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APPENDIX A

15 Exemplary Historic Schools in the warm-dry climate of Iran and their daylighting conditions

Introduction: 

Chapter 6, section 6.1.1 (The principles of daylighting in the historic schools in the warm-dry climate of Iran), addresses fully the reasons behind the following selection of historic schools in Iran for the purpose of case study.
City: Esfahan
1. Chaharbaq School

2. Nimavard School

3. Jadeh-bozorg School

4. Jadeh-kouchak School

5. Mola-abdulah School

6. Nourieh School

7. Kasegaran School

8. Mirza-hassan School

9. Mansourieh School

10. Hashemieh School

City: Shiraz
11. Khan School

12. Mansourieh School

13. Qavam School

14. Agha-babakhan School

City: Kashan
15. Agha-bozorg School

1. Chaharbaq School
Place: Esfahan, warm/dry climate

Survey Time: 15 April 2004, 11:00 am, sunshine sky
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Sections across the courtyard
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Plan- Ground floor
The sources of daylight in the study-bedrooms (Hojra)
	Hojras (study-bedrooms) are the most important elements of  historic schools and have a significant effect on the configuration of the school buildings (Soltanzadeh 1985). Daylight is mostly admitted indirectly into the study-bedrooms. Direct sunlight is usually cut off by the porticoes in front of the rooms. Porticoes perform as a shading device providing shade on the windows as well as creating a transitory space between the interior (study-bedroom) and the exterior (courtyard). Indirect light is also admitted into the rooms by the reflection of direct sunlight off the porticoes floor as well as the courtyard. It seems the amount of reflected light at the ground floor rooms is fairly more than the first floor rooms because of its proximity to the courtyard.
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The admission of daylight in the teaching places (Madrass)

	Madrass is usually a large semi-closed space covered with a high dome used for lecturing and teaching theology students.  There are two Madrasses in this school, one opposite the entrance portico and the other opposite the mosque across the courtyard. Madrass is illuminated thoroughly by indirect natural light mostly through its tall portico open to the courtyard and partly by the filtered light coming down from the high windows and the clerestories beneath the dome.  These spaces are significantly tall and have high levels of illumination
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Daylighting components in a single study-bedroom
	[image: image6.jpg]Courtyard





	Study-bedrooms (Hojras) are usually illuminated by the fenestration of the entrance door, a clerestory window at the top of the entrance or by two windows at both sides of the main door (Soltanzadeh 1985). In this case, the sources of illumination are the high window over the entrance whose light is softened through the geometric wooden frame as well as the windows in the entrance door. The deep surface of the wall around the window performs as a secondary source of illumination and the position of the wooden frame closer to the exterior helps this reflective performance. This window is mostly cast in the shade of the portico. 
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The effect of the materials and textures
Materials and photometry chart

