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INDOOR THERMAL CONDITIONS
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ABSTRACT:

The present research work concerns thermal response of building envelope as a function of its
geometric shape. It is an analytical comparative study based on the use of simulations as a
fundamental research tool, carried out with the main objective of getting better understanding
about the interactive relationship between the building’s envelope shape and the surrounding
environment. The study concluded that since the sun constitutes the most important parameter in
the Mediterranean region, the selection of a building with a suitable envelope’s shape would
affect remarkably the indoor conditions. The form with a rectangular shape showed better
thermal performance than that with a squarish shape of the same volume and space area. Roof
should be given a special attention whether in terms of size or structure where it stands as a
major source for thermal stress.
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1. INTRODUCTION
1.1 Background
In recent past years the climate change and its consequences have become a central subject of a
public discussion worldwide. As the energy consumption in the buildings sector is seen as the
core of the problem, authorities on both regional and global level have strictly asserted the
urgent necessity to finding new methods that stimulate a more sustainable design in line with
less consumption of energy.1 The search for that has been a general concern of the present
research work where it has been attempted to examine the thermal response of the building
forms as related to the Damascus climatic conditions.
Considering many studies conducted on the issue of “form” one can distinguish two concepts
that are widely used. The first one is related to the fact that forms with different geometric
shapes of the same contained volume have different surface areas. This is usually expressed by
surface-to-volume ratio: s/v ratio. The second concept is related to the fact that a given form
with a smaller size has lower s/v ratio than the larger one of the same geometric shape. These
two concepts have important architectural applications in the regions where climatic conditions
dictate the use of a structure with thermal storage capacity. A building form with a low s/v ratio
takes more time to be effected by the outdoor temperature variations than that of a higher s/v
ratio of the same structure. With regard to that issue, the traditional experience in the
Mediterranean region assumes that a building of a particular form in a combination with a
relatively heavy structure tends to act effectively under environmental conditions associated
with a broad diurnal range of temperatures. A structure with a high thermal storage capacity and
relatively high u-value functions more sufficiently than that with a low thermal capacity and
relatively low u-value. This may explain why the rooms of the traditional building vary in terms
of structure, degree of enclosure, orientation and dimensional characteristics: shape and volume.
The summer living spaces are constructed of a massive masonry structure, while the winter
living spaces were constructed of a considerably lightweight structure. 2
Recently, rigorous studies have been carried out on this issue where the concept “s/v ratio” has
been employed by the majority as indicator to define the way by which forms respond to
climate. The common conclusion showed by these studies is that the form with a low s/v ratio is
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an optimal for the hot and dry region where it offers two advantages. First, the total surface area
becomes smaller and thereby the undesirable impact of the outside will proportionally be
reduced. Second, the energy consumption required for heating and cooling will be reduced
because the heat gains and losses through surfaces become lower.3
Depending on the design strategy adapted for controlling the indoor environment – active or
passive, the form defined as an optimal for a given climate assumed to be different from one
case to another. Since the form with a low s/v ratio is seen as more sufficient in case of active
climatisation, the form with a high s/v ratio is more sufficient when passive climatisation is used
as design option. The present study assumed that as the s/v ratio is often related to indicate the
thermal performance of the compact form, the existing knowledge about this issue is widely
related to that types of forms rather than the form of a complex shape, t. ex courtyard form.
Thereupon, the use of s/v ratio is not precise enough for providing a clear understanding of the
thermal response of forms with complex shapes where a large number of different forms which
having the s/v ratios can be designed in practice.
1.2 Objective and Method
The present study is an attempt to examine the thermal performance of the building form as
related to Damascus climate. The form’s thermal response in terms of its ability to modify the
impact of the sun load has been the main concern of the present study. It is the search to
understand the condition of integration between the various elements of which the form is
consisting of. This includes the relationship between surface and volume, between roof and
walls, and between wall and wall in relation to the different sets of orientation. The study
doesn’t aim to put a restriction on the freedom of the architectural choice but rather to tell how
to make that choice more effective form the environmental response standpoint.
The method adopted for proceeding with the present study includes a holistic approach aimed to
get better understanding about the interactive relation between the form and the surroundings.
Thereby a greater emphasis has been given to the condition of integration that exists between the
form’s various components rather than to the components as individual. Accordingly, a
distinction has been made between three levels of relations:
-The relation between surfaces and volume represented in the term of S/V ratio.
-The relation between the roof area and walls area represented in the term of Sroof/Swall ratio.
-The relation between the wall areas where the relation between the south-oriented surfaces to
the west-oriented surfaces represented in the term of Swsouth/Swwest ratio is most concerned.
These relations expressed geometrically in a number of building shapes will be discussed later.
1.3 Tool and Validity
A computerized simulation model called for DEROB-LTH has been used as a tool for
investigating the thermal performance of the building forms. The program was developed by the
School of Architecture at the University of Texas and gone a continuos development at the
Department of Building Science at Lund University. The program operates in Window
environment and is capable to manage up to eight volumes at the same time with 27 facing
surfaces for each. As a total it could reach up to 100 walls with 25 various types of structures. It
uses hourly data for the exterior temperature and the solar radiation intensity.4
The program is steady and powerful simulator that requires a certain level of knowledge in
building physics. Large numbers of well-documented research works based on using full-scale
experiment buildings has proved its reliability. Accordingly, the results attained by which are
reliable enough to give a clear picture of the thermal response of the various investigated forms.
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2. THE INPUT DATA
2.1 The Forms
A number of building forms with different shapes has been introduced on a basis of having the
same rate of enclosed space area, the same contained volume, the glazing areas and the same
structural properties. The enclosed space area has been chosen to be 228 m2 and the glazing area
to be 18 m2: 12 m2 and 6 m2 on the main and opposite facade respectively. The windows are
double-glazed and no shading devices are used.
In order to identify the cases involved in the study easily, a case code has been used where each
one includes 5 positions. The first position indicates the number of a given case, the second
indicates shape of the building envelope, the third indicates the number of floors, the fourth
indicates the set of orientation where N north, S south, E east, and W west, and the fifth
indicates the adjacent condition with the surrounding buildings where N indicates no adjacent.
The code 211SN indicates the baseline case involved as a feedback reference. It has a
rectangular shape elongated on the west-east axis and having the dimension 48 m long, 6 m
wide and 2,5 m high. All cases are compared the baseline case.
The forms involved in the present study have been classified in three groups each of which
including three types of shapes. The first one includes forms with compact shapes, the second
one includes forms with complex shapes, and the third one includes multi-storey forms with
compact shapes. The design alternatives for the various forms involved in the study are
represented in the figure1.
The Forms
211SN
L: 24

