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1.1 Introduction

The first attention of early human architectural experience was to 

protect from the harsh natural forces. They attempted to create 

appropriate climatic conditions and environments for the activities of 

everyday life. In addition to its response to the physiological needs of 

humans, climatic architectural design reflected also the social and 

spatial behavior pattern of humans in the built environment. For 

purposes of this study, this is described as a bioclimatic response in the 

built environment1. It can be seen in the combination of beauty, 

physical and social tendencies in vernacular architecture. Passive 

climatic techniques were used wisely in this architecture; hence many 

principles are still valid and can be used efficiently in our modem 

architecture.

Unfortunately the climatic consideration was overlooked in modem 

housing planning due to the intervention of technology, the automobile 

and modem building materials. The houses became concrete boxes for 

living and the spaces between them were dominated by roads and 

parking lots. The emphasis on the automobile introduced a new 

configuration and scale to the urban housing layout which overthrew 

the values of collective social life. As a result, the space usage pattern 

inside and around houses in the modem housing layout no longer 

complements the tendencies of social life in the built environment.

Although the space usage patterns can not be viewed outside the 

overall social changes and evolution in the society, the neglectance of 

the climatic concerns in the urban layout is a failure that has deepened 

the separation between residents and their usage of both exterior and 

interior living spaces. Observation of modem housing layouts shows a 1

1 The bioclimatology is the science that studies the effects of climate conditions on 
living organisms. However, the tendency to achieve the comfort through bioclimatic 
considerations in the built environment certainly require to count for the social 
attributions that manipulate and effect people's life as well their buildings.
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real need to sustain the rhythms of healthy relationship between 

inhabitants and their built environment in a comfortable manner, 

physically and socially. In a comparison between traditional and 

modem housing layouts, the traditional pattern offers a more efficient 

model, correlating social life, climate requirement, and space usage 

pattern in the residential setting. However, the social environment in 

which the traditional pattern originated is very different from the 

present one.

New housing projects are one of the significant areas where potential 

architectural attention to responsive climatic design can help the 

inhabitant use the living space and out-door space more efficiently. 

Thus, the intent is to synthesize how climate, people and places are 

connected in the built environment, and how climatic analysis forms a 

step toward a bioclimatic concept of housing in Bahrain. This chapter 

is organized in two parts. The first part will be a general discussion 

regarding the climatic approach in urban development. In particular, 

this part aims to define the concept of climatic study in housing 

environments. The second part will describe a comprehensive view of 

the physical, social and urban environment in Bahrain.

1.2 General Discussion

1.2.1 The Case of Residential Settlement

The existing residential areas are products of various factors acting on 

the built environment. Some come as an extension of the past in the 

form of collective societal heritage. Others come in the form of 

mandatory official planning policies, or as instant response to 

habitation and urbanization needs (Fig. 1.1). Ideally, all complement 

each other, however in reality they seem in conflict.
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Day after day, the validity of these new residential settlements are 

questioned if compared to traditional old areas. Feelings of discomfort 

and unfamiliarity appear among the public in response to their 

residential environment. Most of the towns in the developing 

countries, while failing to produce satisfactory new environments, are 

loosing the best of their old traditional ones. Residential areas are the 

most sensitive layers of the built environment, that suffer severely from 

the profession’s failure.

Not only the new residential areas are affected, the traditional 

residential areas also have been ruined by the factors mentioned 

earlier. For example, the traditional urban environment in Bahrain 

now is a poor picture of the original urban structure, a deformed image 

that neither belongs to the present nor to the past. Nevertheless, 

critical studies of the existing traditional housing layouts allow one to 

learn how ancestors reacted to the built environment. It also acquaints 

us with the socio- cultural patterns that acted in the past, and are 

probably still alive in the collective memories of inhabitants today.

Culture and 

Societal Heritage

Residential

Areas

Planning Codes

Urbanization

Needs

Unavoidably, the physical residential products are greatly effected by 

the social mechanism process that manipulate the society2. Not 

claiming the capability of diagnosing all factors involved in this 

process, the first stage in this bioclimatic study is to view the 

panoramic spectrum that composes the residential urban settlements in 

Bahrain. However, prior to the discussion of the social environment, 

we need to determine the approach of the study as seen from the 

overall picture of the urban development.

Fig. 1.1: Factors Influence The 
Built Environment Areas

2 Refer to item 1.5.2 from this chapter i.e. Urban Process and Products in the City
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1.2.2 Approaches Toward Urban Development

The residential areas are a significant part of the urban development in 

any country, therefore the discussion in this section will deal with 

urban development in general.

The failure of the existing urban development manifests a failure in 

addressing the quest for a built environment that expresses national 

culture on a regional scale. It has been a universal subject of discourse 

among scholars and researchers for the last three decades. The main 

argumentative approaches can be briefly summarized into three basic 

directions3:

A: Conservative and Nostalgic View: It looks to the past for a solution 

that is a valid structure of values and genuine beliefs.

B: Scientific and Rational View: It sees human development as a 

scientific formula that can be analyzed and proved quantitatively. So 

this view looks for a solution from technology and the future.

C: Phenomenology and Appropriate Technology Critical View: It 

looks to discover the poetic experience between human, nature and 

dwelling place. It calls for a new perception of reality that extends 

from an ecological concept of nature, integrated with social humanistic 

tendencies.

It is critically difficult to segregate precisely the various approaches 

from each other, because the tradition of the past and the technology of 

the future will always coexist in our vision of the present built 

environment.

But why do most of us appreciate the ancient cities (Chermayeff & 

Alexander 1963) ? And why does the vernacular architecture appeal to 

many as a reference? Necessity and adoptive ingenuity in traditional

3 Reference to “Critical Regionalism” seminar course’s discussion by Prof. Fred 
Matter during Spring 1995 in University of Arizona.
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societies shaped their cities, neighborhoods and their building elements 

to respond effectively to the climate and region. Vernacular 

architecture was able to count also for changes and growth because it is 

organically structured and integrated as a whole unity. A subject like 

climate was never dealt with separately. Continuity and inspiration 

were essential in the artistic interpretation and aesthetic values implied 

in the vernacular environment (Fathy 1986 ).

Looking at the present, what controls the urban areas are sets of 

planning codes and standards that are derived mainly from an 

authoritative rational approach. Most of the new residential areas 

suffer from lifelessness and sterile monotones that creates an unhealthy 

living environment. Some areas fall victim between imposing the 

planning standards rules and exceptions accepted by the official 

authorities. As a common observation it seems that the contemporary 

physical environments rarely respond to their immediate context the 

way traditional ones did, nor do they offer visitors or inhabitants 

connections to the fabric of place. Such comment initiates different 

questions in our profession. Is it because of the loss of the poetic 

language between users and built environment (Alexander 1977)? Is it 

because the contemporary built environment has become divorced 

from ecological principles and its aesthetic character has changed 

radically during the recent decades history (Roodman, Lessen 1995)?

Definitely, the spatial phenomena of human built environment provides 

a rich ground for discussion that goes beyond the topic of this study. 

The main interest here is to define a valid approach that assess the 

responsive bioclimatic attitude in the complicated process that takes 

place in the built environment. Two approaches that can analyze the 

urban components in the built environment will be determined:

Chapter 1: Physical, Social and Urban Environments 14



1. Traditional Scientific Approach

In brief, the traditional scientific approach sees the built environment 

as a manifestation of physiological human needs that can be satisfied 

through quantitative analysis. However, the physiological needs are 

only the base of the human needs pyramid which is manifested in the 

built environment ( Fig 1.2).

A complex combination of physiological, psychological, and social 

needs must be met to maintain the equilibrium of the individual and 

society in the built environment. The manifestation of these needs are 

not reflected mechanically in the built environment. Inhabitants 

perceive such needs naturally as a drama full of joys, lively excitement 

and pleasures of life. People are not so rational when it comes to a 

sense of living. Unfortunately this intimate sense can not be bom 

automatically out of pure scientific application, because scientific 

solutions are always based on the average of human behavior and 

average of the weather, etc. (Cullen 1980). Although scientific 

experiment is a very important tool in research, the variables in 

humanistic studies are too significant to be an average case. Other 

physical and socio-cultural values must be studied and considered as a 

whole in the urban environment.

Therefore, architecture studies need to utilize an approach that views

the comprehensive picture of human needs in the built environment.

An integrated approach of quantitative and qualitative methodologies

has been adopted by the researchers in this field. Ironically the

following citation which came from a magazine in the field of

chemistry, confirms this trend in research (Krathwohl 1993):

“If one wishes to understand the term holy water, one 
should not study the properties of the water, but rather 
the assumptions and beliefs of the people who use it.
That is, holy water derives its meaning from those who 
attribute a special essence to it."

Thomas S. Szasz, Ceremonial Chemistiy.
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So strictly scientific codes and engineering standards in architectural 

design, though important, do little to facilitate understanding and 

encouraging people to innovate beyond the norm with a climatic and 

environmentally conscious attitude as part of their living style.

PSYCHOLOGICAL 
AND SOCIAL 
NEEDS

PHYSIOLOGICAL
NEEDS

2.

1. /

6-
Realization

Freedom and Responsibility, 
Education; the Arts

/ProtcctionX 
5. /from AnxietyX

j  and the \  
/  Need to Belong \

The Arts, Religion; Cosmology; 
Philosophy; Myth and Magic.

Community; Kinship; 
Territoriality

protection from SocialX 
f  Dysfunction of Insult \

Ethics; Sense of Community; 
Territoriality, Mental Health Services

^^ecurity  and Bodily Protectioi^^
Shelter, Territoriality; Medical, Police 
and Fire Protection, Weaponry; Law 
and Government

/  Reproduction \ Kinship; Marriage

Subsistence \
Air, Water, Food and Shelter, 
Economics and Technology

General Types 
of Needs The Six Levels of Human Needs Ways the Needs are Manifested 

in the Built Environment

Fig. 1.2: Human Needs and Manifestation in Built Environment 
Source: Bartuska and Young, 1995

2. The Integrated Approach

The real ground for the discussion of human response in the built 

environment is a cultural one. The debate on the context of culture and 

civilization goes back to the mid 1960s, when the national cultures 

started to lose their role in modulating the societies due to the advent 

of universal technology (Ricoeur 1965). Based on the philosophical 

arguments, advocates admit the necessity of civilization and culture in 

human societies, though they differ in determining their relative
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significance. This issue in the electronic era has become even more 

' complex and more critical in bridging the two nodes of culture and 

civilization.

In an architectural context a dialectic derived from this dilemma 

perhaps can be defined as the environmental and phenomenological 

concerns in the built environment. On one side, the technology that 

disregarded the cultural identity of the built environment at the 

beginning, finds itself later initiating the environmental issues in the 

built environment. This interest started in the 1970s, and reactivated in 

the 1990s, has formed an ecological concept in many countries recently 

\  A concept that aims to sustain and to reinforce the sense of human 

community in the built environment. However, on the other side, the 

current hope of the environmental technology continues to have an 

ambiguous cultural status. It is unable to establish a valid cultural 

entity of its physical and urban production. A feeling of humanity is 

missing. So the light is directed to the phenomenological field, the 

focus of which is to integrate various cultural issues affecting the 

human urbanity.

The mistake of functionalism in the early twentieth century of over

relying on scientific achievement to design for human needs shall not

be repeated. Thus the current interest in environmental and human

needs shall not disregard the real societal human values in the urban

development. Schulz touched this vital point when he wrote:

“The current interest in ecology shows that a sense of 
the whole is coming forth, but so far it mostly limits 
itself to a battle against pollution. This is evidently not 
enough. Again the feeling is left out. What we need is 
to realize that things, natural and man-made, posses 
meaning; and that the world may be understood as a 
complex interaction of such meaning."

(Schulz 1980)

* In 1992 United Nations Conference on Environment and Development was held in 
Rio de Janeiro laid agenda to sustain the natural resources for future
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Phenomenology has been developed as a philosophical discipline by 

thinkers such as Heidegger and Merleau Ponty. Their approach aims to 

investigate how a sense of place in the built environment is related to 

the world, to ground, to sky and how it is perceived by people in their 

life. Phenomenology as defined in “The American Heritage College 

Dictionary” (1993) is: “The study o f all possible appearance in human 

experience, during which consideration o f objective reality and o f 

purely subjective response are temporarily left out o f account." So it 

is the search to find the prime meanings that gives architecture its 

existential importance. Perhaps it will lead to an understanding of the 

creative integration of the physical and social aspects in the built 

environment.

An important fact in this complex debate is that the architecture, is a 

visual presence of the complicated process. Braham (1995) criticized 

some of the current sustainable and energy efficient architecture as 

being merely a mediation of the fears surrounding the two poles of 

environmentalism: future health and the use of the common natural 

resources. Whereas, architecture must find demonstrative links 

between ecological fears and an imaginative presentation of social and 

cultural values. In the end, architecture manifests the production of 

visibility.

Linking environmental studies and phenomenological social studies in 

an integrated approach is debatable and perhaps it is too early to 

evaluate their success at present. However, serious trials aiming to 

better the human and natural environment through a sustainable design 

approach are moving in this direction. A potential attempt, in this 

direction, is the ecological sensitive approach that considers human 

social needs and aims to create architecture with the environment 

instead of simply placing it on the land ( Bartuska and Yonng 1994)5.

5 Emphasis is from the author
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1.2.3 Concept of The Comparison Study

In Chapter 3, two housing patterns in Bahrain will be discussed and 

compared. Upon understanding the level of complexity of all 

correlated elements involved in the urban environment, one shall 

analyze explicitly the climatic considerations in housing within the 

overall urban context. This section defines the concept of the 

comparison study; it is a framework of how climate is perceived in the 

urban context. Three connected areas shall be viewed to understand 

climatic attributes in the built environment ( Fig. 1.3):

First: Nature and Climate: In this area we will presume, for purposes 

of this study, that the climate is a relatively constant factor, although 

nature is not. The scarcity in urban land, shortage of water and 

pollution are serious threats facing urban development in Bahrain. 

Second: Social Attribution: This area is concerned with the overall 

evolution of the socio-cultural and socio-economical aspects of the 

inhabitants in the region.

Third: Usage Pattern of the living spaces: This area discusses how 

occupants respond to the climate constraints in their built environment, 

specifically in their residences.

While the first component can be explored and improved based on 

quantitative evaluation and method, the other two fall in to a social 

context that can not be merely analyzed quantitativly.

Occupant behavioral pattern and social attribution in the built 

environment is an extremely complicated subject. People tend to shape 

and modify their surroundings for themselves, to support their sense of 

belonging to their places. If we will adopt the ecological concept in 

the design , these three areas can not be separated hence, the climate 

conscious concept has to be sensitive to the social issues to fit the 

urban spaces. This study will concentrate on examining the climate on 

its own through quantitative method, and at the same time will analyze
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descriptively the existing housing patterns as a part of the whole. 

Consequently, it will focus also on bioclimatic concepts and energy 

conservation measures in existing housing layouts and units. Next, the 

physical, historical and social aspects of the region in Bahrain will be 

analyzed.

Fig. 1.3: Climate in the Built Environment Context
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1.3 Physical Environment

1.3.1 Location

The islands of Bahrain are located midway along the Arabian Gulf in 

relatively shallow waters. The state is composed of an archipelago of 

33 islands. Saudi Arabia lies 25 kilometers to the west and south, 

connected since 1986 by a causeway, Qatar is 27 kilometers to the east, 

and Iran is 235 kilometers straight across the width of the Gulf, (Fig. 

1.4). The country is located between latitude 25° 32’ and 26° 20’ north 

and longitude 50° 50’ east.

IRAQ I RANAbadan.
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Fig. 1.4: Location Map of Bahrain
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Bahrain’s total land area is 706 square kilometers. The largest of the 

islands, representing 84% of the total land area, is Bahrain Island from 

which the state takes its name. On this island is the capital city, 

Manama, where the main port and the oil and gas fields are situated. 

The island is connected by causeways to Muharraq and to the Sitra 

islands. The main island is 50 kilometers long and 20 kilometers wide 

and is oriented essentially north- south. It is the most heavily 

populated island of the state.

The second main island is Muharraq, located to the northeast of 

Bahrain Island. It is the location of the second largest city, also named 

Muharraq, and together with Manama city, form the main urban 

settlements of the country. The international airport and the dry dock 

are located on this island. Sitra Island, the third main island is located 

south of Muharraq and is separated from Bahrain by 300 to 400 meters 

of intertidal zone. It is the site of a refinery and docking facility for the 

Bahrain petroleum industry. Other islands include Al-Nabi Saleh, to 

the east, and Jedah and Umm Al-Na’ssan to the west (Fig. 1.5). There 

are numerous other tiny islands in the archipelago but they are mainly 

uninhabited by man, and are best known for the rich variety of 

migrating birds and as resting places for local fishermen.
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Fig. 1.5: Map of Bahrain Islands
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13.2 Topography

The land of Bahrain Island is mostly flat with an average elevation of 

no more than 60 meters above sea level. A chain of hills runs 

southwards to the center of Bahrain. The highest of these is located in 

the center and is called Jabal Al-Dukan, which means “Mountain of 

Smoke”, with a maximum height of 120 meters above sea level. From 

this point, the land is gradually sloping covering all parts of the island 

with limestone bedrock (Fig. 1.6).

The coastal area of the island varies from wide, shallow reefs 

stretching well offshore to deep water channels entering the many 

terminals and ship repairing facilities. Although the Arabian Gulf 

attains a depth of 50 fathoms (90 meters) in places, it is extremely 

shallow in the vicinity of Bahrain and rarely exceeds 10 fathoms (18 

meters).

Mo in M ultiple

East-West Cross Section of Bahrain Island Showing the Main Landform Units and 

Levels

Fig. 1.6: Topography of Bahrain Island
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1.4 Social Environment

No.l was the house of a merchant in the 
copper trade with Dilmun

Fig. 1.7: Portion of The Ancient 
Sumerion City of Ur

Source: Lynch, 1981

1.4.1 Historical Background

Bahrain has deep roots in history that go back thousands of years. It is 

mentioned as a kind of paradise in the Babylonian legend of 

Gilgamesh; and there is evidence of ancient trade with the Sumerian 

city of Ur and Indus civilizations (Fig. 1.7).

One of the oldest geographical descriptions of Bahrain is Dulmin, The 

Land of Immortality, in the prehistoric era of human urban settlement. 

The Dulmin town at Saar was first built about 4000 years ago and in 

1995 new evidence found that even a thousand years earlier human 

beings had been living in the area (Dilmun Standard, July 1995)6. This 

gives evidence of an early urban form of life not just on the island but 

in the entire region.

Since antiquity, Bahrain has had ample historic evidence to identify 

herself as an exchange point in a maritime trade network centered on 

the Gulf region. Cuneiform tables of the Sumerians and Assyrians in 

Mesopotamia have mentioned the land of Dulmin as a major trading 

partner on route to the East (Kay 1993). In a later Dulmin period after 

the collapse of the Neo-Babylonion Empire, Bahrain has been 

identified by the Greek name of Tylos. Another new empire emerged 

in the region by the third century A.D. and controlled the Gulf trade 

route from India and China. This was the Sasanian Empire which 

ruled the region until advent of the Islam.

In the Islamic era, Bahrain was known by the name Awal and 

maintained herself through maritime trade, fishing and pearling as a 

major point in the sailing direction of maritime routing in the region. 

However, the political affairs on the gulf region during the Islamic era

6 The newsletter of the London- Bahrain Archaeological Expedition
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were unstable. Bahrain, during that era, constantly changed political 

orientation in relation to the political powers of Mesopotamia, Persia, 

Oman and the Arab neighbors from the coast. In the late Islamic era, 

by the fifteenth century, a remarkable transformation of world trade 

occurred and Bahrain was a focal element in the trade network linking 

the Far East with the Mediterranean world.

During the seventeenth century, the region was invaded by different 

foreign powers such as the Portuguese, Ottomans, Turks, Dutch and, 

lately, by the English. Bahrain was at that time under the jurisdiction 

of Safavid Persia from 1607 until 1711. The modem history of 

Bahrain is considered to start with the arrival of the “Utub” tribes on 

the island by 1782. Al-Khalifa is one family from the Utub tribes that 

crossed the sea from the mainland headquarters at Zubara in Qatar. 

This family has ruled Bahrain ever since (Al-Rumaihi 1975).

During the early nineteenth century, British authorities moved to 

protect their commercial interests through the British East India 

Company in the Gulf region. Political stability was achieved by British 

involvement in the internal affairs of the whole region. In Bahrain, in 

particular, the British involvement reached its climax by 1919, when 

Protective accords were established and Bahrain was used as a base for 

the Mesopotamian expedition during the First World War. The British 

presence was intensive in internal affairs and remained in effect until 

Bahrain gained its independence in 1971.

1.4.2 Socio-cultural Changes

The Gulf basin, with its ecological and morphological constraints, 

forms a region with a coherent system of cultural and natural 

interactions. So Bahrain can not be viewed out of the cultural 

geography of the Gulf region that is considered the periphery of the 

Arab heartland society. Historically, while Gulf states have always
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maintained a very mobile population before the discovery of oil (Qutub 

1983), Bahrain has maintained a certain urban stability due to its 

ecological constraints of being an island.

Due to the harsh environment and distance from the central heartland 

of Arabia, the Arab inhabitants of the Gulf region had experienced a 

traditional urban pattern that was “semi-urban” as described by Qutub. 

These settlements scattered along the sea coast of the Gulf countries 

depended on sea fishing, simple commerce, trading, pearl diving and 

palm cultivation besides small hand crafts (Clark 1985). Beside the 

indigenous inhabitants, many settlers came from mainland Bedouin 

tribes and resided permanently on the coast. The tribe was the main 

social autonomy in the Gulf region’s communities. Most of the tribes 

distinctively defined themselves in spatial urban zoning. As a result 

there were tribal nomads, tribal peasants and tribal urban people in the 

Gulf countries (Khuri 1990). A chronological chart of Bahrain and the 

Islamic world illustrated by Larson (Fig. 1.8) shows that the dominant 

episodes of the Islamic Bahrain can be quickly seen in relation to the 

surrounding world of trade. Major "periods of continuity are evident. 

The dynamic Islamic political history of Bahrain has influenced the 

pattern of urban settlement on the island. Therefore the urban life in 

the region was not Bedouin but tribal conformity, in a macro-scale, 

with the Arab-Islamic cities' concept7 (Fig. 1.9). The scholar Arab 

sociologist, Ibn-Khaldown, has given a comprehensive description of 

the nature of the Islamic urban society and culture as compared to 

Bedouinism. He talked about Mulk and Omran which mean ownership 

and state of building respectively, as main elements in the Arabic city 

which differentiate them from Bedouinism.

However, the turning point in the history of the region was the 

discovery of oil. The Gulf region with its scarce population and

7 Bedouin mentioned here is refereed to as the sense of temporary urban settlement and 
as mobile communities of individual tribes ruling isolated communities
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humble socio-cultural base became, in a very short time, the center of 

the financial power. Consequently, oil revenues flooded the whole 

nomadic society, and induced a sudden “modem” development on top 

of a very primitive infrastructure. Some writers described it as a 

transitory phase from traditional tribal societies to “modem” societies, 

in western terminology. Traditional tribal values did not disappear but
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remained present and played a significant role in modem social 

changes and urban life. Solidarity, “Asabiya”, as discussed by Khuri 

(1980), is the main character of tribalism that formulates the internal 

cohesion of the groups. Indirectly, solidarity has a prime role in 

forming the urban residential areas as defined entities. Old Muharraq 

in Bahrain is an obvious example of solidarity in the sense of family, 

tribe, friendship, and neighborhood organization8.

Fig. 1.9: Urban Layout of a Typical 
Village in Bahrain “Barbar”

The traditional solidarity started to deteriorate due to the social and

economical changes occurring in the society. The changes in urban

development during the transitory period vary between different Gulf

countries. Qutub pointed out this transformation when he wrote:

“The present pattern of development is radically 
transforming the Gulf states from tribal societies to 
societies with high level of urbanization comparable 
to that found in Europe, Canada and Australia. The 
transplantation of this alien urban culture is bound to 
create a hiatus between the urban and the tribal folk 
and a dichotomy in their social and economic 
development.”

(Qutub 1983)

Three main factors have influenced the socio-cultural changes in 

Bahrain in the modem age. Two were mentioned by Rimiahi, (1975). 

The first factor was due to the modernization of the administration by 

the 1920s following the First World War, when the British put full 

influence in the domestic affairs of the Bahraini society. The British 

interference imposed on the traditional tribal society in Bahrain 

includes organizing the trade, police and law order. Consequently, 

banking in a formal basic sense, started when a branch of the Eastern 

Bank opened in 1921 (Bahrain Monetary Agency Publication 1985). 1

1 Old Muharraq city will be demonstrated as a case study of traditional housing pattern 
in chapter 3
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Fig. 1.10: Segment of Traditional 
Layout “AI Zrarie” in Manama 
City

Fig. 1.12: Segment of Modern 
Layout in Isa Town by 1970s

The second factor was due to the oil revenue’s income. The early 

discovery of oil, compared to other Gulf countries, accelerated the 

speed of the social changes. With the collapse of the pearling industry 

prior to the discovery of oil, the pearl merchants lost their political, 

social and economic power in the society. Oil discovery, almost in the 

same period, substituted for that power and provided a wealthy income 

source for the government that was represented by the elite of the ruler 

family. This change has strengthened the power of the central state 

and manifested changes in the socio-economic status creating a 

mixture of a tribal and a capitalist state. New physical patterns 

reflecting this transformation started to appear on the island (Fig. 1.10, 

1.11 & 1.12).

However one of the pivoting points during that social evolution was 

the high increase in oil prices by 1973, which continued until the early 

1980s. More stable secured income and regular employment created 

new socio-economic classes in the society. Workers, clerks and 

technocrats of professional people became the middle class in the 

socio-economic structure. Dramatic effects on the socio-cultural 

structure took place in the whole region’s countries. It induced great 

pressure on the mechanism of the social cohesion of individuals and 

family.

Foremost, the social changes touched the private core of the Arabic 

community, changing the family and women’s status. Although 

changes vary to certain degree between different socio-economic 

groups, the old ties of extended family and tribe weakened and nuclear 

family patterns started to grow up rapidly. Another peculiarity of Arab 

society is women’s status. Bahrain like other Arab Islamic countries, 

is a male dominated society. However, with early education and social 

progress, women are no longer restricted to the home, and rigid 

constraints have yielded earlier compared to other Gulf countries.
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Overall, one can say that family ties did not disappear completely, they 

still gained great respect and appreciation among younger Bahrainis.

The third factor, intensively expanded by the 1990s, has also affected 

the socio-cultural evolution in the society. Unfortunately no research 

has been conducted in this area. This factor is the accessibility to the 

global electronic communication revolution. Bahrain was one of the 

first Arab countries connected through Arab satellite (Arabsat) in early 

the 1980s. At present, through its advanced facilities in

communication, banking and services, Bahrain introduced herself as an 

international communication center in the region of the Middle East. 

During the Gulf war in 1990, it was used as a telecommunication 

center for allied forces and the international media network. Now the 

public is exposed to several international T.V. networks; and by end of 

1995 the worldwide computer network, Internet will become available 

to the public through their private telephone lines.

With modernization and technological advancement, the 

“international” social style of western culture is invading the 

traditional pattern of the society either voluntarily or involuntarily. 

Traces of this culture, either through media or materials, can be 

observed among the younger generation in Bahrain. The flow of 

information will.acquaint the individual with the diversity of life 

patterns regardless of the social values or taboos. Gradually the 

individual centric culture derived by consumer societies will dominate, 

and will threaten human social life as it appears elsewhere in the 

world. These threats on family structure and ties and social cohesion 

are the most sensitive issue in all societies in the modem world.
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1.4.3 Population and Demography

The first population census in Bahrain, which was also the first to be 

carried out in any of the Gulf countries, was held in 1941. This census 

collected a very limited range of information as it was an attempt to 

establish the total population for purposes of food rationing. However, 

it was followed in frequent intervals in 1950, 1959, 1965, 1971, 1981 

and 1991 (Table 1.1).

According to the recent census, the figures in Table 1.1 give a clear 

idea of the population in Bahrain, which has increased five times 

during the last five decades. It also shows that the native Bahrain 

population is increasing at an extremely rapid rate. The growth of the 

non-Bahraini population is because of the discovery of oil, which has 

brought a larger number of workers seeking employment. This is also 

connected with the rapid growth of the country’s economy and 

development programs.

Census Total Bahraini % Non % Annual

Year population Bahraini Growth Rate

1950 109,650 91,179 83.15 18,471 16 85 2.19

1959 143,135 118,734 82.95 24,401 17.05 2.94

1965 182,203 143,814 78.93 38,389 21.07 4.28

1971 216,078 178,193 82.47 37,885 17.53 2.82

1981 350,798 238,420 67.96 112,378 32.04 3.00

1992 519,400 329,200 63.38 190,200 36.62 3.40

Table 1.1: Census Population of Bahrain
Source: Central Statistics Organization- Directorate o f  Statistics, 1992
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1.4.4 Economical Development

Bahrain was famous for its pearls and it was called “the pearl of the 

Gulf’. Pearls from Bahrain have been known as some of the finest in 

the world. The country’s economy used to depend on pearl diving and 

some agricultural activities. Since oil was discovered in 1931, it has 

brought a new economic basis and industrial activities with high and 

steady income. Subsequently, and also due to the increase of ground 

water salinity, farming has declined and the economy has become 

dependent on imported food and other consumer products.

Although Bahrain was the first country in the Gulf region to have an 

oil based economy, and was the leader in oil production in the Gulf; 

the oil reserves are now quite limited compared with the other Gulf 

states. Actually they are nearly exhausted, but still remain the 

dominant sector of the state economy. The government therefore has 

undertaken many measures to divert the economic basis toward other 

light industries, banking services and communications sectors.

Banking and other financial activities are the fastest growing sectors 

of the economy in the country. Their contribution to the Gross 

Domestic Product (GDP) doubled between 1973 and 1983, increasing 

from 5.3% to 12.4% of the total. Most of the world’s leading banks are 

represented in Bahrain, which has proved to be a key in the 

international banking operations, enabling those offshore banks to 

carry out financial deals 24 hours a day.
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1.5 Urban Environment

1.5.1 Urbanization Changes in The Region

In discussing social change and urbanization one must count that both 

are variable factors. Each has its own historical origins, rate, and 

direction of change. They are variable and dynamic, which make it a 

complex task to identify the causes and their outcome (Abu-Lughod 

1983).

The political, economic and social changes made direct impact on 

urban characteristics in the gulf region. Urbanization in the oil-rich 

countries, termed by Bonine (1989) as Petroleum Urbanization, in 

many aspects is unique among the third world countries. It is an 

urbanization that is not related to the economic prosperity of 

industrialization. The increase in oil prices by 1973 had doubled 

budgets for different developments as can be seen from the jump of 

GDP9. Hence the sudden development occurred in a lightning pace in 

all Gulf states, and with such rapidity it exhibits spurious interrelated 

components in terms of its social, economical and physical 

infrastructure.

Characteristics of urbanization in the oil wealthy states can be 

summarized by the following:

1. A very rapid increase in population.

2. A significant proportion of the new population who are foreigners 

with different cultures and life styles. Migrants forming approximatly 

more than 30% of the six Gulf state populations, are on a temporary 

basis and give a false indication of urban development.

9 In case of Bahrain, refer to section 1.4.4 in this chapter.
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3. Level of development and modernization on these societies’ pre-oil 

period was quite low and primary, and was reflected in the living style.

Based upon the characteristics of this unprecedented case of instant 

urbanization, the built environment in the gulf countries suffers the 

following consequences (Abu-Lughod 1983):

• Cities serve as sites for consumption rather than as centers for 

production.

• Cities are the only way that the greatly increased population can be 

absorbed and housed.

• Due to the extreme rapid growth, the cities radically shifted from 

nomadism to urbanism.

• Existence of a migrant population creates spatial patterns of ethnic 

segregation, and some times isolated sub- society within the urban 

texture. “Awali” is an example of an American town built, in the 

middle of the desert, to serve the foreigners' employees in the oil 

company (Fig. 1.13).

The case of uncontrolled urban growth occurred in most of the Arab 

countries in different degrees. Described by Khalaf, (1983) as an 

urban crisis of grave proportion, he questioned the urban

Fig. 1.12: Awali City in Bahrain by 1960s
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development in the Arab world as an overurbanization and 
underurbanism when he wrote:

“In short, the increasing pace and scale of 
urbanization as physical phenomena are not 
associated, as they are elsewhere, with a 
corresponding increase in urbanism as a life style.
Hence, the urban ethos of openness, receptivity for 
change, civic consciousness, and the secular and 
rational interest so germane for modernization 
remain deficient. It is in this sense that urban growth 
in the Arab world, rather than stimulating 
modernization, is functioning as a pathological and 
retarding factor.”

(Khalaf 1983)

It is the time now to evaluate our rapid rate of urbanization. The crisis 

that Khalaf mentioned is not merely due to absence of master plan or 

poor designing; it is instead inherent in the social system and 

authoritative structure that is beyond the architect’s responsibility. As 

architects however, the chaotic existing natural habitats and 

dehumanization of our living spaces shall motivate our moral and 

aesthetic senses, that once shaped our traditional cities, to function 

objectively in the modem age. The bioclimatic design concept, at 

least, offers a valid measure to improve the built environment in the 

urban context. Nevertheless, the existing urbanization and growth of 

cities is a physical product of process that takes place in the society.

1.5.2 Urban Process and Products in the City

The advent of three main factors in the modem age has substantial 

influence on the contemporary urban environment as both process and 

product.

The first factor is the machine and mobilization. This refers basically 

to the intervention of the automobile in the urban texture10. Quickly the

10 This item will be discussed next in the context of housing pattern in Bahrain in 
Chapter 3
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accommodation of the automobile became the predominate feature in 

the city, neglecting other human concerns. The increasing demand by 

individuals for the privilege to bring the automobile in to the living 

room became the age’s necessity. Such attitude created what 

Alexander (1979) described as “auto-centric culture”. The auto centric 

culture is, in particular, characteristic of a major number of American 

cities, as well cities in many other countries of the modem world.

The second factor that influenced the urban environment is electronic 

communication. It replaced human face to face interaction with voice 

to voice, at the beginning, and now gradually word to word with 

revolutionary super-highway communication in the 1990s. Although 

the international commercial slogan of this technology is to free more 

spare time for human life, unfortunately the opposite occurred. Certain 

qualities of our humanity are deformed or loosened over and over 

again. It seems that the obsession of the computer culture will distance 

further our contact with nature and with our basic sense of feeling and 

touch as a human community.

No doubt, the computer technology is the most vital invention of 

human civilization since the industrial revolution. However, the threat 

that is raised involves the ethical issue of commercializing this 

technology to serve merely the consumer society’s desires. If the 

developed countries have the social ground that can justify this 

technology, the developing countries fall victim to unstable social 

transformation, and become a virgin potential market for the big 

corporation companies’ sales.

The third factor that shaped the new urban settlements around the 

world is the direct rational response by planning codes and design 

standards for the cities. Functionalism as a planning ideology 

historically has dominated city and housing design from the 1930s 

right up to the 1980s; it was distinctly physically and materially

Chapter 1: Physical, Social and Urban Environments 37



oriented (Gehl 1987). Hence, it was primarily derived from medical 

knowledge and discoveries that had been developed by the early 1930s. 

This knowledge has formed the planning criteria for a healthy 

environment. Unfortunately, functionalists did not mention the 

psychological and social aspects of the design of buildings or public 

spaces. Thus essential elements known as street, squares, median that 

had always formed focal points and gathering places in the traditional 

cities, were replaced during the advent of functionalism by roads, side 

walkways and lawns in the new town.

Consequently, regulation and building codes imposed by individual 

professionals through bureaucratic authorities and bank finances 

became the operating system that controlled the built environment. 

Since then central economic forces have played the decisive role in 

regulating and forming urban settlements based on the law of supply 

and demand. With the emergence of state capitalism and a 

professional elite the role of public participation gradually faded in 

urban planning to a minimal degree.

In Bahrain, the pressure of the rapid pace of modernization and 

development left little choice to the authorities but to act instantly on 

the increasing demand for housing. Naturally the pragmatic response 

was based on the most established official planning codes and 

standards which were imported from the western world.

The three mentioned factors had a direct impact on the shape and 

growth of the urban development. Numerous tentative efforts by 

scholars have been conducted in diagnosing the illness of the urban 

environment, with desires to opt for better results and products. The 

analysis can not isolate the process from the physical products of the 

city. In defining the process mechanism of the city, a significant 

contribution by Christopher Alexander is worth mentioning, namely 

his books “The Timeless Way of Building” (1979), “A Pattern

Chapter 1: Physical, Social and Urban Environments 3g



Language” (1977) and “The Oregon Experiment” (1979). Alexander 

believed that each problem has patterns we need to understand. 

Similarly cities have their own language patterns that we should 

respect and act upon subjectively. He pointed out that the chaos we 

witness in our towns and buildings is merely an evident death of that 

language, and if living environment must be repaired and maintained 

continuously, it would be the responsibility of the public to work with 

this language. The term “language” in design and planning seems to be 

more implicit than a “ set of standards or codes” in generating livable 

environments. Hence quality of life can not be made but generated 

through a complex genetic code of references that help inhabitants to 

be part of the process that produces the city.

Alexander elaborated on the implementation of his concept of a 

process that needs a new level of management and a rethinking of the 

working process. Thus, he based his experiment in Oregon on the 

following principles:

• Planning on organic order; a process which allows the whole to 

emerge gradually from local acts.

• People participation in building process.

• Piecemeal growth versus a master planning method of growth.

• Adaptation of patterns as planning principles.

• Continuous diagnostic analysis of the built environment.

• Coordination to regulate the organic order as a whole.

The principles he suggested could create a system of references for any 

community to regulate urban development. It calls for a whole new 

approach in planning. Such a concept is subject to many restrictions 

that may prevent its application to other than a limited experiment. 

However his model emphasizes an important issue that cities and 

habitable environments are made from a series of interactive processes 

between people and places.
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In the vernacular environment this process was part of the design and 

use of the living spaces. Admirable qualities of the vernacular 

environment are the aesthetic and physical elements throughout the 

whole structure that bring to us satisfaction and comfort11. In the 

modem era, with its rapid pace of changes and technology, we fail to 

keep up in improving the essence of these visible interpretations in the 

architecture. Therefore, we need to define a new essence and set of 

values that able us to interpret physically the merits of climatic 

response in the residential area. Lynch (1960) thought that the 

physical and visual characteristics of city elements possess a seed of 

cultural values that need to be researched in order to enliven the built 

environment. In his book, The Image of the City, he specified the main 

spatial components for residential and housing texture as: Paths 

(includes Edges), Districts and Nodes (includes Landmarks). In the 

case study of the climatic impact on the housing patterns in Bahrain, 

three components that will be discussed are path neighborhood district, 

and the housing unit.

The main component that determines the quality of the physical fabric 

of the city is the vitality, which supports the function of the place 

(Lynch 1981), or quality that makes the place responsive (Bentley et 

al.1985). Lynch elaborated in defining the single measure of quality 

as a part of normative structure of the city in the following features:

• Sustenance: A feature which is adequate to sustain life, in terms of 

supply and disposal of the occupied land.

• Safety: A feature which provides a physically secured 

environment.

• Consonance: A feature which responds to the basic biological 

structure of human beings. 11

11 Physical features including building elements in the vernacular architecture reveal 
wise climatic solutions within the social context such as M ashrabiyah, wind 
tower...etc.
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So climatic response is part of the consonance of the physical fabric 

that holds the necessities of living in place. Technology will always 

provide advanced devices to support and improve the living 

environment of individuals, but over reliance can damage collective 

human life. At the same time, technology on its own lacks sprit and 

cultural identity.

Recently, this subject has been discussed in depth in some western 

countries. The talk of post-industrial culture is based on the shift from 

what is called “mass” economy to an “information” economy. 

Accordingly the emphasis shifts from design for consumption to design 

for efficiency, or doing more with less (Van Der Ryn and Calthorpe 

1986). The example of the International Nederlanden Bank, built in 

1987 using energy efficient design, proved to provide a healthier 

working environment (Roodman and Lenssen 1995)12. The building 

and planning procedures are oriented toward intelligent and sensitive 

design that utilizes higher quality information about individuals, 

groups of people and our natural resources. Though the scale and 

scope in housing and houses does differ, the results of the previous 

example encourage us to adopt a similar concept. A concept that 

addresses planning, design, and the use of appropriate technology 

through climate sensitive measures can generate the sense of 

community among inhabitants in their residential areas. The effort in 

this study is actually only one small step toward improving and 

sustaining our residential neighborhood life in terms of human, 

material and visual interpretation.

12 The Nederlanden Bank in Holland has achieved annual saving of $ 2.4 million on 
energy and $ 1 million (15%) drop in absenteeism
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2.1 Introduction

PHYSIOLOGICAL NEEDS

Climate, Geography, Topography...

PSYCHOLOGICAL & SOCIAL NEEDS 

Social, Cultural, Historical,...

Fig. 2.1: Factors Influence The 
Human Comfort in The Built 
Environment

In the early ages of human histoiy certain places witnessed the birth of 

human civilization. These places were those able to offer reasonable 

natural sources of life and comfort such as water and fertile land in 

livable climatic conditions. The state of human comfort is a result of 

an interaction between physical and mental conditions in a certain 

place. Thus human comfort in a built environment, as described in 

previous chapter, is influenced mainly by physiological needs and 

psychological and social needs. Both factors are variable and aim to 

achieve a state of balance and health during human indoor and outdoor 

activity (Fig. 2.1).

There is no precise criterion by which comfort can be evaluated or 

specified for humans in an urban settlement. Therefore any definite 

general comfort parameters must be based on arbitrary assumptions in 

given cases. For designers and planners, it will always be a matter of 

selection, among different options of nature and built environment, to 

achieve a mutually satisfactory state of human comfort. Most 

researchers refer to human comfort as thermal comfort in the 

surrounding environment; this will be the definition used in this study.

In defining thermal comfort, Olgyay (1963), in his book Design with 

Climate, described the comfort zone as the condition where a 

minimum expenditure of energy by a human is needed to adjust to their 

environment and to free most of their energy for production. He 

elaborated, based on Ellsworth Huntington’s studies conducted on the 

northeastern United States regarding the effect of climate on human 

health and energy, that the best level of physical strength and mental 

activity occurs in a certain range of climatic parameters, and efficiency 

is reduced outside that range. Also, the possibility of stresses and 

illness increase outside that range of climatic conditions. In another 

definition of “comfort”, by the American Society of Heating,
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Refrigerating and Air- Conditioning Engineers “ASHRAE”, it is 

referred to as the state of mind which expresses satisfaction with the 

thermal environment. Givoni (1976), in his book Man Climate and 

Architecture, described the comfort zone in two senses. In a negative 

sense he referred to it as the absence of irritation and discomfort due to 

heat or cold, or in a positive sense as a state involving pleasantness.

So human comfort is determined by a range of parameters, varying 

slightly between individuals, that achieves a state of satisfaction with 

the thermal environment. The developed thermal comfort is based on 

physiological understanding, and through a rational approach looking 

at human biological needs in the built surrounding. This chapter will 

discuss the thermal environment and climate that effects the population 

and building in Bahrain. Finally, this will define the thermal comfort 

parameters and the bioclimatic measures required in the built 

environment in Bahrain.

2.2 Climate Classification

Design for thermal comfort becomes essential where the climate 

pattern falls outside the comfort range. Climate of any region is 

determined by the pattern of variation of several elements, which are 

solar radiation, long-wave radiation to the sky, air temperature, 

humidity, wind and precipitation. Other modifications, that will be 

described later, contribute slightly to these climatic elements.

Of the many different classifications of climatic zones around the earth 

published by researchers, the earlier classification made by Koppen is 

generally accepted. Using the relationship of climate to vegetation as a 

criterion, he determined five basic climatic zones: Hot and humid, Hot 

and Arid, Temperate, Cool and Polar (Fig. 2.2). According to his 

zoning, Bahrain falls in the Hot Arid zone. However, according to the
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climatological records, Bahrain experiences a high rate of humidity 

due to the effect of the surrounding water body.

Nevertheless, the standard climatological references assess the climate 

of a region based on long-term averages for the levels of each weather 

element. Conditions may vary considerably on daily or yearly bases. 

Deviation from the average records shall be considered for a more 

realistic view of the climatic problems in each specific case.

Fig. 2.2: Climatic Zones Around The World 
Source: Graphic Map Cited from Chalfoun, 1989
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2 3  Thermal Exchange

A human is a homeothermic being able to regulate body temperature 

with the surroundings. Normal range of body temperature in a healthy 

man at rest and at work is 36 to 38°C. During hard work, man can 

tolerate, for short periods, temperatures as high as 40 to 41°C. 

Maintaining thermal equilibrium between the human body and its 

environment is a prime needs for health and comfort. However, human 

tolerance for shifts in body temperature is very limited, and other types 

of assistance are required. A balanced thermo-regulation condition 

depends on a combined effect of many factors. Some of these factors 

pertain to the individual such as the activity, acclimatization, 

clothing...etc., and others to the environment such as the air 

temperature, solar radiation, humidity and air movement.

