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ABSTRACT

In common with most developing countries and as a
result of an increasing housing shortage, Algeria is
undertaking a rapid building development which neglects the
climatic aspects and comfort of its inhabitants.

The objective of this work is +to investigate and
compare the thermal performance of both +traditional and
modern housing types to define +the wunderlying design
features that can usefully be integrated with future housing
programmes.

Initially an appraisal of current need and policy
within an historical framework established <that trends
towards medium and high rise prefabricated housing provide
a2 failure in environmental conditions and a steady increase
in domestic energy usage.

Climate analysis has verified that the main problem for
building in Constantine lies in summer months where strong
irradiation prevails, especially on the roof. Solar
irradiatiocn values have also been correlated to other
climatic features, and representative hourly data have been
compliled for use in dynamic thermal simulation. It was also
established that solar irradiation would have an effective
contribution in winter, where heating is still of importance

when calculated as a proportion of disposable income.



The +thermsl analysis, part steady-state and part
dynamic, has shown that a traditional courtyard house
compared to a typical modermn flat, vuses approximately 50%

less energy for both heating and cooling; and that the
courtyard form is still an efficient architectural concept
in both the house and ‘urban context. "Thermo—-physical
qharacteristics of the building envelope and their role in
controlling indoor environment are appraised.

Further optimisaiton of multi-layer thermal diffusivity
is explored in relation to modern materials, with relevance
to either housing model, Dbut particularly roof construction
in the case of the courtyard type.

The conclusion of this work is that the courtyard house
form provides many passive solar heating/cooling features
that can be evolved in a modern context, to achieve
economically compatible thermal strategies for future

housing.
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NOMENCLATURE
Qi - rate of heat output from the heating system [wl
Qi - monthly heting or cooling load [ kW¥hl
Qx - rate of internal gains in the building [wl
Qs - rate of solar gains in the building (W]
AU - sum of thermal ftransmifttance X corresponding

area ‘ [ W/K]
U - thermal transmitftance [ W/ m=K]
0.33nV - Ventilation loss (w/=C]
n - air change per hour [ AC/h]
v - Volume [ m*]
H ~ +transmittance and ventilation lgss [LwW/=C]
G - sum of internai and solar gainsf [wl
Qe . - solar gain through transparent surface [ W]
Qs — solar gain tﬁrough opaque surface [ W]
e — base temperature [=C]
fimcema — base temperature for cooling [=C]
ten - mean outside temperature for cooling | [=C]
ta -~ mean desired internal temperature [=C1]
DDL ti.] — degree days to bease temperature tw {=Cdays]
H/floor area - heat loss parameter [ W/ =K1
R -~ resistance of each constructional element [m*K/V]
A - thermal conductivity of each

constructional element [ W/ mK]
L — thickness of the element [ m]

heat loss through the floor

b - lesser dimension of the floor [ m]



Tw
Iﬂl!\

R‘.‘I& -

- xv -

W - wildth of surrounding walls [ m]
L+ - 1length or greater dimension of the floor {ml
absorption coefficent [dimension less])

global incident solar irrad
sol—-air temperature [=C]

outside surface resistance of the envelope [ m*K/V]

dry density of air or building material {kg/m*)]
specific heat of building material £ J/kgK]
volumetric thermal capacitance | [ J/m*K]

- Thermal diffusivity [m*/s]
time lag of building element { hours]
decrement factor of building element [J/m*K]

rate of heat transfer through the material [ W/ m*K]
equivalent exterior température [=C]

outside temperature, time lag hours before

the time in question [=C]
metabolic rate of heat production [ w1
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INTRODUCTION

In view of the current world energy situation,
architecture should aim at fulfilling basic human comfort
requirements by providing an indoor environment which
mitigates the climatic extremes. To this end climatic
features which may cause human stress and discomfort and
affect +the thermal behaviour of buildings and their indoor
climate should be well understood and taken into account in
the design.

Housing constitutes by far the most common building
type throughout the world. According to Evans ¢’? half of
all the investment is made in construction and over one
third of this investment is devotéd to housing in Dboth
developing and developed countries. In Algeria the goal to
build 100,000 housing units each year should clearly support
this statement. Therefore, the objective of this massive
investment should be to provide not only shelter but
security and comfortable 1living conditions for the
occupants. In other words the design of the housing units
should be such that basic environmental comfort staﬂdarda
are met without an onerous economic burden to either
occupants or nation.

The housing problem in Algeria, as in many third world
countries is part of the general development problems. Thus
the seriousness of urban housing conditions largely results
from a policy that encourages mass rural migration to a few

urban centres. Similarly the dependance on expensive




imported technology to mest mass programmes often results in
the construction of houses which are expensive tao heat and
cool.

In the past, demand for building was satisfied locally
by the use of traditional structures and locally available
materials which were adapted to the prevailing climate.
History and recent experiences show that the courtyard house
is an efficient urban form originally created to respond to
local climatic conditions among other reguirements.
Unfortunately comfronting the rising housing shortage and
the accummulated deficit of two million units with a
politically and economically motivated image of modernism,
Algeria has succumbed to the pressure of imported mass
production technology based D; European standards and
environment. Difficulties and failures have resulted as
many of the architectural designs and materials were either
inappropriate or have not taken advantage of the local
environment and climatic conditions.

Indeed the scale of transfer of such technology in the
form of industrialized and prefabricated housing units to
Algeria now warrants assessment of its effectiveness in
responding to the need of the region - in terms of physical,
economic and social performance.

Today the momentum for conventional energy conservation
without sacrificing comfort conditions in building, has
given architects an ever growing awareness of the importance
of thermal design. Consequently there is a responsibility

on architects and planners to shape their ©buildings to



exploit ambient energy sources in order to minimise auxilary
heating and cooling loads. Algeria in particular has a
critical need to elucidate key +thermal features of
traditional forms which could economically address current
demand.

Climate sensitive or passive solar design uses the

building itself as a collection, storage and distribution
medium for heating and cooling. This means optimising
geometry and construction mix, shape, 1layout, orientation,

design of window shading devices and thermophysical
properties, 1in order +to moderate external environmental
fluctuations within narrower limits set by internal
environmental needs.

Passive solar technigues are often thought to be new,
but +the physical principles involved can be found in the
majority of vernacular or traditional architecture. However
as a result of the industrial revolution and cheap readily
available energy in recent decades, its principles have
been forgotten. Passive solar architecture simply stated
is in harmony between people and their natural environment.
In this context 1t is anticipated that a study of the
traditional courtyard house form, compared to a typical
modern flat, +type will reveal thermal strategies which can
be exploited in future housing programmes.

The work is related to the specific climate

characteristics of the Constantine region in +the “haute

plaines" and comprises five chapters: -



The first contains a review of thse housing to
demonstrate the need. A study of housing typology is also
carried out as an architeotural Justification for the
identification of model types for analysis.

The second chapter briefly presents an appraisal of
Constantine climate as well as some physical principles of
the weather.

Chapter three gives a bioclimatic study to illustrate
the effect of environmental parameters on thermal comfort,
linking them with building design.

A comparative thermal analysis of traditional and
modern models - part steady—-state, part dynamic - to
establish seasonal . energy loads and daily cyclic
performance, is disouéged in chapter four.

Finally chapter five attempts to apply the particular
lessons of these models to a more general architectural

design strategy.



Chaptexr 1
HOUSING

1.1 Housing and energy

1.1.1 Trend in domestic energy consumption in Algeria
Today, over 98% of our energy comes from fossil fuels.

Residential buildings, are +the major consumers of +this

energy. According *to Bouchenk Khelladi <=2, the annual

growth of energy from 19865 — 1980 amounted to 12.9% of a

rate of 13.8% in 1965 — 1970; 10.9% in 1970 - 1975 and 14%

in 1975 - 1980. However, +the fuel distribution shows a
rapid decrease 1in solid combustible, but an increase in
natural gas from 11.3% in 1665 to 16% in 1980. Finally, it

appears that the share of L.P.G. has almost doubled during
the last period due to the nationalisation of distribution
of electricity in the whole country by the end of 1087,
Figure 1 shows that the total domestic consumption has
increased sixteen fold between 1962 (81.5 K t.o.e.) to 1980
(1,332.5 K t.o0.e.? and was expected to double in 1985.
Thus, an average rate of 17% over 18 years with the
dominance of Butane and natural gas.

Domestic energy mneeds are identified for cooking,
heating/cooling, lighting and the use of domestic appliances
according to the social needs. Apart from lighting,
refrigeration and air conditioning, electricity is rarely
used for cooking or water heating, although it may be used
by some people to heat water in “cumulus". In practice, in

Algeria, the competition is between Butane and natural gas.
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Fig 1 - Domestic energy consumption in Algeria.

Source: "Annuaire statistic de 1l'Algerie", Algiers 1979 (in French).
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The main factors for energy expenditure may be summarised
as:

— population growth (3.2%)

— increase in housing stocks

— intensive urbanisation

— improvement of living standards and income

- life style change

— inefficiency of the thermal performance of +the

housing stock

1.1.2 Need for change

Until the 1970's, there was no broad awareness for
Algerian planners of the energy problem in the domestic
sector. The previous figures show that the situation will
get worse if no action is taken. Algeria possesses a huge
reserve of natural gas (the fourth largest in the world) and

lies 11th and 13th in the league, respectively by the world

and O.P.E.C. <=2, The reserves available have always given
the feeling of security, but these resources are
exhaustible, Many studies show that there are only about

three decades 1left for gas and much less for oilf3>.
Moreover, these hydrocarbons constitute the major scurce of
revenues and potential export earning from security for
overseas loans (80 — 95% of all exports).

Due to the exponential rising energy demand in housing
sector and its importance in +the economic investment,

besides the prospect of energy shortage resulting from the



preseht trend, Algeria has a crucial need to shift to
alternative technologies. In this context, passive solar
energy design is most appropriate as the climate favours
greater exploitation either for thermal use or the
production of electricity by photovoltaic cells. Programmes
are ongoing at the “"commisariat aux energies nouvelles" and
the solar station of Bouzereah (Algiers) nowadays
constitutes the most important research infrastructure,
having a solar oven of 50 KV with which a +temperature of
3,500 =C can be reached, Other universities and national
companies, such as SONELGAZ, SONELEC, S.N.S have also
started to integrate this option in their research
especially for housing.

Even SONATRACK (the state oil company? has
significantly reduced its development schemes cancelling
many projects, e.g., Arzew, GAS I, ISSERS gas liquefaction
plants. These are some measures of conservation besides
some studies and programmes of nuclear power plants which

are still at the preliminary feasible stage =2,

1.2 Identifying housing needs in Algeria
1.2.1 Background

Algeria 1s marked by the intensity and rapidity of
urban development resulting from massive rural exodus and
high population growth rate. The urban problems of this
situation, notably the housing shortage, are far from being
resolved. The use of foreign imported technologies with no

consideration of Algerian social and environmental



conditions has not only failed in reaching its objective but
has also contributed to the high energy expenditure and/or
discomfort due to low thermal performance and high running
" costs, not to mention soéial degradation.

Housing 1is thus the most difficult of socio—economic
problems facing the nation. Apart from the maintenance and
repair of many existing Dbuildings, the government has
assumed the responsibility of coping with the high growth
rate by initiating new programmes.

The problem of housing dates from before the Algerian
war. In fact in 1954 over 30% of the population of Algiers
lived in "“shanty towns" and a third of Annaba and Oran also
lived in this type of housing. The process was aggravated
during +the Algerian war when two and half million were
regrouped in housing schemes, "cite's de recasement", as
they were offeréd jobs in industry during the plan of

Constantine 1959-1963.

After independance in 1962, the development of the

country was oriented towards the agricultural sector <o

increase foreign exchange and exports as a means of
sustaining the economy. This had a traumatic impact on the
country's urban population in terms of bhousing. Land

ownership was nationalised and solving the housing problems
became a function of state planners and administrators.

In 1965 the government policy changed towards the rapid
development of capital intensive industry and the initiation
of "pole strategy" to consolidate the big cities. However

the +transfer of population attracted by new jobs caused



ssvaers sconomic and social problems, a5 no mesasures werae

prepared to provide these migrants with housing at the

"pole". This resulted in the creation of "shanty towns" and
"slums".

Until 1967, no sound assessment was made as far as
housing was concerned, despite the excessive growth of
towns. The point made by Algeriaﬁ planners was that the

infrastructure inherited from the colonial period could
support at least +the early stage of industrialisation.
These assumptions have proved false. In fact wbhen the
Europeans fled from the country in 1962, the bulk of 300, 000
housing vunits were taken by Algerians within a few months.
Towns were transformed in size and ethnic composition as
they experienced a veritable transfusion of population. It
was not until the housing shortage became too apparent that

the government initiated a programme of "public housing" and

various attempts have since been made to reduce the
dimension of +the problem. To understand clearly the
government commitment, it is worth analysing the economic

development plans in the context of housing.

1.2.2 Housing investment during the different

national plans

In the period 1967-1977 three development plans were
launched, ©but the number of housing projects expected has

never been completed in the time allocated to them.
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The first national plan was the +three year plan
launched as a preliminary concept of "industrializing
industries" ©based on Algeria's own national resources and
clearly established within the twﬁ four year plans 1970-1973
and 1974-1977.

In the subsequent five year plan 1980-1984, the
physical planning of cities was recogﬁised to be essential
and resulted in the promotion of +the so-called “plan
d'urbanism directeur" for urban expansion. Very 1little
investment was devoted to housing during the first two plans
as table (1) shows. The pressure on housing increased
steadily from 1967-1973, the number of housebolds rising by
230,000 while that of habitable accommodation only by
50, 000. Moreover the 1966 census reveals a deficit of
600,000 housing units identifying the need to build about
1.8 million units +to satisfy the acceptable rate of
occupancy. In 1966 the rate of occupancy was 6.1 per unit

or 2.6 per room.

plans dates investments % of total rate of
realisation

3 year plan 1967-69 0.4 3.5 84%

1st four year plan | 1970-73 0.9 5.0 132%

2nd four year plan | 1974-77 8.3 7.5 110%

Table 1: housing investment in the different economic plans

units (billions Algerian Dinards).

Source: M.H. TAMMAR, "Strategy de development
independent", 19083,
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In 1871 the government' undertook a far reaéhing
Programme of land reform and initiated the Agrarian
revolution and the construction of 1,000 socialist villages
to prevent rural exodus and resolve the housing shortage.

A great effort was made in the second four year plan,
(table 1), the effort was multiplied by a factor of 8. This
plan contains also a regional '"decentralisation policy"
expressed in population fterms so as to stabilize the
interior and mountain regions.

In 1975, the census of "Bidonville" clearance scheme
was formulated to house those living in inadeguate housing.
However in 1976 it was revealed that 80.2% of all wurban
families 1lived in accommodation varying from 1. to 3 rooms,
16.6% in 4 to 5 rooms and 3% in more than 6 ro;ms. It can
be said that increased investment in housing is becoming

more and more important but tables 2 and 3 show a very slow

rate of building realisation:

plans number of number of total |number of units
projected completed units B under completion
units 1067-69 |1970-73 | 1974-77

1967-69 20,548 9,770 7,140 3,633 20,548 0

19870-73 45,115 - 2,127 118,138 20,445 20,670

1974-77 156,680 - - 4,208 4,208 152,473

total 222,343 9,770 9,267 25,979 45,201 173,143

Table 2: number of urban housing units programmed (1967-77)

Source: “N,A. Benmatti, "1'Habitat du tiers monde, cas de

1'Algerie" 1982,




Table 3 shows that;
- in one decade (1966-77) the population increased
by 43.7% whereas the housing stock increased only
by 11.5%,.
- the rate of population growth is around 3.2% (ﬁnd
40% of it 1s concentrated in the big citie%}

- half the buildings are more than 30 years old.

In 1977, the deficit in housing was evaluated as
700,000 wunits on the basis that a household is composed of
six persons (table 3), In reality the average size of an
Algerian family is 6-10 and by far the greatest of dwellings

are 1-3 rooms, testifying the acute housing shortage (tables

4,55,

1966 1977 1082
population 4 12,096, 347 17,386,484 19,564, 000
population growth 5,290,137 2,178,000
Housing stock 1,980,000 2,208,712 2,666,346
occupancy rate/dwelling 6.1 7.1 8.1
age of stock before 1945 45,8%
growth rate of housing
since 1966 228,824 437,522
public ' 121, 000
private 107,824

Table 3: Summary of situation 1066-82.

Source: N.A. Benmatti, 1982, pp. 160, 161, 164.
and "Annuair Statistic de 1'Algerie", 1085.




zize of dwellings total (%2 urban (% rural (%
1 - 3 rocms 83 81 84,1

4 - 5 rooms 14 15.9 12.9

6 rooms + 3 3 3

Table 4: Repartition of dwellings according to their size.

Source: Dj Benamrane "Recenssement general de la
population et de l1'habitat" 1977.

size of household total (%) urban (%) rural (%
1 - 6 persons 49.1 48.6 49.5
7 - 10 persans 35.4 35.5 35.3
11 persons +_ : 15.5 15.5 15.5

Table 5: Repartition of dwellings per size of households
in 1977.

Source: Dj Benamrane “Recenssement general de 1la
population et de 1l'habitat" I977.

1.2.8 Recent change in housing policy

As a result of the ever growing shortage, 1in the late
1970's physical planning problems became a major concern.
Hence housing and infrastructural development received the
highest allocation in the two five year plans, 1980-84 and
1985-89 ©budgets. Moreover the Ministry of Construction
Planned by agreement with foreign firms to build 100,000

housing units each year over the present decade to limit the
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deficit estimated at 1,200,000 units in 1980. Besides this,
the government decided to undertake a programme to promote
the Dbuilding of "new towns" in eight "wilayates" of the
haute plainés. These are aimed to house about 20% of the
population in 1990 in order to slow down the growth speed of
big towns.

In the first five year plan, the investment for housing

was 15% of the total economic investment (table 6>,

sectors total programme Authorized expenditure (million A.D.)
% 1980-84 after 84
Industry (1) 211.7 154.5 57.2
housing (2> 92.5 15® 60 32.5
total 560.5 400.6 156.9
Table 6: Housing investment in the first five year plan.

Source: M.E. BENISSAD, "Economy de developement en Algerie®,

In terms of dwellings the plan programmed 365,000 units
for wurban, 156,000 for rural and 250,000 for special
purposes. However, the rebuilding of El Asnam destroyed by
the earthquake in 1080 diverted many of these funds and
materials (table 7). Behind the facade of state ownership
one finds an increasing emphasis on mobilizing the desire of
individuals to contribute to their own houses. This 1is
clearly stated in the "national charter" 1970. In fact the
implementation of the decision taken in 1980 to distribute

80,000 plots of 1land for individual houses would have
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contributed partly to the housing need. It is worth noting
that from 1978 the public contribution to housing greatly
increased, the trend to prefabriction system began and all
building potentialities were oriented towards imports.
Benamrane *4? stated that in 1979, 85% of the housing was

from the public sector.

planned delivered 1980 - 1982
1980 1081 1982
urban 452.679 23.96 28,876 42.68
rural 312.402 10.956 17.270 29.828

Table 7: Housing unit delivery 1980-82.

Source: “"Annuair statistic de 1'Algerie, 1985".

In the second five year plan 1985-89, +the investment
spending was set at A.D. 550,000 million, 1i.e. a 37.5%

increase from A.D. 400,000 million allocated to the previous

plan. 0f the total spending, housing received 15.7%, this
testifies to its importance in the economy.

However in 1980-1984 only 407,000 units were built of
the planned 700,000, ©but taking into account projects
started before 1985, 542,000 housing units should be

completed by 1989.

1.2.4 Present situation

According to Meeds“S?, housing shortage reached two

million wunits in 1984 compared with 600,000 in 1966.
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The growth of housing averaged only 1% a year between 1966-—
78 and the deficit is more pronounced in Eastern regions.
The actual demand must consider also the high occupancy
estimated at 8.1 in by 1§84 El Moudjahed - <=?

The deficit in housing has now reached a point where
the minimum fulfilment of the citizens' need to achieve a
rate of occupancy of 6 persons would require construction
of 250,000 units per annum. According to the report of the
economic commissicn of A.P.N., this would necessitate

buillding two million, supplementary lodgings in a period of

ten years. It is noteworthy that in 1977, the rate of
occupancy was qualified by O.N.U, as "overpopulation
intolerable", with 3.4 persons/room or 7.1 persons/dwelling.

According to Rahmani 7?2 in 1977 about 38.4% of the Algerians
have only 4 m®* of habitable area per person, although the
pathological threshold of.habitable area is defined by the
"0O.M.S. (organisation mondiale deé surfaces)" to be at least

8-10 square metres per person.

1.2.5 Building industrialisation

Algeria started in 1969 to adopt some industrialized
systems. Two national companies were involved: SONATIEA
adopted the French system "PASCAL" and ECOTEC enabling a
system for prefabrication on site with the collaboration of
Polonesian engineers. But in 1975 Ecotec abandoned this

system and bought a new one from Switzerland "“VERIEL" which

became later "VARECO".



In the context of many development programmes,
prefabrication was particularly prioritised for housing.
47.3% of units were prefabricated within 1975-1977 against
40% in 1976—1974, Thus at the end of 1977, thirty
prefabrication producfion units were operating in Algeria.
Hence prefabricated mass houéing, .reinforoed concrete
panels and box systems are being suggésted as solutions
with the implicit assumption that housing is predominantly a
technical problem and that high technology can produce the

>

necessary units in volume in order to put the operation on

an economic basis.

1. external wall panel
2. precast floor panel
3. precast staircase

4. ducting unit

scale 1:100

Fig 2: Different components and details of
the pascal system.

Source: Techniques de construction — orientation relative
aux cholx des procedes: Minstere des Travaux
publics et de la construction
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1.2.6 Conclusion

The acute shortage of housing over the past years has
created a serious situation in built environment. It
created a pressure to build substandard buildings to shelter
people, ignoring the need +fo produce proper building
regulafions.

From the above analysis, we can see that the underlying

trend reflects a general decay in the 1living standard,

resulting in an increasing number of households of
increasing size, but a decrease in space per person. In
addition, the high energy costs together with poor

insulation and precast concrete constructipn have resulted
in progressively more widespread ehvironmental deprivation
for the poorer section of the population.

However to face the ever growing housing crisis,

Algeria proceeded with the import of technology without

defining a precise policy. Consequently the mixture of
diverse techniques, which neither understood nor applied to
the environmental conditions, gave the country an aspect of

& huge experimental laboratory. The principle criteria that
determined the choice of these systems, speed and economy,

have been revealed as false.

According to Hardoy <#”

<{{ ©Public housing programmes based on such units
have run into an expensive and extensive
maintenance problems... The results of that is a

major balance of payment, since these systems



involve heavy imports, costs for machinery and the

right to use techniques developed elsewhere. >>

These systems have occupied a progressively greater
role throughout the territory, but in reality have never
been the right answer to the housing shortage. The problem
should not be treated on the basis of mass production of
readily made standardized dwellings as they have resulted in
many deficiencies. But Algeria like all other countries is

in a stage of experimentation.

1.3 Housing typology in Constantine

1.3.1 Location -~

Constantine is- the third 1largest city in Algeria
Situated in an inland area in the north part of Algeria,
about 450 km south of Algiers. Its site is an 1irregular
plateau bounded by a chasm or ravine. It is in fact =a
peninsula of rock only united to the main land mass by
bridging the abyss on the west side. The city spread over
the summit of an immense chalk cliff left by vertigenous
gorge of the “Rhumel" river (plate 1D

Around this original rocky site - "the medina"™ - the
French town planning evolved, followed by those of <the
Algerian authorities in the form of quarters - Z.H.U.N.

The old town was uniquely fitting because of the chasm.
However, the last not withstanding, some high rise buildings

st11l dominate the town from the south east shortly after

the Rhumel divides into two branches (plates 2a, Z2zZb).
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Plate 1 - View of the immense chalk cliff site of the old

town of Constantine.
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Plate 2a - Housing typology,on the foreground, the traditional

compact type characterised by its "cubism".

Plate 2b - In the background, the colonial type of housing,

high rise buildings dominating the south part.
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Building 1in Constantine has passed through different

stages of historical development with architectural design

experiencing a fast pace of change. To better 1illustrate
this, three architectural types are examined according to
their historical, environmental and architectural

characteristics,

1.3.2 Traditional type: *‘Medina‘

1.3.2.1 Urban context

This is the historical arabo-islamic type and today is
confined +to the old city centre. The various habitations
reflects the history of Islam. This type surrounds the old
arab forts and palaoesvof former arab rulers. Built before
1800 it is the only type found before French
colonialisation.

Introversion centred on the heart of the house unit
and,.common to most arabo—-islamic cities, is marked 1in
Constantine. The urban community, created originally for
defensive purpose, was designed for pedestrians and animal
traffic, with irregular pattérns of winding, narrow streets
and densely packed houses. It is possible to identify a
clear hierarchic organisation of circulation from the most
public to the semi-private alleyways and cul-de-sacs serving
two to +three houses. Originally dictated by defensive
purposes as well as climatic. This organic spatial network
still seems to work in terms of privacy. Both narrowness

and ramifications of +the streets are determined by +the
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Plate 3a — Constantine town in 1830 showing the urban layout of the

old town with itﬁ street's ramifications.



._.25_

irregular wunit shapes and blind perimeter of houses,
strongly 1linked together and close on the alleyways. This
spatial configuration generates its own particular visual
and climatic ambiance aﬁd promotes defensive space. Thus,
there is a strong sense of ease, freedom and territory
(plate 3ad.

The public streets and cul-de-sacs, straight or
twisted, covered or open, are usually deep and narrow.
Their width ranges from 1.5 +to 4 metres, enough to
provide a more moderate shaded microclimate, and adequate
circulation to support local activities (plate 3b).

The exclusion of the exterior leads to a system of

streets and cul—-de—-sacs at the urban level, and to the
concept of an inner courtyard at the house level. This was
the core of every building, private as well as public, and

the only régularly shaped space in the town's organism.

It can be concluded that traditional planning insisted

on compactness for environmental, social and economic
reasons.
<< Investigations have concluded that, in most of
these organisations, the climatic, social conditions
that influence the form were taken into account. The

expansion of the city resulted in a single massive

unit. >y cEo



- 26 =

1 - Public semi covered street, the
width is sufficient to ensure

local activities.

3 = Cul-de-sac regrouping 4 houses
(semi private) leading to the
skiffa.

2 - Semi public uncovered winding street

ensuring shading for pedestrians.

Plate 3b -~ Street function and characteristics.




1.8.2.2 House form and désign

Privacy in a social sense and protection against
the bharsh extremes of climatic conditions are fundamental
factors influencing thé house type found from Morocco to
Egypt and far beyond.

When considering the built environment, it may be

postulated that nothing affects peoples' health and well

being more directly than the home. In this context the
courtyard form would appear to be a good example,
emphasizing a positive inter-relationship between the

different components.
In Constantine all o0ld houses, about 11.7% of the total

stock are of the courtyard form, in different shapes and

sizes (plate 4). They are generally two to four storeys
high. In its simplest form the house is rectangular or
square with an open court in the centre, surrounded by the
main rooms which are often long and narrow. Rooms rarely

exceed 3 metres wide and bhave a central doorway which allows
light penetration. These rooms are generally
multifunctional. The size of the courtyard depends on the
size of +the house, which in turn is proportional to the
owner's social wealth. The entrance door does not give
directly +to the courtyard, ©but through a ‘chicane', off
which the reception room is generally located. Secondary
spaces such as staircase and toilet, are located on a corner
of the courtyard. All storeys give on to the courtyard by
means of galleries reduced to collonades on the ground

floor (plate 4a).
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Facades giving onto the courtyaﬁd

External facade




The courtyard is the heart of the house spacially,
socially and envirconmentally, Upper floors are generally
similar to the ground floor. However the roof terrace, if
it exists, is surrounded by high walls except the side
giving on to the courtyard. This defines the difference
between the 'Medina' in Constantine and +the 'Casbah' of
Algiers which are similar in organisation, but differ in
respect tﬁat in the former all roofs are pitched while in
the latter they are flat.

The house is inward looking therefore, with windowless
external walls except the facade giving onto the street.
Here the windows are smaller in size and fewer in number,
situated at high level and protected to ensure security,
privacy and ventilation.

The dwelling are built one against the other giving a
tightly knit mass. The widespread existance of.this type
over the arab world testifies to the presence of a common
requirement. People built their houses themselves to
satisfy their needs. Privacy, family structure and climate
were the most important factors and are clearly enhanced in
the design. Enclosure, or more exactly introversion,
dominates this type. From outside nothing of the internal
ambiance of the family activity is discermnable even if the
door is open,

Local materials and traditional techniques were used in
the building of these houses. The walls are of stone or mud
brick 30-120 cm thick, covered with gypsum and mud mortar.

Roofs are generally built with wood trunk and branches with
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Plate 4b: Skiffa with its various configurations on the right, typical

example of the bend entrance enhancing seclusion.

Plate 4c: View on the gallery giving onto the cburtyard enhancing

shading and circulation.
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a layer of mud mortar, reed and tiles. All these materials

are locally collected

1l -~ 3.2.3 Element of the house

Entrance:

Gallery:

"“Skiffa", rectangular in shape, links the
street ‘tD the courtyard. Independently of
its distributive role, it has a symbolic
importance as a transitional space. This
‘bend' entrance taking 90* turn is the main
feature of +the oriental arab house, the
complex spatial relationship developed to
enhance privacy and security to the courtyard
preventing any outdoor gazing or direct view
to the inside. (Plate 4b

El Azzawi<’°©> also states that this bend or
chicane entrance originally had a defensive

purpose.

"Eshin", 1located on the upper floors and
surrounding the courtyard, serves the rooms
and plays the role of overhang for the floors
below. Depending on the house size, it can
occupy one to four sides of the courtyard.
In addition to its role of distribution, it
constitutes an extension to the rooms and
protects the inhabitants from direct

exposure to the sun and rain. (Plate 4c)




Courtyard:

Plate 44d:

"Wast ed dar", closed to the rest of the
city, retrenched behind its blind walls, the
enclosed space creates the house unit. Open

to the sky, it constitutes the heart of the

-house and enhances the spatial seclusion

needed for privacy preservation,. The
courtyard is generally rectangular or square
with a width around 3.5-5 m and an area of
25-30 square metre for an average house. As
a focal point in the house, it is a centre of
distribution. It also contains the sole
source of water <(fountain, well) and
vegetation which play an important role in

—

moderating the inside climate.

- . N

I\

g

Typical organisation of the courtyard
house elements.
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The elementa%y organisation of the house is uniform.
Detailed variations of this configuration may appear within
the structure, but always turn around the same architectural
theme common to most arab—-countries, the residential unit

around a courtyard.

The courtyard house is not simply the consequence of

socio—cultural factors, the form is also codified by
climatic conditions, technology of construction, and
availability of materials, It acts as a climatic modifier,

sheltering its inhabitants from external climatic extremes.

<< Shelter is of supreme importance to man, it is the
prime factor in his struggle for survival, in his
~effort to shelter himself against extremes of
';eather and climate, he has over the ages evolved

many types of dwellings one of which is the

courtyard house. »>>¢77?

1.3.83 Modern colonial type

1.3.3.1 Urban and historical context
Under French control which eventually had a direct
influence on all domains of the country, colonial design was

introduced and lasted till the mid twentieth century.

The first intervention was the "Hausmannian cut—-
through"® +the o0old town (plate 5a). Later surrounding
quarters have been created beyond the limits of the "rock",

and are mostly multistorey buildings up to thirteen storeys.

These introduced +the ‘modern flat' concept. They were




either designed by Europeans or built in European style and,
according to Larouki <’%? constitute 18.4% of +the total
stock, with a further 7.6% in the form of villas. The main
characteristics of this type are on the one hand the clear
functional definition of each space and their distribution
around a central corridor, very open facades and large
balconies; and on the other hand the use of modern materials

as well as infrastructural facilities and services.

-n—"“} to hosptal

to railway staticn

Teleets
reet
ety

european T
Tl
citi-center § ll'[""llgllll",' ',,r,ll, old arab housxng

! U
""',l”,l:"'l"""l ! 24 colomial housing
Ul -
] i 'l"" !
'III’HH” 1ty
IHaRI)
4 gyt
///[“I

10

= colomal piercing

~PLAN_S@THE MEDINA OF CONSTANTINE —

Plate S5a: “Hausmannian cut-through" in the “Medina".

The buildings are spread out in a linear wurban
organisation with very wide straight.streets to accommodate
wheeled wvehicles. During this peribd Constantine went
through large changes and transformation in +the physical

texture as well as social structure (plate 5bh),
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Early colonial town planning "hausma

the city centre - linear planning.

Late colonial planning in the surrounding quarter (the coudiat).

French linear town planning.

Plate 5b -
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This type is concentrated on the north part of the town
as well as Kondiat, beb el Kantara, Amir Abdelkader and Sidi
Mabrouk. The history of French town planning goes back to
the early colonialisation in 1830. It was started as a
‘military vurbanism'. As agressive and impressive as this
intervention might be, the new town planning distroyed the
homogenous structure of the “"Medina" urban fabric. The
beginning of the century marked the French presence. Since
the 1820's military urbanism became officially
'bureacratic'. Accordingly Constantine started <o give
shape %o its suburbs and new urban centres responding to
overseas urban standards and legislation. This pericd also
coincides with the appearance of new materials and
revolutionary ideas of architecture set against the revised
neo~classicism. First was the creation of social housing or
cluster house +type, and then with the influence of le
Corbusier's ideas, multistorey house forms began to appear.
The villa has also been strongly influenced by new trends.
The +third period, after 1945 expressed a decisive
phase. The influence of modern architecture was expressed

by two wurban types, 1linear planning H.L.M. (housing at

moderate rent) and housing estates in suburbs, as well as
satellite villages such as El1 Khroub. In fact Constantine
sites are steép and rocky. Until 1945 many of such sites
remained undeveloped. With the influence of the modern

movement 1in particular the Construction of blocks on stilts

or 'pilotis' made their development possible.




1.8.8.2 House design

The architectural principle was quite simple. A cross
section of a +typical building Qould show two main parts
— a shopping area on the ground floor and residential flats
on the upper floors, the social status decreasing upwards.
The typical building plan consists of an arrangement of the
main spaces around a corridor (plaée 5¢c), with priﬁciple
rooms facing the street. This internal hierarchy in the
building was followed by a similar languagé on the facades,

each storey comprising two to three flats served by a

staircase. The pattern is repeated in terraced form
exposing two facades. The main facade is characterized by
large windows, rich decoration, large balconies and high
floor to ceiling dimensions. The rear facade, less
decorated, faces a Dback court which is shared by other
blocks.

