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In the name of God, the Merciful,  The Mercy-giving 

Which then is best?—he that 
Layeth his foundation 
On piety to God 
And His Good Pleasure?—or he 
That layeth his foundation 
On an undermined sand-cl i f f  
Ready to crumble to pieces? 
And i t  doth crumble to pieces 
With him, into the f i re 
Of Hell .  And God guideth not 
People that do wrong. 

Surat Attauba (9)109 
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ABSTRACT 

The goal of this thesis is to help change recent att i tudes 

about what consti tutes good housing in Libya. I ts underlying premise 

is to help designers ful f i l l  Islamic social needs and to stress the 

long-term costs of maintaining the bui l t  environment over the 

short-term costs of development. Likewise, this thesis proposed 

guidel ines to help extend the l i fet ime of dwell ings while maintaining 

equi l ibr ium between the new technology and the old housing techniques. 

In order to achieve these goals, i ts method is deductive and rests on 

lessons of the past and analysis of cl imatic data and Islamic social 

1 i fe. 

The study is divided into f ive chapters. The introduction 

covers historical and exist ing condit ions. Cl imatic and social design 

guidel ines are covered in the second and third chapters. The fourth 

chapter consists of an assessment of selected tradit ional and 

contemporary housing types. The last chapter consists of a br ief 

summary of design methodology, cl imatic and social cr i ter ia for various 

design considerations. 

xv i  i  i  



CHAPTER 1 

INTRODUCTION 

1.1 Administrat ive and Demographic Background 

The name "Libya" is an ancient historic term that appears on 

the earl iest maps. The Greeks later gave the name Libya to al l  of 

northern Afr ica.^ Before 1911 i t  was one of the regions of the Islamic 

Nation, and as such did not appear on the maps of colonial Afr ica (see 

Figure 1). In 1911, I tal ian colonists unif ied the area under their 

control for administrat ive purposes (see Figure 2). Modern Libya, as a 

country, came into being after World War I I ,  as the result of a United 

2 
Nations decision in November 1949. 

Libya in 1985 is the shortened name for i ts recent formal name, 

3 "The Social ist People's Libyan Arab Jamahir iya," or S.P.L.A.J. I t  is 

an Arabic Islamic country, with a highly homogeneous populat ion that 

cl ings tenaciously to i ts Islamic values. When the Jamahir iya was 

1. Vi l lard, Henry Serrano, Libya: The New Arab Kingdom of 
North Afr ica, Cornel l  University Press, I thaca, New York, 1956, pp. 
1-11. See also Ferley, Rawle, Planning for Development in Libya: The 
Exceptional Economy in the Developing World, Praeger Publishers, Inc., 
New York, 1971, p. 7. 

2. Pelt,  Adrian, Libyan Indepen'. .  ice and the United Nations, A 
Case of Planned Decolonization, New Haven and London, Yale University 
Press, 1970, pp. 157-172. 

3. Wright, John, Libya: A Modern History, Creom Holm, London, 
1932, pp. 172-200. 

1 



a. 

b. 

Figure 1. The flag of the Libyan mujahedeen in 1911, showing Libya 
and the entire Islamic map (source: Griffin, 1924). -
(a) Solieman Albaroni, one of the leaders of Mujahedeen in 
J a be 1 N u f us a ; an d ( b ) The 11 Ray a 11 of J a be 1 N u f us a . 

2 



A-LIBYA 1914 

UNDER ITALIAN RULE 

B- LIBYA 1937 
UNDER ITALIAN 
RULE 

C- LIBYAN KINGDOM 

1951-69 

D~ LIBYA AFTER 

1969 S.P.L.A.J 

Figure 2. Libya from 1914 to 19P.5. - -  (a) Libya, 1914, under I tal ian 
rule; (b) Libya, 1937, under I tal ian rule; and (c) Libyan 
Kingdom, 1951-69 (source for A and B: Encyclopedia 
Bri tannica, Inc., 0C6 World Scene, 1983, p. 2P9). 



4 

f i rst  proclaimed under Art ic le 1 of the March 2, 1977 declarat ion, i t  

was fol lowed by Art ic le 2, which impl ic i t ly proclaimed the Qur'an as 

4 
the supreme law of the land and the code of social  behavior.  

Libya is located on the central  Mediterranean coast of North 

Afr ica between Egypt and Tunisia. I t  is the fourth largest country in 

Afr ica and is as large as France, I taly,  Spain and West Germany 

combined, having a total  area of 1,780,000 sq km (680,000 sq mi) (see 

Figure 3).  However, 91% of i ts area can be considered harsh or unin

habitable, consist ing mainly of desert ,  which affects the populat ion 

distr ibut ion. As a result ,  just 10% of the country is occupied by 

nearly 90% of the populat ion; and this major i ty mainly l ives within 10 

km (6 mi) of  the sea coast.  According to UN est imates, Libya recorded 

the fastest populat ion growth among the North Afr ican countr ies in the 

Middle East between 1970 and 1974 (4.2%).^ Libya's est imated 

populat ion was three mi l l ion people in 1980. 

In the 1977 census, Libya also reported a high percentage of 

males in the populat ion and an average family size of 5 people. The 

populat ion is young, with almost 44% under 14 years of age, 51% between 

15 and 64, and 5% over 65. The populat ion is distr ibuted among four 

4. Nelson, Harold D.,  Libya: A country Study, Foreign Areas 
Studies, The American Universi ty,  Washington, D.C.,  1979, Third 
Edit ion, p. 181. 

5. Roberts,  M. Hugh, P.,  An Urban Prof i le of the middle East,  
St.  Mart in 's Press, N.Y.,  1979. See also, Kurina, George Thomas, 
Encyclopedia of the Third World, Revised Edit ion, Vol.  I I ,  Facts on 
Fi le,  Inc.,  New York, 1982, pp. 1087-1105; and United Nations, 
Demographic Yearbook, UN Publ icat ions, New York, 1980. 
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Fig~re 3. Libya--its situation and area (s6urce: Nelson, 1979). 
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planning regions: Tr ipol i tania, Cyrenaica, Fezzan, and Elkhal i j^ (see 

Figure 4).  

However, these regions have, at  present,  no administrat ive or 

execut ive funct ions and can be thought of as study areas. They have 

been spl i t  up for the purpose of expedit ing developmental planning 

within the country. The pol i t ical  or formal administrat ive divis ion 

into municipal i t ies is unstable and improper for a comprehensive study. 

The f i rst  two regions are Tr ipol i tania, which accounts for 64% of the 

populat ion and Cyrenaica, which has 25%. Tr ipol i  and Benghazi 

sub-regions roughly occupy the histor ical  regions of Tr ipol i tania and 

Cyrenaica, forming recognizable geographic ent i t ies, and having the 

most fert i le agricul tural  land in Libya. 

The Fezzan region is located in the southwest area of the 

country and contains 5% of the populat ion as wel l  as a recognizable 

desert-or iented ident i ty,  in contrast to the Mediterranean character of 

the f i rst  two regions. The last region, Elkhal i j ,  accounts for less 

than 5% of  the populat ion and has no t radit ional background as a 

region. I t  has been put together from the areas lef t  over from the 

other regions and forms a "no man's land" between Tr ipol i  and Bengazi.^ 

A very high rate of urban growth, 11%, was reported in these 

four regions during the 1970s. In 1978-1979, a nat ionwide study, 

6. S.P.L.A.J.,  Secreter ial  of  Municipal i t ies, Regional Plan, 
1980-2000, El-Khal i , ]  Region, Prepared by Speerplan/Finnman, December 
1980, pp. 2-3. 

7. Speerplan and Finnman, December 1980, pp. 2-4. 



Figure 4. The four Libyan planning regions (source 
Finnman, 1980, p. 6). 
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carr ied out to help review and update urban plans, revealed that the 

total  urban populat ion reached 80% of the total  populat ion of the 

country, considering only c i t ies having 5,000 or more people. In some 

newly developed ci t ies, the rate of growth was double that of Tr ipol i ,  

the lowest being 1% in the case of Zwara, a coastal  c i ty near the 

northwest border.  

Recent urban growth is associated with the Western model of  

urbanizat ion character ized by low densit ies, wide highways, high-r ise 

and single-family dwel l ings with open plan design, especial ly regarding 

g 
urban expansion and housing (see Figures 5 and 6).  

Most of  the housing design used in the di f ferent sectors is a 

var iat ion on Western housing, t ransplanted into di f ferent regions, 

cl imates and social  sett ings. How this recent change in populat ion and 

i ts associated housing patterns wi l l  affect the social  framework of the 

Libyan society is a quest ion that concerns Libyan authori t ies. 

1.2 Pol i t ical  and Economic Development,  
and Social  Change 

Libya has a long history of subjugat ion to foreign powers and 

inf luence, beginning with the Roman and Greek empires and extending 

through the I tal ian dominat ion. Independent Libya only came into 

existence on December 24, 1951, fol lowing several decades of I tal ian 

occupation, and Br i t ish and French administrat ion. 

8. Att i r ,  Mustafa, 0. ,  "Libya's Pattern of Urbanizat ion," In 
Eikst ics: The Problems Science of Human Sett lement,  Greece, Athens, 
Volume 50, NcT 300, May/June, 1983, pi  161. 



Figure 5. Western style of planning; the new city in Ras Lanuf, 
Libya. (Source: A.P.L.A.J., Secretariat of Heavy 
Industries, Prega and Ras Lanuf Higher Committee, the 
Final Report, 1980, by Devecon Engineers. 

9 



10 

a. 

b. 

Figure 6. High-rise dwellings and open-plan design, Tripoli, Libya. -
(a) Typical view of the high-rise buildings of 13 stories; 
and (b) Typical plan of the high-rise buildings. 
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During the 1930s and 1940s Libya was one of the poorest 

countr ies in the world. When independence was achieved in 1951, Libya 

had been devastated by l iberat ion wars against I tal ian colonial ism. I t  

was also the scene of some of the f iercest batt les of the North Afr ican 

Q 
campaign of World War I I .  Libya was lef t  with few resources; and the 

l imited infrastructure bui l t  during the colonial  period had been 

destroyed, or was st i l l  control led by the I tal ians. The country 

subsisted on internat ional chari ty.^ Financial  handouts from the 

United Kingdom and the United States of America were accompanied by 

pol i t ical  pressure and interference in the internal and internat ional 

af fairs of Libya (see Figure 7).  

Libya was also a country without a t rained workforce. The 

I tal ian occupation of Libya had been racist  in nature, the hope being 

that Libya would be a colony to contain their  surplus populat ion. 

Under I tal ian colonial  occupation there arose two separate classes: 

the "nat ionals," meaning the I tal ians, and the indigenous Libyans. 

I tal ians took possession of the best land and most of  the country 's 

wealth. Libyans; however, control led the mountains and the desert .  

Many famil ies also lef t  the country to search for freedom, educat ion 

and a better l i fe.  Insuff ic ient educat ion at home was a means of  

ensuring I tal ian dominance. 

9. Pelt ,  Adrian, 1970, p.  901. 

10. Pelt ,  Adrian, pp. 662-824. See also Vi l lard, Henry, 1956, 
pp. 110. 



Figure 7. Foreign charities; the Libyan prime minister receives 
a $1 million check from American Minister Villard 
(source: Villard, 1956, p. 110). 

12 
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Incredibly,  at the t ime of Libyan independence in 1951, there 

were less than ten people in the country with universi ty degrees.^ 

Libya was indeed not only poor and desolate, but a f inancial  burden to 

the occuyping powers, with no indicat ion of any future economic 

recovery. More than 80,000 colonists from I taly and other countr ies 

were lef t  to occupy the fert i le agricul tural  land, as wel l  as homes in 

urban areas. They also control led commercial  t rade, strategic and 

responsible professions, recreat ional areas and al l  industr ies. More

over,  Libya was found to be ideal for aviat ion and mi l i tary training 

act iv i t ies. More than six American and Engl ish air  force bases were 

establ ished in Libya between 1940 and 1952. 

In spite of the fact that Libyans had no immediate solut ion to 

these problems, they did not completely depend on foreign help. 

Educat ion and medicine were supported by UNESCO, to help r id the 

country of diseases such as malar ia, trachoma and typhus. A number of  

dramatic changes started to take place. A wave of v i l lagers was 

at tracted to the ci t ies, searching for a better way of l i fe.  Since 

they could not afford middle class housing, migrants bui l t  their  own 

houses from very pr imit ive materials in areas ly ing outside of master 

plans. At the same t ime, l i fe became more stable and the per capita 

income increased from $30 per year in 1951 to $100 per year by the end 

of that decade. 

11. Vi l lard, Henry, 1956, p. 7. 
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Social  and economic condit ions in Libya changed dramatical ly 

with the oi l  discoveries of 1959. The outstanding character ist ics of 

the Libyan economy in this period were the transformation from a 

stagnant to a rapidly growing economy, and the prominence of the oi l  

sector.  Eventual ly,  rapid and drast ic change took place in the 

nat ional economy. Within eight years of the f i rst  oi l  shipment,  Libya 

became the world's fourth largest exporter of crude oi l ,  a rate of 

12 
growth not dupl icated anywhere else in the industry 's history. 

13 
The rate of migrat ion to urban areas accelerated rapidly.  

Most Libyan ci t ies witnessed a large number of  shanty towns surrounding 

the planned areas (see Figure 8).  Homes began to encroach on agricul

tural  land, and farming took place on a huge commercial  scale. 

Because of a lack of architects, I tal ian and Libyan surveyors, 

draftsmen and c iv i l  engineers dominated the housing market during the 

late 1950s through the early 1970s, most of  them seeking rapid wealth. 

Unqual i f ied designers were responsible for the very pr imit ive level of 

design and i ts harmful impact on social  behavior and the architectural  

character of the country. A lack of competent managers, planners and 

architects in general gave many unqual i f ied designers the opportunity 

to destroy the architectural  character of the country. They created 

huge, new, unattract ive slum areas that persisted as the main problem 

12. Fl-Fathaly, Omar I . ,  Pol i t ical  Development and Social  
Change in Libya, Lexington Books, 1980, D. C. Heath and Company, p.  21. 

13. Farley, Rawle, 1971, p. 56. 



Figure 8. Shanty towns surrounding the planned areas, 1972 
(source: Department of Information and Cultural 
Affairs, Ministry of Foreign Affairs, The Human 
March in the L.A.R., Printed by Emmek appa Typolito, 
Rome, 1976, p. 189). 

15 
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of architectural  and social  planners. These houses can be judged 

substandard because they lacked many of  the required amenit ies. 

Almost a l l  the housing of this period was an imitat ion of the 

tradit ional courtyard house. As a result ,  the new generat ion of young 

people associated the courtyard house with poverty,  slum areas, lack of 

amenit ies, outmoded styles and inadequacy of services. This si tuat ion 

reduced the age of accommodation of those bui ldings, for the house

holder changed to other housing in several years when they real ized 

that the house was not sui table for their  family.  This cycle of change 

from one middle class distr ict  to another created insecuri ty and 

maladjustment among family members.^ 

This s i tuat ion also created a loose social  fabr ic,  creat ing 

aggressive, independent people in such areas within the ci t ies of 

Tr ipol i  and Benghazi.  Design, however, was not the only factor which 

caused this social  al terat ion; there are some other factors which share 

the responsibi l i ty.  

One of the the other reasons for this general social  change was 

that foreign ski l led workers, professionals and technical experts were 

encouraged to migrate into the country. The number of  foreigners is 

present ly est imated in excess of 600,000, of  whom about hal f  are 

14. These analyses are based on f ie ld research in 1976 by the 
author on some distr icts in Tr ipol i ,  and unpubl ished research about 
"Fashloom distr ict"  in Tr ipol i  by Dr. Imam Shalabi,  a faculty member at  
Ain-Shams Universi ty,  Cairo, and Dr. Adel Ismai l ,  who was a faculty 
member at  the Universi ty of Tr ipol i ,  Libya (now Al-Fatah Universi ty),  
1969-1971 ) .  
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1 5 
Egypt ians, who arr ived in large numbers in the late 1960s. Another 

reason is the return of Libyan migrants back to their  homeland. Both 

kinds of migrants st imulated accelerated social  changes i  ncreasing the 

rate of cr ime and loosening the moral and rel igious roots which 

underl ie behavioral  patterns and social  organizat ion.^ 

Returning migrants, for instance, brought back pol i t ical ly and 

social ly progressive att i tudes. In the years previous "to the 1970s, 

most people considered the migrants as second class ci t izens despite 

their  ski l ls.  Because of their  di f ferent social  behavior,  dress and 

way of  l i fe,  people used to cal l  them by the name of the country from 

which they returned. Their women had more inf luence and authori ty 

within the family than the males, in many cases. Most of  these 

famil ies sett led in the poorer areas of Tr ipol i  and Bengazi,  where 

del inquency and cr ime thr ived. 

The 20th century has also made a deep impact on the l ives of 

the new generat ion. Is lamic values have been loosened more than most 

people real ize or are ready to admit.^ People have moved to modern 

environments and became acquainted with other ways of l i fe and 

cul tures. Those people see how people other than their  old, famil iar 

15. Kurina, George, Vol.  I I ,  1982, p.  1088. 

16. This information is based on a comparison study from the 
annual cr ime book, "Sejel l  Al-Kadaya Al-Gena1eyah," The Higher Court 
annual publ icat ion, Tr ipol i ,  1968-1973. 

17. El-Fathaly-Omar, 1980, pp. 23-36. 
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neighbors l ive. Others have also learned new ways through newspapers, 

magazines, radio, television, or v ia their  chi ldren l iv ing overseas. 

This image of the modern way of  l i fe has had an ef fect on the average 

c l ient 's wi l l ingness to accept what designers offer them as contempo

rary housing. This s i tuat ion created a const i tuency which demanded 

new, cost ly Western-type housing design (see Figure 9).  A competi t ion 

developed between foreign employees of the oi l  companies, a ir  force 

bases and the diplomatic corps that raised the rental  rates of that 

kind of housing. The high rate of return offered by those people for 

Western housing encouraged the owners to rapidly develop larger 

quant i t ies of this type of housing. 

As a result  of  the new economic s i tuat ion and accompanying cash 

f low, a new ambit ious class started to ar ise, seeking to control  the 

government and business sectors. Unfortunately,  Libya began to fol low 

the path of many other oi l -producing countr ies in the developing world. 

Moral decadence and corrupt ion became stronger within the tradit ional ly 

poor and f rugal society. The bureaucracy was corrupt and character ized 

by ineff ic iency and haughtiness toward the common people. On September 

1, 1969, in a sudden and daring coup, a group of about seventy young 

army off icers and enl isted men, most ly assigned to the signal corps, 

seized control  of  the government,  and in a stroke, abol ished the Libyan 

18 
monarchy. This pol i t ical  change began a new era in Libyan history. 