Individual response to thermal equilibrium varies according to natural 

body build, ethnic origin, customs ...etc. Samueloff, (1980) suggested 

that population studies must be conducted to amend the limited 

knowledge of physiological mechanisms of thermo-regulation, 

currently obtained mainly in laboratories. He referred to experiments 

on individual thermal sensation based upon different ethnic groups of 

people tested in Israel in the early 1970s. The experiments concluded 

that the human body aims to reach an equilibrium with surroundings 

rather than to achieve a perfect balance, they also showed that different 

ethnic groups have different acclimatization responses. •

However, rational understanding of the exchange heat mechanism 

between the human body and its surroundings provide a prime base for 

analyzing and understanding the thermal comfort elements. Basically 

the thermal exchange flows by three ways: conduction, convection, 

radiation. Evaporation is a human response to these ways (Fig. 2.3). 

Dh.K. Lee in 1953 summarized the factors involved in the heat balance 

of the body as gain and losses with the surroundings (Table 2.1).
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GAIN LOSSES

1. Heat produced by:
a) Basal processes
b) Activity
c) Digestive processes

5. Outward radiation
a) To “sky”
b) To colder surroundings

2. Absorption of radiant energy:
a) Directly or reflected from sun
b) Form glowing radiators
c) From non-glowing hot objects

6. Heat conduction a way from the 
body:
a) To air below skin temperature 
(hastened by air movement- 
convection)
b) By contact with colder objects

3. Heat conduction toward the body:
a) From air above skin temperature
b) By contact with hotter objects

7. Evaporation:
a) From respiratory tract
b) From skin

4. Condensation of atmospheric 
moisture (occasional)

Fig. 23: Heat Exchange Between 
Human and Surrounding

Table 2.1. Heat exchange between human body and environment 
Source: Cited from Olgyay, 1963

Givoni (1976) explained the heat exchange takes place through 

convection and radiation with the ambient air temperature and 

surrounding surfaces, respectively. Whereas, heat is released from the 

body by the evaporation of sweat. All these ways of heat exchange are 

ruled mainly by physical laws, that regulate the rates of heat 

production and loss to achieve thermal equilibrium. This mechanism is 

controlled by the rate and distribution of the blood flow, the metabolic 

level, and the rate of sweating. A basic formula that describes the heat 

exchange between the body and the environment is: 

M ± R ± C - E = Q *

Where M is metabolic rate, R  is radiative heat exchange, C is 

convective heat exchange, E is evaporative heat exchange and Q is the 1

1 Equation presented by Givoni (1976) in “Man, Climate and Architecture" Chapter 2

Chapter 2: Thermal Environment and Climate 4g



change in the heat content of the body reflecting the variation in the 

average body temperature.

The American Society of Heating and Air Conditioning Engineer’s 

Handbook of Fundamentals (ASHRAE) elaborates on the general 

thermal sensation through the measure of physiological strain, by a 

rational approach and through empirical equations analysis. Thermal 

comfort, as a state of energy balance, described in Chapter 8 of 

ASHRAE (1989), has the following indices:

• The independent environmental variables such as air temperature, 

mean radiant temperature, relative air velocity and ambient water 

vapor pressure.

• The independent personal variables which effect the thermal 

comfort such as activity and clothing.

The “Climate-Balanced Conditions” named by Olgyay were studied 

further by Fanger during 1970 to 1982 in a quantitative approach re

called “Steady-State Energy Balance”. He used a set of mathematical 

equations where he assumed that the body is in a state of thermal 

equilibrium with negligible heat storage, and the human body 

accordingly is assumed to be near thermal neutrality (ASHRAE 1989).

Although the human body is considered neutral thermally, the body 

continuously generates heat according to the independent personal 

variables. Human body energy output, referred to as MET2, vary from 

about 340 Btu/hr for a sedentary person to 3400 Btu/hr for a person 

under strenuous exertion. Different rates of metabolic heat are 

produced by a person according to their activities illustrated in Table 

2.2.

2 MET: It is the metabolic rates unit which is the approximate rate of heat production of 
a sedentary person. It's equal to 50 kcal/m2(hr) or 18.4 BTU/h.ft1 or 58.2 w/m1
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The independent environment variables are governed by the seasonal 

variation in different climatic zones which are caused by the 

inclination of the earth’s axis at an angle of 23° 27’. Accordingly the 

solar energy received by the earth’s ground will vary daily and 

seasonally. Generally the incoming solar energy from universal space 

dominates the climatic temperatures on the ground (Fig. 2.4). Radiant 

heat from the atmosphere affects humans and buildings in five ways:

1- Direct short- wave radiation from the sun.

2- Diffuse short- wave radiation from the sky vault.

3- Short-wave radiation reflected from the surrounding topography.

4- Long-wave radiation from the heated ground and nearby objects.

5- Outgoing long-wave radiation exchange from building to sky.

Once a person can no longer tolerate these heat exchange mechanisms,

he will manipulate his built environment either physically or

mechanically toward a thermal comfort condition. In architectural

design, the climatic balance condition for humans is more complicated

since it deals with several fields of knowledge besides climatology.

Architecture is not a pure functional answer to human physiological

needs3; it is a combination of function, soci- cultural and aesthetic

needs. Watson talked about these needs when he wrote4:

“...We build buildings not only to survive the rigors of 
climate but to grace our lives and to give the places we 
live an expression of health and beauty, it is by means 
of climatic design techniques that a building responds 
to the natural environment, whether through a window, 
a skylight, a green house, a covered porch or a 
protected courtyard.”

(Watson 1980)

iRefer to Fig. 2 in Chapter 1

4 The emphasis is from the author
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Activities Btu/h. ft2 MET*

Resting:
Sleeping 13 0.7
Seated, quiet 18 1.0
Standing, relaxed 22 1.2

Walking (on the level):
0.89 m/s 37 2.0
1.34 m/s 48 2.6
1.79 m/s 70 3.8

Office Activities:
Writing 18 1.0
Filling, standing 26 1.4
Walking about 31 1.7
Lifting/ packing 39 2.1

Driving/ Flying:
Car 18-37 1.0-2.0
Aircraft 22 1.2
Heavy vehicle 59 3.2

Miscellaneous Occupational Activities:
Cooking 29-37 1.6-2.0
House cleaning 37-63 2.0- 3.4
Sawing (table saw) 33 1.8
Pick and shovel work 74- 88 4.0-4.8

Miscellaneous Occupational Activities:
Dancing, social 44-81 2.4-4.4
Calisthenics/ exercise 55-74 3.0-4.0
Basketball 90-140 5.0- 7.0

* MET= 18.43 Btu/h. ft1

Table 2.2: Typical Metabolic Heat Generation For Various Activities 
Source: ASHRAE Handbook of Fundamentals, 1989

Chapter 2: Thermal Environment and Climate 51



Heat transport by?
Short wore redielion 

Uftgweveredioiwn

Meioofbr Hoot Murfwcllon 
Convert ion

CHo*if«« ©I (Ho phjrtkol ttoto of tHo wotor

* * * * * * * * * *

Layer close
C onvection

to the surface

Surface

Fig. 2.4: Proportional Heat Transferred from Incoming Solar Energy 
Source: Olgyay, 1963

So the understanding of the thermal and climate conditions that affect 

the building design provides the basis for further efforts required by 

designers to address the other meanings and needs of the desirable 

residential environments.

In a cursory response to the four heat exchange mechanisms, Mazria 

(1979) and Watson (1980) summarized the basic climatic design 

principles (Table 2.3):
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Heat
Exchange

Conduction Convection Radiation Evaporation

* Promote
Gain

P r o m o te ^  
W a r  Gain

Resist
Loss

Minimize 
External Air 
Flow

Minimize 
Conductive 
Heat Flow

Minimize
Infiltration

** Resist
Gain

Minimize 
Conductive 
Heat Flow

Minimize
Infiltration

Minimize 
Solar Gain

m m #
m W - W  Cooling

Control Strategics in Winter 
Control Strategies in Summer

Table. 2.3: Summary of The Principle i.::d Strategies of Climatic Design.

2.4 Human Thermal Comfort Indices

Obviously the thermal exchange between humans and the environment 

can not be expressed as a result of a single environmental factor on the 

human body. In fact it is necessary to recognize the combined effect of 

environmental factors on the physiological and sensory response of the 

body. What is known as a thermal index is the combination of all 

factors integrated into a single formula.

Givoni pointed out that the subjective evaluation of the thermal 

environment includes two main responses: thermal sensation and 

sensible perspiration (skin wetness). This can also be described as the 

combined effect of the climatic factors and activities and in particular 

the response of the sweat rate. Much study and research has been 

conducted to develop thermal indices of different physiological and
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sensory responses. The early studies first dealt with the combined 

effect of environmental factors. Later, the effect of the radiant 

temperature and of the metabolic rate and clothing were considered. 

As a result, a large number of thermal indices were developed. In brief 

the environment indices, as determined by ASHRAE, are as follows:

A. Direct indices:

Dry- bulb temperature 

Wet- bulb temperature 

Dew point temperature 

Relative humidity 

Air movement

When any two of the above first four factors are known, the other two 

can be predicted by the use of a psychrometric chart. A Psychrometric 

chart is a graphical representation of the thermodynamic properties of 

moist air ( Fig. 2.5).

Dry Bulb Temoeritur* *F

Fig. 2.5: Psychrometric Chart

#
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B. Rationally derived indices: Are quantitative information on 

calculating the heat exchange between people and their environment:

Mean Radiant Temperature 

Operative Temperature 

Humid operative temperature 

Heat stress index 

Index of skin wetness.

C. Empirical indices:

Effective temperature 

Corrected effective temperature 

Wind chill index 

Black glob temperature 

Wet-bulb-globe temperature

The empirical indices are a combination of the two first indices, and 

offer a more realistic index of the effects of thermal sensation on the 

human body. In the empirical indices the Effective Temperature has 

been found by Yaglau, in 1923, to be the index of the combined effect 

of dry-bulb, wet-bulb and air movement to yield equal sensations of 

warmth and cold on a sedentary person engaged in light physical 

activity(l MET rate), wearing light clothes (1 CLO insulation)5, with 

air movement at a rate of 0.14 m/s (still air)(15- 24 ft/min.).

A corrective effective temperature is obtained when dry-bulb 

temperature of the original effective temperature scale is substituted by 

the Globe temperature taken with a 152.4 mm (6 inch) diameter black 

globe to correct for effects of any intense radiant heat source in the 

surrounding environment.

The latest experiments defining the effective temperature index have 

been progressively redefined. The new effective temperature scale has

5 CLO : Is clothing insulation rate. For more details see ASHARE 1989 p. 8.6
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replaced the effective temperature after two major alterations 

(Chalfoun, 1989):

1. Temperatures on the 50% relative humidity line have been chosen 

instead of the former 100% relative humidity line as these values are 

more realistic with the environment we experience in our daily life.

2. A corrected effective temperature is substituted for the dry- bulb 

temperature of the original effective temperature scale, to correct for 

the effect of any intense radiant heat source in the surrounding 

environment.

2.5 Thermal Comfort Charts

Many researchers prefer the term “thermal neutrality” to “thermal 

comfort” to emphasize the condition of being neither too hot nor too 

cold or experiencing any discomfort due to effect of the surroundings. 

It seems that the most recommended sets of comfort conditions are is 

the ones developed for US inhabitants after combing the following 

characterizations (Watson 1980):

A. Characterization by Kansas State University, based on the rate of 

skin moisture evaporation (Fig. 2.6).

B. Characterization by Le Roy, based on vapor pressure(Fig. 2.7).

C. Characterization by Brazol, based on total heat content of the air 

(Fig. 2.8).

D. Characterization established by Occupational Safety and Health 

Administration (OSHA), based on limits for different levels of work 

activity in United States (Fig. 2.9).

E. Characterization described in ASHRAE Comfort Standard 55-74, 

based on a human adult engaged in activity level (1.0-1.2 MET) 

wearing light office clothing (0.5-0.7 CLO). The Comfort Zone, for 

summer and winter as indicated, extends from 20- 26° C (68- 80°F) on 

the new effective temperature scale, and is bounded by vapor pressures 

of 5 and 14 mm Hg. (Fig. 2.10)6. Defining the thermal zone in the

6 Modification to thermal zone was illustrated in ASHRAE 1989
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Psychrometric chart helps determine the different corrective design 

strategies for building in the specific region (Fig. 2.11).

Another method of illustrating the thermal comfort zone is presented in 

Olgyay’s Bioclimatic chart (1963). The chart applies to inhabitants of 

the moderate climate zone in the United States, at an elevation not to 

exceed 1000 feet (300 meters) above sea level, with customary indoor 

clothing engaged in light activity. The chart in a diagrammatic form 

was built up with dry-bulb temperature as the ordinate (X axis), and 

relative humidity as the abscissa (Y axis). The middle shaded area 

presents the summer comfort zone divided into desirable and practical 

ranges. The winter comfort zone lies a little lower. Any climatic dry- 

bulb temperature and relative humidity can be plotted and accordingly 

a corrective measure can be defined if required (Fig. 2.12).

Since thermal comfort varies slightly according to people and places, 

two major modifications to the previous charts were considered in 

defining thermal comfort zone for Bahrain7. They are as follows:

1. For other than 40° latitude, the lower perimeter of the summer line 

shall be elevated about 3/4°F( 0.5°C) for every 5° latitude change 

toward lower latitudes, and the upper perimeter may be raised 

proportionally but not above 85°F (29.5° C).

2. A tolerance factor of about 1°F (0.6°C) in effective temperature 

shall be added for each 0.1 CLO higher or below the average 0.6 CLO 

specified for ASHRAE comfort standard. Accordingly, the thermal 

zone for Bahrain inhabitants was determined to be between 21.5-7.5°C 

dry-bulb temperatures in 50% relative humidity for summer and 

winter. The thermal zone was drawn on both the Psychrometric chart 

(Fig. 2.13), and on the Bioclimatic chart (Fig. 2.14). One shall 

consider that the parameters of the comfort zone is a general average;

7 Beside the two modifications, other factors also have an impact on the thermal 
comfort, as mentioned earlier, in specific i.e. acclimatization of ethnic origin, 
traditional clothing and activity.
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The shaded zone indicates conditions described as comfortable for 80% of test

subjects at an activity level of 1 Met and with 0.5 CLO of clothing

Fig. 2.6: Characterization by Kansas State University on Thermal
Sensation.

. ^  I \  j hatltty/mitf

Fig. 2.7: Characterization by LeRoy on Effect of Vapor Pressure Upon 
the State of Mind.
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Fig. 2.8: Characterization of Brazol’s Scale of Climatic Sensation Based 
on Wet-Bulb Temperatures.

Fig. 2.9: Characterization Established by Occupational Safety and Health 
Administration ( OSHA) on ASHRAE Comfort Zone
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Fig. 2.10: Standard Effective Temperature and the ASHRAE Comfort 
Zones

Source: ASHRAE, 1989

Chapter 2: Thermal Environment and Climate 60

IR
E,

 m
m



-75 3

Active solar &
conventional
heating

RumTflification:

Dry Bulb Temperature "F

Fig. 2.11: Corrective Design Strategies on Psychrometric Chart 
Source: Graphed from House Energy Doctor, Chalfoun, Spring 1995
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Fig. 2.12: Diagrammatic Corrective Design Strategies on Bioclimatic 
Chart.
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it is applicable to occupants wearing customary indoor clothing at 0.6 

CLO and engaged in light activity 1.0 MET in still air with a velocity 

of 0.1 m/s.

Fig. 2.13: Psychrometric Chart Modified For Bahrain
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Fig. 2.14: Bioclimatic Chart Modified For Bahrain
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2.6 Microclimatic Modification

Only in theory can one deal with the environmental weather elements

as constant values in a uniform ground. The available recorded weather

data is mainly compiled for the aviation industry within certain

conditions at the International Airport of Bahrain. These conditions

may not necessary comply with the built environment and nature

other else where in the country. Each specific place on the topography,

within the same region, has its own type of plants, vegetation life,

forms of mammal, fish, bird, insect...etc. These variations indicate

differences in small scale climate which is known as a “Microclimate”.

Nature is an obvious sign of specific microclimatic conditions, as

indicated by Lynch when he wrote:

“The usage of highly sophisticated measuring 
equipment to determine microclimate variations is not 
necessarily needed. Nature, herself, can be a very 
sensitive indicator of inherent stress placed on the 
natural system by climate. Nature offers the unique 
opportunity to view simultaneously the variations in 
climate within a regional environment.”

(Lynch and Hack 1986)

For instance we will never see an oak tree grow in the middle of a dry 

desert. But even the desert has different microclimate environments 

with different plant life. The English word, desert, is referred to as 

arid land without rain and devoid of life, whereas in Arabic there are 

more than 200 words that signify different types of natural landscape 

within the desert region. In addition to nature humans also create 

different living environments in an effect to modify the already diverse 

natural environment. Throughout the world there are many prehistoric 

as well as folk culture examples of conscious microclimatic 

modification by use of landscaping or other methods. The famous 

Babylonian Hanging Gardens in Iraq is a good historical example of 

man-made landscape as a microclimatic modification. Landsberg, 

(1947) in his early writings, has explained the effects within the large 

scale “Macroclimate” from the small scale pattern of the
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In day time, an offshore breeze may 
cool air by as much as 5°C

At night, breeze is reversed but still 
has cooling effect

Fig. 2.15: Effect of Water Body as 
Microclimate Modifier

“Microclimate”. A deviation created by microclimate plays an 

important role in the built environment and on nature as well. A given 

microclimate can vary significantly from the surrounding macro- 

climate. The natural modifiers that influence the general climate of 

any region are described next.

2.6.1 Effect of the W ater Bodies

Sizable bodies of water can have subtle influences on the microclimate 

conditions. The bodies of water supply a great amount of moisture to 

the air and area adjacent to it. For example, dwelling by the water may 

be assumed to have a 10% higher relative humidity than inland 

dwelling. Moisture can also contribute to moderate to extreme 

temperature variations in summer and winter.

Since water has a higher specific heat8 than land, it’s normally warmer 

in the winter and cooler in the summer. The difference in temperature 

occurs effectively during the day and night. During a diurnal 

temperature variation, land is warmer than water so the low cool air 

moves towards land to replace the updraft in the form of offshore 

breezes. During the day, some offshore breezes may have a cooling 

effect of up to 5.6° C (10°F) (Fig. 2.15). At night the mechanism is 

reversed. Seasonal inversions can happen in same way. The inversion 

magnitude in any case depends on the size of the water body and 

mostly effects on land adjacent to the water.

The off-shore breeze can penetrate inland area from one to several 

kilometers, yet dense building mass can reduce it’s effects. In hot 

climates, openings to the sea side were maintained successfully in the 

traditional urban texture in the form of alleys and open yards. These 

openings in the city’s wall form catchment inlets, becoming ventilation

* Specific Heat: Is the number of BTU’s required to raise the temperature of 1 pound 
of a substance (1°F).
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In traditional urban settlement, the 
alleys benefit from the off-shore 
breeze

In modem urban settlement, off-shore 
breeze is disturbed often by highway

Fig. 2.16: Man-made Urban Mass 
and Effect of Water Body

ducts that cany the cool breeze among the houses9. Whereas most of 

the modem layout disturbs the natural flow of air by constructing 

highways between the sea coast and urban masses and by placing 

houses away from the sea coast (Fig. 2.16).

2.6.2 Effect of the Altitude

Temperature in the atmosphere decreases with altitude. The 

temperature drop in the mountains can be approximately each 1°C for 

each 200 m rise in summer and 1°C for each 225 m rise in winter.

2.6.3 Effect of the Topography

Any small differences in terrain can create remarkable modifications 

on the microclimate. Cool air is heavier than warm. Thus, at night the 

warm air rises and the cold air forms near the ground surface. The cold 

air behaves like water, flowing toward the lowest point. This “flood” 

of cooler air causes what is called “cold islands” (Fig. 2.17).

The distribution of the nocturnal temperature by dam action in 

different elevation terrain creates what is known as “cold-air lakes” at 

night. On the valley slopes an intermediate temperature condition 

occurres. The temperature at the plateau is cold and at the bottom of 

valley will be very cold; the higher side of the slope will remain warm. 

These areas, often indicated by tropical vegetation, are referred to as 

warm slopes or “thermal belts”. It may cause a health hazard when the 

thermal belt zone is associated with smog.

The quantity of solar radiation received from the atmosphere has a vital 

effect on microclimate. The daily radiation amount received on a 

surface per square meter will vary according to the angle at which solar

9 This will be discussed on the case study of the traditional housing pattern in 
Chapter 3.
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radiation strikes the ground surface. Therefore topography plays an 

important role in sloped surface temperature variations. The angle of 

the sun’s rays make with a surface will determine how much energy 

that surface receives. Maximum temperature on a slope depends upon 

both inclination and orientation of the slope and the time. In general, 

the surface temperatures are found on slopes facing southwest.

2.6.4 Effect of the Land Surface

Different material surfaces, when exposed to sun radiation for a 

considerable period of time, have different thermal capacities. These 

surfaces will be heated and re-radiate that heat. The greater the 

thermal capacity of a building material, the more effective it will be as 

a heat reservoir. In this respect Landsberg wrote:

Warm

Cold

w Plateau worm 
slope region

Cold lake

“Every type of natural ground cover- grass, shrubbery, 
trees; each square yard of pavement; every wall and 
roof-will have a small but perceptible effect on the 
microclimate of the lot. In urban sections, the 
cumulative effect of replacing natural surfaces with 
man- made ones will often be severe. The natural 
cover of the land tends to stabilize temperatures and 
decrease extremes. Man-made surfaces, on other hand, 
tend almost without exception to exaggerate them.”

(Landsberg 1947)

It is important to consider the specific heat of the materials used on a 

built site. Surface temperature of substances vary under similar 

conditions of incoming and out-going radiation. A substance with low 

specific heat will warm up rapidly as heat is added to it, simply 

because it takes less heat to change its temperature. Besides this fact,

Fig. 2.17: Effect of Topography
the amount of the absorbed and reflected radiation of the surfaces of 

different materials also depend upon surface texture and color.10

10 Refer to ASHRAE, (1989) for more details.
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2.6.5 Effect of The Landscaping

Climatic characteristics in any region encourage particular natural 

landscapes of vegetation and land forms. Distinctive landscapes help 

modify the generalized regional climate into specific localized patterns. 

Human settlements also provide man-made landscapes which act as 

microclimatic modifiers. Cook, (1980) in his essay, “ Landscaping for 

microclimate advantage in arid- zone housing”, presented a case study 

on Phoenix. Phoenix is a city in Arizona located on a broad, flat plain 

near the center of the Salt River Valley which is now has all its water 

diverted, imported and controlled. Phoenix is an obvious example of 

the microclimate effect of urban settlement. According to Cook, 

Phoenix is considered to be probably the largest man- made oasis in the 

world. It may constitute the largest major man- made microclimate in 

an arid region. The rainfall catchment of the largely unpolluted area in 

the central mountains of Arizona supplies the water for irrigation 

around Phoenix. Cook emphasized the effectiveness of the 

landscaping on modifying the local weather records, when he wrote:

“In spite of the magical transformation of landscape by 
this water system, the National Weather Services 
persists in stating that irrigation has not effected the 
climate of the valley. Although simultaneous thermal 
transects run through the city can reveal microclimatic 
variations with up to 20°F differences in temperature, 
there has yet to be any comprehensive mapping or 
analysis of the effects of human development on the 
land.”

(Cook 1980)

Observation shows that fluctuations occur by using different materials 

in the built environment. For instance, it has been found that a 

concrete surface was 8°C cooler than asphalt and, depending on color, 

the temperature differential on grass will be greater. In a sunny day, 

the amount of light reflected from concrete or a similar light surface
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will range from 25-35% of the incident light, while grass surfaces 

reflect only about 10-15% of the light (Fig. 2.18).

Trees act as shading devices. Deciduous trees, for example, are 

effective since they will cut off the summer sunlight by about 70-80%, 

but allow some winter sunlight through. It has been found that at 

midday 0.3 to 2 meters above the ground level, the air under a tree is 

around 3-4°C lower than that in an unshaded condition, (Fig. 2.19).

In flat open country like Bahrain, landscape hedges and wind breakers 

often offer excellent microclimatic protection. Trees and hedges in the 

landscape are physical objects that can divert or obstruct the effect of 

the wind pattern. Temperature behind the hedge may be from 1.5- 3°C 

higher than on the windward side. At the same time, the undesirable 

wind velocities can be reduced by as much as 50% for a distance 

downwind of ten to twenty times their height.

Fig. 2.18: Reflection of Sunlight on 2.7 Climate Conditions in Bahrain
Different Grounds

The presented analysis of the climate is based on meteorological 

records for 1994 and database for 1961 to 1990."

2.7.1 Seasonal Variation

0.3- 2 m.

The climate of Bahrain is of an arid type, and the surrounding sea is a 

source of moisture throughout the year. Climate on the island 

generally can be divided into two main seasons, Summer and Winter, 

separated by two shorter transition periods of Spring and Autumn (Fig. 

2.20). 11

Fig. 2.19: Effect of Shade Tree on
Air Temperature ______________________ '

11 Database was obtained through a personal contact with the Meteorological Services 
Directorate at the Bahrain International Airport.
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A. W inter (Beginning of December- Last week of February):

Winter starts with a slight drop in temperature while humidity will 

continue to be high. The average mean temperature is 18°C; it may 

drop much lower for a few days especially when associated with a 

North Westerly wind that is known as Shemal A  minimum 

temperature of 2.7°C was recorded on January 26, 1964. Clouds start 

to invade the sky and rain fall may occur during this period. An 

average of 14.2 mm of rain is experienced during the winter season. 

Winds are active during this season and occasionally are strong enough 

to raise dust storms. The dominant direction of the prevailing winds is 

north- west.

B. Spring (Last week of February- Second week of April):

The weather during this season is generally pleasant. Temperatures 

will start to rise with the average dry-bulb temperature during of 

25.5°C. There will be a slight drop in relative humidity to an average 

of 65%, although the recorded minimum is 40%. The temperature 

varies during this period; a high of 41.7° was recorded on April 1949. 

Active North-Westerly winds continue occassional association with 

dust that may drop the visibility to 0.4 km. The active wind at this 

period is known as Sarayat. Fog also may occur, especially during 

calm nights and early mornings.

Rain is expected during this season with an average of 13 mm 

experienced during February, March and April. April has the higher 

rate of thunderstorm activities that can reaches 1.9 according to 

climatological data records for 1961-1990.
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C. Summer (Second week of April- First week of October):

This is the longest season of the year; it splits mainly into two parts. 

The first part extends from April to June; it is influenced by local 

thunderstorms called Al Bareh that usually develops in the afternoon 

or at night. The North-Westerly winds help to release the accumulated 

heat by lowering the humidity for a short period. However, the 

humidity rate is generally high during the entire summer. The average 

mean temperature during the first part of summer is 34°C, and it may 

rise drastically. A reading of 46.7°C was witnessed during this period 

on May 29, 1972. The first part of summer is considered to be less 

humid; precipitation is negligible during this period. The second part 

of summer is between July and September and is considered the hot 

summer. This period usually sees the maximum temperature for the 

year; it reached 45.7°C on August 1993 as the maximum record for 

twenty years. Humidity will rise noticeably; it can reach as high as 

86% during September.

Occasionally local, seasonal, strong winds from the north-west blow in 

July; it helps to reduced the high temperature and humidity. However, 

occasionally these winds may associate with dust that can be 

disturbing. At the same time, reversed unfavorable local winds called 

Kaose may activate during this period due to depression in the 

atmosphere. The kaose is a calm South-Easterly wind, though it may 

lower the temperature slightly usually it carries huge amounts of water 

vapor. Generally the thunderstorms during the summer season are rare, 

though not entirely unexpected.

During the summer the clouds disappear and the daily hours of 

sunshine reach their climax in July as 11.3 hours daily. The sunshine 

rate remains high until November when it starts to decrease to an 

average of 8.7 hours. Fog may occur in the late night and early
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morning, particularly in August. This fog is capable of dropping the 

visibility to less than one kilometer.

D. Autumn (First week of October- Last week of November):

Usually Autumn is considered the end of the summer. The weather 

becomes moderate and pleasant during this period. Temperature starts 

to decline while humidity continues increasing, up to 88%, with an 

recorded average of about 69%. During this period land and sea 

breezes are remarkable and noticeable scattered clouds appear in the 

sky. Interval winds are experienced in Autumn; mild north-westerly 

and humid southerly during the day and night. However calm winds 

are frequent, especially at night.

Fig. 2.20: Seasonal Variation in Bahrain
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2.7.2 Climatic Elements

A. Air Temperature

B. Relative Humidity

C. Solar Radiation

D. Winds

E. Precipitation

A. Air Temperature

Air temperature is the rate of heating and cooling of the surface of the 

earth. Hence the air layer is heated by conduction when in contact 

with warm ground, and by long wave radiation from the ground to the 

sky at night and during winter. Air temperature is also affected by the 

altitude and water vapor content on the air.

The study of the temperature data reveals that the average annual 

temperature in Bahrain is 26°C with a maximum of 38°C and a 

minimum of 14.1°C. The graphic presentation of the climatic data and 

comfort zone, concluded from the Thermal Comfort Chart in section

2.6 is shown in Fig. 2.21 & 2.22. The average temperature pattern 

throughout the year divides, theoretically, into the three following 

categories:

First: Three and half months (29% of the year): Falls within the 

comfort zone.

Second: Five months (42% of the year): Overheated and needs 

cooling.

Third: Three and half months (29% of the year): Underheated and 

needs heating.
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Fig. 2.21: Monthly Mean Temperatures (°C) for 1961-1990
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Fig. 2.22: Monthly Mean Temperatures (°C) for 1994
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B. Relative Humidity:

The term refers to the water vapor content of the atmosphere and it has 

a proportional relationship to the ambient air temperature. The air’s 

capacity to hold water vapor increases progressively with its 

temperature. Relative humidity is refers to the state of air when it 

contains all the water vapor it can hold, when it is “saturated” and its 

relative humidity is 100%. The humidity of the air does not directly 

effect the heat load on the body, but it determines the evaporative 

capacity of the air and therefore the cooling efficiency of human 

precipitation.

The annual relative humidity recorded over the last thirty years (Fig. 

2.23 & 2.24) shows an average of 67.5%, with a maximum mean of 

88% and a minimum mean of 39%. A 49% swing in the relative 

humidity was experienced during the year, with slight variation for 

locations adjacent to or distance from the coast.
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Fig. 2.23: Monthly Mean Relative Humidity for 1961-1990
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Fig. 2.24: Monthly Mean Relative Humidity for 1994
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C. Solar Radiation:

Solar radiation is an electromagnetic radiation emitted from the sun. 

The solar spectrum divides in to three regions: the Ultra-violet, the 

Visible and the Infra-red (Fig. 2.25). The intensity of the sun radiation 

depends on the thickness of the air through which the rays penetrate. 

The path of the sun rays is determined by the earth’s rotation about its 

axis, its revolution about the sun and the inclination of the axis to the 

plane of revolution. The solar declination and hour angle for 25° 

latitude north, a close approximation of Bahrain’s location, can be 

determined by the Sunpath Diagram (Fig. 2.26).

Bahrain is located in an arid region which receives one of the highest 

percentage of annual solar radiation in the world, equivalent to 2500 

kwh/m1 (Fig. 2.27). The monthly sunshine hours per day reveal that 

the annual average is 9.2 hours with a maximum daily average of 12.2 

hours and a minimum daily average of 7.3 hours. The highest possible 

percentage of daily sunshine hours occurs in October, 89.9% and the 

lowest is in March, 68.1% (Fig. 2.28 & 2.29).

o-B
Wave Length

InfraredUv. Visible

Fig. 2.25: Diagrammatic Chart of 
Solar Radiation at Top of The 
Atmosphere

Chapter 2: Thermal Environment and Climate 77



Decli
nation 

+23" 27' 
+ 20*
+  15*
+  10*

+ |:

Approx, dates 
June 22 
May 21, July 24 
May 1, Aug. 12 
Apr. 1C, Aug. 28 
Apr. 3, Sept. 10 
Mar. 21, Sept. 23

— 5* 
— 10* 

-IS *  
— 20* 

-23*  27*

Mar. 8, Oct. 6 
Feb. 23, Oct. 20 
Feb. 9, Nov. 3 
Jan. 21, Nov. 22 
Dec. 22

Fig. 2.26: Sunpath Diagram for 25° North Latitude
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Bahrain is shown in a circle located on a region that receives 2500kWhr/m2, 
the highest rate of solar radiation in the world

Fig. 2.27: Geographical Variation of Total Annual Solar Radiation in 
kWhr/m2

Source: Cowan, 1983
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Fig. 2.28: Monthly Sunshine Hours Per Day for 1968- 1990
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Fig. 2.29: Monthly Sunshine Hours Per Day 1994
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D. Winds

The islands of Bahrain are affected mainly by North Westerly winds 

that vary from light to moderate breezes according to the Beaufort 

scale12. The annual monthly average wind speed is 10.7 mph, with a 

maximum mean speed of 12.7 mph and a minimum of 7.3 mph. In 

wind roses based on hourly reports of wind speed and directions during 

ten years 1982- 1991, the mean wind speed is 9.2 knots, equal to 10.6 

mph (Fig. 2.30). Monthly mean wind speed is illustrated in Fig. 2.31 

& 2.32. Due to the amount of water bodies surrounding the islands, 

the land and sea breezes are very effective mechanism in microclimate 

conditions. The winds are generated as a breeze due to the different 

temperature between the land and the water. However, the breezes 

may modified by the global pressure and wind systems throughout the 

whole region. Approximately 60% of the prevailing wind blew from 

the north-west, called locally Shemal; 18% is from south-east, called 

Kaose, and 22% is scattered in different directions. Dust in the air is 

expected any time of the year due to the minimal precipitation, and 

wind blows from the surrounding deserts. The dusty wind mainly 

comes from the Iraqi dust bowl or from Rub Al-Khali in Soudi Arabia. 

June and July usually experience the active dusty winds.

E. Precipitation

Since condensation on building materials in Bahrain is considered one 

of the major problem in the built environment, it is worth while to 

mention precipitation as a process that creates the condensation. When 

air containing an amount of water vapor is cooled, its moisture holding 

capacity is reduced, increasing the relative humidity until it becomes 

saturated. The temperature at which this air becomes saturated is 

known as the dew-point. The dew-point at a given atmospheric

12 Refer to Appendices
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pressure depends on the vapor pressure of the air only. Any cooling 

below the dew-point causes the condensation. The same principle 

causes large-scale precipitation. However, the rain in the region, as 

shown in Fig. 2.33 & 2.34, is scarce and irregular, and consider 

generally less significant to the human comfort in Bahrain.

In the same time, the cloud coverage is rare with an annual average of 

1.6% recorded in 1994 and shown in Fig. 2.35.

Annual

■  i - i  o
■  1 1 - 2 0  
@ 2 1  - 3 0  
U n i t s  =K n o t s 
Me a n  S p e e d s  9 . 2

Note: knots * 1,150779= mph, therefore mean speed is 10.6 mph 

Fig. 2.30: Wind Rose in Bahrain 

Source: Bahrain International Airport, 1994
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Fig. 2.31: Monthly Mean Wind Speed for 1961- 1990

Mean Daily Wind speed mph.
I i Daily average max. mph.

+  -Average Annual Wind Speed

Fig. 2.32: Monthly Prevailing Wind Speed for 1994
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Fig. 2.33: Monthly Precipitation in mm for 1961-1990

Mean Total Precipitation (mm) 
+  -Annual Average Precipitation

18 -
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Fig. 2.34: Monthly Precipitation in mm for 1994
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1.6% (Annual Average Cloud Cover)

l i Least Cloud Coverage % ■ ■ ■  Most Cloud Coverage %
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Fig. 2.35: Monthly Cloud Coverage for 1994

2.8 Bioclimatic Needs in Bahrain

The effect of the climatic elements, specifically the temperature and 

the relative humidity, were plotted on the Bioclimatic chart. From this 

chart necessary corrective measures were identified to restore the 

comfort zone. Many of these measures may be achieved through 

natural means by adopting the architectural design to utilize the 

climatic elements or by mechanical means.

The comfort zone on the Bioclimatic chart was modified for Bahrain 

in section 2.5 of this chapter. An average of 24 hours' data of each 

month was plotted on the chart, and is shown as closed curves (Fig. 

2.36). These curves represent selected intervals of a continuous spiral 

that would move upward and downward through the years. Average 

hourly data on temperature and relative humidity extracted from a 

database obtained from the Meteorological Services Directorate at the 

Bahrain International Airport were used.
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The first impression of the prqduced curves indicates a definite 

horizontal tendency with a very limited swing in temperature between 

day and night throughout the entire year. The underheated period, 

partially at night is only in December, January and February. This 

defines a very short winter season, occuring in these three months, with 

50 Btu/ hour radiation required at night for the two months of January 

and February. The overheated period starts in April daytime, while 

the evenings are still within the comfort zone.

The combined effect of temperature and humidity places seven months 

out of the comfort zone, and shows that the overheated period goes 

from May until November. Radiation is a disadvantage during this 

period and maximum protection is required from the sun and all other 

types of radiation. On the other hand, winds are an extremely 

important climatic element to free the excess heat. So shading and 

orientation are essential corrective design measures during the 

overheated period. Approximately 70% of the overheated period 

requires wind movement with speed of less than 700 ft/ m (7.96 mph). 

By referring to the monthly prevailing wind data shown in Fig. 2.31 & 

2.32, the average wind speed for the seven given months is 10.1 mph 

blowing from north and north-west. It’s mean proper orientation of 

building masses can utilize the wind as an asset during this period. 

However, local wind in the micro-scale and dust contained in the air 

require careful consideration in this respect. It’s also worth noting that 

direct wind with a velocity over 7 mph is considered unpleasant 

according to the Beaufort scale. To reduce the effect of the solar 

radiation through the overheated period, shading devices are needed 

almost the entire year. No shading is required for the very short 

underheated period in January and February, especially since stored 

heat from the day can be beneficiary to restore the comfort zone at 

night and early morning.
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Fig. 2.36: Biodimatic Chart For Bahrain

Table 2.4 summarizes the biodimatic conditions in Bahrain. The 

overheated period is dominant throughout the year with an almost 

negligible underheated period. The excessive humidity next to the 

temperature becomes the major elements in need of attention. Design 

efforts in principle shall be aimed to releasing the humidity through 

potential natural breezes. Protection from sun radiation is essential

13 Chart Shows hourly coincide average of temperature and relative humidity during 

1994
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almost all the time; housing layout and landscaping can be an adequate 

planning and design tool in this respect.

It seems that it is not possible to restore the human comfort zone 

throughout the year in Bahrain by using natural measures only. 

However proper design techniques and a climatic conscious design 

approach provide valuable assistance to overcoming the harsh climatic 

condition.
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Table 2.4: Summary of Bioclimatic Needs in Bahrain
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3.1 Introduction

The census conducted in Bahrain in 1991 shows also that the capital, 

Manama, accommodates the most dense housing development in the 

country. It sites 34% of the housing stock, of which 56% is multi-story 

apartment buildings (4 to 6 stories). The second highest density is 

found at Muharraq. It sites 15% of the housing stock, of which 65% 

are traditional courtyard houses, and the rest are conventional 

compacted houses. Relatively, Muharraq city presents a physical 

example of traditional housing neighborhoods in Bahrain. The new 

Hamad Town accommodates 6% of housing stock, of which 92% are 

modem conventional houses built by the Ministry of Housing and 

individuals. In this chapter, two cases of housing patterns in Bahrain 

will be discussed: First is the traditional pattern in Muharraq old city, 

and the second is a modem pattern in Hamad Town. Density varies 

between the two cases.

The rapid rate of development in Bahrain imposed tremendous stress 

on the old residential areas. Unfortunately, modem life has seriously 

damaged the image of the vernacular urban texture. At present, the 

selected case study of the traditional pattern has been greatly altered 

and modified to suit the modem life style. So, the reference in this 

study will be made to the original traditional concept as much as 

possible. The goal of this chapter is to assess the degree of responses 

to bioclimatic considerations and to the general principle of passive 

cooling in the two cases of urban settlement. As summary, a 

comparison will be demonstrated at the end of this chapter.

3.2 Case study of Traditional Pattern: Old M uharraq City

The city of Muharraq is the second largest city in Bahrain. It is located 

on Muharraq island north east of the Bahrain mainland (Fig. 3.1). 

Historically, after Al-Khaliefa’s family conquered Bahrain, Muharraq

Chapter 3: Traditional and Modem Housing Patterns 9 %



Fig. 3.1: Location of Old City of 
Mubarraq.

became the political center of the royal family by Shaikh Abdulla Bin 

Ahiamed A1 Fatah in 1796 (Wall 1990). It was estimated that at the 

beginning of the 20th century the city contained some 4000 dwellings, 

housing approximately 30,000 people (Ministry of Housing 1986). 

Prior to the discovery of oil, the socio- economic structure of the 

inhabitants in Muharraq was based on fishing, pearl diving, simple 

handicrafts, and trading. The recent 1991 census pointed out that the 

population of Muharraq is 74,245 people presenting a different socio- 

economical status of the Bahrain society.

3.2.1 Physical Development of the City

To study the traditional residential areas, it is necessary to follow the 

physical development that produced the existing Muharraq city. The 

evolution of Muharraq urban growth in modem history as a traditional 

Gulf city can be listed in five phases (Wali 1990):

A. Phase One (By 1810s): The city emerged as a political center, 

however the urban process was relatively slow during this period 

similar to many other Gulf cities of the early nineteen century (Fig. 

3.2.a).

B. Phase Two (By 1820s): The allied tribes settled in rings around the 

ruler Shaikh Abdulla A1 Fatah’s residence. It was a sign of loyality to 

the ruler who decided finally to settle in Bahrain (Fig. 3.2.b).

C. Phase Three (By 1869): The British intervention brought political 

stability to the island. More groups settled in the city in urban cells 

around the ruler's residence. Distinct neighborhoods appeared and 

tribal forms of organization constituted each neighborhood1. Markets 

(Souq) grew by the sea coast, adjacent to the residential areas.

D. Phase Four (By 1950s): A transition period, in which the city 

starts to gradually loose its traditional urban characteristics (Fig. 3.2.c).

1 Traditional neighborhood were structured on family origin, tribal root, and socio- 
economical status of different classes in the traditional society in Bahrain.
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Ruler residence

E. Phase Five (By 1970s): This was a period of deterioration where 

the city lost much of it’s identity. Modem settlement grew around and 

between the traditional areas. This period witnessed migration outside 

the old Muharraq city.

, The aim of this chapter is to evoke the original urban fabric based on

s the existing legacy, and show how traditional architecture dealt with

a. Muharraq City 1810 climate in residential neighborhoods and houses.

Fig. 3.2: Physical Development of 
Muharraq City.
Source: Wall, 1990

3.2.2 Urban Fabric in The Traditional Neighborhood:

A. Selected Neighborhoods

Based on the report “Old Muharraq City” (Ministry of Housing 1990), 

the site plan of a neighborhood called Freeg A l Bin Shidda and Al 

Mahrmed has been selected. The density in this area of the city is 126- 

250 person/hectare (Fig. 3.3, 3.4 &3.5). Another area selected by the 

author is a segment of two neighborhoods which is located between 

two zones of very high density (More than 251 person/ha) and medium 

density ( 51-125 person/ha). The name of these neighborhoods are 

Freeg A l Jalahma, Freeg A l Qasasib and Freeg Al Mo ’awdah (Fig. 

3.6,3.7 & 3.8). At present, a number of old traditional houses in these 

areas are either occupied by newcomers to the city, who generally are 

low income non Bahraini workers, or have been demolished and 

replaced.The original layout and houses have been much changed to 

suit the new modem urban requirements.

B. Local Terminology

An important attribute of the Arab city that ought to be considered in 

discussing the urban fabric, is the unconscious interpretation of the 

local vocabulary used in the urban setting. Certain terms are integrated
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Fig. 3.3: Segment of Muharraq Old City

Source: Report by Physical Planning Directorate, Ministry of Housing 1990.
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a: Movement Network in Traditional Neighborhood: 
Freeg Bin Shidda & Al Mahmeed

b: Void and Solid Masses in Traditional Neighborhood:

Freeg Bin Shidda <6 Al Mahmeed
Fig. 3.4: Layout of in Traditional Neighborhood
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Palm Tree, the symbol o f life in the Middle East arid region 
where often planted in the courtyard.

Modem elements such as cars, air conditioning units, 
aluminum windows...etc. -invaded the traditional
neighborhood.

Even in mid day there is always shade in 
the old alleyways

Typical facade exposed after widening the Proportion to human scale gives the 
street for car traffic. charming character to the old alleyway.

Fig. 3.5: Views from Old City of Muharraq: 

F re e g  B in  S h id d a  & A l  M a h m e e d
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Fig. 3.6: Segments of T hree T rad itional N eighborhoods: 

F r e e g  A l-J a la h m a , F r e e g  A l-Q a s a s ib ,  a n d  F re e g  A l-M o  'a w d a h

Old alleyway intersect with modem road. Semi-public alleyway is a save place for
kids.

Fig. 3.7: Views from Old City of M u h arraq :

F r e e g  A l-J a la h m a , F r e e g  A l-Q a sa s ib , a n d  F r e e g  A l - M o ya w d a h
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Typical wind-catcher by the parapet wall.

Fig. 3.8: Views from  Old City of M uharraq :

F r e e g  A l-J a la h m a , F re e g  A l-Q a s a s ib ,  a n d  F re e g  A l - M o ’a w d a h
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Market (Souq)
Congregational Mosque (Jamma’)

Sea coast

Two Ends of Pedestrian Path in the 
Traditional Old City

Darb

Fig. 3.9: Path (Darb) connecting 
different neighborhoods (Furgari)

to the form and function of physical urban components in Arab cities 

(Hakim 1986). Therefore, the author will apply modem terminology to 

the local terms that shaped the residential environment in Bahrain. The 

traditional district or neighborhood in Bahrain is called Freeg. The 

same urban element is called Hara in Cairo and Damascus and called 

Mahalla in Baghdad, which has a similar meaning in Arabic.