Thus the result of French period was marked essentially
by the regular gridxlayout for both circulation and military
purposes. These conditions produced the dominant urban

component of colonial Constantine "ilot block".

- G
g “ N i1 - Lift
3 4 % - I(JZ_or:ridor
-~ Dinin
2 E:a, 8 4-—Lhdng
! ™\ p— 5 - Kitchen
B 6 - Bedroom
= 7 -W.C
6 6 6 .
| - - ; " 8 - Bathroom
e 9 - Balcony

Plate S5c: A typical colonial flat plan.




1.2.4 ‘ Modern estate housing

1.3.4.1 Urban context

As we have seen in section 1, the bhousing shortage
became an issue of statistics where human feelings were
forgotten in a relentless surge of prefabrication
technology, bringing with it new problems to add to those
already introduced by the colonial type. Since the whole
new era promoted the same urban conception of colonial
rules, the housing typology has continued in +the same
manner. This highly centralised and standardised effort
resulted in the production of large wurban areas of
monotonous and uniform buildings. Five +to +ten floor
buildings are set in rows and placed at equal distances on
open areas for parking and recreation. The latter becoming
part of the landscape determined by fegulation and
requirements (plate 6).

In general this type by its outward planning and new
space segregation has led to a disintegration in the family
structure and consequently social life. W¥ithin the blocks,
the apartments are all identical, an anonymous prototype
impofted and applied everywhere. Thus the apprehended
effect of mass'housing badly experienced in Europe, 1is now

evolving in Algeria.
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Prefabricated medium rise building with very arbitrary layout,
wide streets, isolated blocks.

it
¥y
i

The individual block

Plate 6 — Example of modern recent housing.




1.3.4.2 House design

Two new types of housing emerged, one is the medium 4
to 6 storeys while the other is the tower block of more than
8 storeys. Flats vary from 2 to 4 bedrooms, applying space
standardisation which is controlled by the industrial system
of prefabrication. The average household was assumed to be
six and the rate of occupance fixed to two person per room.
It 1is worth noting that all housing programmes aliow the
highest proportion, about 80%, for the three bédroomed
units,

The plans allow the kitchen to be naturally ventilated,
but the batbhroom to be ventilated through ducts. The main
characteristics of +this type are large gla%;ng.areas with
minimum shading and large exposed wall surfaces. Re—entrant
and projecting forms are used for aesthetic effects
increasing the external surface area and consequently the
heat load of buildings {(plate 6a).

With respect to aspects such as privacy and climate,
both colonial and modern prefabricated flats are the subject
of disatisfaction. They suggest to their occupants =a
certain life style and new practices. Faced with
difficulties of communicating, the householder attempts to
modify his environment to suit his own aspiration. This is
expressed in physical alterations which are regarded as
deteriorations. In fact +this is the only struggle of the
occupants against the imposed new style. Screened balconies

or constantly closed bays, testify that privacy is still a
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requirement of well being in domestic life.
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Plate 6a: Example of recent flat types.

1.3.5 Conclusion

From the foregoing stuay, .1t can be concluded that
although the housing stock has been increased in the last
decade, this increase has neither been sufficient nor
efficient. Such modern architecture which can be found
everywhere irrespective of different climatic and socio-
economic factors, has not only failed in resolving the
housing problem, but has created a more important one. This
is the energy expenditure required to control the thermal
environment. The crucial relationship between form and

construction of these buildings is inadequately considered




in relation to climatic parameters, Hence, the majority of
modern housing may be considered thermally inadequate,
imposing unknowh future running costs to provide the
necessary indoor comfort; They are often only made bearable
using technical means at a life-cycle cost that can sometimes

overstep that of the building.

Danby < 'F° states: << Ironically if is the production
methods of prefabrication +that have been
found to produce unacceptable solutions both
in environmental and human terms in many
western countries that are now being sold to

third world countries, >>

It. is this flatted house model whigh is compared in
thermal performance to the traditional courtyard house in
chapter four. The aim 1is mneither to idealise the
traditional type, nor to condemn the modern type, but rather
to demonstrate any inadequacy in the Algerian Context. The
objective 1is not simply to prove that the courtyard type
responds to the climate more favourably than the flat, but
also to provide useful indications or guidelines in terms of
appropriate modern planning and construction related +to
economic needé in the Algeria/Constantine Context.

As the two types compared are from different historical
origins, it 1is necessary to state the main social and

technological changes 1in order +to draw up a range of

recommendations.
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The main social change is that of the family structure.
While 1in the courtyard type, the extended family of three
generations was the norm, in the modern type, +the general
world-wide change bhas led to the acceptance of the nuclear
family as the housing unit. This will influence the house
size. Technological changes have followed the world pattern
of car ownership. In Algeria the regulations allow a one
family/one car ratio for future housing development. This
constitutes another limitation for the courtyard form, as
the wurban layout was not designed to allow this facility.
The other change relates to the development of new building
materials and technology, in addition to improved
infrastructural services and contemporary amenities. It is
the intention of this work to demonstrate that both new
technology and standards with respect to access, safety and
health can be beneficially and economically integrated with
traditional courtyard housing morphology.

It is not the objective of this study to give detailled

information about the social, cultural and economic factors
in housing. The work is more related to the thermal
performance coupled with climate sensitive design. Thus

only relevant features were given in the previous chapter.




...46_.

References

oD

2

3

)

te))

©)

7

8

€D

aom

1D

12

13

Evans, Martin, "Housing, Climate and Comfort", Halsted, Press
Division, New York, U.S.A., 1980 (Introduction).

M. Bouchank Xhalladi "planning energy use in Algeria:

study for the choice of energy in domestic sector" PhD

thesis, S.M. Vales, Swansea, 1983,

C.R.A.U., "Politique energetique et production de 1l'electrecite en
Algerie", 0.P.U., Algiers, 1984 (in French).

Benamrane, "“crise de logement en Algerie", O0.P.U., Algiers, 1980,
(in French),

MEED, "Middle East Economic Digest", 23rd November, 1985,

El Moudjahed, Algerian Newspaper, 4th February, 1986, page 2.
Rahmani, Cherif, "croissance Urbaine en Algerie", O.P.U., Algiers,
1984, {(in French),

Hardoy J. E., and Sattenthwaite, D., "Shelter need and

response housing", John Viley and Son Ltd., 1981, p.

192.

Oliver, P., "Shelter and Society", Barrie and Rockliff,  London,
1969,

El Azzaw, ©Sobhi, "The Oriental houses in IRAQ", in “Shelter and
Society", ed. Oliver, P., Barrie and Rockliff, London, 1969, pages
91 - 102.

Rappaport, Amos, “House form and culture" Prentice Hall, Eaglewood
Cliffs, New Jersey, 1969, page 6.

El Haoui Larouki, M., "The town of Constantine", Urban and
geographical study, ENAL, Algilers, 1984, (in Arabic).

Danby, Miles, "The Islamic Architecture tradition and the house",

Islamic Architecture and Urbanism, Aydin Germen, 1283, page 207.




_47_

Chapter =

THE CLIMATE

Present throughout the bhistory of building and
architecture is the response the designer makes to climate.
Buildings are considered as climatic modifiers. Daily and
seasonal variability of climate experienced at any location
will be a major determinent of the building's internal
environment. We can notice that even in the so called
primitive architecture, climatic design found subtle and
sophisticated expressions. Climatic analysis is thus
crucial in understanding the thermal performance of
the ©building. Hence, human thermal needs ?and design
characteristics to satisfy them must be relatedldirectly to
the climafio type.

The interaction of solar radiation with the atmosphere,
and distribution of land and sea masses together with the
gravitational force and earth's rotation produce a wide

range of climates.

2.1 Climatic elements

Weather ié an ensemble of all meteorological variables.
The elements appear in combination and it is difficult to
determine +their relative importance. Since the general
approach of +the study is based on human comfort sensation
and building design, the principal climatic elements are:

solar radiation, temperature, humidity, wind and
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precipitation. It is not intended to give detailed
description of these elements. However to understand their
interaction with building design, a brief summary is given

as follows.

2.1.1 Air temperature

Air temperaturé provides the first important indication
of the climate. The rate of heating and cooling of the
surface of +the earth 1s +the main determinant of the
temperature of the air above 1it. Daily and yearly
variations of atmospheric temperature are dominated by the
incoming solar radiation. The generally accepted dates,
December 21st and June 21lst, oorrespond‘tto the solar
solstices, and correlate to both oonditioﬁs of cold and
warmth, each delayed by approximately one month due to the
capacitance of land/sea mass.

The daily variation of temperature depends on the state
of the sky which controls both solar and terrestrial
radiation during the night. During clear conditions, a
large amount of incoming radiation during the day, and free
path for outgoing radiation during the mnight produces a
wide daily temperature range. During the day the
terrestrial or longwave radiation from a surface is
inconsequential compared to incoming shortwave radiation or
insolation.

During the night terrestrial radiation to the sky takes

place due to the absence of insolation, the rate dependent
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on cloud cover, and thus progressively reduces the
temperature near the surface, On a seasonal basis the same
holds true.

The important feature is that radiation exchange is
propbrtional to the fourth power of absolute temperature,
governed by Stefan Bolzman's Constant - 6 = 5.67 x 10—=,
Thus radiant exchange between ground/surface and sky may be

written as
$,. (grd/sky>) = 5.67 x 10-= x €E(Tégra — T9siy) [W/ m=1
where € = emissivity of ground/surface.

This outgoing radiation is strongest towards the zenith
and practically ceases towards +the horizon. It can
constitute an important channel for heat disposal in housing

ospecially in hot seasons. Altitude can also affect the

temperature of the air,

2.1.2 Solar radiation

The main cause of climatic differentiation is +the
amount of insolation received, dependent on duration and
intensity, both of which are controlled by solar geometry in

conjunction with the weather system.

2.1.2.1 Solar geometry

The path of the earth around the sun is slightly

elliptical (Fig 3). The apparent movement of the sun
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through the sky is the result
own axis every 24 hours. The
result of the earth rotation
For many design purposes the
date and time
building which are sunlit,

around the building.
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The +tilt is constant as we orbit the sun, so that in

summer months, +the north hemisphere receives more hours of
sunshine and incoming radiation is closer to the
perpendicular to the earth surface, On 21ist June areas

along latitude 23.5= North are normal to the sun rays.
During winter the situation is reversed, summer prevails in
the southern hemisphere,.

On March 21st and September 21st areas along the
equator are normal to the sun's rays and experience a zenith
path of the sun. For all other latitudes these are equinox
days, where day and night are of equal length 12 hours. The
angle between the earth - sun line and the equatorial plane

is knawn as the angle of declination.

MARCH 2V .
Tropic ol conCef —om——— £QUINOX 01200

Equater
Tropic of copricorn
WINTER

SOLISTICE
DEC. U

SUMMER
SOLISTICE

'
Ecliptic —-°

ENUINOX
SEPT. 2]
D2 B

Fig 4: The earth sun relationship and
the different seasons.
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2.1.2.2 Intensity

The intensity of solar radiation measured at the upper
surface of the atmosphere is taken as a “"solar constant"
usually given a value of 1.353 kW/ m*, <72 However it may

actually vary + 2% due to the variation in the output of the

sun itself and * 3% due to the change in the earth - sun
distance. This energy constitutes almost all the earth's
energy. Consequently it is the dominant factor in all

climatic phenomena.

However, before it reaches the ground, solar radiation
is reduced in intensity. Part of it is reflected back into
space from cloud, atmospheric dust~...etc, part of the
remaining portion while passing fthrough the earth's
atmosphere is scattered and comes to the earth as diffuse
radiation from all parts of the sky domne. Scattered
radiation primarily in the blue portion of the visible
spectrum 1is responsible for the blue colour of the clear
sky. Another part is absorbed by the ozone, water, carbon
dioxide. Ozone removes all high frequency, and the
potentially dangerous ultra-violet radiation reaching the
earth's surface. Peak flow irradiance does not normally
exceed 1,000 W/m™®<*®° at any point on the earth surface
(figure 5).

The total heat absorbed by the earth is balanced by the
corresponding heat loss. VWithout this cooling, the thermal

balance of the earth could not be maintained as well as

life, The earth releases heat by three processes — longwave
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radiation, convection and evaporation.

Extraterrestrial
incoming
radiation

-25 per cent 100 per cent -7 per cent

Reflocted into i
space from clouds
and dust \ . 18 per cent
Loss of radiation
Scattered in 10 space
Absorbed
and re-radiated
back to earth
16 cent
b o 28 Atmospheric
Absorbed directly | ; counter-radiation
by atmosphere
+ 1 per cent
Loss due to albedo Absorption
based on 10 per cent of by water
51 per cent of radiation and ice o
received of clouds Radiation
. ep . from surface
.5 cent Direct Diffuse Diffuse
per ) radiation Y radiation | radiation 114 per cent § 56 per cent
+26 per cent +14 per cent +11 per cent
(a) shortwave radiation (b> longwave radiation
- ™~ S
Fig 5: Heat exchange of the planet earth (refered to

100 units of incoming solar radiation)

Source: JM.A. Markus, “Building, Climate and Energy".

The intensity of radiation received on the earth's

surface will vary according to the atmospheric layer

traversed by sun rays, increasing with the increase in
altitude. It depends also on the angle of incidence,
resulting in greater intensities when the rays are

Perpendicular to the surface, while a fall occurs after 30«
and becomes ihcreasingly rapid after 60= (figure 6). Thus
solar geometry has a strong influence, the largest
proportion of total radiation arriving at times when the
ratio of clear sky diffuse to direct radiation is smallest.

The annual global irradiation on a horizontal surface is




2,300 - 2,400 kVh/m® at the tropics of Cancer‘and Capricorn,
whereas 1t 1is only 1,000 --1,600 kWh/m® at +the equator,
reflecting a climatic cloud cover rather than geometric
influence. Clearly for bUilding design, it is important to
know the relative proportions of direct, diffuse and ground

reflectéd irradiation for a particular location.
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Fig 6: Variation of direct solar intensity with
height and angle of incidence
Source: S.V. Szokolay, "Solar energy and building".

2.1.3 ¥ind

A number of global and local factors determine the
distribution and characteristics of the wind over a given
region. The main factors are daily and seasonal differences
in atmospheric pressure between places, the earth's rotation

and +the thermal balance of the land and sea, besides the

regional topography.
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The differential radiation balance on the earth's
surface varying with latitude is one of the major causes of
the general circulation of air. Due to intensive day-time
radiation in low latitudes compared to relatively uniform
night radiative losses, warm air moves upwards leaving a
belt of low pressure and flows off at high 1level towards
colder regions. Figure 7 shows the global wind patterns.
Tropical zones are characterised by north-east and south-
east trade winds, while above and beiow the tropics, winds
may be much more variable, but still with dominant trends.
According to Markus<‘®’ +trade winds are the result of
coriolis forces causing wind to blow in the opposite
direction of the earth's rot§tion. Up to 60 latitude,
westerlies predominate primarily under the influence of
angular momentum,

The effects of free atmosphere are modified and slowed
down at lower and ground levels. The effect of wind on
housing has to be considered both on the ocutside and within
the dwelling itself. Air movement has to be evaluated in

terms of both ventilation energy losses and environmental

comfort. For example, increased ventilation can diminish a
cooling load, provided velocities are compatible with
activity/clothing, or conversely, reduced ventilation can

diminish a heating load, provided rates of air change are

compatible with indoor pollution.
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Fig 7: Global wind patterns
Source: Markus and Morris, “Building,

Climate and Energy".

2.1.4 Humidity

Humidity 1s the term used to define the quantity of
water vapour that +the air contains. The latter comes
through +the process of evaporation from exposed water
surfaces and moist ground and vegetation. The capacity of

the air for water vapour increases progressively as its

temperature rises up to saturation level, To express the
moisture content we generally use relative humidity,
i.e., the - proportion of water vapour relative to
temperature, given by the ratio of vapour pressure of the

air to saturated vapour pressure expressed as a percentage.
Absolute humidity expressed as a mixing ratio <(usually
grammes of moist air to kg of dry air) or vapour pressure,

can be expressed as a function of temperature in a simple
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psychometric chart, (figure 8, the saturation curve

representing 100% relative bumidity or R.H.

Relative humidity " vapour pressure
{ 30 Feative humidity f—saturated vapour pressure ’/ 20
.rh =——X 100 = 40% /
170 %_15 .
{204 , . % g
Saturated vapourpressure=17.0mb_ __ __ ___ % ‘éi
. R - ) /_10 .®
! ] - “% 3
10 . : l — - % ) g
' apour.pre;:si/ref =68mb- " %rs c:é: ,
sy -
L T gomerelt | %
- 0 o 3 ; b
-5 . 0 - -5 : 10i ‘15 20 5
7 Diy bulb tgmp'cratur'e (°C) 2 a L
Relative huridity © . - - ' : ' -
Fig  8: Relafive Humidity Chart on the relationship
between dry bulb temperature and moisture.
Source: "Energy in Building".
2.1.5 Precipitation

The +total amount of precipitation received at the
earth's surface is generally computed on an annual basis.
It is agreed that the largest amount is to be found near
lﬁtitude 5N, corresponding to the relatively 1low solar
irradiation (see 2.1.2.2).

When air with a certain amount of water vapour is
cooled, its moisture holding capacity is reduced, and its

relative humidity increases up to dew point, the air being

saturated at that moment. Air may be cooled in three ways: —
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coming into contzct with coocler urface

n

.
H by sexpansiocon
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associated with rising air currents; mixing with cooler air.
The "adiabatic" cooling results in the formation of clouds,
which are composed of innumerable +tiny water droplets,
which, with the air rising, become larger until they fall by
gravity as precipitation.

For building design, +the knowledge of the total value

of rainfall for each month is important as well as the

maximum value, since they enable us to ensure protection
from condensation, adequate drainage, paved surfaces, etc.
In some areas, the combined effect of wind and rain are of

significance to building design.

~

2.2 Analysis of Constantine climate
2.2.1 Introduction

Algeria, the second largest country in Africa, is
situated between 18= - 38=®N latitude and OV - 12=E

longitude (figure 8>. It covers in area of 2,381,000 sq km.
of which ©0% is arid or semi-arid, but 1t possesses a
splendid Mediteranean “littoral" of 1,200 km. The climate

and physical conditions have influenced +the density of

population. ‘Concentration tends +to be in those areas in
which the average annual rainfall exceeds 100 mm. It is in
the north strip where the oliméte is most hospitable. The

north caovers 10% of the total area and has ©0% of the

population.
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The country divides naturally into a series of =zones
aligned approximately east-west. Some 800 - 900 km deep
strips succeed each other from the coast — mountain chains
followed Dby depressioné or hautes plains, the Saharahan
Atlas and finally the Sahara.

The climate embraces extremes in cold and heat,
drought, winds and seasonal inequality between the region.
However, it is the lands of mountains, desert and interior
plateaux that are subject +to the greatest climatic
handicaps, and it 1is important to identify the relative
Mediteranean and continental land masses influences,
prevailing in the successive narrow strips.

Nearly .al11 French and Algerian writers identify five

distinct zones, each - with a particular climatic
characteristics
— The littoral: with Mediteranean maritime climate due

to the =ffect of the sea.

— Tellier Atlas: presents the intermediate position
between the tellien climate of mountains
- cold, rainy with small temperature
range; and that of tellier plains -
more dry, relatively bhot with large
temperature range.

- Hautes plains: with Mediteranean continental climate.

— Saharan Atlas: with Mediteranean mountainous climate,
the greatest significance of this belt
is the protection it gives to Algeria

from the drying Saharan winds (sirocco’.
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Fig 9: - Map of Algeria with the location of Constantine (indicated by the arrow).




— The Eaharas: with 1%5 zrid climsts znd wvast dezart
area, its characteristics are similar to
those in other parts of the Sahara which
covers an area astride the tropic. of
Cancer, extending from the Atlantic to

the Red sea,

In general, in terms of precipitation, the decrease may
be noticed in twb directions: north~south and east-west.
The decrease from east-west is explained by the fact that
Algeria is 1located immediately in the rain shadow of +the
middle Atlas reference mountains, on which west and
northwest winds deposit their bulk of moisture. However,

the eastern region is higher, and to the south, <(figure 5).
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Fig 10: Rainfall distribution in Algeria

Source: Seltzer "le climat de 1'Algerie" 1946.
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In terms of temperature +the contrast is more
pronounced, due to the continental position of Algeria,
Temperatures often vary greatly within short distances, the

dry summer beginning usually in late May and lasting +t1i1l1l
September, (table 8).
Temperatures (degrees ’
Physical Units Stations Centigrade) . n"?,‘?;‘;“;;i‘:::?“u
" | Coldest nmonth Hottest month .
Littoral oran .12 26 428 ’
Algters 13 26 647
Annaba . 11 25 787
Mountain Hedea ' ? 25 800
Tiz1-Ouzou 9 28. 893 |
Tell Atlas )
Basin Sidi Bel-Abbes 8 25 395
Guelna . 9 27 677
Northern limit Tiaret 6 27 ) 622
Setif s 25 a69
“‘!E_’..'_:Z!.!l_:! Conatantina 7 286 554
Southern limit Saida ki 27 430
Batna 5 25 3a8
Djelfs .. 4 K 25 - aos
R L Biskre 11 3 156
Bechar 8 33 * 79
Sahara Ghardaia . i10 34 60 J
El-Oued S § § 34 73
Table 8: Climate Characteristics of Selected Areas
in Different Zones
Source: Seltzer "le climat de 1'Algerie™ 19046,
2.2.2 Constantine climate
Constantine 1s 1located in the haute plaine region to
the east, at 36.17<N latitude, 6.37<E longitude and 687 m
altitude. One of the outstanding features of this region is
the contrast between the seasons - rainy, cool to cold
winter, and hot, dry summer with more moderate spring and
autumn. The Mediteranean continental climate results from
its intermediate position betweén the Mediteranean to the

north and the Sahara to the south,

besides the influence of
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the Atlantic ocean to the west, Also, 1its position in the

‘haute plaines region gives it a character of internal

Algerian cities influenced by changes from west to east. In
winter, it experiences the depressions of temperate
latitudes and receives most of its rainfall, Moreover, the

area of low pressure generated by relatively warm sea water
create a cyclonic pattern of air movement which picks up the
north trade winds over the Atlantic and results in cold
‘weather. In summer, it is under the influence of dry winds
of the subtropical belt of high pressure enhancing the
Saharan influence and bringing about dry, hot conditions.
The analysis of the climate of this region is made on
the Dbasis of meteorological data collected from Ain El Bey
station at the nearest airport for a period of 15 years,

1970 - 1985, and the study done for 25 years 1960 - 85.

2.2.2.1 Temperature

The annual temperature variation depends on the
pProximity +to the sea. and the Sahara, altitude and
exposure, The study of (figure 11) and (table 9 averaged

over 15 years show that the winter is relatively cold with a
mean temperature in January - the coldest month - of 6.9=C,
& mean maximum of 11.47%C and a mean minimum of 2.34=C, The
temperature iﬁcreaees gradually to reach a mean of 27=C in
July with a mean maximum of 35.3%C and mean minimum of
18.76=C. Thus January and July constitute the extremes. It
is approximately one month behind the solar solstice with a

fairly  symetrical curve about mid July. The main
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Fig 11: Mean monthly temperature in Constantine.

Source: Meteorological Station at Ain El Be;b averaged over

15 years.




- 65 —

Hean monthly data 3 F i A ] J J A ) ) N ]

Temperature (°C) 6,9 B.63 10,0 12,92 1729 229 27,03 26,67 22,6 16,9 11,53 81
Relative humidity (¥) 76,8 751 7212 72,68 68,27 60,68 48,87 51,25 B1.5 69,5 72,43 7.0
Wind speed (n/s) 2,77 3.0 2,75 2,48 2;31 224 2,29 2,08 1,82 226 2,26 2.4
Insolation Chours) 142,75 150,33 186,66 202,83 272,08 216,66 353,25 318,25 237.0 02,0 178,83 1&9.7v
Daily insolation (hours)| 4,6 518 608 676 877 10,58 11,39 10,2 7.9 .5 59 4.8

Rainfall (ma) 62,8 538 562 59,6 42,3 193 8.0 11,2 375 ®E  ME 732

Evaporation (mm) 59.0 680 80,0 94,0 1210 1650 2440 219.0 145.0 1030 70,0 56,0 |

Table 9: Mean monthly climatic data of Constantine average
over 15 years. (1970 - 85)

Source: Meteorological station at Ain El1 Bey.
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charzoteristic in summer is the large dzily +smperatu

range reaching 17*C in July. In winter as in other internal
cities, temperature may fall to geC, The mean aznnual
recorded temperature is 16.95=C, 2lthough this region is
protected from the Mediteranean by the series of mountains
that have in turn their effect on the continentality of the
climate. The temperature is also governed by cold +trade
winds from Europe and frequent strong hot winds from the
Sahara (siroccao). Therefore both winter and summer
conditions have their influence on building design with the

longer hot season generally dominant.

2.2.2.2 Solar radiation |
If we examine the world energy map (figure 12), we will
find +that Algeria on the whole benefits from one of the

highest amounts, about 2,250 kWVh/m= a year.
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Fig 12: World solar energy map.

Source: Szockolay "building and energy".
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he last few ysars ssveral attempts have been

made to develop climatological maps of global radiation,
particularly with +the new option of solar energy use in
buildings. Recently the "Solar Atlas of Algeria" <#° was
prepared giving sinusoidally generated predicted values of
irradiation on different orientations and tilts for +the
whole country.

Relatively high global irradiation prevails throughout
the year. A daily annual average of 6.78 hours of bright
sunshine illustrated in (figure 13) and (table 8) reflects
the solar geometry winter/summer daylight differential of 5
hours, with a maximum of 11.39 hours in July and 4.6 hours
in January.

Since a record of sunshine hours does not in itself
provide a measure of solar radiation, a monthly mean global
irradiation on horizontal and vertical surfaces are
represented on (figure 14), and appendix A. It shows that
the highest intensity falls on a horizontal surface, but
even the north vertical receives a considerable amount in
summer due to a strong diffuse component. The south vertical
receives far less irradiation in summer compared to winter
due to the high solar altitude angle, (figures 15a, 15h,
15c, 154).

High mean daily totals of global irradiation prevail
throughout the summer season reaching a value up to 7.48
kWh/m* as against 2.33 kWVh/m® in January on a horizontal
surface, In winter, the amount of cloud cover and solar

declination decreases the mean dailly fotals of global
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irradiation and hence the mean daily temperature values. In
fact, +the ratio of diffuse to direct is 0.82 in January and
only 0.32 in July.

Figures of +the seasonal distribtion of solar energy
components show that on a horizontal plane, +the diffuse
irradiation is insignificant compared to the direct (figure
16a), especially between March and October. However, the
case is reversed for the north vertical (figure 16b). For
the south Vertical, the mean annual direct and diffuse are
nearly equal (figure 16c), Finally, for the east and west
verticals, diffuse irradiation is slightly lower in summer
(figure 164d).

Thus the roof constitutes a critical element of the
house in summer and north/south orientations would be more
efficient related to both summer cooling and winter heating

for this climate.

2.2.2.3 Humidity

Records of the mean monthly relative humidity taken for
a period of 15 years and averaged in (figure 13) and
(table 9> show that Constantine in general is characterised
by relatively low summer values. The annual means of the
daily range throughout the year commonly fall within
acceptable comfort bands, the minimum and maximum mean
being 48.9% and 76.8% respectively.

The rise in humidity in winter and decrease in summer

are governed respectively by the moist northern and western
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Source: "Atlas Solaire de 1'Algerie", Capderou, 1985.
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Mean day monthly distribution of solar energy components
on South vertical. .

"Atlas Solaire de 1l'Algerie", Capderou, 1985.
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Fig 16d: Mean day monthly distribution of solar energy components
on East and West verticals. |
Source: 'Atlas Solaire de 1'Algerie’, 1985. :
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winds, and scuthern sirocco winds resulting in dryness and
temperature increase, As far as buildings are concerned, a
side effect is the alteration of moisture content and hence
the conductivity of porous materials, but without prolonged
saturation, variations are unlikely to be of significant

magnitude.

2.2.2.4 Precipitation

The feature of rainfall in Constantine follows the
general climate of the Mediteranean. According to the
. meteorological station, the mean monthly records illustrated
in <(figure 13> and <(table 9) show that rainfall occurs
throughout the year, reaching a maximum in December 73.2 mm
and a minimum of 8.77 mm in July. The annual mean amount
ranges from a modest 504 - 614 mm, with the Atlas mountzins
acting as a barrier to maritime influences. It is also
noticed that the monthly mean average amount correlates with
the number of days with rainfall, indicating a steady rather

than erratic regime.

2.2.2.5 Pressure and wind

Different pressure systems affect the region of
Constantine at different times of the year giving the area
its seasonal variation.

The prevailing winds which depend upon the distribution
of pressure alsc change with the season. According to the

neteorological data, the principal direction is west +to
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south-west in Winter, reaching respectively 14% and 12% of
the total winds in December. Most of ‘l;hese winds having
crossed the Atlantic are laden with moisture. In summer,
by contrast, the winds blow not towards the sea, but to the
lower pressure system over the Sahara. Thus north-north-
west and west winds prevail with respectively 10% and 11% in
July (see monthly wind roses on figure 17). So the
conditions ip summer are those of the Sahara with lower
pressure and dry descending winds.

Apart from western winds, the outstanding ones are the
sirocco which are hot, dusty, dry winds from the Sahara.
These winds are more persistant during autumn due to
widespread 1low pressure with peak gradient over +the west
Mediteranean.

(Table 9) shows that the mean monthly wind speed ranges
from 3 m/s to 1.82 m/s with the maximum in February and an
annual mean of about 2.2 w/s.

Wind speed and direction affect the thermal regime of
buildings in two ways. It determines the external surface
resistance, and hence insulation of the shell. It also
affects the infiltration rate through openings, and thus the
total heat Dbalance. In this case due to relatively low
velocities, the surface resistances, will be correspondingly

high and natural infiltration fairly low.
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2.2.2.6 Solar radiation related to other relevant climatic

features

From the foregoing analysis, it can be seen that
temperatures are closely related to insolation, day length
and terrestrial capacitance. Reference to values shown
graphically in (figure 13) confirms that solar radiation
correlates with sunshine hours with a peak occuring in July
and that autumn air temperatures are considerably higher
than corresponding months in spring. This favours solar
contribution in winter and perhaps spring, but constitutes a
disadvantage in summer and autumn.

Comparision of irradiation and rainfall confirms a
closely opposing relationship, rainfall peaks coinciding
with radiation +troughs. The same applies for relative
humidity. There 1is no such relationship concerning wind
speed. but the latter generally follows the same trend with
higﬁer values in winter.

In general for buildings, +the main problem encountered
is the longer period of summer heat. Having identified the
relationship between climatic factors, if these can in turn
be related to specific building characteristics, useful

early design decisions should emerge.

VRN I - -
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Fig 13: Relationship between
relevant climatic ,
features of Constantine’

Source: Meteorological station
at Ain-El-Bey.
- "Atlas Solaire de
1'Algerie", Capderou,
1985.
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CHAPTER 33

BIOCLIMATIC ANALYSIS

In order to design an energy efficient building, and
satisfy the human feeling for comfort, it is essential to
understand the heat exchange between the human body and its
environment. The maintenance of thermal equilibrium between
the body and its surroundings is the primary requirement for

comfort and health.

3.1 Thermal comfort

Thermal comfort was defined by ASHRAE<’? as that

condition of mind which expresses satisfaction with the

\

thermal environment. However, thermal comfort is
subjective assessment of environmental conditions and its
measure is not accurate. Despite this subjective nature and
variability in iﬁdividual response, the definition of
desirable +thermal comfort conditions is an essential input
in the design process. On £he other hand, thermal comfort
should not be confused with thermal ©balance. The latter,
while essential for comfort, can also be achieved under
conditions of discomfort  through activation of

thermoregulatory mechanisms.
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3.1.1 Human body heat transfer

'A  human body can be visualized as a machine using food
as fuel. This metabolic process within the body produces
heat. According to C.R.A.U. <=°,  the body uses only 20% of
this energy for muscles' activity, blood oirculation' and
breathing, the rest being tranformed into heat. This
internal heat production should be balanced by heat loss in
order to maintain a stable temperature. The body produces
heat at various rates depending on physical ‘and mental
activities (Fig 18>, but whatever the rate of heat
production, the ©body attempts to maintain a constant core
temperature arodnd 37<C.

" metabolic rate
watts

500
400 ]
300 A
200 +

100 +

0 v—r v r 1
rest light heavy
seated work work

Fig 18: Variation of metabolic rate with activity.

Source: Brundrett, "Criteria for thermal comfort".

Brundre£t*3”,vgives a daily value per pérson of 0.4 kVWh

for simple home activities such as dressing, washing.

Pound <4 indicates that wComfort is believed to require

the maintenance of skin temperature at about 34<C,

which most persons achieve 1in sedentary state in

surrounding at about 22=C, with normal indoor clothes".
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The mode of heat exchange is governed by physical laws,
but the physiological mechanism enables the body to regulate
heat exchange and maintain an equilibrium., It Dbasically
involves four processes: radiation, conduction, convection,

and evaporation, summarised in the following equation

M+*tR*p+C-E = 0
Heat gain
Metabolic (M) from - basal process
- activity

- digestion and muscular tension

Radiation (+R) from the sun directly or reflected
— infrared thermal radiation
- ground and other hot objects
— internal surfaces
Conduction (+p> from - air above skin temperature
~ by contact with hotter objects
Convection (+c) - occurs when temperature of
advected air exceeds skin
temperature
Heat loss
Radiation (-R> - Dby outward radiation to the skin
- to colder surroundings
Conduction (-p> - 4o air below skin temperature
- by contact with colder surfaces
Convection (—C) - when air temperature is below
skin temperature
- from the respiratory tract

Evaporation (E)

- from skin (sweat)
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3,1.2 Factors affecting comfort
It 1is generally accepted that there are four main
factors affecting comfort and these are: air +temperature
’

radiation, humidity and air movement (Fig. 19).

mean air waler vapour
temperature ressure
& i
+
c
2
[%]
3
©
c
Q
(4]
Fig 19: Environmental comfort parameters

3.1.2.1 Air temperature

Although the deep body temperature remains at 37<C or
37.2=C, +the skin temperature varies, the range for normal
temperature lying between 31=C and 34=C (Sodha“®? et al)l.
Air temperature above that of the skin's results 1in heat

input +to the body. Consequently skin temperature are

elevated and so radiant and convective heat dissipation 1is

increased. According to Brunderett, sweating usually starts
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at skin temperature of 34.5°C, and the rate depends on
humidity 1level and air velocity, However, the priméry
physiological response to the drop in air temperature is the
reduction of blood flow to the skin, which results in a drop
in skin temperature. Shivering may then occur causing in
turns an increase in +the metabolic heat production.
Evans <° dndicates that the range of dry bulb temperatures
within which comfort is established is approximately between
16 and 28<C. Below 16=C, extra clothing or higher activity
rates are required. Above 30=C excessive air movement and
sweating are required to maintain comfort even at low
activity rate.