311sn
411sn
s/v: 1.11
s/v:1.04
s/v: 1.05
W: 8
H: 2.5 L: 36 W: 6
H: 2.5 L: 18 W: 16 H: 2.5

Relations

S/V
BaseLine Case

111SN
48

s/v: 1.18
6 H:2.5

212SN
L: 36

313SN
614SN
s/v: 1.18
s/v: 1.13
s/v: 1.18
W: 18 H: 2.5 L: 24 W: 18 H: 2.5 L: 18 W: 18 H: 2.5

Asw/Aww
221SN
L: 24

s/v: 0.82
W: 6
H: 5

231SN
L: 16

341SN
s/v: 0.73
s/v: 0.7
W: 6
H: 7.5 L: 12 W: 6
H: 10

Aroof/Aww

Fig. 1 The design alternatives for the various forms involved in the study.
2.2 The Structure
The roof is assumed to be flat in all simulated cases, constructed of 180 mm hollow concrete
slab. The outer walls assumed to be constructed of hollow concrete bricks corresponding to 180
mm and no inner wall involved. U-value in all roofs and walls simulated cases assumed to be
2.12 W/m2 K, corresponding to density ρ =1300 kg/m3, specific heat c= 900Ws/kg.K and
thermal conductivity λ= 0.6 W/(m.K). The outside and inside walls surfaces are assumed to
have grew color with absorptivity α = 0.5.
The floor is assumed to be constructed in all cases of 200 mm concrete slab, 150 mm macadam
beneath. The outside and inside surfaces are assumed to have an absorptivity α = 0.7 and
emissivity ε = 0.87.
The building assumed to be continuously ventilated with v = 0.3 air changes per hour. No
internal thermal storage has been involved in the baseline case. Design alternatives for the above
mentioned parameters are seen in the figure 2.
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90 120