The spatial organization of neighborhoods in old Muharraq reveals the 

socio-economic structure of the tribal and sect grouping in the city. 

Each neighborhood accommodates different types of habitats within 

the same tribe; a mix of merchants, business people, middle classes and 

occasionally the poorer workers. All different neighborhoods, Furgan 

plural of Freeg, were connected by a principle network of town streets 

and a main way or path called Darb (Fig. 3.9). There is a hierarchical 

grading of smaller paths called D a’oos ( some of them are dead ended 

passages). In modem housing these local terms Wally disappear as 

will be seen later in this chapter.

C. Character of Urban Layout

Both of the selected residential cases in old Muharraq show 

development of closed layouts of houses and winding narrow streets, 

conforming to the fundamental characteristic of an Arab Town. In 

Arab cities, the development of the urban fabric is centered primarily 

around the residential area and access between the individual house 

and the house of God (Mosque). Though the image of the traditional 

residential urban layout is dense and compact, a series of correlated 

urban spaces exist connecting the individual houses in the 

neighborhood and the whole city. These urban spaces include 

courtyard, dead ended alleyways and main alleyways, as well as open 

space, provide different levels of privacy in the neighborhood (Fig. 

3.10). Privacy of the individual and family is highly appreciated in the 

society as an interpretation of the classic Islamic teaching codes. It is
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an predominant character of Middle Eastern life and culture that is 

reflected in its urban architectural forms. The peculiar urban form 

created by Islamic cities is not only expressed in the surface of the 

building but foremost in the creation and function that took place in the 

built space (Steinberg 1991). Simultaneously besides fulfilling the 

social and religious desires,-the character of the urban fabric was 

generated to cope with environmental constraints of heat protection 

and ventilation in the city.

Mosque

Souq

Baraha

D arb

alleyway

Dead-end

Bent Entrance

M ajlis

Courtyard

House

The three significant elements that formulate physically the residential 

areas in the old city were: path {Darb), neighborhood {Freeg), and 

house. The usage patterns in these elements will explain how 

inhabitants adopt their living style to cope with the climate in the 

physical forms of community life.

3.2.3 Usage Pattern in The Traditional Housing

The inhabitants’ usage pattern of the built environment evolves 

continuously in any community based on the local ecology, cultural 

heritage and the necessities of every day life. The concept of the 

usage pattern found in the traditional residential districts in Bahrain is 

basically derived from the social and cultural context of Arab town 

settlement. Islamic divine law (al-Shari ’a) plays a significant role in 

regulating the urban and building activities in the traditional city 

(Hakim 1986). The teachings of Islam formulated strong conscious 

behavioral patterns in the traditional Bahrain environment, both among 

the individuals and the collective.

Fig. 3.10: Urban spaces in the 
residential areas in the Islamic city: 
Access between private and public 
domains.

In addition to the Islamic identity, the tribal characteristic of a 

traditional neighborhood was governed by social solidarity2 among its 

members, and then among other neighbors according to the nature of 3

3 Refer to item 1.4.2 in Chapter 1
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the relationship, such as family, friends, religion...etc. The traditional 

neighborhood was self contained territory controlled spatially by a 

pattern of responsibilities (Fig. 3.11), (Akbar 1986)3. These 

relationships and commitments between occupants are responsible for 

degree of internal homogeneity that has been respected in the urbanity 

of the old city. In practicing these responsibilities, inhabitants 

unconsciously followed a social and moral code established between 

themselves and their urban environment. In the old days, practicing 

such codes was supported by religious laws, and were effective in 

regulating the usage pattern in the residential built environment. The 

main urban elements of traditional housing are: path, neighborhood, 

and house.

A. The Path (Darb)

Ownership

Control

Fig. 3.11: Pattern of Responsibility 
in The Built Environment 
Source: Akbar, 1986

Paths are the predominant city elements perceived by inhabitants and 

strangers as described by Lynch (1963). Path, Darb or D a’oos, as 

interpreted earlier is the linear void in the urban fabric that penetrates 

through labyrinth of solid masses and leads residents through out the 

old city3 4. Paths connect the different neighborhoods with each other 

and with the other parts of the city. Although it seems a maze for 

geometrical trained eyes, residents were guided by the distinction 

between neighborhoods. The social identity of each neighborhood 

reinforced determining the irregular form of its mass. Yet, a visual 

homogeneity and richness extended along regardless of neighborhoods 

boundaries. Composition of void and solid mass in the old city is an 

obvious physical characteristic that gives diversity to its components. 

The diversity of void and solid also achieved a balanced visual state of

3 Akbar in his book discussed the pattern of responsibility in the built environment in a 
model of complex interaction values. The model comprises of three basic circles 
which are ownership of the space, control and manipulate of the space, and usage of 
the space.

4 Rite of path in Islamic regulation and laws governed the flow and growth of the path
between the houses in the city.
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Void Mass in the Old City

Solid Mass in the Old City

Fig. 3.12: Composition of Mass in 
Old City of Muharraq 
Source: Wall, 1990

light and shade that reduced the effect of sun glare and help to self cool 

the urban clusters (Fig. 3.12).

A.l. Types of Path

The hierarchy of the path starts from the house entrance door and ends 

either in public space, like the Mosque’s open yard, or in an open 

spaces by the seaside. Paths are generally narrow and organically flow 

between the houses; the original dimension is ruled by human and 

loaded donkey-cart traffic. There are two different types of paths in 

traditional areas:

1. Continuous alleyways.

2. Dead- ended alleyways.

While the first are considered public domain, the latter are identified as 

semi-public or semi-private domains controlled by residents of the 

same alleyway. The social pattern that governed the path was part of 

the social, cultural and religion system of values. Roymond’s survey 

found nearly 50% of the total streets in the Arab towns like Algiers, 

Cairo, and Damascus are closed at the end, with the exception of the 

Iraqi’ towns. Though, dead ended streets existed in the traditional 

areas in Bahrain, they are less significant, more similar to the Iraqi 

towns. The reason might be environmental in the case of Bahrain. The 

continuity of the alleyways open to the sea coast is vital to catch the 

cool breeze in summer. The narrow alleyways act as ventilation ducts 

traveling through the compact mass of the neighborhood; they work in 

cooperation with other wind ventilation devices that will be described 

later. The alleyways in both types of path are passages defined by high 

solid walls, with small windows and door openings in the ground level. 

The tall walls of the passages provide shade for pedestrians and 

children to gather, and play close to their own houses. In the old days, 

entry doors were kept open during the day time5. The open door 

reflected the social hospitality of the Arab family, and a sense of

5 Bent entrance allows keeping the door open, and prevents visibility to inhabitant and 
maintains their privacy.
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Wind breeze ventilates the urban mass 
through the narrow path and courtyard 
void in the houses.

Fig. 3.13: Diagram of Path and
Courtyard House in Traditional 
Areas

Sea Coast

Fig. 3.14: Diagrammatic Layout of 
Path in Traditional Area.

security in the society in the old days. It also acted as an inlet allowing 

the wind breeze to ventilate the house and escape through the courtyard 

(Fig. 3.13).

A. 2. Spaces Associated with Path

Within each neighborhood, a network of alleyways leads to some open 

spaces. The main defined open space is called Baraha; where elder and 

younger generations gather and socialize. These open spaces are also 

utilized for social and religious occasional celebrations. Mainly, two 

types of Baraha are found; first is clusters with the local Mosque in the 

middle of the neighborhood, the other is located on the periphery of the 

old city close to the sea coast (Fig. 3.14).

As in most Arab cities, the paths or streets are mainly considered 

public and masculine domain. The segregation between masculine and 

feminine is a strong feature in the urban spaces occurring even in the 

house layout.

B. The Neighborhood (Freeg)

The Freeg is the basic urban unit that is identified socially in the 

residential area in all traditional environments in Bahrain. Each Freeg 

has its own identity that manifests the social, socio-economic and some 

times the sect grouping in the society. The Freeg is constructed around 

the social power represented by a reliable person or family’s residence. 

This person or family will have a guest room called Majlis, to entertain 

members of the community and discuss different matters with them. 

The Majlis is often found to be attached to the residence, but 

sometimes is located separately in the same area. Often this forms 

focal center of the Freeg in addition to the local Mosque (called by the 

name of the Freeg), and an open space (Baraha) as described earlier 

(Fig. 3.15).
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V:;^ Focal center in 
H^each neighborhood

Fig. 3.15: Neighborhoods are Cells 
Structured the Traditional 
Residential Area.

Traditional Housing Pattern in Hot 
Dry Region

Traditional Housing Pattern in Hot- 
Humid Region

Fig. 3.16: Different Housing 
Pattern in Hot Region 
Source: Talib, 1984

The thematic unit of the neighborhood is a closely knit community, 

ruled by the sense of social solidarity. Usually formation of the 

neighborhoods are based on the tribal origins, craft professions or sect 

groups. Though neighborhoods are fragmented in small areas lacking 

easily discernible edges, they are very distinctive. The average area of 

a neighborhood as surveyed was about 2 Hectares (Ministry of 

Housing 1990). This means a few minutes walk explores the entire 

neighborhood. Interestingly, it conforms to the size of neighborhoods 

that existed in other large vernacular Arab cities like Cairo (Raymond 

1984).

In a very humid and hot climate like Bahrain, one expects to observe 

scattered urban masses that maximize ventilation and air movement 

around the houses. In hot-humid Jeddah, for example, houses have no 

courtyard and fairly wide streets to provide a cooling effect by wind 

(Talib 1984), (Fig. 3.16). Whereas, an aerial view of Muharraq reveals 

a different picture; it is a compacted city that is comprised of courtyard 

houses and narrow alleyways, similar to a layout that is a combination 

of both hot arid and a hot humid zone (Fig. 3.17). Environmental and 

social justifications perhaps can explain the tendency of such a layout 

in Bahrain.

From an environmental point of view, Bahrain is located in a high solar 

radiation region6, and the high humidity results from the water 

surrounding the island. Therefore, it is essential to provide shade in 

the alleyways for people movement. Because of the low mass and 

walls in traditional dwellings, the alleyway must be kept narrow. The 

layout of courtyard houses provide closely grouped mass as with 

common walls, that limit the amount of surface area exposed to solar 

radiation in the long summer months. Scarcity of urban land and 

building materials is another reason that led the local builders to utilize

6 Refer to section 2.7.2 in Chapter 1
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efficiently the available land. Ancestors also realized that the high 

relative humidity required negligible mass storage. So they used light 

weight structures in the roof, ceiling and wall panels in the upper floor, 

and created various venting and cooling devices in the house. On the 

other hand, from a social point of view, the urban layout produced 

reflects the root of the tribes that settled in old Muharraq. The socio- 

culture factor played a decisive role in housing form (Rapoport 1969); 

most of the groups that originally inhabited the old city of Muharraq 

were from Bedouin origins in Arabia, Iraq and the West-Coast of Iran. 

Those inhabitants came from hot arid regions and worked with the 

available natural building materials to form layouts that satisfied their 

social living style in the new environment on the island.

Fig. 3.17: Typical Traditional Urban Layout in Bahrain. 

Majority of Alleyways Directed to Receive Wind Breeze From North 

Source: (Ministry of Housing, 1990)
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C. The House

Almost all houses found in traditional neighborhoods are courtyard 

houses. The courtyard house was inherited from the pre-Islamic era 

and spread widely in throughout the Middle East and Mediterranean 

regions, becoming a self- contained entity in several different societies 

and cultures7. In the Arab world, the courtyard is generally the central 

element of the house and provides an inward oriented open space that 

offers security, privacy and spiritual contact with the sky. The word 

house in Arabic, which is M askin, derives from the original word 

Sakun which literally means “quiet and settled”. The courtyard reflects 

this meaning as a quiet, private space for family life that is protected 

by a buffer zone of rooms and solid walls. The courtyard house, 

foremost, is an architectural concept that controls the environment by 

creating a domestic microclimate space within the house. The 

courtyard void serves as a light well and air well into which the cool 

dense night air sinks. Courtyard houses also have passive cooling 

capabilities that makes them appropriate for the climate in this region.

Bahrain, located in a hot arid region, with high humidity, and little 

diurnal range, has a very harsh and aggressive climate. The main 

purpose of the courtyard was to protect the inhabitant from that 

climate. Though it is humid, the clear sky condition at night helps to 

release part of the stored heat by radiation to the sky, and also by 

providing internal shade during the day to activate air flow in the 

house. The local builder complemented the concept of the courtyard 

house by inventing several methods of cooling and ventilating the 

house, as will be explained later.

Example of existing dead-end 
alleyway.

Originally, their were two types of residential construction methods. 

Both methods used a measurement unit based on human proportion

7 Reference to Fig. 1.7 in Chapter 1, courtyard concept seen in ancient city o f  Ur.
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that was called Dura’a: it is the length from a hand’s fingers to the 

elbow.

The first type of construction, the more common one, is a masonry 

structured house. The size of the house is determined by the wealth 

and economical capabilities of the occupants. The walls of the house 

are usually thick, constructed from cut coral stones, plates of sediment 

stone and coral slabs from the sea (Froosh). Palm trunks and imported 

hard wood joists (Danchal) are used as roofing, and as structural 

reinforcement in the building. However, in the first floor walls are 

constructed from thick piers with openable wooden panels in between.

The second type of construction is a light weight structure built with 

available natural resources, using from palm leaves and ropes, without 

any nails (Fig. 3.18). This type of structure is carried out by poor 

people, and often families are grouped around a courtyard. Different 

types of dwelling using this method, called Barasti, Areash or Kubar, 

are very primitive but are very efficient for the climate. This type of 

house has not been constructed for more than twenty years.

Fig. 3.18: BarastVs Neighborhood in Muharraq in 1940s 

Source: Wall, 1990
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In the old days, wealthy people used to leave the urban areas during hot 

summer and live by the seaside in Barasti as “summer houses” 

because it has cooler and convenient. In another word, for those who 

could afforded it, the pattern of living was subject to migration 

between high mass house construction in winter and low mass house 

construction in summer.

Courtyard
House

Path, Mosque 
Market

Rooms

Fig. 3.19: Diagram of Social 
Domains in Traditional Residence.

Daily usage patterns are almost the same in both types of houses. Like 

most traditional Arab cities, the residence is basically divided into 

private and semi-private zones between the man’s world and woman’s 

world. Every house is a private and introverted enclosure separated 

from the street life. Such physical segregation in the house is found to 

fulfill the social and religious requirements of Arab societies (Fig. 3.19 

& 3.20). The courtyard house then was adequate to accommodate 

successfully this social separation within the environmental 

constraints.

The height of the courtyard in traditional houses in Bahrain is greater 

than the dimension of the plan, with a ratio about 1:1.5 (Majed 1987). 

Therefore, the total area exposed to sun is reduced and it provides 

adequate shade inside the house. Several surveys on courtyard houses 

proved this thermal property. A difference of 5°C was found between 

the temperature in the courtyard and the temperature on the roof of a 

traditional house in old Cairo, and 11°C between outside and inside 

rooms of the house, (Noor 1979, cited in Danby & Hyland 1986)8. In a 

recent experiment applied to a single story Spanish courtyard in 

Cordoba, the difference in temperature between a point on the roof and 

point inside a room reached to about 13°C at the peak of day on August 

1994 (Reynold 1995). Warren and Fathi (1982) found a difference 

between outside air temperature on the roof and inside air temperature 

in the basement of 20°C (Fig. 3.21). However, these exercises were 

conducted in a hot dry climate where building mass, and heat lag play

* Noor, M. did experiment in Beit El Siheimi and demonstrated it in Ph D. thesis from 
University of Newcastle Upon Tyne, 1979
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Fig. 3.20: Traditional Courtyard Houses in Old City of Muharraq 
Source: Ministry of Housing, 1990
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an important role in modulating the temperature difference. No 

experiments were applied to examine the efficiency of the courtyard in 

Bahraini houses. The courtyard house is also useful in protecting the 

occupants from dust storms. Although in Bahrain the sea reduces the 

effect of local dust storms, strong Shemal winds during certain times of 

the year can be disturbing and annoying when they is contains dust.9

Fig. 3.21: Different in 
Temperatures in Traditional 
Courtyard House in Baghdad. 
Source: Warren & Fathi, 1982

The defined space of the courtyard encourages the owner to plant 

vegetation and trees within his private territory. Landscaping helps to 

regulate the microclimate condition by providing shade and visual 

pleasure within the house in the adverse environment. It is the only 

source of greenery that exist in the neighborhood, with the exception of 

some scattered palm trees found in the open spaces or by the sea coast 

and in private gardens.

As Azzawi (1969) mentioned, courtyards in Baghdad were used for 

sleeping in Autumn and Spring when it was too warm to sleep inside 

the room and too cool to sleep on the roof. The same pattern was also 

seen in Bahrain. The traditional life and social activities of the 

extended family that usually occupied these houses centered around the 

courtyard.

The courtyard space is found to be effective for circulation to different 

rooms in the house. It is also found to be an ideal open area for babies 

and kids to play and be watched by their mothers.

One of the common characteristics of spatial usage patterns in the 

courtyard house is the seasonal movement between the rooms. The 

ground floor’s rooms had less openings and thick external high mass 

walls and were heavily used during the winter. The upper floor’s 

rooms were usually provided with big windows and adjustable shutters 

in all orientations. This low mass floor was commonly used in the 

summer. The migration within the house also occurred on a daily basis

9 Refer to Chapter 2
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Fig. 3.22: Sun Movement Produces 
Different Shade Pattern in the 
Courtyard House

by following the shade of the courtyard as the sun moves every day 

(Fig. 3.22). A conceptual diagram of the flexible seasonal usage 

pattern the traditional house is illustrated in Fig. 3.23.

A semi-open space overlooked the courtyard, called Liwan, can often 

found in courtyard house is old Muharraq city. It could be a linear 

space around the courtyard, like a gallery, defined by the room’s walls 

and a colonnade or it can be a room with three walls. A Liwan is a 

very active family space especially in the summer for a family to take 

their meals and also entertain their informal or related visitors. Usually 

this space is located on the north side of the courtyard within the route 

of the cross ventilation in the house as shown in Fig. 3.20.

Along with the concept of the courtyard, the local builder paid 

attention to the discomfort caused by the high rate of humidity in the 

air, and came up with methods, to activate air movement within the 

house. Fathy (1986) in his book. Natural Energy and Vernacular 

Architecture, has described two principles to ensure natural air 

movement in building. First; differences in wind velocity produce a 

pressure differential which result in air flowing from the higher to the
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Fig. 3.23: Seasonal Usage Pattern in Traditional House
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Fig. 3.24: Concept of Wind Tower 
in Traditional House

lower air pressure. Wind tower and wind catchers in vernacular 

architecture in Bahrain utilized this principle (Fig. 3.24, 3.25 & 3.26). 

The second principle, is based on the convection concept, with the 

warm air rising and being replaced by cooler air. Locating different 

openings and decorative screen panels in the traditional house’s rooms 

implement this cooling strategy.

The typical ventilation elements found in the Bahraini traditional 

houses are: wind tower, wall wind-catcher, wooden louver panels, 

perforated lattice work and distributed openings.

A wind tower is called Badgir or Badgeer, which refers to a Persian 

word for wind catcher. The first wind tower was reported was in the 

13th century in the Persian city of Mormoz by Marco Polo (Fardeheb 

1987). It is the most striking physical element on the skyline of the 

old city, a kind of large chimney structure that has openings in four 

directions, and is reinforced with wooden beams extending out from 

them. The chimney structure rises well above the houses to catch the 

prevailing breeze and channel it down to the rooms and the courtyard 

(Fig. 3.24). With slight differences from the concept applied in Iran, 

the cross diagonal walls of the wind tower in Bahrain were built of thin 

coral slabs and plastered with gypsum. The plastered walls have the 

ability to absorb the humidity during the night, and to cool when in 

contact with wind during the day. The cool air becomes heavier and 

slides through the shaft, and the wind pressure differential of air 

movement creates a pleasant breeze inside the house. This mechanism, 

which can also reverse, accelerates the air speed inside the room and 

helps to achieve heat exchange by the structure and by the people who 

use the space. A cool chimney has an opposite effect; the hot air 

escapes from the tower and allows the cool air to enter the house via 

doors and windows. The wind tower efficiency varies according to the 

climate conditions during different times of the year. A wind tower is 

provided with an openable hinged panel, at the ground floor, to control
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Construction o f  Wall Wind-Catcher

its operation. Nevertheless wind tower is considered a brilliant simple 

method to activate natural ventilation in the hot humid region.

Wall wind-catchers are similar to the Malqaf or wind scoops used in 

other Arab towns. It is another adequate method of achieving air 

movement in the warm humid climate. If the wind tower is considered 

a multi- directional ventilation device, the wind- catcher is a directional 

ventilation device Basically, it supplies another source of ventilation, 

besides the ordinary windows. Two types of wall wind-catchers were 

found in traditional houses in old Muharraq; the first applied in the 

rooms and the second applied on the parapet walls of the roof. Both 

construction methods are similar; they are made by filling the spaces 

between the structural piers with two parallel walls, with a gap in 

between. The gap is left open in the case of parapet thin wall, whereas 

the gap is controlled by an openable wooden shutter in the case of a 

room (Fig. 3.25 & 3.26). When the wind blows and hits the recessed 

wall, the air moves toward the low pressure spot in the opening 

between the walls. A similar method is used with the wooden louver 

screens on the roof or balconies. The upward direction of the louvers 

allows the air to penetrate through the screen to the inside, but prevents 

the visual exposure of the occupants. Decorative lattices work and 

perforated panels cover wind-escape outlets that take advantage of the 

stack effect phenomena which generates air movement by convection 

inside the room if heat rises. The design of the panels are often very 

elaborate, serving an aesthetic as well as functional purpose.

Windows sizes and location in the traditional wall elevations were not

arbitrary, but thoughtfully chosen to allow convection cooling in the

living space. Windows generally are not glazed and are provided with

a double layer of wooden shutters set between the thick wall piers.

Most of the rooms had adjustable shutters in the lower level as well in

Fig. 3.26: Wall Wind-Catcher on the higher level of windows facing the courtyard. Smaller windows 
Rooms’ Walls

Fig. 3.25: Wall Wind-Catcher on 
Parapet Wall

Perforated Panel
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facing outside and full size panel window are facing the courtyard, full 

size panel window also normally found on the first floor.

Finally, one of the physical characteristics of the facade treatment in 

the traditional houses is the extensive use of recessed panels with 

decorative work in the walls. This architectural treatment of the walls 

is very expressive aesthetically, and at the same time is a fine response 

to the climate. The recessed panels exposed to vertical sun rays during 

the day create considerable area of shade on the elevation, and also 

reduce the glare reflected from the white walls (Fig. 3.27).

Fig. 3.27: Photographs From  the existing Old M u h arraq  City
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3.3 Case Study of Modern Housing Pattern: Hamad Town

3.3.1 Development of Modern Housing Projects

Official housing programs in Bahrain started three decades ago, and 

can be separated into three stages (Fig. 3.28):

1. The First Housing Programs ( 1960-1970):

The main intent of the government at the beginning was to develop the 

existing residential settlements that were scattered around the country 

and adjacent to the main cities. In 1963, the foundation for the first 

new housing town, “Isa Town”, was laid on the middle of Bahrain 

island toward the north- east. Isa Town contains 5650 housing units 

built on 498 hectares. The construction of the houses at that time was 

simple. The design were based on concepts of local traditional housing 

needs.

2. The Second Housing Programs (1970- 1980):

The Ministry of Housing was established in 1975, and accordingly 

Bahrain housing policy was formulated for the first time. The new 

Ministry commenced immense construction programs in different rural 

and urban sites around the country. New imported building 

technologies and planning standards were applied mainly through 

mainly international consultants and companies who were not very 

^  familiar with the site and society of the Island. Hence their main 

approach was toward low density, grid line planning with wide roads 

^  and little consideration to the climatic aspects of the region.

“First and second Town in Housing 
Programs are indicated”

3. The Third Housing Programs (1980-1990s):

The rapid increase in housing demands and the scarcity of the existing 

urban land, led the Ministry of Housing to launch a second new town

Fig. 3.28: Location of Housing 
Projects Around The Country

as a major housing project on the island in 1980. Occupation of the 

first houses was in 1984. The new town is called “Hamad Town”, and
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is located in terrain that rises 30 meters above the sea level in the 

middle of the main island of Bahrain. This fairly new town 

demonstrates an example of a modem housing pattern that responded 

to the climate in Bahrain. The physical and urban structure of the town 

will be described to identify parameters that outline the modem 

neighborhood in a climate context.

3.3.2 The Physical and Urban Structure of Hamad Town

l.Lawzi
District

2.Rawdah
District

•1 3. Wadi 
.••el District

4.Nuzha
District

*
0 1.5km

Hamad Town is located on the middle of the main island facing the 

west coast. The town is designed around a longitudinal axis 9 km long, 

with an average width of 2.5 km. It will site about 12,000 dwelling 

units and will accommodate a population of approximately 60,000 

people (Ministry of Housing 1993).

A. Master Plan

The master plan of the town was structured on four districts each of 

which consist of two to four neighborhoods (Fig. 3.29). Each small 

housing area has dispersed facilities consisting of local shops and a 

small mosque. The neighborhood is also served by a service center 

that includes schools, a kindergarten, sport facilities, shopping and a 

mosque. On a bigger scale, a district center designed to serve 2-4 

neighborhoods has large scale facilities including an Intermediate & 

Secondary school, Juma mosque, health center, social center and 

commercial center.

• Town Center

• District Center

> Dispersed Facilities

•  Neighborhood Center

Fig. 3.29: Hierarchy of Services
Center in Hamad Town

The Ministry of Housing had the ambitious task of building a new 

modem town based on experiences achieved in other advanced 

countries. However, it is obvious that the planning of the new town 

was based on the western concept of the mixed garden city principles 

and the typical suburban town. The concept apparently overlooked the 

planning principles of the Arab city, producing scattered housing units

Chapter 3: Traditional and Modem Housing Patterns



connected with wide roads and spacious unprotected open spaces and 

pedestrian walkways.

.— — Arterial Highway 
— Boulevard 

Loop

Fig. 3.30: Basic Road Network in 
Hamad Town

B. Movement Network

To define residential areas in the town, movement networks were 

carried out by four types of roads ( Fig. 3.30):

1. Arterial Highway: It is at the edge of the town carrying traffic from 

and to the town.

2. Boulevard: It is the main artery that penetrates the town from north 

to south and distributes the traffic to each neighborhood. Its standard 

width is 35 meters, consisting of two carriage ways with a central 

island and footpath on each side.

3. Loop Road: It distributes the traffic from the Boulevard to each 

neighborhood. It consists of a single roadway of 8 meters and a 6 

meters walkway on each side.

4. Collector Road: It distributes the traffic to each house; it’s total 

width is about 15 meters with 6 meters for vehicular traffic and 4.5 

meters designated for a walkway on each side.

C. House Clusters

The houses were clustered into blocks, back to back or in rows of 

detached and semi-detached houses. Future extension was considered 

in all houses, except for a limited number of town-house in-fill projects 

constructed recently in the town. Otherwise the main types of houses 

in the town were categorized as “ L” for limited income houses and 

“M” for middle income houses, and were built on different types of 

plots (Fig. 3.31 & 3.32). Generally, the plots in the town are classified 

into three types:

1: Plots assigned to single story houses (LI, L2, M l); the built area 

varies from 87-133 m2 on 360 m2 land areas of 15x24 meters.
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2: Plots assigned to double story houses (L3, M2); the built area varies 

from 116-124 m2 on 300 m2 land areas of 12.5x24 meters.

3: Plots assigned as serviced lands. They are empty plots which vary 

in size between 400-1000 m2 and were granted by the government to 

local citizens according to certain requirements and procedures. Each 

plot is provided with full utility services and an access road connected 

to the main road network of the town.

D. Character of Urban Layout

The town is spread out horizontally, and the houses are generally 

scattered following a geometrical road network. Relatively high 

engineering standards dominated the design and planning of the town. 

Thus, the urban fabric of the town reveals that a vast percentage of the 

land was designated for automobile movement and services. It is also 

observed that traditional urban vocabulary and intimate scales 

disappeared in the modem housing layout. The intervention of the car 

in the modem residential development has shifted the scale, in two and 

three dimensions, from human to automobile. Thus, the town planning 

was targeted to expedite fast traveling to serve larger residential areas. 

The orthodox engineering biases in the town planning produced a wide 

straight road which absolutely encouraged fast driving and looked 

unattractive in the residential environment.

To illustrate the urban layout in Hamad Town, a segment of a typical 

neighborhood was selected ( Fig. 3.33 to 3.37). It is part of a housing 

area in the Nuzha District which originally contained four 

neighborhoods. It is located on the southern part of the town, and is 

served by a loop and collector roads.

The selected area demonstrates a typical open urban layout controlled 

by road and car accessibility to each unit. Thus, connections between 

urban spaces, in the modem housing neighborhood, are subject to
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house type LI

MAJLIS
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house type Ml
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ELEVATIONS________ ■ -oo
house type LI
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house type Ml

Fig. 3.31: Standard House Models LI, L2 , and M l in Hamad Town
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Fig. 3.32: Standard House Models L3, and M2 in Hamad Town
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automobile movement. Unlike the societal and tribal organization of 

neighborhoods in the old city, in Hamad Town the grouping of houses 

was based purely on economical capabilities of the low and middle 

income households. The allocation system of the dwelling units was 

randomly selected by the Ministry of Housing. Therefore there is no 

ground for social or family ties in the new town, and due to different 

origins, households of varies social or cultural backgrounds tend to be 

isolated from each other. Despite the policy of the Ministry to obtain 

diversity by mixing different types of houses, the individual inhabitants 

are still isolated from their neighbors. They no longer have the social 

base that was so central to the structure of traditional neighborhoods. 

Hamad Town, in decay since the official opening, suffers from this and 

provisionally functions merely as a sleeping place for many families. 

In the morning people go to work, and spend the afternoon with their 

relatives in other cities and villages where they originally belonged. 

Perhaps, such behavior noticed in Hamad Town is conditional since 

most of occupants are young couples or families who eventually may 

settle in their new housing environment.

Relevant to the three urban elements discussed in the traditional 

housing, Hamad Town as a modem housing pattern will next be 

assessed according to its response to climate.

3.3.3 Usage Pattern in Hamed Town

It is difficult to trace clear usage patterns of urban spaces in a relatively 

new residential settlement like Hamad Town. The new residents find 

themselves in an entirely new built environment which is detached 

from the traditional concept of local community. The mechanism that 

regulates the societal behavior (AlShari’a &Urf) is generally absent in 

many new Arab cities (Hakim 1994). While social and moral codes of 

the traditional built environment are fading out in the collective
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Fig. 3.33: Segment of Modern Neighborhood in Nuzha District in Hamad 
Town

Scale: 100 m

Fig. 3.34: Detail of Housing Layout
in the Neighborhood
Scale: 0 i------->-------1 40m

Fig. 3.35: Site Plan Showing the Location of the Selected Area 
Scale: 0 i_ ■------- , 1 km

Z
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Street is no man's land

Greenery is the only pleasant space in which ambient temperature can be tolerated.

Huge areas were reserved for vehicular movement

Fig. 3.36: Typical Views From  H am ad Town
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Fig. 3.37: Typical Views of Neighborhood in Hamad Town
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memory, still they forms an empirical sense of community that people 

appreciate, and miss it at present.

No doubt, the decline of the inhabitant framework in the built 

environment is a consequence of the overall socio-cultural changes in 

the whole society. The pre-design and planning standards enforced in 

the new town could not replace that lost framework, and in fact has 

narrowed an individual’s concern, almost, to his own yard. If the 

traditional socio-cultural ground for such framework is vanishing at 

present, a profound substitute has to be established to refresh the 

community’s life in the modem housing neighborhood. Perhaps, 

appropriate occupant involvement in housing projects can help to 

restore such framework in the hew built environment. Public 

participation and responsibility in the housing community is a 

universal concern but a very complicated management issue, 

especially in third world countries. Miss-interpretation of such an 

issue could caused not the achievement of a utopian picture of intimacy 

and prosperity but of chaos and disorder in the built environment. 

Certain mechanisms within the political system ought to be seen as 

stimulators of the pragmatic process of public responsibility in the built 

environment. The nature of the new housing projects provides more 

out-door open spaces for community. Increasingly, the maintenance of 

these scattered spaces by the Ministry and other government agencies 

has become costly and complicated. Inhabitant involvement, in a 

certain setup, can effectively reduce the load on the government and 

help in managing and maintaining these spaces. However, this subject 

is beyond the scope of this study.

Three main components in the housing environment were discussed 

concerning the climatic impact on the inhabitant’s space usage 

efficiency: Path, Neighborhood, and House.
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m
/ A. The Path

Fig. 338: Composition of Solid and 
Void Mass in Hamad Town

It is a significant urban design element that initiates contact and 

interaction between neighbors enriching their sense of social 

commonality. The path also allows inhabitants to discover common 

types of activities available to them in the community. The equivalent 

in modem housing is the pedestrian path which is commonly adjacent 

to the automobile pathway. The local term often used for path in the 

modem environment is Share’a which literally means automobile 

route.

In modem housing, paths are laid in geometrical order. The main 

observation of the modem housing, in comparison to old city, involves 

the composition of solids and voids. The modem layout is exposed to 

high level of glares and discomfort due to the extensive open spaces 

within the urban fabric (Fig. 3.38). Dense development in the old city 

proved to have better micro climate conditions than widened district 

areas.

PRIVATEJ
Separation

PUBLIC

Relation Between Private and Public 
Domains in Hamad Town

A.l. Types of Path

Two types of path are found in Hamad Town:

1- Side walkways by the vehicular roads.

2- Footpath spines between the houses and perpendicular to the 

roads, lined straight to the service center (It occurs in few 

places in the town).

The attempt to obtain a hierarchy of urban spaces and activities in 

Hamad Town is dealt with based on the vehicular movement scale. 

Therefore the human usage pattern is replaced with a car-driving 

pattern. Such diversion weakened the significant role of the pedestrian 

path in the residential area both in functional and social means. It is 

worthwhile to note that the Ministry of Housing, in early projects tried 

to separate the car from pedestrians in a neighborhood in the Lawzi
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Side Walkway By Collector Road

Fig. 3.39: H eat Gain Experiences in 
The Exposed Footpath

District, but it did not succeed. Thereafter the idea of separation was 

disregarded.

A.2. Spaces Associated with Path

An important relationship that defines the traditional path is the 

hierarchy of spaces between private and public domains. In modem 

layouts one sees a clear division between public and private, between 

house and street. Even the dispersed facilities and centers as urban 

spaces have purely a commercial purpose of satisfying consumer 

needs. The character of paths in Hamad Town lack the social tendency 

and becomes merely services route.

Certain spatial qualities are required to strengthen the image of a 

particular path in a city. Lynch (1960) has emphasized these briefly as 

follows:

- Defined facades or marks

- Functional quality as a route

- Directional quality

Unfortunately the paths in Hamad Town inadequately address these 

qualities in the residential environment. Most of the walkways in the 

town run parallel to the vehicular roadways and are subject to its 

routing. The roads account for 11.4% of the town’s area (Ministry of 

Housing 1991) and the horizontal spread of the town makes walkways 

long and unappealing to the public. Rather inhabitants are encouraged, 

in general, to rely more on the automobile for their outside activities.

As a result of the road’s layout, the footpath becomes a negligible edge 

of the residential areas, adjacent to and ruled by the automobile scale. 

Path configuration becomes boring, straight and exposed in open 

space. Walkways by the roads receive a high rate of reflected radiation 

from the asphalt pavement and desert ground nearby. Openness of the 

path also exposes the pedestrian to the dusty winds that blow
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Visual Experience in Old Traditional 
* Neighborhood

Visual Experience in Hamad Town 
Neighborhood

Fig. 3.40: Visual Experience in Two 
Different Neighborhoods

occasionally in the area, and makes the use of walkways 

uncomfortable and inefficient (Fig. 3.39).

Visually, walking experience on those long walkways disclose 

repetitive and monotonous images of stereotypical house design. 

Because the route of the walkways is only defined by road curb stones, 

and with the same treatment, elevation and mass, paths become 

lifeless, unusable spaces. If compared to the old city’s paths, paths in 

Hamad Town lack visual excitement and life (Fig. 3.40).

In a climatic environment like Bahrain, it is vital to provide shade to 

reduce the direct heat gain from the sun. Shading achieved by house 

masses was adequate in the old city. On the other hand, in the modem 

layout houses are detached and shading is minimal. Landscaping is 

considered an ideal design tool to provide shade on the modem layout. 

However, the scarcity of irrigation water in Bahrain, lead us to look for 

an appropriate combination of shade structure, mass and planting to 

overcome this difficulty in the built environment.

B. The Neighborhood

The concept of the garden city and typical suburban town based on 

automobile dominance has led Hamad Town to expand horizontally. 

Low density resulted, thus the calculated density in Lawzi district in 

Hamad Town was 46.54 person/hectare (Ministry of Housing 1991), 

while in traditional areas in Muharraq it was approximately 200 

person/hectare. Though, density doesn’t reflect the quality of living 

style, the figure indicates efficient land use in the housing development 

on the island (Davis 1977). The scarcity of urban land in Bahrain 

shall direct us to carefully examined this factor in future development 

in Bahrain10.

10 Refer to (Al-Watani 1992)
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Due to the low density, the boundary that determines the 

neighborhood’s area in modem housing become loose and oversized. 

A dual perspective that defines a neighborhood needs to be viewed in 

the modem pattern. In social perspective, maybe the most striking 

impression for Bahrianis of the modem neighborhood is the absence of 

social coherence and character. Although part of this feeling is 

nostalgic, it addresses a vital concern in the modem housing 

environment. In traditional neighborhoods, the tribal Majlis played a 

significant role in reinforcing and modulating the social solidarity of 

the Freeg, whereas such structure is irrelevant anymore in modem 

neighborhoods. However, as discussed earlier, a new type of 

institutional concept or framework ought to be found to restore and 

enhance the inhabitants social intention in the built environment.

From a spatial perspective, the neighborhood is perceived physically 

through various components constructed along with the social 

character that define it’s thematic identity. Lynch (1963) has pointed 

out that there is no transition from one residential neighborhood to 

another, the social and physical character employs to achieve certain 

degree of urban homogeneity. The merge between social and spatial is 

witnessed in the traditional neighborhood, while it is weak in the 

modem one.

Unfortunately, the pressure of time, mass production of five standard 

dwelling units, and repetitive planning concept in a wide scale have 

shaped the residential development. It is difficult to perceive socially 

and physically the boundaries of the neighborhoods in Hamad Town. 

An average sized neighborhood in the town was found to be 160 

hectare, accommodating 4600 people (Ministry of Housing 1993)." 11

11 The number was calculated based on family size of 5.4 according to 1991’s census.
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160 ha
Modem Neighborhood

2 ha
Traditional Neighborhood

Fig. 3.41: Spatial Relationship 
Between Traditional and Modern 
Neighborhood

Vision 1/2- 1 km

• •

Social Field of Vision 70-100m

Fig. 3.42: Social Vision and 
Distance in Built Environment

It is a drastic increase compared to the traditional Freeg that was an 

average of 2 hectares (Fig. 3.41). Design focused on the automobile is 

behind this dramatic increase in size. Disregard of the human scale in 

the new town, and the over design for the automobile, has proved 

worldwide to cause health hazards. The negative effects on the 

environment are twofold, in that motor vehicles are considered the 

single largest source of air pollution (Worldwatch 1991), and the vast 

area of asphalt pavement as radiating surface contributes in raising the 

temperature of the town by a “heat island effect”.

If automobiles widen the distances of contact between objects, human 

movement is limited horizontally; its depends on the climatic 

condition, but has an average of 5 km/ hour. The human social field of 

vision is much shorter, approximately 100 meters where another 

individual can be differentiated. The radius of human social action, 

which is called “social distance” by Gehl (1987), is around 400-500 

meters and ultimately falls within the size of a traditional 

neighborhood {Freeg) (Fig. 3.42). Respectively, in the new residential 

areas in Hamed Town, these human measures has been expanded by 

automobiles to an average distance o f4000 meters12.

Execution of Hamad Town was carried out as single project through a 

comprehensive master plan in a relatively short period of time. A 

passive relationship and unfamiliarity were created between the 

inhabitant and the physical existence of neighborhood, preventing them 

from forming active societal patterns in the built environment. 

Therefore, the responsibility pattern of the individual between private 

and public was and still is not formally established in the modem 

housing in Hamad Town. The only transition space, if it may called 

such, between private and public is the lawn and carport in front of 

each house. The road is considered by inhabitants as no man’s land.

12 The distance is approximately calculated from the middle of an average 
neighborhood in Hamad Town that was illustrated earlier.
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Car Driving Pattern Human 
Usage Pattern

Whereas, old neighborhoods experienced many intermediate urban 

spaces between the private and public domains, as explained earlier in 

this chapter.

C. The House

As illustrated earlier, five types of compact out-ward looking houses 

were constructed in Hamad Town. Houses are mainly free standing 

units following the road network. The houses are surrounded with 

open spaces which allow for air movement, but are exposed to 

excessive direct and indirect solar radiation gain. The scattered block 

concept also exposed the houses to the dusty wind which is more 

frequent in the Hamad Town location than in those urban settlements 

by the coast.

Fig. 3.43: Typical Exposed Window 
in a Plane Elevation

Most of the houses in Hamad Town were built with conventional 

methods, except a few of L1& L2 models, namely those built by the 

UBF company. The outside walls are commonly constructed with 200 

mm (8*’) thick hollow concrete blocks, covered from both sides with 

sand- cement plaster. The roof is flat and consists of a 150 mm (6”) 

thick pre-cast concrete slab covered with a water proofing membrane 

and 50 mm (2”) thick polystyrene foam insulation.

The traditional recessed panels on the external walls were replaced 

with solid plane walls in the modem houses. Window sizes are almost 

uniform, regardless of the orientation, and are usually without shade 

protection or shutters to control the light or ventilation (Fig. 3.43). 

Relaying on air-conditioning window units to cool the internal spaces 

discourages the use of natural cooling devices in the house. 

Consequently, the usage pattern of living spaces is limited in a self 

contained envelope and there is no use of out door space within or 

adjacent to the house.
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With mechanical control of the internal spaces in modem housing, the 

interaction with out-door spaces is minimal. Unlike traditional houses, 

modem houses have fixed usage pattern that do not respond to the 

seasonal and weather variations. This limitation contributes the 

dependence on energy consumption even during the period where 

thermal comfort could be restored naturally. The economical 

constraints in housing budgets has eliminated the access to the roof 

areas. This means part of the built area is also unused, which was not 

the case in the traditional house.

In these modem units, an air conditioning system is the only way to 

retain comfort in the hot summer season. However according to the 

bioclimatic needs13, five to six months of the year it is not required 

totally if other types of cooling methods are applied. Also inhabitants 

can make the effort to gradually adapt themselves to living with the 

climate. The isolated and exposed houses in an open dese, t landscape 

tend to encourage people to stay in air conditioned spaces even if not 

required to restore comfort conditions. Bahrainis were found to set 

their A/C thermostat temperatures of 20-22°C (68-72°F) (University of 

Bahrain 1995). Yet the comfort zone in summer for light clothing is 

about 24-27.5°C (75-81.5°F) as concluded from the Psychrometric 

chart14. The tendency to overcool needs to be rectified by providing 

protected out-door spaces and encouraging, as possible, use of the 

passive cooling methods in the house. In any case, education of the 

public about the optimum thermostat setting and efficiency of A/C 

units is an important factor in reducing the overcooling of the living 

spaces and, therefore, the energy consumption15. In this context, it is 

worth mentioned that in a similar climatic condition, field experiments 

of naturally ventilated apartments in Singapore found, that the indoor

13 Refer to bioclimatic analysis in Chapter 2
14 Refer to Psychrometric chart in Chapter 2
15 Energy analysis of the house will be discussed in Chapter 4
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thermal comfort temperature raised to 29.6°C, (85°F) with a relative 

humidity of 74% (Dear 1991).

The bioclimatic needs explained in Chapter 2 describe the need for 

shading for 9 months at least. In modem housing, there are no specific 

shading structures or elements, either at the individual or at the 

neighborhood scale. Combination of plants and structural shading can 

be an efficient method of shading to cool the built and out-door spaces. 

Beside modifying the microclimate, plants and trees bring people in 

contact with nature and add visual relaxation to the neighborhood 

image. Picturesque landscape strips in Hamad Town are concentrated 

on the external Boulevard and Loop roads, where no people directly 

benefit from it. Not to mention that the water shortage in Bahrain 

forces us to set priorities in dealing with landscaping in housing 

projects. But this should not drive us to design a dry, brutal concrete 

environment. Landscaping is needed most, for environmental 

purposes, in the inhabited areas, particularly in the neighborhoods and 

between the houses.

3.4 Summary of Comparison

This chapter analyzed the physical, environmental and social aspects of 

urban units that existed in both the traditional residential neighborhood 

in the old city of Muharraq, and in the modem neighborhood in Hamad 

Town.

In the vernacular environment, the analysis revealed that inhabitants 

adapted sensitive behavior responses to the climate in buildings and in 

their domestic life. The traditional Bahraini house, found in the 

densely populated area south-west of Muharraq island, was an example 

of adequate practical application of knowledge that was tested over a 

long period of years, improved and altered by gradual experiments. 