Mean skin temperature for comfort may be expressed:

Te = 35.7 - 0.0274 x M [=C]

where M — metabolic rate [W/m%] "Brundrett"

3.1.2.2 Humidity

As mentioned above, at higher temperatures evaporation
becomes increasingly important and the humidity of the
atmosphere will determine the ease of evaporation.

Humidity of the air does not directly affect the heat
load operating on the body, but determines the evaporative
capacity of air, hence sweating. However, extremely low or
high humidities may cause discomfort and should be avoided.
Practical considerations limit the relative humidity range
between 30 - 65%. Evans states that a humidity below 20% is

likely 4o cause dryness which can be expressed by 1ip
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cracks, eye dirritation, or a sore throat, On the other
hand, a relative humidity above 90% leads to sensation of
dampness and clamminess,

At a high humidity and air temperature, air velocity
plays a significant role in increasing the rate of
evaporation. Optimum humidity depends on the overall
requirement for evaporative cooling, . air velocity and
clothing. At medium range temperatures between 20 - 25=C,
humidity does not significantly affect the body, and
variations of 30% to 85% are almost imperceptible; but at
temperatures above 25<C, the effect of humidity gradually

increases.

3.1.2.3 Air movement

The effect of air movement on a body can be summarised
in two ways. Firstly it determines the convective heat
exchange, and secondly the evaporative capacity of the air
and thus the cooling efficiency of sweating.

When air temperature is below skin temperature, the
two effects of air movement operate in the same direction.
S0 an increase in air velocity produces a cooling effect
which increases as the air temperature is lowered. At  air

temperatures above 34®C, any increase in air velocity will

conversely increase the convection heat gain from the

environment. Waston €”7° adds that because the rate of heat

R s is ed to
exohange caused by increasing air movement is coupl

vapour pressure as well as to dry bulb temperature, the
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lines of equal comfort are skewed, favouring high
temperature at low vapour pressure and lower temperature at
high vapour pressure. Evans indicates that wind speed below
0.1 m/s may lead to a feeling of stuffiness, while wind
speeds up to 1 m/s are comfortable indoors when air movement
"is required. Above this level, discomfort generally
increases although 2 m/s may be comfortable in hot, humid
conditions.
Givoni °®° states that:
“In most cases, the recommended air velocity at
high temperatures is 50% more than inferred from

physiological considerations".

3.1.2.4 Radiation

The +thermal effect of solar radiation indoors or
outdoors, depends on the area of the body exposed to the
sun, the surface albedo, air velocity, clothing, activity
and posture. The area of the body exposed to solar
radiation depends on solar latitude, e.g., in summer months
at latitude 35N between 2.00 am and 3.00 pm, it has been
estimated that the amount of direct radiation falling on a
semi-nude man, wearing a hat in a standing position, is
about 70% of that of a man sitting with his back to the sun.
It 1is also estimated that the amount of radiation reflected
from the surroundings is about 50% lower for sitting than
for the upright position. Mean radiant indoor temperatures

also affect "the body. The actual energy absorbed by a
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person from a heating source depends upon the energy
spectrum of the source and the spectral reflection
characteristics of the skin and outer clothes. According to
Erundrett "skin will reflect a large part of sunshine (30 -
40%> but completely absorbs +he radiation from heated
ceilings". Consequently longwave radiant exchange can have

a profound influence on comfort, particularly indoors.

8.1.2.5 Activity

The level of physical activity also affects the
metabolic heat rate and hence comfort conditions. When work
is performed, the metabolic rate increases to provide the
energy needed for the work, depending on age and sex.
The range of activity within a dwelling varies from a
minimum at sleeping to»a maximum when accomplishing heavy
work. The indoor activity rate for two common domestic
activities, the first when sleeping, the second for light
Sédentary work, range from 0.8 "met" (asleep) to (1.4 - 1.8)
"met" in the kitchen. The "met" indicates a value of one
metabolic unit. This is defined by ASHRAE, Sodha et al as
58 W/m®, which for an average size man corresponds to an
energy output of 100 W. Table ©7°° shows the range of heat
productivity which depends on activity. However, the
growing dependance on mechanisation would gradually decrease

domestic physical activity and thus higher environmental

temperatures may be required for comfort.
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RECOMMENDED VALUES OF ACTIVITY RATES FOR DIFFERENT
ACTIVITIES :

Activity Metabolic rate [met]

RESTING

Sleeping
Sitting
Standing relaxed

RO
O

WVALKING

Slow walking 3.2 km/h 2
Normal walking 4.8 km/h 2,2
Fast walking 6.1 km/h 3.2

DOMESTIC WORK

House cleaning 2-3

Cooking 1.4-2

Washing by hand and ironing 2-3
1.5

Shaving, washing and dressing

OFFICE WORK

Typing 1.2
Drafting 1.2
Teaching 1.4

Table 10: Values of activity rates for different activities.
Source: P.0. Fanger, thermal comfort analysis and

applications in environmental engineering.

3.1.2.6 Clothing

Outside the body, clothing is the first solution to
control heat transfer, by either reducing heat gain or
Preventing heat loss. Moreover, it reduces the air velocity

over the skin and interferes with the process of sweat

evaporation. In addition, it reduces the sensitivity of the

body to the varistions in radiant heat exchange.
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The properties of clothing can be considered in terms
of their total thermal resistance expressed in "clo" which
is a convenient scale for the units of thermal insulation
of clothing. One "r:lc»;l is equivalent to 0.155 m® =C/W
(1 tog = 0.1 m*® =C/W).

The maximum clothing which could be comfortably warm in
houses for normal household activity‘is estimated as just
over 1 clo, the reasonable range taken between 0.5 and
1 clo. Vhen sleeping much higher values are normal - For
example a 12.5 ‘tog' or 8 clo duvet for temperatures around

15=C. (Table 11> shows the range of combination of clothing

with their values. However, clothing is also affected by
other factors such as seasonal variation, activity and
fashion, as well as culture and tradition. In Algeria the

latter factor would limit the freedom of people to <chose
their clothing, especially in summer when conditions are

very hot,
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Clothing ensemble Insulation [clol

Nude o
Shorts 0.1

Tropical ensemble (shorts, open—neck
short—-sleeved, shirt, light socks, sandals
or women's equivalent) 0.3-0.4

Men's light summer clothing (long light
weight trousers, open-neck short—sleeved shirt) 0.5

Typical men's business suit (+cotton underwear,
long—-sleeved shirt, tie, woollen socks, shoes) 1.0

Men's heavy three-piece business suit (+cotton
underwear, long-sleeved shirt, tie, woollen
socks, shoes) 1.5

Vomen's indoor ensemble (skirt, long-sleeved
blouse and jumper, normal underwear, stockings,
shoes) 0.7-0.9

Men's heavy suit as above + woollen overcoat 2.0-2.5

Table 11: Values of "“clo" for various clothing ensembles.

Source: Markus and Morris, Buildings, Climate and Energy.
3.2 Comfort zone

As we have seen, all factors interact and each one
depends on the others, Therefore a number of attempts have

been carried out to define boundaries where human bodies can
be in comfort; in terms of a single parameter combining all
environmental factors and human response. Over the years, a
number of such charts have ©been developed gradually
Changing to take account of more relevant criteria.
Firstly, thermal indices, then psychometric charts and

finally bioclimatic charts.
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Comfort zone means the combination of environmental
elements for which comfort sensation is experienced.
However, 1like thermal comfbrt, this zone is also somewhat
subjective depending on thermal response of people, age,
sex, geographical location, and acclimatisation. Olgyay <1<?
reports that British comfort lies between 16 - 21=C, that of
the Tropics between 22 and 27°C, and in the United States
the range is 21 - 26.5<C. Finally Bedford<?’’? defines it
in the range of 14 - 23<C,

It is worth distinguishing between “comfortable" and
"tolerable" temperature limits. In the case of public
housing there is an unfortunate political and economic
motivation to advocate temperatures which may be tolerable,
but often not comfortable. Hence, there are apparently
puzzling discrepancies between comfort ranges in different
building types. For example, U.K., offices, where activities
are comparable to housing, generall& admit to higher comfort
temperatures, It could be that the same motivation in
Algeria would promote acceptance of summer temperatures
within 1limits of acclimatised tolerance, but far removed
from optimum comfort.

Humphreys ¢’#° considered an equation to show the range
0of environment in which equilibrium can be maintained
without perceptible sweating or shivering. He divided the
heat +transfer into three stages - from body core to skin,

from skin to outer surface of clothing, and from clothing

surface to the air. He considered the tabulated metabolic

He concluded that people can

rate, activity and clothing.
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be in thermal equilibrium over a wide range of temperatures
if they choose their clothing and activity, and that +the
width of comfort zone in terms of metabolic rate is greater
at higher temperatures than at lower, But the problem arises
when people cannot choose their activity and/or clothing.
Some writers, for simplicity consider the ideal temperature
as &a midway between the two extremes of heat stroke (upper

limit >40<C) and freezing point (lower limit 0=C) .,

3.3.1 Bioclimatic chart

The effect of the climatic elements can be assembled
into a single chart. The latter shows the comfort zone in
the centre. The climatic elements around it are shown by
means o0f curves which indicate the nature of corrective
measures, necessary to restore the feeling of comfort at any
point outside the comfort zone. This chart (figure 20> was
built up with dry bulb temperature as ordinate and relative
humidity as abscissa. Thus these two factors, of any region
can be plotted on the chart. If the plotted points are
outside the comfort zone corrective measures are needed.

- If the point is higher than the upper limit of comfort
zone, increased air movement is required. The numbers
on the chart indicate the required velocity.

- If the temperature is high and relative humidity is

low, air movement 1is of little help, without

evaporative cooling.
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Dry bulb tem

related to comfort zone and the different
corrective measures.

The Jlower perimeter of the comfort zone denotes +the

line above which shading is  needed. Conversely
increased radiation is necessary below this 1line, +to
counteract lower dry bulb temperature. The amount of

radiation needed is given for outdoor conditions for

which 70 W/m*® is considered equal +to a rise 1in
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Fig 20: Bioclimatic chart. Indoor climatic conditions
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temperature of 1=C, For indoor conditions a mean

radiant temperature (M.R.T.)> scale shows that an

increase of 0.8=C ip M.R.T., compensates for a decrease
of 1°C in dry bulb temperature up to a limit of 5=C

M.R.T. It has been also suggested that a 20 - 26° range

is wvalid for 49° 1latitude and that comfort zone

temperature should move up by 1=C for every 12=
latitude reduction. This infers recognition of
acclimatisation, and challenges the logic of the
bioclimatic chart. For example, +the high humidity at

Singapore on the equator would lower acceptable

temperatures compared with a dry location on the tropic

of Cancer,

While the bioclimatic chart relates comfort directly to
dry bulb <temperature a large number of temperature
scales/charts are also used to express comfort. Two such
are effective temperature (ET) and corrected effective
temprature <(CET). The former scale does not take account

0f radiant energy and both are only used for sedentary

activity, Another comfort scale is dry resultant
temperature, recommended by C.I.B.S. <’3?  This temperature
equals

1/2 air temperature + 1/2 mean radiant temperature

where the latter is often taken as mean surface temperature

for simplicity. Much seminal work was done by Fanger ¢74°

Producing a series of comfort charts which use, mean radiant

temperature with clothing, humidity, air movement and

activity. The standard effective temperature (SET) used by
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ASHRAE is similar to the Fanger chart, but for 4 - & clo and

sedentary activity.

3.3.2 Use of bioclimatic chart

Bioclimatic evaluation is the starting point for any
architecural deéign aiming at environmental climate balance.
Prevailing' climatic conditions can be easiiy plotted on the
chart. It is a visual method which will show the architects
what corrective measures are needed for comfort, Many of
these measures may be achieved by natural means by adapting
architectural design to utilise climatic elements. The task
1s to produce a healthful house in relation to cost saving

.~

by reducing dependance on mechanical aids.

€1s2  KIt is for this reason that throughout the
ages, 1in response to this obvious necessity of comfort,
humankind has Dbeen fashioning forms of shelter,
initially +to ensure survival and ultimately to provide
& reasonable degree of thermal comfort during the

conduct of diverse activities.>>
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Chapter a4

THERMAL ANALYSIS

The aim of this chapter is to investigate and compare
the thermal performance of a typical modern flat to a
traditional courtyard house in the Constantine region of
Algeria 1in order to validate the potential for passive
design techniques which minimize non renewable energy
demand.

For comfort the human body requires to be maintained
within a limited range of environmental conditions (see
chapter 3). The energy requirement is the energy needed to
maintain the building withi? the comfort Dband. Therefore
besides economic and social'factors,the alm of a designer is
to work towards a thermally optimized building taking into

account all parameters influencing comfort.

4.1, Methodology of thermal evaluation

It 1is necessary in the thermal performance evaluation
of buildings to follow temperature variation from outside to
inside through the building envelope, which may be

considered as a filter. For this study, the appraisal of

the model building is based on the relationship between

regional climatic variables, some mneasured and some

predicted, and the energy gain and loss for each building

element,
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To obtain heating and/or cooling loads for a building

with a 24 hour occupancy such as housing, it is normally
adequate +to use steady state methodology. The dynamic
effect will tend to cancel out, The product of specific

heat loss and a mean vdaily inside/outside temperature
difference will not vary significantly from a much more
complex integral of small time-step energy exchanges, these
changes summed over 24 hour periods. However, where
buildings subdivide naturally into distinct thermal zones,
each with a particular occupancy timetable, it is necessary
to move from a purely steady state to some form of periodic
analysis which will take account of the thermal damping and

time lag effects.

4.1.1 Steady state procedure
When designing buildings +to have a satisfactorily
comfortable environment, it is necessary to determine the

seasonal energy requirement and the maximum demand at any

time.

In order to calculate the monthly energy load for the
two housing models, the following procedure used in

BREDEM ¢7° was applied:

The ©basic model considers a house which is uniformly

heated throughout. The heat transfer between the house and

its surrounding may be written as.

Qe + Q1 +Qs = ( FJAU + 0.33nV) (i - %) + D

where
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Q~ = heat output from the heating system [Watts]
(in our case this is the unknowing variable which we

need to calculate.)

Qx = other internal heat gains [ Vattsl

Qs = solar gains [ Watts]

AU = transmission heat loss per degree fw/K1
0.33nV = ventilation heat loss per degree LVW/K]

where n = air changes per hour

and V = volume | {m=]

t: = internal temperature [=Cl

(in our case, the mean internal design temperature)

te = mean external temperature L=Cl]
P = rate of heat storage within the [ Wl
structuret
All terms in this equation will normally vary
continually with time. This variation may Dbroadly be

represented by a daily cycle superimposed on a seasonal
trend, with random departures from that scenario caused by
the vagaries of the weather.

Therefore for a 24 hour mean value, the heat storage
will be neglible on the assumption that thermal capacity
effect will cancel when the heat requirement for each day is

totalled over a heating or cooling season. Equation (1) may

then be written as.

Qu + Q: +Qs = ¢ TAU + 0.33nV) (ts - t=)  [Wattsl ———= (D

From this equation we can identify the specific heat loss as

H = ¢ 2ZAU + 0.33nV) [W/K]
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and G = Qs + Q1 the sum of fortuitous solar and

incidental heat gain,

Therefore the mean daily heating or cooling load required to
maintain an internal temperature ti may be expressed as

(2a) Qn = Hts - G/H - tD [Watts]

or 2> Qni H{ts - to? [Watts]

Vhere we introduce a conceptual base temperature, tw reduced
below design temperature by the solar and incidental gain,
where

te = t1 — G/H [=C]

To solve equation (2b) we therefore require to

calculate the indiyidual terms in H and G.

With respect to transmission or fabric losses AU, the
transmittance coefficient or U-value denotes the rate of
heat flow per unit area per unit difference in temperature
between inside and outside. The U-value is the inverse of
the +total resistance to the heat flow of all surfaces,
layers and cavities in bounding elemenﬁs from outside to
inside air. The resistance of each layer is the product of
thickness and resistivity, the latter being the inverse of
the thermal conductivity of the material.

Thus

U value = 1 [ W/ m=K]

Rei + Ri + R= + . ....Rn * Raa=

where Rai and Raoe are respectively the inside and outside

surface resistances, dependant on surface emnissivity,

radiation and convection coefficient.
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Ri, Rz .... Rn = resistance of each layer of wall or roof.

[ m=K/V] where A

R = thermal conductivity [ W/mK]

Y

L

]

thickness of a layer [ m]

U-values for windows are commonly tabulated according to the
percentage of the frame and exposure.

U-value calculation for a solid ground floor is more
complex, and can be found 'using the standard CIBS<=>

procedure for four exposed edges as follow:

1b
U = 2Xe B tanh-1 2
1bT ib + 1w
2 2 2
where
1b
B = exponential z where -
Le¢ -
Lf = length or greater dimension of floor
b = breadth or lesser dimension
w = thickness of surrounding walls
A = thermal conductivity of earth, dependant on

moisture content and can vary from

0.7 to 2.1 (W/mK>

The problem is finding an appropriate temperature
difference. While CIBS simply uses "“ts", work by Spooner <=°
taking a UK example, finds the mean annual ground
temperature at 1.2 m depth outside the house gives a
CIES

reasonably close fit to measured results and that the

method overestimates the rate of heat loss by a factor of

approximately two.
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However, in a traditional Algerian courtyard house,
there 1is & neglible exposed perimeter and relatively high
mean ground temperatures, so that the heat sink effect is
likely to Dbe greatly enhanced. Accordingly it seems
probable that the ground floor will be in virtual
equilibrium throughout the year, and it has been assumed
that the ground is an adjacent zone with an identical
temperature to thel zone above, as in the case of the
intermediate flat model.

With respect to ventilation heat loss, +the constant in
term 0.33nV is derived from CF/3600 where P and c are
respectively, the dry density and the specific heat capacity
of air with P commonly taken as 1.2 kg/m® for air at 21=C
and ¢ as 1.0 x 102 J/kgK giving a value of 1/3 or 0.33 for
the combined term.

Having found all terms in H we must now determine the
terms in G.

Considering first term Qs, 1in winter we are concerned
with +the “useful" contribution and in summer cooling
conditions with the “"residual" gain after shading/screening
tactics.

Solar gain Qs may be subdivided into transparent and

opaque components Qst and Quo. Considering the former, some

of the solar radiation incident upon the windows 1s

reflected, some is absorbed by the glass, and the remainder

1s transmitted into the interior. The physical properties

of glass and the angle of incidence of direct irradiation

will determine the proportion in which this occurs.
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Once inside, shortwave irradiation is absorbed by
surfaces including furnishing and re-emitted as low
temperature longwave radiation. This is trapped within the
space by what is known as "Green house" effect, since glass
is relatively opaque to longwave. However, conduction and
convection exchanges will occur at all surfaces and the thin
dense glass has low resistance to these transmission losses.
The cold surface of the glass at night or in winter will
also radiate out to the outside, and convection exchanges at
the cold internal surface tend to cause uncomfortable down
draughts.

The "Atlas solar de 1'Algerie" 4’ provides sinusoidally
generated hourly solar irradiation data incident on and
behind glazed surfaces of various tilts and azimuths. The
ratio of the latter to the former yields the heat gain
factor. The incident global radiation comprises a direct,
diffuse, and ground reflected components. In order to
éstimate useful transmitted solar gain it is found necessary
to deduct the shaded percentage from the direct component.
This is found using the tables and sun chart presented in
appendices A and B. The net unshaded direct component is
then added to diffuse and ground reflected component and the
heat gain factor applied to give a net transmitted

irradiation:
[ (direct x unshaded %) + (global - direct)] % heat gain factor

It is +then necessary to test for overheating during

periods of peak gain for a particular mean monthly day.
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Peak gains are found using the standard Pilkington<s>
procedure, Short and longwave shading coefficients ére
applied to incident irradiation, the total coefficient for
thin glass being unity which corresponds to a heat gain

faotorhof 0.87.

We now have the net transmitted irradiation and require
to know what proportion is useful. Thus we test for a

cooling load at a particular peak period:

i.e. 1if Qn = H(ts = tomax) 1S a negative value where
cool
te = ftimax — (net transmitted solar) + (other gain)
cool H
and to is the base temperature related to a maximum
cool
comfort temperature, taken as 25°C. If there is no cooling
or bheating 1load Q-+ = 0 and te = tomesx: Thus
cosl
substituting tomax for te above, and rearranging the
csol

the equation, we have a net useful or residual solar gain
Qst = H(timax - tcmax) - (Qso + Qi) (W)

If tme= Y timmsx, there will be no useful solar gain and
after appropriate architectural screening steps are taken,
we will be left with a residual transmitted gain Q=-. It

would +thus be necessary to cool by other means - such as

increasing ventilation.

If temmx < timex, we may have a useful contribution Qs+

having deducted incidental Qi and solar gains through opaque
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measures

value.

The
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Qe « We then have to ascertain what design

may be required to reduce the useful gain to this

solar heat gain through opaque surfaces can be

calculated using the concept of sol air temperature:

where

temperature

radiation,

T IR

ot

The

would

Qm'.-::- = AU {(ftaw m — tad [%

a5
V)
o+
o+
1)}
e

area of opaque surfaces { m*]
transmitted coefficient of opaque surface
[ W/ m=K]

s0l air temperature [=C]

meam internal temperature [=C]

~

sol air temperature is defined as a hypothetical

of outdoor air which, in the abéenoe of solar

would give the same rate of heat +transfer as

occur with the actual conditions of outdoor air

temperature and incident radiation.

)

Tosax = tiw + AL IuRua [mC]

average external temperature [*C]

absorptivity coefficient

global incident solar irradiation (for a shaded
wall, only diffuse and ground reflected
component are used)

outside surface resistance
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Having estimated solar gain using the above procedure,
incidental or casual gains, Qi, may be computed, making
certain occupancy assumptions. A BRE<?> handbook describing
a domestic energy model, EREDEN, provides a table
illustrated in appendix C for heat gains in Watts averaged
over a 24 hour period, including metabolic, appliances,

lighting, cooking and water heating.

Ve can now evaluate all the terms in equation (2b), Ve
may either assume a single mean tw value for a particular
period related to a tc profile, where the zone below te is a
heating load and above it is a cooling load; or an upper and
lower te value related to ftimes and Timin design
temperatures defining a comfort range. In either case
considering firstly heating, we can use the standard U.K.
degree day method:

1> if tb>tomax, DD = tn - 0.5 (tgmax + tomiﬁ)

DD = 0.5t - tomin?
- 0. 25(toma>< - tb)
and (tomax - tb)((tb —tamih)
8) if tcmax>tb and tomiﬁ<tb
DD = 0.25(tb - tomin)

and (tomaex — tw)>{(ts —tomin?

o @ ] ® |

WLW tL .ML
s
i N
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Considering cooling we simply reverse the procedure

1> if tl::-<tmmea3*~', DD = 0~5 Ct-nmmwx: + twmin) - tl::.\

2) if t-;::-mmn-:)tk- and t-::\m:hr\<'t!:::n

DD = Ons(tnmnim.ﬂ: - th::\)
- 0025(tb - tmrni\"\)
and (t-:‘rnm.\q; - thn)><tk:- —t-mmir-\) /
3> if t-::omem:-::>th::. and 'tu:nmin(th:\
DD = O| 25 (t«::wnm:u: - th:.~>
and (tc:-mm:-n: - tb)<(ttm _t-::-m:i.\"\)
A - /r
) (»

oling ki \-/ H&uﬁfy

= —> —

For a more accurate assessment of energy loads, a two
zone model was used. The house is divided into two distinct
thermal zones, each with a different intermnal demand
temperature. The load 1is calculated for each zZone

separately and then summed. The two zones are:
- living room - zone I

- rest of the house - zone II

—

For a given demand schedule, that 1s the user's

temperature requirement in each zone, the resulting mean

internal temperature depends on the thermal characteristics

of the house, outer shell and zone divisions,together with

the distribution of internal and solar gain. In the case of
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BREDEM <=~ the +two-zone house model provides convenient
tables of internal temperatures resulting from different
demand temperatures, varying heat loss characteristics,
heating systems and regimes (see Appendix C)

However, in our case, rather than compare the
performance of the two models with +the same demand
temperature but different internal air temperatures, the
comparison 1is made assuming identical air temperatures and

inferring different demand settings.

4.1.2 Dynamic model

A house with high thermal capacity smooths out
temperature fluctuations resulting from various heat inputs,
whilst &a low thermal capacity house will have a more ‘peaky
profile, (Fig 21). It 1is not possible to examine such
capacitance influences using the above steady state approach

with a mean te - t- temperature differential, Therefore a

dynamic computer programme, " F - te", was used to determine
another conceptual temperature, equivalent external
temperature "te", ‘this is substituted for "to" in the same
manner as sol-air temperature and takes account of thermal

damping and time lag effect. It will be then possible to

determine the performance of the individual zone in separate

slices of +the day, enabling a closer fit %o occupancy

patterns. Effectively we are translating the original

storage term of equation (1) to a much more convenient

temperature differential. Capacitance effects are dependant

on the ratio of thermal conductivity [W/m?K] to volumetric
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thermal capacitance pc [J/m®K] known as thermal diffusivity

D fm*/sl.  We require to know time lag 6, the time it takes
for a temperature rise on one side to be felt on the other,
and decrement faotor/u , the ratio of respective
internal/external surface heat flux (see fig.21)>
External temperature
Mean temperature " External temperature
] ) |
i / !
- - | A — . !
. Time lag !-
I
; . Heat flow | Time lag Heat flow
I e
i I
Swing Swing }
'{‘ T T
1
(a) - . : ] {b)

Figure 21: Effect of (a) lightweight and (b) heavgy weight
structure on heat flow variation.

Source; T.A. Markus and E.N. Morris, Buildings, Climate
and Energy.

For a single homogeneous layer, a simple equation suffices;

L x 0,023 « 1/D [ hoursl}

D
i

expl - L x 0.00218 # 1/D 1

>
"

where

D = diffusivity = 7\400 [m*/s]

L = thickness of layer [ m)

However, for multilayer constructions, more complex
methods are required. The time lag is calculated using the

Concept of time constant, since the resistance of one layer
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will affect the rate of heat flow to the adjacent layer. - In
addition the thermal capacity of one layer will determine
the quantity of heat available to be transmitted +to £he
rest, Thus the +time lag cannot be taken as the sum of
individual +time lags but will depend on the properties and
sequences of layers,

The +time constant was explained by Evans as the +time
taken for a layer to increase in temperature by a certain
proportion of instantaneous change in external temperature.

This is defined by a Q ratio:

U
Q-’-(Q_I + Qe + Qa +t.oil &)/3600 { hours]
U U, U= Us Un
where
R = volumetric heat capacity of the envelope 1i.e, Pc

U rate of heat transfer of the material

I

First layer @

(-:. + r1L1)(LwC1P1)
U, 2

Second layer Q= = (R-o + ral: + rzL2><’LzC2P2)
2

Third layer Qs = <Rg=. + riLi + rzL= + r3L3)< LsCsFa)
Uas 2
where
Rma = exﬁernal surface resistance [m=K/V]

ri, r= = resistivity of first and_second layers
L1, Lz = thickness of first and second layers
P p= = density of first and second layers

C1, Cz = specific heat of first and second layers
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Then Givanl's<”? formula was applied for time lag ©

& =1.18 + 271 Q { hours]
24 U
The above procedure assumes +that the temperature

fluctuation is generated externaily, the time lag calculated
from outside to inside. To find the decrement factor, the
standard CIBS‘S” admittance procedure was used. This also
yields admittance or Y value and surface factor. For
convenience, *fhe programme incorporated the time constant
procedure (above) together with the following equation to
give an equivalent temperature, "tw" corresponding to the

Constantine hourly "t." values -

ta.' = f‘(t-::m - tu‘.’.\) + tm [=C]

where

Tt is the external temperature ‘'time lag' hours
before the time in question.

Lo is the mean external temperature.

The equivalent external temperature (t.) will have the

same effect under steady state conditions as the actual

temperature under periodic heat flow. "t." 1s thus used to

illustrate the combined effect of air temperature and solar

irradiation with the delaying effect of heavy construciton

on heat transfer. Thus the wave pattern of "t." will Dbe

reduced to "“t." according to the value of fk and ©.

Having obtained the “t." profile for each opaque
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surface the steady state is now effectively converted to a
simple periodic dynamic procedure, Naturally “ts" values
will remain for transmission through very thin surfaces such
as windows and ventilation losses, but can be considered

simply as "te" values in a modified form of equation (2b).

QH = H ['tl: "'te]
where the appropriate "te" value 1is applied to each
component of H.

i.e.,
H= A1U1¢(te — ter1?) + AzUz2{(tn — tez)...+ 0.33nV{te - tox?

where tox is the mean cutside temperature for a particular

tperiod.

The procedure can for example be used to analyse the
effect of +the construction when external temperatures are
cooler +than internal permitting ventilation to be used for

cooling.

The remaining analytical problem lies with temperature
stratification in the courtyard of the traditional model and
with obtaining accurate data with respect to the thermal
properties of traditional building materials. These aspects

will be covered in more detail in the next sections which

describe the models and translate the architectural

implications of the thermal analysis.



- 117 -

4.2 Description of models analysed
To carry out this analysis, I have considered models
which are disassociated from unnecessary components. The

two typical housing example analysed are

- a suburban modern concrete block flat

— an urban traditional stone and mud brick courtyard
house. Both types have been examined under Constantine
weather conditions, The main focus has been on
performance evaluation. Knowledge gained through the
understanding of the behaviour of existing buildings
will ©be used both to predict the performance of future
buildings, and +to devise strategies to make them more
effective. Thus the thermal models have been used +to
identify the influences of both building design

parameters and weather characteristics on performance.

4.2.1 The courtyard house

The model 1s a three storey house situated in a
sheltered position in the city centre, surrounded by similar
houses. The site is densely bounded by buildings inducing
certain microclimatic characteristics. This has influenced

the outside surface resistance taken as (0.09) and window U

value 4.2 W/m?K representing 30% wooden framed in a

sheltered position. However, as a result of a lack of site

meteorological data, apart from an attempt to quantify the

temperature stratification in the courtyard, it was assumed

that climate data affecting this house are those recorded at
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a - Wall I
Density Thermal Specific Layer Number of layers =5
Conduct. Heat cap. Thickness| ¥o. Construction = 0
kg/ m V/m K J/kg K (mm)
Surface Resistances
Gypsum 700 0.280 840 0.008 Internal <.12> : 0.123
Mortar 1840 0.430 750 0.015 External <.06> : 0.090
Stone 1952 1,120 730 0.400
Mortar 1840 0.430 750 0.015 Properties
Gypsum 700 0.280 840 0.008 u-value :1.435
Decrement facteor : 0,130
Admittance value : 4.121
Surface Factor 0.534
Time Lag :- 16.169
b - Wall II
Density Thermal Specific  Layer Number of layers = 3
Conduct. Heat cap. Thickness | Fo. Construction = 0
kg/m* V/m X J/kg K (mm)
Surface Resistances
Gypsum 700 0.280 840 0.015 Internal <.12> : 0,123
Adobe 1690 0.518 730 0.300 External <.06> : 0,090
Gypsum 700 0.280 840 0.015
Properties
u-value ¢ 10112
Decrement factor : 0,196
Admittance value : 3.516
Surface Factor 0.620
Time Lag :- 13.394
¢ - Shutters
Density Thermal Specific Layer Number of layers = 3
Conduct. Heat cap. Thickness | No. Construction = 0
kg/m= V/m X J/kg K {mm)
Surface Resistances
V¥indow 2066 0.542 1350 0.018 Internal <.12> : 0,123
Air Space 1.2 0.280 1180 0,050 External <,06> : 0.090
Shutter 820 0.140 2400 0.012
Properties
u-value ;o 1.985%
Decrement factor : 0.927
Admittance value : 3,188
Surface Factor 0.710
Time Lag :-— 2,764

Table 12 (a,b,c):

Thermal Characteristics of wall and
shutters of the courtyard house.



- 122 -

the nearest meteorological station.

The house has a useable floor area of 297  m*,
- courtyard not included, and the ground floor area is
898 m=, The building is nearly a square patio house with a

pitched roof. The walls are parallel to the North, Socuth and
East - West geographical axes with only one facade exposed
to the street. The volume of ground floor is 209.6 m® and
the glazing area constitutes only 6.78% of the total wall

surfaces (see plates 7a, 7b).

The house is built of traditional materials. External
walls and foundations are of stone, and wall thickness is
45 cm (but may reach 120 cm in some houses). The walls

giving on to the courtyard and partitions are built of mud
brick covered with gypsum. These walls are generally
covered to 160 cm height by a layer of marble or tiles +to
act as a cooling device. Ceilings are composed of woad
trunk and Dbranches covered with reeds and a layer of mud
mortar are shown on (fig 22).

As a result of the lack of accurate data, the thermal
properties of some materials were assumed from a number of
reference sources. For example, the conductivity of mud
brick was taken similar to that found in U.S.A. 0.518 mK/VW
and that of mud 0.43 m K/V. Consequently the U-value of
external and internal walls were respectively 1.43 W/m?K and
1.1 W/m2K which may be considered on the high side compared

t+0 +he thermal insulations of traditional materials. The

thermal properties of +the materials are illustrated on

tables 12 (a,b,c?.
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The door is assumed +to be 4 cm wood block with a

U-value of 2 W/m*K and a time lag of 1.7 hours.
4.2.2 Flat type

The model is é four Tbedroon prefabricated flat,
occupied by ten people according to the Algerian regulation
where the rate of bccupancy per room is fixed +to two,
including the 1living room. Situated in a suburban area
"Cite Bousouf ou 2500 logements", it is considered to be of
normal exposure. The flat is in the medium floor of an
isolated five storey block composed of two flats per floor.
Plan, section, and elevation are shown on plates (8a, 8b,
8c). The same climatic data were applied for this model.
The flat has a useable floor area of 100 m®* and a volume
of 223 m™, It is a rectangular shape with three exposed
external walls. The glazing area constitutes 12.5% of the
total external walls.