Fig. 2 Across-section through a building
form involved in the study.
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Roof: 180 mm Concrete slab
Wall: 180 mm H. concrete
bricks
Floor: 200 mm concrete slab
150 mm macadam

2. 3 The Climate
Damascus is located 33o30’ north and rises to some 700 meters above sea level. The diurnal
temperature differences can be as great as 19.8 oC. The extremely hot period is from July to
August, air temperature rising to as high as +44 oC. The period of extreme cold is between
December and January, the air temperature falling to as low as -2 oC. The relative humidity is
generally low during summers, in the range of 35-50%. The sky is usually clear and the number
of hours of sunshine per year is considerable, as many as 3150 hr/year. In 1972 the mean total
solar radiation was 463 W/m2 during the 3150 hours of sunshine. The summer solstice is 75o15’
and the winter solstice 36o15’. The direction of prevailing winds during most seasons of the year
is North or Northwest, with the exception of autumn, when sand-laden easterly winds are
prevalent. Distribution of the mean annual rainfall over the area varies from the coastal to the
inland region, the maximum rainfall being found in the coastal region. Rainfall basically occurs
in the winter, primarily during December to April. The mean annual rainfall recorded in
Damascus during 1918-1964 was ca. 215 mm.5
The climatic data involved in the study has been generated from Metronorm Software: Global
Meteorological Data base for Solar Energy and Applied Climatology, available on this issue and
then compared with that measured by the national meteorological station located in the region. 6
3. DISCUSSION AND RESULTS
The simulation study of the above-mentioned forms showed that the difference in the thermal
response from one form to another is relevant to its geometric characteristics. Considering the
duration of the cooling period as an indication for such response, the number of the hours varies
observably from case to case. Accordingly, the number of hours during which cooling is
required increased by 203 hours/year in case of the squarish shape and decreased by 356
hours/year when they compared with a rectangular (case 111NS, 241NS and 211NS). This
amount is increased by 232 hours/years in case of the courtyard form (case 614NS). The figure 3
illustrates such response as a relation between the number of hours/year and the temperature
difference for the various cases.
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The Forms Cases