But traditional methods and building techniques, that emerged from
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social and economical considerations in the old society, may have no 

ground and may have become unfeasible in the present. The needs of 

comfort in the past were different from the ones required today, so the 

experiment of the past does not offer ready-made relevant solutions or 

methodologies in the present built environment.

Therefore, one purpose of this chapter was to appreciate the wisdom 

and the thoughtful means of previous responses to the local 

environment with limited resources of materials and knowledge. A 

consequent question we ought to ask ourselves, as architects, is how 

would the philosophy that created the old city react to the modem 

layout at the present time. In other words, what has been achieved in 

the modem layout in this respect? Accordingly, the second purpose of 

this chapter was to view a case of modem housing, in Hamad Town, 

and to analyze what has been achieved regarding climatic and energy

conscious concerns in this environment. Finally, a comparison table 

summarizes the findings in the two settings developed and is illustrated 

in Table 3.1. The table identifies areas where corrective and adequate 

methods of bioclimatic responses could be suggested and implemented 

in future development.

However, a climatic design approach while critical, is only one 

problem of a much wider context in the built environment. The 

housing environment is more than just road and house construction. 

The essence of development should be dedicated to combined climatic 

and social aspects that build intimate “homes” in a lively community. 

Nevertheless, climatic design in such complex process becomes an 

element that can enhance the efforts and tendencies toward a better 

built environment in Bahrain.

Climatic design by itself is arbitrary. Other issues must be considered, 

such as appropriate methods for different times of the year, and the 

social and economical aspects of the built environment. A compromise
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Table 3.1: Summary Comparision of Design Features in the Traditional and Modern Housing in Bahrain

Features Traditional Layout Modern Layout

- Layout - Closed layout of houses and winding narrow alleyways.
- Landscape is concentrated in private spaces.
- High density of 200/ ha.
- Organic, piecemeal growth.

- Open layout of scattered houses and wide roads.
- Landscape is concentrated in public spaces.
- Low density of 46/ ha.
- Geometric standard, master plan growth.

- Scale Based on human scale. Based on automobile scale.

- Car and services accessibility No adequate accessibility, primitive pedestrian access 
only.

Accessibility to each housing unit. Automobile and 
pedestrian access is achieved.

- Social structure Based on tribal, family or sect grouping. No social or religious structure.

- Building and social- 
behavioral code

- Islamic teaching codes (0 / Sharia & Ur/) applied by 
occupants.
- Conscious and unconscious collective responsibility.

- Building and planning codes applied by professionals in 
the government.
- Conscious governmental institution control.

PTfS-'F -' wm- it:"* -TV,* •** « f.1' *r ■ --i -•

Terminology Darb or Daoos (Human Route) Share 'a (Automobile Route)

Solid and void mass Dense labyrinth composition protected by mass which 
achieves the following:

- Visual equilibrium of light and shade
- Sun shade in most of the daytime
- Protection from dusty winds; directing the 
prevailing wind and breeze
- Air movement by convective method

Fragmented geometric composition characterized by the 
following:

- Experience high level of uncomfortable glare
- No sunshade most of the daytime
- Little protection from dusty winds
- Air movement by openness and blowing winds

Types of path l- Continuous pedestrian alleyways I- Road side walkways
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Table 3.1 -Continued: Summary Comparision of Design Features in the Traditional and Modern Housing in Bahrain

Features Traditional Layout Modern Layout

2- Dead ended pedestrian alleyways 2- Footpath spine between some houses

Hierarchy of urban 
spaces by path

- Controlled by human usage pattern
- leads to open spaces (Baraha)

- Controlled by car driving pattern
- leads to roads intersection or parking lots

Connection between 
private & public

Experience many intermediate semi- private and semi- 
public spaces

Clear separation dominated by automobile

Walking distance in 
neighborhood

Usually short, within 2 minutes walk Usually long, about 2 hour walk (Distance of4000-8000 m)

Visual experience Changeable and exciting Monotonous and boring

Thermal experience - Direct heat gain only when sun is overhead
- Moist shaded walls absorbing excessive heat during the 
day
- Body metabolism copes with short route walking

- Direct heat gain most of the day
- Additional heat radiating from pavement
- Body metabolism can not cope with long walking route

Land use efficiency High density, maximum land use Low density, low land use

Infrastructure and 
services

Primitive and limited Advanced and comprehensive

Social focal center Tribal Majlis, open space {Baraha) and Mosque No societal tie or ground except scattered Mosques

Spatial character - Allocation is by family knit and social desires
- Social interaction distance is within neighborhood area
- Internal homogeneity is controlled (ordered)

- Allocation is by economical capabilities and random draw
- Social interaction distance is within small part of the 
neighborhood
- Monotony is controlled by standard and codes (organized)

Average size 2 hectare 160 hectare
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Table 3.1 -Continued: Summary Comparision Of Design Features in the Traditional and Modern Housing in Bahrain

Features Traditional Layout Modern Layout

jjouse v., x
Construction - Local material (sea stone, coral stone & slabs and tree 

trunk)
- One and two story
- Thick solid walls on ground level, openable wooden 
panels on first floor
- Two types of construction: Masonry and lightweight 
structure

- Imported materials (hollow concrete block, R.C. slab)
- One and two story
- Standard width of200 mm (8”)concrete block wall
- One conventional building method: masonry

Hygiene and services Primitive Advanced

Concept of house design Courtyard house inward looking Compact house outward looking

Ventilation - Achieved naturally by: 1) courtyard convective cooling 
techniques, 2) wind lowers, 3) wind catchers and 4) cross 
ventilation

- Achieved mechanically and by cross ventilation through 
windows

Openings - Protected by courtyard
- Has double shutters
- Devices to control ventilation and filter the sun light
- Window sizes are variable according to location and 
heights

- Exposed to outside environment
- Has no shutters
- No devices to control natural ventilation or sun light
- Window sizes are standard regardless of location or 
orientation

Dust Reduced by courtyard concept Controlled by windows and doors details

Vegetation Courtyard microclimate encourages landscaping Outside plantation requires more attention and care

Heat gain - External walls protected by courtyard layout - All external walls are exposed to the sun
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Table 3.1 -Continued: Summary Comparision of Design Features in the Traditional and Modern Housing in Bahrain

Features Traditional Layout Modern Layout

Cool gain - Cold air gathers inside the courtyard - Cold air spills outside

Utilization of open 
space within the house

- Daily and seasonal migration through spaces is adequate 
and part of living style pattern

- The house has no open spaces, no migration exists.
- living style is fixed, mostly in-door activities

Space usage 
efficiency

- Flexible usage pattern.
- Almost maximum usage of courtyard, open spaces and 
roof
- Indoor- outdoor space of the courtyard provides a usage 
pattern that requires less total built-up area.

- Fixed usage pattern.
- Only within the built area and no access to roof
- Indoor space is a self contained function that 
accommodates the daily usage pattern and requires larger 
built-up area
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will always be required between the different objectives, which are 

often in contradiction with each other, to achieve an optimum goal of a 

desirable housing environment.

Adding to the complexity of any climatic design, Bahrain as an island 

has a unique climate condition that does not fit easily into categories 

developed elsewhere. Concerning the warm humid climate, most of 

the literature refers to the zone located between 15° latitude north and 

south of the Equator. The climate of this region is associated with 

heavy seasonal rains, whereas Bahrain island, located at 25-26° latitude 

north, experiences a hot humid climate, yet has low annual 

precipitation. In other literature’s classification, the climate in Bahrain 

may be described as a maritime desert with the exception that 

temperatures in Bahrain do not experience a high diurnal range. 

Overall, literature reviewing the development of passive energy 

efficiency in the urban environment in such a climatic condition is 

limited and scarce. Some small scale experimental strategies have 

been recommended, for urban planning of low cost houses and towns 

near the sea coast in hot humid regions (Emmanual 1995).

These difficulties have drawn the direction of the next chapter. The 

next chapter will investigate and suggest areas of improvement in new 

housing patterns based on items concluded on the summary table in 

this chapter. Then upon energy performance analysis of the housing 

units, the recommended climatic improvement and energy conservation 

measures will be investigated. Utilizing the recommended measures is 

a single step toward climatic conscious design that aims to reduce the 

excessive energy consumption of our national resources, also guided 

by concern for the ecological health of our planet.
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4.1 Introduction

This chapter will synthesize the areas of possible improvement in a 

new housing layout and units based on the comparative analysis of 

traditional and modem housing patterns in the last chapter.

Acknowledging the complexity of climatic design in the urban 

environment in Bahrain, the first task of this chapter is to propose an 

outlined concept of a new suggested housing pattern directed by 

bioclimatic concerns. In light of the new pattern’s outline, the second 

task will examine a hypothetical proposed concept of a multiple 

courtyard house based on an identical built up area of two typical 

standard housing units. Then a quantitative analysis using a computer 

simulation program, designed by the Berkeley Solar Group, called 

CalPas3, will be applied. Results from comparative analysis between 

the typical existing house and the proposed multi-courtyard house will 

then be illustrated. The comparison will validate the courtyard house 

as a spatial re-design of the standard housing unit. It will also form a 

basis for climate and energy conscious criterian using energy 

conservation measures and passive cooling techniques. Accordingly, 

the last task will be to examine an existing housing unit as a case study 

through computer simulation using corrective energy parametric 

measures to improve the thermal performance of the house.

Eventually, the validity of improvement in housing falls on two levels: 

internally, through the thermal improvement which will be concluded 

from the results of the particular simulation experiment, and externally, 

through examining such improvements within the social context of the 

built environment in Bahrain.
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4.2 Suggested Housing Pattern’s Outline

The summary table of the housing patterns illustrated in the last 

chapter implied that positive urban characteristics in the traditional 

layout have disappeared in the modem counterpart. Though 

disappearance was due to the changes in the society, some principles of 

traditional design are valid and can be modified successfully in the 

modem setting. Results concluded from the summary table question 

the ability of some features in the contemporary modem layout to 

provide a desirable living pattern. These questions are subjects that 

will be dealt with next i.e.: the use of modem technology, the occupant 

involvement in their built environment, land use efficiency and house 

design concepts in prospective modem housing. Based upon these 

objectives, a suggested housing pattern will be outlined for a new 

housing layout in Bahrain.

4.2.1 Appropriate Use of Technology

For various reasons, modem interventions in the new towns 

unavoidably degrade the human entity in the residential neighborhood, 

compared to the traditional one. Besides the introduction of advanced 

infrastructure services, two main elements have immense impact on the 

modem housing layout in Bahrain: the automobile and air conditioning 

units. Unfortunately, the immoderate uses of these elements have 

negatively affected the built layout and their significant requirements 

have ruled the design and planning approaches in housing.

The automobile is considered one of the most significant 

achievements of the technological revolution. Towns in the 

contemporary world were overwhelmed and subsequently have been
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shaped by automobile movement in terms of size, speed and movement 

patterns. Thus these machines gradually manipulated urban life, and 

distanced the inhabitant from the human and social interaction in the 

living environment. Worldwide, auto transportation in cities has 

become immensely dominant in the 1970s and the 1980s. Indeed, 

transportation requirements in the urban setting have achieved an 

unreasonable influence over other decisions that are made in the city 

(Alexander 1987).

The other misused modem clement that influences the residential 

environment is the excessive reliance on air conditioning units in 

houses. It has led to the enlargement of the built spaces into a self- 

contained envelope to accommodate all living activities. Between the 

houses, the air conditioning has deepened the separation of inside and 

outside activities. Moreover, the usage pattern in the modern house is 

based upon the idea that the individual can survive by changing the 

environment rather than adapting himself to it. We have became 

obsessed with our ability to successfully modify the environment, 

entirely through the use of mechanical devices. Consequently, we 

begin to forget that the story of human survival is centered on our 

ability to maintain a balance between our needs and those of our 

environment (Toulan 1980).

Not denying the necessity of technological progress in our domestic 

life, the intent is moderate use of this technology. In other words, 

appropriate use of technology that serves human size and dimensions 

simultaneously aims to respect his collective living environment. 

Recalling the intimacy and charm provided in a traditional 

neighborhood, the desire of the majority of people at present is to 

reduce the scale and to bring people together in their neighborhood. 

The philosophy of viewing humans as small in scale and movement
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was well put by Schumacher: “...human is small and small is 

beautiful...”. In support of appropriate technology to suit human 

measures Schumacher wrote:

If that which has been shaped by technology, and 
continues to do so shaped, looks sick, it might be wise 
to have a look at technology itself. If technology is felt 
to be becoming more and more inhuman, we might do 
well to consider whether it is possible to have 
something better- a technology with a human face.

(Schumacher 1973)

To restore the human face of our traditional neighborhood to modem 

housing, we will need to handle and control the automobile more 

effectively in the built environment. Air conditioning, the other 

misused technology, will be dealt with later in the context of the 

proposed house design.

Automobile movement in towns has established what has been referred 

to, in the summary table, as the automobile driving pattern. This 

pattern has dominated the roads and streets in most of the housing 

developments in Bahrain. Increasingly, this pattern makes the 

residential areas unlivable and decreases the sense of community 

between the occupants. Automobile domination also devotes a high 

percentage of the budget to road pavement and parking in the whole 

development.

It is understandable, especially in a climate like Bahrain’s, that people 

will not give up or be totally divorced from their cars. However, the 

aim is not to replace the automobile, but rather to complement this 

technology with a convenient yet lively neighborhood appealing first to 

humans not to the car. Getting away from auto domination requires 

gradually restricting residential areas to make slower traffic, by
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limiting speeds and through traffic in the clustering of the 

neighborhood zone. At the same time, vehicular movement should 

allow less restriction on the periphery of the neighborhood zones 

(Fig.4.1).

Beside reducing traffic accidents and health hazards, the real advantage 

of restricted car movement is the social consequence of the neighborly 

community. The provision of more urban space will increase human 

interaction and life in the neighborhood. Many experiments around the 

world have shown the benefit of restriction of the automobile in 

residential areas.

It is worth mentioning an early experiment implemented by the Dutch 

called “Woonerf\ or Living Yard, where they force the car to negotiate 

slowly around carefully placed trees. So cars eventually enter the 

living space, but as “guests”. Physical features and obstacles give the 

visual impression of a street, but the area is not intended for through 

traffic (Fig. 4.2).

Less Restriction on Periphery

X
- 4
/ lilt 8

Car Restricted Area

Fig. 4.1:.Diagram Shows 
Automobile in Housing Clusters

Another experiment applied in West Germany called Traffic Calming 

started in 1970, originally introduced for residential areas, it is now 

spreading over entire cities in Germany (Lowe, 1991). It seems that 

European governments have recognized the need to let societal gain, 

and not individual profit, determine the allocation of urban space.

Similar ideas offer good opportunities for experiments in the 

residential areas in Bahrain, arranged witlfslight modifications to suit 

the environmental and social imperatives. In the near future, Bahrain 

will face serious difficulty in accommodating the traffic on the island. 

Experiments of this nature will be necessary to assess and predict the
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1. no continuous kerb
2. private access
3. bench around low lighting 

column
4. use of varied paving materials
5. private footway
6. bend in the roadway
7. empty parking lot place to sit 

or play in
8. bench/play object
9. on request plot with plants In 

front of facade
10. no continuous roadway marking 

on the pavement
11. tree
12.. clearly marked parking lots
13. bottleneck
14. plant tub
15. space for playing from facade 

to facade
16. parking prevented by obstacles
17. fence for parking bicycles etc.

f  ,  Route for vehicles

The plan showing the shared street space 
and unified pavement

Fig. 4.2: Plan of a Typical Dutch 
Living Yard (Woonerj)

Source: Lynch, 1984

social and economic consequence of such restrictions in the built 

environment of the city. The decision to develop an alternative 

transportation pattern in the future will ultimately be a political one. 

However, if cities are to achieve the dream of clean, efficient, reliable 

transportation, once promised by the automobile, we must steer toward 

a sustainable alternative design approach that secures and enriches 

urban life in the cities. Residential areas become even more critical 

since they accommodate the essential core of society that is the family, 

and the social life around it in the housing environment. The 

satisfaction of the occupants shall be the real proof of the validity of 

such ideas in housing development.

The reduction of automobile dominance aims to retain the neighborly 

“sitting out”, so the residential street is reserved for walking, talking, 

playing, etc. At the same time, restrictions shall not completely disrupt 

the general traffic circulation or deny access to each unit. Road 

shoulders in this scale will be considered waste and on- street parking 

shall be reduced and substituted with small parking lots (not to exceed 

10 cars) located close by each designated area for guest cars. This will 

shrink the road width and shoulder spaces to provide a more a human 

proportion, and help generate a defined outdoor microclimate, instead 

of the “Highway” standard in recent layouts. All urban features in this 

area such as pavement details, benches, shading, landscaping, lighting, 

etc., shall follow the concept of small designs devoted to the human 

scale. Fig. 4.3 illustrates conceptual diagrams of car restricted zones in 

residential areas. To enliven the defined residential area, the occupant 

has to be implicitly involved in developing it.
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4.2.2 Occupants’ Involvement

Main Movement Network

4

Distinctive Housing Cluster

Fig. 4.3: Diagram of Main 
Movement and Housing Clusters

Another observation, concluded from Table 3.1 in the last chapter, is 

the decline of the inhabitant’s perceived responsibility to their 

neighborhood in the modem layout.

In his book, A New Theory in Urban Design, Alexander (1987) 

emphasized that the problem of the built environment cannot be solved 

exclusively at the visual level. He referred to it as a continuous 

process of an interactive mechanism between inhabitants and the urban 

spaces. This mechanism is not accidental but derived from a sense of 

responsibility and caring that connects the physical components with 

the living patterns of occupants in the town, or as phrased by him as a 

sense of “wholeness”. Perhaps the internal homogeneity observed in 

the traditional neighborhood is physical evidence of active urban 

spaces inspired by such a sense. In order to create positive urban space 

in the new modem layout, physical image integrated with social 

framework in each cluster shall be initiated and encouraged through 

inhabitant participation. Unfortunately, positive urban spaces do not 

emerge automatically from final fixed road networks as traditionally 

applied in the planning of new towns. Indeed in small scale housing 

clusters the opposite is implied, hence house massing shall generate the 

internal streets' layouts around them. In other words, planning 

authorities shall define the main grid lines, while the designing of the 

neighborhoods will emerge from smaller images of clustered houses 

involving inhabitant participation in the design process. Each area 

shall be characterized by a distinctive spatial image to overcome the 

criticized monotonous, modem geometric layout.

The image of the neighborhood projected by professionals shall not 

ignore the ordinaiy people's opinions. Often ordinary inhabitants are 

able to take a wider and more sensitive view, a more humanistic view
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than that normally taken by professionals. Encouraging inhabitant 

involvement and participation in the built environment will support 

their feeling of responsibility and commitment to their living space. 

Thus, a social, institutional framework ought to be synthesized and 

defined in any new housing pattern. A task of such magnitude must be 

viewed on a national scale as an educational issue and a strategy to 

improve and renew the sense of responsibility in housing projects in 

Bahrain.

4.2.3 Land Use Efficiency

rchard

luster
pommon
Area

ikepath

Communit
Gardena

The efficient response to land use in the traditional layout, as explained 

in Table 3.1 in the last Chapter, is worth considering in the new 

suggested layout. The scarcity of urban land in Bahrain calls for 

rational consideration in the planning and design of housing projects. 

Reduction of space dedicated to the automobile in residential areas will 

achieve better land use. An interesting planning project in the early 

1970s, called Village Homes, in Davis California, has experimented 

with energy conscious design in the housing units and grouping layout 

(Bainbridge 1979). The main aim of the experiment was directed at 

establishing a sense of community and healthy environment (Fig. 4.4). 

Hence, intensive land use and successful energy conservation features 

were incorporated in the planning of the development. The saving in 

road area was almost half of what the standard subdivision would have 

required (Fig. 4.5). The development proved that change in the land 

use not only makes the development more efficient in energy 

conservation, but also makes it a much more pleasant place to live. In 

addition, it achieves cost savings in the whole development.

Fig. 4.4: Plan of Village Homes, 
Davis, California USA.

Source: Bainbridge, 1979
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s t r e e t  3 2

In addition to the horizontal layout, the cross section of spaces devoted 

to roads should be reconsidered, particularly in small housing clusters. 

Consequently, pedestrian walkways need not strictly follow roadways. 

Auto and pedestrian routes may differ slightly. The resulting clusters 

will better define a sense of territoiy and community.

In a quick cursory exercise, modifying the cross section of a typical 

collector road in Hamad Town by applying the idea of shared streets, 

we find the following (Fig. 4.6):

a - Reducing the space devoted to the road from 15 to 10 meters, 

achieves a 50% savings in the area.

typical subdivision b - Reducing the space to 12 meters, achieves a 20% savings in the 

area.

s t r e e t  2 5

s p a c e  f o r :
c o m m o n  a r e a  
g r e e n b e l t
c o m m u n i t y  f a c i l i t i e s  
a g r i c u l t u r e

village homes

7
I
I
II
I
I
l
I
i

Occasionally, building lines can be extended to the edge of the shared 

street space without scarifying the zone of privacy for each house. So 

the street will gain more shaded space and will have a better micro

climate condition. Ultimately, the main purpose in restricting 

automobile movement, besides the reduction of road area, is the 

allocation of more urban space for people. Furthermore, efficient land 

use in the modem layout shall also consider adequate house plots and 

design layout.

Fig. 4.5: Comparison of the 
Standard Subdivision and Village 
Homes.

Source: Bainbridge, 1979
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Typical Cross Section in Collector Road in Hamad Town
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Proposed Cross Section 12 Meters Road Reduction

Proposed Plan as a Shared Surface Street

Fig. 4.6: Typical cross Section of Collector Road, Housing Estates and 
Allocation Plots in Hamad Town, and the Shared Surface Street Concept.
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4.2.4 House Design Layout

An example of a courtyard house in 
south-west of America

View from passageway to semi-internal 
courtyard.

Called Patio house in Spain and America, and an atrium house in 

Northern Europe, the courtyard house is essentially an authentic urban 

type of dwelling in the Arab region. It has been found in vernacular 

residential areas in Bahrain, as explained in the previous chapter. The 

concept of the courtyard house is to look inward onto a private out

door space that is enclosed and intimate as a private domain within the 

territory of the home.

It is not suggested that the ancient vernacular version of the courtyard 

house be merely imitated. Rather, the purpose of this study is to show 

that it is an appropriate concept that can be applied in small scale 

houses in the context of modem time. It is not an entirely 

unprecedented premise, as mentioned by Macintosh (1973) when 

referring back to 1928 when Hugo Haring designed a house that 

detached and looked south over its private garden; it was then 

developed into an “L” shaped house by Bauhaus’s architects and other 

followers.

It is the author’s hypothesis that multiple courtyards can bridge the 

concept of the inward looking old courtyard and the outward looking 

modem house. Not only will it preserve the social privacy of family 

life but will provide controlled micro-climate open space within each 

house for different activities (Fig. 4.7).

One of the two main principles that led to the reconsideration of the 

courtyard house is privacy, one of the major social concerns in the 

Bahraini-Arab society. But with limited buildable area and a lifestyle 

of separation even within the house domain, single courtyard
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residences seem to be unfeasible and difficult to achieve. Thus the 

concept of multi-courtyards looks more practical; it suggests different 

out-door spaces within the house that can be graded as semi-private 

space such as the entrance courtyard and private spaces that correlate 

to the courtyard. Further, an intimate private out-door space can be 

associated with bedroom courtyards.1

4-''
The second main principle of the courtyard is the provision of 

moderate microclimate conditions in outdoor spaces that are usable and 

environmentally controlled. In a hot dry climate, not only should 

shaded areas be maximized, to reduce glare from the sun, but fountains 

and plants should be included in courtyards to help cool the air through 

evaporation. Whereas in hot humid regions, trees in a courtyard 

provide the needed shade and encourage cross ventilation by creating a 

difference in ambient temperatures between the shaded space in the 

courtyard and the exposed outside space, and the air inside the rooms 

is heated by internal gains. Unlike in the cold regions the sun is not 

very welcome inside the house. Therefore a small courtyard in a small 

house can be effective and recommended in a hot region.

Fig. 4.7: Courtyard Housing 
Organization Typology.

Source: Polyzoides, 1982

In this context, scattered individual courtyard houses generally have 

large areas of external walls and roofs in relation to their volume, so 

heat loss and gain tends to be higher, in principle. However, due to the 

introspective nature of the house, neighboring houses could share 

external walls, thereby protecting each other. The shaded courtyard 

will reduce the absorptivity of the external courtyard walls and block 

reflectance from ground, therefore minimizing the heat gain in these 

outdoor spaces. The courtyard house can be built right up against the 

property line and public domain. Subsequently, grouping of courtyard

1 An alternative proposed unit AMI reflects this concept and will be illustrated in 
section 4.4.2 of this chapter.
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houses generates a dense urban fabric and will shorten the distance 

between and among the houses. Reduction of roads, as well as of plot 

areas due to reduced set backs from the street can also be counted as 

cost effectiveness in such housing developments. In addition to lower 

energy consumption, as will be demonstrated later in this chapter, 

courtyard houses suggest a form of housing that appeals to the social 

desires of individuals.

It is noticed that, with typical modem detached houses, people tend to 

have more and more land merely to separate themselves from their 

neighbors for the sake of privacy. Courtyard housing offers a more 

compact scale that could bring people closer together and enrich their 

social contact without sacrificing their privacy.

Kitchen

Fig. 4.8: Plan of Multi- Patio 
House Designed By Serge 
Chermayeff

Source: Chermayeff & Alexander, 1965

The idea of the multi-patio house was first proposed for modem 

housing in the 60s and 70s in the United States of America. 

Chermayeff (1965) has derived his concept of community and privacy 

from a linear housing project with multiple patios and assigned each 

patio to a specific indoor function (Fig. 4.8). The courtyard house 

perhaps is preferable in a society like Bahrain with a preceding 

heritage and social framework that appreciates this concept of 

dwelling. The multi-courtyard concept in housing may be consciously 

influenced by vernacular design, but must accommodate present living 

pattern requirements.

Courtyard house design, when compared to compact house design, as 

shown in the last Chapter, has achieved a higher degree of preference 

from a climatic and social perspective. In the same context, the 

concept of the courtyard can be successfully applied also on 2-4 story 

apartments with a common courtyard space or multi-courtyard spaces 

(Fig. 4.9). Avoiding speculation, it would be unpredictable how
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A facade o f a courtyard complex as a whole is more than the mechanical articulation o f  its constituent parts.

Central courtyard appears to be 
formed by many buildings on 
many levels in simulating a 
Mediterranean hill town street

Concept of central courtyard for multi-apartment building.

Mil
Concept of different size of courtyards.

Fig. 4.9: Concept of Courtyard Housing in Apartments Compound 

Source: Polyzoidesatel., 1982
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people from different social classes will perceive new courtyard 

housing in Bahrain. Indeed the multi-courtyard house does not replace 

the standard private villa, but offers a new form of housing with better 

livable outside space within the house.

4.2.5 Outline Features: Suggested Housing Pattern

This new suggested pattern is based on the findings from the summary 

table of design features in traditional residential patterns and in modem 

housing patterns and on discussion presented earlier in this Chapter. 

The suggested housing outline is speculated by the author to enhance 

and strengthen ties between traditional and current housing layouts 

(Table 4.1).

Table 4.1: Outline Features of a Suggested Housing Pattern in Bahrain

1 Features 

L w . F . b n e

Suggested Housing Pattern

- Layout - Combine open and closed layouts to obtain diversity and 
avoid absolute scattered houses.

- Make the streets narrower and walkable in the 
residential areas, thus excessive spaces devoted for roads 
and shoulders will be reduced.

- Speed precautions and limits shall be imposed on 
vehicular movement in small residential clusters

- Density shall increase to a common average of 50-70 
person/ha2.

Density may vary between different areas in the town. As 
an example: Lynch (1984) specified the following

2 The figures mentioned are tentative percentages. Real density must be synthesized 
based on economical, demographical and social imperatives in Bahrain.
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Features Suggested Housing Pattern

densities on American cities:

- In townhouses 60-100/ha

- In 3 story apartments 100-115/ha

- In 6 story apartments 160-190/ha

- Where the main planning grid line of the residential 
areas is geometrically laid, allow more free and organic 
layout in each small residential area and clusters. Each 
cluster shall maintain distinctive spatial characteristics as 
possible.

- Scale Human scale shall be the base for the housing 
development. However, do not deny the necessity of 
automobile existence.

-Car and
services
accessibility

Though accessibility to each housing unit shall be 
maintained, it shall not dominate the urban pattern.

-Social
structure

There is a need for social- institutional frame work in 
each defined residential area.

The aim of sirh a framework in a housing cluster is to:

- Re- establish a form of traditional social ties in the 
housing community (Freeg).

- Bring social coherence to residential areas and 
strengthen the sense of territory, responsibility and 
belonging between members of the community.

- Find a mechanism to monitor the occupants’ 
responsibility and behavior within each area of 
concerns: maintenance, landscaping, vandalism, 
security, etc.

- Maintain objective and fruitful contact between 
users and professionals in the process of design and 
planning of the residential areas.

pUsage P a t t e r n ;

- Building and 
social-
behavioral code

1 v . . . ^ ■ ..y v .x •; -y

- Based on progress achieved in the previous item, 
building and planning codes shall allow for creativity and 
inhabitant contribution. Committees comprised of both 
professionals and inhabitants shall frequently meet to 
discuss issues concerning the residential built 
environment.

- Such cooperation shall be encouraged and supported by 
the media as a national concern and educational issue to 
develop conscious awareness of the public responsibility 
toward housing projects.
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I Features Suggested Housing Pattern

Solid and 
void mass

- Reduce the fragmented composition of the houses by 
more dense building mass of attached and semi-attached 
houses.

- Building mass and elements shall help protect the 
walkways from direct sun, with such elements as 
overhangs, bridging of die walkway at the upper floor 
level, shade structures, etc.

- Privately controlled landscaping either adjacent to the 
houses or within each cluster will protect the pedestrian 
from sun radiation, glare and dust, and at the same time 
add visual pleasure to the housing area.

- The building layout and pattern shall aim to maximize 
the cross ventilation between the houses.

Types of path - Shall not be limited by the roadside walkways.

- Footpath spine between the houses shall be reinforced 
by several activities such as open spaces, utilities, comer 
store, etc.

- Minimize intersection with vehicular roadway.

Hierarchy of 
urban spaces 
by path

- Controlled by human usage pattern.

- Activities and spaces by the path route shall be within 
walkable distance.

- Avoid constant hierarchy of services utilities. Comer 
store, grocery shop, etc. enrich the character of the path in 
different residential areas.

Connection 
between 
private and 
public

- Once the automobile movement is restricted in small 
residential areas and each area has it own spatial and 
social character, semi-public and public spaces will be 
consequently better defined.

- The semi-public spaces, located within each cluster, will 
be controlled and organized by inhabitant's participation.

Walking 
distance in 
neighborhood

Shall not exceed an average of 15 minutes (Distance of 
1.25 km, with speed of 5 km per hour)

Visual
experience

- Allow inhabitant contribution, with direction of 
professional, to express their sense of territoriality 
through certain built elements such as street furniture and
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Features Suggested Housing Pattern 

features within their area.

- Avoid repetitive and monotonous physical character by 
allowing diversity with reasonable flexibility3 *.

- Encourage distinctive physical image in each cluster i.e., 
color, treatment of elevation, windows,...etc.

Thermal
experience

- Shall consider shading the pedestrian route and area 
whenever possible either by landscape or structure.

- Shorten the walking route within a reasonable distance 
so the human body metabolism can cope with it.

- Orient the open spaces of the path to receive prevailing 
winds and breeze to aid in removing the excessive 
humidity and heat especially in the long summer season.

ti’hnV-Kn ’ *

Land use 
efficiency

- Due to land scarcity, land use efficiency shall be 
maximized. Reduced spaces located for automobile 
movement, especially in internal clusters, will maximize 
the use of built and developed areas.

- Combine as possible different relevant use-and facilities 
in the same allocated public land.

Infrastructure 
and services

Shall be maintained as advance and extendible in future 
for appropriate and healthy environment.

Social focal 
space

- Associate with social institutional framework, social 
focal activity can be in the form of meeting events or can 
be in physical form as an open space by the Mosque and 
other facilities in each housing cluster.

- Further efforts to synthesize the feasible possibility of 
similar space within the neighborhood structure shall be 
investigated. The existing town structure lacks the social 
entity, and service facilities operate on a much bigger 
magnitude than can be absorbed socially by inhabitants.

Spatial character - Allocation policy will remain controlled financially by 
the Ministry of Housing, and perhaps the occupants’ 
institutional framework will characterize it socially once 
the people occupy the houses.

- Social interaction distance shall be maintained and 
reinforced within each cluster or neighborhood.

- Spatial character of residential area shall aim to maintain 
internal homogeneity but not monotony, and at the same

3 To avoid the chaos, the term “flexibility” is an expression that shall be critically and
carefully studied.

Chapter 4: Thermal Analysis of Housing Units 159



Features Suggested Housing Pattern

time, achieve diversity between different neighborhoods.

Average size Tentatively 15-20 hectares

Construction The construction method shall be directed toward energy 
efficient building materials and details.

Concept of - Provide variety. Multiple courtyards concept in the
house design house is suggested as space re-design alternative to the 

typical compact house5.

Ventilation - Natural ventilation will be obtained through window 
openings, courtyards, in addition to the mechanical 
devices

Openings - Reduce the direct exposure to the outside especially in 
the ground floor. This will protect the rooms from the 
rising dust from outside and will make natural ventilation 
active through the courtyards.

- Provide shade protection whenever needed.

- Wood or aluminum screen panels are useful tools to 
provide privacy and maintain natural ventilation.

- Windows shall be carefully located and oriented for 
each house orientation in each cluster.

Dust - Reduced by multicourtyard concept.

- Defined courtyard areas will encourage landscaping 
which is an effective tool to protect from dust.

- The reduction in spaces devoted for the roads will make 
it easy to clean and will reduce the effect of dusty winds.

- Window and doors details shall be designed for this 
purpose.

Vegetation - Within the house the landscaping will enhance the 
microclimate of the courtyard spaces.

- Occupants shall be responsible for taking care of 
maintaining the external landscape within their cluster 
area and territory.

- Main garden or open space maintenance shall be 
assigned to specific responsible authority.

4 The proposed multi-courtyard house in this outline is merely one alternative of space
re-design derive by bioclimatic concerns. More alternative concepts and designs 
shall be integrated in housing projects in future.

5 The proposed multi-courtyard concept in the houses will be illustrated next in this
chapter.
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Features Suggested Housing Pattern

- Proper landscaping, mainly shade trees, shall be 
concentrated between the houses as a main priority.

Heat and cool 
gain

- In multi-courtyard concept: some walls will be semi- 
protected, other will be totally protected by neighbor’s 
attached walls.

- Reduced the exposed external walls

Utilization of 
open space 
within the house

- Multi-courtyard concept allows different uses in the 
semi- private and private spaces.

- In certain times of the year, a courtyard can be active 
space for the occupant, and overall this will reduced the 
over reliance on air conditioning units.

Space usage 
efficiency

- Multi-courtyard house increases the usage efficiency of 
the built space.

- Relatively flexible usage pattern shall be achieved.

43  Concept of Computer Energy Simulation

4.3.1 Description of the CalPas3 Program

Computer modeling techniques increasingly are becoming a common 

engineering tool for design professionals. Several building energy 

simulation computer programs are now commercially available such 

as6:

- CalPas3

- DOE

- CALOR

- SolarS

6 Reference to “House Energy Doctor” by Prof. Chalfoun, Spring 1993 Class’s notes.

By Phil Niles and Berkeley Solar Group 

By Department of Energy, USA.

By School of Architecture, University of Arizona 

By U.C.L.A. Graduate School, Prof. Murray Milne
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- PEAR By Program for Energy Analysis of Residence

- Enercalc By Texas A&M University, Prof. Larry Degelman

Lately, a new program has been designed to evaluate energy-efficient 

features in the very early stage of the architectural design process, 

called ENERGY-10. The new program approaches low-rise building 

design to integrate energy efficient skin design, daylighting, passive 

solar heating and cooling according to the mechanical system 

(Balcomb & Crowder 1995). However, ENERGY-lO’s program is not 

expected to be released to the market until March, 1996.

CalPas3 is one of the available computer programs that analyze the 

energy performance of passive solar and conventional buildings. The 

program is used as a design and evaluation tool by architects, energy 

consultants and educators throughout the United States (Atkinson, et 

al., 1981). Originally, it was written by Phil Niles of California 

Polytechnic State University for developing the California Energy 

Commission’s Passive Solar Handbook published in 1980, then the 

Berkeley Solar Group/ BSG Software acquired and refined the version 

to CalPas2 and CalPas3. Briefly, CalPas3 is a thermal network 

analysis program designed to simulate residential and small 

commercial building’s thermal performance using hourly weather data 

for 8760 hours per year. Networks of up to 38 temperature nodes, a 

sunspace, unlimited numbers of windows and walls, ventilation and 

back up heating and cooling are automatically constructed by the 

program. The major elements in the network model as described in 

CalPas3 Manual (1984) are:

- Solar radiation of building envelope and thermal mass element on 

each surface is calculated using its absorptivity and the exterior film 

coefficient. It also calculates the associated heat transfer throughout 

the building components.
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- Solar gains are calculated for windows on each orientation. Glazing 

declination day of each month for each window and transmission value 

are applied to solar data taken from the hourly weather data. 

Infiltration rates can vary with wind speed and indoor-to-outdoor 

temperature differences. Hourly internal heat gain from occupants, 

lights, cooking, etc. are modeled using either a residential or 

commercial schedule and a daily magnitude input by the user. 

Ventilation cooling using outside air can be modeled as natural 

ventilation from wind and/ or as thermal stack effects using ASHRAE 

algorithms or by fan specifications.

CalPas3 is modeled to activate the cooling and heating of the space 

whenever the temperature floats outside of the specified thermostat set 

points. Seasonal efficiencies and coefficient of performance can be 

used to establish annual energy input to the building. The prog, am 

uses a combination of seasonal and dynamic hourly means to control 

heat flows in the building and model the action of a reasonably rational 

occupant. The sophisticated calculation sequence is described in the 

Manual as the following:

“ CalPas3 uses an approximate technique in which air 
temperature is calculated based on current hour’s 
instantaneous heat sources and sinks and previous 
hour’s mass surface temperatures. After the air 
temperature is established, new mass temperature are 
calculated for each mass independently. This 
procedure allows rapid execution with small error.”

(CalPas3 Manual 1984)

CalPas3 was checked against data from test cell buildings at Los 

Alamos National Laboratories, and the program was very accurate in 

the normal range of building temperatures (errors of 1 to 2°F up to 4°F 

above 100°F).7 The program also generates and prints optional reports

7 Refer to previous note.
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describing and predicting building performance during the entire year, 

each month of the year and for days and hours specified by the user. 

The program is certified by the California Energy Commission (CEC) 

for compliance with the state’s energy code, and currently is used 

extensively for predicting energy budgets as part of building permit 

application in California (House Energy Doctor 1993).

Consequently, the CalPas3 program was used to examine the energy 

performance of selected housing units through applying energy 

conservation measures and passive solar techniques. A set of 

assumptions accordingly were defined for the selected housing units, 

and will be described next.

4.3.2 Input Computer Assumption

In this study, to demonstrate the efficiency of energy conservation 

measures and solar passive adaptation in relation to energy 

consumption, two typical housing units from Hamad Town along with 

alternative designs of multi-courtyard units were examined through 

CalPas3. First, a comparative analysis is conducted for the energy 

demands of all units with various orientations, and then a 

comprehensive parametric study is applied in a selected unit as a 

typical case study of a modem housing unit in Bahrain. For this 

purpose a number of assumptions were considered for the Basecase 

parameters. They are as follows:

A. Design Layout:
t ,

Two typical single story housing units from Hamad Town were 

selected; LI house for limited income class and Ml for medium
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Section

Fig. 4.10: An Example of Screen 
Wall on the Courtyard

income class. In addition, alternative multi-courtyard units AL1 and 

AMI respectively have been simulated in this experiment8. For a 

compatible comparison basis, each house type and its counterpart 

alternative were almost identical. Each type has almost the same gross 

floor area, number of rooms and areas, number of windows and doors. 

Different orientations of both house types were simultaneously 

examined in the comparison analysis. Then energy parametric studies 

were applied on the selected unit, which is M l, that has due south 

orientation as a typical case study.

In the Ministry of Housing’s documents, the built up area for LI is 87 

m2 (947 ft2) and for Ml is 133 m2 (1448 ft2), however gross area as 

calculated by author and used in this study were 96 m2 (1045 ft2) for 

LI, and 147 m2 (1600 ft2) for M l. In the case of alternative multi- 

courtyard houses the external screen walls were not included in the 

gross areas. These walls are suggested to be of 100-150 mm (4”-6”) 

thick screen wall that provides ventilation and shade without invading 

the privacy of the courtyard (Fig. 4.10).

B. House Construction

The structure of the houses is wall bearing masonry. The outside walls 

are constructed from 200 mm (8”) thick hollow concrete blocks 

covered from both sides with 12-15 mm sand-cement plasters and 

painted white on the outside (Fig. 4.11). Thermal resistance value for 

the walls is 2.52, which means a U value of 0.397 Btu/hr.ft2.°F, as 

illustrated in Table 4.2. The roof is constructed of a 150 mm (6”) thick 

reinforced concrete slab and a 50 mm (2”) thick sloped concrete screed 

laid on top of the slab. Bituminous paint, 2 mm, is used as a water 

proofing membrane, with 50 mm (2”) thick polystyrene insulation

* Plan and elevations of each type will be illustrated in section 4.4 of this chapter
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50 mm layer of chipping

50 mm polystyrene 
insulation foam

50 mm concrete screed

150 mm reinforced 
concrete slab

200 mm hollow concrete 
block wall

12 mm sand cement 
plaster

foam sprayed on top of it. In all detached houses in Hamad Town 

roofs are inaccessible and a 50 mm (2”) thick layer of aggregate 

chipping is laid to protect the insulation layer. The thermal resistance 

calculated for the roof is 10.565, which means a U value of 0.094 

Btu/hr.ft2.°F, as illustrated in Table 4.3.

The ground floor slab is built with a 100 mm (4”) thick reinforced 

concrete slab and covered with a 50 mm (2”) thick concrete screed. 

The ground slab is usually raised from outside ground level to a 

minimum of 350 mm (14”), and there is no slab edge insulation. 

Windows are of aluminum frame, normally double sliding leaves, with 

6 mm single clear glass panes, except in the toilet and bathrooms 

which are hinged windows with obscure 6 mm glass. The main 

entrance has 6 mm of obscure colored glass in a wood frame.

.50 nun concrete screed

100 nun reinforced 
concrete slab

Fig. 4.11: Typical Construction 
Details

Material Thermal Resistance 

ft2, hr. °F/Btu

1 Outside Air film (10.7 mph wind) 0.21

2 0.6” Sand-cement plaster 0.33

3 8” Hollow concrete block, 60 Ib/ft3 1.04

4 0.6” Sand-cement Plaster 0.33

5 Inside Air film (still air) 0.61

. ‘ - - -

Table 4.2: Thermal Resistance of Typical Wall’s Construction.
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Material Thermal Resistance 

ft2, hr. °F/Btu

1 Outside Air film (10.7 mph wind) 0.21

2 2” Layer of aggregate chipping 0.056

3 2” Polystyrene insulation foam 9.00

4 0.08” Water proofing layer Negligible

5 2” Concrete screed, 125 Ib/ft3 0.27

6 6” Concrete slab, 140 Ib/ft3 0.51

7 Inside Air film (still air) 0.61

ital Thermal Resistance i i 5

Table 4.3: Thermal Resistance of Typical Roofs Construction

C. Basecase’s Input File 

C .l. Weather File

The first obstacle was to identify the suitable weather file that is 

compatible to Bahrain location9. The two weather files from CalPas3 

were selected, are the Hot Humid Generic file and the Miami - Florida 

in the United States. On examining the Mean Dry-Bulb temperature of 

the two weather files compared to the weather data for Bahrain, 

Bahrain weather data was found to fall 20% higher than the Hot Humid 

file, and 5.5% average higher than the Miami file. Table 4.4 shows 

that the difference between maximum and minimum mean Dry-Bulb 

temperatures throughout the year in Bahrain is 3 1°F, whereas in Miami

9 The author understood that a Bahrain weather file existed among the other 300 city 
weather file incorporated for CalPas3. Upon personal contact with Berkeley Solar 
Group in California and with relevant authority, the author was informed that though 
the data existed the weather file was not completed for the Ca!Pas3 program.
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it’s 15°F. While in the first three months the temperatures in Bahrain 

are 6% lower than Miami, it’s higher by approximately 10% in the rest 

of the year. So the Miami weather file was found to be within a 

reasonable range of difference with Bahrain and accordingly it was 

used in the computer simulation experiment.