The flat is built of reinforced prefabricated concrete

panels typical for recent housing. The thickness of the
walls varies Dbetween 10 and 20 cm. Some external walls
consist of sandwich panels. The outside surface resistance

is taken 0.055 as for normal exposure and the U-values for
different walls were calculated depending on their
thickness. They vary between 1.49 W/m*K for the insulated
wall to 2.73 W/ n*K, The U-value for the window was taken as
4.7 W/ m* K - for 30% wooden frame and normal exposure.

The physical and thermal properties are shown in

figs., 23 and tables (13a, 13b).
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Flat type in its urban layout.

Plate 8a

Blocks of flats

)
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Plate 8b:

(flat on the right)

flat, spatial organisation: medium floor of a prefabricated block

‘ . : - R Sy
e A II P ol —— e =)| ] 1 ! S N
- 0 ' ' S
LN U | ul{_ 1171 -
5] s 205 15 | 142% 15 330 15 300 15 300 st |15
: - Kitchen
‘ BUANDERIE BUANDERIEﬁ — 3
- : ! o
RN SECHOIR S-CHOIRP“ KBS ‘
Bedroom 1 =5 J’_ :i‘ﬁxlx i | ERRENE Bedroom 2 - Bedroom 4
S HE N A BEZ- e ms e PPty | —
a g CP 3
. .f{{(é S 00 _ ) 5 S
' 25 .0 es29iH T
; 5177 -40- 517 LM )
- QT - Bath
AN j":";a} — " roomi N
4 <t - .'.\ ','
\\ ACZHI WL R
‘t\\ - B i - - ,‘, - '\1' ‘.‘."’,. B R ~
1515133 220 . \961\\,151 90\ 4 S 71t 717 95~ o 707 190 r35.. 90" "] 1205 X ™
NS SN NN Teshulfprr]] it \' SRR EEEE Storage .
‘Storaqe 3 r _.‘ . ._\\\\ .' ;\\\ y N . | vy ; J ] %‘Q s \‘.\\\ . '~ N \:.\ '\. ‘.,‘ . N .'~ . . .o 8 P =) '0
rrorage A S o - Q L .= o X
’ N\ \l Corridor :| N\J \\/ ... Corridor L Y A - .-;m-
oo NN . T T . . eiel
N .\\\ \_ ] \\\\ R . N D C ..
rr . '9;0\‘\; :\ SO U 90 . . 225.
3 R .“-\\.1 | R 4 E [ N . L ‘. ) 0
- :\‘\ v un v "al
‘N 2| Staircase < - -
) —
(@]
m I
2 /)
15 140 20/| || R+t 140 15 330 15
' ] : o
Bedroem 2 Q Bedroom 1 ™ Bedroom 3 2
) ! o . m :
— = ]
. ~ R
Living room e T Iiving room o
: ‘ OE= & ’
(@]
- B [qV]
o N
K] +
’ ) ‘{;‘
T — Talcondl |
Y ~
— h' — 'rl _ ‘L]‘ — IIL—-———I
1 O‘ ' : ‘CEI -‘.C_)}
o
O




*saofasp DBujpeys yo soueaouby syz pue Buy)ool paemyno .w
S3T U3TM PasATeue 3B[3F 3y3 Dutmoys s3ery adXjojoad jyo >polq pajedtaqeysad e Jo apeoe3y :'D28 93ed

TR T { L_ﬁu . .._m_ TR = = Iy " ] wﬂ =0
Bl W HRERA EEree

=

o

=
=

=i
e
e s i

E’ '—
==

|
%;
=

hihdhy
hihiht




- 127 -

=L~———ﬁ;!SFE}C5T I0 NAF““;:I

2 .- =
164 0
e e e [_ T l - ﬁT T
B T T L O A R D o Y o v s ren e M T oo 3w ey w72 e .
2 S PRI T e, "‘“"‘“‘_.‘_ P Y T XY = @ :

)
30
I

o)
150

> .
& . %
T o —— ’—~
o 1
S & ;
i 8 ' __YH13 89
i ¢ = ' @ . ) i
T ! T X el
o .
o .
o < v ; 3
' . ' - .. .
& o
PR : & . .
—4‘;—- ‘- H —— 1.
o ° | )
@ b i o E
— & Lo |
] ! j
o) . - .
o a sl I
3 ' ol .
by ) 2
& B -
& - 5 ‘
- N - : P S | i
H . . |
3 : ‘ |
g N o .
(-] . 9
< - - 722\
‘ J
o c el - T
= 4‘{) — —
' :
[}
b : g : 8
N R
N a
. : i 1
i
8 i o
L} Q ; o
o f\
8 = o \ ¢4)5/
8 L]
A (3]
ol ﬁ s 8 o al
' 8
] o : 3
T g o
—— E: R
" &
[
d o : o
) n 0 0 m ,
T hasd j

' !
~ @ o) ) o < RE DAL e

o

i

148

(AN P . 17 ' .
Y 4 4 Y/ Y e 74074 VDK SANITA:MRE & v v

Plate 8c_: section in the prefabricated block of flats showing some
2 constructional details and ceiling height.



- 128 -
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Wall I
Density Thermal Specific Layer Number of layers = 4
Conduct. Heat cap. Thickness| No. Construction = 4
kg/m® V/m K J/kg K (mm)
Surface Resistances
Plaster 600 0.160 . 1000 0.013 Internal <,12> : 0.123
Concrete 2100 1.400 840 0.100 External <.06> : 0.055
Polystyrene 25 0.035 1400 0.010
Concrete 2100 1.400 840 0.075 Properties
u-value ¢ 1.493
Decrement factor : 0.400
Admittance value : 4.017
Surface Factor 0.5%4
Time Lag :- 7.777
Wall II
Density Thermal Specific Layer Number of layers = 2
Conduct. Heat cap. Thickness | No. Construction = 1
kg/m® V/m K J/kg K (mm)
Surface Resistances
Plaster 600 0.160 1000 0.013 Internal <.12> : 0.123
Concrete 2100 1.400 840 0.150 External <.06> : 0,055
Properties
u-value i 2.729
Decrement factor : 0,641
Admittance value : 3,786
Surface Factor : 0.559
Time Lag :- 3.384
Vall III
Density Thermal Specific Layer Number of layers = 6
Conduct. Heat cap. Thickness | No. Construction = 1
kg/m* V/m X J/kg K (mm)
Surface Resistances
Plaster 600 0,160 1000 0.013 Internal <.12> : 0,123
Concrete 2100 1.400 840 0.150 External <. 06> : 0.055
Plaster 600 0.160 1000 0.013
Air Space 1.2 0.140 1180 0.025 Properties
Plaster 600 0.160 1000 0.013 u-value : 1.339
Concrete 2100 1.400 840 0.055 Decrement factor : 0.279
Admittance value : 4,053
Surface Factor 0,531
Time Lag :- 11.747

Table 13a:

Thermal Characteristic of 5 walls in the flat




- 130 -

Vall IV
Density Thermal Specific  Layer Number of layers = 3
~Conduct., Heat cap. Thickness| ¥No. Construction = 1
kg/m= V/mK - J/kg K (mm)
Surface Resistances
Plaster 600 0.160 1000 0.013 Internal <.12> : 0,123
Concrete 2100 1,400 840 0.150 External <. 06) 0.090
Plaster 600 0.160 1000 0.013 .
Properties
u-value 2.072
Decrement factor : 0.433
Admittance value : 3.063
Surface Factor 0.542
Time Lag :- 5.761
Vall V
Density Thermal Specific  Layer Number of layers = 3
Conduct. Heat cap. Thickness | No. Construction = 1
kg/ ™ V/m K J/kg X (mm)
Surface Resistances
Plaster 600 0.160 1000 0.013 Internal <. 12> : 0.123
Concrete 2100 1.400 840 0.100 External <.06> : 0.090
Plaster 600 0,160 1000 0.013
Properties
u-value T 2.237
Decrement factor : 0.596
Admittance value : 3,847
Surface Factor 0.566
Time Lag :- 4,070

Fig 13b
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For calculation, two different mean internal

temperatures were taken for each model, an average of 18«=C

in zone I and 15*C in zone II. For Simplicity, air changes

are defined by recommended standards, The number of air

changes 1s taken 1.5 AC/hour in zone I and 1.7 AC/hour in
zone II which is the average of composite spaces, (bathroom
€ AC/hour, kitchen 3 AC/hour, hall and corridor 1.5 AC/hour,
bedroom 0.5 - 1 AC/hour). 1In the courtyard it was taken 1.6
AC/hour as there was no bathroom. Average 24 hours casual

heat gains generated by metabolic process, lighting and

applicances are assumed identical in both models:

zone I - metabolic 62 x N =62 x 5 = 310 Vatts
- lighting and appliances 55 Vatts

a total of 365 Vatts

zone 11 - metabolic 62 x N = 310 Vatts
- lighting and appliances 129 Vatts

— cooking (gas) 136 Vatts

— water heating (16 x 5 + 25) = 105 Vatts

a total of 680 WVatts
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4.3, Thermal performance
4.3.1 Comparative steady state appraisal

The comparison concerned a medium floor flat and the
ground floor of the courtyard house, both with approximately
the same useable floor area 100 m®, Since all traditional
houses were originally built for extended families they were
very large, and hence the decision to use one floor only for

comparative purposes,

A number of characteristics such as occupancy, casual
gains, rate of ventilation and mean internal temperature
were assumed *to be the same, so0 that the comparative
performance reflects the plan and construction
characteristics.

Analysis of both models adhered to the procedure
described in section 4.1. Table 14 and table 15 summarize
the specific heat loss calculation for each.

It has been noted that the respective zone I and zone
IT heat loss parameters infer different demand temperatures
in order +to achieve the same mean internal temperature\
values of 18%C and 15%C. If the same demand setting had

been chosen, for example 21*C for half house heated on a

whole daily cycle with a responsive heating system, we

arrive at the following mean temperatures using BREDEM<<~?

zone 1 zone I1I
Courtyard 19.6 16.4 =C)
Flat 19.2 14.5 =C)
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zone I, living room Effective area U value Heat loss
Construction description o ¥/ m2 =C W/=C
(1) wall - west 25,0 1,43 35,75
(2) wall - east 12.48 1.1 13.72
door - east 2.4 2.0 4,8
window — west 0.48 4,2 2.016
window — east 1.92 4,2 8.06
ceiling 18.04
Transmission loss AU = 68,12
Ventilation loss 0.33 x 1.5 x 46.9 = 23.2
Specific heat loss H = 91.32
heat loss parameter 81.32/18.04 = 5.06
zone II, rest of the house Effective area U value Heat loss
Construction description m= ¥/m= =C V/=C
(1> wall - north 11.48 1.1 12.62
(2 wall - west 12.48 1.1 13.72
(3) wall - south 14.56 1.1 16.01
(4) wall - south 7.36 1.43 10.52
(8) wall - north 0.96 4.2 4,03
door - north 2.4 2.0 4.8
window — west 1.92 4,2 8.06
door - 2.4 2.0 4.8
window - sputh 0.96 4,2 4,03
door - 2.4 2.0 4,8
window - south 0.48 4,2 2.016
ceiling 80.62 0.14 11,28
Transmission loss DA = 06,68
Ventilation loss 0,33 x 1.6 x 209,61 = 110.67
Specific heat loss He = 207.35
heat loss parameter 207.32/80.62 = 2.57
Specific heat loss He + He = 208,67
208.67/91,32 = 3.0

Vhole house heat loss parameter
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Casual gain zone I zone 11
metabolic (10 people) 310 310 V over 24 hours
water 105 = (16 x 5 + 25)
cooling {(gas> 136
appliances
lighting 35 129
Total casual gain 365 watis 680 watts
when shutters are used
U value window = 1,96 VW/m?=C, H=286.0 W/eC for zone I
AU = 62,37, H = 197.37 W/eC for zone II
when the windows are open
0.33nV = 331.74
zone 1 H= 412.98 W/=C
AU = 81.24
0,33n¥Y = 830.05
zone 11 H= ©51.5 W/=C
AU = 121,45
i 22 g o S L7
7 )
2 rest of the house
2 z
z &) g
‘ Hw 4
i o ; I
Z % i I g L)
4 & PR f ‘
: — {‘E_—j > 4 —
ig living room . 2.6 []I—-[] 2.95 m
i— — 4 —
section

éourtyard house:

Table 14: S

schematic representation

ummary of heat 1055 calculation in the

courtyard and house.
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H/floor area = 4.25

P

zone I, living room Effective area U value Heat loss
Construction description = V/m= =C W/eC
(1) external wall - west 8.64 1,49 12.87
(2) wall - south 2.75 2.73 7.57
(3) wall - northc¢i. 8,64 1,49 12,87
(4) wall - northez» 8.64 1,49 12.87

window — west 1.8 4.7 8.46

door - south 1.89 2.5 4,72
Transmission loss AU = 58.9
Ventilation loss 0.33 x 1.5 x 18,87 = 23.2
Specific heat loss H, = 82.1
heat loss parameter 82.1/17.36 = 4.73
zone II, rest of the floor Effective area U value Heat loss
Construction description m* W/m= =C W/eG
(1) wall - west 14,67 1.49 21.86
(2) wall - south 29,58 2.73 80.75
(3) wall - east 23.31 1.49 34,73
(4) wall - north 2.03 2.73 5.54
B) wall - east 5,51 2.07 11.4
(6) wall - west 3.89 2.24 8.71
(7Y wall - north 1.95 1,34 2.61

window - west 3.6 4.7 16.92

window —~ east 5.6 4,7 26.32

window — north 0.16 4.7 0.75

window - east 0,16 4.7 0.75

door - 1.89 2.5 4,72
Transmission loss ZAU = 219.26
L_Kizfilation loss 0.33 x 1.7 x 223 = 125.1
Specific heat loss Hz = 344.36
heat loss parameter 344,36/82.65 = 4.16
Specific heat loss Hi + H= = 426.36
Vhole house heat loss parameter = 4.25
Air temperature ti
heat loss parameter zone I zone II
18=C 15=C
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Casual gain zone I zone I1I

metabolic (10 people) . 310 310 V over 24 hours
wate? 105 = (16 x 5 + 25)
cooling (gas) 136

appliances

lighting 85 129

Total casual gain 365 watts 680 watts

when shutters are used

U value = 2.1 V/m?=C, ' H

77.36 ¥/=C for zomne I

AU

195. 05, H

320.15  W/°C for zone II

when the windows are open

(n = 19>, 0.33nV = 203,87
zone I H= 344.25 W/=C
AU = 50.38
0.33nV = 1,471.48
zone 11 H=1,647.28 W/=C
AU = 175.48
L[ G)
e
! 23] rest of the flat
' e .

Flat type = schematic representation

[t

Table 15: Heat loss calculation for the flat
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For a whole house heated on a twice daily cycle

zone I zone I1
Courtyard 18.4 16.7 =C>
Flat 17.7 15.6 =0

It 1is interesting that although the flat has a lower
heat 1loss parameter for zone I, +the influence of <the
bounding zone II, with a much lower heat loss parameter in
the case of the courtyard house, results in higher

temperatures for both zones.

Steady state monthly load calculations summarised in
table 16 and figs. 24, 24a, show that for +the climatic
conditions of Constantine, the main problem for buildings
lies with the cooling loads. Figures for both types clearly
illustrate +this statement. For example, for the coldest
month, January, the heating load was 36 kWh/day for the
courtyard house and 54.8 kWh/day for the flat. For the
hottest month, July, the cooling load was 166.5 kWh/day for
former and 246 kWh for the latter. Thus cooling is about
four and half times that of heating load. However these

figures are based on the optimum internal mean temperature

of 18=C and 15=C for heating. If we allow a maximum comfort

limit of 252C, +the load would be reduced to 68.16 kWh/day

and ©0 kVWh/day for the two models. Thus the ratio

decreases to just over one and half times that of the

heating 1load.
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heating/cooling Courtyard house Flat
loads Rate of heat load Rate of heat load
months output [W] [ kWh/month] output [W] { kWh/month]
January 1,499.86 1,115.89 2,283.93 1,700.0
March 775.0 576.6 934.22 6085.05
April 243,97 175,865 333.3 239.97
May -2,721.19 -2,024.56 -4,219.3 -3,139.16
with shutters -2,527.04 -1,880.1 -3507.75 -2,600.76
at i = 25=C -213.8 -159. 06 -192.25 -143.03
June -5,188.8 -3,736.6 -7,825.66 -5,634.47
with shutters -4,983.82 -3,588.3 -6,749.94 ~4,859, 95
at ti = 25=C -1,378.,97 -992, 85 -1,478.8 ~-1,064,73
July -6,9398.55 -5,163.02 -10,269.69 -7,640.64
with shutters -6,726.34 -5,004,3% -9,620.,47 -7,157.62
at ti = 25°C -2,840.0 -2,112.96 -2,703.83 -2,011.65
August -6,737.18 -5,012.46 -1,031.54 -7,675.5
with shutters -6,537.23 -4,863,69 -0,606.63 -7,147.33
at tiy = 25=C -2,615.28 -1,945.76 -3,529.4 -2,625.87
October -1,727.42 -1,285.2 -3,597.35 -2,676.42
with shutters -1,634.22 ~-1,215,85 -3,1398.26 -2,335.6
at ti = 25=C -78.9 -58.7 -75.93 -56.49
November 516.7 372,02 642.7 462,74
December 1,695.45 1,261.41
Table 16: Comparative steady-state heat output and monthly
heating/cooling loads.
for the

Being both related to the same outside temperature,

two extreme months,

the

(negative sign denotes a cooling load) to maintai

comfort level.

n the

the load in the flat is 52% higher than

courtyard house for the heating and 48% for the cooling

same
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kWh/day
A

100

50

7 months

months

~50

~100 |

-150

~200 |

L

~250 .
load in the flat (in both zones)

load in the courtyard house
(in both zones)

-

Fig 24:  Comparative steady-state monthly heating/cooling loads.
The cooling is more important for both types and the period

is longer i.e. about seven months.
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Fig 24a - Mean day monthly loads in the courtyard type, the use of shutters for
o
a 24 h cycle is not significant. For t;= 25C, the cooling load

approximates that of -heating.
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It is also found from the analysis that although as a
whole floor the courtyard house performs better, tables (17a
and 17b> appear to show that the load in the living room of
the flat 1is smaller than in that of the courtyard house,

This 1is perhaps misleading, since the values for zone 1II

include the: heat 1loss from zone I through dividing
partitions. We have already shown that starting with
identical demand temperatures, zone II influence gives a

higher internal temperature in the courtyard house living
room, However, the ccourtyard house living room does suffer
from its position in the house together with large wall
areas exposed to the street and courtyard. This
organisation may be inconvenient for the courtyard house
according +to modern life and functional specification of
spaces, where the 1living room is assumed to be the most
occupied space, requiring higher comfort temperature. In
the original courtyard house by contrast, multifunctionality
of spaces. together with daily and seasonal migration around
the house seeking economic comfort was very frequent.

On the other hand, in the flat its position gives 1t
the advantage of limited exposed area, the smallest
dimension being the most insulated wall, and sufficient
glazing area to benefit from solar radiation in winter.
Therefore the relocation of the living room in the
courtyard model, with the application of temperature

stratification would give better results for both summer and

winter,
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Courtyard | Living room: zone I at 18=C Rest of house: zone II at 15°C
LkWh] [ kWh]
January 14.39 21.59
March 8.82 8.77
April 2.27 3.58
with shutfers | t:=25°C with shutters |t:=25°C
B May -17.33 -15.46 -1.83 | -47.97 -45,18 -3.3
June . -37.71 -35.77 -11.82 | -86.83 -83, 84 -21.26
July -51,94 -49,93 -24,91 [-114,60 -111.5 -39.50
August -50.12 -48,27 -23.26 |-111.57 -108.61 -39.50
September - -41.45 -39.22 -1.89
October 0.39
November 6.18 | 6.22
Table 17a: Courtyard monthly heating/cooling loads.
Flat Li&ing room: zone I at 18%C Rest of house: zone II at 15°C
" [ kVhl [kVh]
January 11.41 43.38
March 5.72 16,69
April 2.21 5.78
with shutters | t:=25°C with shutters | t:=25=C
Moy -17.37 -14,07 -1.86 | -83.88 ~70.16 -2.74
June -34.75 -31.19 -8.96 |-153.05 | -130.8 -26.5
July -47.21 -43.37 -24,76 | -199.26 -187.52 -64.89
August ~46.18 -43,57 -21.35 | -201.4 -186.98 -63.35
October —12.22 -10.52 -1.32 | -74.11 -64,81 -0.499
November 4,32 11.09
L___¥December Q.g 35.78

Table 17b: Flat monthly heating/cooling loads.
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The analysis also shows that 'the difference in
performance betwen <the {wo models is more pronounced in
summer. This effect is mainly caused by shading conditions,
as all walls and windows in the.courtyard house were shaded
most of +the day, compared to the limitedb screening and
shading components 1in the case of the flat. It is
noteworthy that when external shutters were applied to the
24 hour steady state appraisal, no significant change in
energy load was obtained in either type. In reality, the
use of shutters in Algeria is a necessity in all housing
units, partly for privacy and secyrity, partly to reduce
solar penetration in summer and heat 1loss in winter.
However, | their use for +the whole day is neither
physiologioally nor psyohologiéally acceptable, since they
reduce daylight penetration, and can make summer internal

conditions more uncomfortable at night when +the outside

temperature drops. This is the main reason for the previous
results. Finally, when a maximum comfort temperature (25%%)
was allowed, +the cooling loads were approximately halved.
In practice, it is probable that people would not use air

conditioning +to reach the optimum comfort temperature of
18%C or 21<C in summer. Reference to chapt 3 shows that the

range of comfort temperatures lies between 16=C and 26<C for

climates such as Constantine's. Therefore economically

there is no incentive to heat up to the upper limit or cool

to the lower limit,

As far as the two types are concerned, it is clearly

shown in table 16 that the courtyard house performs better;
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the load in the flat is 52% higher‘in winter and 48% in
summer; although more favourable boundary conditions are

taken for the flat:

— The flat is situated in an intermediate floor and thus
only heat flow from external walls was considered 1in
calculation, assuming that the heat flow from floor and

ceiling are balanced by the adjacent flats.

- The example chosen has insulated walls which is often

not the case in this type of prefabricated building.

- In the courtyard house, the ground floor was selected.
‘It was assumed that only the ground floor was heated
.and ground floor losee; were set at zero, corresponding
+to the flat. However.heat flow through the ceiling was

included.

- No ’aocount of temperature stratification was taken in
the courtyard house as no complete monthly records were
available. Thus the courtyard house was related to the
meteorological outside temperature, which is the worst

possible condition.

This last aspect appears to be one of the key thermal

attributes of +the courtyard and thus merits  further

investigation.
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4.3.2 Temperature stratificdtion in the courtyard

Extensive theoretical work explores the thermal
behaviour of traditional courtyard houses, but very little
measured data 1s available especially in winter.

According to both Durham®®” and Fathi ¢’®?  during the
hot season the fluctuation of heat exchange between the sun,
ground and boundary surfaces is greater in hot climates than
elsewhere, The slight <cloud cover and the increased
transparency of air .allows maximum amount of solar

irradiation to be absorbed by unshaded surfaces during the

day, and be emitted during the night as longwave radiation
to the clear sky. In fact, the exposed surfaces undergo
‘;much larger changes Ehan the air above them. The highest

.temperatures during the day are found on unshaded ground,
and +the same surface becomes the coolest place during the

night. The air above it is then cooled in successive layers

upwards by convection. The lowest part remains the cooclest
until the rising sun raises the surface temperature and
reverses the process (fig 25).

The courtyard floor and earth beneath act as a combined
‘radiating and storage unit. The surrounding wallsishade it
‘and protect it from direct sunlight during most of the day,
but leave it open to the coldest part of the sky "zenith" at

night.
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night. (Zi '

radiation to clear-sky

Fig 25: Courtyard as a temperature regulator
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4,3.2.1 Measured data for winter

Since no reference was available concerning winter

temperatures, some records of temperatures in the courtyard
were taken 1in a three storey +traditional house in
Constantine for a week in January (see table 18). They show

that the average daily temperature at ground floor level is
slightly warmer than that on the roof of the second floor.
More significantly, the +temperature fluctuation is much
less pronounced on the ground floor, where the average

minimum is 10%C and average maximum 16.7<C,

t Ground floor 2 m Second floor (eaves) 10 m:
Days , minimum temp. max temp. ninimum temp. max temp.
=C =C) =C) (=C>
16th 10 16.5 5 19.5
17th 10 16.5 6 20
18th 10 .16.5 5 19.5
19th 10 17.5 6 20
20th 10 17 6 20
2lth 10 17 6 20
22th 10 16.5 5 19.5
Average 10 16.7 5.57 19.78
Average range 6.7 14.21
Kean 13,35 12.67

Table 18: Readings from 16 ~ 22nd January 1987 in a

T = ne.
courtyard house of "Swika" in Constantin
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Since horizontal surfaces at roof and ground floor

levels will have a similar radiant view of sky, it is the
configuration of courtyard well which, by limiting
convective exchanges and increasing longwave radiant
exchanges within a confined space, must account for the

marked differential between the two sets of readings.

4,3.2.2 Measured and theoretical data for summer

With respect to summer conditions, Warren<''® indicates

that the temperature gradient is more pronounced but acts in

the opposite direction, the ground floor becoming much
cooler than the upper floors. For example, in Baghdad he
states: N

"In summer +the courtyard acts as a vertical vent
through levels with a 20°C differential between the ground
floor and the roof". He adds that rooms opening North or

East are more preferred to those opening South and Vest:

"There being a 2%C to 3=C difference even between
basements on opposite sides of the courtyard, and the mass
construction offers such protection that the temperature in
whole

the ground floor may vary as little as 3=C during the

day". Figure (26) shows the temperature stratification in a

Baghdad courtyard house.
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50°C

35°C

35C

30°C ~ -

~

Fig:(26) Temperature stratification in a Baghdadi

courtyard house.

Source: J. Warren "Traditional houses in Baghdad".
However, it is probable that these temperatures would
be overestimated for Constantine conditions where the

mean maximum temperature during the hottest month does not
exceed 35.4<C. Moreover, these figures have taken into
account the cooling effect of both planting water and the
"wind catcher". The latter bhas a big effect but is not
used in a traditional Constantine house. Therefore

reference to other works concerning courtyard thermal effect

has been used as a guide to the Constantine model.

Work by Nour ¢’## in Egypt shows that the courtyard air

temperature is lower than the air on the roof during a
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period of 10 to 12 hours per day, and the differential
reaches a maximum of 4=C to 7<=C. This peak usually lasts
about 4 hours from 12.00 to 16.00 in July. It is worth
noting that the measured'temperatures take no account of any
cooling device - water, vegetation, etc. Thus these
features seem to be more appropriate for Constantine.
Another work, i1ncluding measurements earried out by
Al-Douri €722 in IRAQ supports that of Nour, in addition he
explained clearly the air velocity gradient in the courtyard
due +to the temperature differential or stack effect. The
conclusion is that there is a turbulent air movement at the
upper parts of the courtyard by which an increase and
decrease in temperature could take place. However, Al—Doufi
found ~“that +the lower part of the courtyard maintained a
lower air velocity particularly at the bottom where peopie
carry out their daily activities and have their rest. The
phenomenon of air tending to rise is well known. The reason
for the warm air rising is due to its lower density than
that of cold air, +the variation in air density being
directly proportional to the absolute temperature of the
air, Therefore the variation in air density produces &
convective flow of air. Hence, the turbulent air movement
is due to teméerature difference of air strata at different
levels of +the courtyard inducing a pressure differenée
between +the courtyard and the highest levels at which the

air stream maintains highest velocity. In the evenings,

there is generally less turbulence compared to the morning

hours, this is due to the absence of radiation and the low
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-y 34 FFforonce kot -
prassurs fiiisrsnce batween fop and bottom of the courtyard

as the heating effect is limited to the longwave radiation
from the surrounding surfaces, Here again trees and water
are suggested by Geiger<’#? and Koenigsberger <’s? to

substantiate the low wind velocity to the lower part and

turbulent wind in the upper parts of the courtyard,

especially for cooling purposes in summer.

4,3.2.3 Effect of winter and summer temperature

stratification in load reduction

The application of the nmeasured mean 24 hour
temperature gradients in January had a significant effect in
the reduction of heating loads as well as the rateiof .heat
~ioss through the structure. The load decreased fo 31.12

kWh/day from 36 kWh/day, i.e. 16% difference for only

0.67<C mean increase in the courtyard temperature.

With respect to summer, steady state analysis had
little influence on the results as the mean daily courtyard
temperature was close ﬁo the mean outside temperature.
However, +the saving was much more significant when only
parts of the day were considered, taking into aooognt the
dynamic effect for both summer and winter. Thus, let us now
move +to examine the capacitance influence on réspective

zones during different parts of the daily cycle.
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4,3.3 " Comparative dynamic appraisal

4,.3.3.1 Fabric effect

In nature, the wvariation of climatic conditions
produces & non steady state daily fluctuation in temperature
and radiant intensity. The architectural and physical
properties of the building envelope modify the maximum ~and
minimum internal air temperature, but also the time at which
they Dcéur. Vhile thin surfaces, such as glazing have very
little dynamic influence — the temperature profile inside a
greenhouse will closely follow the outside temperature -
heavy opaque boundary surfaces, delaying and damping
external fluctuations, will be relevant *o pﬁrticular
occupancy patterns during a 24 hour period.

In winter when external surface temperatufes are
lower than the heated interior, the heat capacity of the
envelope only smooths over the fluctuations, without
affecting +the direction of the thermal gradient. But in
summer, the external surface temperature may be above the
internal during the day and below during the night,
permitting heat flux in each direction.

To understand and compare the respective influence of
thermal diffusivity - ratio of conductivity to volumetric
heat capacity - characteristics of the opaque elements,

periods of occupancy Were assumed in each =zone in each

model, Zone 1 is occupied from 8.00 to mid night but the

number of occupants is different in two sub-periods. From

8.00 - 18.00 and 18.00 — 24.00. 7one 11 is occupied from
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2ly in winter and 21C for both zones
in summer.

Hourly values of air temperature and intensity of
incident radiation {(appendix A), served as input data for
the micro—computer programme "/A— T, The thermal model
gives the hourly heat flow for each multilayer
constructional element as well as the time 1lag, decrement
factor and the equivalent external temperature. The
analysis was undertaken for the two extreme months, January
and July.

(Fig. 27 and 28) and appendix D summarise the cyclical
thermal performance of the walls and show that for the
courtyard house, the massive walls give an :equivalent
external temperature close to the daily mean at all times of
the day with a time lag varying between 13 and 16 hours.
However big savings can be obtained during the period 10.00
and 22.00 where the average equivalent external temperature
is 26®C in July compared to 31<C for outside temperature.
It can also be seen that the temperature fluctuation is
negligible, as it is damped throughout the day by the
structure. Moreover for this time lag the maximum outside
temperature peak coincides with the trough of the minimum
equivalent temperature.

For the flat the average equivalent external
temperature is higher at 28®C. More signifioantly itg daily

profile follows the outside temperature fluctuation more

closely. The time lag varies between 4 hours for the
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Fig 27: 'I“hermal cyclic performance of walls in the courtyard

house in January and July.
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Fig 28: Cyclic thermal performance of walls in the flat

in January and July. (results of the computer programme)
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uninsulated wall and 8 hours for the insulated one.

It was found from the analysis that for the same
outside conditions the daily load in the flat was 38% higher
than the courtyard house in January, i.e. 30 kWh against
41.4 kWh (see Appendix D for results). When +temperature
gradient in the court was considered, the load dropped to 23
kWh or by approximately 30% enlarging its difference to the
flat to about 50%. It can be concluded that the effect of
heavy mass is very significant in the reduction of heating

load.

4,3.3.2 Ventilation effect

In July when windows were assumed open during the night
with an assumed 1 m/s wind velocity, ventilation rates were
calculated to provide 23 AC/h in zone I and 12 AC/h in =zone
IT in the courtyard house, and 19 AC/h and 20 AC/h in the
flat. It was then found that the daily cooling in the
courtyard model was 75 kWh against 99 kWh in the flat to
maintain 21=C in both zones. Vhen windows were supposed
closed at night, the cooling load in the courtyard house
dropped to 51 kWh compared to 58 kVh in the flat.

It is worth mnoting that an increase 1in ventilation

during the night in July increased the load in both models

since +the outside air temperature exceeds the internal

desired temperature of 21°C. Also the assumed value for wind

velocity is probably high in the case of the courtyard where

according to Al Douri a value between 0.3 - 0.6 m/s is more
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probable, However, although the air velocity in the court
is low, the night temperature at the bottom of the court is
higher than the top due to the radiation from the boundary
nass (see fig. 25, The +two night time courtyard
characteristics, lowering velocity but raising temperature,
thus appear to cancel in comparison to the open flat
situation. Nevertheless the courtyard may have beneficial
ventilation effect in early evening when cooler air from the
court can be introduced. If cooling devices were taken into
account, say the wuse of water and vegetation, night
temperatures in the court could be lowered below outside
temperature at roof level. Otherwise it appears that
ventilation would bring no relief for cooling loads.
ﬁowever, if we allow a maximum rather than optimum comfort
temperature, even with the previous conditions, ventilation
shows a potential for cooling in both models as the outside
temperature falls below 25<C during the night. This
scenario probably reflects realistic conditions where
internal air and surface temperatﬁres have risen well above
21*C say to 30®C during the day due to lack of cooling
facility.

Thus the load to maintain 25¢C in the courtyard house

dropped to 29 kWh, and when the shutters were also used for

the second period in the living room, the load falls to 26

kWh, Results also show that ventilation had a significant

effect in zone II where the load dropped from 32 kWVh to 2

kWh. But with very low differentials, large rates of air

change would be required, and the courtyard clearly offers a
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greater opportunity to maintain a reasonable differential
for longer periods during the daily cycle.

I+t can be concluded that a high thermal capacity
structure has a big advaﬁtage for the Constantine climate in
both summer and winter. But in the absence of natural
cooling devices this may be a problem. During summer nights
when outside temperature drops, the interior remains +oo
warm for comfort.