18. Nelson, Harold D.,  1979, p.  43. 



Figure 9. New costly single family housing in Tripoli (source: 
Azzahf Al-Akhdar, A daily newspaper, published by the 
Revolutionary Committee in the S.P.L.A.J., 18 February, 
1984). 

l 9 
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1.3 Decl ine of Bureaucracy, and Development 
of  Housing Programs 

Reports have noted that development planning was f i rst  carr ied 

out when Libya was a ward of the UN, f rom 1948 to 1951. The second 

notable step started with a Five-Year Plan in 1965, almost four years 

after the discovery of o i l .  A long-term development program was 

in i t iated by the National Planning Counci l ,  as wel l  as by the Ministry 

of Planning and Development.  However, th is bureau did not last long, 

and i t  was replaced in 1970, fol lowing the revolut ion, by the Supreme 

Planning Counci l ,  with Moammar Qadhafi  as chairman. Compared with the 

$900 mi l l ion out lay of the f i rst  Five-Year Plan of 1963-68, the total  

19 out lay of the second Three-Year Plan, 1973-75, was $7.7 bi l l ion. 

This Three-Year Plan proposed an ul t imate goal of  a housing unit  for 

each family within ten years. The plan aimed to invest 19.6% of the 

total  nat ional budget to solve the persistent housing problem. 

According to the information avai lable at the Housing 

Secretar iat,  before 1969 there were 300,000 units of l ivable housing to 

serve 365,000 famil ies. This means that there were 65,000 homeless 

famil ies (see Table 1).  Moreover, the major i ty of the exist ing units 

was substandard and uncomfortable, including more than 120,000 huts and 

caves which were unf i t  for human habitat ion (see Table 2).  About 

40,000 of the remaining units were in great need of repair  and 

maintenance. 

19. Kurina, George, Vol.  I I ,  1982, p.  1095. 
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Table 1. Number of  households by types, 1954 census. 

Tr ipol i tania Cyrenaica Fezzan 
Type of 
Housing Tr ipol i  Other Benghazi Other Sebha Total  

Vi l las 5,384 488 329 106 0 6,312 

Houses 17, 192 64,048 11,400 13, 171 9,847 115,658 

Tents 172 24,527 311 26,469 460 51,939 

Shanties 5,993 41,142 2,356 5,345 2,802 57,638 

Caves 113 4, 105 4 1,233 7 5,468 

Improvised 897 188 403 321 3 1,812 

Vessels 4 5 3 1 - 13 

Col lect ive 559 87 73 94 6 819 

TOTALS 30,319 134,590 14,879 46, 740 13, 125 239, 653 

Source: Faley, 1982, p.  107 

Table 2. Percentage of dwel l ings 
Libya, 1963. 

supp1ied with di f ferent faci l i t ies in 

Percentage of Dwel l ings Connected 

Type of Sett lement Sewera Op Piped Water Electr ic i ty 

Cit ies 33% 66% 75% 

Towns 5% 49% 67% 

Vi l lages 1% 7% 16 .5% 

Farms - - 9% 

Source: Doxiadis (1964), pp. 14-16. 
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Considering the projected populat ion growth, slum clearance and 

replacement,  more than 438,000 houses would be needed from 1975 to 

1985. Research and f ie ld studies done by the Libyan Housing Secre

tar iat  between 1959 and 1974 have brought to l ight that about 220,000 

famil ies were in urgent need of housing. 

In view of these facts, a General Housing Corporat ion, with ten 

branches, was set up to coordinate the f inance, design and construct ion 

of the housing units needed throughout the country. Short-  and 

long-term plans were organized based upon the fol lowing pr inciples: 

-  To provide every c i t izen with a proper house, with pr ior i ty 

given to those who are in urgent need. 

-  To expand the grant ing of long-term loans, as wel l  as of fer ing 

bui lding materials and didact ic programs related to this 

subject.  

-  Free bui lding loans to be granted without interest to people 

whose monthly income is 100 L.D. ($300) or less. 

-  To encourage the pr ivate sector to contr ibute to the solut ion 

of the housing problem, through the grant ing of large loans. 

The plan aims to construct 90,000 housing units by both the 

publ ic and pr ivate sector.  The publ ic sector is ent i t led to 

construct 64,000 units,  and the pr ivate sector 26,000 units by 

the end of 1974. 

The general strategy appl ied to achieve the solut ion to housing 

needs was as fol lows: 
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First:  General Housing Projects 

1. Medium-Density Housing. This plan was establ ished to 

complete housing projects total ing 3,000 units that were started before 

the revolut ion. I t  also projected the complet ion of 4,779 new units.  

Both the technical possibi l i t ies and means of  implementat ion were not 

avai lable to complete those projects during the previous era. 

2. Urgent Housing. This scheme was designed to meet the 

urgent needs of hardship cases. This project started in 1970 and was 

completed in 1973. The 928 housing units completed by this project 

were located in Tr ipol i ,  Benghazi,  Dernah and Sebha. 

3. Publ ic Housing Project.  This project was started in 1971 

to construct 39,841 housing units,  at a cost of $544,671,936. I t  was 

divided into three stages and was completed in 1975. I t  affects twelve 

ci t ies, including Azzawia, Al-khoms, Misurata, Elkhal i j  and Gharyan 

(Figure 10).  

4. Rural Housing. The National Housing Corporat ion concluded 

a contract to bui ld 687 rural  housing units in Wadi Ti lal ,  Wadi Jarf ,  

Garah Bol ly and Al-Hadba Al-Khadra. This project was also completed 

during 1974. 

5. Sebha Housing Project.  The Sebha region was neglected 

before the revolut ion; greater attent ion has been paid to i t  by the 

revolut ion after 1969. A special  scheme was created to meet the 

housing needs of this region. About 10,639 housing units,  cost ing a 

total  of $300 mi l l ion, were bui l t  in Sebha between 1970 and 1979. 
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6. Pre-Fabricat ion Housing Project.  Two prefabricated housing 

20 
factor ies were set up to produce industr ial ized bui lding units.  One 

was bui l t  in Benghazi in 1973 with a total  cost of almost $79 mi l l ion. 

The other was set up in Tr ipol i  in 1974, with a total  cost of $135 

mi l l ion, each having a dai ly capacity of 4 to 8 units.  More than 6,000 

units were to be constructed by these two plants (see Figures 11 

and 12).  

7. Agricul tural  and Industr ial  Housing Projects. This program 

was establ ished to meet the needs of new agricul tural  and industr ial  

projects. The houses bui l t  by this program were usual ly near factor ies 

or on farms. More than 13,000 units were bui l t  by this project between 

1971 and 1979, with a total  cost of $483 mi l l ion (see Figure 13).  

8. Investment Housing Project.  This scheme was set up to 

benef i t  organizat ions such as the universi ty and also for people who 

could afford to pay a monthly rent.  I t  includes 2,096 units in Tr ipol i  

and 1,240 units in Benghazi.  An 18-story commercial  bui lding in 

Tr ipol i ,  including 54 houses and 4 f loors of off ices, was also f inanced 

by the Real Estate Industr ial  Bank. 

Second: Comprehensive Plans 

1. Integral  Vi l lages Project.  This project was designed to 

achieve integrated urban sett lements in the countryside to prevent 

migrat ion, and to relocate or sett le i t inerant tr ibes. Contracts were 

20. Roberts,  M. Hugh, 1979, p.  98. 
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Figure 11. The prefabricated housing project of 3008 dwellings in Hay-AI Islami (district 
in Tripol i).  
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Figure 12. The prefabricated housing project in Tr ipol i .  - -  (a) Per
spect ive showing the typical elevat ions; and (b) Typical 
plans of the project.  
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drawn up to bui ld more than 13 new vi l lages. A total  of $180 mi l l ion 

was al located for the two plans of 1973-75 and 1976-80. 

New c i t ies were also started under committees other than the 

General Housing Corporat ion. These c i t ies were to meet the needs of 

the petrochemical industry (see Figure 14).  

2. Administrat ive Complexes. This type of housing was part  of 

a comprehensive plan to bui ld administrat ive complexes in various town

ships. This was a di f ferent strategy than that of the previous era, 

when administrat ive centers were conf ined to certain main c i t ies. The 

aim of the f i rst  stage, 1973-75, was to meet the needs of distr icts;  

and the second plan, 1976-80, was enlarged to cover a l l  townships. The 

total  number of  townships included was approxmately 44, excluding 

Tr ipol i  and Benghazi (see Figure 15).  

Third: Cooperat ive Housing 

The idea of this scheme was to involve needy people in the 

housing program, through use of their  own savings or land. Laws and 

regulat ions were created to organize this type of housing. More than 

134 cooperat ives (with 68,500 famil ies as members) were set up during 

1974-78.2 1  

However, the National Housing Cooperat ion was dissolved in 

1980. I ts projects, staff  and support ing faci l i t ies were distr ibuted 

between the municipal i t ies in which the projects existed. As a result  

21. Most of  this sect ion is derived from Libyan Arab Republ ic,  
The Housing Sector,  An annual publ icat ion of the National Housing 
Corporat ion, Tr ipol i ,  Libya, 1978-1983. 
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of the programs created by the National Housing Corporat ion, the 

clearance of the last shacks in Tr ipol i  took place on March 13, 1976. 

Taking a personal interest in this event,  Qadhafi  part ic ipated in 

sweeping away the vest iges of the shacks and slums (see Figure 16).  

Another important step was taken after the proclamation of the 

Jamahir iya. The people in each municipal i ty,  and in i ts branches, 

became the authori ty to make decisions regarding housing needs and 

programs. Peoples'  meetings are held several t imes a year.  The 

peoples'  decisions and recommendations are col lected, and the commit

tees t ry to meet a l l  the needs of the people. The head of the Housing 

Committee in each municipal i ty is a member of  the General Committee of 

22 
Housing for the whole country. .  This General Committee is 

responsible to the General People's Committee and also to the General 

People's Congress (see Figure 17).  Each People's Housing Committee 

consists of members equal to the number of  branches in i ts municipal i ty 

and is responsible only for the projects within i ts municipal i ty.  

Other central  projects for the whole country are under the General 

Committee on Housing. 

In accordance with the new pol i t ical  and economic direct ives 

establ ished by the leader of the Libyan revolut ion, contained in three 

volumes ent i t led The Green Book, or Third World Theory, more economic 

al terat ions took place. The General People's Committee amended several 

laws related to the ownership of real estate, to the effect that any 

22.  Al-Qadhafi ,  Muammar, The Green Book, Part  1: The Solut ion 
of the Problem of Democracy, London: Mart in Brian and O'Keefe, 1976. 



Figure 16. Qadhafi participates in the demolition of shacks and 
slums (source: Nelson, 1976, p. 209). 
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Figure 17. Authority in making housing decisions in Libya. 
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person l iv ing in a rented house or dwel l ing is considered the owner of  

23 
that part icular dwel l ing. The new laws st ipulated the formation of 

committees in al l  municipal i t ies to evaluate propert ies given out to 

occupants so that previous rent on the property would be deducted from 

i ts value and the value of the compensation given to i ts previous 

owner. Moreover, the person who owns more than one house has no r ight 

to do so, for each extra house should be owned by the person who is 

l iv ing in i t .  However, the last direct ive reduced part ic ipat ion of the 

pr ivate sector in solving the housing problem. Instead of invest ing 

their  pr ivate capital  in housing that would be avai lable for rent or 

sale, people chose to spend al l  their  money on expensive individual 

dwel l ings for themselves. 

1.4 Environmental Considerat ions and Inf luence 

Physical Geography 

With i ts strategic locat ion on the central  Mediterranean coast 

of North Afr ica, Libya l inks the East Arabic countr ies with those of 

the Middle East,  and the Mediterranean European countr ies with those of 

Southern Afr ica. I t  l ies between 33°50' l \ l ,  11° 521E and 23°40'N, 

10°57'E. The western border is 1100 km long, ly ing next to Tunisia and 

Algeria. The eastern border is 1400 km long, ly ing next to Egypt and 

Sudan between 39°40'N, 25°10E and 19°40'N, 24°00'E. The northern 

border is formed by the Mediterranean Sea coast and is 1950 km in 

length. 

23. Al-Qadhafi ,  Muammar, 1976, Part  I .  



Libya consists of a number of  topographic types having 

di f ferent soi l  character ist ics. Such regions or character ist ics in 

each area can also be subdivided into several subregicns. However, the 

most s ignif icant topographic regions which concern this study are 

character ized by four major topographies, neglect ing Hamada Al-Hamra 

(also see Figure 18):  

The northern coast and Jafara Plain 

The desert  toward the south 

The Western Mountains (Jabel Nufusa) 

The Eastern Mountains (Al-Jabel Al-Akhdar) 

The Northern Coast and Jefara Plain. The most recognizable 

region is the long coast in the north. I t  extends from the east to the 

west borders of the country. This area is associated with the greatest 

cul t ivat ion in the country, except for the broad Gulf  of  Sir t ,  where 

24 
the coastal  region projects far into the desert  land. The coastal  

region is almost 3 to 10 km (6 mi) in width, narrowing close to the 

Al-Jabel Al-Akhdar ( the Green Mountain),  and expanding to 100 km in 

width before Jabel Nufusa ( the Western Mountain),  forming what is 

cal led the Jefara coastal  plain of northwest Libya. 

The coastal  str ip including Jefara is one of the most 

recognizable geographic ent i t ies, being the r ichest of a l l  regions in 

water and fert i l i ty.  The coast is also the most densely populated 

24. Kanter,  Helmuth, Libya: A Geomedical Monograph, t ranslated 
by J.  A. Hel len and I .  F. Hel len, Verlag, Berl in,  Heidelberg, 1967, 
p.  96. 



Ill 

ID 

Jefar a Pia in & the 

NORTHERN COAST 

JABEL NUFUSA 

AL JABEL AL AKHDAR 

HAMADA AL HAMRA 

DESERT AREA 

. . 

Figure 18. Principal topographic regions discussed in this study. 
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area. In the sub-region of Jefara, the land decl ines toward the sea, 

with a range in height of 200 to 300 m (656 to 984 f t )  near Jabel 

Nufusa down to 20 m (66 f t )  close to Tr ipol i .  Other parts are more 

level and in some cases merge with the desert .  In many areas along the 

coast,  sea water has begun to replace underground fresh water due to 

lowering of the water table, causing serious problems in water supply 

and construct ion. Within both the coastal  and desert  areas, where the 

water table is close to the surface, excessive evaporat ion results in a 

concentrat ion of sal t  swamps, cal led subkha; these areas pose special  

25 
problems for design and construct ion. 

The Desert Toward the South 

The desert  begins just behind the Gulf  of  Sir t  toward the south 

and from which the two mountain regions also start  to r ise up toward 

the east and west of  the country. The desert  stretches toward the 

south, to cover more than 90% of the land area. From the Egypt ian 

border,  a wedge of extreme desert extends westward, deep into Libyan 

terr i tory. I t  is an isolated area, with hi l ls ranging from 700 to 

1,000 m (2297 to 3281 f t )  in height near Kufra. In the desert ,  there 

are rows of oases developed far apart from each other in shal low basins 

and wadis (val leys),  where groundwater comes near to or actual ly 

reaches the surface, forming natural  spr ings. These oases consist of  

forests of palm trees, which are cul t ivated for dates. 

25. Libyan Arab Republ ic,  Nat ional Housing Corporat ion, Hous 
ing Design Manual,  prepared by Col in Buchanan and Partners, London, 
1975, Volume 4. 
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The desert  is also the most ar id land in the country, with 

di f ferent soi l  types consist ing of l imestone, sandstone, gypsum tables 

and f ine sand hi l ls.  Most of  the desert  contains unstable sand which 

migrates from one place to another,  causing problems for agricul tural  

and resident ial  areas al l  over the country (see Figure 19).  

The Western Mountains (Jabel Nufusa) 

The third topographic part  is the mountain areas, which are 

divided into two main parts,  Jabel Nufusa ( the Western mountain),  and 

Al-Jabel Al-Akhdar ( the Green mountain).  The f i rst  mountain area is in 

the western part  of the country south of the Jefara sub-region, r is ing 

steeply above i t .  I ts average width is 20 km, and i t  runs due east for 

about 400 km (249 mi) from the Tunisian border in the west to Al-Khoms 

c i ty,  which is 110 km east of Tr ipol i .  

The height of the Jabal Nufusa range is between 500 to 960 m 

(1640 to 3150 f t ) .  Consist ing of many catchment areas and val leys, 

this area is associated with old ol ive trees that cover i ts mountains 

and val leys. In this part ,  the land is composed of basalt ,  volcanic 

rock, l imestone-loess and gypsum-marl .  The southern part  of this 

mountain area grades downward to an extensive plateau, which is cal led 

Al-Hamada Al-Hamra, consist ing of red stone desert .  

The Eastern Mountains (Al-Jabel Al-Akhdar) 

The other important mountain area for this study is in the 

northeast part  of the country; i t  is known as Al-Jabel Al-Akhdar ( the 

Green mountain).  I ts height is between 300 to 830 m (984 to 2887 f t ) ,  



40 

Figure 19. Sand migration, the Libyan desert at Gialo. 



41 

and i t  protrudes from east to north toward the sea, where i t  fal ls away 

steeply. This area consists of l imestones, calcareous sandstones, marl  

and red soi l .  I t  contains cult ivated stretches, and most of  the 

mountain areas are covered with scrub forest consist ing of pine, carob, 

acacia and juniper bushes. Al-Jabel Al-Akhdar contains deep, canyon

l ike wadis (val leys) and giant natural  spr ings. 

CI imate 

1. Classif icat ion of the Libyan Cl imate. The c l imatic data on 

Libya is a compilat ion of average long-term dai ly,  monthly and annual 

temperature, precipi tat ion, relat ive humidity and sunshine data for a 

network of approximately 120 cl imatic stat ions spread over the ent ire 

country. The observat ions for Tr ipol i  date back to 1879, and to 1881 

26 
for Benghazi.  For some stat ions the temperature records are not 

complete, and one can f ind days or months without any record. 

Stat ions within the ci t ies selected for data analysis in this 

study have been chosen on the basis of length of record and suff ic ient 

information to be useful  in architectural  design. The other considera

t ion is to cover as much as possible the cl imatic di f ferences within 

each densely populated planning region. Pr ior i ty is also given to the 

areas where there is the most need for new housing development.  

Classif icat ion of the Libyan cl imate varies from one study to 

another.  Doxiadis, in his documents for the Libyan government in 1964, 

26. Kanter,  Helmuth, 1967, p.  98. 
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27 
divided the country into three cl imatic regions. Buchanan, in his 

studies for the National Housing Corporat ion in 1975, divided the 

28 
Libyan cl imate into f ive regions. Fantol i  dist inguished seven 

29 c l imatic regions (see Figure 20).  Libya is also classi f ied into two 

cl imatic regions by Buxtehude in his survey of world cl imates 

/ r  • on \  30 (Figure 21).  

The previously indicated seven cl imatic regions, c lassi f ied by 

Fantol i ,  are more detai led. These seven cl imatic regions also overlap 

each other,  al though they may be dist inct in some areas without dense 

populat ions. Libya contains variat ions of cl imate even within the same 

c l imatic region, or between a c i ty and i ts hinter land. This var iat ion 

is also associated with the contrast between the sea and desert ,  and 

between low areas and high mountains. 