C.2. Outside air coefficient

The average prevailing wind speed in Bahrain is 10.7 mph. ASHRAE 

(1989), specified the outside moving air coefficient in two values as:

0.17 for 15 mph wind speed 

0.25 for 7.5 mph wind speed 

Therefore the outside air coefficient for Bahrain which was used is 

0.21 Btuh/f2.0?.

C 3 . Thermal resistance of the roof and walls

In order to account for internal thermal mass storage wall 

characteristics, CalPas3 has a restriction that all associated walls must 

have the same U value in the input file. So the area of the “EX WALL” 

value in the program is the sum of all associated roof slab and external 

concrete wall areas. For this reason a new material was specified as an 

average between roof and wall materials, and was called “Roofwall” in 

the Basecase input file. The new material was characterized, as shown 

in Table 4.5, based on values mentioned in CalPas3’s manual. The 

average thermal resistance of wall and roof is 4.065 which means a U 

value of 0.246 Btu/hr.ft2.°F.

C.4. Reflectivity and absorptivity

Ground reflectivity used in the solar calculation was 0.5, assumed for 

sandy earth ground, and no trees or landscaping were considered. The 

absorptivity value for aggregate chipping in the roof was assumed as 

0.4 for light earth tone, whereas the absorptivity value for rendered 

walls in white was 0.3. In the case of the courtyard’s space, walls tend 

to shade each other depending on orientation so the absorptivity were
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corrected to 0.2 and 0.1, judged according to the configuration and 

orientation of each wall. The shared walls with neighbors in the 

multicourtyard houses were eliminated since there is no heat exchange 

between two air conditioned spaces.

C.5. Shading and shutters

Shading devices are not used, but interior draperies are commonly 

used. Light curtains were assumed as a shutter of transmittance equal 

to 0.7, operating at 50% open in both Summer and Winter.

C.6. Infiltration

Infiltration is the convective heat gain or loss by the introduction of 

outside air at temperature different from that maintained in indoor- 

space. To differentiate it from ventilation, infiltration can be described 

as uncontrolled process of ventilation. The infiltration is calculated by 

air change per hour (ACH). The rate of infiltration is varying 

according to building construction and opening details.

Mon. Bahrain Hot Humid Miami, USA

L. H. iMean L. H. 1 Mean L. H. „Mea
JAN. 57 68 1 63 41 63 I S? 60 76 6%
FEB. 59 70 65 45 64 W 4  ' 61 76 69
MAR. 64 76 70 50 70 " 59 66 79 - 73
APR. 71 85 78 60 81 ivTO- 68 81 75
MAY 93 93 86 63 82 73 72 83 78
JUN. 79 98 N l ; :' 73 88 75 87 80
JUL. 87 10 93 72 93 81 ' 75 88 ::;81 :
AUG. 87 10 |p 9 4 ' 71 95 M82 77 89 82
SEP. 84 98 1m \ 70 85 76 87 feygl' -
OCT. 78 92 F 8 5 57 79 '6 7 72 83 77
NOV. 70 82 49 72 59 67 80 73
DEC. 61 72 EM 7.' 39 64 b.5i- - 59 75 67
Total 74 86 80

p m
58 78 67

S ' ? -
69 82 75 ;■

Note: The illustrated data is for low, high, and mean Dry-Bulb Temperatures 
in Fahrenheit.

Table 4.4: Comparison of Weather Data of Bahrain, Hot Humid-Generic, 

and Miami in USA.
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Material Description VHCAP.* COND.** R  value

Wall Cone. 60 Ib/ft3 14 0.183 2.519

Roof Cone. 140 Ib/ft3 28 0.980 10.638

t e o . 5 8

*VHCAP. = Volumetric Heat Capacity, Btu/fV.°F

**COND. = ( K value) Conductivity, Btuh.fVftVF

Table 4.5: Thermal Characteristics of The Combined Material Between
External Walls and Roof “Rocfwall”.

A well designed and concealed envelope house can achieve 0.5 ACH. 

Five years old average standard house can have ACH vary from 1.4 to

l.O.10 Due to the number o f external doors and typical opening details 

of sliding windows, the infiltration rate was assumed as 1.25 air 

changes per hour.

C.7. Cooling devices

The new air conditioning units available commercially in Bahrain’s 

market vary in the coefficient of performance (COP) between 1.9-2.4. 

It is worthy note that the higher the COP the more efficient is the 

system. Probably upon continuous and almost daily used, in a short 

time the coefficient drops further down to an average of 1.9 which is 

the value assumed for the experiment. For the purpose of calculations, 

the A/C unit was considered the only cooling and heating system in the 

house for maintaining thermal comfort whenever the house 

temperature falls outside the thermostat settings. To avoid operating 

the heating during the transition seasonal period by the program,

10 For accurate figure of ACH, a test has to be conducted on the house by “Blower 
Door” test device. It is a device which uses a large fan installed on the front door of 
the house to de-pressurize the house to 50 Pascal and indicates the envelope CFM 
(Cubic Feet Per Minute)on a single gage. Then a formula is used to convert the 
CFM to ACH.
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summer season was specified to start in March 15th and end on 

November 15th. ■

In setting the thermostat for cooling, average Bahrainis were found to 

adjust the temperature to 20-22°C (68-71.6°F) in summer, as indicated 

in the last chapter. Therefore the setting for cooling was adjusted in 

the input file to 22.2°C (72°F) in summer, and for heating to 20°C 

(68°F) in winter.

43.3 Validation of Thermal Improvement

Bioclimatic study of housing layouts of a certain social environment is 

primarily an environmental-behavior process of research. 

Environment-behavior research in architectural design is a relatively 

new field that is currently undergoing development that will make it 

more valuable in the future (Cherulnik, 1993). The subtracted 

knowledge obtained from valid research in this field will be useful for 

the designers and planners in their professions. Perhaps in the future 

such environmental-behavior studies will provide a clearer picture of 

the living pattern and social activities among prospective users. For 

the purpose of this study, a generalization of human response and 

behavior has been assumed for the computer experiment. The study 

was applied on a selected case as a generic energy study of 

contemporary modem housing units in Bahrain.

In discussing the validity of the thermal or bioclimatic improvement in 

the housing units and the pattern of the residential environment, two 

sides of validation shall be defined as:
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First: Internal validity that is tied to the setting of the particular case 

study through quantitative measurements tested by a computer program 

in a laboratory.

Second: External validity that is more of a qualitative approach to 

generalizing the findings and results from the internal validity of the 

case study on the urban scale of public housing.

The internal validity is limited to energy analysis and the thermal 

performance of both standard housing units, and the suggested 

alternative house with the multi-courtyard concept. The computer 

modeling and energy simulation comparison between the two types 

will satisfy partially the internal validity through output data and 

results. The program will also diagnose and identify the problems and 

weaknesses in the house’s performance and the magnitude of 

electricity consumption in each case. Unfortunately at present, 

Bahrain has no energy performance codes or standards for buildings to 

test the compliance of the Basecase with the recommended codes 

(Mandeel 1992). Therefore the Basecase results will establish a 

reference case for saving and improvement on the applied measures.

The selected Ml house is a typical case based on certain assumptions 

illustrated in the previous section. The annual electrical consumption 

of the Basecase was validated with an average consumption concluded 

from a survey that was conducted by the Ministry of Housing (1994). 

The annual electricity consumption predicted by CalPasS for the Ml 

house was 19,408 kw.hr , whereas the surveyed average consumption 

was 21,313 kw.hr. That means the simulated house is 8.9% lower than 

the actual average consumption. Bear in mind, the thermostat cooling 

temperature was adjusted to a high average of 22.2°C (72°F) in the 

Basecase. This complied percentage, which falls within 20% is 

considered acceptable, and will be further reduced when considering
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that the weather data of Bahrain is 5.5% higher than the one used in the 

computer simulation. Subsequently the computer results of the 

Basecase were found to be close to the surveyed average consumption.

Based on the analysis of the Basecase thermal behavior, energy 

corrective measurements were proposed through the parametric 

studies. The computer’s output results will assess the degree of 

success of each selected strategy as will be illustrated in the next 

section. Originally, optimization is judged for the best energy 

consumption saving with an acceptable economic payback period. One 

way to define the payback period, theoratically, is to range from 5 to 7 

years depending on the current economical situation in the country and 

is considered a variable factor in budgeting and estimating the various 

housing projects. However, the main concern in this study is to 

improve the thermal comfort of the hvuse and assess the possibilities of 

applicable potential methods. Thus the payback will not be examined. 

The results of energy conscious and thermal improvement either in the 

standard unit or in the proposed alternative unit forms a starting point 

in the housing development which needs to be examined in wider 

context through external validation.

External validity deals with thermal improvement as a bioclimatic 

subject in the social context of the housing. The proposed multi

courtyard house is derived from the inferred comparison between 

traditional and modem housing patterns. Its main design element 

focused on the privacy of out-door spaces for social interaction and the 

climate reliability. Optimizing the present concept of privacy in the 

residential setting or sense of territoriality in housing and monitoring 

the passive social contact between inhabitants in these residential 

environments are social science studies which fall outside the content 

of this study. Whether or not the suggested outlined housing pattern,
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illustrated earlier in this Chapter, can be incorporated in housing 

development is a tentative assumption subject to evaluation and 

compatibility with empirical inferences of previous experiences in the 

housing production in Bahrain. Then, the alternative design unit can 

only be theorized to promote the achievement of the goals of 

establishing energy and climate conscious behavior to live with the 

climate.

While in this study the suggested housing development pattern has 

been derived from bioclimatic and social concerns, an actual 

development must consider factors such as cost, services...etc. So the 

external validation is subject to a realistic simulation of the alternative 

design to judge the proposed hypothesis in a real life application, 

within the context of a new housing cluster in a future housing project.

4.4 Energy Performance Prediction

4.4.1 Typical Standard Housing Units

Standard models of single story houses from Hamad Town LI and Ml 

have been selected as typical current modem units in this study.

First: Physical Description of LI House

The LI house is a single story building assigned to a limited income 

class. Fig. 4.12 & 4.13 show the architectural plan and elevations of 

the house. The house consists of two bedrooms and a family room 

{Majlis). The following description of the house was entered in the 

CalPas3 Basecase input file i.e.:

- Floor area = 1045 ft2
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- Height = 9.9 ft

- Volume =10613 ft3

- Roof area =1045 ft:

- Slab edge perimeter = 148 ft

- Area of the external walls = 1304 ft:

- Area of the internal walls11 =1733 ft3

- No. of windows12 = 8

- Area of the windows = 101 ft:

- No. of doors = 3

- Area of the doors = 63 ft:

Second: Physical Description of Ml House

Ml house is a single story building assigned to the middle income 

class. Fig. 4.14 & 4.15 illustrate the architectural plan and elevations 

of the house. The house consists of three bedrooms, a family room and 

a Majlis (Guest room). The following description of the house was 

entered in the Basecase input file as follows:

- Floor area = 1600 ft:

- Height = 9.9 ft

- Volume = 15840 ft3

- Roof area = 1600ft:

- Slab edge perimeter = 198 ft

- Area of the external walls = 1873 ft:

11 The area is calculated as double faces of the internal walls.

12 The number includes the fixed windows in the door panels.
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- Area o f  the internal walls =  2298 ft2

-No. of windows =  12

Area of the windows = 206 ft2

-No. of doors =  2

Area of the doors = 44 ft2

Third : Energy Performance of the Basecases

Upon energy simulation of the housing units, CalPasS produces output 

files that describe the space conditioning loads. It was found that 

approximately 98% of the total consumed loads was devoted to cooling 

and the rest for heating. As explained earlier, Bahrain experiences 

lower mean temperatures in winter and higher in the summer, 

making the output results close to the reality for both Basecases.

The estimated operating cost per square foot for both cases according 

to the simulation is 0.4 $/ft2 for LI house and 0.39 $/ft2 for Ml house 

based on electricity price of 0.032 $/kWhr. in Bahrain. Individual air 

conditioning units are the most common method of cooling in 

residential buildings in Bahrain, and they are responsible for the major 

load consumption in the houses.

The energy simulation analysis report indicates that the peak hourly 

energy transfer for heating occurs on December 16th when it reached

36.6 k Btuhr put into the Ml house, and it reached 22.8 kBtuhr by 

December 16th in case of the LI house. On the other hand, the cooling 

hourly peak occurs on March 15th when it reached 119 kBtuhr in the 

Ml house,
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Fig. 4.12: Floor Plan of Standard “LI” Model House in Hamad Town
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Fig. 4.13: Elevations of Standard “LI” Model House in Hamad Town
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Fig. 4.14: Floor Plan of Standard “M l” Model House in Hamad Town
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and it reached 90.9 kBtuhr on March 15th in the case of L I13. The 

highest energy consumption for cooling is registered in August when it 

reached 13572 kBtu for LI and 19887 kBtu for Ml model in the same 

month. The computer output file also reports the amount of the heat 

flux between the inside and the outside of the house during the full 

year. Heat flux on monthly heat gains and losses is occur through five 

modes of heat exchange. They are as follows:

A. Conduction: Is a mode of heat exchange that occurs when

molecular excitation spreads from one mass to another, in particular, 

going from one higher temperature to one of lower temperature. The 

value indicated on the CalPas3 monthly report presents the energy lost 

from or gained by the conditioned space due to conduction in kBtu/ 

month. This value includes all transfers through walls and glazing and 

conduction to the outside of mass element.

B. Solar Gain: Is a mode of heat exchange that is controlled by solar 

radiation reached the ground. Solar radiation varies depends on upon 

geographical location, time, and atmospheric conditions. The solar 

gains in CalPas3 monthly report is calculated for number of windows 

of each orientation. The total solar gain to conditioned space in 

kBtu/month is calculated after the effect of any shutter, shading or 

other modifiers.

C. Internal Gains: Is the heat gains from occupants, lights, cooking 

appliances ...etc. CalPas3 is modeled to using either a residential or 

commercial schedule and a daily magnitude input by the user. The 

default value in case of residential is 20 kWhr/day. The internal gains 

can be assigned to the air mode or any mass element. So the value 

shown in the monthly CalPas3 report indicates the energy added to 

conditioned space in kBtu/ month. 11

11 The peak energy transfer for cooling occurs in March because the summer is 
assumed, in the input file, to start on the 15th of March. Therefore, the sudden drop 
in the in-door mean temperature from 76 to 72°F, shown in the monthly output 
report does not necessarily represents the actual case.
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D. Infiltration: As described earlier, is the convective energy transfer 

through uncontrolled mean of ventilation between outside and inside 

the house. CalPas3 calculates infiltration using a factor for constant air 

change, air change due to the temperature difference between inside 

and outside and also air change due wind speed. CalPas monthly 

report indicates energy transfer to or from the conditioned space due to 

infiltration in KBtu/ month.

E. Heat Storage: Is the net heat gained by or lost from all the house 

storage combined the mass wall of external and internal walls floor, 

slab, roof slab and house air node. Over a period of a month, this value 

is normally relatively do not vary greatly. The value indicated in 

CalPas3 monthly report is in KBtu/ month.

In monthly heat gain and loss, five modes of heat exchange are 

illustrated in (Fig. 4.13) for the LI house, and (Fig. 4.14) for the Ml 

house throughout the full year. The main heat transfer mode predicted 

is conduction either in summer as gains or in winter as losses. Fig. 

4.15 & 4.16, and Fig. 4.17 & 4.18, for LI and Ml respectively 

illustrate percentages of heat gains and losses per season; they are as 

follows: 14

First: Heat gains and losses in summer for LI and Ml houses14

Heat Flux Mode Heat Flux in LI Heat Flux in M l
House in % House in %

Conduction 53.26 51.46

Solar Gain 14.63 23.54

Internal Gain 22.29 15.17

Infiltration 9.55 9.68

Heat Storage (-) 0.27 (40.15

14 The sign (-) indicates heat leaves the house.
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Second: Heat gains and losses in winter for LI and Ml houses

Heat Flux Mode Heat Flux in LI Heat Flux in M l
House in % House in %

Conduction (-) 36.11 (-) 36.70

Solar Gain 15.07 26.39

Internal Gain 30.73 19.43

Infiltration (-) 17.84 (-) 17.28

Heat Storage (-) 0.25 (-) 0.20

Further analysis o f heat transfer by conduction through different 

building components (Fig. 4.22 & 4.23) shows percentages of each 

building’s components by which heat is conducted from or to the 

buildicg in every one degree Fahrenheit. They are as follows:

Building
Components15

Conducted Heat for L I 
House in %

Conducted Heat for 
M l House in %

Walls 58 • 56

Roof 11 11

Glass 12 17

Ground Slab 15 14

Doors 4 2

15 The conducted heat through the roof and walls in this table has been calculated 
according to their original U values which are 0.094 and 0.397 respectively.
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Fig. 4.16: Monthly H^at Gains and Losses of “LI” House’s Basecase

12000

2  4000

■36— — 36-

—♦— COND —■ — INFILL —6 —SLR —K— INT -3 1 6 -STRG

Fig. 4.17: Monthly Heat Gains and Losses of “M l” House’s Basecase
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Fig. 4.18: Heat Gains and Losses in Summer for "LI" House’s Basecase
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Fig. 4.19: Heat Gains and Losses in Winter for "LI" House’s Basecase
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Fig. 4.20: Heat Gains and Losses in Summer for "Ml" House s Basecase
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Fig. 4.21: Heat Gains and Losses in Winter for "Ml" House s Basecase
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Total ± Btus/°F= 897

Fig. 4.22: Annual Conduction Analysis of “LI” House’s Basecase

Total ± Btus/°F= 1322

Fig. 4.23: Annual Conduction Analysis of “M l” House’s Basecase
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It is obvious from the above figures that walls are the major building 

component transferring the conducted heat. Usually the roof is 

considered the main contributor in this process, but the insulation on 

the roof has increased the thermal resistance and therefore obstructs 

the conduction flow through this component. Approximately 85% of 

the total annual conductive heat invades the house during the summer, 

and the conduction through the walls is the main weakness in the 

house. Increasing the thermal resistance of the walls is a very effective 

conservation measure as will be examined later in the parametric 

studies. Solar gain is the second source of heat gain from solar 

radiation. In long summer months, it is recommended to protect the 

house envelope from direct solar radiation by different methods either 

through: landscaping, seasonal shading devices that can be installed in 

the summer and removed in winter or by permanent shading elements. 

The main building component that needs to be protected would be the 

wall, and the glass of the window is the weakest layer in that part of 

the building skin that requires protection from heat gains. However, 

the windows’ area in the standard houses LI and Ml are 7.2% and 

9.9% of the walls’ area, which are relatively low, and may not count as 

potential area of a significant thermal improvement. Nevertheless, 

protection of the walls is an important consideration in passive cooling 

and energy conservation principles.

The internal heat gain from occupants, electrical lights, heaters and 

appliances contributes to heat exchange, and is higher in the LI house. 

Since the actual data for both houses does not exist, the default value 

calculated by CalPas3 for a residential building of 20 kWh/day has 

been considered for both houses. So with respect to the houses’ 

volumes, internal heat gain is higher for the smaller house which is LI. 

Another mode of heat gain and loss is the infiltration that plays 

negative roles in the heat flux in both summer and winter. It would
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suggest a potential area for future improvement which will be explored 

in the parametric studies later.

In respect to thermal comfort, the temperature maintained inside the 

house as simulated by CalPas3 is based upon the ambient dry-bulb 

temperature and defined by the user. However, the effective 

temperature that reflects the actual thermal sensation of the human 

body is a combination of dry-bulb temperature, relative humidity, air 

movement, and radiant temperature. Due to the wide range of variable 

indices involved in this process that includes human physical activity 

and clothes, CalPasS is not designed to calculate such temperatures, 

and accordingly the dry bulb temperatures are used as the main index 

to control mechanical heating and cooling system. In the monthly 

condition report, CalPas3 predicts the mean temperatures maintained 

inside the house and also shows the mean dry-bulb temperatures of the 

selected weather file. Fig. 4.24 demonstrates both mean temperatures 

inside and outside the simulated houses by CalPas3. In addition, dry- 

bulb temperatures of Bahrain’s weather were also indicated by the 

author.

4.4.2 Multi-courtyard Housing Units

As a space re-design alternative to the standard compact housing units, 

multi-courtyard houses are suggested for LI and Ml models. The aim 

is to implement the concept of the courtyard space as a modulator of 

the microclimate condition within the house. A courtyard is a 

bioclimatic design concept that provides private usable outdoor spaces 

within the house. The multi-courtyard concept implicitly defines 

outdoor space for landscaping and space arrangement that makes it 

easier and cheaper to maintain compared to the undefined spaces
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around the standard houses. Landscaping, besides the aesthetic value, 

is an important element in passive cooling techniques to protect the 

building skin from the direct sun and the effect of the dusty winds. 

Evidence through computer simulation will be shown in this respect in 

the next parametric study applied on the Ml house.

With respect to the bioclimatic design concept in hot humid regions, 

almost no retrofit design will provide passive cooling potential unless 

wind direction and breeze cooling are counted as an integrated part of 

the proposed design16. However the concept of natural ventilation in a

•House Mean Temperature 
•Outside Mean DB. Temperature 
•Bahrain Mean DB. Temperature

Fig. 4.24: Monthly Mean Temperature* and Outside Mean Dry-Bulb 

Temperature of The Simulated House*.

16 Perhaps the exception can be mentioned is the passive techniques using earth-tubes 
in houses in India within a certain atmospheric condition
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partitions

blanketing of breeze 
creating pockets of warm, 
still air: uncomfortable areas

severe climatic condition, like Bahrain’s, becomes a controversial issue 

needing careful consideration. The excessive heat, humidity and the 

dust raised by the wind makes it unfavorable to rely on natural 

ventilation as a cooling method except in a very limited time of the 

year. Instead people more often use the air conditioning for 

ventilation. Ideally two openings should be integrated in each living 

space to activate the necessary cross ventilation through the space in 

the hot humid climate (Fig. 4.25). Such direction would simply 

introduce more external windows on the house that will increase the 

heat gain, and will make the proposed house incompatible in 

comparison to the standard house. In addition, natural cross ventilation 

of the living space relies on occupant interaction, and it is difficult to 

anticipate the occupant’s behavior to operate the various openings for 

the sake of ventilation. To predict an ideal occupant behavior would 

seem unrealistic and too theoretical especially in the case of public 

housing.

The multi-courtyard thermal concept is structured to protect the house 

from high solar gain. Presumably the shaded and protected out-door 

spaces will allow natural ventilation of the living space whenever a 

mechanical method is not operated.

Basically, the multi-courtyard houses were suggested for the sake of 

comparison with the standard compact houses in term of thermal 

performance. The multi-courtyard houses, AL1 and AMI respectively, 

are described next.

Fig. 4.25: Diagrams Showing How 
Openings Affect Air Movement

Source: Fry and Drew, 1982

First: Physical Description of AL1 House

A l l  house is the alternative to the standard LI house, based on the 

area calculated for L I17; it is a single story building assigned to the

17 For area refer to section 4.3.2 Input Computer Assumption- Design Layout
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limited income class. The AL1 house incorporates the courtyard 

concept in the original layout. The AL1 house has used the same 

original layout with slight modification to create two courtyards, the 

first by the entrance and the second by the bedrooms. The house is 

built on the property line and attached to a neighbor on one side, and it 

contains a family room {Majlis) and two bedrooms. This reduced the 

plot by 470 ft2 (43 m2), 12% of the total plot area. Fig. 4.26 & 4.27, 

illustrate the architectural plan and elevations of the house. The 

following description were entered in the Basecase input file:

- Floor area =1045 A2

-Height =9.9 ft

-Volume =10613 ft2

-Roofarea =1045 ft

- Slab edge perimeter = 129 ft

- Area of the external walls = 1246 ft2

- Area of the internal walls = 1449 ft2

- No. of windows = 8

- Area of the windows = 101 ft2

- No. of doors = 3

- Area of the doors = 63 ft2

Second: Physical Description of AMI House

The AMI house is a multi-courtyard house that is suggested as an 

alternative to the Ml standard house. It is a single story house 

assigned to the middle income class. The house is comprised of three 

courtyards: a front courtyard by the entrance, a middle courtyard by the 

living room and a rear courtyard by the bedrooms. Fig. 4.28 & 4.29
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show the architectural plan and elevations. Restricted by the 

arrangement of the original rooms of the standard house, a few 

improvements were sacrificed for the sake of comparison, such as 

access to the rear courtyard, a dressing room by the master bedroom 

and direct entrance to the Majlis. Due to social considerations, it is 

suggested to provide a knock panel in the external wall to provide a 

direct entrance to the Majlis. Also, the AMI house’s layout used one 

less window than the standard house.

Similar to the first alternative, the AMI house is built on the property 

line with walls shared with neighbors. The AMI layout has achieved a 

reduction o f plot area equal to 621 ft2 (57 m2), 15.4% of the plot area 

devoted to the Ml house. The AMI house consists of three bedrooms, 

a family room and Majlis. The following description of the house was 

induced in the Basecase input file i.e.:

- Floor area = 1600 ft2

- Height = 9.9 ft

- Volume = 15840 ft3

-R oof area =1600 ft2

- Slab edge perimeter = 182 ft

- Area of the external walls = 1659 ft2

- Area of the internal walls = 1986 ft2

- No. of windows =11

- Area of the windows = 166 ft2

- No. of doors = 2

- Area of the doors = 44 ft2
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Fig. 4.26: Floor Plan of The Alternative Multi-courtyard House “AL1”
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Fig. 4.27: Elevations of The Alternative Multi-courtyard House “AL1”
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Fig. 4.28: Floor Plan of The Alternative Multi-courtyard house “AMI”
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Fig. 4.29: Elevations of The Alternative Multi-courtyard House “AMI"
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Third: Energy performance of the Multi-courtyard House

Similar to the standard housing unit simulation, approximately 98% of 

the total consumed load is devoted to cooling of the living space. 

However the operating cost of cooling per square feet is reduced; it is 

found to be 0.39$/ft2 for AL1 and 0.35$/ft2 for AMI, whereas it was 

0.4$/ft2 and 0.39$/ft2 respectively for the standard houses.

Concluded from simulation results, Fig. 4.30 & 4.31 illustrate the 

monthly heat gains and losses for the AL1 and AMI houses 

respectively. The highest energy consumption for cooling is recorded 

in August when it reaches 12913 kBtu for ALVs house, and it reaches 

18204 kBtu for A M l’s house. Fig. 4.32 & 4.33 and Fig. 4.34 & 4.35 

demonstrate the seasonal heat gains and losses during a frill year for 

both houses. The following percentages, concluded from the 

CalPas3’s output report, show the heat flux in the houses during 

summer and winter.

First: Heat gains and losses in summer for AL1 and AMI houses

Heat Flux Mode Heat Flux in AL1 Heat Flux in AMI
House in % House in %

Conduction 50.79 50.50

Solar Gain 15.78 22.01

Internal Gain 23.33 16.67

Infiltration 9.96 10.70

Heat Storage (•) 0.14 (-) 0.12
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Second: Heat gains and losses in winter for LI and Ml houses

Heat Flux Mode Heat Flux in AL1 Heat Flux in AMI
House in % House in %

Conduction (-)36.02 (-)35.97

Solar Gain 15.93 22.52

Internal Gain 29.99 22.29

Infiltration (-)17.83 (-) 18.94

Heat Storage (-) 0.23 (-) 0.28

Fig. 4.36 & 4.37 analyze the heat transfer by conduction through the 

building component in percentages of Btus for every degree 

Fahrenheit, and are summarized as follows:

Building ^Conducted Heat for ^Conducted Heat for
Components18 AL1 House in % AMI House in %

Walls 57 56

Roof 11 13

Glass 13 15

Ground Slab 14 14

Doors 5 2

Because of the insulated roof, the main building components that 

convey the conductive heat are the walls since the same assumption of 

the standard house was used in these houses.

Refer to footnote No. 15 in this chapter.
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Fig. 4.31: Monthly Heat Gains and Losses of "AMI" House’s Basecase
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'Mar,Apr,May,Jun,Jul,Aug,Sep,Oct,Nov'\ Net= 79972

(-)STRG
O.M%

(+) INF1L 
9.96%

(+) COND 
50.79%

Fig. 4.32: Heat Gains and Losses in Summer for “ALP House’s Basecase

"Dec,Jan,Feb", Net= -1685

(-) STRG 
0.23%

Fig. 4.33: Heat Gains and Losses in Winter for “ALP House’s Basecase
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"Mar,Apr,May,Jun,Jul,Aug,Scp,Oct,Nov" Nct= 112,483 KBtu

(-)STRG
0.12%

Fig. 4.34: Heat Gains and Losses in Summer for "AMI" House's Basecase

"DecJan,Feb" Net- 12,348 KBtu

(-)STRG
0.28%

(-JINFIL
18.94%

Fig. 4.35: Heat Gains and Losses in Winter for "AMI” House's Basecase
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Total ±Btus/°F= 828

Fig. 4.36: Annual Conduction Analysis of “AL1” House’s Basecase

Total ±BtusZ°F= 1172

Glass Roof
15% 13%

Doors 
2%

Slab
14%

56%

Fig. 4.37: Annual Conduction Analysis of “AMI” House’s Basecase
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4.43 Energy Performance Comparison

The selected simulated housing units demonstrated earlier have 

identical due south orientations. The thermal behavior of the houses 

was examined in four main orientations for Ml & AMI, and two main 

orientations for LI & AL1 houses. Runs of the different cases are 

illustrated in Table 4.6.

The multi-courtyard houses achieved savings in cooling loads 

compared to the standard houses. The percentages were 8.9% for the 

AMI house and 5.5% for the AL1 house. The orientations in these 

cases were found to have almost negligible effects on the thermal 

performance of the houses. The little impact predicted by simulation is 

due to the limited window areas in these houses, however orientation is 

considered one of the important factors in energy conscious design 

especially in locating the openings. The orientation manipulates the 

solar direct gains and allows the wind and breeze to vent the living 

space. Table 4.6 presents an energy performance comparison of 

different runs between the standard and multi-courtyard houses.

4.5 Energy Analysis of The Selected Case Study

The Ml model house was selected as a case study of a typical current 

housing unit in Bahrain to apply energy parametric measures. In a hot 

humid region, the problem encountered in considering passive cooling 

design approaches is thermodynamic in nature and highly complicated 

in comparison to the use of solar energy in passive heating and cooling 

in a hot dry region. In utilizing passive cooling, physical laws that 

govern heat flow and energy transfer work in the opposite manner.
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Parametric Study Space Conditioning Loads Source Consumption Annual Operating Cost

Cooling Heating Total Cool Heat Total Elec Cons $ /Year
KBtu % KBtu % KBtu % Btu/sq.ft Btu/sq.ft Btu/sq.ft Kwhr Total $/ sq.ft %

1 Ml Standard House 123343 2645 125988 121.72 2.479 124.2 19408 621 0J9
2 Ml House, 180° Azimuth 123047 0.2 2659 -0.5 125706 0.2 121.428 2.492 123.92 19364 620 0.39 0.2
3 Ml House, Flip Layout 123274 0.1 2654 -0.3 125928 0.0 121.652 2.488 124.14 19399 621 0.39 0.0
4 Ml House, Flip& 180°Azimuth 123028 0.3 2717 -2.7 125745 0.2 121.409 2.547 123.96 19370 620 0.39 0.2
5 AMI Courtyard House 112337 8.9 2864 -8.3 115201 8.6 110.859 2.685 113.54 17743 568 0.35 8.5
6 AMI House, 180°Azimuth 112708 8.6 2772 -4.8 115480 8.3 111.225 2.598 113.82 17787 569 0.36 8.4
7 AMI House, Flip Layout 113203 8.2 2863 -8.2 116066 7.9 111.713 2.684 114.4 17876 572 0.36 7.7
8 AMI House,Flip& 180°Azimuth 112854 8.5 2869 -8.5 115723 8.1 111.369 2.690 114.06 17823 570 0.36 8.2
9 SI Standard House 84641 1414 86055 127.89 2.029 129.9 13260 424 0.41
10 SI House, 180° Azimuth 83846 0.9 1680 -18.8 85526 0.6 126.688 2.410 129.10 13176 422 0.40 2.4
11 AS1 Courtyard House 79964 5.5 1687 -19.3 81651 5.1 120.821 2.422 123.24 12578 403 0.39 4.9
12 AS1 House, 180° Azimuth 80238 5.2 1676 -18.5 81914 4.8 121.236 2.405 123.64 12619 404 0.39 4.9

Note: % indicates savings in percentages

Demonstration of the tested
orientations on Ml standard house Case 1 Cased

Table 4.6: Energy Performance Comparison Between Typical Housing Units "LI, M l” and Alternative Units "AL1, AMI”
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Hence both heat and humidity flow from the hotter or humid node into 

the cooler or drier node. The^e is little diurnal difference in 

temperature, and often natural air is saturated with humidity most of 

the day time. In the hot summer season in Bahrain, there is no 

substitute for mechanical air conditioning and ventilation.

As mentioned in the last section, though natural cross ventilation is one 

of the main tools in passive cooling in hot humid climates, unfortuantly 

it is very limited within the constraints of this study as descussed 

earlier. Therefore, the concentration will be to synthesize other 

applicable techniques and measures to improve the thermal 

performance of the typical house. The following energy parametric 

measures are divided into two directions. The first is concerned with 

energy conservation measures in house design, building materials and 

construction details. The second is concerned with the occupant 

adaptation to living with climate constraints in order to decrease 

energy consumption.

4.5.1 Energy Parametric Measures

Following are the measures applied on the Ml house and simulated 

through different runs in the CalPas3 program.

1. Landscaping

It is effective in two ways. The first is in reducing the ground 

reflectivity since the grass and bushes absorb more solar radiation than 

naked or untreated ground. Landscaping decreases the solar 

reflectance especially on areas with excessive radiation such as east, 

south and south-west. Accordingly, the ground reflectance value was 

changed from 0.5 for sandy ground, in the Basecase, to 0.3 for green
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grass and pavement around the house (Fig. 4.3 8)19. The second way is 

using trees to provide shading. Experiments show that walls shaded by 

dense trees and bushes are approximately 11°C (20°F) cooler than a 

segment of the same wall in direct sunlight (Meyers & Way 1979). 

Deciduous trees for example, are ideal for the south walls to provide 

shade in summer and invite the desirable heat gain in the winter. 

Evergreen trees will be suitable to shade the west and east walls. 

Shade trees on the north side are critical; the designer must evaluate 

the condition to decide between protection from late day sun in 

summer and from cold north wind in winter (Shemal), or admitting the 

desirable north wind and breeze in the hot humid summer. In any case, 

trees must be properly trimmed so that there is free air passage 

underneath to flush the accumulated heat and humidity.

In the particular simulated case, no trees were located on the north. 

Run 3 in Table 4.7 introduced landscaping which achieved a savings of 

14.7% compared to the Basecase.

2. Infiltration:

Infiltration is the uncontrolled ventilation that flows according to the 

thermodynamic mechanism, between inside and outside through the 

building envelope. The Basecase's energy analysis, illustrated in the 

last section, showed that infiltration has a negative impact as heat gain 

in summer and as heat loss in winter.

Fig. 4.38: An Efficient 
Combination of Pavement and 
Grass

19 The shortage of drinking water in Bahrain shall direct our attention toward utilizing 
the seawater for landscaping. In successful experiments to integrate seawater 
agriculture into urban environment, the Environmental Research Laboratory in the 
University of Arizona has developed Halophyte plant for landscaping and other 
useful purposes. In Ras Al-Zawr in Saudi Arabia, a conceptual plans are being 
developed for a completely new integrated rural and urban community based on 
seawater (Hodges et al. 1993).
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Usually, infiltration increases in older construction, as sealed joints 

around openings deteriorate. Maintenance of these details, to ensure 

sealed joints, especially around operable panels, is essential to reduce 

the infiltration rate. In new construction proper details and use of 

efficient weather stripping will be more effective. The attempt in this 

measure is to decrease the rate from 1.25 to 0.5 ACH. ( Air change per 

hour). This can be achieved by caulking all joints of openings: doors, 

windows, exhaust fan and A/C openings, and applying efficient 

weather stripping gaskets in all doors and windows. Run 4 in Table 

4.7 shows decreasing infiltration rate achieved a 7.4% savings in 

operating cost.

Ground Level 
. "Tvft*

•Ns

Ground Floor

->6—
#

.? - ? T  ,
/ ♦ / . /  / *V /  /

Heat Flow

" 1
___ 4
G>00 mm

Effective Distance

* Possibile location of the insulation 
board

Fig. 4.39: Heat Flow from and to 
Ground Floor

3. Ground slab-edge insulation:

In normal practice in housing construction, the ground floor slab is 

raised by a minimum of 350 mm from ground level, which means heat 

transfer occurs through the exposed wall to the ground slab (Fig. 

4.39)20. Accordingly, 1” thick and 18” wide thermal insulation (R7) 

board was added to protect the ground slab-edge. Run 5 in Table 4.7 

shows that slab-edge insulation saved 2.6% in operating cost.

4. Glazing:

In the case of Ml house, the glass areas were found to be small, 9.9% 

of the gross wall area. So any improvement of the windows would not 

provide significant savings. However, two cases were investigated, 

first using reflective glass and the second using double glazing 

windows. Run 6 assumed applying reflective film to the existing 

windows that would raise the reflectivity to 0.45. The simulated case 

shows 8.1% saving in operating cost. The disadvantage of the

20 The insulation board can be placed either vertically from outside or from inside the 
wall, or horizontally laid underneath the floor slab.
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Fig. 4.40: Examlpes of External 
Shading

Source: Fry and Drew, 1982

reflective glass is that it obstructs the clear light and vision through the 

glass and it acts negatively in winter. The double glazing eliminates 

the disadvantage of the reflective glass, but is a more expensive choice. 

The simulated case using 6 mm double glazing and 6 mm air space 

with U value of 0.29, shows an 8.7% savings in operating cost (Table 

4.7).

5. External shading:

Examination of various fixed overhangs and fins on the windows 

produced discouraging results. The optimum combination of external 

fixed shading used in this case was: 1.4 ft overhang to the south 

windows, 1 ft overhang and 1.4 ft fin to the west windows, 1.4 ft to 

north window of the Majlis, and 1 ft overhang to east window of the 

family room. This simulated case, run 8, save only 1% of the operating 

cost21. Nevertheless, shading walls is considered an effective approach 

to reduce the heat gain in summer (Fig. 4.40).

6. External Walls:

The annual conduction analysis of the Basecase showed that walls 

were responsible for more than half the total heat transfer. Therefore, 

the increase of the thermal resistance of the external walls was 

investigated either by protecting the walls or increasing the thickness 

of the walls or using thermal insulation.

There are two types of insulation in building material, the first is mass 

material that delays the flow of heat, known as time lag, through the 

thickness of the material. Normally this type of mass material is a

21 CalPas3 program calculates the external shading in the windows only, and due to the 
small area of the windows and the restriction of applying only fixed shading, this 
measure was not effective.

Chapter 4: Thermal Analysis of Housing Units 2 0 9



storage sink for heat that can be utilized in different times of the day. 

This material is a very significant element in passive design techniques 

in cold and hot dry climates. Anyhow, in hot humid conditions the use 

of insulation of high thermal inertia is much more important than the 

presence of thermal mass, since heat storage is not needed. The second 

insulation material can be divided into two types according to their 

mode of transferring the heat: conductive and reflective materials. 

Conductive material has low thermal conductivity properties whereas 

reflective material has low absorptivity and emissivity properties. 

Many different trade names and types are available in the market, and 

basically they come in three forms: rigid board, rolled blanket and 

loose form insulation.

Accordingly, following measures on walls were tested through 

computer simulation i.e.:

6.1. Using mass material as insulation: Instead of common 8” thickness 

concrete block walls, the internal walls were reduced to 4” thick and 

the external walls were increased to 12” thick. Run 9 in Table 4.7 

shows a 5.2 % savings of operating cost.

6.2. Using conductive insulation material: This was done in two 

stages, first by applying insulation in all external walls, and second by 

applying wall insulation to certain orientations. In the first stage, 2” 

thick rigid insulation boards fixed from the outside in two different 

thermal inertia were examined. The first thermal insulation was R4, 

the second was R7. Run 10 and l l ’s results achieved noticeable 

savings in operating cost, 16.7% for walls with R4 and 23.2% for walls 

with R7. In the second stage, runs 12,13,14 and 15 present the use of 

R7 wall insulation in different orientations of the house. Run 12 

examines the insulation applied to the south walls only, while run 13 

examines the insulation applied to the west walls only. Run 14 

examines the insulation applied to both west and south walls, and run 

15 examines the insulation applied to both west and east walls. The
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1 2

1. Concrete block

2. Expanded perlite insulation

Fig. 4.41: Insulated Concrete 
Block Wall

simulation showed that insulation to both west and east wall achieved 

the best result, with a 9.7% savings in operating cost ( Table 4.7)22.

6 J . In-fill loose insulation in the external walls: By using 8” thick 

hollow concrete block, 112 Ib/ft3, filled with 51 Ib/ft3 expanded perlite 

insulation (Fig. 4.41). A thermal resistance of 3.43 hr.ft2.°F/Btu is 

achieved(ASHRAE 1989)23, whereas it was 2.519 for the standard 

walls24. Run 16 using loose-fill insulation in external walls, showed a 

savings of 10.5% in operating cost.

7. Roof:

The original roof is provided with R9 insulation material, and then 

covered with 2” layer of aggregate chipping. Three cases were 

simulated as follows:

7.1. Changing the roof reflectivity: Experience proved that the white 

aggregate chipping used in the roof tends to deteriorate quickly and 

becomes sand in a short period. The sand has high absorptivity and 

becomes a heat storage layer on top of the roof. So in this case, the 

chipping layer was replaced with a smooth surfaced concrete screed 

painted white. The roof absorptivity would be reduced from 0.4 for 

earth tone chipping to 0.25 for the newly painted white surface25. Run 

17 using roof reflectance showed a savings of 4.5 % in operating costs.

7.2. Increasing the thermal resistance of roof insulation to R19, will 

give a U value of 0.049 Btu/ hr.ft2.°F. The standard roof achieves 

thermal resistance of 10.638 which means U value of 0.094. Run 18

22 It is important to realized that the selected house’s layout has a bigger wall area in 
the west and in the east compared to the south. So a different layout may require 
different approach.

23 Refer to Appendix No. 4

24 Refer to Table 4.5
25 Roof Surface has to be maintained clean white to achieve this value of abserbtivity
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used R 19 roof insulation, shows minor savings in operating cost of 

3.5%.

8. Combined roof insulation and wall insulation:

In these cases R19 roof insulation was assumed, along with 2” thick 

rigid board wall insulation used from the outside, once with R4 and 

once with R7. Respectively, run 19 and 20 show an 20.6% and a 27.2% 

savings in operating cost.

9. Thermostat setting:

This measure proves to be veiy effective in cost saving, and depends 

on the occupant response and his capability to adapt to a moderate 

range of cooling temperatures.

In larger buildings, different possibilities can be discussed to regulate 

the thermostat setting either by diurnal setting, or use of multiple 

thermostats, or use of an intelligent programmed thermostat. However, 

it is much simpler in housing units as diurnal settings and raising the 

day time temperature can be very effective in reducing consumed load.

Although the thermal comfort zone for Bahrain in summer is 24- 

27.5°C, (75-81.5°F), as concluded in the Psychrometric chart in 

Chapter 2, average Bahrainis adjust the cooling temperature to 20-22°C 

(68-71.6°F). The cooling temperature used in the Basecase was 22.2°C 

(72°F). Three different thermostat settings were simulated as follows:

9.1. Adjust the cooling temperature to 24°C (76°F), demonstrated in 

run 21 shows a 33.5% savings in cooling loads.
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9J2. Adjust the cooling temperature to 26°C (78°F), demonstrated in 

run 22 shows a 41.7% savings in cooling loads.

*«iiC*T A* T(H»caAT«*f.*c

Fig. 4.42: A Valuation of ASHRAE 
Standard ET* For Sedentary 
Office Work in Term of Ambient 
Air Temperature and Air 
Movement

Source: ASHRAE, 1985

9 J . Adjust the cooling temperature to 21°C (70°F), demonstrated in 

run 23 shows a 14.4% increase in the cooling loads.

It is worth mentioning that raising the cooling temperature can be 

offset with the use of a ceiling fan. It has been found that raising air 

movement from 0.5 m/s to 0.75 m/s inside working office for sedentary 

person with light clothing and 80% relative humidity, that a ceiling fan 

on a reasonably elevated ceiling allows one to raise the comfort 

temperature level from 26°C to 29.5°C (3.5eC or 8°F) with no 

appreciable change in comfort index (Fig. 4.42).

10. Efficient Air Conditioning unit:

The coefficient of performance (COP.) assumed in the Basecase was

1.9 for a consumer A/C unit. New enhanced Air Conditioning units 

now available vary in their COP.’s between 2.4 to 3.0. So a simulated 

case assumed an average enhanced Air Conditioning unit with COP. 

2.4, and the results shows a 20.5% savings in the operating cost.

Generally, high efficiency appliances help to reduce energy 

consumption, and proper venting of the heat produced in the kitchen, 

for example, assists in flushing the accumulated heat gain inside the 

house during the summer.