To overcome this problem, people in traditional houses
practice'a daily migration such as sleeping in the courtyard
or galleries. Other alternatives can be used such as
building the upper floor for bedrooms of lightweight
materials to increase heat losSes at night when the
temperature drops, so that they can bé used for sleeping.
This solution was sometimes used in Baghdadi traditional
houses and it could well work in Constantine provided care
is taken to insulate. It follows that the use of natural
cooling aids such as planting and water sources, which are
already used in the Constantine courtyard house, still offer
economic environmental cooling. Planting reduces air
temperatures by latent heat of evaporation as well as
shading. Then ventilation may be a very effective system
for cooling in this type of design, since without adequate

ventilation, heat gain cannot be removed at a rate to

prevent excessive heat building up. Another possible method

of both further cooling air and increasing rates  of
ventilation 4is the utilisation of "wind catchers" which are

very appropriate to courtyard house form and are used 1in
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Example of a wind catcher used in a Baghdadi cou;tyard house.

Where the basement walls of the shaft are
daap, the air travelling down through damp
walls is cooled evaporatively by vaporizing
water on the walls,

The air coming down through the wind-catcher

is cooled evaporatively by passing over the

A porous eartherware pot full of water

causes the air coming down through the
0l of water before being discharged into the shaft to be cooled evaporatively.

Fig. 30: Function of "wind catcher" and its various techniques.

- Sodgar: Behzad ‘"passiveisolar designs:. an approsch to energy
conservation in hot dry climates with special reference to IRAN.
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Fig 30a: Beneficial effect of "wind catcher" in a courtyard house.

Source: Al Douri, "Building materials and thermal behaviour in
hot dry climates with particular reference to IrRAQ™,
Ph.D theses, Newcastle University, 1985.

The figure shows the cool air circulation between the basement and the
top rooms in the courtyard house using a wind catcher and chimney duct
principles. On the right, the sophisticated window enhancing the
evaporative cooling (uéing an earth pot in the top part of the wind
catcher).
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housing 1in hot regions. Reference to many works in Iragq,

Iran, Egypt show their high effectiveness their technique is

clearly shown in (Figs. 30, 30a).
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Chapter s

ARCHITECTURAL iMPLICATIONS

Building design embraces a large number of parameters
that affect the thermal behaviour of the building. These
parameters ‘ include the climatological ones (already
discussed 1in - chapter 2) and the design variables. Vhile
‘climatological parameters are environmental variables
outside human control, the second category are under the
control of architects. These include orientation, the
exposed surface area of the outer envelope, window size and
shading devices, building shape and finally the
thermo-physical properties of the building envelope.

The thermal analysis has shown that the courtyard house
performs mofe favourably both in terms of heating and
cooling loads. Having identified certain thermal behaviour
characteristics related to particular parameters it is worth

attempting to define the gemneral architectural implications.

5.1 Layout in an urban context

As the house cannot be considered 1in isolation but

rather integrated within a whole city or town structure,

this aspect should be given special attention as related to

energy. Thus, the objective of planning controls may be on

the one hand to ensure a certain amount of solar radiation

On appropriate surfaées, but on the other to protect from

unwanted radiation. Positive energy conscious planning can
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create comfortable microclimate conditions around the house.
but the requirements are different for each climatic

condition.

In cold climates the town structure is organised in
such a way that buildings are grouped. The spacing is very
important. In Britain 20 - 23 m is suggested between two
storey terraced houses©7??,

In hot climates, by contrast, the aim is to reduce the
solar heat gain. Compact planning and narrow streets
provide shade and reduce exposed area. In a composite
climate such as in Constantine, a compromise must be found
tolsuit both the cold and hot seasons. The traditonal type
Of: layout was compact and resulted in houses with inner
courtyards accessed via narrow streets (see plate 3a). This
outcome gives a better chance for buildings to protect each
Dtﬁer from outside heat and cold, The width of the straets
is such that even with high altitude sun angle which occurs
at noon in mid sunner, little direct sun strikes the
facades. Thus even the streets are designed to create =a
comfortable microclimate and function in the same way as the

courtyard, to regulate the temperature. Thus from the energy

pDint of view, this planning is very efficient. However,

one disadvantage is the difficulty of providing the

i dequate
necessary access infrastructure needed today for adeqg

servicing and safety.

Unfortunately the modern layout takes no account of

eﬁviroﬁmental factors. Isolated flat blocks are arbitrarily

mum area exposed to the putside, thus

Placed leaving a maxi



- 165 -

increasing rates of heat loss and gain. Also straight, wide
asphalt covered streets surround the buildings, worsening
discomfort in summer as a result of ground reflected
radiation (see plate 6),

Figure 31 shows the proposed urban setting in a modern
context. It can be seen that with small 2-3 storey
courtyard units, we can reach a very compact mass, and
equally provide +the necessary facilities as well as high
density. It is worth mentioning here work done by
Settouane ¥ showing that the courtyard house unit is
competitive +to flats in terms of density and 1land use,
although one of the reasons for the implementation of +the

latter was land use efficiency. -

5.2 Building shape and orientation

The form of the house can be adjusted to take advantage
of the beneficial aspect of the climate and reduce the
impact of unfavourable aspects. Assuming orthogonal
geometry, a compact building shape as close to a cube as
possible is the ideal solution in terms of energy efficiency
(Markus <=7, 1980, Donalts<<?, 1083). From a purely thermal

argument, the ideal situation would be an underground cave,

Figure 32 indicates the seasonal temperature fluctuation

at different depths in an area where the outside temperature

swings as much as 22°C annually. The temperature of the

soil is virtually constant at a depth of 8 metres 1in open

ground. However, there are obvious difficulties of

convenience, economy, lighting and ventilation. Assuming
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Fig 31: Proposed urban setting: groupment of housing units

(schematic representation).
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then the case of buildings above ground, but without
openings, the best solution is the hemisphere, +the cube or

at least a square house plan.
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Fig 32: Annual temperature fluctuation of the ground

Source: Ekistics No. 307, July/August 1984.

The volume of a house will influence its thermal
capacity, i.e., its ability to store heat, while the exposed

surface area will be related to the rate at which the

house gains or loses heat. Therefore the ratio of volume to

surface area is an important indicator of the speed at which

the house will heat up or cool down. Evans 5°  indicates

that when the temperature range is high, a high volume to

surface ratio is preferable. The room height has also an

effect, The 1living conditions fix the minimum height to

2.2 m This condition is not critical in the presence of

and thermal conmfort, and would Dbe

adequate ventilation
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economic in building materials,

The objective then is to optimise the building shape so
that the fabric heat transfer will compromise according to
the climate, thus emphasising the regional character.

As far as the two models are concerned, the courtyard
house 1is seen to answer more effectively the requirements,
as 1t 1is nearly a cube with reduced exposed surface area.
However, the most significant feature of this shape is the
courtyard concept and its role as a light well and air shaft
with beneficial temperature stratification. The provision
of trees and water will also help in evaporative cooling of
the air in summer. Its geometry 1is partly determined
according to the latitude to maintain shade to all rooms in
summer and receive solar penetration to some rooms in other
seasons, the courtyard being higher than its width. This
inward-looking plan was also the solution to compact
planning. Work by Mohsen<S” in his theoretical study, found
that a square courtyard of varying dimensions yields the
least change in irradiation caused by change in orientation,
and courtyard forms with a lower ratio of perimeter tfo
height are the least affected. Work by Sadha<”? based on

Arumi's computer programme showed that the orientation is

not important for a courtyard form at latitudes 30= to 40=

and that multiple small courtyards are better than few large

ones. Evans also shows that the courtyard form generates

the lowest room depths (figure 33>, an important feature

where good internal air flow is required. The flat permits

cross ventilation, but not for individual rooms, and the
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P Proportions of different building forms (all building forms
have the same volume and Jloor area)

Situation Surface  West South Building

( ; area wall wall depth
{a) Detached 230 30 60 3
Centre ’
terrace 170 — 60 5
'(b) Detached 249 13 60 5
Centre .
terrace 219 — 60 5
(c) Detached 219 30 30 10
Centre
. attached  '159 = — 30 10
(d) . Detached 287 46-8 46-5 3 approx
Centre
terrace 222 - 138 465 7 approx
Duwellings -
adjoining
on 3 sides 188 13-8 13-8 10 approx
(e) Detached 274 48 39 7 approx
Centre
terrace 193 15 39 7 approx
(f) Detached 216 42 42 7
Centre
terrace ‘132 — 42 7
(g) Detached 250 37-5 37-5 57
Centre
terrace 7 212 22-3 375 6 approx
. Ducellings '
. adjoining
on 3 sides C190 22-5 22:5 7 approx

Fig 33: The courtyard form gives the
- lowest room depth (d), an
important feature where air
flow is required.

Souree: Evans, M., "Housing, Climate
and Comfort", -1980.
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rectangular shape exposing three facades gives a high rate
of heat fransfer promoting discomfort from both heat and

cold.

5.2.1 W¥ith respect to solar radiation

For modern building forms orientation has a substantial
influence on the end use of energy consumption of buildings.
This is governed on the one hand by the amount of radiation
incident on the building envelope, on the other hand by the
local wind pattern as it affects ventilation and
infiltration rates.

For comfort +the optimum orientation 1is when solar
radiation is at itstmaximum during cold season and at a
minimum during overheated period. Solar radiation plays a
dominant role in affecting the indoor micro-climate either
by entering directly through windows or conducted through
the fabric, the former normally being the dominant
influence. Many attempts have been tried to determine the

optimum orientation. Olgyay<®’, concluded that orientation

eastwards from south gives a better performance and a more

equal heat distribution. He promoted the use of sol-air

temperature, since air temperature is lower in the morning

and higher in the aftermnoon.

Buchberg <®> studied the effect of orientation and

solar radiation of a building situated at 36.4<N, taking the

basic square plan and changing width to length ratios. He

concluded +that buildings with the same orientation, but
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between 1 - 1.5 %o 1 - 2.5 width to length ratio is the most
favourable to minimize solar collection in summer and
maximize 1t in winter, In all cases the roof absorbs the
highest amount. For Constantine, referring back to chapter
2 and according to Mazria <’°?, for latitude 36%N, it can be
concluded that . a building elongated on an east-west axis

exposes the larger south side fo maximize heat gain in

winter, while minimizing it in summer <(figure 347,

YEARLY TOTAL pApI\TiON

CHARTED ACCORDING To

OVERHEATED AND

UNCERHEATED }PERIODS rATeRaL

¢€oOL REGION
(MINNEAPOLIS, MIN.)

45°N

TEMPERATE REGION
{ 4w YORK-NEW JERSEY AKEA)

150
1y orTean

yar

HOT-ARID REGION
{ PHOENIX, ARIZ.)

=26°N

Fig 34: Regional orientation chart

Source: V Olgyay, "Design with Climate", this Sthftf:r
. . i i jorth—-South is etter.

bout 36N orientation hi ;
;Oagver the optimum ocan be reached with slight

deviation of 25° S.E.
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Moreover, he ;ndioates that for all latitudes 32« to 56+N,
the south vertical receives nearly three +times as much
radiation in winter than East or Vest,. During summer, the
situation is reversed. However, +the amount of elongation
depends on climate, In Constantine, a more compact building
form 1is required. The significance 6f orientation also
depends greatly on the external colour of the envelope, size
of windows and shading devices as well as the thermophysical
properties of the fabric. In climates such as Constantine,
when surfaces are whitewashed and windows are small,
orientation is of little significance. But when windows are

larger, north-south windows are prefered to east-west ones.

5.2.2 ¥ith respect to wind

Wind velocity increases with height above the ground
and the difference in pressure between inside and outside

will cause air to flow into the building through openings or

cracks, generating either heat loss or heat gain (figure
35), Thus wind effect may be used to produce natural
ventilation for cooling purposes. For architectural
practices, the best orientation of openings to give

optimum conditions is normally assumed to be that facing the

prevailing wind but Givoni €?’?? found that in some cases

better ventilation can be achieved when the wind is oblique

to the inlet opening. When the wind is at 45 to the inlet,

air takes up a turbulent circling motion in the room,

increasing flow along the side walls, and in the corners,.
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However, when the two windows are located in adjacent walls,
better ventilation is obtained with wind perpendicular to
the inlet, <than the oblique <(table 19). Landsberg <?=>~
indicates that with cross ventilation, +the air flow through
the house is about 30% of the outside wind velocity. In
rooms with only a single window and closed door, air flow

will be only 10% of the outside wind velocity.

Suction

/

!

e | Pressure Suction Direction

Wind ) ofwind "
\J":ﬁ—o—"’/

Plan Plan : Rectangular building

Plan : Rectanguler bullding
Wind scting on cormar

Suction

Direction

Direction c
of wind

of wind

Plan : L-shaped building

{a) Wind on face A {b) Windon lxeB

Fig 35: VWind pressure and suction around buildings

Source: T.A. Markus and E.N, Morris, "Byilding, Climate

and Energy".
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EFFECT OF WINDOV LOCATION AND VIND DIRECTION ON AVERAGE
AIR VELOCITIES (PER CENT OF EXTERNAL VELOCITY)

Windows V¥indows

Inlet Outlet in opposite walls in adjacent walls
width width

Wind Wind Vind Wind

perpend | oblique perpend oblique
1/3 1/3 35 42 45 37
1/3 2/3 39 40 39 40
2/3 1/3 34 43 51 36
2/3 2/3 37 51 : - —=
1/3 3/3 44 44 51 45
3/3 1/3 32 41 50 37
2/3 3/3 35 59 -= -
3/3 2/3 36 62 - -
3/3 3/3 47 65 - -

Table 19 Effect of window location and wind direction on
average air velocities.

~

Source: B, Givoni "Man, Climate and Architecture",

The influence of window size depends to a great extent
on whether the room is cross ventilated or not. If the room
is cross ventilated, the increase in the size of openings
has a significant effect when both inlet and outlet are

increased simultaneously. But the air speed is not

proportional to +the window size. Givoni found from

1aboratory experiments that the combination of a small inlet

and large outlet produces the largest air velocity. In

rooms where windows are only on one side, the size will

have 1little effect on internal velocity. But when wind is

oblique, +there is appreciable effect when window size is

increased. This is due to the pressure variation along the

width of the wall, where air can enter fhrough one part of

the window and leave through the other.
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In rooms with one external wall, it is possible to

provide two lateral windows at the upwind and downwind
sides to improve the ventilation conditions. But +the
velocity is still moderate. High velocities were found by
Givoni *to occur in rooms with two windows and a vertical
projection between them. By this me%ns, artificial high and
low pressure zones are created inducing air movement. The
indoor air flow is also influenced by shading devices and
Vegetatioﬁ, obstruction (figure 36). Finally, it is
noteworthy that air flow is not only due to the dynamic wind

effect ©but can be generated by stack-effect resulting from

temperature difference between inside and outside.

2 ; AN | S O

_ B ) f/ /Q/ :F‘} //"—‘N{F:D \\\__/_
pm—— . 1
. C P

Parapet wall

RV
Venetian blind
R
S g
il Wy,
ﬂx
/ 1

L)

AY
\
s
300 mm: louvres
368
“{} _\\U

T~ R g
. 41\\---——.,,_.-”['3 UOWI [ o /[ up 1“__’4-
Plan
Fig 26: Some effect of air flow through openings.
Source: Koenigsberger et al.

(narrower arrow stream indicates increase

in velocity)
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In continental, Mediterranean climates, and during the
summer season when night air ftemperatures drop below
internal ones, air movement within the building can

substantially reduce the cooling loads and increase thermal

comfort conditons, thus emphasising the importance of cross-—

DD

ventilation. It can be added +that in housing where
daylighting is not of prime importance, as in some public
buildings, windows should be closed during the daytime

unless incoming air can be economically cooled such as in
the use of "wind catcher", water and vegetation.

Concerning the two models, the main facade was oriented
due west, This, as we have seen, constitutes the worst
orientation from either wind or solar radiation point of

view, as western winds are more dominant in winter and solar

radiation is at its maximum intensity in summer,
Neverthless, in the courtyard house type other techniques
were used, namely shading devices and stack-effect

ventilation as well as wind breaks resulting from the
surroundings. However, for the isolated flat, larger

glazing area together with minimum shading devices have been

worsened by this orientation. It can be seen that although

the provision of adequate ventilation is not an easy task,

many options are open to the designers. On the othgr hand,

other climatic design techniques, such as sun control and

orientation, can help to impede air movement. Overall 1in

o .  td e
Constantine the provision of air movement within th

building at night is as important as sun control during the

day.
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Figure 37 illustrates how traditional principles may be
integrated in modern housing programmes to provide more
energy efficient units by optimizing the shape and the
design of the envelope. This type of units also provides
the possibility of using wind catchers for a group of houses
to facilitate cross ventilation and provide evaporative
cooling., Dimensioning of units is based on the Algerian
standard for different habitable spaces, considered as
minimum allowable and used for the design of flats (see

table in appendix E),.

5.3 The envelope approach

The building envelope separates the indoor space from

the external environment, modifying the direct impact of
climatic elements. The envelope can usefully be classified
into two headings: opaque (fabric) and transparent (glass).

The quantitative effect of the envelope as a climatic
modifier depends on the thermophysical properties of
individual materials and the relationship between adjacent
layers (section 4.3). According to Evans©’®?, an external

envelope of high thermal capacity damps the temperature

variation at internal surfaces to only about 15 to 20% of
the external sol—-air temperature. This decrease in
temperature is associated with the time lag advantage. He

suggested that the time lag should be between 8 — 16 hours.

If it is very large, saY, 20 - 30 hours, the equivalent

external profile will become very flat, approximating the

mean outside temperature. The advantage of "te" troughs
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occuring at particular +times relating to occupancy may
therefore be missed. Reference to temperature <(fto — Tt
profiles of the courtyard house (section 4.3) shows the
importance of a large time lag in damping the temperature
fluctuations. This enhances the underground cave principle
where the earth temperature is nearly constant (see figure
32>, On the other hand, i1f temperatures are cool at night,
the heat stored in the heavy structure may be reduced by
ventilation. Evans also stated that a U value of 2.0 W/ m¥K
can generally Dbe considered a good value of insulation
except for cold climates. However, results of the analysis
show +that even a U value of 1.43 W/ m™K gives a very large
load in the case of Constantine.

From the thermal performance point o% view, glazed

windows are the weakest links in the chain of enclosing

elements. However, it is a unique building element which
performs three distinct functions: it admits daylight,
providés visual 1links and permits ventilation in a
controllable way. The amount of direct solar radiation

passing through the glass is affected by +the angle of

incidence and optical properties of glass. The latter
depends upon its thickness and composition. In fact, when
the angle exoéeds 30, the transmission begins to decrease,
the fall off becoming very rapid after 60<. The thermal

effect of windows depends mainly on their size and shading

conditions which are generally used to reduce the solar load

on glass surfaces.
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Intarnal blinds and curtains intercapt the solar ensrgy
inside the building. Some of this absorbed pertion is
convected and irradiated into the space, but half of +the

reflected portion is trapped by the ‘“greenhouse" effect.
Consequently, the space between the flass and shading device
is overheated and may cause discomfort. Hence, internal
devices are not very effective, but are used in Constantine
for privacy.

External shading devices are more efficient as they can
obstruct the passage of direct solar rays through the glass.
The extent of shading is determined by solar geometry.
Horizontal devices block out light from above, and thus are
more efficient when the sun is at a high angle,. If we use
the sun-path diagram for latitude 36N, (see appendix B), the
sun in midday summer is respectively at altitudes 77* naormal
to south, 42+ east and west, Thus horizontal devices are
effective for the south facades and vertical devices are
generally most effective for esast and west. Also vertical
Screening can provide a better distribution of air movement

inside the room with openings on one wall only.

The combination of both devices 1is an efficient
solution for many orientations depending upon detail
dimensions, as they exclude more radiation <(figure 38),
However, +their use is more effective in regions where hot
conditions prevail all the year. In Constantine where solar
radiation is needed in winter, they will not be so

effective, besides other disadvantages such as limiting view

and trapping hot air. Therefore attention has to be paid to
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The overhang function of excluding solar
rays in summer and allowing them in winter.

Horizontal overhang efficient towards
southern exposure. Shadow mask is
segmented.

Vertical fins efficient in intercepting
low sun from west.

Vertical fins efficient in intercepting
vest solar radiation but little from
east shadow mask 1s assymetrical.

Combined horizontal and vertical.
Shadow mask is a superimposed of the
two masks.

Fig 38: Examples of sun control devices.
Source: Olgyay "Design with climate".
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the design of these devices as their inefficient use can
have adverse consequences. For example, it can be argued
that shading devices should be made of lightweight
materials to avoid heat storage and its dissipation at
night, and 1light colours are also preferred for their
reflectivity, Outward sloping surfaces are most suitable
since neither direct nor much diffuse radiation <can reach
the facades,

When windows are opened, even though shaded, the
increase 1in their size may elevate the internal temperature
caused by higher ventilation and infiltration rate. WVhen
closed and shaded, conducted exchanges will still be
thermally significant. The solution to this problem clearly
lies with moveable devices, i.e;, shutters which wé}e
considered in the thermal analysis.

In Constantine, the main problem for buildings is the
summer heat, with strong solar radiation and bhigh daily
temperature range. The cobjective is to enable as much as
10*C din indoor temperature below that of the outdoor mean
maximum in summer, and allow effective cooling ventilation
at night. These objectives can be attained by the choice of
high thermal capacity and appropriate design features so
that the heat operating on it and the rate of heating during
the day is minimal, and much higher cooling during the
evening is possible. Large openings are not desirable in
housing where high levels of daylighting are not
specifically required since they provide 1little thermal

resistance to heat flow even if they are well shaded. On
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the other hand, good ventilation can be achieved even with
small windows, provided they are placed in the right
position.

In the description of models and thermal‘analysis, we

can say that in the courtyard house type, attention was
given +to the heat capacity and insulation. The wuse of
massive walls provide a time lag around 16 hours,

significantly diffusing +the thermal impact to the ihside;
In winter, +the heat transfer is very slow and the thermal
effect of +the courtyard is very important in keeping
reasonable comfort. The effect of insulation on modern
materials is also significant in temperature fluctuations

(figure 39).

Temp. Temp.
Outside Inside 21°C Outside 21°C Air t i i
25 . i femp. Qutside 21°C Air tem
-1° ~—-T] air tem 25 _yoc . + o P.
I1°Cc : P 1°c EEEE‘ ZSF-,C B
20 ’ g 20 1 - /‘L °
T ) 6oc L 4°C 20 ' 2°C
- ¥ L —
15 15 [ ] 15~
L — 7
¢ 10} 7] “c 10 - wc 10k —f—
l‘L ]
S5p — -
. E e : :
T - P |
of or- i _
- . " —/: - Design _9 — :.‘:‘
| - J U
L B Lo 85
‘a) Scl::i: dlouble brick (b) Cg;frjtylbr:ck ‘ (c) Brick, 13mm polystyrene
v poslerz wi |5p as efz . ) Il?m w1 concrete and
U=2:1 W/m°*C , U=z1-5 W/m®C plaster
Q=44 w/m? Q =31-5 w/m? U =07 W/mRe¢
Q =14-7 W/m?
Fig 39: Effect of insulation on walls: air temperature
differences. : .

Source: Brundrett, p. 242,
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Openings are mostly small.in size and few in number
except those giving on to the courtyard. These are of
reasonable size to ensure light and ventilation, and they
are mostly shaded by colonades and galleries besides the use
of shutters. In some houses “Musharabya" are used to provide
ventilation and shading for the inside as well as for the
outside streets. The distribution of glazing ratio with
respect to different orientation is also important. Such a
disposition is climatically favourable in both winter and

summer.

However, the roof is the most critical element in the

whole building since it is exposed all day to both heat and

cold, and receives aﬁbut 3 times more incident radiation
than vertical facades, In +traditional houses, heavy,
insulated roofs are also used. It can be advanced that the

utilisation of a double roof with ventilated roof space is
one effective method of protection from solar radiation, but
might be an expensive solution. Another alternative is the

use of high reflective light coloured materials, together

with insulation and capacitance. Yet another solution would
be the use of a “"roof pond" (figure 40), as a means of
cooling and heating. However, +this may be economically

Qnsuitable as 1t requires structural attention and water

usage.
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Fig. 40: Roof pond principles for heating and cooling.

Source: Redrawn from “"solar home book", Bruce Anderson.

Traditional materials give a high thermal performance,
but they are no longer used for reasons of strength,
maintenance and aesthetic problems. Fig 41 shows the
combination of modern local materials and the integration of
insulation in order to reach a high thermal capacitance for
the ground floor (most occupied space) and a rather high
resistance in the upper floor (generally occupied during the
night for sleeping). It can be seen that we can readily
improve thermal properties as we reached a lower "U" value

and a similar time lag to the traditional example analysed,

movable Insulatin
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Proposed walls construction for future housing

1 - Ground floor walls (high thermal capacity and high thermal resistance)

plaster 5 mm
mortar 15 mm

brick (8 holes)
106 mm

brick (12 holes)

\ 150 mm
: AN “ﬁ§§ mortar 15 mm
ANNEN
(1) \ \’
31.2 cam
a) insulated brick wall
f\\\\::: plaster 5 mm
E§\\\§\§Q é mortar'15 mm
: \
tside | N brick (8 holes)

~

106 mm
3 ~air gap 50 mm

brick (12 holes)

150 mm
mortar 15 mm

AN

./ T

N

Fig 41:

33.7 em

b) brick cavity wall

and resistance. The thermal

polystyrene 25 mm

T TITRL]

outside

polystyrene

/;

N 5\\\\\\’

10 mm n

(2)

2 - Upper'floor walls

9

plaster 5 mm

mortar 10 mm
brick (3 h)

65 mm
polystyrene

XAk KT

10 mm
brick (3 h)

4
g
)
)
)
V]
/
%
)

L L L

‘65 mm
‘mortar 10 mm

A/// ,/ L

Y

-16:§.cm

c) upper floor wall (thermal
resistance is more important than

thermal capacity)

the

proposed

The combination of modern materials results in a good thermal capacity
characteristics of

construction provide a U-value of 0.6-1.14 and a time lag of 7-17

walls
hours.

Thus if compared to both models analysed, (see tables 12 and 13), the new

solution
reduction in heating and cooling loads.

materials will enhance the courtyard form an

mal performance.
Consequently the modern building
d add their beneficial effect

would provide a far better ther

to resch a more energy efficient housing units.

Physical and thermal charact

Hence a

more

eristics of proposed walls construction.

brick.

Number of layers = 6
¥o. Construction

"
<

Surface Resistances

Internal 4.12> 0.123
External <.065 0,090
Properties
u-value ¢ 0
Decrement factor : 0
Admittance Factor: ¢
Surface Factor 0

Time Lag Out/In 18.
Time Lag In/Out 21.

.587
.202
. 034
618

See appendix F for thermal characteristics of hollow

Wall a(l) o
Density Thermal Spacific  Layer

‘Conduct. Heat cap. Thickness

<g/m> V/im K J/kg K {mur)

Plaster 600 0.160 1000 0.005

Mortar 2130 1.400 245 0.015

Hollow 922.18 0.378 1080.16 0.106

Brick (& h)

Polystyrene 25 0.033 380 0.025

Hollow 862.82  0.375 1086.59 0.150

Brick (12 h)

NMortar 2130 1.400 045 0.015

* h = holes

Wall a(2)

When we use only 10 mm of polystyrene in wall a(l), we get the following

thermal characteristics

u-value = 0.801 W/ mK Time Lag Out/In = 14.361 Hours
Decrement Factor = 0,244 , Time Lag In/Out = 16,142 Hours
Wall b
Density Thermal  Specific  Layer Yumber of layers = 6
Conduct. Heat cap. Thickness |Mo. Comstruction = 0
ig / T W K J/kg X ()
Surface Resistances
Plaster 600 0.160 1000 0.005 Internal <.127 0.123
Mortar 2130 1.400 245 0.01% External <.067 0.090
Hollaow 922.18  0.373 1080.16 0,106
Brick (8 I Properties
Air Gap 1.2 0.280 1180 0,050 u-value ¢ 0.889
Hollow 862.82  0.375 10856,59 0.150 Decremant factor : 0.264
Brick (12 h) Admittance Factcr: 3.894
Mortar 2130 1.400 945 0.015 Surface Factor 0,625
#+ h = holes Time Lag Out/In 13,091
Time Lag In/Out 14.585
Wall ¢
Density Thermal Specific  Layer Number of layers = 6
' Conduct., Heat cap. Thickness |No. Construction = 0
kg/m* ¥/mK J/kg K (mm)
Surface Resistances
Plaster 600 0.160 1000 N.005 Internal <.12> 0.123
Hortar 2130 1.400 245 0,010 External <.067 : 0,090
liollow 1076.88 0.416 1061.03 0.065
Brick (3 h Properties
Polystyrene 25 0.033 1380 0.010 u-value : 1.14%
Hollow 1076.88 0,416 1061.03 0.055 Decrement factor :  0.57%
Erick <3 h) Admittance Factor: 3.?75
Mortar 2130 1,400 245 0.010 Surface Factor 0.662
= = Time Lag Out/In 6.9210
* h = holes Time Laz In/Out 7.663

1f we use 25 mm of polystyrene in Wall <,
the u-value drops £o 0.75 W/ m* K.
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CONCLUSION
Passive solar energy in architecture may be considered
as displacing rather than replacing the auxiliary energy
used for heating and cooling. The fundamental problem which
is always highlighted is the adaptation of the building to
its environment enabling +the creation of a comfortable
artificial microclimate.

The study investigates the +thermal performance of
modern and traditional housing types in the context of the
Constantine climate. It has been demonstrated that the
latter is not only more energy efficient, but also
economically compatible with modern standards and still the
socially and culturally preferred model. It is important
to remember that our context is one of shortage, within
which no waste is affordable; but implementation by means of
prefabricated systems appear less affordable costed in terms
of environmental and social consequences.  The work is an
attempt +to draw the attention of those concerned with the
shaping of our environment, to the necessity of economically
exploiting our ambient and physical resources. Thus, this

contribution should be seen as a start, a claim for change

and improvement, rather than historical conservation or

simply a critical approach to particular housing forms.

The conclusions may be summarised under three
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Energy performance, plan and Construection:

The foregoing  study shows that the
traditional courtyard house outperforms the modern
flat, having  both lower heating and cooling loads.
The relatively poor performance of +he new type
reflects the small volume to surface ratio, higher U
values, the relatively large glazed area and lack of
shading provision. The courtyard configuration
inately rectifies each of these shortcomings.

Shape: In Constantine, an important objective
in the choice of the urban and house form is
to reduce the external exposed surfaces +to
minimise heat transfer through the Dbuilding
envelope. Streets and courtyard proportions
are also importané, providing shade to
perimeter surfaces in summer and promoting a
warmer micro-climate in winter. VWith respect
+to the former, heat transmission through a
shaded wall has been predicted to be less
than half that of an unshaded wall.
Courtyards are also prominent features,
effective in resolving the problem of
orientation and inducing air inside as a
'result of wind and stack-effect, as well as
cross ventilation in some individual rooms.

Temperature stratification in the courtyard

iz also beneficial in both summer and winter.

Areas of vegetation will be advantageous 1in



absorbing radiation and promotin

cooling and shading,
Orientation: The courtyard configuration renders

orientation less critical, whereas

North/South orientation is essential for the

flatted type. This offers much greater
planning flexibility without compromising
energy requirements, Since ventilation is

largely stack induced, again orientation can
vary; but planning streets in & North-South
or a North Vest-South-East axis certainly
allows seasonal Northern winds to flow deeply
inside the urban area. Ventilation and air
movement are a very effective means of
:satisfying the main requirements of thermal
comfort and structural cooling.

Envelope -~ Opaque/transparent: Glazing area
largely controls the internal temperature and
thus should be minimized. Windows are not
advisable on the west orientation, but if
unavoidable, it is important that appropriate
shading devices are provided to mitigate the

stress. Moreover, the need for sunlight/

daylight penetration in the livingrooms

éhould be considered. As far as the fabric

is concerned, a combined heavy/lightweight

insulated system for the living/sleeping

accomodation will result in a more
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comfortable environment related to the
occupancy time-table. For  instance, a
lightweight insulated structure over the

upper floor bedrooms would allow more rapid
night cooling, but would not compromise
heating loads. Special attention should be
given to roof construction which should have
adequate thermal resistivity and the upper
surface highly reflective. A double roof
with ventilated roof space is also possible,.
but may incur economic problems.

Although traditional building materials

offer a suitable .thermal balance between

resistance and capacitance, they require
frequent maintenance and have a limited
duration. Thus modern building materials can

be advantageous provided care is taken with
the required thermal performance
characteristics, especially resistance and

capacitance. By these means, we can provide

even better +thermal characteristics  than

traditional models, which have evolved
. empirically, but without the Dbenefit of

theoretical scientific knowledge.

The obsolescence of many traditional’

materials is marked by a growing number of

new materials which have superior properties.

These materials are currently introduced by
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reason of their durability,

strength or

flexibilit 5 i
Yy Or even modernity, but +thermal
performance is rarely considered. Their

adoption may also haveAundesirable economical
effects, where imported technologies
contribute to a balance of payment deficit.
A more rati&nal and quantitative use of local
modern materials 1is therefore recommended.
The wuse of red brick, which is locally
produced in Constantine together with cheaper
insulative materials such as polystyrene
could economically bridge +the traditional/

modern gap.

Unit morphology and family structure:

Traditional buildings may however be a
misleading source of design; Hence, we must take
care in interpreting the lessons gained from 1it,
because the conditions in which and for which it was
developed have changed. It must be stressed that the
large extended family courtyard house type requires
modification to align with modern housing

Programues. Following the world changes, Algeria

also accepted the nuclear family as a norm for new

housing.

The proposed courtyard type (section 57,

confirms compatability with the smaller family unit

i 5 i sioning is based On
averaging 6 persons, and dimensioning
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the Algerian standard dafined as a2 floor area of

20 m*®  per person. It was not +the intention to
introduce a standard prototype, but simply +to
demonstrate economic feasibility. The range of

individual detailed solutions to a particular site
is virtually limitless within this format, and still
compatible with social structure. However, one must
accept that migration potential around the house is
more restricted and should be compensated by modern
improvement.

