi
Suming th :
g the heat flow in the perpendicular direction to the section (the envelope
SUrface).
iil. Assum;
in 4
g that complete air ventilation for the musalla building happens once per
hour,
k isolating material

iv, Since th _
e flooring of the musalla is usually covered with thic

(typical
specificati .
ifications of carpet in most of Baghdad’s mosques), the calculation of heat

ﬂOW thro
ugh this part of the floor is neglected:

Vs
¢ doors have the same specifications for heat flow as the windows

anq the
Same u-value (thermal transmittance)-
raying at each prayer time is 30

Vi. Ass
umi
ing that the average number Of people P
ent to 15 persons per

Persong
, and .

that their average stay is 30 minutes. This is equival
a result of the biological

man body in the case

h()u
. Th
e . B
metabolic rate for each person praying & activities

of the
person’ .
n’s body is equal to the metabolic rate released by 2 hu

of walkj
ing 2 mi
g 2 miles per hour, That is equivalent 0 212 W

RMAL CONDITIONS

. THE
ANALYSIS OF THE THE
OF THE ENVELOPE

204



Musalla in Baghdad to assess their influence on the general thermal balance of the inner

-
Vironment of the musalla building. They are as follows:’

i, . D bl
Thermal testing for the window orientation in the following directions:

L.West  2.South 3.South-west ~ 4.East

That i ) . .
AL s essential for the proposition of getting suitable solutions and details — as well as

ﬂl LS B . .
€ area - for each opening in these directions. For example, the ability to optimise to

8! . & gt
UPPly suitable heat during the wintertime; and the prevention of solar radiation and

re Ecte(l . .
i heat from the surroundings entering the musalla during the summertime,

th :
fough the window openings.

This
helps to pay attention to the following items:
I The size of each window according to its direction.
2 indow and its fixed and mobile parts.

The dimensions and proportion of the W
ts efficiency in reflecting

3- - .. .
The type of glazing and its thickness, In addition to 1

solar radiation and heat.”

8
4. The height of each window related to the ground level.

. . .
The determination of the shading devices-

i. ” . .
1. Thermg testing for the walls and roof of the musalla building after implementation of

the i
followmg alternatives; tc
g cavity type €
(nonnally POlystyrene'

ectivity and thermal

1, : ;
l"‘:"’ﬁ-“mg the thickness of the walls, usin
which

2 Providing the roof section with an isolating 12Y€f

: fl
1S chmonly used in Baghdad) {0 assess the thermal re

Capacity of the roof.

ilding from dark
¢ 3. Changing the color of the external surfaces of the musalla building
ivi inimize  the
colors 1o light colors to increase neir reflectivity and ™
205



absorption of solar energy (heat), which has 2 clear effect as shown in Tables

(A3.1, A3.2 and A3.3, App.A3.)
This research has also taken into consideration the process and results of the previous

Project at Sheffield University which conducted an assessment for a “chamber test” under

a Similar environmental impact as Baghdad (Dawud, Azhar.J, 1983:Al-Riahi; 1987) and

e ests of the BRC in Baghdad’, as well other field tests done O the BRC (Building

R
#search Centre in Baghdad), see Appendix A3.

T0 mainta: = :
9 Maintain comfort conditions requires cooling and heating. Therefore, this is not feasible

inB e\
4ghdad for mosques presently. It is instructive (0 5¢€ potential savings-

udies and tests had been carried out by the BRC t0 determine the extent to which energy

H¥ing coulq pe achieved by the use of passive design features. Since it is clear that the

“MEnSive use of centralised heating and air conditioning pants s not been possible n the

it wi ic crisis in
Past it wij) also not be possible in the foresecable future because of the economic Crl

Irag, 1y . ;

 The results of this study will indicate the significar savings possible that the new

m . .
“alla needs 1o make in the equivalent jmprovement 10 thermal comfort for passive

b“ildings_

Al : lysis
lof the Other information and tables presented by the BRC in Baghdad and the analysi

Of the
fesults are given in App.A3.

6.3 o
OMPUTER SIMULATIONS

B
Computer Tools and Approach i
Computing the th building pefore it is even built
ermal performance of the

‘dVan :
8ges. It becomes possible in the pre-construction

Pertj
165 for each building element.
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Hea i .
t transition occurs by conduction ,convection and radiation .The analytical methods

for .
heat transfer calculations are not sufficient when it cOMES to complex composite

Structures with thermal bridging, thus increasing the thermal transmittance (denoted as U-

va
lue) of the musalla building structure. Just how much enerey flows through the thermal

bridoe i« 4: ; ;
Midge is difficult to determine using conventional analytical methods, but with numerical

€0
Mputer calculations it becomes possible'.

Th .
® typical mosque building has been simulated forthe four differeat roof STHERE and

five g :
¢ different walls as shown in the graphs. To make the simulations comparable , the size

of
one huge space (musalla) and its direction 10 Mecca at 10 degree south-west has been

«“Model” musalla are very extensive and will

treateq
as a constant. The input data for the
¢ Baghdad region is obtained

on|
¥ be presented here in general terms. Weather data for th
itude 44°,

fro : :
M the Iraqi Meteorological station. The location of Baghdad is on Long
l’aﬁtude 330.

6
o Measurments
s. . . .
"€ Baghdad city has become hotter during the past 10 years » this general increase In
tem '
Perature is denoted as the "urbanisation effect" and it occurs when the natural

P : A3). A
onmen; is transformed into that of the city (se€ Shaaban; 1972 and AppA)

E taken in and around the "Model" mosque to

Of temperature measurements Were
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shed |
ght on thi
s phenomenon. Morever , the measurements were used as a reference for

the
computer simulation.

Thc “BL
AST” ;
walls and roof simulations were carried out 10 determine the u-value of the

100f and w
alls R
of the existing “Model” musalla, and computations Were also performed for

dnew insul
ated :
panel roof and pitch roof (which is not usually used in Baghdad for no

Setious eqy;
viro y
nmental reason) which may be used in the future. All charts include a list of

the
Properties
of : . ;
the materials used for the computer simulations, (more details regarding

se materials can be

the th
ermal capaci !
pacity, conductivity, density and solar absorption of tho

fOund .
in A !
ppendix A3 and Tables B-1, B-2 APP.B).

633 R
eview
of the Capabilities of Some of the Softwares Used in the Thermal

. ment Simulation

fough this revi

B is review ,the approach of the selection of a
for musalla thermal assessment simulation wil

Criteri
Tla are considered:;

certain software tool (BLAST)
| be discussed. The following

‘obta'
Ined
*Look of four common mainstream tools for detailed comparisons.
ed at their ahil;
their ability to consider various technologies or iSSU€s:

*
:Bo::r:d them to the “best available” specialty 10015
*What pectrum of Software Tools Related to Buildings, passive Design and Energy.
*Who ::he capabilities of each tool?
*Buildin them and for what purposes”
g designers (sizing / thermal assessment / design:
“ESCO of utilities
.Researchcm
.
W:;::M or promoted the tool and for what purpOSc?
esigners
.Promotc technology / products.
Promote energy efficiency

research arca).
208

.Env.
Iron
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*Evaluate building science.

*kok
Software Tool Taxonomy

*Compari
pari :
son of schedules to show list of tools which have been“self-classified”

(e.g.tool list).

*We will
look at who uses (or is likely to use) each tool in conclusion.

*Wh,
at tool
s are currently used by “Design Practitioners”;

*Wh
at too :
Is require expert “knowledge”or complex input data; and why is BLAST

selected ¢
0 be the software tool for doing the thermal assessment of the new musalla

0} t k
b her Specifications of the BLAST Program
Blast an
d EnergyPlus both use heat balance in passive designed buildings, which is

the be
St avaj
ilable thermal assessment simulation t00l EnergyPlus currently has no user

interface
.BLAST is a more mature program with an interface.

T

mﬁeg%o"‘y two programs that use a Irue dynamic heat balance and they

and EnergyPlus. BLAST currently has a graphical interface and
bso.uiuc.edu.).

Ene
r&Plus does not’ (Dr.Richard Liesen;SuppOﬂ@blas"

2,

nce to musalla

therm,
al as . -
sessment conditions is one that uses 8 heat balance, OF basic thermodynamics,

10 de
term;j
ine control volumes and all the energy

Voly :
Me. This is the BLAST program.

h would give 2 very good idea of

3 Th
Hgre
IS also a bibliography of rclatcd articles, whic
¢ heat balance at

e verifications of th

What Rtoare
h took place and som
a list of

bibliography contains

h%://www b‘ — .
bso.uici.cdw/BLAST/nibliography-heml: TS
first is t0 provide

¢ two functions. The

BLA
ST
related publications. It is meant 10 serv
y or

p%ings d . . .
escribe the heat transfer algorithms.
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It also contains a long list of references where BLAST was the primary tool for some
type of energy related analysis. They include involving passive solar design strategies
and the effect of thermal mass. The computer bibliographic search was completed at
the engineering library at the University of Illinois .The list was narrowed down by
finding articles which also contained such key phrases as heating load, cooling load,

e . 2 .
Mgy consumption, building energy and simulation.

63.5 The "BLAST" Program

The BLAST (Building Loads Analysis and System Thermodynamics) system is a set of
mputer programs  for predicting heating and cooling energy consumption in
buildings, 1t was developed by the U.S. Army Construction Engineering Research

Laboratory (USACERL). The original release of BLAST was called BLAST Version

12 The BLAST program offers a substantial number of features, which allow

®Ngineers and architects to obtain the necessary information for design and energy

Malysis tasks. Some of these features include: a readable input language, two

SOphisticateq input file processors, and readily accessible libraries of common building

Slements, and. accessory programs which greatly simplify the task of processing

Weather data ang generating customized input parameters and output reporting. One of

the BLAST preprocessors, the Heat Balance Loads Calculator (HBLC), is used to

interge; : :
ieractively create BLAST input files with a minimum of input required from the user.

The
BLAST program contains three major sub programs:

l' . . .
i Space Loads Prediction subprogram computes hourly space loads in a building

baseq On weather data and user input detailing the building construction and operation.

2, :
The Ajy System Simulation.

3.Th
¢ Central Plant Simulation.

214



The HBLC (Heat Balance Loads Calculator) is a windows-based graphical interface for
Producing BLAST input files. It is a powerful software tool for calculating heating and
cooling loads for buildings. It allows the users 0 acCess complex heat-balance
algorithms using a windows interface. Geometric inputs are entered graphically, an
pproach which is both quick and easy to understand. The HBLC creates an input file
for the Building Loads Analysis and System Thermodynamics Simulation Program
(BLAST), making some of the most powerful and accurate algorithms for calculating
heating and cooling loads available through a simple, easy-o-use, Windows-based
Program. BLAST is a very powerful energy analysis program, which calculates thermal
loads using an implementation of the heat balance method. As a result, a simpler yet

m ;
Ore accurate method of performing loads calculations is made available through the

H
®at Balance Loads Calculator (www. Support@blast.bso.uiuc.edu.).

i .
Weather Files; The BLAST package includes a complete set of weather files in both

m . .
" and processed weather data formats. The Weather Information File Encoder

( .
WIFE) Program is utilized to process raw weather data into a format, which can be

"%ad by the BLAST program. WIFE can automatically read several standard weather

data
pes (TMY, TRY, SOLAR Z80.... etc) and allows any other type of weather data

b Processed by means of a user-written routine. Among the options 10 user

in . :
Put are holiday periods, type of units in output reports, and hourly reporting periods.

UG raw weather data input, WIFE attempts 10 fix (by means of curve-fitting

techn; g
Mques) any missing data points for various ypes of input (e.g, dry-bulb

tem .
Pefatures, barometric pressure, etc.).The Weather File Reporting Program, a

Supple
Mental program to WIFE, has been developed 1© read processed BLAST weather

datg ;
files. The standard report produced by the weather File Reporting Program shows

Mo : : :
thly ang daily averages as well as design temperatures. The information provided



by the program is in a format that can be readily used by the designer for system sizing.

ii. Environment Selection; Selecting both a location and weather information from the
HBLC libraries specifies the outside environment. Over a hundred locations are
available from the on-line locations library, and the user may define new locations by
inpuuing the latitude, time zone, and monthly ground temperatures of the site. Design
day weather information is available for each of the library locations, and design days
for other locations may be defined by the user. Additionally, weather files with hourly
Gata in TMY and TRY format are available separately for over 350 locations.
iii.Building Geometry; The HBLC is a Windows-based graphical interface for
Producing BLAST input files. The HBLC allows the user 10 visualize the building
Model as it i developed and modify previously created input files. Within the HBLC,
®ch story of the building is presented as a floor plan which may contain several

*Parate zones Numerous other building details may be investigated and accessed

trough simple mouse operations. The HBLC is an excellent tool which makes the

. of developing BLAST input files much more intuitive and efficient. Perhaps
the mogt convenient feature of the HBLC is the method of defining the building's walls,

floors and roofs, Up to fifty simultaneous thermal zones at various elevations may be

defineq f a single building. When subsurfaces are added to a wall,an elevation view of

that wa| appear.Windows and doors and overhangs are added by clicking screen

b“ttons’and they are sized by clicking and dragging the surface's edge.Surface

“Onstruction HBLC. Each surface type

are easy to specify in the

d :
efineg building elements can be selected. The library is actually & dynamic database

Contain; :
Maining layer-by-layer material information for each element. If the desired element

is | . . . » »
Ot in the library the user may define the element by specifying 1ts different material
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layers. The Report Writer Program is an extremely useful engineering tool designed to
be used in conjuction with output from the BLAST program. It has the ability to
Produce files which can be read directly into LOTUS and EXCEL. Users of Report
Writer will get two major benefits from the program: the customization of reports and
detailed hourly simulation results. The “Blast” computer program can calculate two-
directional heat flows through the envelope. The program contains a large material
lbrary with  thermal properties for different building materials: The result of
Simulationg can be displayed in a multitude of numerical modes (as well as graphically)

# shown in the attached graphs. The areas of focus for the simulations of this research

e as follows;

L U-valye of the roof and walls. 2. Mapping of heat gain t0 the inner environment.
A Simulation has been performed for four different types of roof and five different

YPes of wall structures as shown in each of the graphs (see the attached graphs).

64 compurEgr SIMULATION ANALYSIS FOR THE MUSALLA

6'4.
X Walls Summertime Simulation

e Simulations for “musalla model” building concentrate on an investigation of the

Yls in the case of two major factors of the musalla envelope,which concern the

di .
fect climatic impact on the internal air temperature of the musalla that affects

therme comfort . Those two factors are the trasparent arcd and the wall section

(inclugding .- .
luding thickness and material characteristics).

hi ; .
Bher, A a result of sunshine and the gradual increase i the external environment

- i it starts to
» ure the inner environment temperature rises until 1.00pm.. After that it
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ermal mass envelope of
#19p again after 6.00 pm until 12.00 pm because of tht::)::hinnef environment from
0.12m thickness, which is so thin that it cannot pro becomes 35°C to 38°C
fetting heat through it ,so the inner environment teme;a::for the same period, and
compared with Full Glass (FG) which becomes 35°C to ince the same phenomenon
that reflects the lower heat gain 1O Qe 8 (H::t'ws:n all other brick wall types
e6urs in (FG) and there is no significant difference brick wall becomes the best in
%45m and cavity wall as shown in the graph, the 0.36m bri hs show that the heat
'ems of cost and labour skill, as well as heat CXChange.n:hgr(::G), the case of (FG)
8ain is more in the case of @0 md s :)v and 1.00 pm causes heat
becomes 350¢ t0 42°C. Since solar radiation between 8.00 am within that period
0 1 increase more snd more, the gain is stored inside. Thus;elope = 4o

ive en

When it is not reflected again toward the outside, the ma551 43 S
therma] mass and cavity wall type of construction assists 1n

Il
”» those types Of b
X B S flask ’bUt

building-These construction types work like a -

Bl1.)
6,6.7 and App
igs.6.2,6.3,6.4,6.5,6.6,
e ot alyays approprate in summer,(see Figs.6.2,  PERATORE
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Fig6.2 Thi HOS. more quickly than others; it is influenced more

than, g 1S 8P shows that 0.12m wall heat loss and gain happen : .

0Viro, l::em by weather fluctuations C::n'n' and 0.48m c:‘:ltlopts have the ability to maintain the hclzll ot; the :;;:)c(l)-
ot . ; ' ' I i rom 12,

'loonlo9,0'(l)l more than others respectively, but 0.36m envelope 1S the best in terms of heat gain particularly

Pm when four prayer times occur inside the musalla.
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iner temperature nses
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6.4.2
Walls / Wintertime Simulation

ln Wi
inter i ;
er in the case of the (HG) wall envelope , the inner environment temperature

fan
8¢S from 15°C o 20°C in comparison with (FG) walls which are within the range of

15¢
1 25°C. 1t is noticed that the inner environment temperature in the case of the

Cavj o
W Wall type is the lowest compared to all other types of wall alternatives in winter

Starti : . .
g from 6.00 pm until 9.00pm, and this is not good in winter particularly since this

Period | :
Includes four prayer times.For that reason, it is necessary to Increase the energy

COnsumpt: .
Mption for heating the inner environment t0 reach the comfort zone more than in

Other Cases

Simj
llarly‘ the 0.36 m wall is the best of all the types in winter in the case of (HG).

Sine ;. . TN,
I maintains the heat inside the musalla and requires lower costs in building

Mater
Mals
» labour and energy consumption .

o
(353
<



For (FG) construction in winter it is noticed that the desired wall types are cavity
walls(CW) and 0.48m wall thichness in terms of highest heat flow to the internal
eavironment during the coldest periods of day and night from 1.00am to 2.00pm,and
fom 4.00pm to 12.00am. However, in the case of the 0.12m wall the inner
environment temperature becomes lower since the envelope (walls) is so thin that it is
Wnable to maintain the inner environment temperature. In addition, it is influenced
more than other wall types by external environmental variations. However,the walls
(0:24m,0 36mo 48 and cavity wall type respectively) follow the same base in terms of
heat exchange. The impact of the external environment on the last three types is almost
Similar within the important period in winter from 12.00 noon untill 1.00am which
ncludes oy prayer times and represents the coldest time in winter. So the optimum
“MVelope will be the 0.36m wall, compared to other types of wall in terms of cost and

'%our in Baghdad (sce the attached graphs Figs.6.1,6.2,6.3.64.6.3).

\
25 | WINTER full glass
24 .
23 i —+—WALL
E R - 12
-
0 . —~=—WALL
2 191 .
e v
o &,
w6l /[ \\
R
- N i

T -~ T

0 2345678 9101112131415161718192021222324

8 6 '

n lhe“‘ It is found that cavity wall and 0.48m wall types maintain lh‘:, NESTEERE b ek &
Winter iy lemperature duhng the day in winter from 1.00 am 10 - 'om et by g
‘ME“?'U @d that 0.12m wall are influenced more by the climatic fluctuat
SSEEUVely, but 0 36m wall is sull moderate as shown in this chart.
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Flagv'ig'swh is noticed that 0.12 wall thickness is affected more than other types by climatic .ﬂuctuations.