Finally, Fig. 4.43 demonstrates the percentages of saving in cooling 

and heating loads for some of the selected energy parametric measures 

in comparison to the Basecase output results.
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Param etric Study Space Conditioning Loads Source Consumption Annual Operating Cost

Cooling Heating Total Cool Heat Elec.Cons. y  Year
KBtu % KBtu % KBtu % Btu/sq.ft Btu/sq.ft Total Kwhr Total $/ sq.ft %

1 MlBaseease?,^U';X:V^ 123343 2645 125988 V : 121.72 2.479 124.2 19408 i m - - - V.:: ■>
2 AMI Space re-design 112337 8.9 2864 -8.3 115201 8.6 110.859 2.685 113.54 17743 568 0.35 8.5
3 Landscaping 104277 15.5 3307 -25.0 107584 14.6 102.905 3.1 106.01 16565 530 0.33 14.7
4 Infiltration rate 115204 6.6 1449 45.2 116653 7.4 113.688 1.358 115.05 17978 575 0.36 7.4
5 Slab edge insulation 120444 2.4 2196 17.0 122640 2.7 118.859 2.059 120.92 18895 605 0.38 2.6
6 Reflective glazing 112611 8.7 3331 -25.9 115942 8.0 111.129 3.123 114.25 17854 571 0.36 8.1
7 Double glazing 112962 8.4 1936 26.8 114898 8.8 111.475 1.815 113.29 17703 567 0.35 8.7
8 External shading 122028 1.1 2762 -4.4 124790 1.0 120.423 2.59 123.01 19223 615 0.38 1.0
9 External thick walls 117358 4.9 2013 27.1 119371 5.3 115.814 1.887 117.7 18393 589 0.37 5.2
10 External walls R4 103394 16.2 1396 47.2 104790 16.8 102.034 1.309 103.34 16149 517 0.32 16.7
11 External walls R7 95670 22.4 968 30.7 96638 23.3 94.411 0.908 95.319 14895 477 0.30 23.2
12 External South walls R7 119005 3.5 2360 10.8 121365 3.7 117.439 2.212 119.65 18697 598 0.37 3.7
13 External West walls R7 116257 5.7 2183 17.5 118440 6.0 114.728 2.046 116.77 18248 584 0.36 6.0
14 External W. & S. walls R7 113106 8.3 1984 40.0 115090 8.7 111.617 1.86 113.48 17733 567 0.35 8.7
15 External W. & E. walls R7 111796 9.4 1903 28.1 113699 9.8 110.325 1.784 112.11 17519 561 0.35 9.7
16 External walls/ insul.infill 110857 10.1 1845 30.2 112702 10.5 109.398 1.73 111.13 17365 556 0.35 10.5
17 Roof Reflectance 117470 4.8 2893 -9.4 120363 4.5 115.924 2.712 118.64 18539 593 0.37 4.5
18 Roof insulation R19 119187 3.4 2372 10.3 121559 3.5 117.619 2.224 119.84 18727 599 0.37 3.5
19 Roof R19& Walls R4 98873 19.8 1140 56.9 100013 20.6 97.572 1.069 98.641 15414 493 0.31 20.6
20 Roof R19& Walls R7 90975 26.2 754 71.5 91729 27.2 89.778 0.707 90.485 14140 452 0.28 27.2
21 Thermostat to 24°C (76°F) 82015 33.5 3105 -17.4 85120 32.4 80.936 2.911 83.847 13102 419 0.26 32.5
22 Thermostat to 26°C (78°F) 65469 41.7 3105 -8.4 68574 40.5 64.608 2.911 67.519 10551 338 0.21 40.5
23 Thermostat to 21°C (70°F) 141120 -14.4 2645 0.0 143765 -14.1 139.263 2.479 141.74 22149 709 0.44 -14.2
24 A/C COP.= 2.4 123343 0.0 2645 0.0 125988 0.0 96.362 2.479 98.841 15445 494 0.31 20.5

Note: % indicates savings in percentages

Tabic 4.7: Summary of Energy Parametric Measures on Standard "MX" House In Hamad Town.
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4.5.2 Recommended Combined Cases

The measures demonstrated in the parametric study can be classified 

basically into three categories26:

1. Energy measures that retrofit the existing building.

2. Energy measures that enhance the new constructed building.

3. Energy measures that to be implemented by occupant contribution.

The saving by the parametric measures are not additive. Some 

measures may denied others, therefore careful selection of combing 

varies measures shall be considered for different cases. Based on the 

energy performance results concluded from each single measure 

described in the last section. To the end of this chapter, hypothatical 

combined cases of optimum measures were suggested. In principle, the 

first combined case is retrofitted the existing standard housing unit. 

The second and third combined cases suggested for new constructed 

houses, and the fourth combined case has incorporated the occupant 

interaction to adjust the thermostat to a moderate temperature setting. 

The simulated cases will use the Basecase as a reference, and they are 

as follows:

Combined Case 1: This combined case integrates the following

measures:

a. Landscape the ground with grass and pavement around 

the house. Assume Deciduous trees in the south and east 

elevations, and evergreen trees in the west elevation.

b. Use reflective glass in all windows.

c. Fix slab-edge insulation board, 2” thick and 18” wide.

26 Some measures can be common for more than one category.
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d. Fix 2” thick rigid insulation board of R7 on east and west 

external walls.

The simulation result of this case shows a savings of 28.8% in 

operating cost (Table 4.8).

Combined Case 2: This combined case integrates the following

measures:

a. Landscape the ground with grass and pavement around 

the house. Assumed Deciduous trees in the south and east 

elevations, and evergreen trees in the west elevation.

b. Use reflective glass in all windows.

c. Fix slab- edge insulation board, 2” thick and 18”

d. Use 8” thick hollow concrete block with expanded 

Perlite insulation fill on all external walls.

e. Decrease the infiltration rate to 0.5 ACH.

The simulation result of this case showed a savings of 37% in 

operating cost (Table 4.8).

Combined Case 3: This combined case integrates the following

measures:

a. Landscape the ground with grass and pavement around 

the house. Assumed Deciduous trees in the south and east 

elevations, and evergreen trees in the west elevation.

b. Assume 6 mm double glazing with 6 mm air space in

all windows. v

c. Decrease the infiltration rate to 0.5 ACH.

d. Assume a 2” thick rigid insulation board of R7 in all 

external walls.
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The simulation result of this case showed a savings of 56.4% in 

operating cost (Table 4.8).

Combined Case 4: This combined case integrates the following

measures:

a. Landscape the ground with grass and pavement around 

die house. Assumed Deciduous trees in the south and east 

elevations, and evergreen trees in the west elevation.

b. Assume 6 mm double glazing with 6 mm air space in 

all windows.

c. Decrease the infiltration rate to 0.5 ACH.

d. Assume a 2” thick rigid insulation board of R7 in all 

external walls.

e. Adjust the thermostat cooling temperature to 76°F 

(24.4°C).

The simulation result of this case showed a savings of 68.3% in 

operating cost (Table 4.8).

Finally, Fig. 4.44 illustrates saving in cooling and heating loads in the 

four combined cases compared to the original Basecase.

4.6 Summary

Well-designed housing units are a starting point toward climatic 

consciuos design within entire housing developments. At the 

beginning, this Chapter suggested a new housing pattern in Bahrain 

based on comparative analysis of traditional and current housing 

patterns. Then, three concerns discussed the merit o f climate and 

energy conscious approach in residential building. The first was to 

synthesize the house design alternative and the curreht standard unit.
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Parametric Study Space Conditioning Loads Source Consumption Annual Operating Cost

Cooling Heating Total Cool Heat Total Elec.Cons $ /Year
KBtu % KBtu % KBtu % Btu/sq.ft Btu/sq.ft Btu/sq.ft Kwhr Total y  sq.ft %

1 M l House BaseCase 123343 2645 125988 121.720 2.479 124.199 19408 621 0.39
2 Combined Case No. 1 87261 29.3 2513 5 89774 28.7 86.113 2.356 88.469 13825 442 0.28 28.8
3 Combined Case No. 2 78197 36.6 1192 54.9 79389 37.0 77.168 1.117 78.285 12233 391 0.24 37.0
4 Combined Case No. 3 56373 54.3 143 94.6 56516 55.1 55.631 0.134 55.765 8714 279 0.17 55.1
5 Combined Case No. 4 40794 66.9 143 94.6 40937 67.5 40.258 0.134 40.392 6312 202 0.13 67.5

Note: % indicates savings in percentages

Table 4.8: Summary of The Parametric Combined Cases on "Ml" House In Hamad Town
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The presented multi-courtyard hous’e is a proposal of housing form that 

is derived from land use efficiency and social and climate interests in 

the residential environment in Bahrain. However, the multi-courtyard 

house shall not be generalized or dictate the housing layout at this 

stage. Apparently, more studies to examine the economical feasibility, 

and to validate this concept socially ought to be carried out in the 

future.

Passive cooling techniques, in hot humid regions and even more within 

the Bahrain climatic condition, are very limited especially for those 

applicable to public housing. So the second concern concentrated on 

examining energy conservation and corrective measures in the standard 

house. The occupant response in implementing some of those 

measures is very significant, and was the third concern in this Chapter.

Occupant interaction with built spaces is not merely for energy saving, 

but in a wider sense to restore the ecological relationship between 

human and nature in the residential area. Occupant usage pattern is 

attached to the built environment more in the courtyard house than in 

the standard match-box house. They will be able to controlled and 

utilized the out-door spaces in the multi-courtyard house more 

efficiently compared to the standard house. Landscaping the 

courtyard, for instance, is much more practical and economical than 

the landscaping the open space around the house. Subsequently, the 

parametric energy measures applied to the standard house may also be 

applied more effectively to the courtyard house for improving and 

enhancing the living space in the residential environment.
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- Conclusion and Recommendations

A bioclimatic response in the built environment, as a definition used in 

this study, involves a process that connects climatic architectural 

treatment to occupant usage patterns of the living space, and to socio

cultural aspects of the society. In traditional societies, for example, 

necessity and adaptive ingenuity shaped their cities, neighborhoods and 

building elements to respond effectively to the climate and 

environment. The artistic interpretation inspired by ancestor builders 

was an evident response traced on their vernacular architecture. For a 

bioclimatic study to be successful therefore, it must not only take into 

the account the strictly environmental climatic problems, but also the 

vast social, economical and cultural aspects of the society. An effort 

that aims to help create a livable community with a better quality of 

. life in the residential environment.

The neglectance of climatic concerns in the modem urban layout has 

deepened the separation between residents and changed their usage of 

both in-door and out-door living space in the house and on the 

neighborhood scale. The analysis of the housing patterns in Bahrain 

revealed that the vernacular environment adopted sensitive behavior 

responses to the climate in building and in their domestic life. The 

traditional courtyard house was an example of adequate practical 

application of knowledge that was tested over a long period of time, 

improved and altered by gradual experiments. Nevertheless the 

experiments of the past on their own must not be considered as a 

ready-made relevant solution; the needs of comfort in the past were 

different from the ones required at present.

Chapter 5: Conclusion and Recommendation 223



For this purpose, the study demonstrated a comparison of traditional 

and modem housing patterns in Bahrain in Chapter 3. Analysis of the 

bioclimatic concerns in the two patterns shows that the traditional 

pattern was able to accommodate the climatic response in a livable 

community, while the modem pattern was unable to achieve it 

satisfactorily.

No doubt, climatic design in the urban environment is a complex 

process that requires compromise and a through understanding of the 

social, cultural and economical context. The study outlined a 

suggested housing pattern derived by climatic and social concerns in 

the residential areas. The first concern discussed was the need for 

appropriate use of technology, specifically the need to overcome the 

domination of the automobile in the urban setting and the total reliance 

on air conditioning units in house design. A restriction on autos in 

certain levels of the residential areas, adopted in many advanced 

countries, has achieved a walkable, livable, and healthier environment. 

The second concern discussed was the necessity of occupant 

involvement in the residential development to encourage their sense of 

responsibility toward their built environment. As the traditional socio

cultural ground and its ties in the neighborhood is fading at present, a 

profound substitute has to be established to refresh the community’s 

life in the modem housing setting. Such a substitute would require, at 

the beginning, a series of studies and experiments on a limited scale to 

establish a practical concept of new social cohesion in the residential 

areas. The third concern discussed in the outline was the efficient use 

of the available urban land. The scarcity of urban land in the country 

demands careful consideration in the long term. The last concern 

dealt with was the house design and spatial arrangement in comparison 

to standard detached houses. Multi-courtyard houses were suggested 

for this study.
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It is obvious that it would be unfeasible to return to the ancient version 

of the courtyard houses, or to some other traditional climatic treatment, 

to sustain human comfort in the built environment. Now, it is quite 

evident that we must utilize intelligently the possibilities of the new 

building materials and technology. However, our aim toward quality 

in the built environment shall not be overwhelmed by a belief in 

“progress” that our society is perhaps unable to absorb. We shall 

instead pursue an autonomous path to managed growth in housing, 

toward a higher standard of living and toward a way of life in harmony 

with our environment and our cultural identity. Such a goal can not be 

achieved instantly but rather gradually through a series of guidelines 

and development programs initiated by a higher authority in the 

society, such as the Ministry of Housing.

The development of housing units should originate from the cluster 

design in each neighborhood. This process is not governed by highway 

road standards; rather it is initiated within each small housing group. 

The suggested multi-courtyard houses are derived from social and 

environmental urban interests. The layout respects the privacy of the 

Bahraini family and provides environmentally controlled out-door 

spaces around the house. The preliminary analysis in this study 

showed that the proposed multi-courtyard house achieved better urban 

land use in the individual plot and neighborhood cluster. It also 

maximized the usability of the built space that is desirable socially. 

The computer energy simulation showed that the multi-courtyard house 

also has better thermal performance by approximatly 8.5 and 4.9% 

compared to the isolated standard house. Undoubtedly, multi- 

courtyard housing presents a valid example of modem housing that 

needs to be investigated and developed further. The validity of such a 

housing type is subject to a realistic simulation within the context of a 

new housing cluster in the future. It also depends on the attraction of 

modem inhabitants to this kind of housing.
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If the economical factor has a decisive role in urban development, we 

shall have to realize the recent global transformation of what has been 

defined as “mass” economy to an “information” economy. The trend 

around the world emphasizes the shift from design for consumption to 

design for efficiency. It is oriented toward intelligent and sensitive 

design that utilizes higher quality information about individuals, 

groups o f people, and our natural and national resources.

The hot arid, yet humid Climatic condition in Bahrain is harsh and 

aggressive, allowing a very limited range of applicable passive 

techniques in architectural design. An important point made in this 

study is that both passive energy techniques and energy conservation 

measures function in two levels to enhance the quality of life in the 

residential environment. The first level is materialistic and is related to 

the house design layout, building materials and construction details. 

The second level is humanistic and is related to the occupant 

interaction and adaptation to climate and environmental constraints.

The first level is subject to appropriate legislation and improvement by 

the Ministry of Housing in defining, for example, the boundaries of the 

restricted automobile areas on the neighborhood scale, and to applying 

energy conservation measures on the individual house. The parametric 

study of the existing standard house developed in Chapter 4 of this 

thesis showed that the insulated roof provided in the house contributes 

effectively in enhancing the thermal performance of the house. 

However, the weakest building component, that transfers more than 

50% of the conductive heat, to and from the building, is the wall. 

Insulating the external walls, according to computer energy simulation, 

achieves a significant savings in energy consumption. This savings 

that reached over 20% from the original Basecase. Savings through
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other applied measures on the standard case were described in Chapter 

4.

The second level of applying energy efficient measures is very 

effective, yet is difficult to monitor or predict. The results of the 

parametric analysis encourage us to pay serious attention on the 

national level to education and other available sources of media to 

activate occupant contributions in this respect. Something as simple as 

a proper landscaping treatment around the house (i.e. trees shading and 

ground cover) showed a reduction in energy demand by almost 15%. 

Another measure that was simulated was the use of higher efficiency 

Air Conditioning units. The saving on energy demand in this case was 

about 20% of the total energy consumption. In this context of 

occupant adaptation to the climate constrains, the parametric analysis 

proved an important savings through a moderate thermostat setting. As 

it was determined in Chapter 2, the thermal comfort zone in summer 

for light clothing for Bahrain is 24-27.5°C; whereas people in Bahrain 

were found generally to adjust their thermostat setting to 20-22°C 

cooling temperatures. In examining such a difference raising the 

cooling temperature from 22°C to 24°C in computer simulation 

predicted a saving of about 32% of the total energy consumption.

Nevertheless, the aim in implementing the passive solar and energy 

conservation measures is not merely savings in utility bills but also 

improvement of the quality of life inside our houses and around them 

in a cluster of houses. Previous studies in this field found that different 

living patterns and styles of people occupying the same house could 

cause a difference of 20% in energy consumption. This tells us that we 

should aim to support and develop a responsive and responsible 

attitude in inhabitants toward energy conservation in their living 

environment. This should be an attitude that gradually will sustain the
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natural rhythm of a healthy relationship between inhabitants and their 

built environment in a comfortable manner, physically and socially.

To end this conclusion, it will be useful to summarize the

recommendations as follows:

• The residential areas have to modify standard highway road 

design. Reasonable restriction on automobiles shall be applied at 

certain levels of residential areas aiming toward creating a more 

walkable community in housing.

• House layout shall be determined by the design of each housing 

cluster. Distinctive images of each cluster shall be aimed and it 

shall reflect and incorporate the individual house design. From a 

thermal performance and efficient land use point of view, the 

attached houses are recommended, yet other social considerations 

must be integrated and counted. The multi-courtyard house, 

presented in Chapter 4, are alternative that satisfy the social and 

environmental concerns. Undoubtedly, further urban studies need 

to be pursued to define more alternatives that implement 

bioclimatic concepts in the house as well as in the cluster layout. 

To avoid monotony, the residential areas should not be dictated by 

a limited number of standard houses.

• Intensive effort shall be paid to increase the public awareness of 

their responsibility in the living environment. Occupant 

involvement in residential areas has to be investigated and 

experimented. Certain mechanisms within the political system 

ought to be seen as stimulators of the pragmatic process of public 

responsibility in the built environment. Education through 

different media sources on a national scale is a significant tool that 

can be employed to achieve this objective.
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• University and schools have the potential to teach children and 

students about climatic conscious behavior and individual 

responsibility in the urban environment.

•  To understand the soci-cultural transformation at the present and to 

optimize the concept of privacy and other socio-cultural issues in 

residential settings, empirical field studies are indispensable. 

Integrated urban and social science studies provide important 

feedback for urban designers and architects in developing and 

designing housing projects in the future.

• On the national level, government should expedite formulating 

building energy conservation codes for all buildings and houses in 

Bahrain1. Such measures are an important step toward climatic 

conscious design that aims to reduce the excessive energy 

consumption of our national resources, guided by concern for the 

ecological health of our planet.

• In particular, since the Air Conditioning units are responsible for 

about 85% of total energy consumption in the house, it would be 

essential to investigate high efficiency system. Government should 

encourage Air Conditioning units with a higher coefficient of 

performance. Thermostats of Air Conditioning units in all 

buildings should be regularly examined and enhanced for better 

performance.

The concluding effort in this study was an attempt to understand the 

application of bioclimatic concerns in housing patterns in Bahrain. 

The subject of improving the quality of life through architecture is 

ultimately an interactive process that needs sensitive attention and care

1 The author came to know that the government had recently assigned a committee 
through the University of Bahrain to study energy conservation in building in 
Bahrain. To the knowledge of the author no document has been published yet in this 
regard.
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in the field of housing. Regarding further studies and researche within 

this context, the following is offered as subjects for future research:

1. Assess the social consequence by experimenting with automobile 

restriction in the residential areas.

2. Investigate the validity of the multi-courtyard house in an urban 

context.

3. Study the effectiveness of natural ventilation on courtyard houses in 

a hot humid region.
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APPENDIX 1: Description of Wind Speeds

Beaufort Scale and Description of Wind Speeds:

Source: Watson, 1983

Beaufort 
Number and 
Description

Effects Velocity at 30 f t  height

mph fps m/sec

0 Calm Smoke rises <1 <0.7 0- 0.2

No perceptible movement

1 Light air Smoke drift shows light air movement; 
Wind vans don’t move; Tree leaves 
barley move

1-3 0.7-2.3 0.3- 1.5

2 Light
breeze

Wind felt on face; leaves rustle; 
Newspaper reading becomes difficult; 
Weather vane shows direction

4-7 2.4- 5.0 1.6-3.3

3 Gentle
breeze

Wind extends moved flag; Hair is 
disturbed; Clothing flags; Leaves and 
small twigs in contant motion

8-12 5.1- 8.5 3.4-5.4

4 Moderate
breeze

Small branches moved; Hair 
disarranged; Dust and loose paper are 
raised

13-18 8.6-12.5 5.5- 7.9

5 Fresh
breeze

Force of wind felt on body; small trees 
in leaf begin to sway; Limits of 
agreeable wind

19-24 12.6-16.7 8.0-10.7

6 Strong
breeze

Umbrellas hard to use; Difficulty in 
walking; Large branches in motion; 
Whistling telegraph wires

25-31 16.8-21.5 10.8-13.8

7 Near gale Whole trees in motion; strong 
inconvenience when walking against 
wind

32-38 21.6-26 13.9-17.1
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APPENDIX 2: Climatological Data Extracted from Database Provided by Meteorological Services 
Directorate in the Bahrain International Airport

1. Monthly Mean Temperature for 1961-1990:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Daily Max. Temperature 20.0 21.2 24.7 29.2 34.1 36.4 37.9 38.0 36.5 33.1 28 22.3
Mean Daily Min. Temperature 14.1 14.9 17.8 21.5 26.0 28.8 30.4 30.5 28.6 25.5 21 16.2
Mean Daily Average Temperature 17.1 18.1 21.3 25.4 30.1 32.6 34.2 34.3 32.6 29.3 24.5 19.3

2. Monthly Mean Temperature for 1994:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Daily Max. Temperature 22.3 21.9 24.4 30.8 35.1 37.3 37.9 37.2 36.7 32.7 29.5 21.5
Mean Daily Min. Temperature 15.3 14.5 17 22.4 26.8 29.3 30.4 29.4 28.7 26.2 23.2 14.7
Mean Daily Average Temperature 18.6 17.9 20.5 25.9 30.4 32.9 33.8 33.1 32.5 29.4 25.9 17.9

3. Monthly Relative Humidity % for 1961- 1990:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Daily Max. Rel. Humidity % 83 79 81 75 65 68 70 79 79 79 78 79
Mean Daily Min. Rel. Humidity % 51 43 42 35 28 33 36 43 41 52 49 50
Annual Average Relative Humidity % 60 60 60 60 60 60 60 60 60 60 60 60
Mean Daily Relative Humidity % 69 63 62 57 47 49 53 59 62 66 66 66

4. Monthly Relative Humidity % for 1994:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Daily Max. Rel. Humidity % 88 88 85 82 79 78 80 83 86 88 85 87
Mean Daily Min. Rel. Humidity % 59 55 50 44 39 40 41 44 45 46 52 57
Annual Average Relative Humidity % 66 66 66 66 66 66 66 66 66 66 66 66
Mean Daily Relative Humidity % 73.5 71.5 67.5 63 59 59 60.5 63.5 65.5 67 68.5 72

5. Monthly Mean Wind Speeds for 1961- 1990:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Daily Wind speed mph. 11.9 12.3 11.5 10.6 n.i 12.7 9.7 9.8 8.3 9.0 10.2 11.2
Average Annual Wind Speed 10.7 10.7 10.7 10.7 10.7 10.7 10.7 10.7 10.7 10.7 10.7 10.7
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5. Monthly Mean Wind Speeds for 1994:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Daily Wind speed mph. 10.4 12.7 10.4 9.2 10.4 12.7 11.5 9.2 8.1 8.1 10.4 12.7
Daily average max. mph. 15.0 18.4 17.3 15.0 17.3 18.4 19.6 16.1 15.0 12.7 17.3 17.3
Average Annual Wind Speed 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5
Prevailing Wind Direction NW NW NW N N N N N N N N NW

6. Monthly Sunshine Hour per day for 1968-1990:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Average Daily Hours of Sunshine 7.3 7.9 7.7 8.5 9.9 11.3 10.7 10.7 10.4 9.8 8.7 7.3
Max. Daily Hours of Sunshine 10.2 11.0 11.1 11.1 11.9 12.2 11.6 11.8 11.6 10.8 10.5 10.0
Annual Average Hrs. of Sunshine 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2
Max. Possible Daily Sunshine % 73.0 75.2 68.1 70.8 77.3 86.3 82.3 863 89.7 89.9 85.3 74.5

7. Monthly Sunshine Hour per day for 1994:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Average Daily Hours of Sunshine 7.7 9.3 7.3 7.9 8.3 11.5 10.4 10 10.5 9.4 8.7 7.9
Max. Daily Hours of Sunshine 10.2 11 11.1 11.2 12 12.3 11.6 11.8 11.6 10.8 10.4 10
Annual Average Hrs. of Sunshine 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1
Max. Possible Daily Sunshine % 77.4 87.4 64.6 65.7 65.4 87.7 80.6 81.0 90.7 86.5 858 80.2

8. Monthly Cloud Coverage for 1994:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Least Cloud Coverage % 0 0 0 0 0 0 0 0 0 0 0 0
Most Cloud Coverage % 7 7 8 7 7 7 2 6 4 6 6 7
Annual Average Cloud Coverage 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Average Cloud Coverage % 2.3 0.9 3.0 2.4 2.3 0.1 2.3 0.7 0.2 0.9 1.9 2.3

9. Monthly Precipitation in mm for 1961- 1990:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean Total Precipitation (mm) 14.6 16 13.9 10.0 1.1 NIL NIL NIL NIL 0.5 3.8 10.9
Annual Average Precipitation 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
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10. Monthly Precipitation in mm for 1994:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Mean Total Precipitation (mm) TR. 0.5 15.9 1.4 4.2 NIL NIL NIL NIL TR. TR. TR.
Annual Average Precipitation 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
TR. Is refereed to a trace amounts of rain were reported

11. Hourly Average of Dry- Bulb Temperature and Relative Humidity % for 1994:

Month Element i 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 !24
JAN STcmp ? 3 9 18 18 Is 19 20^s 22 23 24 24 24 2 4 E 21! E E *21 20 20 19 M 20

RH 75 77 77 77 78 75 ~72 67 62 58 56 55 61 65 67 69 70 70 72 71 72 72 74
FEB Temp:'"':;:'- 18 18 s 18 T8 19 fioE l i 22 1 2 E E [15] E m E E 2 0 20 20 19

73 76 76 78 75 3 63 57 52 71 73 76 76 77 79 80 JH J 5 74 73 _73 JO
MAR Femp ~2l 20 20 20 21 E 22l 23 25 fs 25 E E E E 21 E 21 E 21 21 21

RH 77 73 72 74 76 66 3 43 42 39 42 35 38 42 56 62 58 54 59 58 58 _54 J 5
APR Ikmp : '.';- 24 23 2 3 25 27 28|E 29 [29 E H M 30 29 2 8 27 27 E E 26 26 25 25

RH J 3 59 63 57 53 _41 _43 J ! 33 J3 43 39 40 44 49 46 _52 48 44 49 49 J 6
MAY Temp  ̂v 29 "29 m 28 30 31 321 33 .32 33 33 3 3 : 32 E so3 0 E 30 30 30 30 30

RH 66 73 70 69 59 _60 47 47 40 43 38 2 2 44 49 48 58 51 52 51 59 _58 J 3 45
JUN Temp 29 29 152 0 31 33 3 4 "E34 1 34 E _32 31 31 30 30 30 30 30 30 30

RH 50 52 J 4 _58 53 45 34 32 38 44 40 2 g 24 34 37 JO 46 50 49 51 45 44 J 9
JUL r n w m 31 2 1 2 0 # m m E 35 35 H 3 6 1 H 3 5 E E 32 31 E E 32 31 32

RH 57 56 48 46 48 J 8 1 ? 2 2 35 2 2 37 40 45 _50 56 56 59 64 56 48 55 JO
AUG ImnSv!?: 30 31 2121 2 2 33 E| 3 5 363 7 22E 36 1 34 32 E 31 E E 31 IT

RH 57 J 6 48 46 48 48 46 37 35 32 37 [3 5 40 45 50 56 56 59 64 56 48 55 JO
SEP Isem p-^: 35 31 30 1 3 2 m M 3 5 3 5 35 E 34 M m 3 2 32 31 31 31 31 31

RH 55 58 _61 62 57 59 E 61 62 57 57 51 Ug 54 57 58 59 60 63 62 69 66 69 67
OCT Temp::%::y 27 26 2 8 2 9 1 # 3 2 m E W \ 30 30 30 29 E 29 28 28

RH 76 76 77 76 72 ** 66 62 29 57 60 60 2 ^ 61 65 65 64 66 65 68 70 71 _73 J 2
NOV Ih n p / 25 25 H 2 6 26 29 lia|3 0 30 [30 29 28 28 m28 11 E E 26 26

RH _75 73 76 74 74 _70 71 67 60 55 56 56 46 53 64 67 66 67 67 66 69 _67 71 J2
DEC Tenp.:1':Si 20 18 1 8 T9 11E 23 23 23 2 2 E M 21 E E 21E E]Ej1 20 20 20

RH J 6 JO J 5 J 4 J 4 70 _57 J 4 _53 55 60 _64 65 66 2U72 2 L _73 72 72 71 71
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APPENDIX 3: CalPas3 Computer Simulation Output Files

1. Output File for Typical “M l” Housing Unit:

STHHOOSl (#a**ca**) IT* X h a lld  A lH aehim i CALPAS3 V3.12 L ic e n s e * PC0201 

Hamad Town, B a h ra in  W eather* MIAMI.iL (Miami FL THY) 

S U M M A R Y  Run p e r io d s  JAN-01 -  DSC-31 C o n d itio n ed  f l o o r  a re a s  1600 e f

SPACE CONDITIONING LOADS Run t o t a l s  Peaks

kBtu k S tu / s f kBtuh

Houae
C o o lin g
H e a tin g

123343
2645

77 .089
1.653

119.208
36 .622

ENERGY CONSUMPTION Run t o t a l s Peaks

kWh* kBtu
P rop  l i n e  

k B tu /8f
S ou rce

k B tu /s f kW| kBtuh

E l e c t r i c i t y

^ u s e  c o o l in g  
House h e a t in g

19021
387

40 .573
0 .8 2 6

121 .720
2 .4 7 9

18 .383
5 .365

T o ta l 19408 4 1 .400 124.200

B u ild in g  t o t a l 41 .400 124.200

OPERATING COSTS

E l e c t r i c i t y  « 0 .0 3 2  S/kWh $ 621
F u e l •  0 S /k l t u  $ 0

T o ta l 621 ( $ 0 .3 9 /s f )

N otes CALF AS 3 i s  th e  p r o p e r ty  o f  and i s  l i c e n s e d  by B e rk e ley  S o la r  G roup, 3140 
M a r tin  L u th e r  K ing J r .  Way, B e rk e le y , CA 94703 (415 6 4 3 -7 6 0 0 ). C o r r e c t  a p p l ic a 
t i o n  and o p e r a t io n  o f  CALPAS3 i s  th e  r e s p o n s i b i l i t y  o f  th e  u s e r .  A c tu a l b u i ld in g  
p erfo rm a n ce  may d e v ia te  from  CALFAS3 p r e d i c t i o n s  due t o  d i f f e r e n c e s  betw een  
a c tu a l  and assum ed w e a th e r , c o n s t r u c t io n ,  o r  occupancy . CALFAS3 i s  c e r t i f i e d  
f o r  C a l i f o r n i a  e n e rg y  code com pliance  when u sed  in  a c c o rd an ce  w ith  th e  BSO 
p u b l i c a t io n  "U sing  CALPAS3 w ith  t h e  C a l i f o r n i a  R e s id e n t ia l  B u ild in g  S ta n d a r d s .”

M O N T H L Y  H O U S E  E N E R G Y  B A L A N C E  (k S ttt! ♦ i n t o  h ouse)

GAINS 6 II TRANSFERS

MON CCMD SHCMD INFIL SLR INT STAG RB+SS VENT COOL HEAT

JAN -4 0 9 7 .6 -1 8 5 9 .7 2692 .1 2116 .1  119 0 1022 .6
FEB -3 4 4 4 .3 -1 7 4 1 .6 2877 .6 1911.3  3 5 .9 0 360 .2 8
MAR -4 2 .4 7 3 -8 7 5 .9 9 3343 .1 2116 .1  -5 8 .1 -4 * 7 9 .5 0
APR 5514 .5 721 .27 3 5 48 .4 2047 .8  -2 0 .4 -11811 0
MAY 8006 .5 1508 .8 3544 .9 2116 .1  -1 7 .0 -15159 0
JXJN 9 7 7 4 .6 2 1 5 3 .0 3183 .6 2047 .6  -5 .7 7 -17153 0
JUL 10700 23 6 5 .8 3 4 95 .0 2116 .1  -1 .7 7 -18675 0
AUG 11759 2727 .5 3286 .6 2116.1  - 1 .4 7 -19887 0
SEP 10378 2408 .2 3078 .9 2047.8  6 .0 8 -17919 0
OCT 6723 .5 1360 .2 2889 .1 2116.1  4 2 .1 -13132 0
NOV 850 .59 -3 9 6 .0 5 2 7 57 .1 2047.8  -125 -5 1 2 6 .9 0
DEC -4 0 5 8 .7 -1 8 5 8 .5 2771 .1 2116 .1  -218 0 1261 .8

TOT 52063 6513 .0 37467 24915 -245 -123343 2644 .7

M O N T H L Y f C O N D I  T :I O N S (U n its  a s shown)

TEMPERATURES (F) WTHR (F | B tu / s f )  FEARS (kB tuh)

MOW THL TBH THM TSL TSH TIM DEL DBH CBM 8GL HSCL/DY BSHT/DY i

JAN 73 77 75 60 76 68 1032 0 3 3 .9  13
FEB 74 79 76 61 76 69 1340 0 2 2 .8  27
MAR 74 77 76 66 79 73 1574 -119 15 0
APR 71 72 72 68 81 75 1899 -4 8 .0 22 0
MAY 72 72 72 72 83 78 1795 - 5 1 .1 2 0
JUN 72 72 72 75 87 80 1667 -5 3 .2 18 0

72 72 72 75 88 81 1740 -5 3 .0 2 0
AUG 72 72 72 77 89 82 1686 -5 3 .2 11 0
SIP 72 72 72 76 87 81 1496 -5 0 .6 21 0
OCT 72 72 72 72 83 77 1274 - 4 7 .6 8 0
NOV 73 76 75 67 80 73 1178 - 4 0 .6 3 0
DEC 72 77 74 59 75 67 1026 0 3 6 .6  16

TOT 72 74 73 69 82 75 1476 -119 3 6 .6
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1. Output File for Typical “M l” Housing Unit- Contd.

L in e

TITLE
SITE

STMHOUSE (S aM caee ) BYi K h a ild  A lH a s h ls i 
LAT«26 LCSIC—5 0 .5  TZN-20 
LOCATION-Haaad Town, B ah re in

4 ASMSOUTH 0 .0
5 CREPLECT JANCR-0.5 PIBCR-0.5 KAMR-0.5 APRGR-O.S 6
6 MAYGR-0.5 JUNCR-0.5 JULGR-0.5 AUGGR-0.5 t
7 S1PGR-0.5 OCTGR-0.5 NOVGR-O.5 DECGR-0.5 It
89

10
11

12
13

14
15
16

17
18

19
20

21
22
23
24
25
26
27
28

29
30

BOOT
HOUSE
moor: 6
WALL: t

WALL : t
WALL

: 6

WALL: t
WALL

WALL
: &

WALL
: &

aeauawd r e f l e c t i v i t y  v a lu e  f o r  d ry  te n d
4 .0#  a v e ra g e  o u taide f i lm  c o e f f .  1 0 .7  mph In  B a h ra in
FLRAR1A*1600 VOL-15840
ARIA-1600 ASM-0.0 T IL T -0 .0  UVAL-0.246 ABSRP-0.4 #

A beorp . v a lu e  f o r  e h ln g le e  l i g h t  e a r t h  to n e  
HAMS-WLS1 AREA-118 ASM-0 TILT-90

UVAL-0.246 A1SRP-0.3 INSXD1-EXWALL #6
8* c o n e b lo ek , Abeorp f o r  w h ite  r e n d e r  In  c o u r ty a rd  
BAM1-WLS2 AREA-286 ASM-0 TILT-90

UVAL-0.246KAKE-WLW1
UVAL-0.246
RAME-WLW2

UVAL-0.246
WAME-WLM1
UVAL-0.246
NAMI-WLN2
UVAL-0.246
BAMI-WLN3
UVAL-0.246
BAME-WLN4

UVAL-0.246
RAMS-WLE1

AB5RP-0.3 
42

ABSRP-0.3 
AREA-20

ABSRP-0.3
AREA-114

ABSRP-0.3
AREA-23

ABSRP-O.l
AREA-93

ABSRP-0.3
AREA-127

ABSRP-0.2
AREA-157

IMSIDE-EXWALL 
ASM-90 TILT-90

INSIDE-EXWALL 
ASM-90 TILT-90

INSIDE-EXWALL 
ASM-180 TILT-90 

INSIDE-EXWALL 
ASM-180 TILT-90 

INSIDE-EXWALL 
ASM-180 TILT-90 

XKSIDE-EXWALL 
ASM-180 TILT-90

INSIDE-EXWALL 
AIM— 90 TILT-90

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

WALL

WALL

WALL

WALL

MATERIAL

UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
WAME-WLE2 AREA-124 ASM— 90 TILT-90
UVAL-0.246 ABSRP-O.l INSIDE-EXWALL
W all p ro te c te d  by c o u r ty a rd
NAME-WLE3 AREA-230
UVAL-0.246 ABSRP-0.3
MAMS-MLE4 AREA-39
UVAL-0.246 ABSRP-0.3
MANE-MAINDOOR ARIA-23 
UVAL—0 .6 4  ABSRP-0.6

ASM— 90 TILT-90
in s id e - exwall

AIM— 90 TILT-90
INSIDE-EXWALL 

ASM-180 TILT-90 
INSIDE-AIR

Main do o r fram e so ftw ood  c o re  1 3 /4 "  R-l.6 
NAMt-KITDOOR ARIA-20.5 ASM-0 TILT-90 
UVAL-0.64 ABSRP-0.6 INSIDE-AIR
ab e o rp . f o r  l i g h t  b e ig e  p a in t
NAME-PSRSLBLOSS AREA-200 ASM-0 TILT-0
UVAL—0 .9 0  ABSRP-0.0 INSIDE-AIR
• l a b  r a i s e d  above ground  w ith  no s la b  edge i n s u l a t i o n  
MATERIAL-ROOPWALL VHCAP-21 COND-0 .582

6 
16
&
6
6
#6
t
It
6
It
It

4950
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

SLAB

XNTWALL

EXWALL

CLASS

SCDISTNNTR 
SCDISTSMR 
CLSCRE ELECT

SCFACTORS

SHADING

CLASS

SCDISTWNTR
SCDISTSMR

An a v e ra g e  betw een ro o f  and w a ll  m a te r i a l s  
AREA-1600 THKNS-4 MATIRXAL-CONC140 6
HTAHS-1.5 RSURF-2.2 i s i a b  w ith  g e n e r ic  c a rp e t in g
AREA-2298 THKNS-4 MATERIAL-ROOPWALL t
HTAHS-1.5 RSURF-0 ; p l a s t e r e d  w a ll s
TBRNS-6 MATERIAL-ROOPWALL HTAHS-1.5
RSURP-0 #6"avar#ge m a te r ia l /c o n e  100 I b / c f  
NAMZ-WIS1 AREA-5.2 ASM-0 TILT-90
WGLS-1 UVAL-1 .07  CLSTYP-1 XRFLCT-0.S4
RSHTR-0•0  TRSHTR-1
O beecure g l a s s /  No s h u t t e r  
A IR -0 .4  SLB-0.6
AXR-0.7 SLB-0.3
JANCR-0.5 PEBCR-0 .5  KARGR-0.5 APRGR-O.S
MATCR-0.5 JUNCR-0.5 JULGR-0.5 AUCGR-0.S
S1PGR-0.5 OCTGR-0.5 NOVCR-O.5 DECGR-0.5
R e f l e c t i v i t y  from sandy  ground  
JANSGP-1 PEBSGP-1 MARSCP-1 APRSGF-1
MATSGP-1 JUNSGP-1 JULSCP-1 AUCSCP-1
SEPSCP-1 OCTSCP-1 N0VSCP-1 DECSGP-1
no o b s t r u c t io n  from  o u ts id e
WHEICHT-2.64
OHWD-O
PLDEPTH-1B
PRDEPTH-18
NAKE-WIS2
NCLZ-1
RSHTR-0.0

WWIDTH-2
OKLX-O
PLTX-5
PRTX-5
AREA-17
UVAL-1 .0 7
TRSHTR-0.7

OHDEPTH-O.O 
OHRX-O OH7LAP-0
PLWD-1.3 PLWBX-0
PRWD-11 PRWBX-0

AIM-0 TILT-90
CLSTYP-1 XRPLCT-0.14 
SCPWNTR-0.5 SCPSMR-0.5

Alum s in g le  g la a e /  l i g h t  c u t r a l n

t
6
6
It

&
t
It
t
6
It
tfct
6

6
It

A IR -0 .4  SLB-0.6
A IR -0 .7  SLB-0.3
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60
81
82
83
84
85 66 
87 68
89
90
91
92
93
94
95

C L S G K E P L E C T

SOFACTORS

JANGR-0.5 FEBGR-0.5 KARGR-0.5 APRGR-0.5 t
KAYGR-0.5 JUVGR-0.5 JULGR-0.5 AUGCR-0.5 t
SIPGR-0 .5 OCTGR-0.5 HOVGR-O.5 D1CGR-0.5 It
R e f l e c t i v i t y  from sandy  g round
JAHSCF-1 PIBSCr-1 MARSGF-1 APRSGF-1 t
KAYSCr-1 JUNSGF-1 JULSGF-1 AUGSGT-1 t
SIPSCP-1 OCTSGP-1 NOVSCP-1 D1CSGF-1 It
no o b s t r u c t io n  from  o u ts id e
WHSXCHT-4.3 WIDTH-4 OHDEPTH-O.O t
omm-o OHLX-O OHRX-O OBFLAP-O t
FLDSPTH-00 FLTX-0 FLWD-0 FLWBX-0 t
PRD1PTH-00 FRTX-0 FRWD-0 FRW1X-0
NAKE-VIS3 AREA-17 AZH-0 TILT-90 t
HGLZ-1 UVAL-1.07 GLSTYP-1 XRTLCT-0.14 (
RSRTR-0.0 TRSHTR-0.7 SCFWHTR-0.5 SCFSKR-0.5 It
Alum s in g le  g l e e s /  l i g h t  c u t r s l n

96 SGDISTWWTR A IR -0.4  SLB-0.6
97 8GDISTSMR A IR -0 .7  SLB-0.3
98 glsg reflect JANGR-0.5 FEBGR-0.5 HARCR-0.5 APltoR-0.5 t
99 KAYGR-0.5 JUNGR-0.5 JULGR-0.5 AUCCR-0.5 t

100 SEPGR-0.5 OCTGR-O.S NOVGR-0.5 DECOR-0.5 It
101 R e f l e c t i v i t y  from sandy  ground
102 SCFACTORS JANSGF-1 FE1SCF-1 MARSGF-1 APRSGF-1 t
103 MAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1 t
104 SEPSGF-1 OCTSGF-1 HOVSGF-1 DECSGF-1 It
105 no o b s t r u c t io n  from  o u ts id e
106 SHADING WKEIGHT-4.3 WWIDTH-4 OHDEPTH-O.O t
107 CHiWD-0 OHLX-O OHRX-O OHFLAP—0 t

.108 FLDEPTH-00 FLTX-0 FLWD-0 FLWBX-0 t
109 FRDIPTH-00 FRTX-0 FRWD-0 FRWX-0
110 GLASS HAKE-WIW1 AREA-5.2 AZM-90 TILT-90 t
111 HGLZ-1 UVAL-1.07 CLSTYP-1 XRFLCT-0.54 t
112 RSHTR-0.0 TRSHTR-1 It
113 O beecure g l e e s /  Ho s h u t t e r
114 SCDXSTWTR A IR -0.4  SLB-0.6
115 SCOXSTSKR A IR -0 .7  SL 1-0 .3
116 glsg reflect JANGR-0.5 FEBGR-0.$ KARGR-0.5 AFRGR-O.S t
117 KAYGR-0.5 JUi GR-0.5 JULGR-0.5 AUGGR-O.S t
lie SEPGR-0.5 OCTGR-O.S HOVGR-0.5 DICGR-D.5 It
119 R e f l e c t i v i t y  f o r  sandy  groung
120 SOFACTORS JANSGF-1 FEBSCF-1 KARSGF-1 APRSGF-1 t
121 KAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1 t
122 SEPSGF-1 OCTSGF-1 NOVSGF-1 DECSGF-1 It
123 No o b s t r u c t io n
124 SHADING WHZIGHT-2.6 WIDTH-2 OBDIPTH-O i
125 OHWD-O OHLX-O OHRX-O OHFLAP-O t
126 FLDEPTH-0 FLTX-0 FLWD-0 FLWBX-0 t
127 FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0
128 CLASS HAKE-WIW2 AREA-17 AZM-90 TILT-90 t
129
130
131

FCLX-1
RSHTR-0.0

UVAL-1.07
TRSHTR-0.7

Alum s in g le  g l a s s /  l i g h t  c u t r a ln

CLSTYP-1 XRZLCT-0.14 t  
SCnWTR-O.S SC7SMR-0.5  #6

132 SCDISTWFTR A IR -0 .4  SLB-0.6
133 SCDISTSMR A IR -0 .7  SLB-0.3
134 GLSGREFLECT JANGR-0.5 FEBGR-0.S KARGR-0.5 AFRGR-O.S t
135 KAYGR-0.5 JUNGR-0.5 JULGR-0.S AUGGR-O.S t
336 SEPGR-0.5 OCTGR-O.S NOVGR-0.5 DICGR-0.5 It
137 R e f l e c t i v i t y  f o r  Bendy groung
138 SGFACTORS JANSGF-1 FEBSCF-1 KARSGF-1 APRSGF-1 t
139 KAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1 t
140 SEPSGF-1 OCTSGF-1 NOVSGF-1 DECSGF-1 It
141 No o b s t r u c t io n
142 SHADING WHEIGHT-4.3 WIDTH-4 mDEPTH-0 t
143 OHWD-O OHLX-O OHRX-O OHFLAP-O t
144 fl d ip t h - o FLTX-0 FLWD-0 FLWBX-0 t
145 FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-0
146 CLASS NAME-WIW3 AREA-17 AZM-90 TILT-90 t
147 NGLZ-1 UVAL-1.07 CLSTYP-1 XRTLCT-0.14 t
148
149
150
151
152
153
154
155
156
157
158
159
160 
161 
162
163
164
165
166 
167