Grouped morphology:

The beneficial effect of high grouping, is
still compatible with modern standards of access,
safety and health. This type is also competitive in
terms of density and land use compared to the modern
flats., Proper attention should be given to

landscaping as a social, visual and climate

)]
1

modifier. Baside atisfying the instinctive need
for protecfion, trees also contribute much to the
immediate physical environment, for example,
reducing air born sound with great efficiency. But
an especially beneficial effect is +their thermal
performance. In wintef, evergreen windbreaks can
reduce heat loss from poorly insulated buildings. In
summer, the surface of grass and leaves absorbs
radiation and their evaporative process can cool air

temperature. Above all they provide generous shade

at the right season.
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It can be argued that the flat +type can also be
environmentally improved by adding insulation, although it
is dubious whether resultsvwould be economically reasonable.
The systems are industrially prepared, so that a change in
one part will bring about an alteration in the technical
nmeans 0of +the whole system,. Moreover, the economic
assumption that building systems on a large scale are by

definition bound to be cheaper pro rata than smaller scale

operations based on traditional craft methods, have been

found to be untrue when +total costs are +taken into

consideration. For instance, it was found that
E

prefabricated panels require 30 times the consumption of

cement than conventional systems of brick and mortar for one

housing wunit. Furthermore, it 1is very difficult for a
designer wusing such systems, +to avoid producing a dull,
repetitive and inhuman environment. Many systems have been

found to produce high maintenance costs, mainly because of
the difficulties of achieving an adequate air and
watertight shell. If we add to these disadvantages, the
poor thermal performance of these buildings, set against the
new option of the Algerian government of encouraging private
individual initiative, we will find that a two +to +three
storey courtyard house unit can be built to a relatively
high density. Such 1layouts need suffer no sacrifice of
modern amenity or environmental quality, For example,
through ventilation may be achieved using techniques such as
ventilation "“flues" or "wind catchers", These feaﬁures

can be buillt into the structure, as well as screened windows

# Hardoy (see reference 8 in chapter 1)
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provided on th

)]

street side to allow opening on both strest
and courtyard sides.

The courtyard house therefore needs to be rediscovered,
not out of nostalgia, but out of a genuine recognition of
all 1its inherent potentialities. Once this type is re-—
accepted as a valuable housing unit, further research should
follow. Iterative analysis could optimise ratio of volume
to surface area, courtyard dimensions, glazing distribution
and ratio; and explore the life cycle benefits of more
elaborate, natural solar devices such as a "wind catcher",
or "“"roof pond".

Considering its potentialities with respect to housing
shortage, the CDurtyarthype could be either part of public
or private housing development, or a product of small scale
industrialisation to deal with speed, or even part of a
small scale project identified within an urban renewal
programme. Last, and most important is being energy
efficient, Dboth at the individual house and the composite
level.

A traditionally based option, drawing on many
generations of use, also most closely approximates +to
the essential requirements of privacy. Consequently, if

vernacular organic principles are evolved to accomodate our

modern challenge, it will reduce to a large extent the
reliance on mechanical means and foreign dependancy.
Accordingly, it will mitigate +the ©burden of central

government for housing supply.
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Appendix A: Mean hourly monthly temperature and radiation

data for Constantine.

ponths J F i A i} J J A § 0 N 0
hours
] 41 57 68 925 12,8 1685 21,6 21,85 181 12,2 755 475
2 3.6 50 8,15 8.6 12,1 16,1 20,7 20,8 17.4 12,55 7,05 4.4
3 3,25 44 575 7158 11,4 15,4 19,9 20,0 16,8 12,0 &7 4,0
4 2,85 40 475 1% 11,2 15,3 19,2 18,5 16,35 116 6.4 3.8
5 2.6 3,7 43 12 11,0 15,1 18,7 18,0 15,85 11,06 &0 3.55
b 2,34 3.5 43 6.8 10,89 15,0 18,76 18,45 154 10,73 58 3,27
7 3.2 44 59 89 12,6 17,8 20,7 2.0 17,7 130 8.0 4
8 4,1 £0 7.5 1.2 148 21,3 22,3 241 20,1 15,4 10,0 6,2
9 25 7,7 9,0 131 16,8 24,0 259 266 24 172 W1 19
16 g4 86 10,4 146 18,8 25,6 27,85 285 241 18,5 13,0 9.}
(R 8,0 10,2 12,1 160 206 274 29,5 W6 26,2 20,4 14,7 10,2
12 0,9 1.4 13,9 17,3 21,9 28.8 Ay 320 27,9 21,2 182 1.8
13 10,5 12,2 144 179 288 294 326 30 22,6 22,3 183 12,2
14 1,1 13,0 15,0 185 23,8 3.4 4.2 345 292 22,8 17 128
15 11,47 13,87 15,7 13,05 24,2 30,87 353 349 298 23,13 17,4 12,97
16 10,6 12,8 15,1 17,4 240 30,4 35,0 344 290 22,4 183 1.9
17 9.4 1N,9 14,4 158 23.4 30,0 4.4 339 28,3 21,3 15,2 10,3
18 8.4 11,0 13,8 1423 23,0 28,9 32,9 33,2 27,75 20,3 140 9.0
19 7.35 9.8 12,6 13,9 21,6 28,15 31,9 31,8 26,4 19,2 12,6 8.0
20 £,15 8,5 11,3 13,5 200 2.4 29,8 29,8 2495 18,0 13,0 6,95
21 52 7,2 10,0 139 13,45 24,85 27,8 28,0 23,8 16,85 125 6.0
22 50 7.0 9,2 12,0 16,75 22,4 26,0 26,4 22,2 159 110 54
23 47 E7% 8.2 N0 15,2 21,85 24,0 2.2 204 145 9.3 5.2
24 46 64 74 99 12,65 17,6 2,6 2.4 19,65 13,95 20 50

Table Al: Predicted mean day hourly monthly temperatures
in "Constantine" (L.A.T. - Local Apparent Time).
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= Maan Max M=an min M=an
wonths
January 11,47 B4 £.9
February 3,87 3.5 8. E3

March

fpril

.}'uly
August
Septembar
Octobay
Movembar

December

15,7
19,08
24,3

4.8
29.8
1T
22,13

~J
I3
=

3
oy

0
Ny

12,92
10,29 17,29
15,0 22,9
18,76 27 .03
15,45 26 .67

wn
P
t-d
I~
T

072 16,93
5,83 11,53
3,27 2.1

Tabls AE

Source]




Dir S = Direct,
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[

G = Global, G/vitr = Global behind glass

G = Global in atmosphere.
PELIIALTLo L eS0T LRSS Energie (en Wh/n2) ASA/n.c.¥epav
% 06 - CONSTAHTINE X incidente sur le PLAN HORIZONTAL -- (jem)  mmmmmmmmmmem
F382eeeasiceeedtis ity par tranche horaire p: {(+008,+090)
TRANCHES HOR. 6-7 7-8 B- 9 9-10 10-14 $§-12 12-13 13-14 1415 i5-i6 16-17 17-18 TOTAL
) JOURNEE
JANV Dir S 0 19 80 142 187 211 241 187 142 a1 19 ] 1278
- Ble G 0 42 454 259 336 376 376 I 257 154 A2 ] 2334
- G /vitr -0 20 98 190 263 301 301 283 490 98 20 | 1744
- Glo G X 0 o0 236 404 527 591 ~591 527 404 236 60 0 3636
FEVR Dir S 2 A3 107 4s5 207 22 22 207 145 107 43 2 1506
- Gle G 7 96 219 324 40D A4D 440 400 324 219 96 7 2972
- 6 /Jvitr 3 T7  i57 255 327 Jb44  Je4 327 255 157 57 3 2326
- Gloa G X $0 154 357 536 665 732 732 ebS 536 357 iS4 i0 4302
HARS Dir § a7 492 237 317 382 4ip 4t 382 347 227 122 27 2982
- Glo G Ty 200 357 494 SB7 438 638 SB7 491 357 200 S0 4646
- G /vitr . 24 132 277 A0S 495 S42 542 495 405 277 132 24 3750 -
- Glo G ¥ sb 274 494 674 806 875 875 BUb 874 491 274 66 . 6372
AVRI Dir § 68 171 272 35k AL7 449 449 417 356 272 471 68 3476
- BGlo G {23 281 433 Sel 653 702 702 $53 Sei - 433 28%1 423 5530
- G fvitr 73 209 353 473 557 b0 60f 557 473 383 209 73 4542
- Glo G #* {69 393 607 786 45 982 982 945 786 607 393 449 7734
HAI  Dir S i27 250 368 46h S3b 573 573 S53b Aps 368 250 427 4694
- Glo G 197 367 52B 664 762 Bi4 814 762 bb4 S52B 367 197 6762
- 6 /vitr {30 287 440 Seb -655 701 704 455 Sk 440 287 13D 5604
- Glo G x =251 468 678 BA0 963 1027 4027 963 - B4D 674 448 254 8562
JUIN Dir S 149 273 390 488 S5B S94 594 558 488 390 273 149 4992
- Glo G 22 393 554 B4 781 832 832 784 684 551 393 226 7086
- G /vitr 155 342 42 585 472 L7470 747 472 SBS 4k2 3i2 1SS 5864
~ CloC ¥ 284 493 683 BSL 968 1030 1030 968 851 688 493 284 8818
JUIL Dir S 150 304 443 S59 642 685 685 642 SS9 443 304 140 Sb6b
-. Glo G o5 408 SB2 729 837 894 894 B37 729 582 408 235 7480
-~ @ /vitr - 150 322 A8 &25 722 772 772 22 625 488 322 iSO 6220
- Glo G ¥ 262 470 bbb B29 948 1040 1010 948 829 bbb 47D 282 8524
ADUT D1r S 144 252 392 510 595 639 639 595 Si0 392 252 iid S024
- Glo G 163 346 523 674 784 842 842 784 674 523 346 163 6712
- 6 /vitr 99 263 A33 575 675 72 726 675 975 433 283 99 5562
- Glo G ¥ 193 406 609 779 903 967 967 903 779 609 4be 193 7772
SEPT Dir S 47  ibb 295 405  4BA  S2b 525 AB4 A0S 295 166 A7 3848
- Glo G 79 245 415 Sel 667 723 723 667 SkL 445 245 79 5384
- G /vitr a4 171 33 AN 63 619 619 Se8 470 I3 174 44 4402
- Clo G . 97 303 5ii 497 B8iS 881 881 815 487 Sit 303 97 6592
OCTO Dir S g 78 178 267 332 366 3Ieb 332 27 178 78 8 2458
- Glo G {8 435 282 4iD 503 * 552 552 S03 410 282 435 i8 - 3800
- G /vitr g 8i 208 330 4i8 464 4e4 418 330 208 8l 8 3018
- Glo G X 23 {Bi . 383 558 &85 75{ 751 485 558 381 18 23 5462
NOVE Dir S 5 25 90 454 =204 22 2% 204 454 90 35 0 1392 -
- Glo G { °S& {78, 277 354 395 395 IS4 277 ANt S i 2508
- C /vitr 5 29 114 =209 @282 32 I24 28 209 114 2 0 1910
- Glo G ¥ i g0 261 42% 5S% 615 615 551 429 261 80 b 3B74
DECE Dir S 0 i2 b4 i20 163 185 185 163 120 b4 12 0 1988 -
- Blo G 0 29 {29 22 299 337 337 299 227 429 29 0 2042
- G Jvitr 0 14 79 163 231 267 2867 231 163 79 14 0 1508
- Glo G X 0 41 200 362 A4Bi 543 543 4L 362 200 H 0 1254
____________________________ -= =mmmm —m—-- ---—= JOURNEE
Alo-1::asa {7-18 i6-17 15-16 14-15 13-14 12-13 SYHETRIE / 12 heures (Midi TSV) Uh/nd
Table A2: Mean monthly hourly solar irradiation on horizontal plane.

Source:

nptlas Solaire de 1'Algerie", 1985.
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'**X**X§*¥********X¥**
X 06 - CONSTANTINE X
KRKRERREFRRXIRFERXRRR

TRANCHES HOR.

JANV

FEVR

HARS

Dir §
Glo G
G /vitr
Glo G ¥
Dir §
Gle G
G /vitr
Glo G %
Dir §
Glo G
G /vitr
Glo G X
Dir S
Glo G
G /vitr
Glo G %
Dir S
Glo G
G /vizr
Glo G %
Dir S
Glo G
G /vitr
Glo G %
Dir S
Glo G
G /vitr
Glo.G %
Dir S
Glo G
G /vitr
Glo G %
Dir S
Glo G
G /yitv
Glo G ¥
Dir §
Gis G
G /vitr
Glo G %
Lir S
Glo G
& /vitwr
Glo G &
Dir S
Glo G
G /vatr
Glo G %

Ans+4. :a3a

Table A3:

Source:

Energie (en Wh/nZ)
incidente sur le PLAN VERTICAL HNORD

par tranche horaire

ASA/n.C.¥epau

p: (+180,+600)

17-18 16-17 15-16 14-15 13-14 {2-i3

&= 7 7-8 8- 9% 9-10 i0-11 1i-12 12-13 £3-i4 14-15 15-16 48-47 {7-18
b 0 0 ] ] P, 0 D 0 g b b .

0 13 4 72 90 ]98 98 9% 72 A& i3 0

9 f0 3 S7 74 78 78 74 57 3 4D 6

it 1S 48 70 8 93 93 8 70 4B 1S 0

0 ] ] 0 b ] 0 0 ] ] b0

2030 k4 92 110 119 i1 410 92 &6 34 2

2 25 2 73 87 94 94 87 73 52 2% 2

2 34 s4 8 102 110 140 102 86 64 34 2

] 0 9 ] 0 ] ] ] 0 6 0 0
14 52 85 411 126 137 137 128 (it 85 52 14

i1 AL 67 B7. 101 0B 108 40¢ B7 &7 A1 ii

i6 53 8L 104 120 1% 129 i26 i04 B1 53 1%

18 ] 0 8 0 3 0 ] D g 6 18

S8 74 f0L 425 144 149 149 141 125 08¢ 71 S8

32 S6  Bd 98 ii4 448 168 it 95 89  Sb 2

78 70 97 119 136 145 {45 136 19 97 70 7

78 25 0 p. 0 0 0 ) o ¢ 25 78

143 110 103 i30 445 £53 453 145 430 108 £10 143

B¢ 69 BS £02 144 120 12% 114 102 BS &% Bt

192 f24 i6F 128 45 454 454 145 128 106 423 {92

108  Sb 5 6 ] ] B i 0 S Sp 108

183 451 tis" {30 145 1S3 153 145 130 {15 151 183

142 86 BF 102 114 i20 120 144 102 87  BS 142
243 {80 147 131 147 456 156 147 431 i17 180 243 .

109 49 2 0 ] 0 0 2 ] Z 49 409

£77 136 107 125 142 iS¢ 150 42 126 {07 . 13s 177

103 77 BT 99 iif i1 448 i1t 99 83 77 103

215 453 10 £29 145 154 154 145 429 418 153 215

49 4 0 0 ] ] 0 ] 0 0 349

97 75 98 120 135 144 144 135 420 98 IS 97

49 St 77 94 107 413 443 47 94 77 %6 49

120 Bi 101 123 139 148 443 139 £23  0f 81 T {21

i ] ] ] 2 0 b 0 ] 2 1

2 S, 85 109 425 134 134 425 109 8BS  Sp 22

iv 44 &7 B 95 405 185 98 86 &7 5 46

37 &1 88 1i0 127 - 135 135 127 4§10 88 a1 2

b 0 0 ] 8 ) 0 b0 £ ] ]

S 36 8 93 Li0 448 - 418 11D 93 &8 36 5

4 29 54 73 8 93 93 8 73 S4 29 4

6 4L 7L 93 109 417 {17 49 93 7L 4t 3

0 0 0 I | 0 0 i 0 ] 0 ]

g i8 5S¢ 75 92 -i06 109 275 50 i8 0

7 ia 3% Sy 7T 7 79 7359 39 14 0

¢ 26 53 75 91 98 98 94 7S Ss3 2 0

] 6 0 ) i i 0 0 0 6 B 0

§ 9 39 &5 82 9 L 8 45 39 9 8

0 7 3y 51 &% 72 72 65 S1. 3 7 6

0 16 43 66 " 8L BB B3 51 46 43 140 &

SYHETRIE / {2 heures

nAtlas Solaire de l'Algerie", 1985.

(Hidi TSY)

TOTAL
JOURNEE
i
538
Si4
622
0
g4e
bbb
796
0
- 1654
{830
[EE
5% -
1338
{012
1371
T42.
1784
1289
1999
574
2102
1490
2444
534
1990
1400
222
180
1452 .
1956 ..
1575 -
3
1063 °
824
i102
0
860
578
874

0 -

67¢
S8
674
]
572
452
576
JOURNEE
kn/m2

Mean monthly hourly solar irradiation on north vertical.
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RS S R3PS LT ST
¥ 06 - CONSTANTINE x
KRARRRRIRRRRXE IR XA K S

TRAKCHES HOR. 6~ 7

JAHY

JUTH

?ir §
Gle G
G /vitr

“Glo G %

Dir §
Glo G
G /vitr
Glo G %
Dir §
Glo G
G /vitr
Glo G X
Dir S
Glo G

G /vitr -

Glo G %
Dir §
Glo G
G /vitr
GCio G ¥
Dir S
Glo G
G /vitr
Glo G %
bir §
Glo G
G /vitr
Glo G %
Dir §
Glo G
G /vitr
Gio G ¥
Dir S
Gloe G
6 /vitr
Glo G X
Dir §
Glo G
G /vitr
Glo G %
Dir §
Glo G
G /vitr
Glo G ¥
Dir §
Glo G
G /vitr
Glo G X

AQL+0::asa

Table A4:

Source:

Energie (en Uh/m2)

incidente sur le PLAN VERTICAL SUD

par tranche horaire

ASA/m.c.¥apav

p:(+000,+680)

nAtlas Solaire de 1'Algerie", 1985.

7-8 8- 9 9-10 10-11 431-12 {2-13 {3-§4 14-15 1516 14-17 i7-18
0 94 ' 200 266 .309 330 330 369 266 200 74 0
0 143 303 448 485 S24 524 485 411 303 143 |
U 314 251 347 A2 - 446 A4k 412 347 251 ii4 ]
0 287 S89 779 - 904 967 967 904 779 589 287 g
18 95 161 211 ..R46 263 263 246 211. 164 75 18
S 162 279 374 441 ATb 476 A4L 374 .. 279 443 30
19 19 22 308 369 400 400 367 308 - 227 11§ 19
67 338 S6L 732 852 913 93 852 732 Skt 333 69
29 107 187 254 303 328 328 30T 254 187 17 29
S2 183 314 426 S8 _ 551 S5 S08 426 314 183 52
24 1S 230 335 442 452 452 qi2 335 230 145 24
80 274  4ef 619 732 791 794 732 419 46t 274 89
i 38 103 is0 202 225 235 242 {60 193 3e i
36 118 230 328 402 441 441 402 328 230 {i8 35
a7 69 145 231 300 337 337 360 23L 445 69 27
40 iS1 314 © 457 562 618 6i8  Se2 457 314 1Sy 40
0 2 46 108 154 479 {79 454 {08 46 2 ]
48 83 163 263 337 377 . 377 337 263 163 83 48
38 64 99 161 222 257 257 222 iai 99 b4 38
52 B4 185 314 ML 462 482 441 344 185 94 s2
0 0 i3 69, 413 437 137 i3 69 i3 0 0
53 B3 125 214 285 324 324 285 244 {25 83 53
42 bb 88 128 476 206 206 176 128 ik b4 42
S7 85 {32 245 336 3IB4  Ig4 I3 245 132 .85 S7
0 0 30 99 152 180 180 %2 99 30 ] ]
49 79 140 243 324 367 IL7 324 243 140 79 49
39 62 B? {42 208 237 237 201 42 89 62 39
Ss 83 150 269 360 409 409 360 289 S0 83 55
] i9 98 174 231 260 268 231 174 ge iy 0
38 93 213 326 A{2 4S8 458 412 326 243 93 38
30 59 f22 2if 288 332 332 28B 241 122 59 30
44 103 244 375 A73  S26 S2% 473 375 244 103 44
is 88 177 255 344 341 344 4 2858 477 88 is
38 16f 295 413 S04 548 548 501 413 295 it 38
20 94 T200 3410 394 439 439 394 310 200 71 20
S0 205 372 Si8 625  6BY  6BL 625 Si8 372 205 S0
24 119 210 2B4 335 362 b2 I35 /A 240 119 24
38 185 325 440 523 567  Sk7 523 A4d 325 i8S 38
22 {29 252 358 434 474 474 434 358 252 429 2
b1 286 486 648 763 823 823 763 648 486 286 3
b 96 189 254 297 319 319 297 254 189 96 6
io iS00 292 398 471 S{0 Si0 474 393 292 {50 i
7 147 239 334 399 433 433 399 134 239 147
22 293 547 U729 852 944 944" BS2 729 547 293 2
] 76 iB3 250 292 313 343 292 250 183 76
0 i2f 279 386 ASB 495 495 4S8 3Bp 27 124
0 97 233 327 390 422 422 390 327 233 97
§ 254 S65 762 B89 953 953 BBY 762 S465 254
17-18 16-17 15-16 14-1S 13-14 12-13 SYHETRIE / {2 hesres (Hidi TSV)

oo oo\ o

TOTAL

" JGURNEE

2398
3732
3140
7052
1948

524
2876
6730
2416
4068
3138
5914
1458
118

22T
L8l

4292

. 978
2558
1784
-3046
Cob64
2249
1446
2525
9e2
2436
{564
2690
1564

3092 -

2094
3544
2374
3944
2908
4904
2648
4i{S6
3338
6134
2322
3642
3058
6714
2228
3478
2938
6346
JOURNEE
Lkh/n2

Mean monthly hourly solar irradiation on south vertical.
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FRERRERRRRRRRK I RRRRXK Energie (en Wh/n2) : T ASA/m.c.Xepau

% 06 - CONSTANTINE - % incidente sur le PLAN VERTICAL OUEST € 17}
KRXRRRRXRRRKERRREX KK par tranche horaire = ======z=sz== o p:{+090,+080)
TRANCHES HOR. 6~ 7 7- 8 8- 9 9-10 10-1f 41-12 12-{3 13-14 14-15 {5-14 16-17 17-18 TOTAL
JOURMEE
JANV  Dir § ] ] I 0 0 48 438 207 235 453 ' 784
- Gle G 0 13 46 72 90 98 160 286 336 349 227 1657
- G /Jvitr 0 40 36 S7 74 78 102 194 272 295  i5% ] . 1307
- GloG ¥ 0 45 48 70 8BS 93 220 ASL 433 685 482 0 2752
FEVR Dir § 0 0 0 0 D . 0 45 129 497 235. 242 ° G4 874
- Glo & 2 3 6 927 140 {19 1B0 284 355 378 324 89 2030
- G /vitr 2 25 52 73 87 94 419 208 289 320 279 - 77 ° 1435-
- Glo G x 2 34 64 86 102 140 247 495 690 790 74 21 3551
HARS Dar S 0 0 0 00 0 70 204 344 3I8L ;3BT 224 1570
- Glo G 14 52 85 141 428 437 225 380 495 551 S22 340 3040
- B /Jvitr £ . Af 67 87 1087 408 145 279 406 469  4ASD. 269 2433
- GloG ¥ 16 53 BL 104 120 129 270 S27 733 855 844 Si7 ‘4249
AVRI Dir § 0 0 0 0 0 0 &5 189 293 33 383 345 1691
- Glo G I 74 101 125 141 149 234 384 496 S55  S4S 434 - 3402
- G /vitr 2 Se 80 98 1i1 118 453 2BY 405 470 468 376 - 275
- Glo G % 38 70 - 97 419 436 145 282 533 736 B64 8BS 735 4865
#A1  Dir § 6 -0 | ] 0 7S "2i7 337 420- 451 ° 403 . 2140
- Gle G 48 80 108 130 145 153 247 445 S43  bik 620 S35 3940
- B /Jvitr 3B 63 _BS . 102 184 42L7 458 300 440 _ 524 532 461 3194
- Glo G ¥ S2 Bl 106 128 445 {54 282 Si8 708 832 864 748 5477
JUIN Dir S 0 0 0 0 0 D74 244 332 415 447 407 2166
- Gl G . S3I 83 109 130 445 ST 245 410 S37 610 417 542 4039
- © fvitr 42 46 86 102 414 120 156 294 432 . Si4 . S2B 487 3270
- Glo G ¥ S7 8BS 410 431 147 1Sk 279 S03 684 BO2 8IS 7S5 . Si22
JUIL Dir S ] 0 ] 0 0 0 87 251 390 485 547  46f - - 2478
- Glo G 49 79 105 426 142 {50 254 442 588 673 680 SBY 4272
.- B /Jvitr, 39 62 B3 99 111 148 1S9 347 475 568 583 508 3462
- BloG% S5 83 {08 129 44S 154 277 S04 480 795 822 729 . 4989
TADUT  Dir S 0 0 0 0 ] 0 B8 255 394 486 507 418 2298
- Blo G B 70 98 420 136 144 250 44t  SBE 667 b&2 537 3964
- § /vitr 30 -S5- 77 94 107 443 457 349 47B  Shb 569 464 3245
- Glo G % 44 75 104 423 139 148 276 509 694 807 820 684 4709
SEPT Dir § . 0 0 0 ] ) 0 B2 238 345 443 442 293 1686
- Glo 6 20 S6 86 409 125 4§34 233 Af2 545 4ff  S82 395 3345
- G /vitr 16 44 67 B6 9B 105 147 304 447 520 501 342 2706
- Glo G ¥ 25 61 B8 140 127 i35 287 S07 695 802 787 S54 4213
OCTO Dir S ] 0 0 0 [ 0 67 493 293 346 343 95 {307
- Cle G S 36 68 93 110 4B 20t 347 AS1 490 428 {A0 . 2487
- G /Jvitr 4 29 5S4 73 86 93 128 253, 369 417 389 424 i996
- Glo G 3 & 41 74 93 109 147 248 4ABS bbb 755 6BS 230 - 3506
HOVE Dir S ] 0 0 0 0 0 4y 140 209 237 473 14 822
- Glo G 0 18 Sb 75 92 100 163 270 342 IS5 260 2 1748
- G /vitr 0 14 3% 5% 73 79 405 196 277 304 22 20 - 1387
- Glo G % 0 20 S3 75 94 98 223 449 ble 676 Si9 2 2872
DECE Dir S 0 0 0 [ 0 44 126 187 285 147 0 679
- Glo G 0 9 39 45 82 94 147 244 3OS 308 184 0 1474
- B /vitr 0 7 3 St &S 72 94 474 246 26f 156 0 1157
- Glo G % 0 10 43 b6 BL 83 210 428 SB6 628 387 0 2527
--------------- STTITT TYTTT mmeme mme=— —ee—e o JOURNEE
A06+2:: 353 i7-i8 16-17 15-16 14-15 13-14 i2-13 VERTICAL ~EST’ “{{{--~ TR.HOR. Wh/m2

Table AS5: Mean monthly hourly solar irradiation on east and west verticals.

Source: "Atlas Solaire de 1l'Algerie", 1985.
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Sun path diagrams for 36 N latitude.
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(used for shading calculation)

Appendix B:
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Mazria, "The Passive Solar Energy Book", 1979.
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Source:

09 QN IS A \
L] Q .
Wd 2 yr/ \xA
B JWWV// / N\ \\\\xm
- ot INRDE X
o Wl b lllllllllllllllllllll\\\\\\\\\\\\\\\Yﬂf(
= ——— \\
08— : \ — NOON-
06 TN I T T O A O O W I O O I O B

- Fig Bl:



- 205 -

LATITUDE 36° 081
36 SOUTH . ?,Gon
L2058 _
330 . ,01Z
; o°
0L/ /722 JUNE
o 330l -
0 y 22 JUNA\\ o002
-0 UL 330 I4 o
Qe 8t 1 60
IS g,
/\ON N
i
0 P
'633 ]l | —
o)
R,
, <33
égﬁb Sujry - °g
os | [ il
o ,\yi g ot 13 12 €l }’1
of 5 14 4] ) 414
270 10 SN .
. 15 S1 San] Jooe:
> 18 9 oo
QA gl a0”
42 ¢ 08 8 >
.bb 17 9 <
, L1 BN
A 7 AN
,e.oo,\ S
o/ X 18 09 ' B
Y ogryA e gr\ /X
o/ : 6 A%
/S 208 A
g 25
09 2\
.0v 2\
240 <Y /,00e
o0 120°
02
o0E o0t
- 210° . “OEE
. oo 1500
HLHON 8¢ 30nL11vi . . JU9E
180°

Fig B2: Sun path diagram for 36°N
The vertical graduations from 0° to 90° represent the angle of altitude

i

measured from the horizontal (0°) up to the zenith (90°).
The horizontal graduvation from 0° to 360° represent the azimuth or horizontal
bearing from (0°) North, through 90°(East), 180°(South), 270°(West) to

|

360° North. , .
The'ionger curved arcs represent the path of the sun across the sky on the

15th of each month.

—~ The shorter curved arcs represent the

"mean solar time".
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Exanmple of average shading calculation in March and

September using the sum path diagram for 36=N latitude.

Vertical Shading

Average Az.A (sunset angle - g > + o

2
Tangent Az. A = 1.4 x = 1.4 - 0.9 - 0.06
x + 0.9 + 0,06 ty Az.A
x = —-0.2 50, the verical fins do not do any shading.
Horizontal Shading
Tangent = h + 0.06 h =+tg5 32=) x 1.4 — 0,06

1.4
h = 07814
Thus the percentage of shading is 0.8I4/1.38 = 0.589
Area of glazing is 1.26 m®
| 33.690 corresponds to 100% shaded window

33.690/900 = 0.374 ——————3 1

0.589 corresponds to (1 - 0.374> = 0,626
the real shading is (0.1374 x 1) + (0.589 x 0.626)

Thus the shading portion is 0.742 —————e > 74.2%
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Appendix C:  Useful tables used in thermal analysis.

The following information should be used to provide an estimate of the mean rates of gains G, and G,, from

the number of persons in the household N. The values are given in watts (averaged over 24 hours) for the

calculation of base temperature and, for lighting and electrical appliances, i in GJ/annum for the estimation of
- total energy inputs to dwellings.

Proportion between zones

Source Estimate
W GJ/annum Zone 1 Zone 2
% %
Metabolic 62 N’ 50 50
*Water heating 16 N+25 0 100
Cooking: Electric 108
Gas 136 ' 0 100
Lighting and ' ’
electrical
appliances: .
— Refrigerator 30 (0.95) 0 100
— Kaeule . 20 (0.63) o - 100
— Freezer - 77 (2.43) . 0 100
— Television 27 (0.85) 100 0
— Washing machine— )
— hot fill .5 0.16) 0 100
—  cold fil 18 (0.57) 0 100
—  Dishwasher - .31 (0.98) 0 100
— Tumble drier 17 (0.54) 0 100
— Lights—
— small house,
no children 13 (0.41) 50 50
'—  medium house,
no children 25 (0.79) 50 - 50
— large house, .
no children 38 (1.20) 50 50
— add if children: 12 (0.38) 50 50
Miscellaneous items 14 - (0.44) 30 70
Total for lighting Between 108 and 260,
and electrical depending on number of
appliances: - appliances etc. In
) absence of information
take middle of range:
184 (5.80) 30 70

Table Cl: Internal gainse.

Source: WBREDEM", p. 39.
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Demand temperature 1eve1 in the living room - 21°% responsive heating system.

Heating Heat loss - Mean internal temperatures
demand parameter Living room Rest of house  Average
: (Whole house)

WHOLE HOUSE HEATED:

All day 6.0 18.5 16.0 16.7
4.0 19.2 17.2 17.7
2.0 19.9 18.4 18.8
Twice per day 6.0 16.6 14.1 14.8
: 4.0 . 17.8 15.8 16.3
20 - 19.0 17.5 17.9
Evening only ) 6.0 13.1 10.6 11.2
4.0 142 12.2 12.7
2.0 16.2 147 ) 15.1

HALF HOUSE HEATED:
Zone 1 Zone 2

All day Any 6.0 18.7 13.2 : 14.6
4.0 19.2 14.6 15.8
2.0 19.7 16.7 17.4
Twice per day 6.0 6.0 16.6 119 R R
4.0 17.6 13.4 14.5
4.0 6.0 17.0 12.1 13.3
40 17.8 13.7 14.7
2.0 18.7 15.9 16.6
2.0 4.0 18.1 13.9 15.0
. - 2.0 19.0 16.2 16.9
Evening only - 6.0 6.0 13.1 9.7 10.5
. . 4.0 13.9 10.9 11.6
40 = 60 133 9.9 10.7
4.0 14.2 11.2 11.9
2.0 15.5 13.3 13.9
2.0 4.0 14.5 1L1.5 12.2
2.0 16.2 14.0 14.5
LIVING ROOM HEATED:
All day Any 6.0 18.7 10.0 12.2
4.0 o 1927 11.6 13.5
2.0 19.7 15.0 16.1
Twice per day 6.0 6.0 16.6 - 9.6 11.4
4.0 17.6 1.1 12.7
4.0 6.0 17.0 9.7 115
4.0 17.8 11.2 12.9
2.0 18.7 14.5 15.6
2.0 4.0 T8l 113 13.0
2.0 19.0 14.7 15.8
Evening only ' 6.0 6.0 13.1 8.9 9.9
4.0 13.9 10.1 1Ll
4.0 6.0 13.3 8.9 10.0
4.0 14.2 10.2 1.2
2.0 15.5 13.1 13.7
2.0 4.0 14.5 10.3 114
2.0 16.2 13.5 14.1

Table C2: Mean internal temperatures, depending on heat loss

parameters, heating system and regime.

Source: "EREDEM", p. 41.
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Table Thermal conductivities of various standard constructional elements

) Thermal Specific Heat
Material : Density  Conductivity Capacity
(kg/n?)  (W/m/°C) (J/kg/°C)

Walls

(external and internal)

Asbestos cement sheet 700 0.36 1050
Asbestos cement decking 1500 0.36 1050
Brickwork (outer leaf) 1700 0.84 800
Brickwork (inner leaf) 1700 0.62 800

. Cast concrete (dense) 2100 1.40 840
Cast concrete (lightweight) 1200 0.38 1000
Concrete block (heavyweight) 2300 T 1.63 1000
Concrete block . .

(medium weight) ‘ 1400 0.51 1000
Concrete block (lightweight) 600 0.19 1000
Fibreboard 300 - 0.06 1000
Plasterboard 950 0.16 840
Tile hanging 1500 0.84 800
Surface finishes
External rendering 1300 - 0.50 1000
Plaster (dense) 1300 "~ 0.50 1000
Plaster (lightweight) 600 0.16 1000
Roofs .

Aerated concrete slab : 500 0.16 B 840
Asphalt 1700 . 0.50 100Q
Felt/bitumen layers 1700 0.50 1000
Screed 1200 0.41 840
Stone chippings 1800 0.96 1000
Tile _ ‘ 1900 0.84 . 800
Wood-wool slab 500 0.10 1000
Floors

Cast concrete 2000 1.13 1000
Metal tray 7800 50.00 , 480
Screed ; 1200 0.41 840
Timber flooring : 650 . 0.14 1200
Wood blocks 650 0.14 1200
Insulation

Expanded polystyrene

(EPS) slab ' 25 0.035 1400
Glass fibre quilt : IV 0.040 - 840
Glass fibre slab ‘ - 25 0.035 1000
Mineral fibre slab : 30 0.035 1000
Phenolic foam 30 0.040 1400
Polyurethane board 30 0.025 1400
Urea formaldehyde .