DServm?"s of, 0.45m type and 0.36m type are respectively more eﬂ'ncnem in terms pf mtemg! hegt

Winter 1on, but still there is a slight difference of not more than 1°C. This is a positive condition in
articularly for the period from 6.00 am 10 6.00 pm when all the prayer imes occur.

6.4 . N
3 Roof Simulations for Summertime and Wintertimes

The hear gain through the roof in summertime in the case of the isolated pitch roof type
2i : e L
Qinch insulation) and (6in. ins.) ,which are of timber construction with ceramic tiles

an
d a falge Polystyrene ceiling (light structure generally) was more than that for other

t¥pes (flag rreinforced concrete (RC) slab & pitch RC slab, which are generally similar

to y .
#ach other ) (see the attached graphs Figs.6.6 and 6.7). The reason is that the time lag

Of . . . -
& Massive roof represents an important factor in terms of delaying heat transmusion
\Wh ' ! -
0 the heat stored is retransmitted to the mner environment and outer during

Nighg; .
ghmmc‘from 9.00pm untill 5.00am, that is outside of FAJR and ISHA prayer tmes

When
the musaila usually unoccupied .

The f1q RC slab type is still acceptable in terms of the heat exchange level and cost

re| _ i :
et others, with the additional enhancement of active thermal insulation .



The desired heat gain in winter occurs between 1.00pm and 7.00am. That period
includes all prayer times. Since the flat RC slab type and pitch cone. type permit
relatively more heat gain to cross them within this period than other roof types,they
become more suitable for use than other roof types in winter and will be more active

With the additional thermal insulation and domes in terms of their good thermal

behavior as mentioned before (see Fig.5.8) in Chapter five.

That means that the flat roof is still better in terms of lower energy consumption for
feaching thermal comfort, cost™ and labour in Baghdad generally,and it is even better

"an the RC pitch roof type in terms of local labour in Baghdad and cost.

By the way, it is good to mention that the pitched roof type particularly the timber
Pitched roof i no used in Baghdad as well as RC pitched roof . The traditional roofing
*Ystems depended on mud, mat and timber. Jack Arching which commonly used after

Second World war was left gradualy in the beginning of 1960’s and replaced by RC.
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8:_8'6'6‘ Pitch roof (2 inch-insulation matenal) and (6 in.ins. made from timber) heat gain allowal
: oz?ter than other roof types respectively as shown in the chart The curves of flat RC and pitched RC
delaylypes seem typical because of the higher time lag of massive msulated characteristics of each that
¥ the transition of heat gain through them till 9.00 pm. The radiation from their inner surfaces to
inner er}vironmem continuues till 5.00 am and heais i wien there is no prayer ume at all, This i
nece&:t,’\l.c in summer, since we can usc the natural ventlation 10 enhance the aner cnvxronrmm.j

\

WINTER

TEMPERATURE

') ) s . - 2 1w 11 12 19 14 18 8 7 TR A n n

Fip « URS :

“l:lc'h;:HQl Bain 15 desirabie n winter pa:l?uiﬂf,\‘ within the prayer penod from ‘f'l‘:l) Rpg‘ 0 !? (XL:%

mdmdmcludm all the five prayer umes Fajar, zu}mr,.tsar.&iqghnb npd Ishaa. mm roo cul:r‘!v o
¢ o0f have the highest capability in terms of heat SA7 e L %‘\:uadditi' f

domeg o "1ch is best. Therefore they are more positive in thermal behaviout 8 FER i

18 and further insulation materials will enhance their positive thermal behavior further in summer.
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ty wall and 0.48m

is more efficient and suitable for the Baghdad climate (see

(Ishaa & Fajar prayers) t
half glass graph Fig.6.3).
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10, Higheat | . , : '
42 Ighest inner 1em i ease of full glass envelope of cavity wall is 42°C and the lowest is
37'6'C(w 0.36m walls, For E::lml the :;mpcngwre is 42°C, and for 0.36m walls the temperature is
Blagy o, Pectively in case of a half glass envelope. The peak time of inner temperature i case of a full
ope is from 1030 am to 1.00 pm, but f .OOpmmthemeofahalfglss
' represen lowest inner temperature occurs with 8 0.36m W& 4 Aoned ey
happen, " the advantage of using a 0.36m wall envelope, because there are four prayer times Wh

M'i:r.m.]!y within this period (Zuhor,Asar, Maghrib and Ishaa). That period also represents the
1n time in Baghdad as shown in thechat
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is noticed

om .
Pared with a range for full glass of 15°C 10 25°C. LIS POC
ing cavity

in gen, -
“’“'estml within the range 15°C to 21°C. In case of usi

m »

0.36m, happens in the case of a full glass envelope, and i b

respar (e case of u haf glass envelope it 1 205°C for cavty wall, and

behayy. -, this indicates the advantage ® using half glass envelope
uszm of 0.36m wall type. On other hand , i indicates the instab

thi the impact of the climatic fluctuations on it is more thar i

from ong them. This chart indicates also the peak time period 0 gain
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the good thermal

ility of the 0.12m envelope
than for other envelope types. It is the
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Table 6.5 : :
Roof simulation shows the indoor temperature (°C) of the musalla for 24 hour.

JEPLE 18
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2 s | 3z |8%|58
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Q - £ | €8 | 58
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o, g o g b ©
s — %]
1 17.08 15.29 15.87 16.81
i 2 . 17.06 15.18 1586 | 16.89
2 19.32 17.28 13.08 13.04
4 21.02 19.19 19.94 20.67
s 21.9 20.38 21.11 21.52
8 22.12 21.03 21.5 21.73
e 7 22.16 21.18 2174 | 21.77
3 22.47 21.84 22.38 22.07
9 23.45 22.88 23.42 22.91
10 23.82 23.64 24.21 23.49
i1 23.58 23.38 23.95 23.17
12 21.37 21.07 21.66 21.03
— 13 20.99 20.29 20.89 20.64
14 20.69 20.02 20.61 20.36
- 15 20.48 19.74 20.3 20.14
— 16 20.24 19.47 19.98 19.91
17 19.96 19.17 19.64 19.64
13 19.63 18.81 19.24 19.33
— 19.25 18.22 18.65 18.97
20 18.72 17.82 18.27 18.59
. 18.39 17.19 17.66 18.21
i Y 18.01 16.6 17.28 17.83
P 49 17.62 16.21 16.87 17.46
24 17.25 15.59 16.31 17.1

AVARAGE 24 | 20.27 19.80

[ AVARAGE/USE | 20.33 15.93

Pitch conc. slab30 degree

CLAY TILE 1 CELL - 1IN —
E3-3/8INFELT AND MEMBR
865 - 2 IN DENSE INSULATION
B_g- 2 IN DENSE INSULATION
S8 - 2 IN DENSE INSULATION _———f
AIRSPACE - SLOPE DOWN

E4 - CEILING AIRSPACE [——

gowcasrs SLAB 5 I/
LBD - GYPSUM PLASTER 1/2

BLED - GYPSUM PLASTER 1/2

\




6.4.4 Conclusion of Computer Simulations

The analytical study by computer simulation, as shown in the graphs reflects the
thermal behaviors of the "Model Musalla" envelope and other modifications of the
envelopes after applying "alternatives" in terms of the employment of different
Materials and areas of opaque and transparent parts of the musalla envelope and also

indi : .
ICates the resulting energy consumption.

Indeed, the computer simulation proved that the massive envelope behaves as a
"Thermos flask" So, there is no actual enhancement of the condition of the inner
environment thermally by increasing wall thickness to more than 0.36 m or even using
€avity walls with the same specifications of the envelope of the "model Mosque" in

te; : :
™S of opening areas and other envelope section features.

Therefore, in the light of the findings, we can conclude that, for a climatically

balanceg structure in a hot-dry climate region, the external walls of the musalla

“tvelope should be 0.36m thick.

In addition, it ijs recommended that the oceurrence of the inner maximum

ehvironmenta) temperature be delayed to a time when the building is not occupied.

This time occurs from 8.00am to 12.30 pm in summer as shown by the simulation,

When the inner maximum environmental temperature at 12.00 noon is 42°C, and in

Winter i 25°C at 10am.Thus the envelope keeps the inner environment warm untill the

Zuhyy Prayer at 12,30 (22°C), but starts again warming continually from 5.00pm to 8.30

Pm (19'5°C~20.5°C) respectively. This range includes three prayer times, until the fajar

PRaYer time at 6,00am ,when the temperature is 23.5°C. This is an acceptable

“Omfortap)e temperature in winter and needs low energy consumption to maintain

the"nal comfoﬂ. The wmputcr simula(ion ShOWd that this COU|d be achicvcd by
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using h.
g half glass and a 0.36m envelope. The computer simulation also indicates that the
traditio -

nal RC flat roof is still the best thermally in terms of cost, labor, and heat
exchan : o 2

ge after applying additional insulation materials (6 inch insulation),see more

details in App.B1.

In addition, reducing the numbers and size of windows and other openings on the west
and east walls to the minimum, or blocking them totally, will enhance the inner
environment thermally. It is found that the musalla’s building is dialectically balanced
more by

With th g
e outside climate when the wall thickness is 0.36m, and is influenced

climati .
ic fluctuations when there is a thin envelope of 0.12m.

Table ¢
6 Roof types simulation shows the indoor temperature (°C) for 24 hour.
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Fig.6.13. This graph shows that the inner environment temperature of the musalla becomes .4.S°C lower in uus2 ‘(:;sé
mwhcn FULL GLASS is used for west and cast walls orientation where the temperature is 41 s:d (; r'Il‘)}:s ‘iscs‘, e
N When HALF GLASS is used. when the temperature was 38°C. When NO GLASS is usec 13f 1 o
Sum temperature is 36°C. This is positive condition in ferms of reducing cn::rgy ?nﬁ:gec i ol

- But in winter, the inner temperature when FULL GLASS is used becomes 24°C, whic oy thes 1
::} Ao GLASS, and 1°C less than in the case of HALF GLASS. This occurs because 0‘:1 t::n ::wcsx m.; by Wiie
a“‘leaw area of windows (o maintain the inner cavironment femperature. thus. a reduction

%ddiuoml thermal advantage.

all roof types in a year(winter+summer)
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25 A ‘ e ie—————
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*'&1234se7a910111:1314151011;;"”2'?22%“”

" Flat rof e i otch roof insulation@ in  ~=— Pitch conc. slab30

~e— pitch roof insulation 2in =%~ e .

Fi summer winter.
Tﬁm This graph explains the big gap of heat gain through the qr:e;lgge m 24°C in winter. The
MaXimum inner temperature in summer as shown in the ;"l‘:) I:\d peak time occurs from 11.00am to
1.0g p:‘m the heat gain in summer is of pitch roof (insulanon ter. So, the flat roof is the best in terms of its

!°‘Ym heaBlm the maximum heat gain is of the flat roof in meamcm within the period of prayer times

. :
Ing BaIN in summer and highest heat gain in Winter
e the Musalla,and this is desirable in the Baghdad climate._____
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6.5 SUMMARY

The present chapter has used variables (Design and Material Alternatives) aimed at

Obtaining a comparison and evaluation, and then given the optimum solution regarding

the thermal problems of the envelope.

It is useful to know the thermal behaviour of the musalla envelope under different
onditions and variables, as is mentioned in the analytical study through computer
Simulation and as shown in the previous figures. This helps in the selection of the
OPtimum envelope characteristics that are close to the optimum passive design for the

Musallq envelope.

The appreciation of the massive structure of the traditional old mosque in Baghdad is
Still considered in terms of good thermal behaviour and energy conservation. That
Manner contributes more to keeping the inner environment thermally stable. That
Massive structure actually works in a similar way 10 the "Thermos flask" (the computer
Fimulation has shown this). There is no additional advantage in increasing wall
Wickness to be more than 0.36m in the case of the new musalla in Baghdad and similar

ke very massive envelope of the traditional mosque, or even using cavity walls

Since the building technology has changed and other isolating materials and treatment

ha .
¥¢ become more efficient, advanced and available.

The time lag is mainly caused by the thermal capacity (thermal mass) Of the OPIGLE

P of the envelope (section elements), but the heat transfer through ventilation and

Wi .
"dows, on the other hand, tends to shorten the lag. The actual time of occurrence of

the Maximum, therefore, depends on the relative dominance of one over the other. If

i “Onductive heat gain is more dominant than that of ventilation and fenestration, the

- lag will be longer and vice versa. It seems that conductive heat gains dominate at
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wall thicknesses lower than 36cm in the building under consideration. However, at
thicknesses greater than 36cm, ventilation and window gains combined dominate and

thus shift the temperature of the inner environment maximum closer to that of outside

maximum air temperature.

In studying the effect of conductance on the thermal environment, when the thickness

of the external elements is fixed at 36cm, and the thermal conductance decreases,

side maximum temperatures increase along with amplitude.

This could be explained by the fact that heat gain through the window and air

infiltration is of g higher value than that gained through the envelope. On the other

hand, the high thermal resistance of the envelope seems o act as a trap for the heat that

s already been transferred to the inner environment, resulting in an increase in the

MaXimum indoor temperature, (see Tappuni & Ahmad; 1982.)

Therefore, i the light of the findings, it is concluded that, for a climatically balanced

SUUSture i this rogion (hot<dry), the extemal wall elements should be 36om thick In

addition, 1.7Wm-2C-' seems to be optimum thermal conductance of the envelope and

the '
Solar absorption should be as low as possible.
the occurrence of the inner maximum

In -
addition, it is recommended that

EMVironmena| temperature be delayed 10 @ time when the building is not occupied.

This time occurs from 8,00 am to 12.30 pm in summer as the computer simulations

s R
how, when the inner maximum environmental temperature at 12.00 noon is 45°C, and

i Winger & i environment warm
Winter it is 259C at 10am. Thus, the envelope keeps the inner

> 00pm, o 8.30pm (19.5°C-20.5°C respectively)- This range includes three prayer

ti g
", Asar, Maghrib and Ishak until the Fajr prayer & 6.00am, when the (emperature 13



23.5°C. This temperature is acceptable in winter to feel comfortable with low energy

Consumption.

the lowest maximum reached at a thickness of 36cm.

N TR "
It appears that the building is dialectically balanced with the outside climate for a wa

its effectiveness
thickness of 36¢cm because as the wall thickness decreases below 36¢cm its eftectiv

i hand, for
M dampening outside temperature fluctuations also decreases. On the other

i i er da
wall thicknesses of more than 36cm, the heat received during the long summ y

i is what was stated
cannot be released during the shorter nighttime in summer, and that is

o r. In this case,
bout the bag envelope behaviour in terms of the *Thermos flask" manne

there js Overlapping heat gain occurrence.



I ! Y
See the typical new mosque- “Model Musalla”™ in Baghdad in Chapter Five.
" See the detailed sections for each type A and B, Figs.B.2.,B.3 and B.4 in Appendix B.
3
See Tables.B-1,B-2,App.B.
*See .
Energy Efficient Design,(1995) for more explanation.

5
See Fanger’s Classifications Table 4.2.

" See the changes after using alternatives related to the original envelope of the common new mosque in
the attached graphs..

1 . -
See the optimum types of window glass for each orientation in Baghdad,App-Al.
"See APP A

9
See Tables in App.A3.

1 ; o : inside face-1.4;260mm cavity
. . U-values are :220mm solid brick wall with vy gul::fr mner'ou m-‘ssikin and 16mm plaster on

Wal] (“nVemil o ” in lightwei concrete ; : S
e e .S o ot i o expandd polyscen board in cavity ~070-The ddioe)
°°“°f“\Clanerfonnofoonsuucﬁonwouldbeiﬂﬂ““d“"fsomwp/esq'mm nsive.”The cost is
t“’"f"‘d‘*lyde foam in to the cavity would be two-and-a -y - expzr;'scht;osing 36cm
Similar 1) those jn Baghdad for the same time period,this mentioned the advan(age
Wall thickness and that roof type.
: d u-value
“When comparing the cost of alterative insulating materials both the cost pef sqwn:er:cfﬁ ac:‘)mpm’ison
MUst be taken into account. The unit cost multiplied by the U-value will give &0 7 favourably with
P‘%Adopﬁng this approach ,expanded polysterene generally compares very
sulating plaster board, fiberboard or insulating screeds.”

: pp51,54.
SEELY.IVOR 1.71981"BUILDING ECONOMICS™"The Macmillan Press LTD,London.pp51,54.)



CHAPTER SEVEN
FINDINGS , CONCLUSIONS
AND RECOMMENDATIONS



T1INTRODUCTION

Passive design in Iraq is still relatively new. Since the economic crisis after the first

Gulf war, people have become more aware of the need for energy conservative

buildings and architects capable of designing them.

Controlling the heat, which a musalla building gains from its environment is what

Passive cooling, is all about. It has sometimes been defined as strategies that introduce

€00l or heat into the new musalla building without mechanical assistance.

Baghdad weather conditions are such that heating needs in winter are small but do exist

if the musallq temperature is expected to reach 19-20 °C and that cooling needs in

Mimmer are large. Using climatic resources may satisfy these needs: solar energy

"eating ang evaporative cooling in summer. But 10 take the best advantage of these
fsources for five short times a day during prayers in the musalla building, an

PPropriate thermal design of the envelope is necessary.

I previous chapters, the effect of new musalla building design in Baghdad (type of

Material used in construction, heat gain to inner environment and heat flow through the

“Velope, orientation, climatic impact and envelope design) on the internal air

te
Mperature were studied.

A typical ground floor musalla building in Baghdad is used for thermal assessment by

omputer simulation, which represents typical praying space “musalla” building

w' . .
thin the typical new mosque complex in the Baghdad region.

The Musallq bl.llldlng dimensions are 21 Omxl 1.0m witha helght of 6.0m. Four walls of

e musallg building are taken as external. The walls are constructed of brick. Three

i doors are assumed to be in one of the walls, which face 10-degrees northeast
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orientation. The structural details are given in Chapter three & Chapter four. It is

constructed using a skeletal frame. The roof is constructed of reinforced concrete, a

single glazing window of varying dimensions is considered with the total glazing area

given in the manual thermal analysis in Chapter five also.

A simulation assessment for thermal behaviours of the envelope of the selected

“ . =
musalla model” between winter and summer conditions, was made using the

“BLAST” energy program.

The Computer simulation represents the dynamic behaviour of the musalla envelope as a

function of its geometry, the thermal characteristics of the walls and roof, the

OCcupation times, and as a response to outside weather conditions. The simulations run

hour by hour and the program required detailed weather data and other geometrical and

Constructional details.

72 DISCUSION OF FINDINGS

121 Musatla Building Orientation and Envelope Components

Since the gibla (direction to Mecca) is a constant factor in the design process for the

"salla, it must provide high protection for the musalla envelope from the impact of

Climatic fluctuations using suitable envelope section and material specifications that

becomc important because 90% of the new Baghdad’s musalla are of the detached type.