RSHTR-0.0 TRSHTR-0.7 SCTMfTR-O.S SCTSMR-0.5 |6
Alum s in g le  g l a s s /  l i g h t  c u t r a ln

SGDISTWWTR A IR -0 .4  :SLB-0.6
SCDISTSMR A IR -0 .7  {SLB-0.3
GLSGREFLECT JANGR-0.5 FEBGR-0.5 KARGR-0.5 AFRGR-O.S t

KAYGR-0.5 JUNGR-0.5 JULGR-0.S AUGGR-O.S t
S1FGR-0.5 OCTGR-O.S NOVCR-O.5 DlCGR-0.5 It
R e f l e c t i v i t y  f o r  eandy groung

SGFACTORS JANSGF-1 FEBSGF-1 KARSGF-1 APRSGF-1 t
KAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1 t
SEPSGF-1 OCTSGF-1 NOVSGF-1 DECSGF-1 It
Ho o b s t r u c t io n
HHIIGHT-4.3
OHVD-O
rLDSPTH-0
TOIPTH-O
HAKE-WIN1
HGLZ-1
RSHTR-0.0

WWIDTH-4
OHLX-O
fltx-o
FRTX-0
AREA-17
UVAL-1.07
TRSHTR-0.7

Alum s in g le  w in d / l ig h t  c u r t a in

OHDIFTH-O
OHRX-0
PLWD-0
TRWD-0

AIM-180
CLSTYP-1
SCrWHTR-0.5

t
OHFLAP-O t
FLWBX-0 S
FRWmX-O
TILT-90 6
XRFLCT-0:14 t  

SCrSKR-0.5 I t
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168 SOOISTWHTR A IR -0 .4  SLB-0.6
169 SGDXSTSKR A IR -0.7  SLB-0.3
170 6LS6RXFLXCT JAM6R-0.S rXBGR-0.5 HARCR-0.5 APRCR-0.5 t
171 KAY6R-0.5 JUNGR-0.5 JULCR-0.5 AOGOR-O.5 6
172 S1FOR-0.S OCTCR-O.5 HOVCR-0.5 DECSR-0.5 |6
173 R e f l e c t i v i t y  from eendy g round
174 RGPACTORB JARROP-1 FXBSGF-1 MARSSF-1 APRSCF-1 6
175 MAYSGP-1 JUNSCP-l JULSOP-1 AOGSGP-1 6
176 SSPSGP-1 OCISGP-1 ROVSGP-1 DECSGP-1 | t
177 Mo o b s t r u c t io n
178 SHADING WREIGHT-4.3 WIDTH-4 OiDIPTB-O t
179 omm-o OHLX-O OHRX-O OHPLAP—0 t
180 PLDEPTH-0 PLTX-0 PLWD-0 PLWBX-0 6
181 PRDEPTH-0 PRTX-0 PRWD-0 PRWBX-0
182 GLASS RAMS—tfXM2 AREA-32 AIM-180 TILT-90 t
183 MGLZ-1 UVAL-1.07 GLSTYP-1 XRPLCT-0.54 S
184 RSBTR-0.0 TRSHTR-0.7 SCPWMTR-0.5 SCPSKR-0.5  f t
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199200 
201 
202
203
204
205
206
207
208
209210 
211 
212
213
214
215
216
217
218
219
220 
221

SGDXSTIfSTR
#@DI*T*MR
GL8GRRMCT

SGDXSUftlTR
SGDXSTSKR
CLSGREFLECT

O beecured  g le e s  w ith  o v erhang  sh ad in g  
A IR -0.4  SLB-0.6
A IR -0.7  SLB-0.3
JABCR-0.35 PXBGR-0.35 MARCR-0.35 APRGR-0.35
KAYGR-0.35 JUBGR-0.35 JULGR-0.35 AUGGR-0.35
StPG R -0.35 OCTGR-0.35 BOVCR-0.35 D1CGR-0.35
R e f l e c t i v i t y  from paved e n t r a n c e  walkway
JAKSCr-l PSBSGP-1 MARSGP-1 APRSGP-1
KAYSGP-1 JOSSCP-l JULSOP-1 AUGSGP-1
SIPSGP-1 OCTSCP-1 MOVSCP-1 DECSGP-1
no o b s t r u c t io n  from  o u ts id e
WHSXGHT-7 WWIDTH-4.6 OHDIPTH-4
OHWD-2.6 OHLX-O.6 OHRX-4.6 OHPLAR-1
PLDEPTH-4 PLTX-2.6 PLWD-0.6 PLWBX-0
PRSEPTH-4 PRTX-2.6 PRMD-4 flttflX -0
RAKE-WIR3 AREA-10.5 AZM-180 TILT-90
RGLl-1 UVAL-1.07 GLSTIP-1 ZRPLCT-0.14
RSRTR-0.0 TRSHTR-1
Assume no s h u t t e r  t o  k i t c h e n 's  window
A IR -0.4  SLB-0.6
A IR -0 .7  SLB-0.3
JANGR-0.5 PE8GR-0.5 KARGR-0.5 APRGR-O.S
MAYGR-O.S JUNGR-0.5 JULCR-0.5 AUGGR-0.5
SXPGR-0.5 OCTGR-O.5 MOVCR-O.5 DECGR-0.5
R e f l e c t i v i t y  from sandy  ground 
JASSGP-1 PEBSGP-1 MARSGP-1 APRSGP-1
MAYSGP-1 JUNSGP-1 JULSGi-1 AUGSGP-1
SEPSCP-1 OCTSCP-1 BOVSCP-1 DECSGP-1
Mo o b s t r u c t io n

sLfS
6 & 

16
6
6
6

66
I t

6
t
ft
t
t
It

tfKSIGHT-2.6 WWIDTH-4
OHTO-O OHLX-0
PLDEPTH-0 PLTX-0
PRDEPTH-0 PRTX-0 
MAMX-U1N4 AREA-17
RGLI-1 UVAL-1.07
RSBTR-0.0 TRSHTR-0.7
Alum s in g le  w ln d / l lg h t  c u r t a in

OHDIPTH-O t
OHRX-O ORPLAP-O t
PLMD-0 PLWBX-0 t

PRWD-0 PRWBX-0 
AIM-180 TILT-90 t
CLSTYP-1 XRPLCT-0.14 t
SCPWMTR-0.5 SCPSKR-0•5 ft

222 SGDISTWNTR A IR -0 .4  SLB-0.6
223 SGDXSTSKR A IR -0 .7  SLB-0.3
224 CLSGRXFLECT JAMCR-0.5 rocR-o.s KARGR-0.5 APRGR-0•5 t
226 MAYCR-0.5 JUNGR-0.5 JULCR-0.5 AUGGR-0.5 &
226 SIPG R-0.5 OCTGR-O.S MOVCR-0.5 DECGR-0.5 It
227 R e f l e c t i v i t y  from sandy ground
228 SGPACTORS JAMSGP-1 PEBSCP-1 MARSGP-1 APRSGP-1 &
229 MAYSGP-1 JUNSGP-1 JULSGP-1 AUGSGP-1 t
230 SEPSGP-1 OCTSGP-1 M0VS0P-1 DICSGP-1 It
231 Mo o b s t r u c t io n
232 SHADING WHSIGRT-4.3 WIDTH-4 ^D EPTH -0 t
233 OHWD-O OHLX-O OHRX-O ORPLAP-O t
234 PLDEPTH-0 PLTX-0 PLWD-0 PLWBX-0 t
235 PRDEPTH-17 PRTX-5 PRWD-0 PRWBX-0
236 CLASS MAMS-WIE1 AREA-45.7 AIM—9(3 TILT-90 t
237 MGLZ-1 UVAL-1. 07 CLSTYP-1 XRPLCT-0.14 t
238 RSBTR-0.0 TRSHTR-0.7 SCPWMTR-0.5 SCPSMR-0.5 It

Alum s in g le  w ln d / l lg h t  c u r t a in
240 SGDISTWRTR A IR -0 .4  SLB-0.6
241 SGDXSTSKR A IR -0 .7  SLB-0.3
242 glsg rzflect JANGR-0.5 PEBGR-0.5 KARGR-0.5 APRGR-0.5 t
243 MAYGR-O.S JUMCR-0.5 JULCR-0.5 AUGGR-0.5 t
244 SSPGR-0•5 OCTGR-O.S MOVCR-0.5 DECGR-0.5 It
245 R e f l e c t i v i t y  from sandy  g round
246 SGPACTORS JAMSGP-1 PIBSOP-1 KARSGP-1 APRSGP-1 t
247 MAYSGP-1 JUNSGP-1 JULSGP-1 AUGSGP-1 t
248 SIPSGP-1 OCTSGP-1 MOVSGP-1 DICSGP-1 It
249 HO o u ts id e o b s t r u c t io n
250 SHADING WEIGHT-7 W ID TH -6.6 OKDIPTH-O t
251 OHWD-O OKLX-O cmx-o OHPLAP-0 t
252 PLDEPTH-14.5 PLTX-5 PLWD-9 PLWBX-0 t
253 PRDEPTH-14.5 PRTX-5 PRWD-0.6 PRWBX-0
254 CLASS MAME-WIE2 AREA-5.2 AIM— 90 TILT-90 t
255 MGLZ-1 UVAL-1.07 GLSTYP-1 XRPLCT-0.54 6
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256 RSHTR-0.0 TR8HTR-1
257 NGOIBTWNTR A IR -0 .4  SLB-0.6
258 SGDISTSMR A IR -0 .7  SLB-0.3
259 CLSCREFLECT JANGR-0.5 FEBGR-0.5 NARGR-0 5 APR0R-0.5 t
260 KAYCR-0.5 JUNGR-0•5 JULGR-0.5  AOGGR-0.5 6
261 SEPGR-0.5 OCTGR-O.S NOVCR-O.S DECGR-0.5 It262 R e f l e c t i v i t y  from  eandy g round
263 SGPACTORS JAM80r-1.0 fEBSGF-1.0 KARSCP-1.0 APRSCF-l.O t
264 KAYSGF-1.0 JUNSGP-1.0 JOLSCF-l.O AUGSCr-1.0 6
265 sipsor-i.o OCTSGF-l.O NOVSGP-l.O 0ECSGF-1.0 ft
266 NO o u ts id e  o b s t r u c t io n
267 6HAOINO WHEICHT-2.6 WWIDTH-2 OHDEPTH-0 6
268 OHWD-0 OHUC-O OHRX-O OEFLAP-O 6
269 FLDIPTH-O FLTX-0 FLWD-0 FLM1X-0 t
270 FROEPTH- 0 FRTX-0 Fmm-o FRWBX-0
271 I  NEIL ACBASE-1.25 9 s ta n d a rd m asonry c o n s t r u c t io n
272 INTOAIN INTCAIN-20 8CHSD-RXS A IR -0.5 SLB-0.5 It
273
274
275
276
277
278
279
280 
281 
282
283
284
285
286

VDIT
TSTATSWNTR
TSTATSSMX

WirorACTOR
Cm#G8%A80W
DATTIHIS
OPCOST

WAANUP
SOLAA
•mo

i n t e r n a l  g a in  p u t  t o  a i r  and a la b  nodes (KWhr/day) 
TTPleNOIJI
THtAT-68 TDSKD-74 TCOOL-1SO THEATHICHT-68
THEAT-0 TDSRD-70 TCOOL-72 THIATNICHT-O
TIKIDOWtJ-19 TIKEUP-7; n ig h t  a e tb ack #  a f t e r  6 i00pn  
0 .5 ;  a d ju a te d  f o r  a aam i open a l t e  
TTPl-DATE SUMKIRBEC-HAA-IS f«JOilRIIfD-ROV-15

. WOBEG»7 WDEND-18 SD1EC-7 SDEITO-19
ELPRICE-0.032 ACCOP-1.9
HEATING-ELECTRIC HTCOP-2 #6
A/C I n d iv id u a l  u n i t  f o r  c o o lo ln g  E le c  h e a te r  
w-UDATS-7 WUCTCLES-1
rRZQ-MONTHLY

• • •  No In p u t  e r r o r a .

• • •  B eg in n in g  e ia m la t lo n  18-D IC-95 05 t 0 3 t 01
House e n e rg y  Im balance  f o r  DEC N e t-1 3 .4 8 7  k l t u  (0 .0 0 1 1 )

• • •  Run c o e p le te .
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* B aaad Town, B a h ra in  H e a th e n  MIAMI.FL (Miami TL THY)

S U M M A R Y  Run p e r io d *  JAW-01 -  DEC-31 C o n d itio n ed  f l o o r  a rea *  1045 a f

2 . Output File for Typical “LI” Housing Unit:

SPACE COKDITIOIIIKC LOADS Run t o t a l s  Peaks

k l t u k B tu /e f kS tuh

^ a e e
C o o lin g
B e a tin g

84641
1414

80.996
1.353

90 .936
22 .845

ENERGY OOWSUMPTIOM Run t o t a l s P eaks

kWhj k l t u
" P ro p  l i n e  

k B tu /s f
S o u rce

k B tu /e f kW, kBtuh

E l e c t r i c i t y

Mouse c o o l in g  
House h e a t in g

13052
207

42.629
0 .676

127 .888
2 .029

14.023
3 .347

T o ta l 13260 43 .306 129 .918

B u ild in g  t o t a l 43 .306 129 .918

OPERATING COSTS

E l e c t r i c i t y  « 0 .032  S/kWh 
F u e l « 0 S /k l t u

$ 424
% o

T o ta l $ 424 ( $ 0 .4 1 /s f )

Rote* CALPAS3 i s  th e  p r o p e r ty  o f  and i s  l i c e n s e d  by B e rk e ley  S o la r  C roup , 3140 
M a rtin  L u th e r  K ing J r .  Way, B e rk e le y , CA 94703 (415 8 4 3 -7 6 0 0 ). C o r r e c t  a p p l ic a 
t i o n  and o p e r a t io n  o f  CA1PAS3 i s  th e  r e s p o n s i b i l i t y  o f  th e  u s e r .  A c tu a l b u i ld in g  
p e rfo rm a n ce  may d e v ia te  from  CALPAS3 p r e d i c t i o n s  due t o  d i f f e r e n c e s  betw een  
a c tu a l  and  assum ed w e a tM r , c o n s t r u c t io n ,  o r  occupancy . CALPAS3 i s  c e r t i f i e d  
f o r  C a l i f o r n ia  e n e rg y  code com pliance  when u sed  in  ac co rd an ce  w ith  th e  BSC 
p u b l i c a t io n  "U sing  CALPAS3 w ith  t h e  C a l i f o r n i a  R e s id e n t ia l  B u ild in g  S ta n d a rd e •"

M O N T H L Y  H O U S E  E N E R G Y  B A L A N C E  (kBtU# ♦ i n t o  ho u se)

GAINS S LOSSES TRANSFERS

MCH1 com BHCMD INFIL SLR INT STAG RBSS VENT COOL HEAT

JAN -2 9 6 1 .5 -1 3 1 9 .7 1489 .5 2116.1 8 2 .6 - 0 5 8 7 .30
MB -2 4 1 7 .2 -1 2 1 1 .6 1500 .0 1911.3 4 2 .1 0 173 .71
MAR 56 .390 -5 9 4 .6 8 1606 .5 2116.1 - 4 3 .0 -3 1 3 9 .1 0
APR 3875 .0 4 7 7 .60 1597 .2 2047.8 -1 4 .6 -7 9 8 2 .7 0
MAY 5610.2 1010 .4 1581 .0 2116 .1 -1 2 .4 -10305 0
JUN 6815 .1 1442 .5 1413 .9 2047 .8 -4 .5 1 -11715 0
JUL 7459 .5 1585 .1 1553 .5 2116.1 -1 .7 3 -12712 0
AOO 8168 .3 1827 .5 1461 .4 2116.1 -0 .9 0 -13572 0
SEP 7219 .1 1613 .5 1428 .2 2047.8 4 .4 9 -12313 0
OCT 4697 .6 9 0 9 .4 0 1456 .2 2116.1 3 0 .8 -9 2 1 0 .9 0
NOV 528 .94 -3 1 0 .4 5 1540 .6 2047.8 -110 -3 6 9 0 .4 0
DEC - -2 8 8 1 .5 -1 3 0 3 .4 1584 .9 2116.1 -159 0 6 5 2 .76

TOT 36170 4126 .3 18213 24915 185 -84641 1413 .8

M O M T H L Y C O N D X T :I O N S (U n ite  as shown)

TEMPERATURES (F) WTHR (F ; B tu /a f )  PEAKS (k S tu h )

MON THL THH THM TSL TEH TSM DEL DBH DBM SOL BSCL/DY BSHT/DY SSCL/DY SSHT/DY

JAN 73 78 75 60 76 68 1032 0 2 1 .5  13
FSB 74 79 77 61 76 69 1340 0 1 3 .3  27
MAR 74 77 76 66 79 73 1574 -9 0 .9 15 0
APR 72 72 72 68 81 75 1899 - 3 0 .8 2 0
MAY 72 72 72 72 83 78 1795 -3 2 .2 2 0
JUN 72 72 72 75 87 80 1667 - 3 4 .8 18 0
JUL 72 72 72 75 88 81 1740 - 3 3 .6 2 0
AUG 72 72 72 77 89 82 1686 -3 4 .3 11 0
SIP 72 72 72 76 87 81 1496 - 3 3 .1 21 0
OCT 72 72 72 72 83 77 1274 -3 1 .0 8 0
NOV 74 76 75 67 80 73 1178 - 2 8 .8 3 0
DEC 72 77 74 59 75 67 1026 0 2 2 .8  16

TOT 73 74 73 69 82 75 1476 - 9 0 .9 2 2 .8
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2. Output File for Typical “LI” Housing Unit- Contd.

1 TXTLX STLHOUSE (B##*c#**2) BY* K h a lld  A lH aehim l
2 SITE LAT*26 LONG"-50 .5  TZN-20 t
3 LOCATION-Bamad Town, B ah re in
4 ASMSOOTH 180
5 GREFLECT JANGR-0.5 rZBCR-0.5 MARCR-0.5 APRGR-0.5 t
6 KATGR-0.5 JUNGR-0.5 JULGR-0.5 AUGGR-0.5 6
7 SEFGR-O.S OCTCR-0.5 NOVGR-O.5 DECCR-0.5 Ita aaauM d r e f l e c t i v i t y  v a lu e f o r  d ry  sand
9 BOOT 4 .0 ;  asm rage o u te ld e  f i lm  c o e f f .  1 0 .7  mph In  B ah ra in

10 BOOSE FLRAREA-1045 VOL-10613
11 ROOF ARIA-1045 AIM-0 .0  T IL T -0 .0  UVAL-0.246 ABSRF-0.4 f t
12 A beorp . v a lu e  f o r  s h in g le s  l i g h t  e a r t h  to n e
13 WALL kaks- w lsi AREA-32 AIM-0 TILT-90 6
14 OVAL—0 .2 4 6 ABSRP-0.3 INSIDE-EXWALL f t
15 8" co n c b lo c k , Abeorp f o r  w h ite  r e n d e r
16 WALL BAME-WLS2 ARIA-157 AIM-0 TILT-90 t
17 OVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
18 WALL KAKE-WLS3 ARIA-143 AZM-0 TILT-90 t
19 OVAL-0.2 4 6 ABSRP-0.3 INSIDE-EXWALL
20 WALL BAME-WLW1 AREA-46 AZM-90 TILT-90 t
21 UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
22 WALL BAMS—WLW2 AREA-329 AZM-90 TILT-90 t
23 OVAL-0 .2 4 6 ABSRP-0.3 INSIDE-EXWALL
24 WALL BAME-WLW3 ARIA-29 AZM-90 TILT-90 t
25 OVAL-0 .2 4 6 ABSRP-0.3 INSIDE-EXWALL
26 WALL MAKS-WLN1 AREA-114 AZM-180 TILT-90 t
27 OVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
28 WALL WAME-WLN2 AREA-21 AZM-180 TILT-90 t
29 OVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
30 WALL MAME-WLM3 AREA-107 AZM-180 TILT-90 t
31 UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
32 WALL BAME-WLN4 AREA-52 AZM-180 TILT-90 6
33 UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
34 WALL BAME-WLE1 AREA-78 AIM— 90 TILT-90 t
35 UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
36 WALL NAMX-WLS2 AREA-105 AIM— 90 TILT-90 t
37 UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
38 WALL HAME-WLE3 AREA-101 AIM— 90 TILT-90 t
39 UVAL-0.246 ABSRP-0.3 INSIDE-EXWALL
40 WALL NAME—WLE4 AREA-107 AIM— 90 TILT-90

41 UVAL-0.246 ABSRP-0.3 in s id e - exwall
42 WALL MAMS-MAIBDOOR AREA-23 AZM-180 TILT-90 t
43 OVAL-0.64 ABSRP-0.6 INSIDE-AIR f t
44 Main d o o r fram e so ftw ood  c o re  1 3 /4 "  R -1 .6
45 WALL KAMS-KXTDOOR AREA-20 AZM-0 TILT-90 t
46 UVAL-0.64 ABSRP-0.6 INSIDE-AIR f t
47 a b e o rp . f o r  l i g h t  b e ig e  p a i n t
48 WALL MAMB-REARDOOR AREA-20 AZM-0 TILT-90 6
49 UVAL-0.64 ABSRP-0.6 INSIDE-AIR f t
50 a b e o rp . f o r  l i g h t  b e ig e  p a i n t
51 WALL BAME-PERSLBLOSS AREA-148 AZM-0 TILT-0 t
52 UVAL-0.90 ABSRP-0.0 INSIDE-AIR f t
53 s la b  r a i s e d above g round w ith  no s la b  edge i n s u l a t i o n
54 MATERIAL MATERIAL-IW»PWALL VHCAP-21 COWD-O.582 f t
55 ~An a v e ra g e  betw een  ro o f  and w a ll  m a te r i a l s
56 SLAB AREA-1045 THKNS-4 MATERXAL-CONC140 t
57 . HTAHS-l.S RSURF-2.2 ; e la b  w ith  g e n e r ic  c a rp e t in g
58 IRTWALL AREA-1733 THKNS-4 MATERIAL-ROOFWALL t
59 BTAHS-1.5 RSURF-0 ip l a e t e r e d  w a ll s
60 EXWALL TURNS-6 MATERIAL-ROOFWALL BTAHS-1.5 t
61 RSURF-0 ;6 " a v a re g e  m a te r ia l /c o n e  100 I b / c f
62 GLASS BAME-WISl AREA-5.7 AZM-0 TILT-90 t
63 WGLZ-1 OVAL-1.07 GLSTYF-1 XRFLCT-0.S4 6
64 RSHTR-0.0 TRSHTR-1 f t
65 s in g le  o b ee cu re  f ix e d  g la s s
66 SCDISTWWTR A IR -0 .4  SLB-0.6
67 SGDXSTSKR A IR -0 .7  SLB-0.3
68 CLSCREFLECT JANGR-0.5 FEBCR-0.5 MARGR-0.5 APRGR-0.5 t
69 MAYGR-0.5 JUW0R-0.5 JULGR-0.5 AUGGR-0.5 t
70 SEFGR-O.S OCTGR-0.5 WOVCR-0.5 DECGR-0.5 It
71 R e f l e c t i v i t y  from sandy  ground
72 SGFACTORS JANSCF-1 FEBSGF-1 MARSGF-1 APRIGF-1 t
73 MAYSGF-1 JONSCF-1 JULSGi-1 A0CSGF-1 t
74 SEPSGF-1 OCTSGF-1 WOVSGF-1 DICSGF-1 ft
75 no o b s t r u c t io n  from o u ts id e
76 SHADING WHEIGHT-7 WWIDTH-0.8 OKDEPTM-O.O t
77 OHWD-O OHLX-O OKRX-O OHFLAP-O t
78 fldefth- o FLTX-0 FLWD-0 FLWBX-0 t
79 FRD1FTH-5 FRTX-5 FRWD-0 FRWBX-0
80 GLASS BAME-WIW1 AREA-17 AZM-90 TILT-90 t
81 WGLZ-1 UVAL-1.07 GLSTYF-1 XRFLCT-0.14 t
82 RSHTR-0.0 TRSHTR-0.7 SCFWNTR-0.5 SCFSMR-O.S ft
83 Alum s in g le  g l a s s /  l i g h t  c u t r a ln
84 SCDISTWWTR A IR -0 .4  SLB-0.6
85 SGDISTSMR A IR -0 .7  SLB-0.3
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APPENDIX 3 Contd.

2 . Output File for Typical “LI” Housing Unit- Contd.

66 GLBGREFLECT JAMCR-O.S FTBCR-0.5* KARCR—0 .5 APRCR-0.5' f
87 KAYCR-0.5 JUNCR-0.5 JULCR-0.5 ADGGA-0.5 6
88 SIPGR-0.5 OCTCR-O. S K0VCR-0.5 DICCR-0.5 It
89 R e f l e c t i v i t y  f o r  sandy  groung
90 SGFACTORS JAKSGF-1 PIBSCP-1 MARSCF-1 APRBGP-1 t
91 katsgf- i J0NSCP-1 JULSCF-1 AVCSCF-1 6
92 BEPBGP-l OCTSCF-l KOVSGF-1 decscf- i It
93 Mo o b s t r u c t io n
94 SHADING WHEIGHT-4.3 WIDTH-4 OHDEPTH-O 6
95 OHWD-O OHLX-O OHRX-O OHFLAP-O &
96 FLDEPTH-0 FLTX-0 FLWD-0 FLW1X-0 6
97 frdepth- o FRTX-0 FRWD-0 FRWBX-0
98 CLASS KAKS-WXH1 AREA-17 AIM-180 TILT-90 6
99 FCLX-l UVAL-1.07 CLSTYP-1 XRFLCT-0.14 6

100 RSHTR-0.0 TRSHTR-0.7 SCFWNTR-0.5 SCFSKR-0. 5 It
101 Alum s in g le  w in d / l ig h t  c u r t a in
102 BGOISTWTR A IR -0 .4  SLB-0.6
103 SCDISTSKR A IR -0.7  SLB-0.3
104 c l sc r ifl e c t JAMGR-0.35 FIBGR-0.35 MARGR-0 35 APRCR-0.35 6
105 KAYCR-0.35 JUNGR-0.35 JULGR-0.35 ADCCR-0.35 t
106 SIPG R-0.35 OCTCR-0.35 BOVCR-0.35 DICCR-0.35 It
107 R e f l e c t i v i t y  from paved e n t ra n c e  walkway
108 SGFACTORS JAN5GF-1 PEBSCF-l KARSGF-1 APRSCP-1 6
109 KAYSCF-1 JUNSCF-1 JULSCF-1 AOGBGF-l Jl
110 BEPBGP-l OCTSCF-l BOVSGF-1 DECSCP-1 It
112
113
114 US 
116
117
118
119
120 
121 
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160 
161 
162
163
164
165
166
167
168
169
170
171
172
173

SCDISWWT*
SC D X STSK R
CLSCREFLECT

•©FACTORS

•OOIMHWT* 
SCDXSTSKR 
CLSGREFLECT

SGFACTORS

s g d i s t v n t r

SCDXSTSKR
c l s c r z  F i x e r

Mmitmr-4.3
FLDEPTH-0
FRDEFTH-0
HAME-WIN2
NGLZ*1
RSBTR-0.0

WWIDTH-4
OHIX-O
FLTX-0
FRTX-0
AREA-23
UVAL-1.07
TRSHTR-1

0H81FT8-0
O H R X -O
FLVD-0
FRWD-0
AIM-180

GLSTTF-1

OHFLAP-O 6
FLW8X-0 fc
Fmmi-o

TILT-90 6
XRFLCT-0.54 6

#6
w ith  overh an g  sh a d in g  
A IR -0 .4  SLB-0.6
A IR -0 .7  SLB-0.3
JANCR-0.35 FIBCR-0.35 MARCR-0.35 ARRCR-0.35 6
KAYCR-0.35 JUNGR-0.35 JULGR-0.35 AOCCR-O.35 6
SIPCR -0.35 OCTCR-0.35 BOVCR-O.35 DICCR-0.35 f t
R e f l e c t i v i t y  from paved e n t r a n c e  walkway 
JANSCF-1 FIBSCF-l MARSCF-1 AFRSCF-1 6
KAYSCF-1 JXBSCF-1 JOLSCF-l ADCSCF-1 6
S1FSCF-1 OCTSCF—1 NOVSCF-1 BECSCF-1 |6
no o b s t r u c t io n  from  o u ts id e
WHEICRT-7 w id t h -3 .2 8  OHDEPTH-2.6 6
OMWD-2.6
FLDEPTH-2.6
FRDSFTH-6
K A K Z -W IN3
HCLX-1
RSHTR-0.0

OHIX-O
FLTX-2.6
FRTX-2.6
ARIA-10.5
UVAL-1.07
TRSHTR-1

CffRX-4
FLWD-0.6
FRWD-4

AIM-180
CLSTYP-1

Assume no s h u t t e r  t o  k i t c h e n ’ s  window 
A IR -0 .4  SLB-0.6
A IR -0.7  SLB-0.3
JAHCR-0.5  FIBCR-0.5 KARCR-0.5 AFRCR-0.5
KAYCR-0.5 JUHCR-0.5 JULCR-0.5 AUOCR-0.5
SERCR-O.S OCTCR-O.5 MOVCR-O.5 DSCCR-0.5
R e f l e c t i v i t y  from sandy  g round 
JARSCF-1 FZBSCF-1 KARSGF-1 AFRSCF-1
KAYSCF-1 JUNSCF-1 JULSCF-1 ADCSCF-1
SSPSCF-1 OCTSCF-l BOVSCF-1 DICSCF-1
Bo o b s t r u c t io n

OEFLAP-1 6
FLWBX.O 6
FRWBX-0

TILT-90 6 
XRFLCT-0.14 6 

I t

OHTLAP-O
FLWBX-0
FRWBX-0

TILT-90
XRFLCT-0.54

TRSHTR-1 fO bescure  g la s s  no s h u t t e r

SCDISTWNTR
SCDISTSKR

WHIICHT-2.6 WIDTH-4 OKDEPTH-O
OWD-0 OHLX-O OHRX-O
FLDEPTH-0 FLTX-0 FLWD-0
FRDEFTH-5.3 FRTX-0 FRWD-11
KAMI—W ill ARIA-5.2 AIM— 90
MCL2-1 UVAL-1.07 CLSTYP-1
RSHTR-0.0 
A IR -0 .4  SLB-0.6
AXR-0.7 SLB-0.3
JANCR-0.35 FEBCR-0.35 KARCR-0.35 APRCR-0.35 
KAYCR-0.35 JUMGR-0.35 JULGR-0.35 AUCCR-0.35 
SIPCR-0.35 OCTCR-0.35 ltoVCR-0.35 DECCR-0.35 
R e f l e c t i v i t y  from cone pavem ent 
JAKSGF-1 FIBSCF-l KARSGF-1 AFRSGF-1
KAYSCF-1 JUHSCF-l JULSCF-1 ADCSCF-1
S1PSCF-1 OCTSCF-l BOVSGF-1 DICSCF-1
BO o u ts id e  o b s t r u c t io n  _
WHIICHT-2.6 WIDTH-2
OHWD-2.6 OHLX-6
FLDEPTH-5.3 FLTX-2.6 FLWD-8 FLWBX-0
FRDEPTH-5.3 FRTX-2.6 FRWD-1.3 FRWBX-0
BAKI-WII2 ARIA-5.2 AIM—90 TILT-90
BGLI-1 UVAL-1.07 CLSTYP-1 XRFLCT-0.54
RSHTR-0.0 TRSHTR-1
A IR -0 .4  SLB-0.6
A IR -0.7  SLB-0.3

t
6
It
5 
t
It
6 
t 
6

t
6

OHDaPTH-5.3 
OHRX-1.3 * OHFLAP-O
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APPENDIX 3 Contd

2. Output File for Typical “LI” Housing Unit- Contd.

174 g l sg r e f l e c t" JAMGR-0.3S FEBCR-0.35 MANOR—0 .3 5 APRGR-0.35 &
175 MAY6R-0.3S JUNGR—0 .3 5 JULGR-0.35 AUGCR-0.35 fc
176 SEPGR-0.35 OCTGR-0.35 NOVGR-0.35 DECGR-0.35 It
177 R e f l e c t i v i t y  f o r  cone pavem ent
178 SCYACTORS JANSGF-1.0 FEBSGF-1.0 MARSGF-1.0 APRSGF-1.0 &
179 HAYSOF-l.O JUNSCF-1.0 JULSCF-1.0 AUGSCF-1.0 t
180 SEPSGP-1.0 OCTSGF-1.0 NOVSCF-1.0 D1CSOP-1.0 It
181 NO o u ts id e  o b s t r u c t io n
182 SHADING WMEIGHT-2.6 mfIDTH-2 OHDEPTH-5.3 &
183 OHWD-2.6 CMLX-1.3 OHRX-6 OHFLAP-O 6
184 FLDEPTH-5.3 FLTX-2.6 FLWD-1.3 FLWBX-0 t
185 FRDEPTH-5.3 FRTX-2.6 FRWD-8 FRWBX-0
186 GLASS NAME-WIE3 AREA-17 AIM— 90 TILT-90 &
187 NCLX-1 UVAL-1.07 CLSTYP-1 XRFLCT-0.14 6
188 RSHTR-0.0 TRSHTR-0.7 SCFWNTR-0.5 SCFSMR-0.5
189 SGDISTNNTR A IR -0 .4  SLB-0.6
190 SGDISTSMR A IR -0 .7  SLB-0.3
191 glsgreflect JA ^ iR -0 .5 FEBCR-0.5  MARCR-0.5  APRGR-0.5 6
192
193
194
195
196
197
198
199
200 
201 
202
203
204 
20 $ 
206
207
208
209
210 
211 
212
213
214
215
216
217
218

m r i L
IK T C M N

VENT
TSTATSIWT*
TSTATSSK*

WINDFACTOR
CHNGSEASON
DAYTIMES
OPCOST

WARMUP
SOLARCALC
•END

KAYCR-0.5 JUNGR-0.5 JULGR-0.5 AUCGR-0.5
SEPGR-0.5 OCTCR-0.5 NtDVCR-0.5 DICGR-0.5
R e f l e c t i v i t y  f o r  sandy  groung  
JANSCF-1 riBSCF-1 MARS6F-1 APRSCF-l
MAYSGP-1 JUNSGr-1 JULSOF-l AOOS6F-1
SEPSGP-1 OCTSGF-1 KOVSCF-l DECSOF-1
No o b s t r u c t io n
WHSIGHT-4.3 WWIDTH»4 OHDEPTH-O
OHVD-O OHLX-O OHRJC-O OHTLAP-O
FLDEPTH-0 FLTX-0 FLSiD-O FLW1X-0
FRDEPTH-0 FRTX-0 FRWD-0 FRWBX-O
ACBASE-1.25 ; s ta n d a rd  m asonry c o n s t r u c t io n  
INTOAIN-20 SCHED-RIS A IR -0.5  SLB-0.5
i n t e r n a l  g s in  p u t  t o  a i r  and s la b  nodes (K tih r/day] 
TYPE-NOHE
TKEAT-68 TDSRD-74 TCOOL-150 THEATNIGHT-68
TCTAT-0 TDSRD-70 TCOOL-72 THEATNICHT-0
TXKEDOWN-19 TIMEUP-7| n ig h t  s e tb a c k s  a f t e r  6:00pm 
0 . 5 i a d ju s te d  f o r  a  sem i open s i t e  
TYPE-DATE 6UMKZRBXG-KAR-15 SUMKXRIND-NOV-15 
WDBEO-7 NDEND-18 SDBEG-7 SDEND-19
1LPRICE-0.032 ACCOP-1.9
HEATING-ELECTRIC HTCOP-2 f t
A/C in d iv id u a l  u n i t  f o r  eo o lo in g  E le c  h e a te r  
WUDAYS-7 IfUCYCLES-l
FREQ-MONTHLY

t
I t

6t
It
666

• • •  No in p u t  e r r o r s .

• • •  B eg in n in g  s im u la t io n  18-D IC-95 12:02*49
Bouse en e rg y  im b ala n ce  f o r  DEC N e t-1 0 .042 k » tu  (0 .0 0 1 2 )

Run c o m p le te .
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3. Output File for Multi-Courtyard “AMI” House Unit:

GOH8QOSX (BaeecaseAM) BTi K h a lld  X l la e h la l  

Hamad Town, B ah ra in

CALPAS3 V3.12 L ic e n s e . PC0201 

W eathers MIAMI.FL (Miami TL TMY)

S U M M A R Y  Run p e r io d s JAN-01 - • DEC-31 C o n d itio n ed  f l o o r a re a s  1600

SPACE CORDITIOWIMG LOADS Run t o t a l s Peaks

k l t u k B tu /e f kB tuh

House
C o o lin g
B e a tin g

112337
2864

70.211
1 .790

105.399
35 .043

ENERGY CONSUMPTION Run t o t a l s Peaks

kWh) k l tu
P ro p  l i n e  

k l t u / e f
S ou rce

k B tu /e f kW; kBtuh

E l e c t r i c i t y

House c o o l in g  
Bouse b e a t in g

17323
420

36.953
0 .095

110.859
2 .6 8 5

16 .254
5 .134

T o ta l 17743 37 .848 113.544

B u ild in g  t o t a l 37 .848  113.544

OPERATING COSTS

E l e c t r i c i t y  t  0 .032  S/kWh 
F u e l « 0 S /kB tu

$ 568
$ 0

T o ta l S 568 ( 5 0 .3 5 /s f )

Motes CALFAS3 l e  th e  p r o p e r ty  o f  and 1# l i c e n s e d  by B e rk e ley  S o la r  G roup, 3140 
M a rtin  L u th e r  K ing J r .  Way, B e rk e le y , CA 94703 (415 8 4 3 -7 6 0 0 ). C o r r e c t  a p p l ic a 
t i o n  and o p e r a t io n  o f  CALFAS3 i t  t h e  r e s p o n s i b i l i t y  o f  t h e  u s e r .  A c tu a l b u i ld in g  
p e rfo rm a n ce  may d e v ia te  from  CALPAS3 p r e d i c t i o n s  due t o  d i f f e r e n c e s  betw een  
a c tu a l  and assum ed w e a th e r , c o n s t r u c t io n ,  o r  occupancy . CALPAf3 is c e r t i f i e d  
f o r  C a l i f o r n i a  e n e rg y  code com pliance  when u sed  in  a c co rd an ce  w ith  th e  BSO 
p u b l i c a t io n  "B eing  CALPA83 w ith  th e  C a l i f o r n ia  R e s id e n t ia l  B u ild in g  S ta n d a r d s ."

M O N T H L Y B O U S E  1S N E R C Y  B A L A N C E (k B tu i ♦ i n t o  house)

GAINS & LOSSES TRAHSrSKS
mmmm*# ************ ms*mm*****mm##

MON C0M9 SHCND IWFIL SLR JUT STRG RB 88 VENT COOL HEAT

JAM -3 4 9 2 .0 -1 7 7 3 .2 1971 .2 2116 .1  123 0 1047 .2
FIB -2 9 1 4 .6 -1 6 6 2 .7 2 2 5 7 .0 1911.3  5 .19 0 4 0 4 .53
MAR -3 7 .5 7 2 -8 5 9 .6 9 2 8 7 9 .6 2116 .1  -5 2 .3 -4 0 4 3 .4 0
APR 4924 .8 725 .11 3106 .6 2047 .8  -1 7 .0 -10787 0
MAY 7150 .9 1509 .3 3102 .6 2116 .1  -1 3 .5 -13865 0
JUN 8739 .4 2 1 13 .0 2762 .1 2047 .8  -4 .7 4 -15697 0
JUL 9561 .0 2 3 65 .8 3037 .9 2116 .1  - 1 .6 8 -17079 0
AUG 10502 2727 .5 2859 .2 2116 .1  -1 .1 8 -18204 0
SEP 9241 .5 2408 .2 2655 .4 2047 .8  5 .14 -16358 0
OCT 5953.2 1361 .7 2 3 6 3 .6 2116 .1  3 2 .7 -11828 0
MOV 838 .91 -3 3 8 .7 4 2018 .4 2047 .8  -8 5 .9 -4 4 7 5 .4 0
DEC -3 5 0 4 .3 -1 7 8 4 .0 1976 .5 2116 .1  -205 0 1412 .3

TOT 46963 6832 .3 30990 24915 -215 -112337

i:

M O N T B L Y C O N D X T :( O N 8 s|

shown)

TEMPERATURES (P) 1! (PS B tu / e f )  PEAKS (kB tuh)

MOM THL THH THH TSL TSH TSM

1:1 DBM SGL HSCL/DY BSHT/DY

JAM 72 77 75 60 76 68 1032 0 3 1 .6  13
FEB 73 79 76 61 76 69 1340 0 2 2 .1  27
MAR 74 77 76 66 79 73 1574 -105 15 0
APR 71 72 72 68 81 75 1899 -4 4 .8 22 0
MAY 72 72 72 72 83 78 1795 -4 8 .1 2 0
JUN 72 72 72 75 87 SO 1667 -4 9 .7 18 0
JUL 72 72 72 75 88 81 1740 -4 8 .6 2 0
AUG 72 72 72 77 89 82 1686 - 4 9 .3 11 0
SEP 72 72 72 76 87 81 1496 -4 7 .0 21 0
OCT 72 72 72 72 83 77 1274 -4 3 .8 8 0
NOV 73 76 75 67 80 73 1178 -3 7 .7 3 0
DEC 71 76 74 59 75 67 1026 0 3 5 .0  16

TOT 72 74 73 69 82 75 1476 -105 3 5 .0
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3. Output File for Multi-Courtyard “AMI” House Unit- Contd.