	
	Materials
	L (cd/m2)
	sample L
	reflectance

	Interior
	light plaster wall
	20
	25
	0.8

	
	Grey plaster wall
	17
	26
	0.654

	
	Floor carpet
	2
	60
	0.033

	
	Door wood
	85
	435
	0.195

	Exterior
	white plaster wall
	309
	436
	0.709

	
	Marble wall
	123
	448
	0.274

	
	wall Brickwork
	253
	910
	0.278

	
	Enamelled mosaic
	243
	842
	0.288

	
	Turquise tile
	58
	292
	0.199

	
	White enamelled tile
	149
	292
	0.51

	
	Jagged grey stone
	190
	927
	0.205

	
	Jagged white stone
	327
	876
	0.373

	
	Floor brick mosaic 
	65
	261
	0.249


According to the above material and photometry chart, it seems plaster has the highest reflectance value among the materials used at this school.  Most of the interior surfaces of the rooms are covered with plaster.  This is one of the reasons that light is reflected and the amount of illumination inside the room is increased. Besides, the walls and the cornices of the porticoes are also in plaster to help reflect light inside the rooms. However, due to the intensity of direct sunlight in this climate the courtyard floor and the walls are covered with low reflectance materials to reduce the glare and increase the comfort.
The levels of the interior and the exterior illumination
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	It has been suggested the illumination of the classrooms and study room should not be less than 300 lux (DFEE 1999).  However, it seems that the amount of daylight in the study-bedrooms is fairly lower than necessary and therefore one need to use electric lighting even in a sunny day to have a reasonable illumination on the working plane. 
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The amount of sunlight in the courtyard is significantly high. That is why the courtyard surfaces have low level of reflectance to improve visual amenity and comfort.  The following photo illustrates the illuminance and luminance figures in the courtyard as well as the importance of the plants as climatic control.
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A luminance meter was used to measure luminance of different parts of surfaces on-site (figures in red in the above image). These figures were, then, converted to illuminance values by using the E=LΠ/ρ equation (figures in yellow). Unfortunately, photometric measurements could not be carried out in all schools due to limited access to religious institutions.
Other comfort issues affecting daylighting
In hot-dry regions lowering the indoor temperatures at day time, natural ventilation and minimizing heat gain and loss are the main strategies of energy conservation and human comfort (Givoni 1998).  It seems in this particular case study cooling and comfort conditions are more important than the illumination levels in the study-bedrooms.  The presence of the high window over the entrance door could also help the natural ventilation of the room since warm air rises up and it lets the air circulate.  Besides, although the courtyard floor could be a significant source of reflected light, it is covered mostly with grass to let the space ventilated more pleasantly. Therefore, it seems there should be a balance between the climatic elements such as daylight, ventilation and heating to create a pleasant sustainable place for living and learning. 
The impact of the proportion of a room on its daylighting
The study-bedrooms are quite narrow facing the width to the courtyard to save energy as well as letting more rooms fit in around the courtyard. The length of the room causes the lack of illumination at the back of the room.  However, the height of the room, about 5 meters at the axis, lets light bounce off the surfaces easily to illuminate the back of the room.  The height of the rooms has a significant effect on the amount of the natural lighting as well as the natural ventilation.
References
DFEE (1999). "Lighting Design for Schools." Building Bulletin 90.

Givoni, B. (1998). Climate Considerations in Building and Urban Design. London, Van Nostrand Reinhold.

Soltanzadeh, H. (1985). The history of schools in Iran. Tehran, Agah Publishers.

2. 
 Nimavard School
Place: Esfahan, warm/dry climate

Survey Time: 16 April 2004, 10:00 am, sunshine sky
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Sections across the courtyard
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Plan- Ground floor

The sources of daylight in the study-bedrooms (Hojra)

	· Indirect lighting

· Courtyard floor as a reflecting surface

· Porticoes as shading devices

· Tall trees as natural shading

· Courtyard walls as reflecting surfaces due to the higher ratio of height/ width of the courtyard
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Daylighting components in a single study-bedroom
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	· High window over the entrance door

· Deep wall as a secondary source of illumination

· Windows of the entrance door at the first floor rooms
	     [image: image17.jpg]





The effect of the materials and textures
	· White plaster walls and ceiling in the study-bedrooms to reflect light and increase the amount of illumination 
· White plaster of the walls and the cornices of the porticoes to help reflect light inside the rooms through the high window

· Low reflectance materials such as brick or enamel mosaics on the courtyard walls to reduce the glare 

· Low reflectance grey stone at the courtyard floor to control the glare and improve visual amenity
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Other comfort issues affecting daylighting
· The importance of cooling conditions over the natural illumination in the study-bedrooms as well as in the courtyard

The impact of the proportion of a room on its daylighting
· The tall height of the rooms to let light bounce off the surfaces as well as a better natural ventilation

3. Jadeh-bozorg School
Place: Esfahan, warm/dry climate

Survey Time: 16 April 2004, 12:00 pm, sunshine sky
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Plan- Ground floor

The sources of daylight in the study-bedrooms (Hojra)

	· Indirect lighting

· Side lighting windows

· Courtyard floor as a reflecting surface

· Porticoes as shading devices
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Daylighting components in a single study-bedroom
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	· High window over the entrance door

· Deep wall as a secondary source of illumination

· Windows of the entrance door 

· Geometric Cornices as light reflecting surfaces
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The admission of daylight in the teaching places (Madrass)
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	· Large side windows at two storey height facing the courtyard

· Thick walls as light reflecting surfaces

· High ceiling improves even distribution of light

· The length of the room facing the courtyard inviting more daylight 
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The effect of the materials and textures as before

4. Jadeh-kouchak School

Place: Esfahan, warm/dry climate

Survey Time: 16 April 2004, 2:00 pm, sunshine sky
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In this case study the corridor of the first floor is in front of the Hojras facing the courtyard. In other words, the first floor porticoes are connected to each other through flat arches and it help the corridor be in light rather than in dark as in the case study 3.