Thig Protection comes from the following considerations:

i Ugi £ X 's wall orientations to
Using suitable types of vegetation for cach of the musalla

duce (he impact of solar radiation by providing shade. Using some climbers and

Shrubyg

» Which help in covering the walls, which face west, southwest, east and northeast

dings
10 feduce the impact of solar radiation as well as to prevent glare from the surrounding
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(as shown in Fig.7.3).

ii. Using shading devices (louvers), which are of selected types according to the
orientation (horizontal type for north and south —Qibla-wall orientation, and vertical
type for the orientation of musalla walls at the west, east, and southwest orientation).
Orientation suggested shading type is: North; fixed or adjustable shading placed

hoﬁzo"ta“)’ above window, E & W; adjustable vertical screens outside window. NE &

NW; adjustable shading, and SE & SW; planting.

Obviously, one cannot provide a perfect solution by using louvers. One must reach a

ompromise at the expense of part of the overheated period and part of the cold period.

(Shabaan , M.Al-Jawadi, A.Jawad; 1975:9, 10).

Three solutions are discussed in Chapter four. The final decision will have to be made

by the architect. It obviously depends on the circumstances and the specific type of

bu"ding. In the case of the musalla building where no summer sun is tolerated for such

N open majestic space, the first suggestion might be applicable, (see Fig 4.4) in

Chapter four. Increasing window recess will decrease the summer load due to the

deCreasC in solar radiation received by the window. The reverse is CXPOCth during

Winter.

For south oriented windows the C.H. value during winter (the seasonal C.H. values

T8Presents the undecirabje intermal temperature of the building that s to be cooled or

heateq by active means), when no window recess is used, is 38 % less than when a 0.5m

indow recess is used for the same orientation. The reverse happens during summer, in

e case of using window blinds, the C.H. value, with no window recess, is 2% higher

than When a 0.5 m window recess is used for the south orientation (Al-Azawi;

|984:185)_ So, it is preferable to use a recess for more protection in summer, which is
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the longest season in Baghdad.

At the same time, walls which face 10 degrees south-west and north-east (longitudinal

mosque elevations), which represent the wall of the gibla (that face southwest); and the

Wall which faces or which is parallel to the wall of the gibla (north-east direction, that

faces the prevailing air direction in Baghdad) can get more natural ventilation through

Wide enough openings shaded by Riwag as well as enhancing the open spaces nearby

them when, fountains, suitable vegetation and water surfaces, especially at the north and

North-west and east orientations (within a certain range)are used. Further axes of air

circulation should be created in order to benefit from natural ventilation at night during

Simmer, and use natural ventilation in the day during winter 0 reach the thermal

Comfort level. This “stack ventilation” is @ slow moving air current of negative and

Positive air pressures throughout the musalla building created by cross ventilation. This

is Particularly applicable when there is & courtyard (outdoor musalla) which is usually

Used,

lii, The negative role of wide windows (at south-west orientation particularly) is to

®reate a “Green House” effect by allowing short Waves of solar radiation to enter and

Preventing long waves from exiting. This has the effect of raising the air temperature of

the inner space of the musalla building to higher than the external air temperature
duﬁng Summer,

To limit solar heat gain, Heat Filter Glass could be used, which reduces sol-heat gain

according to the following recommended glazing:
*10% & 209, glazed area for east, west and southwest (Qibla) orientation.

2 .
0% ang 30% for west and south orientation.

\YA
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~40% for north orientation.

- 60% glazing may be recommended for south oriented window when a windows blind

15 used during the summer season or when a window recess is used to shade the summer

Sun, (for more details see Al-Azawi, 1984:185.)

It is established that the optimum orientation regarding the size and location of the

Windows is on the north and south facades that, like other parts of the envelope are

Under the impact of two heat influences, solar radiation and thermal temperature of

extemal air which are expressed by sol-air temperature. Its impact depends on solar

fadiation and musalla envelope specifications. The manual reference of (Al-Jawadi-

I i concluded that a 10-degrees southwest orientod rectangular musaila bullding

Tequires less annual load, but buildings with west, southwest and east orientations

demang the highest load. This is because solar radiation received by south windows is

A its maximum during the winter season, and its minimum during summer for the same

“indow area while the annual solar radiation received by west and east facing windows

is .
the highest, (see Al-Azawi, 1984:183).

However, the areas of doors and windows should be reduced to the minimum in terms

0 . i e worst
fhumber and size on the west and east elevations (walls) since these are th

directions thermally. Double-glazed windows of reflecting glass may also be used to

"rease the reflectivity of the solar radiation and decrease its ability to cross the glass

an .
denter the inner space of the musalla.



122 Musalla Envelope Components and Materials

Low thermal transmittance (low U-

— Quidaot lamperalura

v .
alue) materials for the musalla
~ fight timber-framed buiiding

en
Velope help prevents heat from S~ Heaty buldng wih
axtem ylation
Crossing ] U
SSing it to get faster cooling. It = Sty Cova Wb oarth

Time of day

depends on the specific heat (Cp) and

the dens;i Fig.7. 1 Thermal mass of envelope.
1 : :
ty (kg/m) of the material of the section. | ¢ ' .\ bom.gov.au.

Itis expressed in T/M, which is the amount of heat needed to raise the temperature of

3 . .
I of q given material through IK (1C) - (Al-Azawi; 1984). Selection of the optimum

bypes of materials for all members of the envelope should be considered as follows:

“The most available building material for walls construction in the Baghdad region is

fited brick. Roofs and floors are generally constructed of reinforced concrete.

Traditiong] roofs were made of timber and topped with mud and straw in rural areas and

bdckjack arching with Juss (Local Gypsum and Nora also as mortar) was a common

00fing method during the first half of the 20" century. The materials used in Iraq

before that, by so many civilizations in the Mesopotamian area, such as famous fired

bricks with dimensions of (0.30 x 0.30 X 0.05 m), which were used in Babylon give

80od Practical examples of thermally optimum materials. Moreover, using cavity wall

*uld be of benefit to face the worst orientations in Baghdad (west and south-west) with

l'egards to the solar radiation dCﬂS“y Thc tthkI'lCSS Of a CaVit)’ Should be between 50

Fa70 mm, and the aperture for vertical airflow should be more than 40% of the cavity

Section, This method performs as a compact shading structure (Homma, 1984:43).
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Fig.7. 2 Using “Fershi"in traditional mosque (4 'safia) in Baghdad for floorig & roofing.

e

“Polystyrene foam is primarily used in structures for insulation for roofs/ceilings in the

Baghdad region. Thermal insulation inside the walls (near the outer surface, which

receives the direct climatic impact) is used to prevent most of the heat flow through the

envelope. To prevent the accumulation of vapour, 8 thin partition is necessary near the

Inner surface in case of vapour condensation t0 prevent moisture condensation in the

sectj .
€ction and its appearance on the inner surface.

" Other types of traditional mortars (such as Juss (local gypsum) and Nora (local lime

Mortar) which have good thermal specifications and which have been found through

EXperience to be the optimum materials used in the traditional buildings in Baghdad,

¢ould be used in the new musalla building (for more details see Appendix. B).

In the Baghdad region, outdoor air temperatures during summer time vary considerably

ad the temperatures at night often cool down from 45°C during the day to 18°C

there g 4 big difference between day and night outdoor temperatures. Design with

Massiye building components that have a heat storing effect due to their mass reminds

US of the traditional treatment of massive walls and roof in the traditional Baghdad

MOsques (see more explanations in Chapter three and Chapter four). The use of
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insulati :
sulating double-glazing would be advisable but insulating glazing could not be
m, ; ;

anufactured economically in Baghdad now (see selected glass for each orientation in
A

PP.A). In the roof zone the k-value to be obtained should be about 0.5 W/mK. In the

of multi-layer external components the insulating layer should be arranged outside

an : Gl ids
d the storing layer inside (Gertis, 1981:127).

7‘
2.3 Impact of the Musalla Microclimate

Mus » Sut
alla siting and microclimate planning controls can have a major influence over the

Mus, . g
alla envelope design. In addition to the form of the musalla building, the hard and
.
o o G
w'\/ Fig.7.3  Shading
607 = efficiency of
O selected
2] vegetation for the
“2 - =1 i different
a5 W5y st seer MAY Y SePT orientation of the
mussalla building

in the Baghdad

u.zggm:ﬁ}: region.

C. WEST/EAST

PERCENT SHADED WALL AREA

€ NORTH RS L 18m TREE
e Ve PALM
— So.;rolc;ped id

y €10 1dea
' h_‘:;. from Makhzumi.
_— M;1982.
AGST. SEPT
\
nts affect the mosque complex

Soft
landscape treatments, and the water eleme

mij . . 3
‘®roclimate (Fig,7.3). This includes the use of bricks (high thermal mass) in the

floor; : :
%0ring of the courtyard, passages and fagades (fair face brick elevation as well as
Teatmen, of other open spaces, like the car parks; Fershi (local fired brick) paving, with
Suj i

ltable arrangement and patterns to let the vegetation grow among the units, such as

th y
® Porous bricks or grass stone 10 minimize glare and thermal absorption of the



surfaces close to the musalla envelope, particularly its openings. Materials used
externally should be chosen carefully in terms of colour, texture and other physical

factors, which help in enhancing the microclimate of mosque complex that

consequently influences the external envelope of the musalla. Some examples of this

include using dark surfaces near the building to absorb solar radiation, and light external

surfaces for the musalla envelope to reflect solar radiation.

It has been illustrated in one study (McPherson; 1981) that dense shading cast on the

€ast or west elevation of a building can cut cooling costs by one half compared to an

unshaded one. Other findings (Parker; 1981) compare the effect of trees, shrubs, and

climbers on space cooling requirements. Among them is the effect of the precision

Placement of trees on the south and west sides of a building in optimising the energy

savings during the warmest afternoon periods (which is useful to implement as musalla

Walls protectors). Second, those shrubs in general play a major role in the process of

Passive cooling. The measurements have shown that moderate size shrubs (1.5m high

by 1.2m wide) placed immediately adjacent to the wall yield an average reduction in

Wall temperature of 24.30 F (13.5C) during

Periods of direct sunlight in such a hot-dry

climate of Baghdad (Makhzumi .J M.1982:2-

24) (see Fig.7.3.)

10 7.4 Musalla microclimate
The replacement of the flat roof type by a b .

|

domed roof, or increasing the domed area of the roof of the musalla is a good solution

10 reduce the area of flat roof to the minimum in relation to the domed area of the roof

Of the musalla since, as shown by the computer simulations, the flat (horizontal) roof

and pitched roof convey high thermal energy 10 the inner space of musalla more than

the domed one. The behaviour of the shape of the dome helps in reducing the gained
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heat to the lowest level related to the flat roof of the musalla, (see Fig.5.5 in Ch.5). Itis
interesting to note that using a traditional brick roof (Jack Arching System, which is

used in the intermediate mosque type in Baghdad) instead of a reinforced concrete roof

makes hardly any change in energy consumption. This is likely to be due to the thermal

bridges through (I- Beam) used in the first type of roof (see Shaaban; 1973.)

Roof shading using common palm trees adjust to the envelope of the new musalla in

Baghdad could contribute to reducing thermal gain through the musalla envelope. It is

found that when shading of direct solar radiation received by the roof is increased 25%

of roof surface, the summer C.H. values are decreased by 8%. As expected the reverse

happens during winter when the sun is more inclined and the seasonal radiation

feceived by the roof is less, C.H. values are increased by 4.5%. (See Al-Azawi;

1984:166-186).

7.3 CONCLUSIONS DRAWN FROM RESEARCH

tIn general, the climate of Baghdad is hot and dry in the summers, cool and a bit

Tainier ip the winters. Daytime high temperatures average above 34°C during the

SUmmer and ofien remain above 24°C at night. In the winter, nighttime temperatures dip

© 1 and 4°C, but only rarely drop below freezing point.

The July average monthly temperature range is 29°C. The average daily high in July

fanges from about 33°C to 40°C with average daily lows of 19°C to 24°C. The highest

**Mperatures recorded range from the 39°C 10 44°C.

Dew points and humidities are usually quite loW: The low rainfall in Iraq qualifies it as

A desert, Iraq's average rainfall is generally between four and seven inches a year.
Ninety percent of this rain falls between November and April. Another unique climatic

feature i, Iraq are the winds. Specifically, the summer months are marked by two kinds
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of wind phenomena: The souther and Southeasterly Sharji: & dry, dusty wind with
Occasional gusts of 80 kilometers per hour, occurs (from time to time) from April to
carly June and again from late September through The November. Northwesterly
Gherbi: From mid-June to mid-September the prevailing wind is from the north and

northwest. It is a steady wind. It permits intensive sun heating of the land surface, but

the breeze has some cooling effect (Climatological Atlas No.II for Iraq) .

il. Baghdad’s historical urban form evolved as a compact aggregation of small and large

Quarters. The result was an organic and “animated” urban structure , obviously different

from the new rigid grid-iron uniformity produced by more mechanical modes of urban

Planning that applied after World War [l. The historical city of Baghdad does not

conform to the later geometric symmetry of urban planning that is characteristic of its

ew districts after World War II. The traditional Islamic Baghdad city evolved

8radually, its boundaries delineated by fortified walls, with the mosque acting as the

religious, social and political centre of the community.

The compact nature of this layout allowed inhabitants to walk around the narrow and

Shaded streets without any difficulties. The structure of this urban pattern was based on
hiemchy of roads, spaces and attached buildings in such compact system that gives

high Protection from environmental impact for the inhabitants. For instance, the

WMacheq massive envelope of the mosqueé with use of a courtyard represents a high

"Sponse 1o the environment. The compact urban fabric of the traditional city of

Baghdag ensured a network of narrow cool alleyways and squares, creating an

a .
greeable microclimatic condition (Antoniou: 1981.)

The radiatiye heat exchange in the courtyard, its high thermal capacity floor, being well

Shadeq from the sun, and having good exposure to the sky, actas a good mediator in
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Fig7.5 Old city of
Baghdad,its horizontal
skyline and compact
urban fabric with pretty

\ vertical minarets was
_

being destroyed by the
modern “international
style”architecture  and
loose grid-iron
planning.

Source: Author.

long-wave radiative heat exchange between facades in the courtyard and the sky

(Tappuni: 1981.)

The city is composed of three main urban areas-public, semi-public and private spaces.

The main public areas of the city are the mosque complex and other commercial and

Public facilities. From this central space, the main streets branch off to the different

districts, From these main streets stem other namow and blank-walled alleys and cul-de-

Sac outto, which open the doorways of individual houses (Michell: 1978).

loose urban fabric of individual scpamted buildings, contributes to 6xposing the musalla

building envelope to solar radiation and other environmental impacts more than that of
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the traditional fabric of the historical city of Baghdad.

The heat flow rate and the heat gain rate through the musalla’s envelope are estimated

according to the following steps:

1. Heat flow through the transparent and opaque elements:

The heat flow amount through the glass windows, which differs from one side to

another in the musalla building envelope due to the orientation of each wall, depends on

the following:

i. The heat flow through the windows by conduction.
ii. The solar heat gain through them by radiation, i.e., the direct and reflected solar

radiation effect, which enters the space of the musalla building through the

transparent parts. Farther more because of the adaptation of the solar radiation

waves from short waves to long waves after crossing the glass of the window, the

radiation cannot be reflected outside again. Thus, it heats the inner space of the

musalla since the radiation conveys the heat t0 the inner space of the musalla .

2. The heat flow through the (opaque elements) walls, roof and dome: Through

(conduction),
(convection method).

3. The heat flow by ventilation: Through ventilation

The cooling and heating load (energy consumption) of the musalla building are highly

affected by factors related to the musalla building design also. These factors considered
4. Activities of musalla occupants. (Almost constant)
3. Musalla building size (affected by propOsed number of occupants).

- T e
Ventilation rate and wind direction.

7. Musalla microclimate and site treatments of mosque complex.
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Fig.7.6 The light shelf is
an extremely useful tool
when used in conjunction

—— , with side lighting
[ = <o | E 1 5 ;
b strategies. This
R .- mechanism can achieved
LR — ; by embracing of the

musalla zone by the
Riwagq . A horizontal
surface at or above eye
Summer o level, serves to reflect
ESC?QI 45% of "H light falling above the
vision window up onto
the ceiling and therefore
deeper into the musalla.
At the same time, it
reduces illumination
immediately adjacent to
the window, where
illumination levels are
typically too great to
work comfortably.

According to what is mentioned above, it is found that the annual mean of heat flow and

heat 8ain reduced due to the increase in thermal capacity (thermal mass) of the musalla

bui)q; .
‘llldmg:s envelope. So, that leaves the inner air temperature nearer to the heat balance.

1 spite of depending on approximate results i this assessment, it is still useful in

‘Inderstanding the thermal behaviour of the musalla building envelope.

ltig found that he buil ding is balanced with the outside climate when the wall thickness

1§ 0-30 to 0.36m As the wall thickness decreases below 0.30m its effectiveness in

' ther hand, for wall
d&mpmg outside air temperature fluctuations also decreases. On the 0
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thickness greater than 0.36m, the heat received during the long summer day cannot be
released during the shorter night time, then the envelope works as a “Thermos flask™
and helps maintain inner temperature that increases to an uncomfortable level in

summertime. So, 0.36m is the optimum thickness for the musalla envelope.

. Passive solar eaves
Mirixum south glazng Owverharg
r - ———— — — -— - 1
0 ]
! Masall !
' e y P E‘_
3 1
; 1 B
1
]
¥
"
]
[
i
—
Prevailing
NW
B bmeezes
\
Fig.7.7 Minimum east & west glazing or providing adjustable external shading. High mass
musalla areas are more comfortable during day time.LOW mass Riwag (used as outdoor musalla
Sometimes in winter and summer and mostly in autumn and springtime) cool quickly at night , as
Well as high insulation prevents summer heat gain.

.

18.5°C is chosen as a thermal design degree for inner enviro

ter inside ordinary buildings in

nment of the musalla, in

Spite of its being lower than the comfort level during win

the middle sector of Iraq (Baghdad region)- This is because the produced heat from the

‘ontinuous movements of the person praying, viz., the bowing, standing, sitting, €tc.,

Increases the feeling of heat. This happens from the impact of the metabolic rate

mperature, and this is what has been discussed in the thermal comfort requirements
four. While the

for the human body related to the biological activities in Chapter

ould be made less for the same reason), the aim

le : (i
Mperature during summer is 25°C (it €
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i8t0 let praying people feel comfort inside the musalla building during the long summer

in Baghdad.

7.4 RECOMMENDATIONS

The procedure and criteria of the previous analysis and estimation of musalla design are

based on the mathematical “quantitative conventional approach” and general global

estimation standards, which are supported later by simulations for the musalla envelope

behaviours in winter and summer under climatic fluctuations. -

Based on the previous results, the optimum geographical distribution of mosques within

the Baghdad region should be considered in terms of environmental criteria, occupation

Capacity and the size of the mosques related t0 population density of the city districts.

This research took into consideration some of the previous similar studies to help

determine the thermal comfort requirements for the human body inside the musalla in

hot'd'}’ climates.