Fig. 3 A diagram illustrated the number of hours per years for the temperature difference in
relation to the various building forms. The dotted line stands for the number of hours ranged
between 3.5 oC-16 oC, the straight line stands for the number of hours ranged between 16.1 oC26 oC, and the dashed line stands for the number of hours ranged between 26.1 oC-3.8 oC.
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Fig. 4 A diagram based on computer simulation shows that the yearly maximum and minimum
temperature is directly dependent on the geometric characteristics of the building envelope, the
smaller roof area the better thermal response.
3.1 The thermal response of building form as a function of surface-to-volume ratio:
This case is often related to the forms with compact shapes, which presented in this study in the
group 1 illustrated in figure 1. The calculation of the thermal performance of these types of
forms showed that the thermal response of a given form is proportional to its s/v ratio, the larger
s/v ratio the better thermal response particularly during the summer period. Compared to a form
with a rectangular shape – baseline case, the yearly average maximum temperature is increased
by 1 oC in case of the form with a squarish shape and no much difference observed in relation to
the yearly average minimum temperature (Fig 5). A comparison of the daily indoor temperature
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during a typical overheated and a typical cold day gives clear idea about the thermal response of
the various forms. Here, it could be observed that the form with a rectangular form elongated on
west-east axis showed better response during the overheated days, and conversely it is observed
in the case of the form with a squarish shape where it demonstrates better response during the
cold days. The study showed that if the compact form is chosen as a design option the form with
a high s/v ratio placed on west-east axis is the most sufficient for this sort of climate. The figure
5 illustrates such response.
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Fig. 5. A diagram shows the thermal behavior of the various forms with compact shapes. It can
be shown that a form with along west-east axis acts more effective than the form with a squarish
shape during the overheated period.
3.2 The thermal response of the building form as a function of surface-to-surface ratio:
Concerning the thermal response of the forms with complex shapes including L-shape, U-shape,
and O-shape (courtyard), it has been observed that the s/v ratio is not sufficient to use as
indicator with these types of forms. Despite the fact that the forms of the cases 211NS, 412NS,
and 413NS have the same s/v ratios they showed different thermal response. The factor that is
most relevant in these cases is the proportional relation between the south- and north-facing wall
areas: Sws/Sww ratio. However, these types of forms did not show that thermal response that
expected particularly in the case of the courtyard form that conventionally considered as an ideal
for the region in question. Comparing with the baseline case (211NS), the courtyard form
showed 1.8 oC higher in relation to the yearly maximum temperature and 0.9 oC lower in
relation to the yearly minimum temperature. The same response has been observed during the
overheated day where the indoor temperature of the courtyard form is almost 2 oC higher than
that observed in the baseline case. This form showed slightly better thermal response during the
cold days. It is important to notice here that the results attained here are relevant to the courtyard
form which has no immediately adjoining with the surrounding buildings and this is indeed not
on a line with the fundamental purpose for which the courtyard form was used. The main
purpose with the use of such type of form is to reduce the connection with the outdoor
conditions into the minimum level through aligning it close to the surrounding buildings. By
doing that the surfaces exposed to the sun are reduced considerably and thus the courtyardfacing wall areas to be taken into account in the calculation. This will undoubtedly change the
results and make the thermal response of the courtyard form much better. In this type of form
the proportion of the courtyard is the most determining factor affecting the thermal response.
However, this issue requires further investigation.
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Fig. 6. A diagram shows the thermal behavior of the various forms with complex shapes. It can
be shown that the courtyard form, doesn’t show that thermal response which expected during the
overheated days. The reason standing behind that is attributed to the absence of enclosure by the
surrounding buildings, the manner which seen as its fundamental aspect.
3.3 The thermal response of the building form as a function of roof-to-surface ratio:
Concerning the thermal response of the forms with various roof-to-wall ratios illustrated in
figure1, the simulation study showed that the form with a multi-storey is more useful than a
single storey of the same rate of space area. Despite the fact that these forms have the same
total south- and north-facing areas, they demonstrate different thermal response closely related
to the roof-wall ratio, the higher value the better response. Comparing with the baseline case
211SN, the yearly maximum temperature is reduced in the case 321SN, 331SN, and 241SN by
1.6 oC, 2.3 oC, and 2.5 oC respectively. The yearly minimum temperature increases into the same
rate for all forms by 0.3 oC. Looking on the thermal behavior of these types of forms during the
overheated and cold days gives a more clear idea about the effect of that way of form shaping.
The indoor thermal conditions are relatively steady and the amplitude of the temperature
fluctuations is proportional to the roof-to-wall ratio. The temperature fluctuation amplitude
observed during the typical overheated days is 6.5 oC, 5.3 oC, 4.8 oC, and 4.5 oC for the cases
211SN, 321SN, 331SN, and 241SN respectively. In relation to the cold period the daily
temperature fluctuation amplitude is 4.9 oC, 4.1 oC, 3.8 oC, and 3.7 oC for the cases 211SN,
321SN, 331SN, and 241SN respectively, As a result, the form with a lower r/w ratio has better
thermal response than a higher ratio of the same space areas and volume. Further details can be
seen in the figure 7.
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Fig. 7 A diagram shows the thermal behavior of the various compact forms with multi-story. It
can be shown that the form with a 4-storey, in comparison with the baseline case, shows a
remarkable thermal response during both the overheated and cold days. It shows more steady
indoors thermal conditions with the minimum level of the temperature amplitude.
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4. CONCLUSION
The study shows that since the sun constitutes the most important parameter affecting the indoor
climate in the region, the selection of a building form with a suitable shape would affect
remarkably the indoors thermal conditions. It has been observed that the roof is the building’s
most important component where it constitutes the major source for the thermal stress both
under the cold and the overheated period. In this regard the form that has the least size of the
roof area of the same total space area is the most recommended for the all conditions. Otherwise
the use of insulation is seen as a suitable measure. The form with a rectangular shape elongated
on the east-west axis functions more effectively than the squarish shape.
In the case of the complex form such as the courtyard, the use of s/v ratio as an indicator is not
enough to get a clear idea about the way by which the building will response to climate. This
depends often on the orientation conditions that has been expressed in terms of roof-to-wall ratio
and south wall-to-west wall ratios. The form that has a large size of the southerly oriented areas
is the most optimal form, where it receives the lowest amount of heat during summer and the
highest amount during winter. In general, the form with a low Aroof/Awall ratio accompanied
with high Wsouth/Wwest ratios is the most optimal.
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