	· The corridor in front of the Hojras at the first floor

· Porticoes as shading devices at the first floor also function as a circulation space in light
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This school consists of two interconnected courtyards and the library is the linking bridge at the first floor.

Daylighting components in a single study-bedroom

	· Windows of the entrance door 

· Deep wall as a secondary source of illumination

· Porticoes as shading devices

The study-bedrooms at this school have shorter height comparing to the previous schools. The courtyard walls could be light reflecting surfaces due to the higher ratio of height/ width of the courtyard, however, the low reflectance of the brick walls diminishes this performance.
	    [image: image30.jpg]





Other comfort issues affecting daylighting in the courtyard

	The plants and tall trees in the courtyard are natural shading devices. They also help natural ventilation and cooling the air down alongside the water front in the middle of the courtyard. The harsh sunlight is well handled in the courtyard by the plants, waterfront as well as the low reflectance material of the walls and the floor. However the white inner surfaces of the porticoes help reflect light inside the study-bedrooms.
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5. Mola-abdulah School
Place: Esfahan, warm/dry climate

Survey Time: 17 April 2004, 10:00 am, sunshine sky
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Sections across the courtyard
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Plan- Ground floor

The sources of daylight in the study-bedrooms (Hojra)

	· Indirect lighting

· Courtyard floor as a reflecting surface

· Porticoes as shading devices
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Daylighting components in a single study-bedroom
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	· High window over the entrance door

· Deep wall as a secondary source of illumination

· Windows of the entrance door at the first floor rooms

· Porticoes as shading devices at the first floor also function as a circulation space in light
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· The shallow depth of the study-bedrooms let enough natural light spread in the room

· The tallness of the ground floor hojras let the light bounce off the surfaces and have more reflected light rather than the shorter hojras at the first floor
6. Noorieh School

Place: Esfahan, warm/dry climate

Survey Time: 17 April 2004, 12:00 pm, sunshine sky
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Plan- Ground floor- one storey school

Daylighting components in a single study-bedroom

	· High window over the entrance door

· Two windows at both sides of the entrance door

· Windows of the entrance door 

· Deep wall as a secondary source of illumination

· Porticoes as shading devices 

· The square shape of the rooms let the room lit naturally
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7. Kasegaran School

Place: Esfahan, warm/dry climate
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Sections across the courtyard
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Plan- Ground floor

The sources of daylight in the study-bedrooms (Hojra)

	· Indirect lighting

· Courtyard floor as a reflecting surface
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Daylighting components in a single study-bedroom

	· High window over the entrance door

· Two windows at both sides of the entrance door

· Windows of the entrance door 

· Deep wall as a secondary source of illumination

· Porticoes as shading devices 
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8. Mirza-hassan School

Place: Esfahan, warm/dry climate
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Sections across the courtyard
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Plan- Ground floor- one storey school

Daylighting components in a single study-bedroom
	· High window over the entrance door

· Two windows at both sides of the entrance door

· Windows of the entrance door 

· Deep wall as a secondary source of illumination

· Porticoes as shading devices 
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9. Mansourieh School

Place: Esfahan, warm/dry climate
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Plan- Ground floor

Daylighting components in a single study-bedroom
	· High window over the entrance door

· Windows of the entrance door 

· Deep wall as a secondary source of illumination

· Porticoes as shading devices 
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10. Hashemieh School
Place: Esfahan, warm/dry climate
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Sections across the courtyard
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Plan- Ground floor
Daylighting components in a single study-bedroom
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	· High window over the entrance door

· Windows of the entrance door 

· Entrance side windows 

· Shallow porticoes as shading device
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11. KHAN School

Place: Shiraz, warm/dry climate

Survey Time: 7 April 2004, 10:00 am, sunshine sky
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Sections across the courtyard