However, the most s ignif icant and consistent c l imatic regions 

are: 

The coastal  c l imate (hot-humid zone) 

The steppe cl imate (temperate zone) 

The desert  c l imate (hot-ar id zone) 

The high mountain cl imate (cold zone) 

27. Doxiadis, 1964, p. 336. 

28. Col in Buchanan and Partners, London, 1975, Vol.  I ,  pp. 
14-17. 

29. Fantol i ,  A.,  Cl imate In Sahara I tal ian R. Soc. Geogr.,  
I ta l .  Roma, 1937, p. 95. 

30. Buxtehude, Wil ly Rudolf f ,  World Cl imates, Wissenschaft-
l iche Verlagsgesel1schaft  GmbH Stuttgart ,  1981, p. 357. 
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2. The Cl imatic Data. The cl imate of al l  regions in Libya has 

a considerable f luctuat ion from summer to winter and from day to night.  

Wind storms, temperature, rain and humidity f luctuate great ly.  For 

instance, Tr ipol i ,  which has the highest amount of  annual mean rainfal l  

in the country, has experienced occasional droughts of up to 220 dry 

days, as was recorded from Apri l  1928 unt i l  November 1928. On the 

other hand, in 1841, in 1933, in 1937 and once more in 1963, the desert  

areas of Sebha, Mahruga, Brak, Agar, Ghat and Waddan received an 

unexpected heavy rain of 24-hour durat ion in some parts and a week in 

3 1  others. 

The other most s ignif icant example of f luctuat ion occurred at 

the Azizia weather stat ion. Forty km (25 mi) south of Tr ipol i ,  the 

Azizia weather stat ion reported the highest shade temperature ever 

recorded in the world. I t  was 58°C (136.4°F),  on September 13, 1922."^ 

This desert  region has also reported a var iat ion of more than 30°C 

(86°F) between day and night on many occasions. 

Appendix A contains some important c l imatic data from seventeen 

major weather stat ions. The best recommended source for Libyan 

cl imatic data is the General People's Committee of Transportat ion in 

Tr ipol i .  This data col lected for use in housing and architectural  

design is recommended for use in al l  cl imatic and housing studies about 

Libya. However, most of  these studies do not explain how to use the 

31. Kanter,  Helmuth, 1967, p.  99, 

32. McWhirter,  Norr is,  Guiness 1983 Book of World Records, 
Ster l ing Publ ishing Co.,  Inc.,  New York, 1983, p.  124. 
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cl imatic data in design. Some of  the studies do give a general idea of 

some aspects of c l imatic design such as a general response to sun or 

wind control .  They do not,  however, develop specif ic guidel ines to be 

fol lowed in al l  aspects of design. One of the goals of this study, 

presented in Chapter 2, is to provide architects with some of these 

important design guidel ines relat ing cl imate to housing design. 

1.5 Bel ief  System—Islamic Rel igion 
and I ts Inf luence on Architecture 

Human Factors 

Is lam never cal ls for a specif ic design for dwel l ings, and i t  

does not give hints concerning architectural  specif ic character ist ics 

to be fol lowed by Musl ims. However, Is lam is very concerned about 

human act iv i t ies, relat ionships, l i fe patterns and human char

acter ist ics, which are the most s ignif icant components of  urban 

planning and architecture design. A t rue Islamic community is the 

alert  guardian of v ir tue and the bi t ter enemy of vice. What is 

required of the community at  large is l ikewise required of every 

individual member (see Figure 22).  This is because the whole community 

is an organic ent i ty and every individual Musl im is best described by 

the statement of the prophet Mohammad (Pubh): "Whoever of  you sees 

something wrong must seek to rect i fy i t  by act ion or deed; i f  he 

cannot,  let  him try to change i t  by word; i f  he cannot,  let  his 

feel ings of disapproval and condemnation intensify and this is the 

minimal degree of fai th."  
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In Islam, the human and moral values as wel l  as a good relat ion

ship between the members of  the community are more important than the 

architectural  character.  For instance, temporary dwel l ings, tents 

which are made of skins of animals, are considered in the Qur'an as an 

adequate dwel l ing, easy to carry when moving and easy to pi tch during 

stops. This kind of housing, which is considered by God ( in the Qur'an 

Surat Nahl-16-80),  as an adequate dwel l ing, does not have arcades, 

domes, courtyards, mashrabiyas or any other character ist ics which are 

now considered and known as " Is lamic architecture." However, th is kind 

of architecture is rather cal led Musl im architecture, not Is lamic 

architecture. 

Musl im ci t ies and architectural  styles cannot be analyzed in 

the same way in which the ancient Greek and Egypt ian architectural  

styles were analyzed, relat ing their  system to a phi losophic concept of  

the universe. The Musl im's c i ty could be def ined only as Gustave E. 

Individual 
y Islamic 
Comunity 

Muslims 

relationship 

Organic entit 
Responsibilities 

Figure 22. Is lamic l i fe:  what is required of the community at  large 
is l ikewise required of every individual member. 
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Von Grunebaum did, "a town was a sett lement in which [a Musl im's] 

33 
rel igious dut ies and his social  ideas could be completely ful f i l led. 

Hence, Musl im architecture could not be related to the image of 

the cosmos and other phi losophic relat ionship, as Nader Ardalan did in 

34 
his book, The Sense of Unity.  In l ight of the sinceri ty of the 

prophet 's companions, under whom the f i rst  Musl ims architectural  char

acter ist ics were establ ished, i t  becomes clear that none of their  

architectural  styles could be related to any phi losophic concept other 

than fai th in God. 

Their  architectural  character of bui lding is derived from 

obl igat ions that could be easi ly accomplished by design and construc

t ion to be ful ly pract iced. Al l  these obl igat ions such as pr ivacy, 

unity,  s impl ic i ty and many others from which the components of  design 

were derived, are clearly def ined ei ther by the Qur'an or explained by 

the prophetic sayings (Figure 23).  As Michael E. Bonine real ized, for 

Musl ims, the c i ty is a by-product of the Islamic fai th,  and only by 

35 
understanding Islam can one understand the ci ty.  

33. Grunebaum, Gustav von, Is lam: Essays in the nature and 
Growth of a Cultural  Tradit ion, London: Routledge and Kegoa Paul 
(1955). 

34. Ardalan, Nader and Laleh Bakht iar,  The Sense of Unity,  the 
Suf i  Tradit ion in Persian Architecture, The Universi ty of Chicago 
Press, 1975. 

35. Bonine, Michael E.,  The Morphogenesis of  Iranian Cit ies, 
Associat ion of American Geographers, Annals, 69(2),  June 1979. 
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The inf luence of the Qur'anic obl igat ions on c i ty design al lows 

one to dist inguish the Islamic c i ty from other kinds of c i t ies in the 

world (see Figure 24).  

General direct ions are given by Al lah to the Musl ims, learning 

from the last civ i l izat ions before Islam (Surat al-Naml (27),  22-24).  

Al l  those examples given in the Qur'an were the lessons from which 

Musl ims base their  design of c i t ies on s impl ic i ty.  

ISLAM t)THER 
^ FACT
S' ORS4 

Figure 23. The social and behavioral components of design in Muslim 
countries were derived from the Qur'anic versus emphasizing 
the model behavior and the way of l ife for Muslim society. 
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Degree of Secular izat ion in Libya 

In Libya, as in other Arabic Musl im countr ies, the inf luence of 

colonizat ion, secular izat ion and technological advance, accelerated the 

social  change and created a gap between the people and their  rel igious 

36 
responsibi l i t ies. In fact,  to str ike a middle course of act ion, to 

be steadfast and consistent,  to know what to accept and what to reject,  

to have pr inciples and at the same t ime remain adaptable, is probably 

the hardest test of human character and social  v iabi l i ty in this 

century. The quest ion of whether people real ly know what they want is 

37 a problem faced by planners, and by architects as wel l .  

However, the Islamic community is present only when i t  is 

nourished and fostered by the Islamic Shari 'ah. Therefore, Al lah's 

word as t rue and supreme was implemented ful ly by early Musl ims in 

their  c i t ies without any excuses to just i fy one's breaking the law of 

Al lah. The components of  design of their  c i t ies were according to the 

general direct ions emphasizing model behavior for the Musl im society. 

Waiver de Planhol indicated that Islam, a powerful  spir i tual  motivat ing 

force, is revealed as both an unusual geographic agency and a 

36. Abu-Lughod, Jenet L. ,  Cairo: 1001 Years of the City 
Victor ious, Princeton Universi ty Press, Princeton, New Jersey, 1971, p.  
98. See also, Khuri ,  Fuad I . ,  From Vi l lage to Suburb, Order and Change 
in Greater Beirut,  Chicago and London: Universi ty of Chicago Press, 
1975. See also, Al-Hathloul,  1981. See also, Eickelman, Dale F.,  The 
middle East:  An Anthropological Approach, Prent ice-Hal l ,  Inc.,  New 
Jersey, 1981, pp. 261-288. 

37. Conyers, Diana, An Introduct ion to Social  Planning in the 
Third World, John Wiley and Sons, New York, 1982, p. 124. 
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privi leged instrument of expansion and inf luence and the lat ter much 

38 
more than other great monotheist ic rel igions. 

As a consequence of giving Musl ims freedom in expressing 

personal opinion, the doors of I j tat iha'd ( independent judgment) were 

opened in Islam. 

Freedom of opinion under the Islamic law has two aspects: 

permissibi l i ty and obl igat ion. Jur ists have def ined the term permis

sible (Mubah) as, "anything about which a person or society, is given 

39 
the choice to do or ignore." This also could be possible only under 

the l imits of another obl igat ion which says that " there should be 

neither harming nor reciprocat ing harm." 

The term obl igatory (wai j ib) is def ined as "what is required to 

be done, to the extent that neglect ing i t  shal l  be a s in."  Likewise, 

the other important rule of Is lam is that i f  any obl igat ion requires 

another condit ion(s) to be better pract iced, that condit ion(s),  which 

is not mentioned within the obl igat ion, would be an obl igat ion too. 

This rule def ines the most s ignif icant relat ionship between housing 

design, social  behavior and the Islamic rel igion. This kind of 

f lexibi l i ty also explains the sl ight character ist ic di f ferences from 

one c i ty to the other within the Musl im nat ion. 

38. De Planhol,  Wavier,The World of  Is lam (Le Mode Is lamique: 
Essai de Geographie Rel igieuse),  Cornel l  Universi ty Press, I thaca, 
N.Y.,  1959, p.  127. 

39. See a report  by Al-Shirbini  on Al-Banani 's Commentary, in 
Jam' Al-Jawami1  f i  Usui Al-Fiqh ( in Arabic),  Cairo, edit ion n.d.,  
undated, Vol.  1,  p.  68. 
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However, the so-cal led "modern urban" style of l i fe,  including 

women's dress and the high rate of cr ime, is opposed by the major i ty of 

people and "ulama" (Musl im scholars) not only in Libya but in the other 

Musl im countr ies as wel l .  Habib described the conservat ive approach of 

the Libyans, saying that Libyans did not abandon their  spir i tual  values 

in order to acquire the tools of modern society as some other countr ies 

did. He gave Ataturk's Turkey and modern Japan as examples to the 

contrary. Their social  tensions created by modernizat ion efforts 

cont inue to affect their  development.  Habib describes how their  

secular izat ion and transformation into modern states causes serious 

40 problems in many segments of  Turkish and Japanese society. 

Hence, in this thesis the social  and behavioral  components in 

the design of housing in Libya as a Musl im country, are organized and 

based on the Islamic Shari 'ah, which emphasizes the model behavio" -  for 

Musl im society. The third chapter of this thesis provides design 

guidel ines for housing in relat ion to the social  l i fe based on the 

Islamic Shar ' i 'ah. 

40. Habib, Henry Pierre, Pol i t ics and Government of  
Revolut ionary Libya, Montreal,  Le Circle de Livre de France, 1975. 



CHAPTER 2 

DESIGN GUIDELINES FOR HOUSING IN LIBYA 
IN RELATION TO CLIMATE 

2.1 The Biocl imatic Approach 

For most areas in Libya, the use of mechanical equipment to 

achieve comfort  indoors is not appropriate. First ,  the factors of sand 

migrat ion in some areas, as wel l  as the problem of corrosion by sal t  

increase maintenance on such equipment.  Second, the country lacks 

technicians to service this equipment,  as wel l  as spare parts,  which 

increases their  running cost.  For these reasons, mechanical and 

electr ical  solut ions to cl imatic adaptat ion are beyond the capabi l i ty 

of many bui lding design strategies. 

Hence, more attent ion should be paid to cl imatic control  

through architectural  design. The aim of this part  of the study is to 

provide architects who work in Libya, and students of architecture, 

with a better understanding of potent ial  design strategies for the 

bui lding envelope and i ts relat ion to certain environmental control  

guidel ines to achieve human comfort  inside resident ial  bui ldings. 

However, i t  is important f i rst  to give an idea about relat ing man, 

c l imate and design to comfort  indoors and then to provide design 

guidel ines according to the proper sat isfact ion of each point.  

54 
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Defining Human Comfort  for 
Housing Design in Libya 

Some general background about human comfort  and i ts def ini t ion 

in di f ferent countr ies is important for comparison and evaluat ion. In 

the United States of America, for instance, the ASHRAE Handbook of 

Fundmentals has def ined the comfort  standard as that state of mind 

which is sat isf ied with the thermal environment.^ Their charts are 

based on comfort ,  which is further def ined as a sensat ion which is 

neither s l ight ly warm or s l ight ly cool.  The new ASHRAE comfort  chart  

is based on studies done by Kansas State Universi ty between 1963 and 

1983. ASHRAE stated that the KSU-ASHRAE— comfort  envelope is useful  in 

evaluat ing the environment for l ight ly clothed subjects doing desk work 

2 
or rest ing. Their recommended design condit ions for comfort  are where 

two zones overlap, 76°F (24.5°C) dry-bulb air  temperature and the mean 

radiant temperature of 76°F (24.5°C). The relat ive humidity is 40% 

(20-60% range) and air  veloci ty is less than 45 fpm (0.23 m/sec) (see 

Figure 25).  

The AIA Research Corporat ion has def ined human comfort  as the 

sensat ion of complete physical and mental wel l -being. They also state 

that the sum total  of the body's heat gain and loss should at al l  t imes 

equal zero—a constant body temperature of 98.6°F or 37°C. I f  the 

1. ASHRAE Handbook of Fundamentals,  American Society of 
Heating, Refr igerat ion and Air  Condit ioning Engineers, Inc.,  1981, p.  
138. 

2. Kansas State Universi ty and ASHRAE. 



ASHRAE COMFORT STANDARD ss-74 

Figure 25. ASHRAE comfort standards 55-74 (source: ASHRAE Handbook, 
l 981 ) . 
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body's heat gain is more than i ts corresponding heat loss, an 

3 
uncomfortable feel ing wi l l  occur and sweating wi l l  begin. Other 

experiments and invest igat ions to def ine comfort  condit ions have been 

conducted in England as wel l  as in other countr ies. German 

invest igat ions set a comfort  standard of 69.5°F, with 50% relat ive 

humidity.^ 

McKel lar,  f rom the Universi ty of Melbourne, def ines the l imits 

of comfort  condit ions for minimum standards of design as an average 

f igure of 85°F (24.4°C) dry-bulb temperature or 79.5°F (26.4°C) 

5 
effect ive temperature. These McKel lar l imits were derived from 

experiments in hot humid regions, and cannot be appl ied in this study. 

There are many reasons for not using the previously mentioned comfort  

zones of other countr ies. 

First ,  the cl imatic condit ions as wel l  as the culture of those 

countr ies are di f ferent.  Also, comfort  is associated with 

physiological and sociological factors, rather than just physiological 

accl imatizat ion, which, according to several medical authori t ies, takes 

3. U. S. Department of  Housing and Urban Development,  Solar 
Dwel l ing Design Concepts, by the AIA Research Corporat ion, Washington, 
D.C.,  May 1976, p.  48. 

4. Olgyay, Victor,  Design with Cl imate, Biocl imatic Approach 
to Architectural  Regional ism, Princeton Universi ty Press, Princeton, 
New Jersey, Fourth Print ing, 1973, p. 17. 

5. Saini ,  Salwant Singh, Bui ldings in Hot Dry Cl imates, John 
Wiley and Sons, Chicheler,  New York, 1980, p.  30. 
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only two to three weeks to achieve.^ The factors that make Libyans 

tolerant of their  environment are certainly di f ferent from those in the 

Northern European and other countr ies. Skin color,  blood pressure, 

capacity for dr inking l iquids and retaining water and many other 

factors are di f ferent for Libyans. 

Nevertheless, the last factors may di f fer from region to region 

within large countr ies such as Libya. In each region people have 

chosen their  own techniques for adapting to the cl imate which may not 

work in other regions. In the southern regions of Libya, the Tauregs, 

Tebus, Ghadamsies and other t r ibes are wel l  known for successful ly 

adapt ing themselves to the harsh cl imatic condit ions of their  environ

ment.  They wear special  white clothes, covering their  faces and heads 

and leaving exposed only their  eyes (see Figure 26).  They also arrange 

their  dai ly movements careful ly to take advantage of the early morning 

and the late afternoon cl imates for summer act iv i t ies. Within cool 

regions such as the mountain areas in the north, people wear a jared 

(see Figure 27),  a mult ipurpose garment which can be used as a blanket,  

a carpet,  or as a curtain to divide a tent into two parts.  

People are used to adapting themselves to the cl imate by other 

means as wel l .  They leave the ci t ies, for instance, for their  farm 

areas from late June unt i l  the end of August.  Others leave the plains 

and lowlands in summer to go to their  nat ive land in the mountains. 

6. Saini ,  Balwant Singh, 1980, p. 32. See also, Kember, 
Al fred A.,  Architectural  Handbook; Environmental Analysis,  Architec
tural  Programming, Design and Technology, and Construct ion, John Wiley 
& Sons.,  1979, p.  7. 



Figure 26. The Taureg, Tebu and Ghadamsi clothing for climatic adapta
tion. 
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Figure 27. People in Jabel Nufusa \..,tear a "jared" for successful adapta
tion to the harsh climatic conditions. 
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The rest go to the sea shore and travel to other cool areas. However, 

no studies have been conducted to ascertain the specif ic comfort  

requirements of people indigenous to the desert  lands and each of the 

other cl imatic condit ions in Libya. 

The average human comfort  zone for Libya, which is used in this 

study, is based on the Libyans'  average tolerat ion for hot and cool 

temperatures, as wel l  as cul tural  and rel igious aspects, and f inal ly,  

cl imatic data from most Libyan weather stat ions from 1954 to 1978. 

Studies show that the use of air  condit ioning is very rare, for 

the reasons discussed previously.  Comfort  in summer, however, can be 

attained by proper design in most areas of the country except for a few 

days when the maximum temperature is more than 98°F (36.7°C). 

In the winter Libyans control  their  environment more than in 

summer. In most of  the regions, people begin heat ins (using coal,  

e lectr ic i ty and/or other methods) from the f i rst  week in P-^ember when 

the temperature is between 50°F (10°C) and 68°F (20°C) dry-bulb 

temperature. 

As the chart  indicates, the minimum average relat ive humidity 

for most c i t ies does not go below 30%. The extreme desert  c l imate in 

Kufra ranges between 20 to 30% during the intolerable days in summer. 

Hence as an average of comfort ,  relat ive humidity should not go below 

30% for the minimum l imit ,  which is considered as an undesirable dry 

cl imate in Kufra, Sebha and Ghadamis (see Figure 28).  