Mosque complex, I recommend continuing the research to determine thermal design

Parameters of other spaces and facilities for the religious and social functions inside the

Mosque complex. Based on that, the recommendations for future research should

Nsider the criteria listed below:

I Defining the thermal design parameters, thermal properties and behaviours of the

Musalla building envelope in conditions of congregational prayers and other similar

Mass activities and congregational celebrations inside the musalla.

ii Determining the thermal comfort requirements inside the musalla during the

Congregational optional prayers particularly in the holy month in Islam (Ramadhan) , as
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Well as the Friday congregational weekly prayer.

il Determining the thermal comfort requirements for congregational activities inside

the annex spaces of the mosque complex throughout the different seasons in Baghdad

according to the nature of each activity, such as the congregational hall and so on.

IV. Starting research to define the thermal comfort limits in the case of the musalla and

the occasional hall unit (as one space, since they are almost attached individual spaces

In the new mosque complexes in Baghdad) at one congregational time to specify the

Suitable architectural and constructional treatments with regard to that.

V. Extending the study of the thermal comfort in case of proposed essential treatments

10 give high architectural design flexibility and suitable passive design to the musalla

bu"ding as shown below:

L. Evaluation of the effect of having a flexible split of the interior space of the musalla

building into two, rather than one majestic space, S0 that any size can be used according

© the number of people praying at each prayer time in order to control the

environmental impact by defining the space due to the actual need of occupation size.

That encourages us to get the proposed cubic modular size, which is the optimum in

'ems of heat exchange as mentioned in Chapter five:

2. Using materials, which have low thermal iransmittance (low U-value) and high

thermal mass, This is the product of the specific heat (cp) and the density (kg/cubic m.)

of a Material, and it is expressed in T/M (see definition in 7.2). Consideration of that

il help prevent heat from entering the building but will allow it to cool down quickly.

In the hot-dry climate of Baghdad, the high thermal capacity of the envelope will help

educe the unsuitability of inner thermal temperature and delays heat to prevent it from
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reaching the maximum level. This is one of the advantages of the traditional mosque

envelope in Baghdad (see many examples in Ch.3). Thermal mass is beneficial for the

musalla building envelope in Baghdad where there is big difference between day and

night outdoor temperatures. 0.36m thickness for the musalla envelope, correct use of

thermal mass (as shown in simulations in Chapter six) can delay heat flow by as much

85 8 to 14 hours for walls and 20-30 for the roof. A greater time lag than this range will

Not enhance the inner environment thermally to reach comfort level because of

overlapping occurrence with the heat gain of the roof by SUNSIDE THERMAL CONVECTION &

R . SHEULTS NOOONG
entilation, (see Evans (1980-62). A high thermal mass L
AR
4 f\
" , l y
of traditional musalla in Baghdad needs to gain or lose ll » :J'

A large amount of energy to change its _ internal Fig.7.8

"®mperature, whereas the light weight of typical new musalla buildings requires only a

Small energy gain or loss. Thermal mass is not a substitute for insulation. The

Components of the musalla envelope must be heat insulating and heat storing. The

eXternal walls should have k-values of about 0.5 10 1.0 WisqmK. In the roof zone the k-

Value to pe obtained should be about 0.5 W/sq mK. The necessary heat storing capacity

Must be ensured by massive internal components (concrete components of the roof and

EXternal brick walls).
n helps reducing

3'D"’Sigﬂing well-shaded walls and windows 10 reduce internal heat gai

Msulation requirements, and the choice of optimum types of window glass that are

Suitable for each orientation in the Baghdad region contributes to that (according to

Provided data in Appendix Al.). Because of the necessary sun shading measures, small

Yindows and relatively compact external facades are correct. The musalla building

shoulq open onto (shaded) inner courts. If this basic principle is dropped, highly

®fficient sup shading devices must be attached to the windows (external roller blinds



g . U 0 i i W ()

glazing coul
d be i
manufactured economically in Baghdad (see App.Al for more details)

4. Microcli
« Microclimate planni
k- planning controls can have a major influence over the musalla design
addition t : '
0 providi i
providing shade, plants can assist cooling by transpiration and create

Pleasant fj
iltered li :
light. Deciduous plants allow winter suf through and exclude summer

sun. Palm tr.
ee :
s, which are commonly planted in Baghdad with high canopies, are useful

for shadi
ing th .
e roof and large portions of the building structure- Shrubs are appropriate

fOl‘ mo
re locali : .
ised shading of windows and wall vines and ground cover insulate against

Summer h
eat and reduce glare around the musalla envelope.

5. Con
structed i 2
insulated materials for finishing (like the tried local square bricks (fershi

30 em
x 30 )
cm x § cm) which have good thermal specifications of high thermal mass

e-expanded polystyrene (11 cm

ing the roof also

and |o
W the :
rmal transmittance. In addition, availabl

$S :
) that gives the best performance thermally can be used. Rais

he| g
Ps; this ,
enables cooling by ventilation and helps by enhancing air movement.

through roof. One of them is idea on sun

'n'lere
al .

re other ideas for reducing heat gain
n” Filter “architecture, and

shadin
g d
ouble roof and the early development of ideas 0

tal filter (se€ powell; 1989:25).

the
Conce e
pt of building enclosures as environmen

t with the earth by making it lower than the

6. Deci
I Dogion;
igning the musalla to be in contac
1.4t0 1.7m (or more) acc

370und

surface (Sub ground level Sirdab-basement”) ording to
Earth-integrated or und
and thermal time lag (S

erground construction

the tri da
e iti B
d traditional buildings in agh d.
ee Figs.

take
S adva
ntage of attenuating extreme air temperatures

7,
8;7.10 and 7 14)'

ll-uncontrolled openings into

7.p
! r(:v . 2 a
enting air getting through 8 variety of cracks or sma
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the buildi
ing and other sub parameters. The equations and treatments to deal with these

condition . J
s for estimation of such amount of air getting through cracks are given in

Chapter Five.

Semi tibded elvainit 10*SED;

- Cartrol raditim
-n-ahu-mstw'mmmc
nmampopk from outside

an«umunk
mudistin
a-n'nn‘tnnut.l?mn.

treez

musalla building are determined by the

,\
Fig7.9

Ao e e . are based on 2 specific understanding of

i gofa

ure and other factors often requiring

ey
uﬂd;f;“s?‘:f of the building site. The most effective designs
ProfesSiox:;e § wind patterns, terrain, vegetations solar O these i ha igni
effect o architectural services. However, 3 basic underStandmg of these issues can have 2 significant
"entilat'n the energy performance of the musd la building in the hot-dry climate of Baghdad. The rule for
ion with regards to building orientation is ¢ air flow 1S often better captured when the musalla is
ithin 30 degrees apprOximately.

plac:d
L off the cardinal (north-south) directions W1

- cooling climates and prayer activities,

In T
Combination with passive envelope design fo
arth coupled thermal

ement in the passive

mass can provide

air
m . ;
Ovement, evaporative cooling and ©

ad :
equate thermal comfort. Air movement is the most nnportant el

c .
oolmg T
_bladed propeller fan (punkah fan) is used for

If ada:e:
additional ventilation is required: & three
ameter fan installed

al 1350mm di

in a spacious

thi

S purpose. P erformance 0f 8 typic

es a flow rate of about 0.7m/s when the fan runs
257

Ven'
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al duct of low resistance indicat



uietly at about 80 rev/min, see Randal (1992:133).

O
D Mirere twors as cooling tower

[ h—t—/’-
Sly cooling atnigit

‘ \ - /'-—\\ Sit codling: wetsr elem et Tegetatim cortrol
M (shdinswi\d:cuul).(nmspimﬁmtl:oonrg)
# |

y enhancing natural ventilation & microclimate.

glgllo Musalla as breathing building b
ource;Author.

8. If additional ventilation is required; standard ceiling fans create adequate air speeds
10 achieve comfort in the case of normal dry bulb temperature. They increase cooling by

s ventilation is most effective for air

inCre i o
asing evaporation rates. Generally, €0

st effective for air movement (cooling

€Xx
change (musalla cooling) and fans are mo
-degree drop in temperature at

Praying people). An air speed of 0.5M/S€¢ equates t0 @3

nt in summer in Baghdad. The design

an
average relative humidity of 50 Perc
iding multiple flow paths and minimising

Max;im:
aXimizes beneficial cooling breezes by prov
plex. windows on walls

Potential barriers around the musalla Zon€ within mosque com

reezes northwest are part of musalla design

Wit :
h the best exposure to common cooling b

rough the mus

fOr - :
effective cross flow of air th
\

ssure di by the Riwaq designed
Fig.7.11 The Pres® i of wing walls will accelerate the natural
to get the same as shown in the following figure.

'_1\__ g entilation ¢
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These assisted natural systems can be beneficial particularly for nighttime and for

daytime cooling in Baghdad especially in shaded spaces. Further research is needed on

the optimal mix of natural ventilation and simple mechanical equipment. In theory, it is

possible to incorporate heat recovery in these systems because of the additional driving

force provided by the fan, but in practice, it may be more difficult to get the optimum

level of good cooled ventilation during summer without additional treatment to increase

the moisture percentage inside the building (particularly during day-time). So, using

convective and evaporative cooling techniques can obtain the best results. The effective

passive cooling systems are the “Badgir”; which is a vertical air shaft sandwiched in the

mass of the external wall (or minaret) connecting a breeze catcher at roof level or
higher, oriented towards the prevailing pleasant northwest wind to an opening of the
musalla minaret. A water jug of small pool is placed at the inlet to provide evaporative
cooling. Development of this system by the provision of a movable air c00p and outlet
and more elaborate evaporative techniques 1S proposed as shown in (Fig.7.14), (for
more details, see Tappuni, 1981) S¢€ the developed cool tower mechanism

Fig.B.5,App.B.

5-32 o

Fi :
87 12 Badgirconcept. &mrcc:l"nppm“iws';l



9. Applyi 4
plying alternatives on the basic musalla model gives flexibility to choose the

optimum en "
velope constructional section as well as the optimum architectural design to

Optimize the i ,
¢ inner environment and approaching thermal comfort for praying people.

It is :
possi ot
ble to reach the comfort zone in winter as explained in the computer

simulati :
ion (Graphs 6.11 and 6.13 in Ch.6),using Half Glass walls of 360mm thickness

and a 6-inche RC flat roof.

Addin
0 - L
g other treatments, as well as other microclimate enhancement, as mentioned in

previou : .
s categories contribute to an improvement of comfort inside the musalla during

Summer,

Devend;
pending on the “Flushing” mechanism, it makes high contribution 10 approaching

happens using nighttime ventilation for the inner

the
comfort zone in summer too. That

envi
nvironment of the m“sa”a

Referri

ferring to the proposed mechanism of ventilation for the musalla building Fig.7.14,
it wi

will be preferable to have two (or even four) minarets (Of air tunnels) at each corner of
trolled openings (air scoops) open in two

the g

musalla building, to have mechanically con
direcs: e .
Irections (at the gallery level of the minaretS), one of them towards the prevallmg wind
breeze. At the

westerly wind) to get the

d leave the high windows

e
ction in the Baghdad region (Gherbi- North

| lower openings an

Samc H * .
time it is necessary to close al
ould be done

arn air getting out. That sh

loc
ated at the drum of the dome open t© I¢ the W
and the musalla building should be left in this

aft
er Ishak prayer (around 8.30-9-00 pm),
| suck the

). The breez¢ th
th the cold night b
r by layer out throug

at Cross the minaret wil

conditi :
ndition until Fajar prayer (5.30am
recze by the buoyancy

inne i . .
r warm air outside and replace it wi
er warm air laye h minaret

h
Phenomenon, then pushing the inn
{ the musalla enve

openi .
Penings, the dome and other high openings © lope. The Minaret and
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dome :
openings should be closed after Fajar prayer until Zuhur prayer (1.00pm) to

maintai . .
in the cooled inner environment that is obtained from this “Flushing” method.

10. B ] ! :
ased on basic design criteria that determine the level of the system’s energy used,

which are: 45 ae SN : : 2 ik
are: the building’s configuration and orientation; interior space arrangement and
buildi

ng envelope, the most common means of simple mechanical cooling that is the

simpl . . .
ple electrically operated air cooler has proved to be an effective low energy cooling
meth . . :

od. Its major drawback is the continuous need for maintenance due to the

con : 4 ja .
centration of water impurities and high content of sulphates.

" or envelope around the first one.

1. 1ti ; .
It is possible, of course, to put @ second "skin

n while maintaining most of the benefits

Thi :
is can help reduce the heat loss and heat gai

building in wintertime. It can also trap potential useful

0 :
f'the solar gain directly into the
skin in a defined direction-(west, south-

hea
t between the skins, or use a partial second

West and east particularly for the musalla building in Baghdad)

At the same time, it can

use thi . ' : :
e this partial skin for a special aesthetic architectural treatment.

thermal insulation material widely used for

aghdad is polystyrene. It could be

n the composition

|
2. The most available and economical
£ new buildings in B

external brick wall and RC roof ©
ess for the roof: (7em) i

u . .
sed in the musalla building in (11cm) thick?

) for walls that face southeast orientations and

for
south and southwest walls; (8cm
ulation material

(10cm) for walls that face the other orientations. The ocation of ins

¢ wall, and ther should be a gap for ventilation

S
hould be near the external layer of th

h is bcyond ittop
of Bashd‘d' see

fu ' |
rther details in the hot-dry climate
tion of the insulation materials are (1

| and labour costs,

revent water vapour condensation (for

be :
tween it and the layer, whic
1984:4). The most

Husain;
im ) low thermal

portant properties in the selec
and (4) long thermal life.

conductivity, (2) low density, (3) low initia
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S
0, polystyrene (styropor —the common local name in Baghdad) has been selected

ies. Styropor insulation sheets should be coated with

according to the previous propert
plastic sheets to protect them from moisture. In addition to what is mentioned before,
foaming a Portland cement mixture with a foaming agent such as aluminium dust can
also make insulating concrete. This agent causes a chemical reaction that evolves gas

Producing a closed cell porous material having some strength. A wide rang
(see Gertis; 1981:126-129).

e of density

is possible, and is a function of the amount of evolved gas

bic size or one approximating that shape has

13. A square plan for the musalla with a cu

reserving heat in winter and maintaining cool in summer as

the best characteristics for p
969) proposed the optimum proportion for

explained in the Chapter five. Lippsmeir (1

that shape to be 1:1.3 with regard to width and length.

This is based on the fact that it is 8 practical size with the smallest outside surfaces. It

can be used in the modification of 8 neW musalla type 10 cub
y musalla In this way, the second

(or maybe triple) store

women’s musalla. So,

ic form by increasing its

height to make it a double
the central part of the

level becomes (U~ shaped mezzanine) 8

musalla space will be like 3 courtyard covered by

a central dome, to approach a

compact cubic shape (Figs.7-12b and 7.15.)

Accordiﬂg to what is men(ioned in the prcwous chapterS, the fectangUIaf musalla Shape
uated the relationship of proportions for

is the most familiar in Baghdad. Olgyay eval
he found that th

(the Baghdad region

buildi ¢ . e e e optimum orientation for a
uildings in different climatic regions; P

a hot-dry climate

Situate the longitudinal sides of owards the South

climate) is to

rectangular building shape in
.west (for more details, see

Lippsmeir (1969) also.
on is @ well oriented building in Baghdad.

Based on that, Southwest building orientatl
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The Qibla direction in Baghdad locates within this range. That means a rectangular
shape of the new musalla is acceptable in relation to [slamic jurisprudence and climatic
6-47), but we have to consider the proportion of the

criteria (see Al-Rawi, 1988:4

musalla as being as optimum as possible.
As a consequence, a rectangular shape could be employed by repetition of cubic size,
e to the previous criteria. Getting the optimum size (or

¢ size to approach a rectangular size,

which is thermally the best du
achings,(see

similar to it) comes from the repetition of cubi
Baghdad climate as well as in Islamic te

which is also favourable in the

Fig.7.15.)
covered arcade area) around the musalla,

14. Employment of an L-shape Riwag (semi
musalla envelope and contributes to enhancing the

or U-shape, gives more shade 10 the

microclimate around it.
.protccted areas for climatic

I'raditi : oor semi
raditional spaces are used to provide outdoor
azas, terraces, and balconies.

i I

moderation also e.g. atriums, veranda ways, corridors, P
(see Powell; 1989:104).

; i . oy

The basis would be how close we can get 10 the optimum internal air temperature

Jevel. One should attempt 10 perform the control

f), and resort 10 active controls (i.e. by

which is closest to thermal comfort
e controls cannot ensure

the building itsel
) only when passiv

reasons:

task by passive controls (i-¢ bY
g or cooling systems

energy-based heatin
main
=

B —
—

Fig.7.12a Three shapes of Riwag which ombrec®

[

e //
th,_.,,,..,auaformorepm“°"°"'
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7.5 FIN
AL CONCLUSIONS AND RECOMMENDATIONS

Durin

k. j ::: past twelve years it has not been economically possible to either invest in

k. nt for mosques or meet the running costs. It is not likely that this economic

i bl ion in Iraq will change in the near future and undoubtedly many mosques will have
¢ built with these economic constraints. So, this study has not considered the use of

centralised H
i VAC systems as part of any strafegy {o achieve thermal comfort.
is thesi :
s concerns the optimum architectural passive design and constructional
pact, to provide

dad under the environmental im

er environment of the musalla in the Baghdad region taking

materials, skill and other religious criteria.

tre
atments of the new musalla in Bagh
th

ermal comfort for the inn

into : :
consideration, urban planning, available

The thesi :
esis findings are concluded as follows:

I. Desi
gn of the present new musalla envelope is thermally inefficient according to the

uter simulation.

previo :
us analytical assessment and comp
ew musalla are not efficient in

2. Materi
. at .
erials used in the construction of the present 0

c fluctuations.

protecti :
cting the inner environment from climati
present new musalla is not recently within thermal

3.Th :
en, the inner environment of the

comfort level.
4 S
- So, achievi o hermal comfort the i g

prese i i
nt new musalla should come from controlling heat gain.
posed alternatives (as

possible with the pro

5. Th
e Computer simulation shows that it is
roach the comfort range for the

mentj

ntioned below) for the new musalla envelope t0 8PP
in ; . 3

ner environment which is within 20 °C to 30 °C as mentioned in 1t€m 4.2.1.

assive envelope behaves as a “Thermos

roved that the m
¢ environment thermally by

6.1
"he computer simulation p
ment of the inn¢

Flaskn ~
. So, there is no actual enhanc€



increasing w i
all thickn mo
ickness to more than 360mm or even using cavity walls with the same

Spec‘ :
ifications of the basic “Model Musalla” envelope:

It appears
t . . . . .
hat the musalla building 15 dialectically balanced with the outside climate for
a wall thi
ickness of 360mm because as the wall thickness decreases below 360mm its
perature fluctuations also decreases. On the other

effecti .
ctiveness in damping outside tem

hand, fo :
r wall thickness of more than 360mm, the heat received during the long summer

r nighttime,

“Thermos Flask” effect.

day ca
nnot be released during the shorte and that is what was stated

concerni
rning the bad envelope behaviors in terms of

The ¢
om , ) ,
puter imulation also indicates that the RC flat roof is the bestthermally in terms

change after the application of an additional 6

of .
cost, labor skill, and positive heat €X
inc . .

hes of insulation material.

should be taken into consideration as

The g
following factors, which contribute to this;

rec .
ommendations and techniques 10 apply:

ties are added from time to time inside the mosque

com . .
plex, the research should continue 10 determine the thermal design

ision of the musalla

nmental impact and therma

i. Si .
ince many different facili
parameters of

othe i .

r spaces and facilities. The subdiv « interior space should be
controlling the enviro
nite the congregation

| comfort

Studi 3
udied to give flexibility in
al hall with the musalla

limits i
ts in the musalla as well as trying to U

Spac i i
Pace to be one space at one congregatmnal time.

stem ON the basis of low thermal

the oonstruction sy

ii. .
Selecting materials and
n to the implementation of

rmal mass in additio
thin 8 t0 14 hours for W

provide high time lag,

i brick

tra :
nsmittance (low U-value) and high the
sired time 138 wi

alls, and 20

con .

structional treatments to get de
o '
30 hours for the roof. Using well-insulated roofing materials 10

|()w
thermal transmittance and hig

265



30
cmx30cmxScm) and 0.36m walls thickness (o replace 0.24m walls, or foaming a

Port]
a.rl . . . -
d cement mixture with a foaming agent such as alumunium dust to make
ing
ulated concrete roof slab can be done.