PLANS
[image: image59.jpg]0

S

b e e s b = p— e RS

M W OL

<t

N N o T N T (ST ST TE 3
L T TSR T Y
\\\\\\\T‘? —.\ i NS . \ =
i N EE S\ i e\ S \\
N N ‘ § \§ §\
§ '-\\: l= }\. "\\\\_\ \\\\\\\\Il\\\\%\\l AN\ &“
e ([ W )
&N N N \\ >
N ] et A
N N \
|{\\\\\\\\\\\\\\\\§\§§\\\\\\.\\§\\“\\\\\ ' S
§\\\\\- “\\\
\

§ \_Q

////
-
////

A

| r\\ll\\\\\\\
u§7 N

lll f= [ j 4l|

l, ol
{] s\)/
\\\\" § = \\\\\\\\ , \ =1

u 4
S A Y
D\\\ if

b

y.\\\\\\

=l
;
\\\ . \ \\\\
.\:\\\\\ { \ \\\ %
5\\‘\%\ 1
‘ .\\\\\\\; N

7

N
AN
|
R
WY
N

74,

- Ay

TH
5/, ,// /,’/‘





Ground floor Plan

[image: image60.jpg]et
.\: "y \
W N N
o N I } \
\..... N
N
( .

\2 N
N e 1
NN J \\\\

Ig\l

\

I
_
\ |

\ .}}.\\\\\\.\} o
, N _ .

N \\‘l

N

Sé MAWOL

X\\ '-~— \
! ‘;\\“\‘7*‘?43 . ﬂ_:m ;

\§\
=E

"“.\§

\l \\

§m\\\\\\\\\\\\\\* 1

NN

| o lll

AN § ] \'§
M& \\\

15
I \l\\

_ N
W \

\\\\\\‘\

!
l

§\\‘

l
l
| 2l





First floor Plan

The sources of daylight in the study-bedrooms (Hojra)
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	· Indirect lighting

· Courtyard floor as a reflecting surface

· Porticoes as shading devices as well as studying places

· Restricted size of windows to stop overheating but high windows at both sides (left)
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Daylighting components in a single study-bedroom
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	· A unique case of having side lighting at both sides (courtyard and streets outside)

· High window over the entrance door at ground floor (right) and a large door-window at the first floor (left)

· Deep wall as a secondary source of illumination
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The admission of daylight in the teaching places (Madrass)
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	· A large tall semi-open portico receiving light from the courtyard in the south-west direction as well as the unique rows of side lighting

· Lattices screen high windows to reduce glare as well as creating a lively shadow pattern on the ground

· The thickness of the windows as a secondary source of illumination
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The effect of the materials and textures
Materials and photometry chart

	
	Materials
	L (cd/m2)
	sample L
	reflectance

	Interior
	light plaster wall
	17860
	24360
	0.733

	
	Door wood
	150
	470
	0.319

	
	
	
	
	

	Exterior
	white plaster wall
	17860
	24360
	0.733

	
	wall Brickwork
	184
	300
	0.613

	
	Enamelled mosaic
	267
	850
	0.314

	
	Turquise tile
	58
	292
	0.199

	
	White enamelled tile
	149
	292
	0.51

	
	Water front
	75
	985
	0.076

	
	Jagged white stone
	232
	817
	0.283

	
	Floor brick mosaic 
	102
	470
	0.217


According to the above material and photometry chart, it seems plaster has the highest reflectance value among the materials used at this school.  Most of the interior surfaces of the rooms are covered with plaster to reflect light and increase the amount of illumination inside. The first floor corridor which runs at the back of the Hojras is covered with white plaster to reflect the light and also illuminate the rooms from the high back window.  Porticoes at the first floor are covered with white plaster to reflect the inside the rooms.  However, the porticos at the ground floor are covered with yellow bricks probably because of its vicinity to the courtyard ground as a reflecting surface.   

The levels of the interior and the exterior illumination

	It seems the amount of natural light in the study-bedrooms is fairly low since electric lights are used for doing basic tasks at the school (right).  However, the amount of light in the courtyard is so high that low reflectance materials are used to avoid visual discomfort.


	                                           [image: image68.jpg]





Other comfort issues affecting daylighting
Refer to the case study no.1, Chaharbaq School.

The impact of the proportion of a room on its daylighting
Refer to the case study no.1, Chaharbaq School.