The most common relat ive humidity which can be the maximum 

l imit  of the suggested Libyan comfort  zone should not exceed 80% RH, 
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Figure 28. Undesirable relative humidity below 30% occurs just in the 
hot-dry zone during the extreme weeks of high temperature . 
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which is considered as an undesirable humid cl imate in Sir te, Benghazi 

and Derna (see Figure 29).  I t  is also notable here from the l ines of 

each month, that the comfort  months in spring and fal l  of most c i t ies 

l ies within the previous est imated l imit  of the suggested comfort  zone. 

According to the Libyan cl imatic data records of 20 years, the 

most dominant desirable average temperature over a l l  the regions during 

the spring and fal l ,  ranges between 28°C (82.4°F) and 21°C (69.8°F).  

In summer the temperature extremes range between 28°C (82.4°F) and 41°C 

(105.8°F) and in winter between 21°C (69.8°F) to -2°C (28.4°F).  Using 

the psychrometr ic chart  for thir teen Libyan ci t ies from al l  regions, 

plott ing the maximum and minimum dry-bulb temperature against the 

average relat ive humidity,  the chart  shows the two extremes above and 

below the tolerable zone (see Figure 30).  

Olgyay stated that for regions other than approximately 40° 

lat i tude, the lower perimeter of the summer comfort  l ine should be 

elevated about 3 or 4°F for every 5° lat i tude change toward a lower 

lat i tude. He also suggests that the upper perimeter may be raised 

proport ionately,  but not above 85° F.^ 

From the previous analysis,  the suggested Libyan comfort  zone 

ranges from 70°F (21.1°C) dry-bulb, with relat ive humidity of 30% to 

80%, to 82.4°F (28°C) dry-bulb with 30% to 44% relat ive humidity (see 

Figure 31).  This range suggests that one would be comfortable indoors 

within this given zone. However, i t  must be made c lear that the 

7. Olgyay, V.,  1973, p.  19. 
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recorded from the climate of 13 Libyan cities. 
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variat ion of a few percentage points of relat ive humidity or degrees 

Centigrade would not s ignif icant ly affect the design strategies or the 

human comfort .  I t  must also be real ized that the approximation made 

for this study is useful  only for the design of housing. 

Design strategies in the fol lowing chapter def ine how to con

trol  housing design to maintain the temperature and relat ive humidity 

in houses within the previously given comfort  zone l imits and to avoid 

mechanical and electr ical  equipment.  For this reason a general out l ine 

of the biocl imatic chart  method of Olgyay as wel l  as the bui lding 

biocl imatic chart  of  Mi lne and Givoni is given in the fol lowing pages. 

A new combinat ion method derived from the two previously mentioned 

methods is also explained and appl ied to match design solut ions to 

cl imatic condit ions for the previously def ined Libyan regions. 

Generat ing a Combined Pract ical  
Appl icat ion Method for 
Design Strategies 

Olgyay's Biocl imatic Chart.  The biocl imatic approach to 

O 
architectural  design aroused great interest in the late 1940s. One of 

the most important pioneers in this f ie ld was Victor Olgyay, working on 

the HHFA research project,  conducted under contract by the 

Massachusetts Inst i tute of Technology. Olgyay1s biocl imatic chart ,  

which is a result  of his research, is a temperature-humidity diagram 

8. Watson, Donald E.,  Faia, and Kenneth Labs, Cl imatic Design, 
Energy Eff ic ient Bui lding Principles and Pract ices, McGra-Hi l l  Book 
Company, New York, 1983, p.  33. 
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g 
used to determine cl imate control  boundaries in bui lding design. 

However, th is chart  is not presented in the standard psychrometr ic 

chart  format.  Cal led the biocl imatic chart ,  i t  is shown in Figure 32. 

I t  is a combined graph superimposing the effect of single cl imatic 

elements, evaporat ive cool ing, radiat ion, air  movement, etc.  and 

i l lustrat ing them in combinat ion. 

Plott ing the ambient temperature and relat ive humidity data for 

average condit ions, the chart  then shows the various needs for the 

given condit ions to meet biocl imatic comfort  by design. However, as 

Olgyay mentioned, architectural  design and natural  means have their  

l imits;  over those l imits,  the architect should apply mechanical 

tools.  ̂  Olgyay1  s chart  was updated in 1980 by Arens.^ 

Givoni 's Bui lding Biocl imatic Chart.  Olgyay's work was 

12 
extended by Givoni during the late 1960s. He proposed a method based 

on the psychrometr ic chart ,  correlat ing cl imatological data with 

bui lding design strategies (see Figure 33).  Each strategy is shown by 

general ized average l imits of one or two degrees Fahrenheit  or of a few 

9. Olgyay, V.,  1973, pp. 18-26. 

10. U.S.A.,  The Bui lding Research Advisory Board, Housing and 
Bui lding in Hot-Humid and Hot Ar id, Washington, D.C.,  1952, p.  14. 

11. Arens, E. and R. Gonzalez, L.  Berglund, P. McNal l ,  L.  
Zeren, 1980, "A New Biocl imatic Chart for Passive Solar Design," in J. 
Hayes and R. Snyder, eds.,  5th NPSC, AS/ISES, Universi ty of Dalaware, 
Newark, pp. 1202-1206. See also, Donald Watson, 1983, pp. 30-34. 

12. Givoni,  B.,  Man, Cl imate and Architecture, Second Edit ion, 
Appl ied Science Publ ishers, Ltd.,  London, 1976, Chapter 16. 
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Figure 32. Olgyay's bioclimatic chart. 
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13 
percentage points relat ive humidity.  This chart  gives the designer 

an accurate representat ion of the environmental control  strategies, in 

order to achieve human comfort  in bui ldings. However, i t  does not give 

the designer the precise needs for the given condit ions to meet 

biocl imatic comfort  by design cr i ter ia.  

A Combined Pract ical  Method. I t  is found by this study that to 

match a good design solut ion to cl imatic condit ions, the previous two 

chart  methods must be appl ied: Olgyay's chart  format to determine the 

amount of  the various needs for the given condit ions, and Givoni 's 

chart  to determine strategies to be fol lowed in design. This study 

shows Givoni 's information in the Olgyay chart  format on a t ranspar

ency, to be superimposed on the standard Olgyay chart  where the given 

cl imatic data is registered to match design strategies (see Figure 34).  

In this case the information needed from both charts can be obtained 

for design. 

In the next part  of this chapter,  combined temperature and 

relat ive humidity,  24-hour data of a typical average day of each month 

14 
is plotted on the biocl imatic chart .  The chart  shows di f ferent 

curves represent ing the months of the year.  These selected curves are 

adequate for interpretat ion and give a c lear review of the annual 

c l imatic si tuat ion of the given area. Imposing the transparency paper 

13. Donald Watson, Faia, Energy Conservat ion Through Bui lding 
Design, McGraw-Hi l l ,  U.S.A.,  1979, p.  98. 

14. Olgyay, V.,  1973, p. 26 .  
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on the other chart ,  each curve can then be read as fal l ing into a zone 

of one specif ic strategy, or more. 

2.2 Design Strategies for Housing in Libya 

The Hot-Dry Cl imatic Zone 

This zone is composed of the desert  c l imate and the extreme 

15 
desert  c l imate regions, which include Seba, Kufra, Ghat and Ghadamis. 

This zone is represented in Figures 35 and 36.^ Figure 40 shows a 

high day-night temperature var iat ion in summer and in the winter to a 

lesser degree. 

The relat ive humidity distr ibut ion has no marked var iat ion 

between day and night.  I t  is also clear that a part  of the biocl imatic 

chart  readings for months such as March, Apri l ,  May, June and July l ie 

above the comfort  zone. Accordingly,  there are some extreme weeks and 

days of those months, during which comfort  cannot be restored by 

architectural  design and natural  passive means. 

Percentages of the registered cl imatic data of each month are 

calculated according to their  locat ion on the chart  of the hot-dry 

region to present the yearly needs during dayt ime hours of the hot-dry 

zone. They are as fol lows: 21% requires sun heat,  79% shade, 39% wind 

protect ion, 25% breeze for vent i lat ion, 27% other addit ional cool ing 

methods; and 9% of the t ime fal ls within the comfort  zone. Design 

15. See the Libyan cl imatic regions map in the f i rst  chapter.  

16. See the other biocl imatic charts of this cl imatic zone in 
Appendix A. 
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strategies can be easi ly read through the transparent overlay. One can 

real ize that both cool ing and heat ing design strategies are needed for 

the hot-dry zone to achieve comfort  indoors. The fol lowing pages 

describe these needed design strategies for the hot-dry zone. 

I .  Cool ing Design Strategies. 

A. Passive Cool ing of High-Mass Structures 

Intense solar radiat ion during the dayt ime in summer leads to 

phenomenal diurnal var iat ions of up to 40°C (72°F) in the shade (see 

Appendix B).  The overheated period curves of the hot-dry zone fal l  

within the passive cool ing of high-mass structures design strategy 

(Figure 37),  which can take care of the high marked var iat ions of 

temperature between day and nightt ime.^ Thermal mass in a structure 

is an effect ive way to delay the effect of the intense solar radiat ion 

during dayt ime. 

This strategy works with a t ime-lag, stor ing the gained heat 

during the dayt ime to give i t  back or reject i t  to the exter ior 12 or 

more hours later.  The effect of the high temperature stored by the 

high mass is then used to decrease the effect of cold nights or indoor 

temperatures. 

At night,  however, the clear sky and lack of vegetat ion cover 

in this zone, cause a rapid heat radiat ion, conduct ion and convect ion 

17. See Watson, Donald, Faia, 1979, p. 104. 

18. AIA Research Corporat ion, Guidel ines for Bui lding Passive 
Energy Conserving Homes, research conducted for the U.S. Department of  
Housing and Urban Development,  U.S. Government Pr int ing Off ice, 
Washington, D.C.,  July 1980, pp. 183-189. 
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which draws the dayt ime gained heat from the mass of  the bui lding and 

accordingly increases i ts low cool ing rate. By these means, the impact 

of  the coldest part  of the early morning is stored indoors and can be 

fel t  as a moderat ing factor at the t ime of the highest afternoon 

temperature. Likewise, during the dayt ime, heat t ransfer from the 

indoor space and the surroundings to the relat ively cool mass of the 

bui lding decreases the need for heat ing during the cooler nightt ime. 

Massive bui ldings required for this strategy might use heavy 

bui lding materials such as masonry, mud br icks or adobe and heavy soi l  

in f loors, wal ls and roofs (see Figure 38).  Bui ldings should be 

compact,  with one to two stor ies of simple forms. Exter ior wal ls 

should be thick and wel l  insulated on the outside against sun 

Figure 38. Simple forms, compact bui ldings, heavy mater ials,  thick 
insulated wal ls and roofs, white color,  shading, deep 
windows and nonref lect ive outside ground surface are keys 
to design; use of plants is also important.  
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radiat ion. Both sun and wind control  are important for the eff ic iency 

of this strategy. 

As discussed in the sun control  part  of  this chapter,  the 

relat ive insolat ion data which presents the solar radiat ion values of 

this zone on di f ferent or iented vert ical  wal ls,  indicates that windows 

facing south have the greatest potent ial  for total  solar heat gain 

during winter and the minimum solar gain during summer. Hence, the 

best or ientat ion for the glass areas is the south elevat ion, with deep 

horizontal  shading devices to prevent direct solar radiat ion (see 

Figure 39).  

winter 
_8un_ 

Figure 39. South-facing windows are the most pract ical  method to reduce 
the solar penetrat ion during summer and to gain enough heat 
during winter.  - -  Shading is required, horizontal  devices 
and deciduous trees are the key for shading the south eleva
t ion .  
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However, shading devices should not cause trapped air  and heat 

bui ld-up. Bl inds and operable inter ior curtains are also desirable. 

Special  care should be given to the south-southeast sandy hot winds. 

B. Passive Cool ing of High-Mass Structures 
with Programmed Nightt ime Venti lat ion 

This second design strategy needed for the hot-dry zone to 

achieve comfort  indoors is simi lar to the previous high thermal mass 

strategy (Figures 40).  The addit ional considerat ion is to cool the 

bui lding inter ior mass using the cool prevai l ing nightt ime breezes and 

to close i t  during the hot dayt ime. This strategy is more convenient 

during spring and fal l  periods. 

Wind analyses, however, indicate that the average speed of the 

prevai l ing breezes is 1.5 m/sec less than the wind needs shown on the 

biocl imatic chart  of  this cl imatic zone. This amount of  di f ference in 

wind needs can be covered by an automatic exhaust fan instal led near 

the cei l ing in the proper posit ion to maintain a programmed air  f low 

throughout the inter ior.  Much care is also required in or ient ing and 

insulat ing the bui lding against solar radiat ion and hot winds. 

The most ef f ic ient strategy is to minimize solar heat 

penetrat ion and to maximize ref lect ive outside surfaces and shaded 

areas. Double-glazed insulated windows with inside operable curtains, 

bl inds and shutters are important.  I f  windows are not opened to a 

courtyard they should be reduced in size and number. Shaded areas and 

deep overhangs should be wel l  designed to avoid heat bui ld-up and 

trapped air .  



78 

170 Probafc le Suns troke 

s\40 

Ml 
•  » '  8 '  n 

9-

27-76 
3 55D 
3.0 4 Ui 

\ 
5 d g / k B  

l i n e O  S h a d i n  
Q 70,21 I 

•el f l f l  
^  «iso 

7S±23 89 

44 5° 
2°  

58 
t-z 

90 %'R.H. 

HOT-DRY CLIMATIC ZONE 

Figure 40. Hot-dry cl imate passive cool ing of high-mass structures 
with programmed nightt ime vent i lat ion. 



79 

Self-shaded structures, sel f-vent i lated overhangs, ramadas, 

arcades, operable windows and deeply recessed smal l  openings are the 
t 

desired character ist ics of architectural  design for the hot-dry zone. 

Thatched roofs with thick wal ls,  courtyard houses, domes and vaults are 

key architectural  elements which should be used for this strategy (see 

Figure 41).  

C. Natural  and Mechanical Vent i lat ion for Cool ing 

About 25% of the overheated period of the hot-dry zone fal ls 

within the l imits of the natural  and mechanical vent i lat ion 

(Figure 42).  The biocl imatic chart  indicates that the amount of  winds 

needed by the hot-dry zone exceeds the reasonable natural  speed winds 

of 3.5 m/sec which might help to achieve comfort  indoors without 

Catch 
cool braezes 

Avoid heat build-up strapped air 

Figure 41. Courtyard houses, sel f-shaded bui ldings, wind catching 
elements, deep overhangs and high-mass structure are impor
tant for this zone to achieve comfort  indoors. - -  Designs 
should avoid heat bui ld-up. 
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disturbance. This strategy depends on the amount of  cool prevai l ing 

breezes and their  direct ion. 

Wind studies of this zone indicate that the avai lable desirable 

north-northeast breezes are the most convenient winds for this 

strategy. These cool breezes have 25% yearly prevalence in Ghadamis 

and Sebha and 45% yearly prevalence in Khafra during summer and winter.  

However, the designer should be aware of another undesirable hot dusty 

wind blowing from the northeast-east direct ions. 

The most undesirable hot sandy winds of the southeast-south is 

cal led "ghibly."  This wind has a high speed of 30-45 knots (4 to 6 

m/sec),  with a yearly prevalence ranging between 4 and 21%. Windows 

facing these direct ions should be protected with wind breaks 

19 
(barr iers),  air  locks and any other effect ive means. 

Openings should be located in opposite pressure areas on the 

20 
leeward side. The in let and out let  windows in this zone can be of 

equal s ize. North northeast in lets should be vert ical ly designed ( the 

height should be 2.5:1 to i ts width) and should be located on a wal l  of  

19. Olgyay, V.,  1973, p.  102. See also Robinette, Gary 0. ,  
Plants, People and Environmental Qual i ty,  U.S. Department of  Inter ior,  
National Park Service, Washington, D.C.,  1972, pp. 77-98. See also 
AI A, Development of  Improved Design Cri ter ia to Better Resist Effects 
of Extreme Winds for Low-Rise Bui ldings in Developing Countr ies, 

Proceedings of a workshop held at Dr. Paul ino J.  Garcia Memorial  Hal l ,  
Nat ional Science Development Board, Mani la,  Phi 1ippinnes, November 
14-17, 1973," U.S. Government Pr int ing off ice, Washington, D.C.,  1974. 

20. Watson, 1983, p.  15. See also Markus, T. A. and E. N, .  
Morr is,  Bui ldings, Cl imate and Energy, Putnam Publ ishing Limited, 
London, 1980, pp. 358-371. 



not less than 35 cm (13.8 in) thickness of masonry, adobe or other 

heavy material  to protect the inter ior from the high solar radiat ion. 

Vert ical  and horizontal  operable shading devices and wel l- located 

evergreen trees are required for the inlet windows. Windows used for 

21 
cross-vent i lat ion can also be used to reduce glare problems (see 

Figure 43).  

Outlet windows facing south should be of wide glass areas 

vert ical ly operable or sized with a f lexible str ip on the top side. 

Deep horizontal  shading devices are required for this elevat ion, as 

stated in the previous design strategy sect ion. Wind and dust control  

is also required for this elevat ion. 

Sand and dust control ,  as recommended from the results of 

laboratory and f ie ld studies, suggest the courtyard house as a very 

22 
good dust barr ier for improved l iv ing in desert areas. They also 

observed that evergreen trees, screens and wal ls located less than 20 

feet (6.1 m) away from the bui lding with a horizontal  deep shading 

device, can achieve their  maximum eff ic iency for dust reduct ion (see 

Figure 51).  

The designer should be aware also of the W-WNW-NW undesirable 

high-speed winds with almost 13% yearly prevalence and average speed of 

21. For more information and solut ions of glare problems, see 
R. G. Hopkinson, Architectural  Physics, London HMSO, 1963, pp. 29-103. 

22. Bagnold, R. A.,  The Physics of Blow Sand and Desert Dunes, 
Methuen, London, 1941. See also, Saini ,  1980, pp. 58-60. See also, De 
Chiara, J.  and Lee E. Koppelman, Time-Saver Standards for Site 
PIanning, McGraw-Hi l l ,  Inc.,  1984, pp. 214-216, 533, 812-814. 



83 

wint« r 

Figure 43. Bui ldings should be exposed to the cool breezes and minimize 
the amount of  solar radiat ion (heat gain) in the north 
el  evat ion. 

m/sec 
r 3m/s 

suction ̂ T"\*U|,bu, 

JaaSSaa 
2 - 5 H  wind shadow 

10-15 H 

Figure 44. Barr iers and trees reduce wind veloci t ies and amount of  
dust next to bui ldings. --  Courtyard houses are more 
ef fect ive in the hot-dry zone (source: Dimensions ;  see 
Olgyay, V.,  1 973 ,  p. 98).  
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about 25 knots (5 m/sec).  The least undesirable winds for the hot-dry 

zone, especial ly in Ghadamis, are the S-SSW-SW, which are also hot 

dusty winds with a high speed of 35 to 50 knots (7 to 10 m/sec).  

However, dur ing the extreme days in summer, natural  vent i lat ion can be 

supported or total ly subst i tutsd for by mechanical or electr ical  means. 