L in e

1
2
3
4
5
67
8 9
10
11

TITLE
SITE

AZKSOUTH
CRirLECT

bout
BOOSE
WOT

COWHOUSE (BeeeceseJtM) BYl K h a lld  A lH eeh la l 
LAT-26 LORO— 5 3.5  TZH-20 &
LOCATION■Hsmad Town, B ah ra in  
0.0
JAII6R-0.5 rXB5R«0.S MARCR-0.5 APRCR-0.5 6
KAYOR-O.5 JUN5R-0.5 JULGR-0.5 AUCCR-0.5 t
EEROR-O.S OCTSR-0.5 BOVGR-0.5 DSCGR-0.5 | t
aeetm ed r e f l e c t i v i t y  v a lu e  f o r  d ry  send  
4 . Of a v e ra g e  o u ts id e  f i lm  c o e f f .  1 0 .7  mph I n  B ah ra in  
FLRAREA-1400 VOL-15840
ARIA-1600 AIM-0 .0  T IL T -0 .0  UVAL-0.246 ABSRP-0.4 f t

12 A bsorp . v a lu e  f o r  s h in g le s  l i g h t  e a r t h  to n e
13 WALL MAME-WLSl AREA-135 AZM-0 TILT-90

14
C t

UVAL-0.246 ABSRF-0 1 INSIDE-EimLL ft
15 8" co n c b lo c k , A bsorp f o r  w h ite  r e n d e r  i n  c o u r ty a rd
16 WALL KAKE-WLS3 AREA-81 AZM-0 TILT-90

17
c t

UVAL-0.246 ABSRR-0•1 INSIDI-EXWALL It
18 WALL KAMI-WLW1 AREA-145 AZM-90 TILT-90

19 UVAL-0.246 ABSRP-0.1 INSIDI-EXWALL
20 WALL MAME-WLW2 AREA-261 AZM-90 TILT-90 t
21 UVAL-0.246 ABSRP-0.3 INSIDI-EXWALL
22 WALL BAME-WLNl AREA-120 AIM-180 TILT-90

23
c  s

UVAL-0.246 ABSRP-0.1 INSIDI-EXWALL
24 WALL WAME-WLN2 AREA-131 AZM-180 TILT-90 6
25 UVAL-0.246 ABSRP-0.3 INSIDI-EXWALL
26 WALL WAMS-WLN3 AREA-160 AZM-180 TILT-90 t
27 UVAL-0.246 ABSRP-0.1 INSIDI-EXWALL
28 WALL KAMS-WLR4 AREA-65 AZM-180 TILT-90 t
29 UVAL-0.246 ABSRP-0.3 INSIDI-EXWALL
30 WALL WAME-WLE1 AREA-120 AIM— 90 TILT-90 t
31 UVAL-0.246 ABSRP-0.1 INSIDI-EXWALL
32 WALL KAMS-WLE2 AREA-162 AIM— 90 TILT-90 6
33 UVAL-0.246 ABSRP-0.3 INSIDI-EXWALL
34 WALL KAME-WLE3 AREA-111 AIM— 90 TILT-90 6
35 UVAL-0.246 ABSRP-0.3 INSIDI-EXWALL
36 WALL MAME-WLE4 AREA-168 AIM— 90 TILT-90 6
37 UVAL-0.246 ABSRP-0.1 INSIDI-EXWALL
38 WALL WAMI-MAINDOOR AREA-23 AZM-180 TILT-90 t
39 UVAL-0.64 ABSRP-0.6 INSIDE-AIR It
40 Main do o r i t •asm softw ood  c o re  1 3 /4 "  R -1 .6
41 WALL KAKE-KITDOOR AREA-20.5 AZM-0 TILT-90 6
42 UVAL-0.64 ABSRP-0.6 INSIDE-AIR It
43 a b s o rp . f o r  l i g h t  b e ig e  p a in t
44 WALL HAME-PSRSLBLOSS AREA-182 AZM-0 TILT-0 6
45 UVAL-0.90 ABSRP-0.0 INSIDE-AIR It
46 s la b  r a i s e d above g round  w ith  no s la b  edge in s u l a t i o n
47 MATERIAL MATERIAL-ROOFMALL VHCAF-21 COKD-O.582 It
48 An a v e ra g e  betw een ro o f  and w a ll  m a te r i a l s
49 SLAB AREA-1600 TH30IS-4 ' MATERIAL—C09(C140 t
50 HTAHS-l.S RSURF-2.2 1 s la b  w ith  g e n e r ic  c a rp e t in g
51 INTWALL ARIA-1986 THKNS-4 MATERIAL-ROOFWALL 6
52 HTABS-1.5 RSURF-0 f p la s t e r e d  w a ll s
53 EXWALL THKNS-6 MATERIAL-A0QFWALL HTAHS-l.S 6
54 RSURF-0 |6 * a v a re g e  m a te r ia l /c o n c  100 I b / c f
55 CLASS MAME-WISl AREA-5.2 AZM-0 TILT-90 6
56 NCLZ-1 UVAL-1.0 7 GLSTYP-1 XRFLCT-0.54 &
57 RSHTR-0.0 TRSHTR-1 It
58 s in g le  ^ s e c u r e  f ix e d  g la s s
59 SGD1STWTR A IR -0 .4  SLB-0.6
60 SCDISTSMR A IR -0 .7  SLB-0.3
61 OLSGREFLECT JAJfGR-0.5 FEBGR-0.5 MARGR-0.5 APRGR-0.5 6
62 MAYOR-0.5 JUNCR-0.5 JULGR-0.5 ADGGR-0.5 6
63 SIPGR-0 .5 OCTCR-0.5 NOVCR-0.5 DECGR-0.5 It
64
65
66
6768

R e f l e c t i v i t y  from sandy  ground
jA n so r-1  r t i s G r - i  karscf- i  aprscy- i  s
KAY8CP-1 JUMSOP-1 JULSCP-1 AUCSCf-1 6
s ip s c p - 1  ocTsor-i Novscr-i oscscr-i # t
no o b s t r u c t io n  from  o u ts id e

69 SHADING WKEIGHT-2.64 WWIDTH-2 OHDEPTH-O.O 6
70 OHWD-O OHLX-O OHRX-O OHFLAP-0 6
71 . FLDEPTH-17 FLTX-5 FLWD-11 FLW1X-0 6
72 FRD1PTH-17 FRTX-5 FRWD-8 FRW1X-0
73 GLASS WAME-WIS2 AREA-17 AZM-0 TILT-90 6
74 NGLZ-1 UVAL-1.07 GLSTYP-1 XRFLCT-0.14 t
75 RSHTR-0.0 TRSHTR-0.7 SCFWTR-0.5 SCPSMR-0.5 I t
76 Alum s in g le  g l a s s /  l i g h t  c u t r a ln
77 SODISTWIfTR A IR -0 .4  8LB-0.6
78 SCDISTSMR A IR -0 .7  SLB-0.3
79 CLSGRirLICT JANCR-0.5 FEBCR-0.5 MARGR-0.5 APRCR-0.5
80 KAYGR-0.5 JUKCR-0.5 JULGR-0.5 ADGCR-0.5
81 SIPG R-0.5 OCTCR-0.5 FOVCR-0.5 DICGR-0.5
82 R e f l e c t i v i t y  from  sandy  g round
83 SGFACTORS JASSGF-1 FEBSGF-1 MARSGF-1 APRSGF-1
84 HAYSGF-l JUNSGF-1 JULSGF-1 A0GSGF-1
85 SEPSGP-l OCTSGP-1 NOVSCF-1 DICSGF-1
86 no o b s t r u c t io n  from o u ts id e
87 SHADING WHIICHT-4.3 WIDTH-4 OHDIPTH-O.O
88 CHIWD-0 OHLX-O OHRX-O OHIXAP-O

6
&

It
6
6

It
6
t
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APPENDIX 3 Contd,

3. Output File for Multi-Courtyard “AMI” House Unit- Contd.

89
SO
91
92
93
94
95
96
97
98
99 

100

FLDEPTH-17 FLTX-5 rU fD -0.6* FLMBX-0 t
ERDEPTH-17 FRTX-5 n n ro -17 FRWBX-0
NAM1-WIS3 AREA-17 AIM-0 TILT-90 s
NGLZ-1 UVAL-1.07 CLSTYP-l XRFLCT-0.14 t
RSHTR-0.0 TRSHTR-0.7 s c r w r R - o .5 SCiSMR-0.5 I t

seDisnmnt
SCD X STSM R
C L S C R E P L E C T

Alum ■in g le  g le e # /  l i g h t  c u t r e ln  
A IR -0.4  SLB-0.6
A IR -0.7  SLB-0.3
JANOR-0.5 rtB G R -0.5  HARGR-0.5
KAYGR-0.5 JVNGR-0.5 JULGR-0.5
S1PGR-0.5 OCTGR-O. S H0VGR-0.5
R e f l e c t i v i t y  from  sandy  ground

APRGR-0.5 
AUGGR-0.5 
DECGR-0.5

66
It

101 SGEACT0RS JANSGF-l PIBSCP-l KARSCr-1 AFRSGF-1 t
102 KAYSCr-1 J0NSGF-1 JULSGF-1 ADGSCF-1 6
103 M PBGF-l OCTSGP-1 N o v sc r - i DICSGF-1 It
104 no o b s t r u c t io n  from  o u ts id e
105 SHADING WHEIGHT-4.3 lfWXDTH-4 OHDEPTH-O.O t
106 O8WD-0 OHLX-O OHRX-O OHFLAF-O 6
107 rLDEPTH-20 FLTX-5 FLWD-1.3 flwbx- o 6
108 FRDEPTH-20 FRTX-5 PRWD-9 FRWBX-0
109 CLASS NAME-MINI AREA-45.7 AIM-90 TILT-90 6
110 NCLZ-1 UVAL-1.07 GLSTYP-1 XRFLCT-0.14 t
111 RSHTR-0.0 TRSHTR-0.7 6CFWNTR-0.5 SCFSMR-0.5 It
112 Alum s in g le  g l a e e /  l i g h t  c u t r e ln
113 SCDIS7VNTR A IR -0.4  SLB-0.6
114 SGOISTSHR A IR -0.7  SLB-0.3
115 CLSCREFLICT JAKGR-0.5 riBGR-O.S MARCR-0.5 APRGR-0.5 &
116 MAYGR-0.5 JVNGR-0.5 JULGR-0.5 AUGGR-0.5 6
117 SIPGR-0.5 OCTGR-0.5 NOVCR-0.5 DECGR-0.5 It
118 R e f l e c t i v i t y  f o r  sandy  groung
119 SGPACTORS JANSGr-1 RBSGF-1 MARSGF-1 APRSCF-1 &
120 MAYSGr-1 JVNSGF-1 JULSGF-1 AUGSGF-1 6
121 S E P sc r- i OCTSGF-1 NOVSGF-1 DECSGF-1 It
122 No o b s t r u c t io n
123 SHADING NMEIGHT-7 WWIDTH-6.'6 OHDEPTH-O &
124 OMWD-O OHLX-O OHRX-O OHFLAP-0 t
125 rLDEPTH-14 FLTX-5 FLWD-7 FLWBX-0 • t
126 rRDIPTH-14 FRTX-5 FRWD-6 FRWBX-0
127 CLASS NAME-WIW2 AREA-5.2 AIM-90 TILT-90 6
128 NCLZ-1 UVAL-1.07 GLSTYP-1 XRFLCT-0.54 6
129 RSHTR-0.0 TRSHTR-1
130 SODISTHNTR A IR -0.4  SLB-0.6
131 SGOISTSHR A IR -0 .7  SLB-0.3
132 GLSGREELECT JARGR-0.5 FZBGR-0.5 MAMR-0.5 APRGR-0.5 6
133 KAYGR-0.5 JUNGR-O.5 JULGR-0.5 AUGGR-0.5 t
134 SSPGR-0.5 OCTGR-0.5 NOVGR-0.5 DECGR-0.$ It
135 R e f l e c t i v i t y  f o r  sandy  groung
136 SCRACTORS JANSGF-1 FIBSGF-1 MARSGF-1 APRSCF-1 6
137 MAYSGF-1 JU N Scr-i JULSGF-1 AUGSGF-1 6
138 SIPSGR-1 OCTSGF-1 MJVSGF-l DECSGF-1 It
139 No o b s t r u c t io n
140 SHADING m EIG H T-2.6 WIDTH-2 OHDIFTH-O 6
141 OHWD-O OHLX-O OHRX-O OHFLAF-O 6
142 rLDEPTH-14 FLTX-5 FLWD-1 FLWBX-O 6
143 PRDEPTH-14 FRTX-5 rm m -17  frwbx- o
144 CLASS FAKE-WIN1 ARIA-9 AIM-180 TXLT-90 t
145 NGL2-1 UVAL-1. 07 CLSTYP-l XRFLCT-0.$4 6
146 RSHTR-0.0 TRSHTR-1
147 O beecure g la e e  No c u r t a in
148 SCDISTWNTR A IR -0.4  SLB-0.6
149 SGOISTSHR A IR -0 .7  SLB-0.3
150 GLSGRXFLSCT JANGR-0.35 itB G R -0.35  MAROR-O.35
151 KAYGR-0.35 JUNGR-0.35 JULGR-0.35
152 SEPGR-0.35 OCTGR-0.35 NOVGR-0.35
153 R e f l e c t i v i t y  from e n tr a n c e  pavem ent

APRGR-0.35 
A0GGR-0.35 
DECGR-0.35

154 SGFACTORS JANSGF-1 FIBSGF-l MARSGF-1 AFRSGF-1 t
155 kaysgf- i JUNSGF-1 JULSGF-1 AUGSGF-1 &
156 SIFSOF-1 OCTSGF-1 NOVSOF-1 DECSGF-1 It

No o b s t r u c t io n
158 SHADING WHtIGHT-7 W IDTH-1 .3 ORDIPTH-O t
159 OHWD-O OHLX-O OHRX-O OHFLAP-0 t
160 FLDEPTH-13 FLTX-5 FLWD-15 FLWBX-O &
161 FRDEPTH-13 FRTX-5 FRWD-4 7RWBX-0
162 CLASS KAMI-WIN2 ARXA-10.S AIM-180 TILT-90 6
163 NGLZ-1 UVAL-1.07 CLSTYP-l XRFLCT-0.14 t
164 RSHTR-0.0 TRSHTR-1 It
165 O beecure g la e e  No e h u t t e r  t o  k i t c h e n
166 SGOISTMItTR A IR -0 .4  SLB-0.6
167 SGOISTSHR A IR -0.7  SLB-0.3
168 GLSGR1FLECT JANOR-O.S FZBGR-0.5 MARCR-0.5 APRGR-0.5 6
169 MAYGR-0.5 JUNGR-0.5 JULGR-0.5 AUGGR-0.5 6
170 SEFOR-O.5 OCTGR-0.5 NOVCR-0.5 DECGR-0.5 It
171 R e f l e c t i v i t y  from eendy g round
172 SGFACTORS JANSGF-1 FIBSGF-l MARSGF-1 APRSCF-1 t
173 MAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1 6
174 SEFSGF-1 OCTSGF-1 NOVSGF-1 DECSGF-1 It
175 no o b s t r u c t io n  from  o u ta id e
176 SHADING whixght- 2 .6 WIDTH-4 OHDEFTH-O t
177 OHWD-O OHLX-O OHRX-O OHFLAP-O 6
178 FLDIFTH-1* FLTX-5 FLWD-4 FLWBX-O &
179 FRDEPTH-14 FRTX-5 FRWD-13 FRWBX-0
180 GLASS NAME-WXN3 AREA-17 AIM-180 TILT-90 6
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Output File for Multi-Courtyard “AMI” House Unit- Contd.

m
182
183

201
202

224
225
226
227
228
229
230 
211 
2.12 
233 
214
235
236

257
258
259
260 
261 
262
263
264
265
266

HCLZ-1 UVAL-17S7 C'LSTYP-1 X *fE C T S 0;ii 6 
RSHTR-0.0 rRSHTR-0.7 SCFlfNTR-0.5 8CFSMR-0.5 |6  
Alum s in g le  g l e e s /  l i g h t  c u t r e in

184 SCDXSTWNTR A IR -0 .4  SLB-0.6
185 SGDISTSKR A IR -0 .7  SLB-0.3
186 CLSGREFLECT JANGR-0.5 FEBGR-0.5 MARGR-0.5 APRCR-0.5 t
187 KAYGR-0.5 JUNGR-0.5 JULGR-0.5 AUGCR-0.5 t
188 SEPGR-0.5 OCTCR-O.5 ltoVGR-0.5 DXCGR-0.5 It
189 R e f l e c t i v i t y  from sandy  ground
190 EGEACTOM JAW8GF-1 rSBSCF-1 MARSGF-1 APRSGF-1 t
191 MAYSGF-1 JUNSCF-1 JULSG7-1 AUGSGF-1 t
192 81PSOF-1 OCTSGF-1 NOVSGF-1 DECSCF-1 It
193 Ho o b s t r u c t io n
194 SHADING WHXICHT-4.3 WIDTH-4 WDEPTH-0 t
195 OHWD-O cmx-o OHRX-0 OHFLAP-O t
196 FLDEPTH-20 FLTX-5 FLWD-8.16 FLWBX-0 t
197 FRDEPTH-20 FRTX-5 FRWD-1.3 FRWBX-0
198 GLASS NAME*Will AREA-17 AZM— 90 TILT-90 t
199 NGLZ-l UVAL-1.07 GLSTTP-1 XRFLCT-0.14 t
200 RSHTR-0.0 TRSHTR-0.7 SCTWTR-0 i It

SOOISHISTR
Alum s in g le  g l e e s /  l i g h t  c u t r e in  
A IR -0 .4 SLB-0.6

203 SGDISTSMR A JP -0 .7  SLB-0.3
204 CLSGREFLECT JANGR-0.5 FI 8C R -0.5 MARGR-0.5 APRGR-0.5 6
205 MAYGR-0.S JUNGR-0.5 JULGR-0.5 AUGGR-0.5 t
206 SEPGR-0.5 OCTCR-0.5 NOVCR-0.5 DECGR-0.5 It
207 R e f l e c t i v i t y  from sandy  g round
208 EGFACTORS JAMSGP-l FEBSGF-1 MARSGF-1 APRSGF-1 &
209 MAYSGF-1 JUN5GF-1 JULSGF-1 AUGSGF-1 t
210 SSPSGF-1 OCTSGF-1 NOVSGF-1 DSCSGF-1 It
211 KO o u ts id e o b s t r u c t io n
212 SHADING WRZIGHT—4 .3 WIDTH-4 ORDEPTH-O t
213 OHWD-0 OHLX-O OHRX-O OHFLAP-O t
214 FLDEPTH-20 - FLTX-5 FLWD-5 FLWBX-0 t
215 FRDEPTH-20 FRTX-5 FRWD-4 , 6 FRWBX-0
216 GLASS KAME-WIE2 AREA-5.2 AZM— 913 TILT-90 t
217 NGLZ-l UVAL-1.07 GLSTYP-1 XRFLCT-O.54 t
218 RSHTR-0.0 TRSHTR-1 lo b e sc u re  g l a s s  f o r  b a th
219 SGDISTVNTR A IR -0.4  SLB-0.6
220 SGDISTSMR A IR -0 .7  SLB-0.3
221 CLSGREFLECT JANGR-O.5 F1BCR-0.5 MARGR-0.5 APRGR-0.5 t
222 KAYGR-0.5 JUNGR-0.5 JULGR-0.5 AUGCR-0.5 t
223 SEPGR-0.5 OCTGR-O.5 HOVGR-Q.5 DECGR-0.5 It

R e f l e c t i v i t y  f o r  sandy  g round 
jANSCP-i.o n iso r-i.o  karscf- i . o a pr sc f- i . o 6
MAYSGF-1.0 JUNSGF-1.0 JULSGF-1.0 AOOSGF-l.O 6
SEPSGF-1.0 OCTSGF-l.O NOVSCF-l.O D SC80F-1.0 | t
NO o u ts id e  o b s t r u c t io n
W E2CHT-2.6
OHMD-O
FLDIPTH-21
FRDEPTH-21
KAHE-WIE3
RCLZ-1
RSHTR-0.0

WIDTH-2 
OHLX-O 
FLTX-5 
FRTX-5 
AREA-17 

UVAL-1.07 GLSTTP-1 
TRSHTR-0.7  SCFWTR-0

mDEPTH-O 
orna-o 
FLWD-3.3 
FRtfD-12 

AIM— 90

OHFLAP-O
FIAfBX-0

FRWBX-0

Alum s in g le  g l e e s /  l i g h t  c u t r e in

TILT-90 
XRFLCT-O.14 

5 SCFSMR-0.5

t
t
St
It

217 8GDISTWNTR A IR -0 .4  SLB-0.6
7 '8 SGDISTSMR A IR -0 .7  SLB-0.3
239 CLSGREFLECT JANGR-0.5 FEBCR-0.5 MARGR-0.5 APRGR-0.5 t
210 MAYCR-0.5 JUNGR-0.5 JULGR-0.5 AUGGR-0.5 t
241 SEPGR-0.5 OCTGR-O.5 WOVGR-O.5 DECGR-0.5 | t
242 R e f l e c t i v i t y  from sandy  ground
213 SOFACTORS JANSGF-1 FEBSGF-1 MARSGF-1 APRSGF-1 t
214 MAYSGF-1 JUNSCF-1 JULSGF-1 AUGSGF-1 6
715 S1PSGF-1 OCTSGF-1 NOVSGF-1 DSCSGF-1 | t
246 NO o u ts id e  o b s t r u c t io n
247 SHADING WHZXGBT—4 .3 WIDTH-4 OHDEPTH-0 6
748 OHWD-O OHLX-O OHRX-O OHFLAP-O t
249 FLDEPTH-20 FLTX-5 FLWD-5 FLWBX-0 t
260 FRDEPTH-20 FRTX-5 FRWD-4.6 FRWX-0
251 INFIL ACBAS1-1.25 1 s ta n d a rd  m asonry c o n s t r u c t io n
252 INTCAIN INTGAIN-20 SCHED-RES A IR -0 .5 SLB-O.S | t
253 i n t e r n a l  g a in  p u t t o  a i r  and s la b  nodes fKW hr/dayl
254 VENT TYPE-NONE
755 TSTATSWNTR TREAT-68 TDSRD-74 TCOOL-150 TBEATNXOHT-68
256 TSTATSSMR TREAT*0 TDSRD-70 TCOOL-72 THXATNICHT-0 &

WINDFACTOR 
CHNCSEASON 
DAYTIMES 
OPCOST

WARMUP
SOLARCALC
•END

TIMEDOWN*19 TIKEUP-7j n ig h t  e e tb e c k s  e f t e r  6 i00pm
0 .5 i a d ju s te d  f o r  a sem i open s i t e  
TYPE-DATE SDIOIER1SOMAR-15 SUWERERD-NOV-IS
WDBEC-7 WDERD-18 SD8EG-7 SDEND-19
ELPRICE-0.032 ACCOP-1.9
HEATING-ELECTRIC HTCOP-2 | t
A/C in d iv id u a l  u n i t  f o r  e o o lo in g  E le c  h e a t e r  
WUDAYS-7 WUCYCLES-1
FREQ-MONTHLY

• • •  No in p u t  e r r o r s .

• • • B e g i n n in g  s im u la t io n  18-DEC-95 11x53*05
House en e rg y  im b ala n ce  f o r  DEC H et-1 2 .1 1 1  k l t u  (0 .0 0 1 1 ) 

• • •  Run co ag p le te .
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4. Output File for Multi-Courtyard “AL1” House Unit:

CCfcHOaSZ (B *eeca»e2) BYi K h s l ld  A lH ia h io i 

Hensd Town, B ah ra in

CALFAS3 V3.12 L ic e n s e t PC0201 

H eather*  MIAMI.FL (Miami FL THY)

S U M M A R Y  Run p e r io d * JAN-01 - • DEC-31 C o n d itio n e d  f l o o r  a rea *  1045

SPACE CONDITIONING LOADS Run t o t a l s Peaks

kS tu k B tu /e f kBtuh

Bouse
C o o lin g
B e a tin g

79964
1687

76 .520
1 .615

79 .961
23 .203

ENERGY CONSUMPTION Run t o t a l s 1*

kWh; XBtu
P rop  l i n e  

k B tu /e f
S ource

k B tu /e f kW; kBtuh

E l e c t r i c i t y

Bouse c o o l in g  
House h e a t in g

12331
247

40 .274
0 .807

120.821
2 .422

12 .331
3 .399

T o ta l 12578 41.081 123.243

B u ild in g  t o t a l 41 .081  123.243

OPERATING COSTS

E l e c t r i c i t y  « 0 .0 3 2  $/ktfh 
F u e l # 0 S /k l tu

$ 403
_ S________0

T o ta l $ 403 ($ 0 .3 9 /e f>

Mote* CALF AS 3 i s  th e  p r o p e r ty  o f  and i s  l i c e n s e d  by  B e rk e le y  S o la r  G roup, 3140 
M a r tin  L u th e r  K ing J r .  May, B e rk e le y , CA 94703 (415 6 4 3 -7 6 0 0 ). C o r re c t  a p p l ic a 
t i o n  and o p e r a t io n  o f  CALFAS3 i s  t h e  r e e p o n e lb l l l t y  o f  th e  u s e r .  A c tu a l b u i ld in g  
p e rfo rm a n ce  may d e v ia te  from  CALFAS3 p r e d i c t i o n s  due t o  d i f f e r e n c e s  betw een  
a c tu a l  and assum ed w e a th e r , c o n s t r u c t io n ,  o r  occupancy . CALFAS3 i s  c e r t i f i e d  
f o r  C a l i f o r n i a  en e rg y  code com pliance  when used  in  s c c o rd a n c e  w ith  th e  BSO 
p u b l i c a t io n  "U sing  CALFAS3 w ith  t h e  C a l i f o r n ia  R e s id e n t ia l  B u ild in g  S ta n d a rd s ."

M O N T H L Y  H O U S E  E N E R G Y  B A L A N C E  (kB tuf + i n t o  h ouse)

GAINS S LOSSES TRANSFERS

MON CONI) SHCND XKFIL SLR INT STRO RBSS VENT COOL BEAT

JAN -2 6 9 6 .2 -1 2 5 4 .3 1093.1 2116 .1 9 6 .4 0 638 .85
FEB -2 1 8 4 .6 -1 1 4 5 .9 1179 .0 1911.3 7 .6 6 0 232 .95
MAR -5 1 .0 4 0 -5 7 9 .0 1 1441 .3 2116 .1 -3 7 .1 -2 8 8 8 .4 0
APR 3488 .0 4 7 9 .77 1551 .9 2047 .8 -1 2 .9 -7 5 5 4 .2 0
MAY 5116.3 101 0 .6 1580 .4 2116 .1 -1 0 .5 -9 8 1 2 .6 0
JON 6256.9 1442 .5 1417 .7 2047 .8 -4 .1 7 -11160 0
JVL 6845.4 1585 .1 1555 .8 2116 .1 -1 .8 5 -12100 0
AUG 7523 .5 1827 .5 1446 .4 2116 .1 - 0 .8 5 -12913 0
SEP 6642 .6 1613 .5 1360 .5 2047 .8 4 .3 1 -11669 0
OCT 4278.1 91 0 .1 0 1199 .8 2116 .1 2 5 .5 -8 5 3 0 .3 0
NOV 501.59 -2 6 7 .5 3 1132 .3 2047 .8 - 7 4 .1 -3 3 3 5 .6 0
DEC -2 6 3 7 .3 -1 2 4 3 .8 1116 .7 2116 .1 -158 0 8 1 5 .4 0

TOT 33083 •4378 .6 16075 24915 -165 -79964 1687 .2

M O N T H L Y C O N D I  t  :I O N S (U n its  a s shown)

TEMPERATURES (7 ) WTHR (F | I t u / e f )  PEAKS (kB tuh)

MON THL THH TKK TSL TSH TEN DSL DBB DBM SGL HSCL/DY RSHT/DY

JAN 73 77 75 60 76 68 1032 0 2 1 .0  13
FEB 74 79 76 61 76 69 1340 0 1 4 .2  27
MAR 74 77 76 66 79 73 1574 -8 0 .0 15 0
APR 72 72 72 68 81 75 1899 - 2 9 .6 2 0
MAY 72 72 72 72 83 78 1 7 9 5 - 3 1 .3 2 0
JUN 72 72 72 75 87 80 1667 - 3 3 .5 18 0
JUL 72 72 72 75 88 81 1740 - 3 2 .6 2 0
AUG 72 72 72 77 89 82 1686 -3 3 .0 11 0
SEP 72 72 72 76 87 81 1496 - 3 1 .5 21 0
OCT 72 72 72 72 83 77.1274 -2 9 .7 8 0
NOV 73 76 75 67 80 73 1178 -2 6 .2 3 0
DEC 72 76 74 59 75 67 1026 0 2 3 .2  16

TOT 72 74 73 69 82 75 1476 -8 0 .0 2 3 .2
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4 . Output File for Multi-Courtyard “AL1” House Unit- Contd.

1 TITLE COLHOUSE (B asecase2 ) BYi R h a lld  A lH aehlm l
2 SITE LAT-26 LOIK5—5 0 .5  •TIN-20 t
3 LOCATIOH-Hamad Town, B ah ra in
4 ASMSOOTH iso
5 ©REFLECT JAHOR-0.5 FEBGR-0.5 MAR6R-0.5 APRGR-0.5 - t
6 MAYOR-0.5 JVNCR-0.5 JVLCR-0.5 ADGGR-0.5 t
7 8EP6R-0.5 OCTGR-O.S HOVGR-O.5 DECGR-0.5 f t

51
52
53
54
55
56
57
58
59
60 
61 
62 
63

©LASS

r e f l e c t i v i t y  v a lu e  f o r  d ry  send  
4 . Of a v e ra g e  o u ts id e  f i lm  c o e f f .  1 0 .7  mph i n  B a h ra in

10 MOOSE FLRAREA-1045 VOL-10613
11 ROOF AREA-1045 AIM -0.0 T IL T -0 .0  UVAL-0.246 ABSRP-0.4 f t
12 A beorp . v a lu e  f o r  s h in g le s  l i g h t  e a r t h  to n e
13 MALL MAME-WLSl AREA-45 AIM-0 TILT-90 t
14 0VAL-0.246 ABSRP-0.1 IMSIDE-EXMALL f t
15 8* c o n c b lo c k , A beorp f o r  w h ite  r e n d e r
16 WALL MAME-WLSl AREA-157 AIM-0 TILT-90 t
17 UVAL-0.246 ABSRP-0.3 IMSIDE-EXMALL
18 MALL MAME-WLS3 AREA-136 AIM-0 TILT-90 t
19 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
20 MALL KAME-WLW1 AREA-101 AIM-90 TILT-90

21 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
22 MALL KAMI-WLW3 AREA-20 AIM-90 TILT-90 t
23 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
24 MALL KAMS-ttLMl AREA-131 AIM-180 TILT-90 t
25 • UVAL-0.246 ABSRP-0.3 IMSIDE-EXMALL
26 MALL BAME-WLK2 AREA-21 AIM-180 TILT-90 t
27 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
28 MALL MAME-WLM3 AREA-107 AIM-180 TILT-90 t
29 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
30 MALL RAME-WLM4 AREA-60 AIM-180 TILT-90 t
31 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
32 MALL BAME-MLE1 AREA-133 AIM— 90 TILT-90 t
33 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
34 MALL BAME-MLE2 AREA-105 AIM— 90 TILT-90 t
35 UVAL-0.246 ABSRP-0.3 IMSIDE-EXMALL
36 MALL

C t
MAME-WLE3 AREA-41 AIM— 90 TILT-90

37 UVAL-0.246 ABSRP-0.1 IMSIDE-EXMALL
38 WALL MAME-WLE4 AREA-189 AIM— 90 TILT-90

39 UVAL-0.246 ABSRP-0.3 IMSIDE-EXMALL
40 MALL BAME-MAIHDOOR AREA-23 AIM-160 TILT-90 6
41 UVAL-0.64 ABSRP-0.6 IMSIDE-AIR . f t
42 Main d o o r fram e so ftw ood  c o re  1 3 /4 "  R -1 .6
43 MALL KAME-XITDOOR AREA-20 AIM-0 TILT-90 t
44 UVAL-0.64 ABSRP-0.6 IMSIDS-AIR f t
45 a b e o rp . f o r  l i g h t  b e ig e  p a in t
46 WALL BAME-REARDOOR AREA-20 AIM-0 TILT-90 t
47 UVAL-0.64 ABSRP-0.6 IMSIDE-AIR f t
48 ab e o rp . f o r  l i g h t  b e ig e  p a i n t
49 MALL HAME-PERSLBLOSS ARIA-129 AIM-0 TILT-0 t
50 UVAL-0.90 ABSRP-0.0 IMSIDE-AIR f t

■ lab  r a i e e d  above g round  w ith  no s la b  edge I n s u l a t i o n  
MATERIAL*ROOPWALL VHCAP-21 - COND-0.5#2 f t
An a v e ra g e  betw een ro o f  and w a ll  m a te r i a l s  
ARZA-1045 THXNS-4 KATZAIAL-CONC140 6
HTAHS-1.5 -RSURr-2.2 f s l a b  w ith  g e n e r ic  c a rp e t in g
JWSA-1449 THKNS-4 MATtRIAL*ROOFWALL S
HTAHS-1.5 RSVRf-0 f p l a s t e r e d  w a lls
TRRNS-6 MATER!AL-ROOntALL HTAHS-1.5 6
RSURT-0 f6 "a v a re g e  m e te r la l /c o n c  100 I b / c f  
HAM1-WIS1 ARIA-17 AIM-0 TILT-90 6
KCLZ-1 UVAL-1.07 CLSTYP-1 XRTLCT-0.14 t
RSHTR-0•0  TRSHTR-0.7 SCFWNTR-O.S SCTSMR-0.5 f t
Alum s in g le  g l a s s /  l i g h t  c u t r a l n

64 BGDIBTWMTR A IR -0 .4  8X 3-0.6
65 SCDISTSMR A IR -0.7  SLB-0.3
66 GLSCRSFLECT JANOR-0.S FESGR-0.5 MARGR-0.S APRGR-0.5 t
67 MAYGR-0.5 JUlfGR-0.5 JULGR-0.5 AUGGR-0.S t
68 SEPGR-0.5 OCTGR-O.S NOVGR-O.5  DECGR-0.5 f t
69 R e f l e c t i v i t y  from sandy  g round
70 SCFACTORS JAMSGF-1 FESSGF-1 MARSGF-1 APRSCF-1 t
71 M AYser-i JUFSGF-1 JULSCF-1 AUGSCF-1 t
72 SSPSCP-l OCTSGF-1 MOVSCF-1 DECSGF-1 f t
73 no o b s t r u c t io n  from  o u ts id e
74 SHADING WHEICHT-4.3 MMIDTH-4 OHDEPTH-O.O t
75 OHMD-O OHLX-O OHRX-O OHFLAP—0 t
76 FLDEPTH-16 FLTI-5 FLMD-4 FLWBX-0 t
77 FRDEPTH-16 FRTX-5 FRWD-8.5 FRW1X-0
78 GLASS MAMS-MIS2 AREA-5.7 AIM-0 TILT-90 t
79 NGLZ-1 UVAL-1,,07 CLSTYP-1 XRFLCT-0.54 t
80
81
82
83
84
85
86

SGDISTWNTR
SCDISTSMR
OLSOREFLECT

A IR -0.4
A IR -0.7

SL 8-0 .6
SLB-0.3

TRSHTR-1 fO beecure g l a s s  no s h u t t e r

JANCR-0.5 FESGR-0.5 KARGR-0.5 APRGR-0.5 t
MAYGR-0.5 JUMGR-0.5 JULGR-0.5 ADGGR-0.5 t
SEPGR-0.5 OCTGR-O.S MOVGR-0.5 DECGR-0.5 f t
R e f l e c t i v i t y  from sandy  ground
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4 . Output File for Multi-Courtyard “AL1” House Unit- Contd.

87
8889
90
91
92
93
94
95
96
97
98

JA#8CP"1
KAYSGP-1
SEPSCP-l

nsscF-i
JUPSOP-l
ocrsor*!

mutscr-i
JVLSOP-1
wovscr-i

APPSGF-l
AW3SCF-1
eicscp-1

6t
I t

KO o u te ld e  o b s t r u c t io n
tfHIX©BT-7
OHWD-O
iLDIPTH-lS
rroiP T H -is
KAKZ-WIW1
SCLZ-1
R5HTR-0.0

WIDTH# 1 
ORLX»0 

FXTX-2.6 
rRTX-5 

ARIA-17 
UVAL-1.07 
TRSHTR-0.7

OHDEPTH-O 
OKRX-O 
FLWD*12.5 
mWD"3 

AIM-90 
CLSTYP-1 
SCFHHTReO.5

A lim s in g l e  g l e e s /  l i g h t  c u t r s l n

OKFLAP-O t
FLWBX-0 t
FRWBX-0

TILT-90 t
UtTLCT-0.14 t  

SCr$HR-0.5 | t

99 SGDXSTWTR A IR -0.4  SLB-0.6
100 SGDISTSMR A IR -0 .7  SLB-0.3
101 CLSGRIFLECT JANGR-0.5  n iG R -0 .5 MARGR-0.5 APRGR-0.5 6
102 MAYGR-0.5 JUMCR-O.S JULCR-0.5 AUGGR-0.5 t
103 81PGR-0.5  OCTCR-O.5 HOVCR-O.5 DECGR-0.5 It
104 R e f l e c t i v i t y  f o r  sandy  groung
105 SGFACTORS JANSCF-1 FEBSGF-1 MARSGF-1 APRSGF-1 t
106 MAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1 t
107 SSPSGF-1 OCTSCF-l MOVSGF-1 DECSGF-1 It
108 Mo o b e t r u c t io n
109 SHADING W EIGHT-4.3 WIDTH-4 OHDEPTH-O t
110 OffWD-O OHLX-O OHRX-O OKFLAP-O t
111 FLDEPTH-16.S FLTX-5 FLMD-3 FLWBX-0 t
112
113
114
115
116
117
118
119
120 
121 
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

MDI&TWTR
SCDISTSK*
CLSGRZFLECT

itoB PT H -16.5  FRTX-2.6 fTWD-9 FRWBX-0
MAKE-WIN1 ARIA-23 AIM-180 TILT-90
KGLI-1 UVAL-1.07 OLSTYP-1 XRTLCT-0.54
RSHTR-0.0 TRSHTR-1
w ith  o v erhang  sh a d in g
A IR -0.4  8LB-0.6
A IR -0.7  SLB-0.3
JAMCR-0.35 P1BCR-0.35 KARCR-0.35 APRGR-0.35 
MATCR-0.35 JUNGR-0.35 JULCR-0.35 AUCCR-0.35 
8EPCR-0.35 OCTCR-O.35 MOVCR-0.35 DICCR-0.35 
R e f l e c t i v i t y  from paved e n t r a n c e  walkway 
JAMSCF-1 P I180F-1 KARSCF-1 APRSGF-1 
KAYSCF-1 JUNSOP-l JULSGF-1 AUGSOi-l 
SEPSGi-1 OCTSCF-l NOVSCr-1 DBCSCr-1 
no o b s t r u c t io n  from  o u te ld e

fXWD-4 
FRWD-1 

AIM-180 
CLSTYP-1

SCDISTWTR
SCOISTSMR
CLSGRIFLECT

8GFACT0RS

WEIGHT-? W ID TH -3.28
OHWD-2.6  OHLX-O
PLDEPTH-2.6 PLTX-2.6
PRDEPTH-14 FRTX-2.6
NAME-WIN2 AREA-10.5
MGLZ-1 UVAL-1.07
RSHTR-0.0 TRSHTR-1
Assume no s h u t t e r  t o  k i t c h e n 's  window 
A IR -0.4  SLB-0.6
A IR -0 .7  SLB-0.3
JAMGR-0.5 FBBGR-0.5 KARGR-0.5
MAYGR-0.5 JUHGR-0.5 JULCR-0.5
SIPGR-0.5  OCTGR-0.5  HOVGR-0.5
R e f l e c t i v i t y  from  sandy  ground 
JAMSOr-l FEISGF-l KARSGF-1
MAYSGF-1 JUItSGF-1 JULSGF-1
8EPSGF-1 OCTSCF-l NOVSGF-1
Mo o b s t r u c t io n

OHDEPTH-2.6 
OHRX-4 ORFLAP-1

APRGR-0.5 
AUGGR-0.5 
DECOR-0.S

APRSGF-1
AUGSGF-1
DECSGF-1

158
159
160 
161 
162

R e f l e c t i v i t y  f o r  cone pavem ent 
JANSGP-1 FEBSGF-1 MARSGF-1 APRSGF-1
MAYSGF-1 JUNSGF-1 JULSGF-1 AUGSGF-1
SSPSGF-1 OCTSCF-l MOVSGF-1 DECSGF-1
Mo o b s t r u c t io n

fct
It
t6
It
t
t

FLWBX-0
FRWBX-0

TILT-90
XRFLCT-0.14

t
t

I t

t
t
It

145 SHADING WHZICHT-2.6 WIDTH-4 OHDEPTH-O &
146 OBWD-0 OHLX-O OHRX-O OHFLAP-0 t
147 FLDEPTH-12.6 FLTX-5 FLWD-6 FLWBX-0 t
148 FRDEPTH-12.6 FRTX-2.6 FRWD-9 FRWBX-0
149 GLASS NAME-WIN3 AREA-5.2 AIM-180 TILT-90 t
150 MGLX-1 UVAL-1.07 CLSTYP-1 XRFLCT-0.54 t
151 RSHTR-0.0 TRSHTR-1 I t
152 W e e c u re  g la s s  t o  bathroom
153 SCDISTWMTR A IR -0.4  SLB-0.6
154 SGDISTSMR A IR -0 .7  SLB-0.3
155 CLSGRZFLECT JAIR1R-0.35 FIBGR-0.35 MARGR-0.35 APRGR-0.35 t
156 KAYGR-0.35 JUNGR-0.35 JULGR-0.35 AUGGR-0.35 t
157 SEPCR-0.35 OCTGR-0.35 NGVGR-0.35 DECGR-0.35 I t

t
t
It

163 SHADING WEIGHT-2 .6 WIDTH-2 OHDEPTH-O t
164 OHWD-0 OHLX-O OHRX-O OHFLAP-O t
165 FLDEPTH-4.6 FLTX-5 FLWD-3 FLWBX-0 I
166 FRDEPTH-4.6 FRTX-S FRWD-1 FRWBX-0
167 GLASS NAME-WIEl AREA-17 AIM— 90 TILT-90 t
168 MGLZ-1 UVAL-1.07 GLSTYP-1 XRFLCT-0.14 t
169 RSHTR-0.0 TRSHTR-0.7 SCFWNTR-0.5 SCFSKR-0.5
170 SCDISTWMTR A IR -0.4  SLB-0.6
171 SGDISTSMR A IR -0 .7  SLB-0.3
172 CLSGRIFLECT JANGR-0.35 FIBGR-0.35 MARGR-0.35 APRGR-0.35 t
173 KAYCR-0.35 JUHGR-0.35 JULCR-0.35 AUGGR-0.35 6
174 SEPGR-0.35 OCTGR-0.35 NOVGR-O.35 DICCR-0.35 It
175 R e f l e c t i v i t y  f o r  cone pavem ent
176 SGFACTORS JAMSCF-1 FEBSGF-1 MARSGF-1 APRSGF-1 t
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177
178
179
180 SHADING
181
182
183
184 GLASS
185
186
187 8GDISTWTR
188 SGDISTSMR
189 GLSGRXFLECT
190
191
192
193 SGFACTORS
194
195
196
197 SHADING
198
199
200
201 XNFIL
202 INTGAIN
203
204 VENT
205 TSTATSWTR
206 TSTATSSMR
207
208 WINDFACTOR
209 CHNGSEASON
210 DAYTIMES
211 OPCOST
212
213
214 WARMUP
215 SOLARCALC
216 •END

HATSCi-i J th is o r - l  - ju L M m  
8SPSCP-1 OCTSCF-1 NOVSCF-1 
No o b s t r u c t io n  '

A uO M M
DgCSOi-l

OKDIPTH-O
CMRX-0
PLMD-4.6 
rmfD-9 
MM— 90

OKFIAP-O
rnnx-o
FtoflX-0
TILT-90

WHIICHT«4.3 WIDTH-4 
OHVD-O OHLX-O
FIDEPTH-19 FLTX-5
FR0EPTH-19 FRTX-5
HAKE-VIE2 ARIA-5.2
^ L Z -1  UVAL-1.07 CLSTTP-1 XRFLCT-0.54
RiHTR-0•0  TRSHTR-1 jO boscuro  g le e s  no s h u t t e r
A IR -0 .4  S L S -0 .6
A IR -0.7  8LB-0.3
JANGR-0.35 FEBGR-0.35
KATGR-0.35 JUWGR-0.35
SEPQR-0.35 OCTCR-0.35
R e f l e c t i v i t y  f o r  cone p e r  
JANSCF-1 FEBSCF-1
MAYSGF-1 JUHSGi-1
SZPSCF-1 OCTSCF-1
NO o u ts id e  o b s t r u c t io n  
W EIG H T-2.6 WIDTH-2
C^HD-0 OHLX-0
FLDEPTH-6 FLTX-5
FRDEPTH-6 FRTX-5
AC8ASI-1.25 i s ta n d a rd  m asonry c o n s t r u c t io n  
INTGAIN-20 SCHED-RES A IR -0.5  SLB-0.5
I n t e r n a l  g a in  p u t t o  a i r  and s la b  itodes [KWhr/day]

MARGR-0.35
JOLGR-O.35
ltoVGR-0.35

e n t
KARSGF-1
JULSGF-1
m VSO F-1

APROR-O.35
AUGGR-0.35
DECCR-0.35

AFRSGF-1
AUCSCF-1
DECSGF-1

ohdepth- o
OHRX-O OH FLAP-0

FLMD-2 FXWBX-0
FRWD-0.3 FRWBX-0

TCOOL-150
TCOOL-72

THXATHICHT-68
THEATNICHT-0

TYPE-HONE
THIAT-68 TDSRD-74
THEAT-0 TDSRD-70
TIMSD0W-19 TIKEUP-71 n ig h t  s e tb a c k s  a f t e r  6:00pm 
0 .5»  a d ju s te d  f o r  a serai open s i t e  
TYPE-DATE SUMMERS EC-KAR-15 SUWEREND-HOV-IS

HEATING-ELECTRIC HTCOP-2 |6
A/C I n d l r l d u a l  u n i t  f o r  c o o lo ln g  E le c  h e a t e r  
HUDAYS-7 WUCYCLES-1
FREQ-MONTHLY

• • •  No in p u t  e r r o r s .

6
I t

66
8

t6

6t
It
tt
It
tt6

It

t

6

• • •  B eg in n in g  s im u la t io n  19-DEC-9S 2 2 :1 5 :4 1
Houee en e rg y  lW )a lance  f o r  DEC N e t-9 .4 8 1  kBtu (0 .0 0 1 2 )

Run co m p le te .
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APPENDIX 4: Thermal Resistance of Insulated Concrete Block Wall

Thermal Resistance of Insulated Concrete Block Wall 

Source: ASHRAE Fundamentab Handbook, 1989

Material Thermal Resistance

Ft2, hr. °F/Btu

T (Rl) Outside Air Film ( 15 mph wind) 0.17

2 (R2) Total Thermal Resistance of Face Shells 0.25

3 (R3) Thermal Resistance of Cores between Face Shells 14.86

4 (R4) Thermal Resistance of Webs between Face Shells 0.51

5 (R5) Fraction of Total Area Transverse to Heat Flow Represented 
by Webs of Blocks

0.192

6 (R6) Fraction of Total Area Transverse to Heat Flow Represented 
by Cores of Blocks

0.808

7 (R7) Inside Air Film (Still air) 0.68

The Total Thermal Resistance = R1+ R7+ R2+ (R4. R3/R6.R4+R5.R3)

= 0.17+ 0.68+ 0.25+ (0.51X14.86)/ [(0.808)(0.51)+(0.192)(14.86)]

= 3.43°F. ft1, hr/ Btu

Therefore the U value is = 1/ 3.43= 0.292 Btu/hr. ft1. F®

Note: The two-core block has an average web thickness of 1” and a face shell thickness of 1V*". Overall block 
dimensions are 7-5/8 by 7-5/8 by 15-5/8”. Thermal resistance of 112 Ib/fV concrete and 5 Ib/fV expanded perlite 
insulation are 0.10 and 2.90°F. ft2
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