1ii, USing B L ; : . )
most common economical thermal isolation materials in Baghdad, that 1s,

0
Polystyrene (11 cm) thick for the roof: ( 7 cm) thick for south-facing walls;(8 cm) for

Soy : ;
theast walls; and (10 cm) for other orientations. Insulation material should be located

n :
€ar the external layer of the walls, which should be smooth and painted externally in

light colours.

V. Dec: o : ; . A .
Designing well-shaded walls and windows, selecting suitable window glass and size

f :
O each orientation in Baghdad from provided data In App.Al. These areas should be

mal on the east and west elevations.

best result of U-value for the

V. Rocos S
Ralsmg the roof enables cooling by ventilation; the

W
hole roof and ceiling construction should be 0.8 W/sq.mc.

Y. Using d ouble roof, double walls skin and the early development ideas on "Filter"

Arch; ;
Chitecture” to get high thermal protection:

ntact with the ground, the idea of (sub

Vi, Desion:
Designing the musalla to be in thermal €0
humid space more than is

$ound level-basement) enables penefits from the cooled

POssib]e at ground level.

er by using fans. This can be beneficial,

Viii " .
L. Additional ventilation is required 1 summ
o shaded spaces: F

e mechanical fan, an

Part e urther research is needed on
icularly at nighttime, and daytime !
the ony; L d water nozzle

Ptimal mix of natural ventilation and the simp

fan :
and other Jevels of mechanical equipments:
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iX. Employing of minarets as external breeze catchers. The minarets should face the

prevailing pleasant northwest wind in Baghdad and have openings, “vertical air shafts”

(as shown in Fig.7.14) to promote airflow into the musalla, using the convective and

evaporative cooling techniques.

X. For more optimization of the inner comfort level for the “musalla” building in
summer, “Loading” the musalla with night coolness that is retained in the inner

environment of the musalla. The cool summer night breezes are used to “Flush “the

musalla building of heat that has accumulated during the hot s

ummer days in Baghdad.

ple applications in day cooling and

Both the “Loading” and “Flushing” effects iave &1

ping the inner environment of the musalla cool

ventilation strategies as well as in kee
mfort level to approaching comfort

during the daytime that help 10 improve the c0

zone.(see category 9,p.263 and Fig.7.14)-

xi. Using the common means of simple mechanical cooling (for limited conditions) such

y are an effective, low energy cooling

perated air coolers. The

as simple electrically o
ative humidity ar¢ constant.

method, where air temperature and el

Xii. Since the rectangular shape of the new typical musalla in Baghdad is acceptable in
- oria, and the cubic shape i the optimum one for

relation to the previously mentioned crité
ded to combine the

m by getting repetition cubic size in

hot-dry climates, it is recommen
12b,7.13 and 7.15.)

a ratio 1:1:1 to reach th

_shape Riwad (semi-covered arcade area) attached

hade, and enhances th

rmally desirable as mentioned

Xiii. Employment of an |-shape or U
e microclimate. In

to the musalla envelope BiVeS it more S
.l is the
addition, an increase in the numbers of domes 13

before and shown in Fig.7.128 and 7:1%
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Xiv. Microclimate planning controls can have a major effect over the musalla design. In

addition to providing shade, plants can assist cooling by transpiration. Plants also

enhance the visual environment and create pleasant filtered light.

Xv. The study will be transferable for other parts of Iraq with certain limitations. For

example, in the south part of Iraq increase in temperature could be consummated either

rease in the thermal mass. In the north, which

by introduction of some cooling or an inc

mmated of some heating or an increase in insulation

is generally cool, this may be consu

and a reduction in glazed area.
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as modular.

12b Architect Rasim Badran; semi cubic sha
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Appendix A

Proposed Glass for Each Orientation in Baghdad:

Heat-absorbing glass: This generally contains a small amount of iron, and the glass
tends to be greenish-blue or greenish-brown in color. Daylight penetration through it is
reduced; the glass heats up and about one-third of the absorbed heat are transmitted
comfort indoors. (It can be

inwards. Radiation from such glass can produce thermal

used for windows in the north or northeast orientations).

ry thin metallic film on the glas
by a reduction in daylight. Better

Reflective glass: This has a ve s. The reduction in the

of infrared radiation is accompanied
ucing the area of clear glass. Mor

transmission
eover, there are

performance may be obtained by red

external reflection, and internal reflection in uncurtained

problems resulting from

windows (can be used in the northeast or southeast orientation).

ected electrically out to th
lar heat as well. Light transmission may

Glare control glass: Color is inj e surface of this glass on the

line. This provides some filtering of s0
permanent artificial lighting m

“ﬂoa["
ay be needed, with its

be reduced to such an extent that
extra power consumption
ethods are available with this glass.

(can be used in the southwest).

consequent heat output and
The older

Modifications of clear glass: TWo ™

method uses lacquers, which i difficult to apply smooth!
lyester film. Both methods are used when

uses an aluminized PO
a reduction in both b

y and in the desired thickness.

A more recent method
ecat and light transmission is

clear glass has been installed and

ioUﬂ (‘ f r i jon).
d o bc ncccssary( an bc usod 0 SOU(h'WCSt Oﬂentauo )
N co t arc bcmg dCVCIOPCd that arc WaVClcng'.h SCICC"'VC, 1.C, thcy Wl" rcﬂcct
W da mgs
I wavclcngths. lhe USUﬂl aim iS o

put transmit othe
and t0 reduce either the en
frared radiation (depending on

part of the spectrum of radiation,
ie., daylight,
ng wavclan‘h in

ate). Thesc coatings are ve

try of short wave
transmit visible wavelengths,

infrared radiation or the egress of o
ry thin and

. | clim
whether the building is 1 & hot or a €00
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delicate, and usually have to be applied to the protected inside faces of double-glazing

units (it can be used in south-west orientation).

‘Smart” glass: photo chromic glass employs silver haloes which dissociate when

irradiated with strong light causing darkening in shade. The haloes reform and the
dergoes a color transmission at a specified

glass clear. Thermo chromic glass un

temperature. As the coating heats up, 1t switches to a metallic state and reflects the
infrared component of solar radiation. Electro chromic materials change their color
reversibly in response 1o an applied electric potential.  Current research shows that
electro chromic coating holds the greates! promise for future solar energy filtering
applications (it can be used on the west and northwest walls).

Sunlight filtering glass: This is used in Sfixed external shades. In this application, heat
absorbed in the glass is dissipated 10 the oulside air and lit't,le will be transmitted
through the window glazing' (Energy Efficient Design. 199 5:08-69", with adaltions).
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of the surveyed prayers in the new mosques .

Table A.1 shows the classification of the responses
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Appendix Al

* . . g
To be more precise in our calculation, we

temperature is assumed t0 be constant (a reasonable assumption

environments), the momentary rate of flow

into two parts.

a. First, the average heat flow rate is found for the full cycle (one day). Using

the steady state equation, except that the temperature difference is taken

between the daily mean outdoor temperature and the indoor temperature:

Q=AXUX(Tm-Ti)

b. The momentary deviation from the average heat flow rate is found. If the

| is O hours, then the heat fl
viously: To. The deviation is found by

time lag of the W al ow now will depend on the

outdoor temperature O hours pre

fference value between this To and the mean. The

using a temperature di

ttance or U-Value is modified by the decrement factor (u).

transmi

Q=AXUXu(To—Tm)

The two equations can be added to get the

flow rate:-
Q=AXUX [(Tm-Ti)] =u (To-Tm)]

Where Q=momentary heat flow rate in W

A= area in $q.M

U=transmittance W/sq.m

Tm=daily mean outdoor (sol-air) temperature-"C.

Ti=indoor (emperature (constant), °C.

can add + [(U (teo - Tao)]. If the indoor

in controlled

can be calculated fairly simply if it 1s split

equation describing the periodic heat



To=outdoor (sol-air) temperature

Q hours earlier, L

U= decrement factor and Q= time-lag in hours.(Olgyay,1992:13).

*Conduction heat flow rate through a wall of given area can be described by the

equation:

Qc=AxUxT

Where:

Qc = conduction heat flow rate, in w
A = surface area, in m.sq

U = transmittance value, in W/m.sq degree
T = temperature difference

So:

T=Ti-To

Ti = inside air temperature

To = outside air temperature
us elements and possibly with the temperature

uilding, enclosed by vario

For the whole b
the above equation is sol

ved for each element and the results
varying from side t0 side,
are added. (Olgyay, 1992:76)

s C are calculated (

case of opaque materials:

also) with the periodic heat-flow method
*The interior heat effec

using the following equation in the

(‘=U(tm~ti)—U(tc—tm)



In the case of glass surfaces the solar - heat-gain method was used with the following

equation.

C=ID(TDxAd)+ld(dead)+U(to—ti)

Where the symbols in the equations designate:

U = overall coefficient of heat transfer Bru/ft*/hr

to = outdoor air temperature
ti = indoor air temperature

tm = 24-hr cyclic average sol-air temperature

te = sol-air temperature earlier to time lag

u= Amplitude decrement factor

wall, Subscripts D and d refer respectively to direct

a = absorbtivity of weather side of

and diffuse incident solar radiation

d refer to direct and diffuse

[ = incident solar radiation, Baw/fi2/hr. subscripts D and

T = transmittance coefficient of solar radiation. Subscripts D and d refer to direct and

diffuse. (Olgyay, 1992:87)
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Appendix A2

i- To estimate sol-air temperature and the rates of heat exchange requirements we

should get the daily rates of solar intensity for the months of the year in different

directions according to the categories which are listed below:

| Daily rates of solar radiation for the months for vertical and horizontal

surfaces (in different directions) (Dawud, 1983)

ar radiation of months of the year for inclined surfaces (for

2. Daily rates of sol
accordance with Al-Riahi, (1985:12-13)

different directions) are obtained in

research, and based on the following Steps:

radiation for .Jan, Feb, March, June and September,

A- Getting the rates of solar
for the required inclined  surfaces 30°45°65°82° from  Al-Riahi

(1985):Fig.(A2.1).

er monthly and daily rates for all months of the year for solar

B- Getting oth
redrawing the curves. By putting

the curves of the

radiation intensity values by
we can obtain the solar radiation intensity for other

same direction on one curve,
estimated rates and angles of

the known

months with the assistance of the

This method assists us 1© the rates for all months
s m

calculate

months.

approximately (Al Riahi, 985:Fig.A2.1)-

Due to differences in the emmissivity of horizontal surfaces and inclined
eference 10 find emmissivity values from

surfaces, | depended on the same T

certain inclined surfaces.
different orientation were

ii- Daily m
lowing equation:

calculated by means of the fo

pter Four, P 137-138.

teo = tao = Rso (alt -EIL), see Cha
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That equation depends on the daily sol-air temperature for the months of year.

considered the absorptivity factors also as:

0.5 For light surfaces and 0.8 for dark surfaces.

iii-Which are equivalent to:

Rs| = thermal resistance of internal surfaces

Rso = thermal resistance of external surfaces

Another formula (equation), which assists us to estimate the U-Value also, is as

follows:

U=
R51+Rso+RA+Rl+R2+R3

RA= thermal resistance of air SPace ithin construction, R1, R2, R3 etc

thermal resistance of successive components,

1
R = x I . I E . l
K-Value 1000
or ~the U-Value is the reciprocal of this;

1

Sum of resistance
(Baden; 1997:112).
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APPENDIX A3
A3.1 ANALYSIS OF THE FIELD TEST

I It is noticed in Table no.A3.Al that the heating requirements increase during winter

RESULTS SHARED WITH BRC

because of the low heat gain and lower solar radiation in winter that cross the building

envelope than in summer time is due to the reducing of the window areas in case B.

ii. Table no.A3.A2 shows the considerable impact of the roof in terms of heat exchange

through the difference between ¢ase A (base model) and case B(proposed alternative) in

terms of required heating and cooing, but still the highest heat gain comes through the

roof.

iii. Table no.A3.A2 shows that the heat gain in winter through the roof is more than that

from the total area of walls and more than that from all window heat gain. The heat gain

by ventilation is still high and it approaches the heat gain from the roof.

0.A3.A2 shows that heat gain through the windows in summer is more than

elope. The heat gain from walls follows, and next is the

iv. Table n

that from other parts of the env

ch is similar to the gain through
Finally, there is the heat gain by ventilation and heat

roof heat gain, whi the walls (which means that the heat

gain through the roof is still high).

gain through the dome.

ws that the heating requirements are lower in the winter when the

v. Table no.A3.AS sho
pe is dark, because it contributes by adding

exterior surface colour of the envelo

absorbed heat to the internal environment because of its high absorptivity factor.

However, that has & negative influence in summer.

ous tables show that the reduction of window areas reduces solar radiation to

result of that, the inner env

vi. All previ
ironment receives lower heat gain

the inner environment. As a



than wider openings. Based on that, the cooling requirements will be less and the energy

consumption is in proportion.

F e

Table. A3.A1 The heat gain through the elements of the envelope in winter time.

Elements of envelope The gained energy during heating season KWh
Quantity Percentage (%)

The walls 8322 19.9

Glass of windows 7472 17.7

The roof 11121 26.4

Through the dome 3119 7.4

The ventilation 12085 28.7

Table. A3.A2: The heat gain of the envelope elements in summer time (cooling time).

Elements of envelope The gained energy during cooling season KWh
Quantity Percentage (%)

The walls 27467 23.0

Glass of windows 42420 36.0

The roof 23492.2 20.0

The dome 6706  Tad

The ventilation 16925 14.4

Source: Qadir; 1990, with the assistance of “BRC-Baghdad” July 1997.

.

m. A3-A3. Heating and cooling requirements for A&B cases explain the heat reduction in case A and j

reducing of cooling in case B.

The case Heating Cooling s
requirements requirements %
KWh KWh

A) Typical mosque 22459 117022 T

(B) Proposed corrected mosque (after reducing | 31 242 92678 1125%

the area of the windows from 30% to 20% of

the area of the musalla walls) |

Table.A3.A4. The requirements of annual energy for cooling and heating in the case of (A) the "Model"
mosque, and (B) the corrected proposed type.

Case Envelope elements | (+)Heating KWh | (-)Cooling KWh
Walls | Roof Energy | Decreasing | Energy f‘m,f
A 0.24m | Reinforced concrele 2245912 | - 117022 %n‘ﬁ
bricks without thermal
insulation
B 036m | Reinforced concrete with | 8812 60.8% 77797 | 33.5% |
bricks thermal insulation

Source: Qadir; 1990,with the assistance of Building Research Center-Baghdad.




B

Table. A3.A5: Cooling and heating requirements for the typical and proposed “Model” mosques (A and B) in
condition of two types of envelope extemal surfaces colors.

Sase of Heating requirements KWh | Cooling requirements Difference
Model” percentage (%)
( Dark color | Light color Dark color Light color
mos: =
que) a=03 a=05 a=08 a=05
A 20086 22459 124025 117022 3.32%
B 6234 8690 83281.3 77797 3.8%

Source: Qadir; 1990. Documented with the assistance Of “BRC-Baghdad” July 1997.

North East & West South

30° ] 45° ] 65° | 82° | 30° | 45° | 65° | 82° | 30° | 45° |65° | 82°

09 108 |07 (08 28 [28 [25 |25 [47 [52 |52 (49

24 117 108 (10 |42 [40 [34 [30 [57 [60 |57 [49

39 126 109 |13 |57 [51 [43 [36 [68 [68 [60 |5)

45 136 120 |15 |62 |55 [45 |38 [71 |66 [56 |44

57 147 130 116 |66 |58 [48 [41 |75 |66 |53 |36

68 157 139 [17 |71 |62 [52 (42 |81 [65 |48 |32 =
57 147 130 (16 |66 |58 [48 [41 [75 [66 [53 [36

25 163 120 |15 |62 |55 [45 [38 |71 |66 |56 |44

39 126 109 |13 |57 |51 [43 |36 |68 |68 [60 |51

74 117 108 10 |42 |40 [34 |30 |57 |60 |57 |50 —
09 108 107 |08 |28 |28 [25 |25 [47 [52 [52 [49 j
04 102 105 [06 |19 [19 [16 [19 |36 [46 |48 |49

Source:(Al-Riahi; 1985).
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Table A3.A7 Solar radiation on vertical surfaces of the musalla envelope that are oriented  10degree

southwest toward “Qibla” in the Baghdad region KWh/day.

Months 10° 100° 190° 280°
Jan. 0.80 2.06 3.82 1.52
Feb. 1.0 2.46 4.0 1.93
Mar. 1.27 2.89 3.61 244
Apr. 1.61 3.20 3.1 294
May. 2.08 3.49 2.7 AN
Jun, 2.38 3.81 251 3.78
Jul. 225 3.77 2.64 3.70
Aug. 1.80 3.66 3.19 3.42
Sep. 1.38 3.40 3.96 2.95
Oct. 1.06 2.86 4.33 2.78
Nov. 0,94 233 424 1.73
Dec. 0.72 1.87 3.64 1.35

Source: (Al-Riahi; 1985)

air temperature for light and dark surfaces in Baghdad.

Table A3.A8 Sol-

Light surface

Month Horizontal Vertical surface

surface 10° 100° 190° 280°

Jan. 10.00 10.34 11.90 13.60 11.40
Feb. 12.40 13.34 14.70 16.15 14.20
Mar. 17.00 17.49 19.00 19.70 18.60
Apr. 23.60 2341 24.90 24.80 24.70
May. 34.10 3025 3160 30.80 31.50
Jun. 36.20 3520 36.60 35.40 36.50
Jul 38.10 36.91 38.30 37.30 38.30
Aug. 37.10 36.10 37.80 37.39 3760
Sep. 32,40 3189 33.80 34.30 3340
Oct. 25.00 25.50 2720 28.60 26.64
Nov. 17.00 17.90 19.20 20.90 18.60
Dec. 11,00 11.80 12.90 14.50 12.40

Source: (Al-Riahi; 195)
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Table A3.A8 Sol- air temperature for light and dark surfaces in Baghdad,continued.