In addit ion to natural  vent i lat ion, the previously mentioned 

evaluat ion chart  of the hot-dry zone indicates that almost 27% of the 

overheated period between May and October fal ls outside the abi l i ty of 

the natural  means of wind and moisture to achieve comfort  condit ions 

(see Figures 45).  The chart  indicates that more than 3.5 m/sec winds 

are required by this strategy for this zone using the natural  breezes 

previously discussed or combined with a mechanical means. 

According to the average speeds of 1 to 2 m/sec of the N-NNE 

avai lable desirable breezes, one can real ize that there is about 1.5 

m/sec di f ference between the amounts of  the avai lable and required 

breezes in this cl imatic zone. Hence an indoor air  movement of  1.5 

m/sec should be provided using mechanical or electr ical  means to 

achieve comfortable condit ions. The use of an automatic exhaust fan 

instal led near the cei l ing in a proper posit ion is an effect ive 

solut ion as mentioned in the previous strategy of high-mass with 

programmed nightt ime vent i lat ion. 

D. Evaporat ive Cool ing 

From the same chart ,  i t  can be observed that in the hot dry 

zone, the overheated period between May and August fa l ls within the 

evaporat ive cool ing l imit  whi le overlapping with the previous methods 
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Figure 45. Hot-dry climate mechanical ventilation. 



of design strategies (see Figure 46).  The overlapping zone can be 

control led through a t ime-lag strategy explained previously.  The 

comfort  of  the evaporat ive cool ing design strategy is based on using 

the surrounding air  temperature to evaporate water.  Cool ing takes 

place through the reduct ion of heat needed for evaporat ion. The amount 

of  moisture is also raised during the same process. Givoni and Mi lne 

est imated the l imit  of temperature reduct ions that can be achieved at 

reasonable indoor air  veloci t ies for pract ical  purposes, as 25 knots 

(3. 9 m/sec).^ 

This strategy is one of the cool ing methods which was used by 

Musl ims in their  old c i t ies where natural  spr ings or r ivers were 

avai lable. At Ghadamis, about 800 km southwest of  Tr ipol i ,  the water 

of Eyen Al-Faras (a famous natural  spr ing) was used for evaporat ive 

cool ing of the ent ire ci ty including the mosques and streets. In Iran, 

Iraq, Egypt,  Syr ia, Spain and Morocco, the tradit ional courtyard house 

was wel l  known for i ts evaporat ive cool ing techniques such as the use 

of central  fountains and basements. However, because of the lack of 

water in this cl imatic hot-dry zone, there are many simple 

water-conserving methods that might be used in Muzroq, Sebha, Uabari  

Ghat and the other simi lar ar ia ci t ies. 

One of these methods was incorporated in the tradit ional system 

of using the malkuf "wind catch," used by architect Hassan Fathy in 

23. Watson, Donald, 1983, p.  16. 
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HOT-DRY CLIMATIC ZONE 

Figure 46. Hot-dry climate evaporative cooling. 
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24 
Gourna v i l lage in Egypt.  In this vent i lat ion system, wind passes 

through the "Nlalkuf" wind catch where jars in rows are f i l led with 

water.  Cool ing takes place through evaporat ion at the jar surface. 

The cooled water drops onto the charcoal screen at the lower part  of 

the wind catch where the cool wind passes to the indoors (see 

Figure 47).  

The opening of the wind catch in the hot-dry zone should be 

exposed to cool breezes in the l\ l -NNE direct ions and should be high 

enough to catch these winds. Access to the jars and to the opening of 

the wind catch, which should be operable, is very important.  

Figure 47. Use of the tradit ional method to catch cool breezes (malkuf,  
or wi nd catch).  

24. Fathy, Hassan, 1973, p.  49. See also, Clark, Kenneth N. 
and Patr ic ia Paylore, Desert Housing: Balancing Experience and Tech
nology for Dwel l ing in Hot Ar id Zones, The Universi ty of Arizona Press, 
1980, p.  216. 



The other most ef fect ive methods for the hot-dry zone, involve 

the use of earth contact and l iv ing plants. Some old passive methods 

such as the "cool pipes" also can be revived and developed for cool ing 

25 
in this zone. This method involves burying about 600 l inear feet 

(182.9 m) of  6- inch (2.4 cm) ABS, pipe from six to eight feet (19.7 m 

to 26 m) deep. Outside air  is then drawn down through the pipes in the 

ground to cool before i t  enters the bui ldings. This can be done ei ther 

using fans or a natural  vent i lat ion technique. This method is cal led 

the "open pipe system," and is suitable for c i t ies l ike Sebha rather 

than Jufra, Wadi Ashat i  where the water table is too near the ground 

surface. 

Another s imi lar t radit ional method was appl ied in Barei l ly,  

India. This method uses an underground tunnel whose moist wal ls 

provide an excel lent source of cool moist air  (see Figure 48).  I t  runs 

from a wel l -pi t  to the basement of  an exist ing hospital 's X-ray 

26 
department.  This method could be incorporated in a modern way in 

Hon, Brok and other areas where underground water exists.  Other 

evaporat ive cool ing methods using heat exchangers is also explained by 

Saini  in his book Bui lding In Hot Dry Cl imates. 

Gravel also can be sprinkled to provide more evaporat ive 

cool ing. Plants and green areas outdoors and indoors are another 

25. Frank Harr ison, AIA, Successful  Passive Solar Design, 
edited by Stuart  W. Rose, Professional Development Resources, The 
Management Inst i tute, N.Y.,  1982, Part  One, Sect ion 12. 

26. Saini ,  1980, pp. 69-71. 
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source of increasing moisture and cool a ir .  However, for Sebha and 

some other c i t ies where water problems exist ,  recycled gray water could 

be used for gardens, fountains and plants. Another ef fect ive method is 

two-stage evaporat ive cool ing which has been used by the Environmental 

Research Laboratory of the Universi ty of Arizona at Tucson. They use 

large storage rock beds for both cool ing and heat ing as an al ternat ive 

27 
to refr igerated air-condit ioning. Simi lar concepts have been 

28 
developed at 0SIR0 in Austral ia.  Act ive solar energy methods also 

might be incorporated for cool ing and heat ing for this cl imatic zone. 

lower 
level 

Ground line lowbr 
level 

PLANS 

SECTION 

Figure 48. Evaporat ive cool ing system using an underground tunnel with 
moist wal ls (source: Saini ,  Balwant,  1980, p.  70).  

27. The process is wel l  def ined by John F. Peck, Helen J.  
Kessler and T. Lewis Thompson. 

28. Close, D. J. ,  R. V. Dunkle and K. A. Robeson, "Design and 
Performance of a Thermal Storage Air-condit ioning System," reprinted 
from the Mechanical and Chemical Engineering Transact ions of the 
Inst i tut ion of Engineers, Austral ia,  Vol.  MC4, No. 1 (May 1978), pp. 
45-54. 
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I I .  Heating Design Strategies. 

A. Passive Solar Heating of High-Mass Structures 

In winter,  a l l  over the hot-dry zone and especial ly in Sebha, 

Ghadamis and Jurzuq, the clear sky wind and lack of vegetat ion cover,  

cause a rapid loss of heat through radiat ion after sunset,  increasing 

the cool ing rate. Temperatures of under 0°C (32°F) occur occasional ly 

at  night.  

On the other hand, high solar radiat ion during the dayt ime 

leads to phenomenal diurnal var iat ions of temperature up to 40°C (72°F) 

29 
in the shade. These harsh condit ions cannot be equal ized by 

l ightweight structures. The most ef f ic ient way to accomplish this is 

to use high thermal mass which has a good storage capacity of heat for 

30 
up to 12 or more hours. Thick wal ls,  heavy materials and large glass 

areas in the south elevat ion are the key to design with this strategy 

(see Figure 49).  

According to the previously discussed opt imum or ientat ion for 

this zone, one can real ize that the north side of a house receives the 

lowest solar heat and is considered as the coolest side during 

31 
winter.  In contrast,  the south elevat ion receives the highest amount 

29. See Appendix A. 

30. See Watson, Donald, 1979, p.  105, AIA Research 
Corporat ion, 1980, p.  183. Also see Mazria, 1979, p.  91. 

31. See Sun Control  sect ion in the next part  of this chapter.  
See also, Mazria, Edward, The Passive Solar Energy Book, Expanded 
Professional Edit ion, Rodale Press, Emmaus, PA, 1979, pp. 91. 
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Figure 49. Hot-dry cl imate passive solar heat ing of high-mass structures. 
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of the solar heat in winter.  So heat gain and solar penetrat ion in 

winter can be achieved through the south elevat ion with careful  shade 

considerat ions for the overheated period. Likewise, the architectural  

elements of the house can be arranged in the plan according to the 

heat ing and dayl ight needs (see Figure 50).  

B. Humidif icat ion 

The curves which represent the underheated period from December 

to early Apri l  in Sebha, Kufra, Ghat and Ghadamis, fa l l  in the humidif i 

cat ion design strategy for heat ing (Figure 51).  The chart  shows low 

humidity which causes health problems, especial ly for chi ldren and old 

people. Plants and green areas outdoors and indoors may provide an 

adequate amount of  moisture to increase humidity enough for comfort  

indoors. 

Figure 50. South-facing glass areas, high-mass structure, simple 
compact forms, earth-covered wal ls and plants are impor
tant requirements for good design. 
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This strategy is simi lar to that of evaporat ive cool ing, 

mentioned previously.  However, in this process air  does not need to be 

exhausted and replaced. In extreme cases, electr ical  devices which 

provide vapor are required to increase moisture in air .  

The Hot-Humid Zones 

Figures 52 and 53 of Olgyay's format chart  represents the 

registrat ion of the cl imatic condit ions of Sir te, Benghazi,  Misurala, 

Derna and the other simi lar coastal  c i t ies with a high annual relat ive 

humidity.  The curves show just a smal l  range in temperature and 

humidity during the underheated period between dayt ime and nightt ime. 

They also show that the period from December to the middle of March 

cal ls for heat.  The rest of the year is on the high humid side of the 

chart .  I t  shows that wind effects can play an important part  for 

rel ief  from both the high temperature and humidity.  

A few extreme weeks in May, June and July need indirect passive 

natural  means of  wind and solar radiat ion. A few other weeks through 

the year are within the comfort  zone. This cl imatic zone covers mainly 

Sir te within the Libyan Mediterranean coastal  c l imate, and some other 

humid c i t ies within the coastal  steppe cl imate such as Misurata and 

Derna (see Appendix A. However, Benghazi is also closer,  with i ts 

high relat ive humidity,  to this hot-humid zone than i t  is to the 

32 
temperate zone. 

32. See the Libyan cl imatic regions map in Chapter 1 of  this 
thesi s.  



SUMMARY OF DESIGN STRATEGIES 

Figure 52 . Hot-humid climate sunwnary of design strategies "c01nbin d 
wnethod . .. 



97 

120-1 i troke 'Proba 

\50 O. 

< £<*n» 5^0/ho 
l ineO Shadini  

20 70,211 

15 

£300 

0 Freei ing line 

90 %'R.H. 

HOT-HUMID ZONE 

Figure 53. Evaluating the hot-humid zone "bioclimatic registration of 
climatic data." 



98 

During dayt ime hours the average yearly requirements would be 

38% sun heat,  62 shade, 36% wind protect ion, 54% cool breezes, 14% 

other addit ional cool ing methods, and 16% of the t ime is in shade 

comfort .  Both heat ing and cool ing design strategies are needed to 

achieve comfort  indoors. 

I .  Cool ing Design Strategies. 

A. Natural  and Mechanical Vent i lat ion for Cool ing 

The biocl imatic chart  of  the hot humid zone (Figure 54) shows 

that al l  the overheated months from May to November fa l l  within the 

l imits of natural  and mechanical vent i lat ion. This strategy is the 

most sat isfactory method for such humid cl imates to achieve indoor 

comfort .  The concept of  this strategy is based on using prevai l ing 

breezes and free air  f low throughout the inter ior to exhaust the 

humidity;  however, a large part  of the t ime, according to the chart ,  

mechanical air-condit ioning is required. 

In such hot-humid areas, low thermal mass bui ldings are more 

convenient because there is a smal l  range of temperature between day 

and night,  which is not affected by the t ime-lag propert ies of the high 

thermal mass structure. However, the high-mass structures often cause 

mildew problems, in this zone, because of precipi tat ion of moisture on 

cold wal ls and f loors. Low-mass structures are more sat isfactory for 

this cl imatic zone because of their  high rate of cool ing. 

Lightweight mater ials,  such as wood, f ibers and thin wal ls are 

required by this design strategy in order to cool the bui lding quickly 
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33 
and economical ly.  Bui ldings raised off  the ground are more exposed 

to prevai l ing breezes. Shaded thatched structures with high insulated 

wal ls and roofs are also necessary (Figure 55).  Prefabricated struc

tures with highly insulated units are more convenient for this zone 

than any other zone i f  more care is taken in design and specif icat ions. 

Other methods of l ight construct ion which are used in other 

countr ies can be incorporated for this zone. In Peru people use local 

materials with n ew techniques to produce l ightweight economical 

structures. For example, the use of mortar less concrete-block wal ls,  

reinforced with sulphur and f loat ing slabs for the roofs, is an 

example of sui table techniques. 

In general,  the size of in lets and out lets should be est imated 

35 
or calculated large enough to provide for cross-vent i lat ion. The 

out lets should be located on the opposite side of the inlets or in the 

36 
low-pressure areas on the sides or in the roof.  The out lets should 

be relat ively larger than the inlets to secure enough speed and cool 

air  f low within the inter ior spaces. Courtyard houses with l ightweight 

structures are another al ternat ive. Deep overhangs and arcades are 

required for their  eff ic iency. A s imi lar passive technique of cool 

33. Watson, Donald, 1983, p.  105. 

34. See Alexander, Christopher, Houses Generated by Patterns, 
The Center for Environmental Structure, Berkeley, Cal i fornia, Second 
Print ing, 1970, pp. 14-28. 

35. Donald Watson, Faia and Fenneth Labs, 1983, pp. 55-60. 

36. Olgyay, 1973, p.  108. See also Markus, T. A.,  1980, pp. 
358-371. 
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Figure 55. The hot-humid cl imate required l ight construct ion with 
wel l-shaded areas, insulated roofs and wal ls,  and cross-
vent i lat ion. 
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pipes, which was discussed previously for the hot-dry zone, can be 

37 
incorporated for this zone. I t  is cal led the "closed pipe system." 

In this method, inside air  is pre-cooled before passing through the 

system, and i t  may also pass through a dehumidif ier then ei ther be 

further cooled or passed direct ly into the bui lding. Wind catches, 

"malkuf,"  which were described previously,  also might be used to catch 

cool breezes, but without using water jars, since evaporat ion is not 

pract ical .  

The biocl imatic chart  shows during the overheated period, winds 

of 3.5 m/sec are required. However, there are two desirable cool 

breezes in this zone, each coming from two direct ions. The direct ions 

of the f i rst  desirable cool breezes are N-NNE-NE with 29% yearly 

prevalence in some areas such as Sir te to 50% yearly prevalence in 

other areas. I ts speed is between 10 to 15 knots (2 to 3 m/sec).  The 

other desirable breezes have the direct ions of NE-ENE-E with 20 to 25% 

prevalence during summer months. I ts speed is between 7 to 21 knots (1 

to 4 m/sec).  

From the wind analysis,  i t  is clear that the wind needs of 3.5 

m/sec are more than the average avai lable desirable breezes. The 

di f ference of about 1.5 m/sec might be covered by mechanical and 

electr ical  means. The most ef fect ive method for this case is an 

exhaust fan instal led near the cei l ing in a proper posit ion in the 

space and also with a proper size and power. The other important point 

37. Frank, Harr ison, 1982, Part  One, Chapter 12. 
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is to expose the bui lding to the previously mentioned direct ions of 

wind. Each part  facing these breezes might be one room thick with 

enough proper openings. Windows may have angled scoops to direct 

breezes into the inside. I t  is also more ef fect ive to have a pat io or 

courtyard on the back of the rooms that face breezes (see Figure 56).  

The other s ignif icant point is to or ient the bui lding to the proper 

direct ion to minimize the solar heat gain during the overheated period 

38 
and to maximize i t  in winter.  

' -rT v idT. 

Shade  and  Vent i la t ion  

Figure 56. Cross-vent i lat ion, shaded areas, l ight construct ion and 
enough windows are the key design of the hot-humid region. 

38. See the next sect ion of this chapter,  covering sun 
control .  
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B. Conventional Dehumidif icat ion 
and Air  Condit ioning for Cool ing 

The curves which represent May, June and July on the chart  fa l l  

within the conventional dehumidif icat ion and air  condit ioning design 

strategy (see Figure 57).  In other words, during some of the extreme 

weeks of those months comfort  cannot be achieved by simple natural  

and/or architectural  means. Mechanical and electr ical  equipment is 

required to achieve indoor comfort .  

Ei ther air-condit ioning or conventional dehumidif icat ion might 

be used to maintain comfort .  However, careful  protect ion from solar 

radiat ion including high thermal insulat ion, highly ref lect ive external 

wal ls and roofs, deep overhangs, and l ightweight structures with white 

colors and nonref1ect ive ground cover may reduce the need for 

mechanical equipment.  

Bui ldings designed according to the l imits of this strategy 

should be compact for economic condit ions. Low heights of not more 

than 3 m are required. However, considering the Libyan family needs 

within this cl imatic zone, the requirements of this design strategy are 

not convenient for the large number of  family members and their  kind of 

furni ture. Other al ternat ives are required. One of the new economic 

methods is the combinat ion of a heat-exchanger with an evaporat ive 

cooler in such a way that i t  does not s ignif icant ly add to the moisture 

39 
of the air .  Act ive solar energy methods also can be incorporated in 

this strategy for cool ing and heat ing. 

39. Saini ,  1980, pp. 74-75. 
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I I .  Heating Design Strategies. 

A. Passive Solar Heating of High-Mass Structures 

The underheated period of the hot-humid zone, as i t  is shown in 

the chart ,  fa l ls within the passive solar heat ing of the high-mass 

design strategy (see Figure 58).  However, because of the previous 

recommendation of using l ightweight materials,  the results of this 

strategy can be achieved by means other than high-mass structure. In 

this region heat can be provided using the south-facing windows which 

can be exposed to solar radiat ion in winter and shaded horizontal ly 

against the summer sun. 

According to the previous analysis of the cl imatic condit ions 

plotted on the biocl imatic chart ,  one can real ize that there is need 

for cool ing, more than that for heat ing. The need for a l ightweight 

structure is thus greater than that for a high thermal mass structure. 

A thermal mass structure might be used careful ly in the south eleva

t ion, in the f loor or inter ior of the bui lding. I f  shade is careful ly 

provided, i t  wi l l  be sat isfactory during the overheated periods as wel l  

(see Figure 59).  

The Temperate Zone 

This zone covers some coastal  temperature areas and c i t ies 

within the Libyan Mediterranean coastal  c l imate and also includes the 

cont inental  and coastal  steppe cl imate (see Appendix 2).  The average 

relat ive humidity of this zone ranges between 48 to 64% through the 

year.  
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The diurnal temperature curves on the chart  have a marked high 

slope indicat ing a large dai ly range of temperatures (see Figures 60 

and 61).  The evaluat ion chart  cal ls for both cool ing and radiat ion 

through the year to achieve comfort  indoors. For a few weeks of the 

year,  cool ing needs cannot be sat isf ied by direct natural  means. 