12. Mansourieh School
Place: Shiraz, warm/dry climate

Survey Time: 8 April 2004, 10:00 am, sunshine sky
[image: image69.jpg]



A view of the Hojras in the smaller courtyards

The sources of daylight in the study-bedrooms (Hojra)
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	· Indirect lighting

· Courtyard floor as a reflecting surface

· Shallow Porticoes as shading devices but the windows still need blinds to prevent the direct sunlight 
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Daylighting components in a single study-bedroom
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	· In the main courtyard, the typical high latticed screen window and entrance windows (top right)

· In the side courtyard, large windows but double protected by the lattices screen as well as the white blind to reduce the glare and prevent the direct sunlight.
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13. Qavam School
Place: Shiraz, warm/dry climate

Survey Time: 8 April 2004, 12:00 pm, sunshine sky
[image: image74.jpg]



A view of the courtyard and the dry water front!
The sources of daylight in the study-bedrooms (Hojra)
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	· Indirect lighting

· Courtyard floor as a reflecting surface

· Deep Porticoes as shading devices but the windows still need blinds to prevent the direct sunlight 

· A unique case of having two extra side windows which allows more light inside
· Low reflectance material in the portico to avoid visual discomfort and glare (left)
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Daylighting components in the teaching places (Madrass)
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	· Large window with wooden latticed screen and stain glass to reduce glare and overheating (left)

· A tall semi-open space with low reflectance materials (right)
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14. Agha-babakhan School
Place: Shiraz, warm/dry climate

Survey Time: 9 April 2004, 10:00 am, sunshine sky
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A view of the courtyard 
The sources of daylight in the study-bedrooms (Hojra)

	[image: image80.jpg]&

-

«





	· Indirect lighting

· As discussed in the case study no.2
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Daylighting components in the teaching places (Madrass)
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	· Low levels of natural light in the Madrass (left)

· Enclosed Madrass with large windows which should have been covered by latticed screen before to control the direct sunlight (right)
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15 . AGHA-BOZORG School

Place: Kashan, warm/dry climate
Survey Time: 12 April 2004, 10:00 am, sunshine sky
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A view of the inner courtyard
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Sections across the courtyards
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Ground floor Plan
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Underground floor Plan

The sources of daylight in the study-bedrooms (Hojra)
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	· Indirect lighting

· Filtered lighting by the complex latticed screens

· Courtyard floor as a reflecting surface
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Daylighting components in a single study-bedroom

	This school is an exception among the case studies since there is no portico as shading devices in front of the Hojras.  However, the latticed screens soften and filter the direct light to reduce visual glare and discomfort.
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	The uniqueness of this school is the double courtyard.  The Hojras are around the inner underground courtyard which is a more private space for living and studying.
 


The admission of daylight in the underground library
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	· Filtered light through the tall latticed screen windows facing the inner courtyard

· The stain glass at the top part of the windows reduces the glare.

· The amount of natural light is fairly enough but still the deeper part of the library needs electric lighting.
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The effect of the materials and textures
Materials and photometry chart

	
	Materials
	L (cd/m2)
	sample L
	reflectance

	Interior
	light plaster wall
	21
	23
	0.913

	
	Darker plaster wall
	11
	20
	0.55

	
	Brickwork
	20
	28
	0.714

	
	Floor carpet
	6
	28
	0.214

	Exterior
	white plaster wall
	4030
	4660
	0.864

	
	wall light brickwork
	5200
	9000
	0.577

	
	wall dark brickwork
	3700
	9000
	0.4111

	
	Turquoise tile
	2300
	9000
	0.255

	
	Latticed screen
	2580
	9000
	0.286

	
	Floor brick mosaic 
	1900
	5600
	0.339


The levels of the interior and the exterior illumination
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It seems the large screened windows provide fairly enough natural light for the library although it is supplemented by few fluorescent lamps.  However, if the interior vaulting were covered with white plaster there would be better reflection and distribution of natural light.  It should be mentioned after all the height of the library (about 5m) let the light penetrate deep in the room as well as let it bounce off the surfaced for a better distribution of light.

NB. Please note the above exemplary historic schools are fully assessed and discussed in chapter 6.  Photos have all been taken by the author in 2004. Plans and sections have been borrowed from Yazd cultural heritage office and the university archives. 
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