Dark surface
Month Horizontal Vertical surface
surface 10° 100° 190° 280°

Jan. 10.00 11.20 13.10 15.80 12.30

Feb. 12.40 13.30 16.10 18.40 1530

Mar. 18.10 18.20 20.60 21.70 20.00

Apr. 25.10 24.30 26.70 26.60 2631

May. 33.30 31.40 33.50 32.40 33.40

Jun. 39.60 36.57 38.70 36.80 38.70

Jul. 39.80 38.20 40.70 38.70 30,40

Aug. 37.60 37.10 39.90 39.20 39.50

Sep. 32.90 32.70 34.90 37.10 34.00

Oct. 24.50 26.10 28.90 28.00 27.00

Nov. 17.00 18.40 20.50 23.40 19.60

Dec. 11.10 12.20 13.90 16.60 13.10

Source: Qadir; 1990 supported by Building Research Center- Baghdad/1997.

Table A3-1 Daily rate of heat flow through the walls (kWh/day).

U=194 Wm?*C =05
____Light surface:
Orentn, | Area | Heat loss Heat gain
of wall N |[D_|J F_IM |AIM J ] A 1S )
10° 112 31 | A7 401 267 |52 |8 |2712 528 61.5 57.5 35.7 35
w5 166 1167 |78 |18 |0 (63|78 (38 1345 1336 |286 |31
190° 126 80 | 240 24 2.35 0 0 | 348 63.0 738 743 558 9.8
w15 To4 |70 |23 [f1 [0 [0 814 1322 (345 [®8 (23 [45
Total 31 | 970 1140 | 85.7 52 |0 | 1058 191.5 2227 | 2150 | 1478 | 260

238.7 851.7

Dark surface:
Orenin. | Area | Heat loss Heat gain
of wall N |[D J F A M |J |J A S 0
10* 112 05 | 326 |378 |264 |16 |0 331 600 (683 |626 |399 |57
100" 157 [0 |54 177 [79 0 145 [279 1449 (515 [488 |325 | 125
190° 126 0 |14 [161 |06 0 9.6 442 1705 1819 |649 |726 |179
280° 57 0o |17.73 /203 [105 |0 43 215 |449 (505 475 [205 |95
Total 05 | 768 |820 |454 |16 [S89 1327 |220 | 2522 | 2430 | 174.5 | 456

250.3 1003.7

U=194Wm'C =08

Source: Obtained with the assistance of (Qadir; 1990)
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Table A3-2: Daily heat flow through the walls (cWh/day)

U=0.5 Wm>°C
Light surface:
Orient | Area | Heat loss Heat gain
of wall N (D J F M |A M J J A S 0
100|112 108 |89 1103 |69 [13 |0 |70 [136]159 |48 [92 |09
1000 57 0 (40 49 28 0 0 49 86 (90 93 6.4 1.3
1900 126 0 6.2 7.6 0.6 0 0 8.9 16.2 | 19 191 | 144 |56
2800 57 08 |43 5.2 0.8 0 0 49 86 (98 9.2 6.1 1.2
Total 08 |25 25 [116 [13 |0 270 |357 412 |405 |381 |98
64.6 259.2
Dark surface
Orient | Area | Heat loss Heat ?@
of wall N (D J F M A M J J A S 0
100 112 01 | 84 303 |191 |04 |0 8.5 155 1176 161 |102 |15
1000 157 0 |31 (106 (43 [0 (12 165 [104[106 [102 |71 |29
1900 126 |0 29 147 146 |0 28 11.4 182 1211 | 219 | 188 |46
280° 51 01 |41 140 (72 0 1.0 6.3 ?_9 114 (104 187 2.2
Total 9 |198 |52 |07 104 |53 342 484 |65 625 |474 |423
236 484 8
Source:Dawud;op.cit.
Table A3-3 . (cont.).
Light surface:
U =0.794 W/ m*°C
Orient. | Area | Heat loss Heat gain
of N |[D [J [F [M |AIM [J ] . W
wall
(100 | 1192 | 358 | 3576 (429 2861 (%0 [0 1208 [57.22 (6675 [61.98 | 38.14 | 378
1000 944 |0 | 2454 2026 | 120 |0 0 1296 | 0B | 5853 657 | 387 | 944
1900 1228 [0 2333 (2824 (246 |0 0 13316 |67 |71.22 |71.22 | 54.03 | 9.82
2800 | 944 0 274 | 31. 3145 | 189 |0 0 2832 | 509 585 557 |3682 |755
5308 |358 | 111.0 | 1315 670 (5602 |0 1285 |219.2 | 255 2446 | 167.7 | 386
[ Total | 369.10 1037.71
Dark surface
-
Orient | Area | Heat loss Heat gain
of wall 7 [F M [A M [J 1 TGT S [0 [N [D
100 172 1105 [ 131 | 166 |21.1 212 |31 1294 1355 |18
o ge Tt T3 013 1868 1729 (722 Tt Tesi Toas Tess s
1900 1.2 29 [21.9 | 198 |17 148 [ 137 J145 1175 |21.7 | 237 | 232 19.9
2800|252 Fm %9 (467 |563 655 [724 [709 (655 (565 (437 1331 1250
174|100 | 119 | 138 [ 1657 | 1743 | 1904 | 187 | 1766 | 1613 | 136.1 | 132 | 91
ltal 7173 1025.4

Source:Qadir;op.cit.
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Table A34: Areas and dimensions of the opaque and transparent members of the”Model” mosque

envelope.
Vertical walls Net area | Doors The volume
sq.m Windows Total areas m?
sq.m
I Musalla 10° 100 12.0 8 120 -
f 100° 57.0 - 20 76.0 -
} 190° 120 - 6 132 s
| 280° 57 - 20 76.5 .
| Drum__10° 12.8 - 12 14 T
| 100° 12.8 - 1.2 14 e
;; 190° 12.8 - 12 14 -
280° 12.8 - 1.2 14 98.00

Source: Author Calculation

Table.A3-5: The solar heat gain through one square meter from the walls kWh/m®day in

Baghdad.
Orient | Jan | Feb. | Mar. [ Apr. | May |Jun. |Jul. |Aug. |Sep. | Oct |Nov. | Dec.
100 06 1076 (097 (123 |158 |181 |171 |21 1.1 081 (072 |055
1000 157 1107 |219 [24 [265 |289 |287 |278 |258 |218 |1.77 | 142
1900 20 (304 (275 (236 (205 |19 (20 (243 |301 |329 |32 |276
2800 116 | 146 | 185 [223 | 260 |287 |281 |26 224 1174 174 |1.03
Source: Qadir;op.cit.
Table.A3-6: Daily rate of heat flow by ventilation over the year (kWh).
Vol. m® | Heat loss Heat gain
1955 [N |D J F M A|M J J A S 0
368 | 1125 | 1267 | 919 | %9 |- 508 | 1211 | 150.3 | 149.0 | 883 |-
PRSI .15 3995 e p—t—————e 1 P -
Source:Qadir; 1990

Table A3-7; The solar Pin through the musalla walls, and the drum of the dome. Solar gain factor is 76
KWh U=06W/m*°C

Source: Qadir; 1990 with the assistance of Building Research Center-Baghdad.

Orent | Aea | Jan | Feb. | Mar. | Apr. |May |Jun. |Jul |Aug. |Sep. |Oct |Nov. | Dec
L |m '
0 172 |05 | 131 | 166 |21.4 J272 1311 [294 [235 1180 |139 [123 |94
100 252 395 |47.4_|553 |61.3 (668 [729 1722 1704 [651 | 548 |446 |358
9 172 1209 | 219 [ 193 [ 170 [143 1137 [145 [175 |217 [237 [232 | 199
FEL 2 (201 | 369 [467 1563 1655 724 | 709 (655 [565 |437 [331 [259
[ 748 | 1000 | 119.0 | 1384 | 185.7 | 1743 1901 | 187.0 [ 176.6 | 1613 | 136.1 | 113.2 | 910
713 | 1025.4 |
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Table A3-8a: Heat loss and gain for all walls at all orientations. kWh.

Odent | Aea |Jan | Feb. |Ma. |Apr. |May |Jun. |Jul. |Aug. |Sep. | Oct | Nov. | Dec.
m?
TL 92 552 |78 |98 [113 |145 |167 11573 1193 |1842 |75 1662 |51
100 [12 |19 |22 263 [288 [319 [347 [344 |33 [31 [262 |212 |17
190 | 128 [3712 [ 3891 |362 |382 | 2624 |2432 | 266 |3118 | 3263 | 4211 | 4122 | 3533
(260 |12 |14 |175 |22 [268 |3%2 |34 1337 1312 1260 1280 |15 |14
Total [ 244 |4504 |4986 491 [474 [471 1968 14814 1569 |544 |5432 (515 |434
286.9 355.86
Source;Qadir;1990.
Table.A3-8b: Daily rate of the heat flow through the Roof (kWh/day).
__Light surface: U=2.1
Aream? | N D J F M__|AM J J A S 0
291.1 29 | 1100 {1240 (895 [219 [0[1337 |164.2 | 1926 | 177.5 | 1086 |0
367.3 776.5
Dark surface: U =2.1 W/m’°C
Aeam? IN|D [J [F[M]A M }J J A S 0
291.1 0 |676 [749 |0 689 | 1688 [2731 [2957 |2789 |1984 |793
142.5 1363.1
_Light surface: _Roof U=0.479 W/m*°C
Aeam? (N D |J IF M_lAIM [J 1y A [s o
21.1 50 | 251 |283 [204 5.0 305 |375 /4391405 |248 |0
8.38 177.2
Dark surface U=0.479 W/m’°C
aeam? |N|D |J |F |MIA IM | J A |s 0
22 o |164 |74 lo Jo [157 [385 1623 [674 1636 |453 |19
32.5 295.2
Source;Qadir; 1990.
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TableA3-8: Heat flow mean for each cubic.m by ventilation, KWh/cubic.nvday.

Volume Heat loss (. Heat gain (+)
W N D J M A M J J A 0
1 0.019 0.058 0.065 0.047 0.015 0.026 0.062 0.077 0.076 0.045
Source:Qadir;1990.
Table.A3-9: Daily rate of heat flow through the dome (kWh/day)
Orentn.of wall | Area | Heat loss Heat gain
N _|D ] E M A ™ J J A S 0
3 | 416 0.5 2.4 2.8 19 174 0.0 1.6 36 37 36 36 00
s 624 lo7 |36 (28 (19 lor loo |22 |# |53 143 |27 o
Noh g5 |578 Jo7 |33 |39 27 |10 oo 116 |@ |46 142 25 o0
@ |44 los |25 (30 |21 for loo f12 {28 {34 {33 (19 |00
25 |118 |25 |86 |31 foo |es |55 |70 |54 [107 |00
2 |41 |85 |24 19 lo16 fo0o |19 |38 |43 {39 l24 oo
(West & |45 (626 (87 |24 Q |31 0.5 00 |27 52 |59 56 36 0.1
@t [ (578 187 |33 % |21 |03 00 |25 |47 |53 |58 |36 |o0f
@ |44 |22 |25 |28 |18 015 |00 (36 (42 |48 |25 |815 |03
. a1 s |m2 |89 |11 Joo |06 |77 |23 |78 a7 o5
w0 |a lo2 l24 |2 |15 Joo oo }222 (39 |49 [42 [28 |34
s 624 loo |31 |3 |18 oo |00 |29 |53 |6 63 |43 |39
Suh |es |57 |00 |27 |2z |18 (00 (00 [34 [45 |55 (54 |40 (10
@ las Joo |16 |1 |12 foo Joo f21 [33 |43 |39 |28 |og
- 02 |98 | o4 |63 fo0 oo w6 |73 (208 [198 [137 [s2
- . 69.82 81.12
Orient, of wall | Area | Heat loss Heat aain
N D ] F M A M J J A S 0
o |awe los |24 |28 [19 los loo |27 |42 |49 |41 [25 |@gs
6 |62 lo7 |36 |28 |19 |85 |00 |36 je&@ |69 [s6 |31 |88
Mot |es |57 |07 133 (39 |27 [18 00 24 | |52 |45 |25 |es
@ |as Jos |25 |30 |21 o7 oo 13 [31 [36 |34 |24 88
R 25 |18 |25 (86 (2% o0 |00 (185 (206 (w6 |12 [ss
0 |ae Jos |24 |26 121 oo |04 49 |52 |49 |34 o7
Westg |45 |624 |08 |24 |3 (30 oo lo7 {43 68 |74 |74 (49 |12
@t [ s7s Jod 133 |3 |30 oo fo4 )34 f37 |65 |62 |49 |42
@ las oo |22 (2 (15 100 |05 145 |49 |46 |43 {30 |00
B 09 |13 |15 |96 loo [165 152 (283 [287 |25 |32 |3y
o la |00 |31 |24 |83 100 113 136 |66 |66 53 40 18
& 6240 |oo |31 |1 [ot oo [12 149 [21 |76 79 |62 15
Souh |es 1578 |00 112 |% |00 [00 113 48 [ss les |es |ss |26
0 Tae Joo Jor |© Jow |00 [o05 [26 |30 |4z |s0 |a0 |26 |
. 00 le1 e [861 oo (44 |18 | w3 207 |27 w7 |y
.. 27 91 1110

Source: Conducted with assistance of Building Research Center-Baghdad and (Qadir,1990) approach.
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Table .A3-10: The solar gain for the walls of

the musalla and drum of the dome. kWh.

Orient ﬁzaa Jan | Feb. | Mar. | Apr. |May |Jun. |Jul Aug. | Sep. | Oct | Nov. | Dec.
100 172 1105 [131 [165 211 | 272 |31 | 204 235 | 180 [139 {123 |94
1000 | 252 [395 |471 |[563 613 (668 |729 |[722 701 [651 | 548 (446 | 358
1900 | 7.2 209 1219 |198 | 178 148 137 [145 |1715 | 217 237 232 |199
e {57 [m1 [ %69 |67 |668 |65 [724 |709 [665 1565 1437 1331 1259
748 |100.0 | 119.0 138.4 | 155.7 | 1743 190.4 | 187.0 | 176.6 | 161.3 | 136.1 | 113.2 | 91.0
7113 10254
ood Sy N mmmmm e ol i i
U=56m"°C

Table.A3-11-The solar gain of the wind

ows including the windows of the dome drum after the correction

of the window areas from 30% to 20% of the area of the musalia and shifting them to face the gibla, kwh
Orent | Area | Jan | Feb. | Mar. | Apr. | May Jun. | Jul | Aug. | Sep. | Oct. | Nov. | Dec.
m2
(10 92 [552 |78 |98 T3 | 145 | 167 | 1573193 [10.42 |75 |662 |51
1000 112 119 22 |263 |288 319 | 347 (344 343 |31 (262 1212 |17
1900 128 | 3742 | 3891 [362 |302 26.24 | 24.32 | 256 | 31.0 | 3853 | 4211 | 41.22 | 36.33
80 |12 |14 [175 |22 268 | 312 | 344 |337 |312 |269 209 [ 157 |1.24
Total | 242 | 4594 | 49.86 | 49.1 | 47.1 471 1950 |48.14 569 |540 [5432 | 515 |434

Source: Qadir;op.cit

Table .A3-12 The heat

flow through the windows by conduction before and afler decreasing their areas of

them from %30 to %20 of the area of the musalla. kWh/sq.m

Area | Heat loss Heat gain

2 N |p L4 [F [ |atv 14 1J (A IS 10

748 |150 |640 [850 610 (220 |0 330 (800 [90.0 [94.0 |500

2410 3410

Area | Heat loss o Heat gain

m? N D J F M A |M J J A S 0

249 |488 (309 218 200 |74 107 121 1203 1305 |16.35
80.7 112.95

Source: Qadir,op.cit.

Table.A3-13: Heat gain mean of 1 sq.m through the windows, kWh/sq.m°C.

Orient | Jan | Feb. | Mar. | ADr. May JJun. |Jul |Aug. |Sep. | Oct |Nov. |Dec.

10° 0.6 076 {097 123 [ 158 | 181 .71 | 21 11 1081 072 |0.55

1000 | 1.57 | 1.87 219 |24 | 265 | 289 |287 |278 | 288 |218 | 177 | 142

1900 (29 (304 |275 236 (205 [19 |20 243 (301 |329 |322 |276

2800 |1.16 | 146 185 |2.23 260 | 287 | 281 26 224 [174 [171 103

Source: Qadir'op.cit
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Table.A3-14: Heat flow mean through 1sq.m by conduction through the windows kWh/sq.m

302

Qg=A.U.(teo-tei)
Area | Heat loss Heat gain
M2 N D J F M A _|M J J A S A
PerM2 020 |08 [114 |08 |02 044 |107 (120 1125 | 067
Table.A3-15: Heat flow mean through 1sq.m by convection through the walls, kWh/sq.m/day
Qg=A.U.(teo-tai)
Oenn | Jan | Feb. | Mar. | Apr. | May |Jun. |Jul |Aug. | Sep. |Oct | Nov. | Dec.
10° (003 (030 (036 (024 |047 025 (048 1056 (052 |032 |0.03
100° 026 031 |0.18 031 |054 062 /059 |041 |0.10
1900 |- 019 1023 (002 |- 027 {049 1058 |058 [044 |0.08
280 |- 029 (033 1020 - 030 |054 |062 |05 |039 |06
Table.A3-16: Heat flow mean through 1 sq.m of the roof, KWh/sq.nm/day.
Qg=A.u.(teo-tei)
Area | Heat loss Heat gain
M2 N D J F M A_IM J J A S 0
1 008 038 043 |031 |008 046 |05 066 |061 |037
Source:Al-Righi; 1985
Table.A3-17: Heat flow mean through 1sq.m of the dome, kWh/sq.nv/day.
U=306 W/m*C
Gienin | Siope | Aea | Heat loss (-) Heat gain (+)
N D J F M AlM J J A S 0
%11 loi2 Jose |os7 Jo46 [ow Tolos Tos9 Tosr Togr |25 |0
45 1 041 (058 |045 | 030 011 101035 |QM 1085 1069 {043 |0
North [650 | 1 12 1050 |067 (047 1018 /01028 107 |08 |074 044 |0
820 1 0135 1056 (067 1047 10146 10 1027 1063 (076 1074 1043 [0
300 1 12| 0.58 046 004 0 047 |087 |103 084 1298 |0
West | 450 1 041 1038 |067 |049 008 (01043 1083 (095 (089 |058 |002
& 650 1 012 |058 [0%® 037 [005 |0 044 1082 1093 |088 |063 |0018
east | 82 1 049 1056 (063 |040 (0034 [0 1081 [094 |08 |056 |003 |007
30 |1 005 |058 036 0 10053 [084 [118 | 101 | 067 | 009
450 1 0 0.49 029 |0 01046 085 (098 [101 |069 |0.14
South ["g50 1 0 005 |Q5 [003 |0 01006 |008 [009 |0095 |007 |0018
| g [+ Jo lo3 [om oz [0 loloar Jom Josw losr (063 |0
Source:Qadir,1990.