Mechanical and electr ical  means might be used during the extremes of 

June, July and August.  

During the dayt ime hours the average yearly needs are 

determined according to the percentage of the registered cl imatic data 

in each part  of the chart :  44% sun heat,  56% shade, 39% wind 

protect ion, 26% breeze period, 15% other addit ional cool ing methods, 

and 24% of the t ime is within the comfort  zone. Accordingly,  the 

developed bui lding biocl imatic chart  cal ls for cool ing design 

strategies as wel l  as heat ing strategies. 

I .  Cool ing Strategies. 

A. Natural  and Mechanical Vent i lat ion for Cool ing 

The temperate zone chart  indicates that most of  the overheated 

period fal ls within natural  and mechanical vent i lat ion for cool ing 

(Figure 62).  June, July and August are character ized by high records 

of temperature and relat ive humidity.  The rest of the year,  the 

relat ive humidity is relat ively more comfortable than temperature which 

goes down into the comfort  zone. For this cl imatic zone, passive means 

are not enough to maintain comfort  indoors with natural  vent i lat ion. 

The yearly desirable prevai l ing wind speeds range between 1 to 

2 m/sec (7.5 to 10 knots).  The chart  indicates that cool breezes 

required by this zone are more than 3.5 m/sec. This analysis reveals 
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that the chart  cal ls for cool breezes that are more than 1.5 m/sec 

faster than the avai lable breezes. An exhaust fan instal led near the 

cei l ing might cover the di f ference of wind needed. Using the 

tradit ional means such as the wind catch "malkuf" may also reduce the 

di f ference needed in wind. 

Design must increase exposure to cool ing breezes. The proper 

or ientat ion to face the desirable breezes, are the north and northeast 

direct ions. These winds have a yearly prevalence of 35%, mainly in 

summer. They are a combinat ion of two winds, the NE-ENE-E and the 

N-NNE-NE winds. Both blow from the sea side and are considered as the 

most desirable winds of this zone throughout the year.  Cross-

vent i lat ion is the proper use of these winds. The bui ldings should be 

designed to ut i l ize result ing posit ive and negat ive air  pressures to 

achieve the opt imum air f low throughout the inter ior.  The radiat ion of 

the thermal mass structure at night raises the temperature of the 

indoor air .  The heated air  then is replaced and blown out by the cool 

breezes. 

High thermal mass structures with thick wal ls are required. 

Accordingly,  high thermal mass mater ials such as adobe, masonry, 

l imestone and heavy soi l  might be used in f loors, wal ls and cei l ings. 

Thermal ly induced vent i lat ion and the proper heights and dimensions of 

the required openings can be determined mathematical ly using the 

40 
required formulas (see Appendix D). The other general requirements 

40. Markus, T. A.,  1980, pp. 387-390. See also, Fraker,  
Harr ison, AIA, 1982, Vol.  1,  Sect ion 10, pp. 1-6. 
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of design concerning vent i lat ion and openings are demonstrated 

graphical ly in Figure 63. 

Because of the north and northeast or ientat ion, much more care 

is required in the design of sun protect ion from the direct radiat ion 

of the summer. Thatched, shaded bui ldings, courtyard houses, high 

thermal insolat ion for wal ls and roofs are also adequate. Underground 

and earth houses might be used, especial ly those with basements. 

B. High Thermal Mass Structures with Programmed 
Nightt ime Venti lat ion for Cool ing 

The biocl imatic analysis for the temperate zone indicates that 

several weeks of  the overheated period fal l  within high thermal mass 

structure with programmed nightt ime vent i lat ion for cool ing design 

strategy (see Figure 64).  The concept of  this strategy is based on 

using the cool breezes at night to cool the bui lding's inter ior then to 

close i t  up during dayt ime. High thermal mass structure, earth-covered 

wal ls and roofs and courtyard houses are convenient for this zone. Use 

of basements is also proper. Heavy mater ials serve to delay the effect 

of peak heat ing condit ions to the inter ior.  Sun control  can be 

achieved by deeply operable openings, wel l - insulated structure and 

highly ref lect ive outer surfaces. Shade can be provided by sel f-

41 
shading bui lding design or using di f ferent shading devices, such as 

an egg-crate and horizontal  or vert ical  devices. 

41. Olgyay, Aladar,  Solar Control  and Shading Devices, 
Princeton, Princeton Universi ty Press, 1957. See also, Cal lender, John 
Hancock, Time-Saver Standards for Architectural  Designs Data, 
McGraw-Hi l l  Book Company, New York, 1982, pp. 4-143 to 4-145. See 
also, Olgyay, Victor,  1973, pp. 63-83. 
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Wind control  is also required. The bui lding should be 

protected from the hot sandy "Ghibl i"  which are the most undesirable 

winds in this zone. The dominant direct ions of these winds are between 

south and southeast,  with 19% yearly prevalence and high speed. The 

second undesirable winds are from the west to the southwest,  with 50% 

yearly prevalence and average speed of 35 knots (7 m/sec) (see 

Figure 65).  

I I .  Heating Design Strategies. 

A. Passive Solar Heating of High-Mass Structures 

The evaluat ion chart  of the temperate zone cal ls also for 

radiat ion during underheated periods, start ing from late in September 

unt i l  early Apri l  (Figure 66).  The diurnal temperature curves have a 

marked high slope, indicat ing a large dai ly range of heat.  Almost a l l  

the curves of the underheated period fal l  within the strategy l imits of 

passive solar heat ing of high-mass structure. The concept of this 

design strategy was mentioned previously in the sect ion of the hot-dry 

zone. High thermal mass structures and materials including the use of 

underground and, earth-covered structures are of great importance. 

Proper or ientat ion and south-facing glass properly sized and exposed to 

sun in winter could be extremely ef f ic ient for heat ing (Figure 67).  

The Cold Zone 

Figures 68 and 69 represent the cl imatic data registrat ion of 

the highland cl imate areas such as Gharian, and Nalute Albieda. 

Shahat,  however, needs special  considerat ions for i ts high relat ive 
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Figure 55. Operable windows, sel f-shaded bui ldings, heavy structure, 
vegetat ion and wind control  are important guidel ines for 
design in the temperate region. 
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humidity during the underheated period (see Appendix B).  Here, both 

the dai ly temperature and the relat ive humidity distr ibut ion has a 

smal ler range in winter than in the overheated summer period. Start ing 

from October to the middle of March, the underheated period cal ls for 

solar radiat ion. For almost 12% of the underheated period, natural  

solar wi l l  not be suff ic ient to maintain comfort .  The rest of the year 

cal ls for shading where wind effects are needed to counteract the high 

temperature. However, the underheated period within this cl imatic zone 

shows a more comfortable range of temperature and relat ive humidity 

than any other zone in the country. During dayt ime hours the average 

yearly requirements would be: 68% sun heat,  32% shade, 52% wind 

protect ion, 8% cool ing breezes, 9% other heat ing methods, and 36% of 

the t ime is in shade comfort .  Design strategies are needed for both 

cool ing and heat ing. 

I .  Cool ing Design Strategies 

A. Natural  and Mechanical Vent i lat ion 

For almost a l l  of this zone, June, July and August fa l l  within 

the natural  and mechanical vent i lat ion areas on the chart  (Figure 70).  

The need for cool breezes ranges between 1 to 3.5 m/sec to achieve 

comfort  indoors. Wind analysis,  however, shows that the north and 

northeast summer winds with moderate speeds range between 1.5-4 m/sec, 

and are the most desirable summer winds for cool ing. Their yearly 

prevalence is 40%. Bui lding design within Jabel Nufusa and the 

surrounding area should respect the direct ions of prevai l ing breezes to 

maintain comfort  indoors during the overheated period. 
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Winds in Al-Jabel Al-Akhdar, the Green mountain, mainly prevai l  

from the west and northv/est direct ions with moderate speeds between 2 

to 3.7 m/sec. Their  yearly prevalence is about 25% and they are 

considered as the most desirable summer winds, especial ly in Shahat.  

Bui ldings within this area should be exposed to the mentioned direct ions 

to maintain air f low through the inter ior to achieve comfort .  

Both sides of the cold zone can achieve comfort  indoors with 

this design strategy of using cross-vent i lat ion and the avai lable 

natural  breezes (see Figure 71).  Openings facing the breezes in this 

zone should be careful ly located and should have shading devices and 

angled scoops to direct cool breezes outdoors. Terrace and h i l l  

housing as wel l  as earth-covered wal ls and roofs are also sat isfactory. 

SOUTH 

Figure 71. Stepped houses, cross-vent i lat ion, and south-or iented 
large windows are important for the mountain areas. 
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South-sloping hi l ls ides may be very convenient for both passive 

cool ing and heat ing. The tops of hi l ls are much better than the bottom 

for wind and rainfal l  purposes. Tradit ional underground houses in 

Gharian are very sat isfactory in summer for cool ing. These kinds of 

housing can be revived and developed using modern construct ion methods 

to improve their  performance. 

I t  is also important to protect bui ldings of this zone from the 

undesirable winds. The most undesirable summer and fal l  winds blowing 

from SSW to SSE are cal led "Ghibl i"  winds. These winds are hot,  dusty 

winds with high speeds. The other undesirable winds throughout the 

year are the west and southwest winds. 

B. High Thermal Mass Structure for Cool ing 

The cold zone in both mountain areas of the country experience 

hot dry summers and a high range of the sun's radiat ion. The dai ly 

temperature curves of the overhead period of this cl imatic zone fal l  

within the thermal mass structure design strategy for cool ing (see 

Figure 72).  This choice is also convenient because of the avai labi l i ty 

of the local high-mass materials such as masonry and earth-covered 

wal ls and roofs. High-mass structure is proper to delay heat absorp

t ion during the dayt ime. At night heat can be easi ly exhausted by cool 

breezes and cross-vent i lat ion. Access and use of the bui lding's roof 

is appreciated for this zone. 

Laboratory studies at the Underground Space Center at the 

Universi ty of Minnesota observed that underground temperatures respond 

only to seasonal changes and the changes occur af ter a considerable 
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42 
delay (Figure 73).  The mean temperature f luctuat ion decreases 

rapidly with depth. In Jabel Nufusa and especial ly in Gharian, i t  is 

advantageous to work with the maximum depth possible when incorporat ing 

the tradit ional underground houses in order to derive the most benef i t  

from the thermal mass of  the system (see Figure 74).  

I I .  Heating Design Strategies. 

A. Passive Solar Heat of  High-Thermal-Mass Structures 

The two mountain areas are contain the coldest zones in the 

country (see Appendix B).  Wind effects make i t  even more uncomfortable 

during winter.  The evaluat ion chart  of the highland cl imate cal ls for 

radiat ion during most of  the year (see Figure 75).  High thermal mass 

mater ials and structures are more conventional for this cl imatic zone 

than l ightweight materials and structures. Low-mass structures cool 

of f  rapidly at night and do not store the sun's heat during the 

dayt ime^ (see Figure 76).  

However, use of the t ime-lag does not have the same effect in 

this zone as i t  has in the hot-dry cl imatic zone, because here there is 

no marked day-night di f ference in temperature. The high thermal mass 

structure here wi l l  be more effect ive with proper large areas of 

south-facing glass needed to receive the maximum solar radiat ion during 

the underheated period and the minimum heat radiat ion in summer. 

42. The Underground Space Center,  Universi ty of Minnesota, 
Earth Sheltered Housing Design: Guidel ines, Examples and References, 
The Universi ty of Minnesota, 1979, pp. 53-66. 

43. Olgyay, V.,  1973, p.  117. See also, Watson, 1979, p.  101. 
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with topography. 
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Proper or ientat ion for bui ldings and windows is required to 

protect the bui lding from the effect of cold winds, especial ly in 

Nalute, Shahat,  Albieda, Khekla and Jado. Si tes at the bottom of hi l ls 

are not sui table for housing because of the potent ial  for f looding. As 

was stated previously,  bui ldings must be protected from the W-SSE 

undesirable winds throughout the year.  Use of green houses is also 

proper for this zone. The greenhouse must be covered by a movable 

shading device to prevent excessive heat bui ldup in the summer. I t  

also must have the possibi l i ty of being opened for cool ing during 

nightt ime. Greenhouses can be used for both heat ing and plant ing (see 

Figure 77).  

B. Act ive Solar and Conventional Heating 

The dai ly temperature curves of the cold zone during the 

underheated period fal l  outside the l imits of the natural  means of 

construction \ 

Heavy 

construction 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Hours 

Figure 76. Behavior Gf high-mass and l ightweight structures ( Iraq, 
July) (Source: Olgyay, V.,  1973, p.  117).  



133 

Solar^ 
collector 

Figure 77. Greenhouses with movable insulat ion and operable windows 
and addit ional thermal-mass, is an effect ive method for 
heat ing for the cold cl imatic zone. 
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heating (see Figure 78).  From the chart ,  one can not ice that some 

weeks of December, January and February fal l  within the l imits of 

act ive solar plus conventional heat ing design strategy. The use of an 

act ive solar strategy can be incorporated for both heat ing and cool ing 

to improve the cost-effect iveness of the systems. There are many 

act ive solar energy systems and appl icat ions avai lable in the world 

today for this design strategy. 

The concept is to col lect radiat ion ei ther by natural  or by 

act ive col lect ion systems, and then to use this energy as an 

al ternat ive to the other sources of energy such as o i l .  Results of the 

experimental  new solar v i l lage, Ras Lanuf,  on the Libyan coast,  can be 

used for design improvement a l l  over the country. This solar v i l lage 

is pa>"t of  a large housing project directed by the Libyan Secretar iat 

of  Heavy Industr ies. I t  contains one hundred di f ferent act ive and 

passive solar system dwel l ings designed by Devecon in 1983 (see 

Figure 79).  

2.3 Solar Control  

A. Window and Inter ior Spaces 
Orientat ion 

Sun control  can be used to play a s ignif icant factor in 

economic housing, part icular ly in construct ion and running costs, by 

44 
conserving energy through design. Bui lding eff ic iency in relat ion to 

44. Watson, Donald, 1979, pp. 161. See also, Watson, Donald, 
Design and Bui lding a Solar House: Your Place in the Sun, Gardenway 
Publ ishing, 1977, pp. 120. 
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Figure 79. Ras Lanuf solar village project (source: S.P.L.A.J., 
Secretariat of Heavy Industries, Prega and Ras Lanuf 
Higher Committee, the Final Report, 1980, by Devecon 
Engineers). 
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sun control  can be evaluated for from the exclusion of high solar 

radiat ion during the overheated period and admission of opt imum heat 

45 
gain in winter.  The or ientat ion of the surface and i ts area exposed 

to direct solar radiat ion throughout the year has a great ef fect on the 

46 
rate of heat f low through the house structure. 

The monthly or dai ly amount of  radiat ion or heat energy that 

str ikes a vert ical ,  incl ined or horizontal  surface can be calculated 

47 
for each lat i tude. There are also charts and devices to determine 

48 the amounts of  solar heat energy for any lat i tude. Solar heat energy 

49 information is also avai lable for some lat i tudes in many sources. 

Both the amount of  energy str ik ing the surface and the correct 

solar angles are the same at every point along the same lat i tude. For 

instance, Tucson, Arizona in the United States receives the same amount 

of  solar radiat ion and also has the same solar angles as Tr ipol i ,  

Libya, which is on the same lat i tude of 32 N as Tucson. 

From the sun's dai ly path across the sky (Figure 80),  i t  is 

easy to observe these facts: 

45. Kreider,  Jan F. and Frank Krei th, Solar Energy Handbook, 
McGraw-Hi l l ,  Inc.,  1981, Chapter 28-2. 

46. Olgyay, 1973, pp. 53-93. 

47. Johnson, Timothy E.,  Solar Architecture: The Direct Gain 
Approach, McGraw-Hi l l ,  Inc.,  1981, pp. 173. 

48. Mazria, Edward, The Passive Solar Energy Book, Rodale 
Press, Emmaus, PA, 1979, pp. 328. 

49. ASHRAE Fundamentals Handbook, 1981, Chapter 27. 
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Figure 80. The sun's dai ly path across the sky. - -  (a) The winter 
desirable sun; and (b) Sun's dai ly path during the four 
seasons. 
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1. The sun is higher in the sky in summer, and the roof or any 

horizontal  surface is the most exposed surface to the direct 

solar radiat ion. 

2. Accordingly,  the sun r ises south of due east in winter,  which 

al lows the south side of the bui lding to receive almost 3.25 

t imes more direct solar radiat ion in winter than any other 

s i  de. 

3. During summer, the sun r ises north of due east,  which al lows 

the north side of the bui lding to receive more direct solar 

radiat ion that the south side of the bui lding during the 

summer. 

4.  One can also real ize that the highest amount of  solar radiat ion 

(almost 90%) occurs between 9:00 am (morning) and 4:00 pm 

(afternoon).^ 

The total  amount of  solar radiat ion on clear days, str ik ing the 

di f ferent ly or iented vert ical  wal ls,  is i l lustrated for three lat i tudes 

in Libya (Figure 81).  Lat i tude 24 N represent ing Ghat and Kufra in the 

south, lat i tude 26 l\ l  represent ing Hone in the middle desert ,  and 

lat i tude 33 present ing the north coastal  part  of  the country. From the 

three charts,  i t  is clear that the south-facing side receives the 

50. See also, Anderson, Bruce, The Solar Home Book: Heating, 
Cool ing and Design with the Sun, R.A.K. Publ ishing Co.,  Massachusetts,  
1976, pp. 55. See also, Mazria, Edward, 1979, pp. 102. See also, 
Johnson, 1981, p.  57. 
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Figure 81. Direct solar radiat ion incident on di f ferent ly or iented 
wal ls in BTU/ft^/day for clear days throughout the year.  - -
The south-facing side receives the maximum amount of  direct 
solar radiat ion in winter and the minimum amount in summer for 
(a) Tr ipol i ,  L 32S 4 N; (b) Jufra, L 29N; and (c) Ghat,  
L24 58N. 
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maximum amount of  direct solar radiat ion in winter and the minimum 

amount in summer. 

From the charts also, one can not ice that the north elevat ion 

is receiving much less solar radiat ion in winter and the most in 

summer. However, the north elevat ion receives less heat during both 

summer and winter than the E-W facing sides. Accordingly,  the NE, NW, 

W and E or iented sides al l  receive the highest amount of  radiat ion in 

summer and the lowest in winter,  compared to the south or iented sides. 

Likewise, the SW, SE or iented sides receive a low amount of  solar 

radiat ion in winter and s l ight ly more in summer. 

One can also see that the south elevat ion heat gain in winter 

increases toward the south lat i tudes throughout the country. These 

facts demonstrate that the south elevat ion, which gains a maximum 

amount of  solar radiat ion in winter and the minimum in summer, is the 

opt imum or iented elevat ion for sun control .  

Indoor spaces can be arranged according to their  dai ly and 

annual relat ive heat ing and l ight ing requirements according to the 

previous results.  Spaces with the most dayt ime use and others which 

need more sun control  can be placed along the south elevat ion and the 

other faci l i t ies along the north and west elevat ion to protect the 

bui lding from the overheated period. Accordingly,  one can real ize that 

a rectangular bui lding elongated on the E-W axis is the opt imum shape 
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51 
to expose more surface area to the desired south direct ion. 