(UF) foam 10 0.040 1400

Table C3: Thermo-physical properties of some common materials.

Source: Kenneth Fowler, "Design of thermal loads for building.
structure", Vol. 2, Longman, New York 1985.
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Appendix D: Some results of the dynamic thermal analysis

The calculations have been carried out for the two extreme months -
January and July. The load was calculated according to the occupancy
timetable and number of occupants in each zone related to the Algerian

way of life.

Living room - From 8.00 - 18.00 (4 persons)
From 18.00 - 24.00 (8 persons)
to maintain an internal temperature of 21=C
Rest of the floor - From 20.00 - 8.00 (10 persons)
to maintain a minimum temperature of 15°C in Jénuary and 2 maximum

of 21<C and 25=C in July.

I January
1) Courtyard house

a) no account taken of the courtyard temperature stratification

8.00 - 18,00 ———  9.09 k¥h zone I
18.00 - 24.00 ——- 4.5 kVh ti = 21°C
20.00 - 8.00 ——- 16.5 k¥h zone II t; = 15°C

For both zones, the heating load is 30.09 KWh/day.

b) taking into account the courtyard temperature stratification

8.00 - 18.00 -—-—  8.97 kVh
18.00 - 24.00 ——-—  3.86 k¥h
20.00 - 8,00 -——— 10.13 k¥h

For both zones, the heating load is 22.96 kWh/day.
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Thus (b) yields a 31% reduction in heating load. This

thermal importance of the courtyard form.

2) Flat type

emphasizes the

8,00 -~ 18.00 ———— 7.23 kVh zone I
18.00 - 24.00 ———— 3,19 k¥h ti = 21=C
20,00 - 8,00 ~——- 30,98 kVh - zone I %, = 15=C

For both zones, the heating load is 41.4 kVh/day
II  July

1>  Courtyard house

-

a) no account taken of the courtyard temperature stratification

8.00 - 18,00 ——- 25.8 kVWh

18.00 - 24,00 ———=- -17.99 kVh (windows open)
-—~-— -8,90 k¥h (windows closed)
-——- -4,39 kV¥h for t: = 25=C

20.00 - 8.00 -——- -32.57 kVh (windows open)

—— -17.87 kVh (windows closed)

zone I

t: = 21=C

zone II

t: = 21=C

For both zones the cooling load is 76.36 kWh/day (windows open)

and the load drops to 50.96 kWh/day (windows closed)

For ti = 25°C and windows open during the second and third period

8.00 - 18,00 —-—~— -19.26 kVh
18.00 - 24,00 -——— ~-7.47 kVh
20.00 - 8.00 ———— - 2.45 kWh

For both zones, the cooling load is -29.18 kVh/day
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If the shutters are used during 18.00 - 24.00, +the 1load drops

-4,67 kVh. Thus the cooling load in both zones will be 26.36 kVh/day.

- b) taking into account the courtyard temperature stratification
8,00 - 18.00 ——— -21.13 kVWVh
18.00 - 24,00 -——— -17.19 k¥h (windows open)

———==  —-8.21 k¥Wh (windows closed)

20.00 - 8.00 ———— -47,33 kVh (windows open)
—~—= -22.13 kVh (windows closed)
For both zones, the cooling load is 86.12 kVh/day (windows open)
and it drops to 51.47 kVWh/day {(windows closed)

2) Flat type: ts = 21=C
8.00 - 18.00 ———= -20.77 kVh
18.00 - 24.00 ———— -19.2% kVh (windows open)

————  =7.85 kWh (windows closed)

20.00 - 8,00 ——— -59, kWVh (windows open)

———— -22.58 kWh (windows closed)

to

For the whole flat the cooling load is 99,02 kVWh/day (windows open)

and the load drops to 58.3 kWh/day (windows closed)

In January: only the shutters were assumed open during the first

period and closed during the second and third period.
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~In July: for the first period, the shutters were assumed closed.
For the second and third periods, 1in one case windows and
shutters were assumed open, in the other case only windows were

assumed closed.

Some computer output is given in the following pages. The tables include

hourly "t." and heat transfer for each constructional element of the

envelope.
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Flat : zone I
N Area l U val ‘ T.lag | F
1 8.4 1.49 7.8 0.40 vall |
2 2.8 2.73 3.4 0.464 vall 2
3 2.6 2.73 3.4 0.64 vall 3
4 13.6 1.3¢ 11.7 0.28 vall 4
5 1.9 2.50 1.2 1.00 ‘door

File Name
Start Time

I
!

Time l T.o T.e
T.o T.e

1.00 | 4.1 7.4
4.1 7.5

2.00 | 3.6 7.0
3.6 7.6

3.00 | 3.3 4.6
3.3 7.6

4.00 | 2.8 6.1
2.8 2.4

5.00 | 2.6 5.8
2.6 7.1

6.00 I 2.3 5.7
2.3 4.8

7.00 | 3.2 5.4
3.2 6.5

8.00 l 4.1 5.5
4.1 6.1

9.00 [ 5.3 5.3
5.3 5.9

-10.00 l .4 5.2
6.4 5.9

11.00 | 8.0 5.0
8.0 5.8

12.00 ]10.0 4.9
10.0 5.7

13.00 [lO.S 4.8
10.5 5.6

14.00 111.1 4.8
11.1 5.5

15.00 |11.5 5.1
11.% 5.4

14.00 ,10.6 5.5
10.6 5.3

17.00 l 2.4 5.9
9.4 5.2

18.00 ] 8.4 6.4
8.4 5.2

19.00 ! 7.3 7.1
7.3 5.5

20.00 l $.2 7.8
6.2 5.7

21,00 | 5.2 8.0
5.2 4.1

22.00 | 5.0 8.2
5.0 6.4

23.00 | 4.7 8.3
4.7 6.9

24 .00 ! 4.6 7.9
4.6 7.3

F = decrement factor

Total Heat loss

No. 1
No. &
1723.9
246.1
179.0
243.4
184.46
243.4
190.5
248.4
194.46
254.,2
195.7
259.4
197.0
265.0
198.0
270.7
200.7
2746 .4
z202.9
275.6
204.8
2746.8
- 206.7
278.0
207.9
280.7
208.1
282,8
203.7
284.7
198.8
286.5
192.9
287.8
186.4
287.4
178.0
282.9
169.2
278.0
166.46
272.1
163.7
265.5
1463.1
256.8
167.9
248.8

A.DAT Data for- Month
1 Stop Time

-
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No
N

DOOVANPINTRWOMONAOORPDERENWNERAOHRIYIDOOANOC PO NHNONYMNPDWEHGILY

. .

(=Y

[

P A

e v s s s a

643.75 Hegadoules

Temp.

24 Time Increment : 1

.2
o. 5l
118.5%
77.8
119.27
80.0
120.6
82.2
122,
84.0
124.8
85.8
126.7
87.2
128,46
88.4
130.1
85,4
131.4
81.1
129.3
75.9
125.0
70.4
119.9
63.3
114.,3
54.1
107.3
50.4
?2.3
47.6
92.9
45.6
90.2
48.6
87.9
54.0
89.8

21

T.o

10.0
10.5
11.1
11.5
10.6
2.4
8.4
7.3

6.2

T.e

9.2
9.5
9.3
8.4
7.9
7.2

-6.5

5.8

Mo. 3
110.0
114.2
114.0
114.7
11%.9
i13.7

1;4.g
120.8

12%.0

s3.8

10 ‘ofl .

103.7
|

I
I
I
I
I
I

¥,

-

726.3
733.4
742.8
758.9
775.3

786.6
798.4
805.0

80%.6

..B03.8

793.1
779.1
763.1
748.2
725.5
;10.1
703.2
697.5

692.9

701.4

706.5

717.6

Heal Loss Tot

.

5694.2 -

709.5 -



File Name
Start Time

19.00
20.00
21.00
2z2.00
23.00

24.00

Total

26.4
24.0
25.9
23.7

25.5

25.3
23.7
25.0
24.6
264.8
25.6
264.6
26.6
24.6
27.4
24.7
28,0
25.3
28.6
246.0
29.2
26.7
29.8
27.2
30.2
27.7
30.0
28.1

Heat loss

23.6°

No., 1

1
0
s
BT I SEUTI & B S SR W Y]

-58.4

-51.3
.8
-47.6
-106.9
-41.2
-98.2
-38.0
-89.1
-35.0
-82.3
-33.9

1
o
-
»

-

A.DAT Data for Month :

1 Stop Time : 24 .Time

T.o
T.o0
21.9
21,9
20.5
20.5
19.9

19.9-

19.2
19.2
19.0
19.0
18.€
18.8
0.7
20.7
23.3
23.3
25.9
25.9
28.0
28.0
29.5
29.5
31.1
31.1
32.6
32.6
34.2
34.2
35.3
35.3
35.0
3s.0
34,4
34.4
33,4
33.4
30.8
30.8
29.1
29.1
27.6
27.6
26.0
26.0
24,1
24.1

A
Py

- 216 —~

JUL Int. Temp.

Increment @ 1
T.e No., 2
T.e Mo, 5
26.7 -43.3
22.8 -8.5
25.5 -34.7
22, ~-4.8
24 .4 -246.2
20.8 1.0
23.8 -21.4%
20.0 4.7
23.1 -146.2
192.3 7.9
22,5 -11.,7
19.0 ¢.3
22.1 -8.5
18.8 10.4
21.9 -4.5
20.3 3.3
21.7 -5.4
2z2.8 -8.5
22.4 -10.6
25.4 -20.8
23.9 -22
27.5 -31.1
25.5 -34.8
29.2 ~38.9
27.0 -45.,9
30.8 —-44.5
28.1 -54.4
32.3 ~-53.7
29.1 ~62.2
33.9 -61.2
30.1 ~-69.7
35.1 -68.9
31.1 -77.3
35.1 ~-646.8
31.9 -83.7
34.5 -64,2
32.1 -85.0
33.46 -59.9
31.8 -82.6
31.3 -49.0
31.3 -78.5
29.4 -40.1
30.0 -68.9
27.9 ~-32.8
28.7 -58.8
26.3 ~-25.1
27.7 -51.1
24.5 ~146.5

252.14 MegaJdoules

21

21.9 2

20.5

28.0

29.5

31.1

(2]
(]
o

(3]
~
]

35.3

35.0
3%.4

33.4

21.9

21.7

31.1

No. 3

Heat Loss Tot

-40.2

b2

—31.3
-1

3
-1;.0
-1$.9

f
|
!
I
I
!

-341.5%
-321.8

-290.7

-295.7
-326.5
-352.8
-374.6
~3%91.%6
~397.6
~-400.9
~392.5
=377.6

~360.2
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N Area { U val [VT.lag (ﬁ F

1 14.7 1.49 7.8 0.40 vall 1
z 29.6 2.73 3.4 0.64 vall 2
3 23.3 1.49 7.8 0.40 wall 3
4 2.0 2.73 3.4 0.64 wall 4
5 5.5 2.07 5.8 0.43 vall §

F = decrement factor

File Name : A.DAT Data for Month : JAN Int. Temp. : 15
Start Time : 1 Stop Time : 24 Time Increment : 1

| Time ) I.g ;.e go. i T+o T+e ~N:. 2] T.o T.e No. 3
.0 e 0. .0 .e io . S : 2
| 1.00 | 4.1 7.4 165.7 4.1 5.5 767.6 4.1 7.4 26:?;t[L°ss Tot
4.1 5.5 s278 ) T4l TEs 95747 - ; i R 72 2
| 2.00 | 3.6 7.0 174.6 3.6 5.3 780.9 3.4 7.0 274.7 | '
2.6 5.3 53.6 3.6 6.1 101.0 1384.8
| 3.00 | 3.3 6.6 1841 3.3 5.2 790.2 3.3 6.4 29!.7 l '
3.3 5.2 54,2 3.3 5.8 104.,9 14251
| 4.00 | 2.8 6&.1 196.1 | 2.8 5.0 809.3 | 2.8 6.1  309.7 [
2.8 5.0 55.5 2.8 5.7 106.0 1472.7
| 5.00 | 2.6 5.8 201.1 2.6 4.7 834.7 2.6 5.8 314.9 |
2.6 4.7 7.2 2.6 5.6 107.3 ' is19.2
| 6.00 | 2.3 5.7 203.1 2.3 4.4 854.8 2.3 5.7 3?} 5 -
2.3 4.4 $8.6 2.3 5.5 108.2 =7
| 7.00 | 3.2 5.6 205.3 [ 3.2 4.2  874.5 | 3.2 5.6 32 1566.6
3.2 4.2 60.0 3.2 5.3 110.8 e 225 1 a0 1
8,00 | 4.1 5.5 207.0 4.1 4.0 890.5 4.1 5.5 324.1 I )
4.1 4.0 6t.1 4.1 5.1 112.9 1599.6
9.00 | 5.3 5.3 211.7 s.3 3.8 903.8 5.3 5.3 33%.5 |
$.3 3.8 62.0 5.2 4.9 114.7 : 1627.6
10.00 | 6.4 5.2 215.4 6.4 4.1 882.5. 6.4 5.2 341.5 i
6.4 4.1 60.5 6.4 4.8 116.5 : 16146.3
11.00 | 8.0 5.0 218 870 4.4 8346.7 8.0 s.0 344.4 I
8.0 4.4 57.4 8.0 4.7 117.7 ’ 1576.9
12.00 |10.0 4.9 221.8 | 10.0 5.3 782.4 | 10.0 4.9 351.6 |
10.0 5.3 §3.7 | 10.0 4.6 117.9 1527 .4
13.00 |10.5 4.8 224.0 | 10.5 6.1 723.0 | 10.5 4.8 35%.1 I
10.5 6.1 49,6 | 10.5 5.0 113.4 1465.3
14.00 |11.1 4.8 226.3 | 11.1 7.0 649.5 | 11.1 4.8 354.6,;‘
11.1 7.0 44,5 | 11.1 5.4 109.0 1383.0
15.00 |11.5 5.1 216.7 | 11,5 8.1 554.4 | 11,5 5.1 344.5 I
11.5 8.1 38.0 | 11.5 5.9 103.4 ] 1256.0
16.00 |10.6 5.5 208.4 [ 10.6 8.8 497.5 | 10.6 5.5 333.3 I
10.6 8.8 34.1 | 10.6 6.5 97.3 1167.4
17.00 | 9.4 5.9 198.3 9.6 9.2 448.5 9.4 5.9 314.4 [
9.4 9.2 32.1 9.4 7.2 89.1 .1102.4
18.00 | 8.4 6.4 187.5 8.4 9.5 444 .4 8.4 6.4 29;.2 I
8.4 9.5 30.5 8.4 7.9 80.7 4 1040.5
19.00 | 7.3 7.1 172.8 7.3 9.3 4464.0 7.3 7.1 273.8 | ‘
7.3 9.3 31.8 7.3 8.1 78.2 J 1020.4
| 20.00 | 6.2 7.8 157.9 6.2 8.6 519.2 6.2 7.8 2s50.2 |
6.2 8.6 35.6 6.2 8.4 75.5 4 1038.4
| 21.00 | 5.2 8.0 153.3 5.2 7.9 575.1 5.2 8.0 243.0 |
5.2 7.9 9.4 5.2 8.4 .76.9 ; 1085.7
| 22.00 | 5.0 8.2 148.5 5.0 7.2 628.3 5.0 8.2 235.3 |
5.0 7.2 43.1 5.0 8.0 79.5 4 1134.6
| 23.00 | 4.7 8.3 147.4 4.7 6.5 687.3 4.7 8.3 . 233.6 |
4.7 6.5  47.1 4.7 7.5 85.1 ! 1200.6
| 24.00 | 4.6 7.9 155.6 4.6 5.8 741.6 4.6 7.9 246.6 |
4.6 5.8 50.9 4.6 7.1 90.1 [ 1284.7

| Total Heat loss 1166.31 hegaJOUIEs
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File Name : A.DAT Data for Month : JUL Int., Temp. : 2%
Start Time : 1 Stop Time : 24 Time Increment : 1

| Time | T.o T.e No. 1 T.o T.e No. 2 | T.o T.e No. 3
T.o T.e No. 4 T.o T.e No. §

| 1.00 |21.9 29.7 -191.5 21.9 26.7 -458.1 21.9 29.7 —302?2t koss Tot

21-9 26-7 "31.4 21.9 28.4 -83.8 . "1068.5
| .00 |20.5 29.2 -180.0 20.5 25.5 ~366.6 20.5 29.2 —28!.3 |

20.5 25.5 -25.1 20.5 27.4 -75.7 -932.7
| 3.00 |19.9 &8.2 ~158.8 19.9 24.4 -277.1 19.9 28.2 -25 1 7

19.92 24.4 -19.0 19.9 27.0 -468.2 ~774.8
| 4.00 |19.¢ 27.6 =144.2 19.2 23.8 -225.9 19.2 27.4 _ang 6 |

19.2 23.8 -15.5 19.2 26.3 -59.9 -674.2
| 5.00 |19.0 27.0 -120.8 | 19.0 23.1 -171.1 | 19.0 27.9 —30;.4 i

19.0 22.1 -11.7 19.0 25.5 -51.0 ~572.1
| 6.00 |18.8 26.3 -116.0 18.8 22.5 =-123.5 18.8 24.3 —184.9 |

18.8 22.5 -8.5 18.8 24.9 -44.0 ~474.0
| 7.00 |:0.7 25.6 -100.2 20,7 22. -89.4 20.7 25.4 —15& 8 |
. 20.7 22.1 -6.1 20.7 24.6 -40.5 -395.0
| 8.00 |22.3 25.0 -87.46 23.3 21.9 -68.7 23.3 25.0 é .9 |

23.3 21.9 4.7 23.3 24.0 ~-34.4 -334.4
| ¢.00 |€5.9 24.7 ~81.3 25,9 21.7 ~-57.1 25.9 24.7 —1“& ? |

25.9 21.2 -3.9 25.9 23.8 ~31.4 -302.
| 10.00 |g8.0 24.2 -70.5 28.0 22.4 -112.4 | 28.0 24.2 . —111 71

28,0 22.4 =-7.7 7| 28.0 23,5~ - "-28.5%" == e s -330.7 "
] 11.00 |29.5 24.0 -65.0 29.5% 23.9 ~-233.2 29.5 24.0 —10l 1]

29.5 23.9 ~146.0 29.5 22.4 -27.5 | _ -444.7
| 12.00 |31.1 23.7 -59.8 31.1 25.5 =-3267.46 31.1 23.7 —91.8 |

31.1 25.5 -25.2 31.1 23.5 -28.4 - - -575.8
| 13.00 |32.6 23.6 -58.0 32.6 27.0 -485.0 })-32.46 23.&6 - 1.9 |

32.6 27.0 -33.3 32.6 24.4 -38.6 ~706.7
| 14.00 [34.2 23.7 -59.7 34.2 28.1 -575.5 34,2 23.7 -91.6 t

34.2 28.1 -39.5 34.2 25.5 ~51.3 ] -820.6
] 15.00 |35.3 24.6 -77.8 35.2 29.1 ~657.3 35.3 26,8 '-123.4 |

35.3 29.1 -45,1 35.3 26.6 -43.% -947.0
| 16.00 [35.0 25.6 ~100.46 35.0 30.1 ~-734.9 35.0 25.4& -15£.5 | -

35.0 30.1 -50.5 35.0 27.4 -73.0 -'~1120.5%
| 17.00 |34.4 26.6 -122.4 34.4 31.1 -817.4 34.4 25.8 -191.0 [

34.4 31.1 -56.1 34.4 28.1 -80.7 -1270.8
l 18.00 [33.4 27.4 -139.5 33.4 31.9 -884.8 33.4 27.4 1 1 B

33.4 31.9 -60.7 33.4 28.8 | -88.4 l -1394.5
| 19.00 |30.8 28.0 -153.2 30.8 32.1 -898.3 30.8 28.0 -242,

30.8 32.1 -61.4 30.8 29.4 ~-95.8 -1451.7
| 20.00 |29.1 28.6 -1467.0 29.1 31.8 ~-873.4 29.1 28.¢ —361.7

29.1 31.8 -59.9 2%.1 30.1 ~-103.2 . -1448.3
| 21.00 |27.6 29.2 -180.2 27.6 31.3 -830.0 27.46 29.2 “BA 8 | .

27.6 31.3 -56.9 27.6 30.4 -107.2 -1440.3
| 22.00 |26.0 29.8 -193.5 26.0 30.0 ~728.4 24.0 29.8 —301.7 |

2464.0 30.0 -50.0 26.0 30.3 -105.4 -1384.2
| 23.00 |24.1 30.2 -200.7 24.1 28.7 -622. 24.1 30.2 -31&.1 |

24.1 28.7 -42.7 24.1 30.0 -102.1 -1285.4
| 24.00 |22.5 30.0 -197.5% 22.5 27.7 -540.4% 22.5 30.0 —314 1

22.% 27.7 -37.1 22.5 29.4 95,4 l -1183.6

| Total Heat loss -770.22 MegaJdoules
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Flat : zone II (continue)

N Area ( U val ( T.lag ‘ F

1 3.9  2.24 4.0 ° 0.60 vall 6

2 . e.2 1.364 11.7 0.38 wall 7

3 ‘1.9 2.50 1.2 1.00 door _

4 3.6 ‘2,10 2.8 - 0.94 window with shutiar-

F = decrement factor

File Name : A.DAT Data for Month : JAN Inkt. Jemp. : 15
Start Time : 1 Stop Time : 24 Time Increment : 1
| Time | T.o T.e No. 1 T.o T.e Ne. 2] T.o T.e- No. 3
T.o T.e No. & Heat Loss Tot
] 1.00 | 4.1 5.6 81.7 4.1 7.9 - 20.4 | 4.1 4.8 49.3 |
4,1 5.0 75.5 . 2246.8
| =2.00 ] 3.6 5.5 82.7 3.6 8.1 19.8 | 3.6 4.2 51.5 ]
3.6 4.8 77.3 231.3
| 3.00 | 3.3 5.3 84.3 3.3 8.1 1?.8 | 3.3 3.7 5&.7 |
3.3 4.6 78.7 234.5
| 4.00 | 2.8 5.3 . 84.8 2.8 7.8 20.8 | 2.8 3.3 5%.5 ]
2.8 4.1 82.5 . ; 243.4
| 5.00 | 2.6 4.9 87.7 2.6 7.3 22.1 ] 2.6 2.9 57.3 |
2.6 3.7 85.5 é 252.6
| é.00 ] 2.3 4.7 90.0 2.3 6.9 23.2 | &3 2.6 " 88,7 1
: : 273 I3 88.1 : -T2
] 7.00 | 3.2 4.5 21.8 3.2 6.5 26,4 | 3.2 2.4 5$.9 |
3.2 3.0 90.7 246.8
] 8.00 | 4,1 4.2 93.9 4.1 6.1 25.6 | 4.1 3.0 5l.9 |
4.1 2.8 92.5 : l " 2468.9
~{ ¢.00 ] 3.3 4.1 95.2 5.3 5.8 26.4 | 5.3 3.9 52.6 |
5.3 2.8 2.6 2446.8
.| 10.00 | 6.4 3.9 26.5 6.4 5.7 26.7 l 6.4 5.0 4;.4 |
6.4 3.6 846.4 i ' o257.0
{ 11.00 | 8.0 4.4 92.1 8.0 5.7 26.9_| 8.0 6.2 © 419 |
8.0 4.5 79.6 z l 240.6
2.00 ]10.0 5.0 87.4 10.0 5.6 27.2 . R
b 118:8 35 71.5 | 10.0 7.7 348 1 5.8
i 13.00 |10.5, 5.7 81.4 10.% 5.4 27.8 | 10.5 9.4 2%.6 | B
10.5 6.7 62.6 1 197.4
| 14.00 |11.1 6.3 75.4 11.1 5.2 28.2 | 11.1 10.4 21.9 |
11.1 8.3 50.6 . i 176.1
| 15.00 |11.5 7.3 67.1 11.5 5.1 28.6 | 11.5 11.0 . .19.1 |
11.5 9.9 38.7 ; 153.6
| 16.00 ]10.6 8.5 56.8 10.6 4.9 29.0 | 10.6 11.4 17.1 |
10.4 10.4 35.0 . é 137.9
| 17.00 ] 9.4 8.8 54.2 9.4 4.8 29.3 | 9.4 10.8 20.1 |
9.4 10.9 31.1 . g . 134.4
| 18.00 | 8.4 9.1 - 51.0 8.4 4.9 29.2 | 8.4 9.6 25.5 |
8.4 11.0 30.4 5 136.1
] 19.00 ] 7.3 9.4 49.1 7.3 5.2 28.2 | 7.3 8.6 30.4 -]
7.3 10.1 37.1 l 144.9
] 20.00 | 6.2 8.8 53.6 6.2 5.6 27.2 | 6.2 7.5 35.3 |
. 6.2 9.0 4%.3 $ 161.5
| 21.00 | 5.2 8.1 59.9 5.2 6.0 25.92 | 5.2 6.4 40.9 |
5.2 8.1 52.5 g 179.2
| 22,00 | $,.0 7.5 "65.1 5.0 6.5 24.5 | 5.0 5.4 45.6 |
5.0 7.0 60.2 ; 195.4
] 23.00 | 4.7 6.9 70.5 4,7 7.1 22.6 | 4.7 5.0 47.3 | :
4,7 6.0 48.3 A 208.8
| 24.00 | 4,6 6.2 76.7 4.6 7.7 20.9 | 4.6 4.8 48.6 |
4.6 5.2 73.9 ] 220.3

l Total Heat loss 180.62 MegaJdoules
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File Name : A.DAT Data for Month : JUL Int. Temp. : 21
Start Time : 1 Stop Time : 24 Time Increment : 1

| Time | T.o T.e No. 1 T.o T.e No. 2 | T.o T.e No., 3 :
T.o T.e No. & Heat Loss Tot
l 1.00 |21.9 27.2 ~-%54,6- 21.9 29.8 -23.5 I 21.9 22.8 -8.5 l .
21.9 25.6  -34.9 S121.8
| 2.00 |20.5 26.3  -46.0 | 20.5 89.7  -25.1 | 20.5 22, -J,.a |
20.5 23.9  -22. 1 _sg.0
| 3.00 !19.9 25.2 -34.4 19.9 30.0 -25.8 I 19.9 20.8 J..O l N
19.9 22.6 -12.1 -73.3
| 4.00 |19.2 24.2 -27.9 | 19.2 29.8 -25.4 | 19.2 20.0 1.7 I A
19.2 21.9 -6.8 -55.5%
I 5.00 [19.0 23.9 -25.0 19.0 29.6 -24.6 l 19.0 19.3 ;.9 | -
1.0 20.8 1.9 -39.9
I 4,00 ‘18.9 23.0 -17.7 18.8 29.0 -23.0 l 18.8 19.0 ;.3 |
18.8 20.2 6.3 . -25.2
l 7.00 120.7 22. -14.46 20.7 Z8.1 -20.5 [20.7 18.8 15.4 ‘
20.7 19.6 10.5 -14,2
I 8.00 |23.3 22.3 -11.0 23.3 27.5 —-18.7 [:3.3 20.3 ;:.3 ’ R
23.3 19.4 12. ) -14.5%
| .00 |25.9 2C.1 -9.9 | 25.9 26.9 -17.0 | 25.9 22.8 —4.5 |
_ 25.9 19.6 10.3 251
l 10.00 IE.“S.D 22.0 -8.7 28.0 26.3 -15.1 l 28.0 25.4 —2&.8 | -
28.0 21.6 -4.6 . 49,2
[ 11.00 |29.5 23.2 -18.8 29.5 25.6 -13.2 l 29.5 27.5 -31 1 l .
29.5 24.0  -23.0 - . 86.0
| 12.00 |31.1 26.7 -32.3 3171 25.1 -11.7 l 31.1 29.2 -3579 ] :
31.1 26.4 -40,6 l - -123.4
l 13.00 ‘32.6 26.3 -45.8 32.6 24.8 -10.9 ‘ 32.6 30.8 ~46.5 t
2.6 28.2 -54.64 . - =1587.5
l 14.00 134.2 27.5 -546.4 34.2 24.2 -92.6 l 4.2 32.3 -5;.7 l
34.2 29.7 -65.5 . B E -185.2
| 15.00 [3.5.3 28.4 -64,5 35.3 24.1 -8.9 |35.3 33.9 —6}..2 l
-35.3 31.2- -76.7 <} — - - - : - -211.3
l 146.00 |35.0 29.4 ~72.8 35.0 23.9 -8.3 | 35.0 35.1 -61.9‘1 .
35.0 32.46 -87.4 l -235.5
l 17.00 |34.‘r 30.2 -80.6 34.4 23.8 -8.1 I 34.4 35.1 -66.8 l
34.4 34.0 -98.1 l ~-253.6
l 18,00 |33.4 31.2 -88.9 33.4 24.0 -8.5 i 33.4 34.5 -64.2 I
33.4 34.7 -103.8 ‘ | -245.4
! 19.00 |30.8 31.9 -94.6 30.8 24.8 ' -10.9 !"30.8 33.6 -59.9 !
30.8 34.4 -101.2 ! -264.5
] 20.00 1?.9.1 31.7 -93.0 29.1 25.8 -13.7 I 29.1 31.3 ~492.,0 l
29.1 33.7 -96.3 -252.0
| 21.00 127.6 31.3 -89.9 27.6 26.7 -16.4 | 27.6 29.4 -4&.1 |
27.6 32.5 -86.7 l . =233.0
l 22.00 [26.0 30.7 -84.7 26.0 27.4 -18.4 l 26.0 27.9 -32.8 l
246.0 30.2 -4%9.6 !) -205.5
| 23.00 124.1 29.8 -71.2 24.1 28.0 -20.1 l 24.1 26.3 -25.1 l .
24.1 28.7 -57.8 l - =174.3
| 24.00 22.5 28.2 | —62.4 22.5% 28.6 ~21.9 | 22.5 24.5 -16.5 | .
22.% &87.2 -46.9 |- . =-167.7

| Totsl Heat loss -119.28 MegaJdoules
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Courtyard house : zone I

(no account of temperature stratification in the courtyard)

M Area U val T.lag F
1 25.0 1.43 16.2  0.13 vall |
2 2.5 1.10 13.4 0.20 vall 2 -
3 1.9 1.96 2.E 3.93 vindov with shutter
4 2.4 2.00 1.7 0.92 mdoor )
F = decrement factor
Lemeat KRAF .- .73 X~paask to Dee Fact
File Name : R.CAT Cat: for Month . o0 I-- N o1
Start Time : . Stop Tims - TLme Incvenent o1
| Time , s T.e Ho. 1 T.o T.e No. :| T.o T.e Mo, 3
T.o T.e No. & : Heat Loss Tot
| 1.00 | 411 6.1 532, 4.1 6.3 196.6 | 4.1 5.0 59.5 |
6,1 4.7 78.2 865.2
| 2.00 | 3.4 6.2 527.5 I.6 7.1 191.6 | 3.6 4.8 65.4 I :
; 3.6 4.5 79.3 £58.9
[i3.00 | 3.3 6.4 520.5 3.3 7.2 190.1 | 3.3 4.6 6l.0 |
. 3.3 4.0 81.8 l 853.4
| 4.00 | 28 6.7 511.6 2.8 7.3 188.8 | 2.8 4.1 $2.9 |
2.8 3.6 83.8 l 847.0
l 5.00 I 2.6 6.8 507.9 2.6 7.2 189.8 l 2.6 3.7 64,3 |
2.6 3.2 85.5 847.5
l 6.00 l 2,3 4.9 505.2 2.3 7.0 1¢2.8 l 2.3 3.4 6!&.6 I
2.2 2.8 87.1 850.7
| 7.00 | 3.2 6.9 $03.3 3.2 4.8 195.7°| 3.2 3.0 61,9 I
2.2 2.6 88.3 854.2
| 8.00 I 4.1 6.8 506.1 4.1 6.6 198.46 ! 4.1 2.8 6;.7 l
4.1 2.7 88.0 . 840.5%
I ?.00 l 5.2 6.7 511.4 5.3 6.3 201.7 | 5.3 2.8 6;.9 |
5.2 3.5 83.9 | 844.%
' 10.00 I 6.7 6.6 516.2 6.4 4.1 204.46 ' &.4 3.4 &64.9 l
6.4 ~-4.5 79.3 865.0
l 11.00 l 8.0. 6.4 521.1 8.0 4.0 206.0 l 8.0 4.5 61.6 |
8.0 5.6 73.9 . 842.5
l 12.00 llD.U 6.3 526.5 10.0 4.0 206.7 l 10.0 5.5 5'/".6 l
10.0 6.9 &7.8 l 858.%
l 13.00 |10.5 6.1 531.2 10.5 5.9 207.2 l 10.5 4.7 53.3 '
10.5 8.6 59.7 851.4
! 14.00 ji1.1 6.1 . 532.8 11.1 5.9 208.2 | 11.1 8.2 4;.5 {
11.1 10.1 52.5 ] 840.9
I 15.00 |11.5 &.1 534.1 11.5 5.8" 209.4 l 11.5 9.8 41,6 ,
11.5 10.6 50.0 ] 835.2
I 16.00 110.6 4.0 534.7 10.6 5.7 210.6 l 10.6 10.3 39.8 I
10.6 11.1 7.5 ; 832.%
| 17.00 | 9.4 6.0 536.9 9.4 5.6 211.7 | 9.4 10.8 37.9 |
9.4 11.1 47.5 . . 833.9
| 18.00 | 8.4 5.9 539.1 8.4 5.5 212.5 | 8.4 10.9 3;.5 |
8.4 10.2 52.0 . A 841.1
' 19.00 I 7.3 5.9 540.8 7.3 5.5 212.2 | 7.2 10.1 40.7 |
7.3 9.0 57 .4 1 852.1
| 20.00 | 6.2 5.8 542.6 6.2 5.6 212.1 | 6.2 9.0 46.7 |
6.2 8.0 62.2 A 861.6
| 21.00 | 5.2 5.8 543.9 5.2 5.8 209.7 | 5.2 e.1 48.2 |
5.2 7.0 67.3 l 869.1
| 22.00 | 5.0 5.8  545.1 | 5.0 6.0° 206.8 | 5.0 7.1 51.9 |
5.0 5.9 2.8 é 874.4
| 23.00 | 4.7 5.8 542, 1 4.7 6.2 203.6 | 4.7 6.0 55.9 |
4.7 5.2 76.0 é 877.7
| 24.00 | 4.6 6.0  538.0 | 4.6 &.5  199.7 | 4.6 5.2 58.7 |
4.6 4.9 77.1 | 873.5

| Total Heat loss 73%.23 MegaJoules
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File Name : A.DAT Data for Month : JUL Int. Temp. : 21
Start Time : 1 Stop Time : 24 Time Increment : 1

| Time | T.o T.e No. 1) T.0 T.e No. 2| T.o T.e No. 3 |
T.o T.e No. 4 Heat Loss Tot

| 1.00 |21.9 26.6 -200.0 21.9 27.5 -89.5 | 21.9 25.7 -17.4 ]
21.9 23.7 ~-12.8 -319.7

| 2.00 {20.5 26.9 -210.0 20.5 27. —=93.8 | 20.5 24.0 —11.1 |
20.5 22.4 -6.4 " l ~-321.5

| 3.00 |19.9 27.1 -217.7 19.9 &8.1 -98.1 | 192.9 22.7 =-6.1 |
19.9 21.4 -2.8 -324.7

| 4.00 |19.2 27.3 -225.1 19.2 28.4 -101.4 | 19.2 22.0 -%.7 |
19,2 20.4 2.6 : -327.7