APPENDIX B

Table B-1 Classification based on solar radiation factors for common materials in Baghdad used for
ﬁnishhng,takingimooonsiduaﬁonﬂwirnamreandsurfaoem.

Color of Finishing \l/:gt Light | Medium | Dark ;:?;‘
>0.70 g’s‘; 0.49- 0.29-
1 0.30 020 | <020

Smooth _ Surface(Cladding  with  sand | 0.82 | 0.63 | 0.45 027 |0.12
cement mortar)covered with emulsion

paints
Facing Materials ’ 9 041 023 |[0.16
Roofing and Roof finishing Materials . 0.60 |0.39 025 |0.15
Rough Surfaces Covered (Fine)with emulsion Paints | (.71 058 |[0.44 * 0.12
(Medium) 0.70 0.56 | 042 * 0.09
(Rough) 070 |0.52 (040 * 0.07
0.74 060 |042 025 |0.12
*Can be considered as average Values.

Source: Thermal Specifications for Building Materials in Iraq; op.cit.., p.32.
Table B-2 Physical specifications of commonly used materials for wall fumishings in Baghdad.

Finishing Materials Luminance | Purity | Wave Length ]
% % (nm)

Light Yellow Brick 65 32 583

Ordinary Bricks 55 20 560

Yellow Cement Bricks 54 24 545

Grey Cement Bricks 26.6 4 520

Concrete Blocks 58 5 540

Concrete Wall 60.3 4 500

1 1

m:[z 63.3 25 498

Coarse Gravel

(Stone : 72 16 587

Black White Marble 71 47 467

Black Marble 32.8 2 500

Facing Ceramic Tiles:

G:-ceen 65 26 540

Red 15 . 497

Yellow 12.5 s 499 B
Orange 9.7 - 496 e
Brown 4.4 - 503 1
Light Brown 9 s 501 |

Source: Thermal Specifications for Building Matenials in Iraq
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Table B.3 A comparison among the common types of roofs and walls in Baghdad.

Maximum Heat Flow Rate (W/sq.m)

(_Steady X Unsteady )
Construction | U-Value | S E N W S E N W
W/sq.m

Wall A 2.14 57. |64. |45 |88.36|36. |40. |33 |48
= B 1.63 78 4] 37 57.32 | 89 45 4] 71

= C 1..96 44, |49. |34. [80.95|23 |27 12. | 29.
= D 1.90 01 06 56 78.47 | 80 43 60 99

= E 1.47 52. |59. |[41. |60.71 32, [36. |29. |42
= F 1.17 92 00 55 48.32 | 18 02 26 67

= G 0.87 51, 157 140. 1857213 133 123 |
= H 0.58 30 19 28 27.92 | 94 67 25 33

39. |44, |3l 20. | 23. 18. | 24.

69 25 16 64 89 81 87

31. |35 |24 19 1 21. 17. | 24.

59 22 80 55 53 55 92

23. | 26. 18. 12. 14. 4 | 15.

36 04 34 54 32 33 31

18. [20. |14 9.94 |11. |9. 012

25 35 33 29 0 17

Roof A 3.75 158.25 127.88
= B 3.14 132.51 98.28
= C 2.34 98.75 55.93
= D 0.61 2591 12.46
= E 0.99 41.78 20.49
= F 1.57 66.09 33.67
= G 1.64 69.33 38.61

See figs.B.2, B.3. for walls and roof types.

Source: Wasim Y;1984..
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Fig.B.5 Heat gain through A,B,C and D various common wall sections in Baghdad as shown in Fig B 2.

Source; Wasim Y:1984.
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Appendix B1; Computer Simulation

Table B1.1

WALLS, FULL GLASS / SUMMER HEAT GAIN

0 ¢ S & g
g 3] 3 |3|3]|°F
x < = = s
1 36.66 37.97 3814 | 38.21 38.34
2 37.67 38.94- 39.01 39.11 39.44
3 37.8 39.09 39.17 39.31 39.67
4 37.81 38.97 39.08 | 39.26 | 39.63
£ 37.6 38.65 38.81 39.03 | 39.36
6 37.26 38.05 38.45 38.71 38.96
7 37.07 37.93 38.28 38.57 38.74
8 37.67 38.31 38.66 38.97 39.11
9 38.71 39.37 39564 | 39.88 | 40.16
10 39.8 40.28 40.32 40.67 41.07
1 40.77 41.01 40.94 4.3 | 41.76
12 41.3 4.3 41.2 4156 | 41.95
13 40.99 40.58 4055 | 4092 | 41.17
14 40.1 39.64 3964 | 3998 | 40.12
16 40.02 39.48 39.61 39.82 39.85
16 39.83 39.27 39.28 39.55 39.53
17 39.67 39.01 39 39.23 39.18
18 39.2 38.65 38.64 38.74 38.61
19 38.4 38.04 38.12 38.23 38.21
20 37.61 37.64 3773 | 31711 | 3182
21 36.78 36.98 37.21 37.33 | 37.15
22 36.91 36.69 36.86 | 36.82 | 36.53
23 35.2 35.93 36.48 36.5 36.26
2 35,13 36.11 3648 | 3651 | 36.41
AVERAGE 24 38.28 38.66 38.80 39.00 39.11
AVERAGE/USE | 38.81 38.84 3893 | 3914 | 39.23

Noter See the graphs of the following Tables with further details in Chapter Six.
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Table B1.2

WALLS;
FULL GLASS
WINTER
@ ¢ S 3 - 2
3 3| 3 | 3| 3|3
T = 2 = =
1 16.02 17.08 17.96 18.21 17.99
2 14.98 17.06 18.02 18.31 18.09
3 1747 19.32 19.97 20.31 20.51
4 19.01 21.02 214 21.8 22.34
5 20.24 21.9 22.21 22.66 23.29
6 21.01 2212 224 22.9 23.52
7 21.35 22.16 224 22.92 23.53
8 22.28 22.47 22.65 23.19 23.76
9 23.36 23.45 23.39 23.94 24.58
10 24.21 23.82 23.7 24.22 24.82
1 24.06 23.58 23.38 23.87 24.44
12 22.07 21.37 21.44 21.89 22.01
13 21.38 20.99 20.87 21.26 21.26
14 21.02 20.69 20.66 21 21.01
15 20.44 20.48 20.48 20.77 20.78
16 20.1 20.24 20.29 20.54 20.55
17 19.64 19.96 20.08 20.29 20.29
18 19.16 19.63 19.81 20.01 20
19 18.49 19.26 19.51 19.69 19.67
20 17.88 18.72 19.19 19.37 19.32
21 17.26 18.39 18.87 19.06 18.98
22 16.64 18.01 18.66 18.77 18.66
23 16.03 17.62 18.27 18.49 18.34
24 16.44 17.26 17.99 18.24 18.06
AVERAGE 24 19.61 20.27 20.56 20.90 21.07
AVERAGE/MSE 19.77 20.33 20.54 20.85 20.99
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Table B1.3

WALLS
HALF GLASS
SUMMER
» & S 3 =3
& 3 5 y 3 £
e s S i s ’
1 35.21 36.3 3624 | 36,05 36.37
2 35.46 36.66 3664 | 3663 37.04
3 35.64 36.77 3677 | 3673 37.15
. L 36.7 e 37.11
5 35.6 36.46 3654 | 36.57 36.95
6 36.43 36.21 36.34 | 36.41 36.73
7 35.34 36.07 36.24 | 36.33 366
8 35.66 36.24 3642 | 36.51 36.78
9 36.25 36.64 3678 | 37.02 37.34
10 36.98 37.26 37.16 37.36 37.69
1 3.1 37.57 37.49 37.68 38.06
12 38.1 37.85 37.7 37.89 38.29
13 38.15 37.68 37.48 37.66 38.03
14 38.16 37.41 37.08 | 37.35 37.65
15 38.15 37.29 37.08 37.19 37.41
16 38.13 37.25 36.98 37.06 37.22
17 38.04 37.19 36.88 36.89 37.03
18 37.86 37.07 36.71 36.68 36.81
19 37.68 36.91 36.52 36.44 36.56
20 37.2 36.65 36.31 36.19 36.28
21 36.48 36.38 36.11 35.96 36.02
22 36.77 36.09 35.92 35.74 35.78
23 35.03 36.78 35.73 365.64 35.56
2 34.71 35.68 35.76 35.67 35.68
AVERAGE 24 | 36.69 36.76 36.65 36.67 36.92
AVERAGE/USE | 37.19 36.95 36.76 36.79 37.01

3



Table B1.4

WALLS
HALFGLASS
WINTER
» o S 3 ?
ERIE R B SR
3
T = = = =
1 16.12 16.84 17.33 17.59 17.67
2 14.84 16.74 17.34 17.63 11.T
3 16.63 17.69 18.22 18.58 18.83
4 16.4 J 18.33 18.81 19.23 19.62
5 171 18.55 19.04 19.5 19.91
6 17.68 18.65 191 19.61 20,05
T 18.04 18.64 19.03 19.58 20
8 18.82 18.81 19.11 19.69 20.08
9 19.78 19.39 19.39 19.97 20.37
10 20.45 19.74 19.66 20,22 20.65
11 20.61 19.79 19.57 20.09 20.52
12 19.97 18.98 18.72 19.26 19.63
13 19.76 18.84 18.56 18.99 18.23
14 19.49 18.78 18.47 18.83 19.04
16 ;19.10 18.73 18.42 18.72 18.92
16 18.9 18.64 18.37 18.61 18.82
17 18.56 18.51 18.3 18.6 18.71
18 18.24 18.32 18.19 18.37 18.57
19 17.88 18.12 18.06 18.22 18.41
20 17.36 17.9 17.91 18.07 18.24
21 16.99 17.67 17.76 17.92 18.07
22 16.4 17.42 17.6 17.77 17.9
23 16 1747 17.45 17.64 17.73
24 156.39 16.91 17.3 17.51 17.58
AVERAGE 24 17.86 18.30 1840 | 1875 | 19.01
AVERAGE/MNSE 18.24 18,43 18.42 18.74 19.00




Table B1.5
ROOF / SUMMER

HEAT GAIN
E - b
HEIREERE
B L A B
- I
1 3197 315 31.58 38.07
2 38.94 38.56 38.73 39.01
3 39.09 38.84 38.95 39.16
4 38.97 3892 38.98 39.06
s 38.65 38.719 38.78 38.76
o 38.05 38.5 38.44 38.19
7 .93 38.44 38.26 38.07
8 3831 .12 38.63 38.43
9 39.37 402 39.74 39.41
10 40.28 4129 40.78 4027
1 4101 @19 4167 40.96
2 413 Qs Q2.0 an
13 40.58 19 4167 0.5
14 39.64 4091 40.49 39.59
15 39.48 40.68 40.28 39.45
16 39.27 4031 39.96 39.26
17 39.01 39.74 39.6 39.03
18 38.65 39.35 38.98 38.7
19 38.04 38.7 3835 38.15
20 37.64 3.8 37.67 37.78
21 36.98 1 36.99 nn
n 36.59 36.35 3.3 36.79
2 3593 35,69 3562 36.19
24 3.11 87 3871 %2
AVERAGE 24 38.66 38.92
AVERAGE/USE 3884 39.28

2 inch insulation

CLAYTILE 1 CELL -3IN

E3 -3 /8 IN FELT AND MEMBER
B6 - 2 IN DENSE INSULATION
AIRSPACE - SLOPE DOWN

EA - CEILING AIRSPACE

BLBD -GYPSUM PLASTER 1/2
BLBD -GYPSUM PLASTER 1/2

6 inch insulation

CLAY TILE 1 CELL -3 IN

E3 -3/8 IN FELT AND MEMBER
B6 -2 IN DENSE INSULATION
B6 -2 IN DENSE INSULATION
B6 - 2 IN DENSE INSULATION
AIRSPACE - SLOPE DOWN

EA - CEILING AIRSPACE

BLBD - GYPSUM PLASTER 1/2
BLBD - GYPSUM PLASTER | /2
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Table B1.6 1~~~y
ROOF
WINTER Pitch cong. slab30 deqree slope
{114
2 ]
S IR NR R
i1 |1 |¢8
CLAY TILE 1 CELL - 3IN
1 17.08 1547 1587 16.91 .3/ M
2 17.06 1643 15.86 16.89 86 -2 IN DENSE INSULATION
3 19.32 17.55 18.08 19.04 BS6 -2 IN DENSE INSULATION
4 2102 10.44 19.94 2087 | Bg .2 N DENSE INSULATION
5 21.9 206 21.1 21.52 AIRSPACE - SLOPE DOWN
6 2212 21.21 215 21.73 E4 - CEILING AIRSPACE
7 2216 21.33 21.74 2177 CONCRETE SLAB 6 IN
8 e s ns 207 | BLBD - GYPSUM PLASTER 1/2
: a2 29 | 242 | 29 | pigp-GYPSUMPLASTER1/2 |
10 2382 23,75 2421 23.49
1 23.58 2349 2385 2347
12 21.37 21.18 2166 21.03
13 20.99 204 20,89 2064
14 20.69 20.12 20,61 20.36
15 20.48 19.82 203 2014
16 2024 19.54 19.98 19.91
17 19.96 19.23 19.64 19.64
18 1963 1887 19.24 19.33
19 190.25 18.32 18.65 18.97
20 18.72 17.94 18.27 18.59
21 18.39 17.32 17.66 18.21
2 18.01 16.93 17.28 1783
23 17.62 163 16.67 17.48
24 17.25 1592 16.31 174
AVERAGE 24 2027 19.80
AVERAGEASE 2033 1993
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APPENDIX B2

BLAST Program

HBLC) 667 359 25
bag 2lminus 1 01JAN 31DEC 1 M M
REPORT FILE FROM 0lJan THRU 31Dec
A-JUN-BAGHDAD
10 12716 8820818334 34 30 24 17 . 11

0
1 1 59ng: 0
BAG 21MINUS 33.00 -44.00 21
A-JUN-BAGHDAD WEEKDAY 21jun 38.00
21.00 120,00 99351.00 3.50 315.00 1.10
akeel roof 2 6

Cl2 - 2 IN HW CONCRETE

CONCRETE - SAND AND GRAVEL 4 IN

B4 - 3 IN INSULATION

B4 - 3 IN INSULATION

SDNG - ASPHALT INS 1 / 2 IN

Cl3 - 6 IN HW CONCRETE

akeel24 1 4
PLASTER - CEMENT SA 3 / 4 IN

BRICK - COMMON 8 IN

PLASTER - GYPSUM LWA 1 / 2 IN
PLASTER - GYPSUM LWA 1 / 2 IN
Building #1 19000 13 3600

BEGIN INPUT;
RUN CONTROL:
NEW ZONES,
NEW AIR SYSTEMS,
PLANT,
REPORTS (FANGER, ANNUAL COMFORT REPORT, 96),
UNITS (IN = METRIC, OUT = METRIC);
TEMPORARY LOCATION:
BAG 21MINUS
= (LAT=33.00,LONG=-44.00,T2=21);
END;
TEMPORARY DESIGN DAYS:
A~-JUN-BAGHDAD
= (HIGH=38.00,LOW=21.00,WB=20.00,DATE=21jun, PRES=99351,00,
WS=3,50, DIR=315,00, CLEARNESS=1, 10, WEEKDAY ):
END;
TEMPORARY WALLS:
AKEEL WALL36
= (PLASTER - CEMENT SA 3 / 4 IN,
BRICK - COMMON 4 1IN,
BRICK - COMMON 8 IN,
PLASTER - GYPSUM SA 1 / 2 IN,
PLASTER - GYPSUM SA 1 / 2 IN);
END;
TEMPORARY ROOFS:
akeel roof
= (C12 = 2 IN HW CONCRETE,
CONCRETE = SAND AND GRAVEL 4 1IN,
B4 - 3 IN INSULATION,
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B4 - 3 IN INSULATION,
SDNG - ASPHALT INS 1 / 2 IN,
Cl1l3 - 6 IN HW CONCRETE);
END;
PROJECT="mosque

(HBLC) 667 359 ";
LOCATION=bag 2lminus :
DESIGN DAYS=A-JUN-BAGHDAD ;
GROUND TEMPERATURES=(10.00,12.00,16.00,22.00,28.00,33.00,34.00,
34.00,30.00,24.00,17.00,11.00) ;
BEGIN BUILDING DESCRIPTION;
BUILDING="Building #1";
NORTH AXIS=190.00;
SOLAR DISTRIBUTION=0;
ZONE 1 "Zone 1":
ORIGIN: (23.10,13.11,0.00);
NORTH AXIS =0.00;
EXTERIOR WALLS:
STARTING AT (0.00,0.00,0.00)
FACING (180.00)
TILTED(90.00)
AKEEL WALL36(22.00 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(2.00 BY 0.70)
REVEAL (0.00)
AT (17.00,2.10)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(2.20 BY 0.70)
REVEAL (0.00)
AT (2.00,2.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.00 BY 2.00)
REVEAL (0.00)
AT (17.00,0.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.00 BY 2.00)
REVEAL (0.00)
AT (9.50,0.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.20 BY 2.00)
REVEAL (0.00)
AT (2.00,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.00)
REVEAL (0.00)
AT (9.50,2.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.10)
REVEAL (0.00)
AT (10.80,2.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 3.90)
REVEAL (0.00)
AT (7.50,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 3.90)
REVEAL (0.00)
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AT (7.50,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (12.20,0.00),
STARTING AT (22.00,0.00,0.00)
FACING (90.00)
TILTED(90.00)
AKEEL WALL36(11.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (4.00,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (6.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY
REVEAL (0.00)
AT (5.40,4.50)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (6.30,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (6.30,4.90),
STARTING AT(22.00,11.10,0.00)
FACING (0.00)
TILTED(90.00)
AKEEL WALL36(10.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (4.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY
REVEAL (0.00)
AT (4.40,0.70),
STARTING AT(11.90,11.10,0.00)
FACING (90.00)
TILTED(90.00)
AKEEL WALL36(1.50 BY 6.50),
STARTING AT(11.90,12.60,0.00)
FACING (0.00)
TILTED(90.00)
AKEEL WALL36(1.80 BY 6.50),
STARTING AT(10.10,12,60,0.00)
FACING (270.00)

4.00)

4.00)

4.00)

1.00)

0.60)

0.60)

0.60)

0.60)

0.60)