(Figure 82).  However, shading is required, even for the opt imum 

or iented side. 

B. Cri ter ion of Optimum Orientat ion 

According to the World Annual Solar Radiat ion book, Libya fal ls 

within two solar radiat ion zones, as shown in Figure 83. The f i rst  

solar radiat ion zone covers the part  of the country between lat i tude 

33°N and lat i tude 29°N, including the hot-humid, temperate and cold 

cl imatic zones and some areas of the hot-dry zone such as Ghadamis. 

2 52 
This part  receives an annual solar radiat ion of 1950-2200 kwh/m .  

Using Olgyay's method to determine the opt imum or ientat ion for 

housing design, for the f i rst  zone, the total  annual solar radiat ion 

incident on a di f ferent ly or iented vert ical  wal l  is calculated for the 

underheated and overheated periods and plotted on the chart  of the 

53 
north zones (Figure 84).  The l ine connect ing between the maximum 

solar radiat ion gained by the vert ical  wal l  in winter and the minimum 

solar radiat ion gained by the same wal l  in summer is then point ing to 

51. For more information on bui lding forms, see Olgyay, 1973, 
pp. 34-93. See also, Knowles, Ralph L.,  Sun Rhythm Form, MIT Press, 
1981, pp. 144. See also, Knowles, Ralph L.,  Energy and Form: An 
Ecological Approach to Urban Growth, MIT Press, 1974, pp. 63 and 
135-173. See also, Mazria, Edward, 1979, pp. 78-84. 

52. Buxtehude, Wil ly Rudolf f ,  World Cl imates, Wissenschaft-
l iche verlagsgesel1schaft  mbh Stuttgart ,  1981. 

53. Olgyay, Alador,  "Solar Control  and Orientat ion to Meet 
Biocl imatic Requirements," in Housing and Bui lding in Hot-Humid and 
Hot-Dry Cl imates, Research conference Report No. 5,  The Bui lding 
Research Advisory Board, Nat ional Academy of Science, 1953, pp. 44-46. 
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Figure 82. Good passive design maximizes use of sunshine in winter 
and protects the bui lding from "gibly" winds. - -  (a) Indoor 
and outdoor space arrangement; and (b) Optimum bui lding 
shape could be rectangular elongated on the E-W axis.  



(West)  ̂ (East) —» 

Annual solar radiation 

Figure 83. Libyan solar radiat ion zones (source: Buxtehude, Wil ly 
Rudolf ,  World Cl imates, Wissenschaft l ich Verlagsgesel!-
schaft  GMBH, Stuttgart ,  1981). 
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Figure 84. Two opt imum or ientat ions for housing design in Libya. --
(a) North zones of  the country; and (b) South zones of  
the country. 
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the range of the opt imum housing or ientat ion, which ranges between 5° 

to 10° east and west of  south.^ 

2 The second solar radiat ion zone receives more than 2200 kwh/m 

annual solar radiat ion and covers the largest part  of the hot-dry 

cl imatic zone between lat i tude 29 N and lat i tude 21 N. Fol lowing the 

previous steps and reading the chart  of  the south zone indicates the 

opt imum or ientat ion for this part  of the country ranging between due 

south and 25° to east of  south. However, i t  is very di f f icul t  to 

recommend this direct ion as the opt imum or ientat ion for housing in the 

hot-dry cl imatic zone, without recognizing the other factors of wind 

direct ion. 

The undesirable winds in the hot-dry cl imatic zone blow from 

almost a l l  direct ions. The previously mentioned or ientat ion for 

opt imal solar radiat ion control  exposes the bui lding to the same axis 

as the most undesirable "Ghibly" wind, which is associated with blowing 

sand and high temperatures. Likewise, the opt imum direct ion of the 

N-NNE-NE desirable breezes fal ls within the same axis of the S-SSW-SW 

hot winds of speeds reaching 6-9 m/sec, whi le the speed of the breezes 

do not exceed 2 m/sec. 

In fact,  for Ghadamis, Jufra and the other areas of the hot-dry 

zone that are north of lat i tude 29°N, the recommended or ientat ion 

between 5° and 10° east and west of  south should be used. However, 

54. Olgyay, V.,  1973, p. .  See also, Anderson, Bruce, The 
Solar Home Book: Heating, Cool ing and Designing with the Sun, Br ick 
House Publ ishing Co.,  Inc.,  Massachusetts,  1976, pp. 80-82. 
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another recommended or ientat ion for housing bui l t  south of lat i tude 

29°N is from south to 10° west of  south as shown in Figure 85, to avoid 

the effect of the "Gibl i"  wind and to expose the bui lding to the cool,  

desirable breezes. 

However, the most s ignif icant issue here is to respect the 

major points of housing design mentioned in this chapter,  which concern 

sun and wind control  for the hot-dry cl imatic zone. In general,  

exclusion of undesirable winds and high solar radiat ion whi le ensuring 

adequate sun penetrat ion in winter and admitt ing N-NNE-NE breezes are 

the key design guidel ines for adequate housing in this zone (see also 

Figure 86).  

C. Shading 

The eff ic iency of the plans and sect ions, concerning sun 

control  during the design stage, can be examined using the two solar 

angles. The angular deviat ion from the true south is known as the 

solar azimuth (AZ), and can be used to determine sun control  for plans. 

The solar al t i tude angle (AL) is measured up from the horizon to the 

sun and can be used to determine sun control  through vert ical  sect ions 

(Figure 87).  Both angles, AL and AZ, can be calculated for any day, 

t ime and lat i tude mathematical ly or can be obtained from the avai lable 

tables or by using a shadow solar protector.  

This study, however, provides the AL and AZ solar angles for 

eleven ci t ies between L 24 N to L 33 N, which covers most of  the Libyan 

terr i tory. Each lat i tude is represented by a c i ty,  which can be easi ly 

recognized on the map, and which is the subject of urban growth. Sun 
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Figure 85. Effect of  wind direct ions on the opt imum or ientat ion for 
housing in the hot-dry zone. 
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Figure 86. The desirable shading devices and window shapes for each 
direct ion in Libya. --  (a) For the hot-dry zone; and ( b )  for 
the north zones. The angles (on the beginning of each l ine) 
are measured from the south direct ion towards the east or 
west direct ions. 
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Figure 87. Applying and determining the azimuth (AZ) and al t i tude (AL) 
solar angles with sun path diagram using the shadow 
protractor.  
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angle information is i l lustrated in a summary prof i le that al lows the 

designer to recognize what sun angle he should use to control  the sun 

during the overheated and underheated periods (Figures 88 through 98).  

Each f igure also ident i f ies the other c i t ies or areas where the same 

i l lustrated information can be appl ied. 

D. Design Evaluat ion Through a Model 

There are new methods to examine the eff ic iency of bui lding 

design in relat ion to the ambient c l imatic condit ions. In England, 

Germany, the United States and some other countr ies, laboratory 

machines are used to create the same c l imatic condit ions as are found 

on s i te.  These condit ions are then appl ied to a model for research 

reasons. Some of these devices are sophist icated and need electr ical  

power, such as the "Thermohel iodon." Others are simple and can be used 

manual ly,  such as the "Hel i  ol ux. 

However, there is another method with which the architect can 

examine the model of  his bui lding using the sun-chart,  which can be 

56 
provided for any lat i tude (see Appendix C).  These sun-charts can be 

easi ly used to examine the impact of  sun control  on bui ldings that 

exist  on the indicated lat i tudes. The results wi l l  be accurate for 

areas in the given lat i tude + 45' .  

First ,  north as indicated on the sun-chart should match the 

north direct ion indicated on the model.  Then a pin should be f ixed on 

55. Olgyay, 1973, pp. 181. 

56. See Appendix C. 
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Temp . KUFRA Latitude: 24.15 N. R.H . 34" 
Ave. Lonritude: 25.21 E . 

c· r· He i I h t : 1 2 7 6rt./ 389m . Mean annual rai n:0.07in./ 2 mm. 

Jan. 26 13 55 s 
h 

Feb. 6 29 16 61 a 

d 
Mar. 1 0 34 1 9 66 e 

Apr. 1 5 41 23 73 Dec.n 42 117 3 

May. 1 9 42 29 84 Jan.26&Nov.J7 46 11 3 5 

June 22 46 32 90 Feb.2J&Oc t.20 55 106 

July 22 45 33 91 Sprinl/ Fall 65 96 

Aug. 23 43 31 90 A pr.l6 &Auf.27 75 87 

Sep. 1 9 39 29 84 Ma y.l6& Jut Y.26 84 83 

Oct. 16 38 25 77 June.22 89 78 

Nov. 9 33 18 64 HOT-DRY ZONE 

Dec. 6 27 14 57 w 

Figure 88. Climatic profile for Kufra. --The proportion between the 
width and height of the vertical and horizontal shading 
devices are according to the required shading shown in the 
table and the solar angles on the sun path diagram. The 
angles measure starts from the south direction. 
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SEBHA Latitude: 27.01 N. R.H.39" 
Ave. Lonritude:l4.26E. 

c· F" Heilht:l956ft.l596 m. Mean annual r•in: 0.7in./ 18 mm . 

Jan. 5 26 ll 52 s 
h 

Feb. 5 26 14 57 • 
d 

Mar. 6 33 18 64 AL. e 

Apr. 9 39 23 73 Dec . 22 40 123 13 

May. 14 42 28 82 Jan.26&Nov.17 44 122 16 

June 18 44 31 88 Feb.2J&:Oct.20 53 

July 20 43 31 88 S prinl I Fall 63 

Aur· l 9 42 31 88 A pr.t6&Aul.27 73 

Sep. 18 42 28 82 May.16&JulY.26 82 

Oct . 13 37 24 75 June.22 86 

No•· 6 33 18 64 
HOT-DRY ZONE 

Dec. 4 27 12 54 

I w I 

breezes 

Figure 89. Climatic profile for Sebha. -- The solar angles should be 
measured from the south direction due · to the east or west 
directions. 
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pe.riod Mean f . Temp. 
'" Min. [)aar Ave. years: Max. 

c· c· c· ro 
GHADAMIS Latitude: 30.08 N. R.H.35" 

Longitude: 9.30 E. 
Heilht :1 070rt./ 326m. Mean annual rai n:0.95in.l24 .3mm. 

Jan. 3 18 11 52 s 
h 

Feb. 6 20 17 63 a 

d 
Mar. 9 24 17 63 

Apr. 13 28 21 70 Dec. 22 38 126 12 

May. 17 34 26 79 Ja n.26&Nov.J7 42 122 15 

June 21 39 31 88 Feb. 23&: Oc t.20 51 

July 22 40 31 88 Sprinl/ Fall 61 

Aug. 22 41 31 88 A pr.t6&AuC.27 71 

Sep. 1 9 36 28 82 Ma y.l6& JulY.26 80 86 

Oct. 12 30 22 72 June .22 84 81 

No•. 9 24 17 63 
HOT-DRY ZONE 

Dec. 4 18 11 52 

0 

n 

Figure 90. Climatic profile for Ghadamis. 



pe.riod MeanT. Temp . 
'" 

...,.._~ 

oa•r Ave. years : Min M.ax. 
c· c· c· r· 

Jan. 6 20 13 55 

Feb. 7 22 15 59 

Mar. 10 26 17 63 

Apr. 14 30 22 72 

May. 18 34 26 79 

June 21 39 29 84 

July 22 37 29 84 

Aug. 22 36 29 84 

Sep. 21 34 27 81 

Oct. 16 31 24 75 

Nov. 11 26 19 66 

Dec. 8 21 15 59 
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GIALO Latitude:29.07 N
Loncitude :21.34 E. 

R.H.46" 

He i I h t : 2 0 0 ft./ 61 m . Me a n a n n u a I r ' i n: 0 .4 i n. I 1 0 mm. 

s 
h 

• 
d 

AL. e 

Dec . n 38 126 12 
I 

Jan.26&Nov.J7 42 122 15 

Feb .2J&Oc t.20 51 11 5 20 

Sprinl/ Fall 61 106 26 

A pr.l6&Aul.27 71 96 31 

Ma y.J6& JuiY.26 80 86 

June.22 84 81 

HOT-DRY ZONE 

w 

Figure 91. Climatic profile for Gialo. 
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period MeanT. Temp -
in 

!Min. Max. oa·~ Ave. years: 
c· c· C' F" 

BENGHAZI Latitude: 32.06 N. R.H. 67" 
Lo nci tu de:20. 04E. 

He i I h t : 8 2 ft. I 2 5 m . Me a n a n n u a 1 r a i n: 9 . 8 in./ 2 4 8 m m . 

Jan. 6 22 13 55 s 
h 

Feb. 6 23 14 57 • 
d 

Mar. 7 30 15 59 

Apr. 9 33 18 64 Dec. 22 34 126 11 

May. 12 34 22 72 Jan . 26&Nov.17 40 

June 16 35 26 79 Feb .23& Oc t.20 49 

July 18 34 25 77 Sprinl/ Fall 59 107 

Aug. 1 9 33 26 79 A pr.l6&AuC.27 69 97 

Sep. 17 36 25 77 M a y.16& Jul Y.26 78 

Oct. 14 33 22 72 June .22 80 

No•· 11 29 18 64 HOT-HUMID ZONE 

Dec. 7 24 14 57 

Figure 92. Climatic profile for Benghazi. 
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SIRT Latitude: 31 .13 N. R.H. 71" 
Ave. Lonlitude:l6 .35E. 
F. Heilht: 66 ft./ 20m . Mean annual 7 in./ 180m m. 

Jan. 8.8 18 13 55 s 
h 

Feb. 9.5 20 1 5 59 a 
d 

Mar. 1.5 22 17 63 AL. e 

Apr . 14 24 1 9 66 

May. 16 34 21 70 Jan.26&Nov.17 40 

June 20 38 24 75 Feb.23&0ct.20 49 

July 21 39 25 77 Sprinl/ Fall 59 

Aug . 22 31 27 81 A pr.16&Aul.27 69 

Sep. 22 29 26 79 Ma y.16& Jul Y.26 78 

Oct. 21 27 23 73 June.22 81 

No•. 18 18 24 75 
HOT-HUMID ZONE 

Dec . 10 20 15 59 

w 

Figure 93. Climatic profile for Sirt. 



pe.riod Mean f. Temp. 
en 

Min. [)crer Ave. years : Max. 
c· c· c· r· 

Jan. 4 21 12 54 

Feb. 6 23 13 55 

Mar. 7 29 16 61 

Apr. 9 30 1 9 66 

May. 12 32 22 72 

June 1 5 32 25 77 

July 18 35 28 82 

Aug . 1 9 34 27 81 

Sep. 18 33 26 79 

Oct. 14 31 22 72 

No•· 9 29 16 61 

Dec. 6 23 13 55 

TRIPOLI 
H e i f h t : 56 ft./ 1 8 m . 
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Latitude: 32 . 54 N. 
Lonritude:l3.11E. 

R . H. 64" 

Mean annual rain: 10 in./ 253 
Time and 

Sun Anile: 
AM. 
PM. 

mm. 

s 
h 
a 

d 
AL . e 

Ja n.26&Nov.l7 39 122 

Feb.23&0c t.20 48 11 6 1 9 

Sprinl/ Fall 57 

A pr.l6&Auf.27 68 

Ma y.l6 & Jul Y.26 77 

June.22 82 

TEMPERATE ZONE 

w 

~15° 

Figure 94. Climatic profile for Tripoli. 



period Mean f. Temp. 
in 1Minr;;ax. [)cttr Ave. years : 

c· c· c· Fo 

Jan. 1 5 18 11 52 

Feb. 6 20 13 55 

Mar. 7 22 15 59 

Apr . 0 25 17 63 .J 

May. 11 30 21 69 

June 14 35 25 77 

July 14 36 26 79 

Aug. 16 37 . 27 81 

Sep. 15 34 24 75 

Oct. 12 28 20 68 

No~. 9 24 17 63 

Dec . 6 1 9 12 54 

Bl•r al-~ha-n~~!-atit_ude: 32.18 N· 
"' .&..a.u.&..&..I..Longltude:12.36 E. 

He i I h t : 4 L Ct./ l 50 m . Me a n a n n u a 1 r • i n: 
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R.H. 60" 

6 in./ 143 mm. 
~~--------~--~ Time and s Sun Anile : 

AM. h 

Noon PM. a 

d 
AL. AZ. AL. e 

Dec. 22 34 126 11 

Ja n.2o&Nov.t7 40 122 14 

Feb.2J&Oct.20 49 115 1 9 

Sprinl/ Fall 59 

A pr.to&Aul.27 69 

M a y .to & J u I y. 2 6 67 

June .22 80 

TEMPERATE ZONE 

w 

Figure 95. Climatic profile for Bir al-Ghanam. 
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period Mean f . Temp . MISURATA Latitude: 32.25 N. R.H.69" in 
years: Mi Max. [)any Ave. Lon,itude:l5.06 E. 

c· c· c· Fo Heilht : 1 6 ft./ 5 m. Mean annual r•in: 10 in./266 mm. 

8 18 13 55 
Time and s Jan. Sun A nll e: 

AM. h 
Feb. 9 1 9 14 57 Noon PM. a 

d 
Mar. 11 21 16 61 AL. AZ. AL. e 

Apr . 14 23 18 64 Dec. 22 34 126 11 

May. 16 26 21 70 Ja n.16&Nov.J7 40 14 

June 1 9 29 25 77 Feb.7J&Oct.10 49 

July 21 31 26 79 Sprinl/ Fall 59 

Aug. 22 32 27 81 A pr.lt>&Aul.17 69 

Sep. 21 30 26 79 May.l6&JulY.16 78 88 

Oct. 18 27 23 73 June .12 80 82 

No•. 14 24 1 9 66 TEMPERATE ZONE 

Dec. 10 20 15 59 

w 

Figure 96. Climatic profile for Misurata. 



period MeanT. Temp. 
in 

Min. MGllt· [)O'tr Ave. years: 
c· c· c· Fo 

Jan. 4 12 8 46 

Feb. 5 14 1 0 50 

Mar. 8 17 12 54 

Apr. 10 21 15 59 

May. 15 26 20 68 

June 1 9 31 24 75 

July 21 33 27 81 

Aug. 21 32 25 77 

Sep. 18 29 23 73 

Oct. 15 24 19 66 

No• . 11 1 9 15 59 

Dec . 7 14 10 50 

GHARIAN 
He i f h t :2 3 7 9 ft./ 7 2 5 m . 

161 

Latitude: 32.10 N. 
Lonlitude:l3.00E. 

R . H. 34" 

Me an annual r a i n: in./ mm. 

Dec. 22 

Jan .26&Nov.17 

Feb .23&:0ct.20 

Sprinl/ Fall 

A pr.l6&Au(.27 

Ma y.l6 & Jul Y.26 

June .22 

w 

Time and 
Sun Anl)e : 

8 AM. 
Noon 4 PM. 

AL. AZ. AL . 