] S5.00 |12.0 27.5 -232.1 19.0 28.4 -10Z2.4 | 19.0 Z20.8 (_L.é i
192.0 19.8 5.6 . l -328.3

| 6.00 |1B.8 27.7 -239.5 18.8 28.3 ~101.0 | 18.8 20.3 2.8 |
18.8 19,2 8.2 . -329.5

l 7.00 |20.7 27 .9 -2645.1 20.7 28.2 -98.7 | 20.7 19.7 Jr.9 |
20.7 19.1 9.2 ~329.7

| 8.00 l23.3 27.9 -245.0 23.3 27.8 -93.3 ] 23.3 19.5 g.é |
23.3 19.5 7.2 -325.5

].9.00 25.9 27.8 -242.5 25.9 27.4 -87.7 | €5.9 19.7 Jv.9 |
- 25.9 21.6 -2.8 l -322.0

i 10.00 I.’-'.‘S.D 272.7 -238.2 28.0 27.1 -83.3 | 28.0 21.4 -2, |
28.0 24.1 -15.0 J. -338.8

| 11.00 129.5 27.4 -227.6 £29.5 26.7 -79.0 | 29.5 24.0 -11.3 |
29.5 26.5 -26.5 = : ) -344.3

|-12.00 131.1 27.1 -218.9 31.1 26.¢4 -74.1 l 31.1 26.3 .—1;.9 l
. 31.1 28.¢4 -35.4 . . l. -348.3

| 13.00 132.6 26.9 -211.7 32.6 26.0 ~-69.3 | 32.6 28.2 -26, |
X 32.6 29.9 -42,8 l ~-350.5%

| 14.00 [34.2 26.7 -204.2 34.2 25.8 - -646.6 | 34.2 29.6 -32.1 |
. 34,2 31.5 -50.2 ; ~-353.0

| 15.00 [35.3 26.5 -195.8 35.3 25.46 —6317 | 35.3 31.1 -37.5 |
35.3 33.0 -57.4 l -354.4

| 16.00 [35.0 26.3 -187.9 35.0 25.4 -61.2 | 35.0 32.5 ~42.8 |
35.0 34.4 -64,2 é ~-3546.1

| 17.00 '34.4 26.2 -184.3 35.4 25.3 -59.3 | 3%.4 33.9 -48.0 ]
34.4 35.0 -67 .4 ] -35%.1

| 18.00 |33.4 246.0 -178.46 33.4 5.2 -58.2 ] 33.4 34.5 -50.8 |

33.4 34.7 ~-65.6 .}. . e - A . L a=353.2 -

I 19.00 130.8 25.9 -175.1 30.8 25.2 " =57.6 l 30.8 34.3 -49.4 ]
30.8 34.0 -62.2 . . ; -344.5

| 20.00 [29.1 25.8 -171.9 29.1 25.4 -460.6 | 29.1 33.7 -47.2 ]
29.1 32.5 ~-55.2 l -334.9

| 21.00 l27.6 25.8 -170.5% 27.6 25.9 -67.0 | 27.6 32.5 -42.6 |
27.46 30.2 -44.3 I ~324.4

‘ 22,00 |36.0 25.7 -169.4 26.0 26.4 -74.1 l 26.0 30.2 -34.3 ]
26.0 28.46 -36.5 | -314.4

l 23.00 |24-1 25.9 -176.4 24.1 26.8 -80.4 ! 24.1 28.7 —38,.5 I
24.1 27.1 . =29.3 . -316.54

'] 24.00 ISE.S 26.3 -187.9 22,5 27.2 -85,2 | 22.5 27.2 —24.2 ]
22.5% 25.4 -21.2 { =317.6

| Total Heat loss -289.54 Mega.loules
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File Nawe A,DAT Data for Month : JUL Int, Temp, : 25

<

Start Time : 1 Stop Time 24 Time Increment : 1
| Time l T.o T.e No, 1 T.0 T.e No. 2 | T.o T.e Mo, 3
T.o T.e No. ¢4 J
| 1.00 J21.9 26.6 -57.0 21.9.27.5 =34.:5 | 2¢1.9 2@5.7 T?;tlLoss Tet
21.9 23.7 6.4 -87.4
| .00 |20.5 26.9 -67.0 20,5 27.8 -38.8 | 20.5 24.0 % 8
20.5 22, 12.46 ’ -89.4
| 3.00 |i?.9 27.1 -74.7 19.9 28.1 =43.1 | 19.9 22.7 é 7 |
192.9 21.46 16.4 . . -92.4
| 4.00 |19.2 27.3 -82.1 19.2 28.4 ~44.46 | 19.2 22.0 11._ |
19.2 20.4 21.8 -95.4
5.00 [19.0 27.5 -89.1 | 19.0 28.4 -47.4 | 19.0 20.8 1;.5 |
19.0 19.8 24.8 -94.2
| é.00 |18.8 27.7 ~-96.5 18.8 28.3 -46.0 | 18.8 Z20.3 1;.7 |
1i8.8 19.3 27.4 -97.4
| 7.00 20.7 27.9 -102.1 20.7 28.2 -43.7 ] 20.7 19.7 1;.8 |
20.7 19.1 28.4 . -97.4
| 8.00 |23.3 27.9 -102.0 23.3 27.8 -38.3 | 83.3 192.5 2$.5 ]
23.3 19.5 26.4 -93.4
| 9-00 |23.9 27.8 -99.5 25.9 27.4 =32, ] 25,9 19.7 14.9 |
- 25.9 21.6 16.4 l -95.9
l 10.00 [38.0 27.7 -95.2 28.0 27.3% —38.3«] 28,0 21.6 12.6 |
28.0 24.1 4.2 ) -106.7
| 11.00 129.5 27 .4 -84.6 29.5 26.7 -24.0 | 29.5 24.0 . <6 ]
. 29.5 26.5 -7.3 - g -1T2.2
12.00 l31.1 27.1 -75.9 31.1 26.4 -19,1 | 31.1 26.3 -5.0 | -
31.1 28.4 -16.2 g 1 ~-1146.2
13.00 2.6 26.9 -68,7 32.6 26.0 -14.3 | 32.6 28.2 -i1.8 |
. 32.6 29.9 -23.46 . ; -118.4
14,00 [34.2 26.7 -61.2 34.2 25.8 -11.6 | 34.2 29.6 -17.2 |
34.2 31.5 -31.0 ] l -120.9
15.00 |35.3 26.5 -52.8 35.3 25.6 -8.7 ] 35.3 31.1 -22.6 |
35.3 33.0 -38.2 J —122.3
16.00 |35, .0 26.3 -44.9 35.0 25.4 -6.2 | 35.0 32. -27.9 |
35.0 34.4 -45.0 % -124.0
17.00 |34.4 26.2 -41.3 34.4 25.3 =4.3 | 34.4 33.9 =-33.1 |
34.4 35.0 -48.2 A —~127.0
18.00 |33.4 26.0 -35.6 33.4 25.2 =3.2 | 33.4 34.6 -35.9 |
33.4 346.7 —-46.4 l -121.1
19.00 |30. 8 25.9 =-32.1 30.8 25.2 -2.6 ] 30.8 34.3 =-34.7 |
30.8 34,0 ~-43.0 A -112.4
20.00 |29.1 25.8 -28.9 29.1 25.4 -5.6 | 29.1 33.7 -32.3 |
29.1 32.5 -34.0 ; -102.8
21,00 |27.6 25.8 -27.5 27.6 25.% -12.0 | 27.6 32,5 -27.8 |
27.6 30.2 -25.1 ; -92.3
22.00 |z26.0 25.7 -26.4 26.0 26.4 -19.1 | 26.0 30.2 -19.4 |
26.0 28.6 -17.3 % -82.3
23.00 |24.1 25.9 -33.4 24.1 26.8 -25.4 | 24.1 28.7 -13.6 |
24.1 27.1 -10.1 . 4 -82.95
24,00 |‘_.5 26,3 . -44.9 22.5 27.2 -30.2 | 22.5 27.2 -8.3 |
22.5 25.4 -2.0 ] -85.5

Total

Heat loss

~89.01 MegaJoules




Courtyard house : zone IT

N Area [ U val l T.lag | F

1 11.5 1.10 13.4 0.20 cowall 1.
2 2.5 1.10 13.4 .20 - wall 2
3 14.6 1.10 13.4 0.2 wall 3
4 7.4 1.43 16.2 0.13 wall 4
5 1.0 1.96 2.8 0.93 window

: File Name

F = decrement factor

Start Time

_— e e m— e—

Time I T.o
T.o

1.00 ! 4.1
4.1

2.00 | 3.6
. 3.6
3.00 ] 3.2
3.3

4.00 l 2.8
2.8

5.00 l 2.6
2.6

46.00 l 2.3
2.3

7.00 | 3.2
3.2

8.00 ' 4.1
4.1

$.00 ' 5.3
X 5.3
10,00 | .4
- 6.4
11.00 l 8.0
8.0

12.00 |10.0
10.0

13.00 ]10.5
: 10.5
14.00 |11.1
11.1

15.00 lll.S
11.5

16.00 ]10.6
10.6

17.00 | ?.4
9.4

18.00 | 8.4
8.4

19.00 | 7.3
7.2

20.00 l 6.2
6.2

21.00 | 5.2
5.2

22,00 | 5.0
5.0

23.00 l 4.7
4.7

24.00 ] 4.6
4.6

A.DAT Data for
1 Stop Time

e e e 4 e = « o = s+ e = v e e e e e e e e o * & =

Outnwcocmwmc»laux\ouuo&ovwm»-no»-nauo»ooua\lucoawmwomr\:\lubwmwummm

POV ULLULUVUGRUVUOGRUMOIUVGLLVLEOVMEOEORGEROIOGLORRGOONOGNONOGNDONOO ~

Total Heat loss

No. 1
No. 4
- 103.2
?4.2
100.4
2.7
99.0
?0.46
97.8
87.9
98.8
846.8
101.5
846.0
104.2
85.5
1046.8
86.3

~ 109.7

- 87.9
112.3
89.3
113.6
20.7
114.3
?Z.4
114.7
93.7
115.7
?4.2
1146.9
P4, 6
117.9
94.8
118.8
?5.4
119.6
96.1
120.3
9b6.6
119.2
97.1
117.0
97,857
©114.3
°7.9
111.4
97.0
107.8
?5.8

Month
24 Time

-
]

o o o & e + e

MFIGIGION 08 DWW IO

AP RS
[y

1
-
OQWOOOGULL N PO R R R OGO S~

MUOOOOD & PG

iy
[l = Ne)

11.1

e e o 4 8 e s s e = .

PP PHPPUTLLOOOCNND OO0

CONNOORMMNPDMUWLNSNP

JAN Inmt. Temp. : 15

Inorement . 1

-
"

No. 2
No. 5

;'~JU|Of'-JHOHCDOO\Hm“OU(DO*bJ\IUJﬂJH*O\I‘OUOUOQHMM(DO\CICU'PO\IMHNO(‘-)CDHDCUUU
[y
o]
o

19.5
109.1
20.0
107.4
20.4
106.3
21.3
107.3

o
Sl e

110.3
113.2

23.%
116.1

e e e+ a e & v & e e = =

-
MO NOGOUYUOULOUVOUVOUVYUVDVEUVWLEPIGWOMOIMNOLUGHNWUNDSNPANSANNL O o

B
bbby

-

415.60 Megadoules

112,

| T.o T.e
© 41 - 6.8
3;6 7.1
3.3 7.2
2.8 7.3
2.6 7.2
2.3 7.0
3.2 4.8
4.1 6.8
5.3 6.3
6.4 4.1
2.0 6.0
10.0 4.0
10.5 5.9
11.1 5,9
11.5 5.8
18.6 5.7
7.4 5.6
8.4 ‘5.5
7.3 5.5
6.2 5.4
5.2 5,8
5.0 4.0
4.7 6.2
4.6 8.5

No. -3

12;.5

12;.7
124.2
125.4
124.8

134.3
135.46

134.2
144.6
141.3
14ds
144.6
14!.8
144.4
144.7
1ﬁd.9
151.9
154.7
151.4
144.5
144.3
1l

132.9

|
I
I
!

— e el e e e e —

Heat Loss Tot
131.0 -

460.1
449.6
443.2

437.6

440.4

449.4
458.6

468.7
480.0
488.8
492.7
494.4
495.1
495.6
497.1
499.46
502.5
305.5
509.9
509.1
503.8
497.2
488.7

476.8
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File Name : A.DAT Data for Honth

JUL Int. Teap., : 21
Start Time : 1 Stop Time

24 Time Increment : 1 ’

.

Total

Heat ‘loss

—-274.46 Megadoules

| Time | T.o T.e No. 1 T.o T.e No. 2 | No. 3 |
T.o T.e No. 4 T.o T.e No. 5§ 2 ,
1.00 [21.9 27.5  -82.4 | 21.9 27.5  -89.5 _iohen oS et
21.9 26.6  -59.2 | 21.9 25.7 -9.1 —344.9
2.00 |20.5 27.8  -86.3 | 20.5 27.8  -93.8 ~10d.5
20.5 26.9  -62.2 | 20.5 24.0 -5.8 -357.5
3.00 |19.9 28.1  -90.2 | 19.9 28.1  -98.1 —11ds
19.9 27.1  -64.4 | 19.9 22.7 -3.2 -370.5
4.00 |19.2 28.4  -93.5 | 19.2 28.4 ~101.4 1187
19.2 27.3  -66.6 | 19.2 22, -1.9 -382.4
5.00 |19.0 28.4  -94.2 | 19.0 28.4 -102.4 A
19.0 7.5  -48.7 | 19.0 z0.8 0.3 ~384.5
| 64.00 |18.8 28.3 -93.0 | 18.8 28.3  -101.0 _11$,d o
18.8 27.7  -70.9 | 18.8 20.3 1.5 N ae1e
| 7.00 |20.7 28.2  -90.8 | 20.7 28.2 .-98.7 —uls ’
20.7 27.9  -72.5 | 20.7 19.7 2. L
| 8.00 |23.3 27.8  -85.9 | 23.3 27.8  -93.3 10%.0
23.3 27.9  -72.5 | 23.3 19.5 2.9 -357.8
| 9.00 |25.9 27.4  -80.7 | 25.9 27.4  -87.7 _104.4 .
25.9 27.8  -71.8 | 25.9 19.7 2.6 Je- | Z339.9
| 10.00 |28.0 27.1  -76.7 | 28.0 27.1 ... =83.3 9.3 3 '
28.0 27.7 -70.5 | 28.0 21.4 -1.2 2329.0
| 11.00 |29.5 26.7  -72.6 | 29.5 26.7  -79.0 -9i,3
29.5 27.4  ~67.4 | 29.5 24.0 -5.9 -317.1
| 12.00 |31.1 26.4  -68.2 | 31,1 26.4  -74.1 —el.s
. 31.1 27.1  -64.8 | 31.1 26.3  -1q.5 -304.0
| 13.00 |32.6 26.0  -63.8 | 32.6 26.0  -49,3 el.o
2.6 26.9  -42.7 | 32.6 28.2  -14.0 | -290.8
|'14.00 |34.2 25.8  -61.3 | 34.2 25.8  -66.4 -77.8
34.2 26.7  -60.4 | 34.2 29.64  -14.9 -283.0
| 15.00 |35.3 25.6  -58.6 | 35.3 25.6  -43.7 I I
35.3 26.5 -57.9 | 35.3 31.1 -19.7 ' —274.4
| 16.00 |35.0 25.4  -56.3 | 35.0 25.4 . -41.2 Y IS
35.0 26.3  -55.6 | 35.0 32.5  -22'% : Z267.0
| 17.00 |34.4 25.3  -54.6 | 34.4 25.3  -59.3 -69.3
34.4 26.2  -54.6 | 34.4 33.9  -25.3 -263.1
18.00 [33.4 25.2  -53.6 | 33.4 25.2  -sg.2 —ed.0
33.4 26.0  ~-52.9 | 33.4 34.6  -24.7 . -259.5
19.00 [30.8 25.2  -53.0 | 30.8 25.2  -57.4 633
30.8 25.9  -51.8 | 30.8 34.3 26.1 LI,
| 20,00 |29.1 25.4  -55.7 | 29.1 5.4  -40.6 T g :
29.1 25.8  -50.9 | 29.1 33.7  -24.9 Sl ez
| 21.00 |27.6 25.9  -61.6 | 27.6 25.9  -47.0 _7$,2. )
27.6 25.8  -50.5 | 27.4 32.5  -22.4 , AL
| 22.00 |26.0 26.4  -88.2 | 26.0 26.4  -74.1 I P
26,0 25.7  -50.2 | 26.0 30.2  -18.0 L S,
| 23.00 |24.1 26.8  -74.0 | 24.1 26.8  -80.4 -9&.9 .
24.1 25.9  -52.2 | 24.1 28.7  -15.0 -315.5
| 24.00 |22.5 27.2  -78.4 |'22.5 27.2  -85.2 -sd.5 .
22.5 26.3  -55.6 | 22.5 27.2  -12.2 |- -330.9



File Name
Start Time

— mmm mmw  emm - cvm et mmm e v e et e wme mem e et e e wve e e

Time
1.00
2.00
3.00
4.00
5.00
6.00

7.00

%?.00
10.00
11.00
12.00
13.00
14.00
15.00

16.00

17.00

18.00

Total

<
'122.5 2

I T.o
T.o
]21.9
21.9
20.5
20.5 2
[19.9
19.9 27.1
]19.2 2
19.2 27.3
]19.0 2
19.0 27.5
|18.8 2
1e.8 27.7
|20.7 2
20.7
|23.3 2
23.3 27.9
]25.9 2
25.9
|28.0 2
28.0
]29.3;26.7
29.5
]31.1
31.1
|32.6

2.6
]34.2
34.2
|35.3
35.3
|35.0
35.0
]34.4 2
34.4 2
133.4 2
33.4 2
|30.8 2
30.8 2
|29.1 2
29.1 2
|27.6 2
27.46 2
|26.0 2
26.0 2
24.1 2
24.1 2

22.5 2

Heat loss

No. i
No. &
~-31.8
-16.9
-35.7
-19.8
-39.6
-22.1
-42.9
~-24.,3
-43.6
-26.4
-42.4
-28.4
-40.,2
-30.2
-35.3
-30.2
-30.1
-29.4
26,1
-28.2
-22.0
-25.0
-17.6

an
bl

-13.2
-20.3
-10.7
-18.1

-8.0
-15.46
-5.7
-13.3
-4.0

-12.2

~-8.6
-11.0
-8.1
-17.4
-7.8
-23.4
-2.9
-27.8
-13.3

~-84.,37 HegaJdoules
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A.DAT Data for ﬁonth

1 Stop Time : 24 Time

T.o
T.0
21.9
21.9
20.5
20.5
19.9
19.9
19.2
192.2
19.0
19.0
18.8
18.8
20.7
20.7
23.3
23.3
25.9
25.9
8.0
28.0
2%9.5
292.5
31.1
31.1
32.6
32.6

34,2

34.2
35.3,
35.3
35.0
35.0
34,4
34.4
33.4
33.4
30.8
30.8
29.1
29.1
27.6
27.6
26.0
26.0
24.1
24.1
22.

22,5

JUL Int. Temp.
Increment : 1

T.e
T.el
27.5

25.7 .

27.8
24.0
28.1
28.4
22.0
8.4
20.8
Z8.3
20.3
28.2
19.7
27.8

19.5.

27.4
19.7
27.1
21.4
26.7
24.0
26.4
26.3
26.0
28.2
25.8
29.6
25.46
31.1
5.4
32.5
25.3
33.9
25.2
34.86
25.2
34.3°
25.4
33.7
25.9
32.5
26.4
30.2
26.8
28.7
27.2
27.2

Mo. 2
No. 5
-34.5
-1.3
~38.8
2.0
-43.1
C 4.8
-46.8
5.9
~-47.4
8.2
-446.0
9.3
~43.7
10.4
-38.3
10.8

=32,
10.4
-28.3
b.6
-24.0
1.9
~19.1
~2.4
-14.3
-6.2
~-11.46
-9.0
-8.7
-11.9
-6.2
-14.,7
-4.3
-17.4
-3.2
-18,9
2.6
-18.3
=5,68
-17.0
-12.0
~-14,4
-19.1
-10.2
-25.4
7.2
-30.2
-4.4

l

25

32.6
34,2
35.3

35.0

34.4

33.4
30.8
29.1
27.6

26.0

T.e

R
o~
[w] £l N

r
o

No. 3

Heat Loss Tot

-40.3

-4!.3 |

~sh.s

~sds
-5;.8 |
-51.1 ]
—41.8 |
—34.2 |
-Il 1]

-sb.3 I
!

<.

-2$.0 l
—Ei.3 l
e
Y
e
1,
1,
A
A
1

-7

=l i
2477
-3;.3'|
1

~124.8
-137.6
-150.5
~162.4
-164.5
-1461.4
-154.8
-137.8
-119.9
-109.0
-97.1
-84.0
-70.8
-63.0 |
-54,4
-47.0
~-63.1
-3%2.5
-35.9
~42.8
-59.8
=771
~95.5

-110.9
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Courtyard house : zone I

(taking into account temperature stratification)

N Area JﬁU val I T.lag [ F

1 25.0 1.43 16.2 0.13 vall |

2 12.5 1.10 13.4 0.2 vall 2

3 1.9 1.964 2.8 0.93 vindov with shut
4 2.4 2.00 1.7 0.98  door ter

E"' = décrement factor

Q-heat R/P/T-Results X-btack to Dec Facs
File Mame : J.DAT Data for Month : JAN Int. Temp. : 21
Start Time : 1 Stop Time : 24 Time Increment : 1

],Time l T.o T.e No. 1 T.o T.e No. 2 ' T.o T.e No. 3
T.o T.e No. & . Heal Loss To-
| .00 | 7.1 7.3 489 .2 7.1 7.4 186.8 ’ 7.1 7.3 51.1 | )
7.1 7.2 86,2 793.3
| 2.00 ] 7.0 7.3 488.,5 7.0 7.5 186.1 ‘ 7.0 7.2 51.3 |
7.0 7.2 86 .4 762.32
‘ 3.00 | 7.0 7.4 487.6 7.0 7.5 185.2 | 7.0 7.2 51.4 !
7.0 7.1 66,8 ! 791.7
| 4 .00 | 7.0 7.4 485.9 7.0 7.5 185.8 ! 7.0 7.1 51.8 !
7.0 7.0 67.2 l 790.4
| 5.00 | 6.9 7.4 485.1 6.9 7.5 185.8 | 6.2 7.0 52.0 |
6.9 7.0 67.2 1 790.1
l‘ 6.00 | 6.8 7.4 484.7 6.8 7.5 185.9 | 6.8° 7.0 52.0 ]
&.8 7.0 67.3 . l 789.9
] 7.00 ! 6.9 7.4 484 .4 6.9 7.5 186.2 ] 6.9 7.0 52.1 ]
. 6.9 6.9 67.8 l 790.7
l 8.00 | 7.0 7.4 484 .6 7.0 7.4 188.¢6 | 7.0 6.9 52.5 |
7.0 6.8 48.0 . l 791.46
| 9.00 | 7.0 7.4 484,9 i7.0 7.4 187.2 | 2.0 6.9 52.7 l
~ 7.0 6.9 &7 .50 ‘ . l 792.3
| 10.00 [ 7.2 7.4 485.4 7.2 7.4 187.46 ] 7.2 7.0 52.32 I
. 7.2 7.0 67.2 l 792.5
] 11.00 | 7.4 7.4 486.3 7.4 7.4 187.7 | 7.4 7.0 52.0 |
. 7.4 7.1 66.9 - 792.9
| 12.00 | 7.8 7.4 487.2 7.8 7.3 1872..9 I 7.8 7.1 51. ]
7.8 7.3 65.9 792.9
] 12.00 [ 7.9 7.6 487.7 7.9 7.3 188.0 l' 7.9 7.2 51.2 |
7.9 7.5 &64.7 $ 791.6
| 14.00 l 8.0 7.4 487.8 8.0 7.3 188.1 | 8.0 7.5 50.% |
8.0 7.8 63.3 i 789.6
] 15.00 | 8.0 7.2 488.2 8.0 7.3 188.4 | 8.0 7.8 4£9.2 ]
. 8.0 7.9 62.8 é 788.6
| 16.00 l 8.0 7.3 488.3 8.0 7.3 188.5 [ 8.0 7.9 48.9 |
8.0 8.0 62.5 é 788.1
| 17.00 | 7.9 7.3 488.7 7.2 7.3 188.5 | 7.9 8.0 8.6 |
7.9 8.0 62.5 é 788.2
| 18.00 | 7.8 7.3 489.1 7.8 7.3 188.7 | 7.8 8.0 48,6 l
7.8 8.0 2.6 é 789.0
| 19.00 | 7.6 7.3 48%9.2 7.6 7.3 189.0 | 7.6 7.9 48.6 |
7.6 7.9 63.1 i 789.9
| 20.00 | 7.4 7.3 489.2 7.4 7.3 188.9 l 7.4 7.8 49.0 |
2.6 7.7 63.7 $ 790.8
| 21.00 | 7.3 7.3 489.6 7.3 7.3 183.6 | 7.3 7.7 9.4 |
7.3 7.5 b64.6 $ 792.3
[ 22.00 ' 7.3 7.3 ﬁ90.1 7.3 7.3 188.5 | 7.3 7.5 50.1 |
7.3 7.4 65.4 $ 794.1
] 23.00 | 7.2 7.3 489.8 7.2 7.3 188.2 l 7.2 7.4 50.7 |
7.2 7.3 65.8 l 794 .4
i 26.00 | 7.2 7.3 489.3 7.2 7.4 187.6 | 7.2 7.3 51.0 |
7.2 7.3 65.9 ‘ 793.8

| Total Heat loss 683,69 Megadoules
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File Name : J.DAT Data for Monmth : JUL Int, Temp, : 21
Start Time : 1 Stop Time : 24 Time Inarement : 1

l Time [ T.o T.e No. 1 T.o T.e No. 2 I T.o T.e No. 3
T.o T.e No. & 2 A

l 1.00 123.4 25.8 -170.8 23.4 26.5 -75.7 [ 23.4 25.8 _1;?;fILOSS et

22.4 24.8 -18.2 —282.%
] 2.00 |22.8 246.0 -178.4 22.8 26.7 -78.7 | 22.8 24.9 -11.6 l

22.8 24.0 -14.4 -286.2
| 3.00 [22.0 26.2 -185.1 22.0 26.8 -80.1 | €2.0 24.2 —11.8 |

22.0 23.3 -10.9 -288.0
l 4,00 |22.0 26.4 -192.4 22.0 26.9 -80.4 | 22.0 23.5% —;.2 l

’ 22.0 22.6 ~7.8 -289.8

} 5.00 |21.2 26.5 -196.8 21.2 26.9 ~80.4 | 21.2 22.9 —;.0 |

21.2 22.1 -5.2 -289.5
| 6.00 |21.0 26,6 -198.7 21.0 26.9 -80.4 | 21.0 22.3 ~l.8 l

21.0 21.8 -4.1 -288.0
| 7.00 |21.B 26.6 -199.0 21.8 26.% -80.4 | 21.8 22, —1.2 [

21.8 21.2 -1.1 _284.8
] 8.00 |22.6 26.6 -199.0 22.6 26.8 -79.9 ] 22.6 21.5 —1.9 |

22-6 21-3 _1.6 “28: ‘:,
l 9.00 ]24.4 26.46 -199.0 24.4 26.7 -78.0 l 2.4 21.5 -1.9 l s

24.4 22.1 -5.4 J -284.2
| 10.00 126.0 26.6 -199.0 26.0 26.4 -74.2 | 26.0 22.2 -4.46 l

26.0 23.2 -10.6 H -288.4
| 11.00 |27.4 26.5 -197.9 27.4 26.1 -70.5 ] 27.4 23.2 —4.1 l

27-4 24-9 "'18.7 - _:95 :
l 12.00 |29.D 26.4 -193.9 29.0 5.9 ~-67.5 | 29.0 24.8 —11.2 l

29.0 2 -4 -26.0 -301 S
| 13.00 ’29.8 26.2 -187.0 29.8 25.7 -65.1 | 29.8 26.3 —1$.6 l :

29.8 27.8 ~-32.8 ) -304.5
| 14.00 ]30.1 26.1 -181.0 30.1 25.8 —63.9'| 30.1 27.6 —21.6 |

30.1 29.2 -39.2 -307.8
[ 15.00 |30.1 25.9 -176.2 30.1 5.4 -61.0 | 30.1 28.9 —24.6 |

30.1 29.8 -42.3 l -309.1
| 16.00 |30.1 25.8 -172.3 30.1 25.3 -59.0 ] 30.1 29.46 -32.0 ‘

30-1 30.0 -43.3 l -306.6
] 17.00 |30.1 25.7 -168.6 30.1 25.2 -58.2 | 30.1 29.8 -32.8 l

30.1 30.0 -43.3 i -302.9
l 18.00 |30.1 25.6 -165.6 30.1 25.1 ~56.8 [ 30.1 29.8 -32.8 |

30.1 30.0 -43.3 l -298.6
] 19.00 |29.8 25.5 -162.1 29.8 25.0 -55.6 | 29.8 29.8 -32.8 l

29.8 30.0 -43.3 l -293.8
| 20.00 IEB.B 25.5 -161.3 28.8 25.1 ~56.7 l 28.8 29.8 -32.8 |

28.8 29.9 -42.9 l -293.8
| 21.00 |27.2 25.4 -158.4 27.2 25.3 -58.9 | 27.2 29.8 -32.6 |

27.2 29.4 ~-40.5 l —-290.4
[ 22,00 |246.0 25.4 -156.9 26.0 25.6 -62.8 | 26.0 29.4 =-31.1 1}

6.0 28.3 -34.9 ; ' -285.7
| 23.00 |25.0 25.5 -159.7 25.0 25.9 =67.4 | 25.0 £8.3 -27.2 |

25.0 26.8 -28.0 1 -282.2
| 24,00 |24.2 25.6 ~-163.4 24.2 26.2 -71.5 ! 24.2 26.9 -22.0 |

24,2 25.7 -22.6 I —279.4

| Total Heat loss ~-252.%4 MegaJdoules
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Appendix E: Space standardisation in modern housing
programmes.

Housing Standards

The general organisation of an urban agglomeration generally
comprises three main zones.

- housing zone

- activities zone

- leisure zone .
And according to the proposals the housing zone is itself subdivided
into:

- the housing estate

- the housing groupment

- the housing unit
Then the number of inhabitants (future dwellers) is worked out as shown
in the following table.

Dwelling size per size of household

Dwelling size _ Household size
1 room 2 persons
2 rooms 3 persons
3 rooms 6 persons
4 rooms : 8 persons
5 rooms 11 persons
Source: Ministere des travaux publics et de la coanstruction Instruction
relatives a la realisation du programme d‘habitat urban. 1974-
1877 p.8.

Every unit has, or should have, according to the source
- 2 to 5 rooms (including lounge and bedrooms)
- 1 kitchen
- 1 bathroom
- 1 ¥.C.
- storing space (larder)
- drying space
- loggia
with the according areas:

Minimum habitable area

Unit size

Area in m* 2 rooms 3 rooms 4 rooms 5 rooms
Lounge 18.50 18.50 21.50 21.50
Rooms 11.50 11.00 11.00 11.00
Kitchen 9.00 9.00 11.00 11.00
Bathroom 3.50 3.50 3.50 3.50
v.C. 1.00 1.00 1.00 1.00
Storage 0.50 1.00 1.50 2.00
Total 55.50 66,50 82.50 92. 00
Clearing 6.50 8.50 10.50 13.50
Habitable area - - - -
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Appendix F: Hollow Brick's Thermal Characteristics
Modern building materials:

In constantine, the building material which is mostly,uéed for small
scale and private individual housing units is the hollow red brick. This
material is locally produced in the region (in different type and size)

by the national company S.N.M.C. either in Didcuche Mourad or Mila. The
annual production of each factory is 100,000 tonnes.

EDE,/O“
E 15 cm
Finding the resistance of the hollow brick (12 holes): CIBS method:

Resistance of vaoid (R.) = 0.18 mRK/V

Resistance of solid part (Ra)> = 0.73 m®K/V¥

RI:R=+Rv+Ros+Rv+R=+Rv+R=;
Ri =2 x0.014 +3 x0.18 + 2 x 0,008 A s Ry = 0.6

0.73 0.73
Rz = 0.15 = 0.205

0.73
A = A+ Az for a composed material.
R R+ Rz
A = area of (¥ a1) = (0.148 x 0.3) n=
R=0.4 m=K/V
Az = area of (2 a=z) = (0.052 x 0.3) n?
A = (0.2 x 0.3) == A= 1L = 0.375 W/mK
R .
L =015 m
Average density and specific heat of the hollow brick
solid part: # = 1800 kg/m®, ¢ = 985 J/kgK
_P = 862.82 kg/m*

air space: A = 1.2 kg/w®, ¢ = 1180 J/kgK

(¢ = 1086.59 J/kgK
% of air space in the total area of the brick = 52.1%

% of solid part in the total area of the brick = 47.9%|

The same procedure has been applied for the 8 holes and 3 holes bricks.
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