4.00)
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TILTED(90.00)
AKEEL WALL36(1.50 BY 6.50),
STARTING AT(10.10,11.10,0.00)
FACING (0.00)
TILTED(90.00)
AKEEL WALL36(10.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.10)
REVEAL (0.00)
AT (4.70,0.60)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.20 BY 0.60)
REVEAL (0.00)
AT (4.70,4.90),
STARTING AT (0.00,11.10,0.00)
FACING (270.00)
TILTED(90.00)
AKEEL WALL36(11.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (3.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (6.40,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (3.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (6.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.00)
REVEAL (0.00)
AT (5.10,4.40);
SLAB ON GRADE FLOORS:
STARTING AT (0.00,0.00,0.00)
FACING (90.00)
TILTED(180.00)
SLAB FLOOR(15.70 BY 15.70);
ROOFS:
STARTING AT (0.00,0.00,10.00)
FACING (180.00)
TILTED(0.00)
akeel roof(15.70 BY 15.70);
RELATIVE VELOCITY= 0,137 ,Constant,
FROM 01JAN THRU 31DEC;
RELATIVE HUMIDITY= 0.5 ,Constant,
FROM 01JAN THRU 31DEC;
METABOLIC RATE= 1 ,Constant,
FROM 01JAN THRU 31DEC;
WORK EFFICIENCY= 0 ,Constant,
FROM 01JAN THRU 31DEC;
CLOTHING INSULATION= 1 ,Constant,
FROM 01JAN THRU 31DEC;
END ZONE;
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END BUILDING DESCRIPTION;
END INPUT;

BEGIN INPUT;
RUN CONTROL:
NEW ZONES,
NEW AIR SYSTEMS,
PLANT,
REPORTS (FANGER, ANNUAL COMFORT REPORT, 96),
UNITS (IN = METRIC, OUT = METRIC);
TEMPORARY LOCATION:
BAG 21MINUS
= (LAT-33.00,LONG-—44.00,TZ-21);
END;
TEMPORARY DESIGN DAYS:
A-JUN-BAGHDAD
= (HIGH=38.00,LOW=21.00,WB=20.00,DATE=21jun, PRES=99351.00,
WS-3.50,DIR-315.00,CLEARNBSS-1.10,WEEKDAY ):
END;
TEMPORARY WALLS:
akeel 12
= (PLASTER - CEMENT SA 3 / 4 1IN,
BRICK - COMMON 4 1IN,
PLASTER - GYPSUM LWA 1 / 2 IN,
PLASTER - GYPSUM LWA 1 / 2 IN);
END;
TEMPORARY ROOF'S:
akeel roof
= (Cl2 - 2 IN HW CONCRETE,
CONCRETE - SAND AND GRAVEL 4 IN,
B4 - 3 IN INSULATION,
B4 - 3 IN INSULATION,
SDNG - ASPHALT INS 1 / 2 IN,
C13 - 6 IN HW CONCRETE) ;
END;
PROJECT="mosque

(HBLC) 667 359 ";
LOCATION=bag 2lminus ;
DESIGN DAYS=A-JUN-BAGHDAD :
GROUND TEMPERATURES=(10.00,12.00,16.00,22.00,28.00, 33 00, 34.00,
34.00,30,00,24.00,17.00,11.00);
BEGIN BUILDING DESCRIPTION;
BUILDING="Building #1";
NORTH AXIS=190,00;
SOLAR DISTRIBUTION=0;
ZONE 1 "Zone 1":
ORIGIN: (23.10,13.11,0.00);
NORTH AXIS =0.00;
EXTERIOR WALLS:
STARTING AT (0.00,0.00,0.00)
FACING (180.00)

TILTED(90.00)
akeel 12(22.00 BY 6.00)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(2.00 BY 0.70)
REVEAL (0.00)
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AT (17.00,2.10)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(2.20
REVEAL (0.00)
AT (2.00,2.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR (2.00 BY 2.
REVEAL (0.00)
AT (17.00,0.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.00 BY 2.
REVEAL (0.00)
AT (9.50,0.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.20 BY 2.
REVEAL (0.00)
AT (2.00,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70
REVEAL (0.00)
AT (9.50,2.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70
REVEAL (0.00)
AT (10.80,2.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10
REVEAL (0.00)
AT (7.50,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10
REVEAL (0.00)
AT (7.50,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10
REVEAL (0.00)
AT (12.20,0.00),

STARTING AT (22.00,0.00,0.00)
FACING (90.00)

TILTED(90.00)

akeel 12(11.10 BY 6.00)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10
REVEAL (0.00)
AT (4.00,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10
REVEAL (0.00)
AT (6.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70
REVEAL (0.00)
AT (5.40,4.50)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10

BY 0.70)

00)

00)

00)

BY

BY

BY

BY

BY

BY

BY

BY

BY

BY

1.00)

1.10)

3.90)

3.90)

4.00)

4.00)

4.00)

1.00)

0.60)

0.60)
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REVEAL (0.00)
AT (6.30,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL(0.00)
AT (6.30,4.90),
STARTING AT (22.00,11.10,0.00)
FACING (0.00)
TILTED(90.00)
akeel 12(10.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (4.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (4.40,0.70),
STARTING AT(11.90,11.10,0.00)
FACING (90.00)
TILTED(90.00)
akeel 12(1.50 BY 6.50),
STARTING AT(11.90,12.60,0.00)
FACING (0.00)
TILTED(90.00)
akeel 12(1.80 BY 6.50),
STARTING AT (10.10,12.60,0.00)
FACING (270.00)
TILTED(90.00)
akeel 12(1.50 BY 6.50),
STARTING AT(10.10,11.10,0.00)
FACING (0.00)
TILTED(90.00)
akeel 12(10.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.10)
REVEAL (0.00)
AT (4.70,0.60)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.20 BY 0.60)
REVEAL (0.00)
AT (4.70,4.90),
STARTING AT (0.00,11.10,0.00)
FACING (270,00)
TILTED(90.00)
akeel 12(11.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (3.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (6.40,0.40)
WITH WINDOWS OF TYPE
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SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (3.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (6.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.00)
REVEAL (0.00)
AT (5.10,4.40);
SLAB ON GRADE FLOORS:
STARTING AT (0.00,0.00,0.00)
FACING (90.00)
TILTED(180.00)
SLAB FLOOR(15.70 BY 15.70);
ROOFS:
STARTING AT (0.00,0.00,10.00)
FACING (180.00)
TILTED(0.00)
akeel roof (15.70 BY 15.70);
RELATIVE VELOCITY= 0.137 ,Constant,
FROM 01JAN THRU 31DEC;
RELATIVE HUMIDITY= 0,5 ,Constant,
FROM 01JAN THRU 31DEC;
METABOLIC RATE= 1 ,Constant,
FROM 01JAN THRU 31DEC;
WORK EFFICIENCY= 0 ,Constant,
FROM 01JAN THRU 31DEC;
CLOTHING INSULATION= 1 ,Constant,
FROM 01JAN THRU 31DEC;
END ZONE;
END BUILDING DESCRIPTION;
END INPUT;

BEGIN INPUT;
RUN CONTROL:
NEW ZONES,
NEW AIR SYSTEMS,
PLANT,
REPORTS ( FANGER, ANNUAL COMFORT REPORT, 96),
UNITS (IN = METRIC, OUT = METRIC);
TEMPORARY LOCATION:
BAG 21MINUS
= (LAT=33.00,LONG=-44,00,T2=21);
END;
TEMPORARY DESIGN DAYS:
A-JUN-BAGHDAD

= (HIGH=38.00,LOW=21,00,WB=20.00,DATE=21jun, PRES=99351.00,

WS=3,50, DIR=315.00, CLEARNESS=1 .10, WEEKDAY
END;
TEMPORARY WALLS:
AKEEL 48
= (PLASTER - CEMENT SA 3 / 4 1IN,
BRICK - COMMON 8 IN,
BRICK - COMMON 8 IN,
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PLASTER - GYPSUM SA 1 / 2 IN,
PLASTER - GYPSUM SA 1 / 2 IN);

END;
TEMPORARY ROOES:
akeel roof
= (Cl2 - 2 IN HW CONCRETE,

CONCRETE - SAND AND GRAVEL 4 1IN,
B4 - 3 IN INSULATION,
B4 - 3 IN INSULATION,
SDNG - ASPHALT INS 1 / 2 IN,
Cl3 - 6 IN HW CONCRETE) ;

END;

PROJECT="mosque

(HBLC) 667 359 ";
LOCATION=bag 2lminus ;
DESIGN DAYS=A-JUN-BAGHDAD :
GROUND TEMPERATURES=(10.00,12.00,16.00,22.00,28.00,33.00,34.00,
34,00,30.00,24.00,17.00,11.00);
BEGIN BUILDING DESCRIPTION;
BUILDING="Building #1";
NORTH AXIS=190.00;
SOLAR DISTRIBUTION=0;
ZONE 1 "Zone 1":
ORIGIN: (23.10,13.11,0.00);
NORTH AXIS =0.00;
EXTERIOR WALLS:
STARTING AT (0.00,0.00,0.00)
FACING (180.00)
TILTED (90.00)
AKEEL 48(22.00 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(2.00 BY 0.70)
REVEAL (0.00)
AT (17.00,2.10)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(2.20 BY 0.70)
REVEAL (0.00)
AT (2.00,2.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.00 BY 2.00)
REVEAL (0.00)
AT (17.00,0.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.00 BY 2.00)
REVEAL (0.00)
AT (9.50,0.10)
WITH DOORS OF TYPE
HOLLOW WOOD DOOR(2.20 BY 2.00)
REVEAL (0.00)
AT (2.00,0.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.00)
REVEAL (0.00)
AT (9.50,2.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.10)
REVEAL (0.00)
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AT (10.80,2.90)
WITH WINDOWS OF TYPE

SINGLE PANE HW WINDOW(1.10 BY

REVEAL (0.00)
AT (7.50,0.00)
WITH WINDOWS OF TYPE

SINGLE PANE HW WINDOW(1.10 BY

REVEAL (0.00)
AT (7.50,0.00)
WITH WINDOWS OF TYPE

SINGLE PANE HW WINDOW(1.10 BY

REVEAL (0.00)
AT (12.20,0.00),

STARTING AT (22.00,0.00,0.00)

FACING (90.00)
TILTED(90.00)
AKEEL 48(11.10 BY 6.00)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (1.
REVEAL (0.00)
AT (4.00,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (1
REVEAL (0.00)
AT (6.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (0.
REVEAL (0.00)
AT (5.40,4.50)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (1
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (1.
REVEAL (0.00)
AT (6.30,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (1
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (1.
REVEAL (0.00)
AT (6.30,4.90),

STARTING AT (22.00,11.10,0.

FACING (0.00)

TILTED(90.00)

AKEEL 48(10.10 BY 6.00)
WITH WINDOWS OF TYPE

SINGLE PANE HW WINDOW(1.

REVEAL (0.00)
AT (4.40,4.80)
WITH WINDOWS OF TYPE

SINGLE PANE HW WINDOW (1.

REVEAL (0.00)
AT (4.40,0.70),

STARTING AT(11.90,11.,10,0.

FACING (90.00)

10 BY

.10 BY

70 BY

.10 BY

10 BY

.10 BY

10 BY

00)

10 BY

10 BY

00)

.90)

.90)

.00)

.00)

.00)

.00)

.60)

.60)

.60)

.60)

.60)

.00)
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TILTED(90.00)
AKEEL 48(1.50 BY 6.50),
STARTING AT (11.90,12.60,0.00)
FACING (0.00)
TILTED (90.00)
AKEEL 48(1,80 BY 6.50),
STARTING AT (10.10,12.60,0.00)
FACING (270.00)
TILTED(90.00)
AKEEL 48(1.50 BY 6.50),
STARTING AT(10.10,11.10,0.00)
FACING (0.00)
TILTED(90.00)
AKEEL 48(10,10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.10)
REVEAL (0.00)
AT (4.70,0.60)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.20 BY 0.60)
REVEAL (0.00)
AT (4.70,4.90),
STARTING AT (0.00,11.10,0.00)
FACING (270.00)
TILTED(90.00)
AKEEL 48(11.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (3.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (6.40,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (3.40,4.80)
WITH WINDOWS OF TYPE
STNGT.F. PANF HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (6.40,4.80)
WITH WINDOWS OF TYPE
STNGT.F. PANF HW WTNDOW(N.70 RY 1.00)
REVEAL (0.00)
AT (5.10,4.40);
SLAB ON GRADE FLOORS:
STARTTNG AT (0.00,0,00,0,00)
FACING (90.00)
TILTED(180.00)
SLAB FLOOR(15.70 BY 15.70);
ROOFS: :
STARTTNG AT(0,00,0,00,10,00)
FACING (180,00)
TILTED(0.00)
akeel roof (15.70 BY 15.70);
RELATIVE VELOCITY= 0,137 ,Constant,
FROM 01JAN THRU 31DEC;
RELATIVE HUMIDITY= 0.5 ,Constant,
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FROM 01JAN THRU 31DEC;

METABOLIC RATE= 1 ,Constant,
FROM 01JAN THRU 31DEC;

WORK EFFICIENCY= 0 ,Constant,
FROM 01JAN THRU 31DEC;

CLOTHING INSULATION= 1 ,Constant,
FROM 01JAN THRU 31DEC;

END ZONE;
END BUILDING DESCRIPTION;
END INPUT;

BEGIN INPUT;
RUN CONTROL:
NEW ZONES,
NEW AIR SYSTEMS,
PLANT,
REPORTS (FANGER, ANNUAL COMFORT REPORT, 96),
UNITS (IN = METRIC, OUT = METRIC);
TEMPORARY LOCATION:
BAG 21MINUS
= (LAT=33.00,LONG=-44.00,T2=21);
END;
TEMPORARY DESIGN DAYS:
A-JUN-BAGHDAD
= (HIGH=38.00,LOW=21.00,WB=20.00,DATE=21jun, PRES=99351.00,
WS=3.50, DIR=315.00, CLEARNESS=1.10, WEEKDAY ):
END;
TEMPORARY WALLS:
AAKEEL CAVITY 4-8
= (PLASTER - CEMENT SA 3 / 4 1IN,
BRICK - COMMON 4 1IN,
Bl - AIRSPACE RESISTANCE,
BRICK - COMMON 8 1IN,
PLASTER - GYPSUM LWA 1 / 2 IN,
PLASTER - GYPSUM LWA 1 / 2 IN);
END;
TEMPORARY ROOFS:
akeel roof
= (Cl2 - 2 IN HW CONCRETE,
CONCRETE - SAND AND GRAVEL 4 1IN,
B4 - 3 IN INSULATION,
B4 - 3 IN INSULATION,
SDNG - ASPHALT INS 1 / 2 IN,
Cl13 - 6 IN HW CONCRETE) ;
END;
PROJECT="mosque

(HBLC) 667 359 ";
LOCATION=bag 2lminus :
DESIGN DAYS=A-JUN-~BAGHDAD :
GROUND TEMPERATURES=(10.00,12.00,16.00,22.,00,28.00,33.00,34.00,
34.00,30.00,24.00,17.00,11.00) ;
BEGIN BUILDING DESCRIPTION;
BUILDING="Building #1";
NORTH AXIS=190.00;
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SOLAR DISTRIBUTION=0;

ZONE 1 "Zone 1":
ORIGIN: (23.10,13.11,0.00);
NORTH AXIS =0.00;
EXTERIOR WALLS:

STARTING AT (0.00,0.00,0.00)

FACING (180.00)

TILTED(90.00)

AAKEEL CAVITY 4-8(22.00 BY 6.
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW (2.00

REVEAL (0.00)

AT (17.00,2.10)

WITH WINDOWS OF TYPE

SINGLE PANE HW WINDOW (2.20
REVEAL (0.00)
AT (2.00,2.10)

WITH DOORS OF TYPE

HOLLOW WOOD DOOR(2.00 BY 2.
REVEAL (0.00)
AT (17.00,0.10)

WITH DOORS OF TYPE

HOLLOW WOOD DOOR (2.00 BY 2.
REVEAL (0.00)
AT (9.50,0.10)

WITH DOORS OF TYPE

HOLLOW WOOD DOOR (2.20 BY 2.

REVEAL (0.00)

AT (2.00,0.00)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70

REVEAL (0.00)

AT (9.50,2.90)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70

REVEAL (0.00)

AT (10.80,2.90)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10

REVEAL (0.00)

AT (7.50,0.00)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10

REVEAL (0.00)

AT (7.50,0.00)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10

REVEAL (0.00)

AT (12.20,0.00),
STARTING AT (22.00,0.00,0.00)
FACING (90.00)

TILTED(90.00)

AAKEEL CAVITY 4-8(11,10 BY 6.
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10

REVEAL (0.00)

AT (4.00,0.40)

WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10

00)
BY 0.70)
BY 0.70)
00)
00)
00)
BY 1.00)
BY 1.10)
BY 3.90)
BY 3.90)
BY 4.00)
00)
BY 4.00)
BY 4.00)

327



REVEAL (0.00)
AT (6.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.00)
REVEAL (0.00)
AT (5.40,4.50)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (6.30,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (4.10,4.90)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0. 00)
AT (6.30,4.90),
STARTING AT (22.00,11.10,0.00)
FACING (0.00)
TILTED (90.00)
AAKEEL CAVITY 4-8(10.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (4.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0. 00)
AT (4.40,0.70),
STARTING AT (11.90,11.10,0.00)
FACING (90.00)
TILTED (90.00)
AAKEEL CAVITY 4-8(1.50 BY 6.50),
STARTING AT(11.90,12.60,0.00)
FACING (0. 00)
TILTED (90.00)
AAKEEL CAVITY 4-8(1.80 BY 6.50),
STARTING AT (10.10,12.60,0.00)
FACING (270.00)
TILTED (90.00)
AAKEEL CAVITY 4-8(1.50 BY 6.50),
STARTING AT (10.10,11.10,0.00)
FACING (0.00)
TILTED (90.00)
AAKEEL CAVITY 4-8(10.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.10)
REVEAL (0.00)
AT (4.70,0.60)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.20 BY 0.60)
REVEAL (0.00)
AT (4.70,4.90),
STARTING AT (0.00,11.10,0.00)
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FACING (270.00)
TILTED(90.00)
AAKEEL CAVITY 4-8(11.10 BY 6.00)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (3.30,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 4.00)
REVEAL (0.00)
AT (6.40,0.40)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (3.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(1.10 BY 0.60)
REVEAL (0.00)
AT (6.40,4.80)
WITH WINDOWS OF TYPE
SINGLE PANE HW WINDOW(0.70 BY 1.00)
REVEAL (0,00)
AT (5.10,4.40);
SLAB ON GRADE FLOORS:
STARTING AT (0.00,0.00,0.00)
FACING (90.00)
TILTED(180.00)
SLAB FLOOR(15.70 BY 15.70);
ROOFS:
STARTING AT (0.00,0.00,10.00)
FACING (180.00)
TILTED(0.00)
akeel roof(15.70 BY 15.70);
RELATIVE VELOCITY= 0.137 ,Constant,
FROM 01JAN THRU 31DEC;
RELATIVE HUMIDITY= 0.5 ,Constant,
FROM 01JAN THRU 31DEC;
METABOLIC RATE= 1 ,Constant,
FROM 01JAN THRU 31DEC;
WORK EFFICIENCY= 0 ,Constant,
FROM 01JAN THRU 31DEC;
CLOTHING INSULATION= 1 Constant,
FROM O01JAN THRU 31DEC;
END ZONE;
END BUILDING DESCRIPTION;
END INPUT;
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