34 126 11 

40 122 14 

49 115 ' 1 9 

59 107 

69 

78 

80 

COLD ZONE 

s 
h 
a 

d 
e 

Figure 97. Climatic profile for Gharian. 



pe.riod Meon T. 
1n Min. years : Max. 

c· c· 
Jan. 6 13 

Feb. 6 14 

Mar. 7 16 

Apr. 1 0 20 

May. 12 24 

June 16 30 

July 18 31 

Aug. 17 28 

Sep. 16 26 

Oct. 14 22 

Nov. 1 0 1 9 

Dec . 7 15 

Temp . 
Dair Ave. SHAHAT 
c· Fo H e i e h t : 2 0 3 7 rt./6 21 

9 48 

10 50 

12 54 

14 57 

18 64 

22 72 

24 75 

23 73 

21 70 

18 64 

15 59 

12 54 
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Latitude:32.49 N. R.H. 70" 
L o n 1 i t u de : 21 . 51 E · 

m. Mean annual r•i n: 19 in./ 584 mm. 

Dec. 22 

Jan.26&Nov.17 

Feb -23&: Oc t.20 

S prinC I Fa II 

A pr.16&AuC .27 

Ma y.16& JulY.26 

June.22 

w 

34 

38 

47 

57 

67 

76 

80 

s 
h 
a 

d 
AL. e 

126 10 

123 13 

COLD ZONE 

45.::r: 

Figure 98. Climatic profile for Shahat. 
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the "0" point,  with a height equal to the length of the pin drawn on 

the chart  under the "0" point.  The shadows of the pin's t ip wi l l  

57 
indicate the shadows at the correct hour,  season and lat i tude. 

Simultaneously, the sunl ight wi l l  be fal l ing on th model as i t  would be 

in real i ty at that hour, season and lat i tude for the si te.  This part  

of Chapter 2 provides the sun charts of L 23 N, L 25 N, L 27 l\l, L 29 N, 

L 31 N, L 32 N, and L 32 N using Lynch's method (see Figures 99 through 

105). 

57. Lynch, Levin, Si te Planning, The MIT Press, Cambridge, 
Massachusetts,  1962, pp. 222-224. 
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L a t i t u d e  2 3  N 
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Figure 99. The sun chart for L 23N. 

CX» 



AM PM 

Pin 's  height  

6 a  Lat i tude  25N 

Figure 100. The sun chart for L 25N. 
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Figure 101. The sun chart for L 27N. 
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Figure 102. The sun chart for L 29N. 
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Figure 103. The sun chart for L 31N. 
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Figure 104. The sun chart for L 32N. 
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Figure 105. The sun chart for L 33N. 



CHAPTER 3 

DESIGN GUIDELINES FOR HOUSING IN RELATION 
TO THE SOCIAL LIFE BASED ON THE 

ISLAMIC SHARI'AH 

3.1 Social  Behavior—User Responsibi l i ty 

One of the signif icant problems of design in Libya is that the 

major i ty of people within the urban area do not share the same 

standards of what to accept and what to reject in terms of appropriate 

housing design. In impact of  this is that user information employed in 

housing design is not adequate. In the past this responsibi l i ty was 

held by Ulamah, who used to remind, exhort and educate people to their  

rel igious dut ies, and to be as devout as they could. Schools were 

associated with mosques for this reason. 

Lapidus commented on this,  saying that schools in early Musl im 

societ ies, gave a certain measure of cohesion between family,  

commercial ,  educat ional and rel igious l i fe.^ He concluded also that 

the Musl im urban society was divided into numerous smal l  communit ies, 

and what held them together was the Ulama and their  t ies across 

divis ive family and community l ines. Their competence, their  judicial ,  

managerial ,  legal,  educat ional,  f inancial ,  commercial  and famil ial  

1. Hourany, A. and S. M. Stern and Bruno Cassirer,  The Is lamic 
Ci ty,  Papers on Is lamic History, Vol.  1, Oxford Universi ty of 
Pennsylvania Press, 1970, p.  205. 
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authori ty,  grounded in the mult iple dimensions of Musl im law, brought 

2  
them into contact with every concern of the c i ty.  

This mission could be also carr ied out by creat ing a neighbor

hood const i tuency and power base, establ ishing art ic les, gathering 

memberships, and elect ing boards of directors. The formation of these 

essent ial ly homeowners'  associat ions paral lels the improvement of  

neighborhood design. I t  is also the major step to stabi l ize the new 

publ ic and pr ivate neighborhoods. People can also create volunteer 

standing committees to be responsible for their  community and 

neighborhood problems. The committees organize act iv i t ies, social  

relat ionships, publ ic i ty,  future needs, maintenance and special  events. 

These associat ions should be encouraged to coordinate their  educat ional 

ef forts and explore ways in which they can be more responsive to the 

communit ies of the new publ ic projects. 

I t  should be clear that Musl ims are also responsible 

individual ly to know and search for what they should accept and what 

they should reject according to their  rel igion. The documented 

injunct ions of Al lah, as derived from His word in the Qur'an, and as 

explained by His Messenger (Pbuh), could be easi ly consulted in the 

books of Fiqh. 

Al l  injunct ions in the Qur'an should be complied with by al l  

members of  the community,  and in the case of a t ransgression, they wi l l  

2. Lapidus, I ra M., Musl im Cit ies nthe Later Middle Ages, 
Harvard Universi ty Prss, Cambridge, Massachusetts,  1967, p.  113. 
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be held accountable in the hereafter.  However, i t  is not coercion or 

force which is l ikely to br ing about obedience to Al lah. I t  is but the 

love of Al lah, the acceptance of His guidance and the supreme truth 

even i f  contrary to one's personal opinions that wi l l  br ing about the 

change. The members of  the community ( in Islam) could be c lassi f ied 

according to their  social  behavior into two groups: the sincere 

Musl ims who obey Al lah's word, and the hypocri tes who t ry to create 

4 
excuses for their  un-Islarnic behavior.  

3.2 Simpl i f icat ion of the Material ist ic 
Aspects of Li fe 

Simpl ic i ty in housing does not mean pr imit ive housing. 

However, Musl ims are ordered to str ike a middle course of act ion in 

their  l i fe.  Sd s impl ic i ty here means modesty, which should be achieved 

f i rst  by piety and then by act ion ( i .e. ,  design or construct ion).  In 

housing, for instance, people should avoid excess and extravagance. 

In looking for lessons, which could be learned by Musl ims from 

the prophet (Pbuh) regarding dwel l ing designs, some books of Fiqh focus 

on this subject.  These books acknowledge that the prophet (Pbuh) 

preferred the medium size house which is simple and comfortable for the 

5 
owner and his family.  Also, the actual physical behavior of  the 

3. See Qur'at i  (Surat Al- i - Imran (3) 31-32),  also (Surat Ra'd 
(13)11) and (Surat Al-Maida (5) 31).  

4. See Qur'an (Surat Al-Bakara (2) 8-16).  

5. Al-Gawziyah, Ebn-Al-Kayem, Zad Al-Ma'ad Fi  Hadi Khayer 
Al-Ebad, Mu-Assaset Arr isala, Maktabt Al-Manar Al-Eslami, Kuwait ,  1981. 
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bui lding in response to the environmental stress is essent ial .  The 

other point is that the prophet (Pbuh) and his companions did not l ike 

luxurious dwel l ings (size, cost and decorat ion).  

simple l i fe.  The f i rst  bui lding establ ished by him was the Mosque of 

Medinah, very soon after his arr ival  from Mecca to Medinah. This 

mosque was a very simple bui lding, a large courtyard almost square in 

shape, with rooms bui l t  to the east side for the prophet 's family (see 

Figure 106). The wal ls were s l ight ly higher than a standing man. I t  

was bui l t  of adobe (sun-dried mud br ick) and stones. 

However, the minimum and average standard of l iv ing today is 

something determined by the degree of development of  the country and 

Figure 106. The f i rst  bui lding establ ished by the prophet in Medinah. - -
The nine rooms on the lef t  are the bedrooms of the 
prophet 's family.  

The great t rai t  and keynote of the prophet 's character was his 
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other circumstances. In Musl im society, when a capital ist ic concept of  

ownership prevai ls,  i t  can be observed in the actual relat ionship 

between the r ich and the poor, the "haves" and the "have-nots," and 

between the men of power and posit ion and the men of  need or dest i tu

t ion. The distr ibut ion plans attack concentrat ions of wealth through 

three independent schemes: 

-  Through the Islamic law of inheri tance, which distr ibutes the 

property among a number of  heirs.  

-  Through the pr inciple of zakah (alms), which takes from the 

r ich, and gives to the poor. 

-  Through the provision of "surplus consumables," which impl ies 

that whenever there is a needy person in the Islamic community 

no one has a r ight to a surplus of essent ial  consumer goods 

before that person's needs are met.^ 

As a community also, Musl ims are ordered to str ike a middle 

course of act ion and to avoid excess and extravagance. The community 

must be exemplary, set the highest standards of performance and be the 

reference point for others. The community should be as i t  is stated in 

the Qur'an, which can be translated as: "We have made you a middle 

nat ion, a wel l - integrated community,  a balanced ummah, so that you may 

6. See Al-Mubark, Muhammad, Nizam al- Is lam al- Iqt isadi,  
Beirut,  Dar al-Fikr,  1972, p.  45-46. See also, Al-Siba i ,  Mustafa, 
Isht i r  Ki.yat al- Is lam, Damascus, Dar al-Matbu'at al-Arabiyah, Second 
Edit ion, 1960, pp. 204-211. See also, The inf luence of Waqf,  in 
Lapidus, I ra M., Musl im Cit ies in the Later Middle Ages, Harvard 
Universi ty Press, Cambridge, Massachusetts,  1967, pp. 199-216. 
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be witnesses over other people and the Messenger a witness over you" 

( t ranslat ion of Surat Al-Bakara (2),  143).  

The Qur'an emphasized this point of str ik ing a middle act ion 

economical ly in many verses, such as in Surat Al- Isra'ah, which can be 

translated as: "Make not they hand t ied ( l ike a niggard's) to thy 

neck, nor stretch i t  forth to i ts utmost reach, so that thou become 

blameworthy and dest i tute" (17),  29).  

Early Musl ims translated the meaning of such versus into 

real i ty in the realm of architecture.^ They bui l t  their  dwel l ings from 

what they could wrest from their  immediate environment.  Their  examples 

of successful  adaptat ion which could become the basis for technology 

g 
t ransfer of the most s ignif icant nature. Their housing systems and 

c i t ies have survived over hundreds of years, and their  bui ldings are 

extremely wel l  adapted to the specif ic cl imatic condit ions of their  

local areas. 

However, Is lam does not cal l  for a specif ic way to be fol lowed 

in design or a certain material  to be used. Nothing was decreed about 

Musl im bui ldings except the general rules of s impl ic i ty and str ik ing a 

middle course in l i fe.  

7. Xavier de Planhol,  The World of Is lam, Le Monde Is lamique: 
Essai de Geographie Rel igieuse),  Engl ish translat ion, Cornel l  
Universi ty,  I thaca, New York, 1959, pp. 23-28. 

8.  See Clark, Kenneth N.,  and Patr ic ia Paylore, Desert 
Housing: Balancing Experience and Technology for Dwel l ing in Hot Ar id 
Zones, The Universi ty of Arizona, Off ice of Arid Lands Studies, 1980, 
pp. 115-118 and pp. 195-206. 
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The determinat ion of design and bui lding materials and the 

other issues are lef t  without any specif ic detai ls,  for people to 

decide according to their  interests, requirements of place, space and 

t ime, economics and changing circumstances. For instance, in the 

United States the Musl im community of  Dar Al- Is lam (New Mexico) t r ied 

to use the same materials and techniques which were used by the other 

Musl im communit ies in the Middle East,  but they did not work for the 

changed circumstances of the two di f ferent areas. 

Well  known architects from the Middle East were invi ted as 

consultants and started to use adobe as an economical mater ial .  

However, in the case of Dar Al- Is lam, i t  was found that other 

materials,  such as wood, are more economical for construct ion than 

adobe. The lack of ski l led labor and their  l imited t imetable are two 

of the factors that created di f f icul ty in using adobe in Dar Al- Is lem. 

This is an example of a Musl im community that has i ts own condit ions 

and requirements, c l imatical ly and technical ly.  Design guidel ines in 

relat ion to simpl i f icat ion of the material ist ic aspects could be 

summarized in the fol lowing key points: 

1. Pr ior i ty for the use of bui lding materials:  

a. Local economic mater ials.  

b. Mater ials that can achieve high cl imatic and bui lding 

eff ic iency ( i .e. ,  energy conservat ion and strength).  

2. Houses should be designed to serve their  funct ion without 

unnecessary decorat ive elements and expensive materials which 
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are usual ly used to demonstrate wealth ( i .e. ,  use of marble in 

elevat ions).  

3. Simple form, low-r ise houses occupying minimal land area are 

essent ial  for simple l iv ing and economic housing. For the 

publ ic housing projects, communal amenit ies, energy consumption 

and cost savings could be accomplished using the proper design 

of stor ies of c luster housing. 

3.3 Unity,  Brotherhood and Respect 

The relat ions between the members of  the Islamic society have 

been emphasized in many verses in the Qur'an and are also explained by 

the prophet (Pbuh) in his Ahadit  (sayings).  One of the main pr inciples 

of the Islamic phi losophy is that of f i rm brotherhood, which is a part  

of the most comprehensive concept of  tawhid (unity).  

Abu Hurairah relates that the Holy prophet (Pbuh) said 

Be not envious of each other,  do not make f ict i t ious bids at 
auct ions, bear no grudge, do not turn away from each other,  do 
not make an of fer during a pending transact ion and become 
servants of Al lah, brothers to each other.  A Musl im is the 
brother of a Musl im; he does not wrong him, or look down upon 
him or humil iate him. Righteousness is a matter of the heart.  
(He repeated i t  three t imes.) I t  is enough evi l  for a person 
that he should look down upon his Musl im brother.  Everything 
of a Musl im is forbidden to a Musl im; his blood, his property,  
and his honour" (related by Musl im). 

Anas relates that the Holy prophet said, "No one bel ieves truly 

unt i l  he desires for his brother that which he desires for himself"  

(Bokhari  and Musl im). This kind of relat ionship between the members of  

the community should be put into pract ice in al l  spheres of l i fe,  which 

also appl ies to housing and construct ion. For instance, one should not 
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be al lowed to prevent breezes or the wintert ime sun from reaching his 

neighbors ( i .e. ,  using a high bui lding that would block his neighbor 's 

r ight to l ight and winter sun).  In his Ph.D. dissertat ion, Al-Hathloul 

gave several examples of such si tuat ions that were met and solved by 

9 
the early Musl ims in their  c i t ies. 

However, to bui ld a strong relat ionship, Musl ims are encouraged 

to respect the r ights of their  older neighbors when they intend to sel l  

their  property (dwel l ing or land).  When one intends to sel l  his house 

or land, he should offer i t  for sale to his neighbors and relat ives 

before offer ing i t  to others. I f  they give him permission to sel l  i t  

to others, they st i l l  have the r ight to ask him for a good new neighbor 

( the buyer),  and they have the r ight to agree or not agree to the buyer 

by advising the owner to sel l  or not.  

Another safeguard is that the new neighbor who bought the 

property should be introduced by the sel ler,  to the members of  the 

community and the Imam of the mosque. The new neighbor should 

introduce himself  to the members of  his new community in a 

r i tual-ceremony sacri f ic ing a sheep, for a dinner,  and reci t ing of the 

" fatha" before start ing construct ion. 

This ceremony is usual ly done in every stage of construct ion 

and also when the owner moves into his new house. The Imam of the 

mosque, the nearby neighbors and the relat ives of the new neighbor are 

9. See Al-Hathloul,  A1 i  Saleh, Tradit ion, Continuity and 
Change in the Physical Environment:  The Arab-Musl im City,  Ph.D. 
Thesis, M.I .T.,  1981, p.  120. 
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usual ly invi ted to these ceremonies. The neighbors and the members of  

the community t ry to help their  new neighbor prepare food for the 

laborers, of fer ing water and part t ime work to him during construct ion. 

The special ized ski l ls of local craftsmen pass from one generat ion to 

another through this cooperat ive relat ionship. Likewise, i t  el iminates 

the long transit ional phases needed to develop a good relat ionship and 

social  contact between the residents and the new occupants. 

Unity and brotherhood between the members of  the community are 

emphasized in many other ways in the Qur'an and by the Ahadit  of  the 

prophet (Pbuh). Abu Musa Ash'ar i  relates that the Holy prophet (Pbuh) 

said ' "The relat ionship between one bel iever and another is l ike that 

between di f ferent parts of a bui lding, one part  strengthens another, '  

then he gr ipped the f ingers of one hand between those of the other by 

way of  i l lustrat ion" (Bukhar and Musl im). 

For this reason, the early Musl im ci t ies seem to be as one unit  

or one element (see Figure 107). To increase social  contact and 

brotherhood, houses were designed to be clustered in groups. Certain 

units,  each with i ts mini-environment or pathways acts with each other 

as one family.  During the 1960s the United Nations reported that the 

Musl im countr ies in North Afr ica had a high density of 400 inhabitants 

and 80 dwel l ings per hectare. They commented on this character ist ic 

phenomenon, saying that i t  is a Musl im custom of concentrat ion among 

the urban and even the rural  populat ion. They also said that these 
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densit ies were in no way incompatible with the condit ions of normal 

10 
social  l i fe as wel l  as with the preservat ion of the family nucleus. 

One of the important cal ls for unity and brotherhood between 

Musl ims is the col lect ive prayers. Five t imes a day, the r ich and the 

poor, the white and the colored, the high in society and the low stand 

side by side as t rue brothers in Islam before their  Lord, saying the 

same words, doing the same act ions and feel ing the same reverence and 

devot ion. So, mosques should be designed and planned to serve the 

reason of meeting, and increasing social  relat ionship in three ways. 

The dai ly mosque serves the quarter,  the tr ibal  mosque serves the 

neighborhood and the open fest ival  place which is usual ly open and 

serves the community twice annual ly (see Figure 108). 
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Figure 107. Musl im ci t ies look l ike one element.  - -  (a) Tradit ional 
Musl im c i ty;  and (b) New Western style. 

10. United Nations, Housing in Afr ica, United Nations 
Publ icat ions, September 1965, pp. 63-71. 
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Figure 108. One of  the important cal ls for brotherhood is the col lec
t ive prayer.  - -  (a) The local mosque for the dai ly prayers; 
(b) The Fr iday Mosque; and (c) The two annual fest ival  
prayers (open place).  
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To emphasize the conventions of unity and good relat ions 

between the members of  the community.  The prophet said, "Gabriel  was 

always asking me to take care of my neighbor t i l l  I  thought he wi l l  be 

an heir ."  He also said " I  swear by Him in whose hands is my soul that 

no one is a t rue bel iever unt i l  he l ikes for his neighbor the same 

thing he l ikes for himself ."  

These required social  relat ionships enable the planner and the 

architect to ident i fy relat ionships with special  design character ist ics 

—both at the large scale of housing and in the micro scale of desired 

1 1  
individual features (e.g.,  doors and windows). Design guidel ines 

concerning unity and brotherhood can be summarized in the fol lowing 

poi nts:  

1. A relat ively high density of units could be achieved by cluster 

1 2  
housing techniques. Houses could be arranged around the 

garden court .  Cluster housing of two stor ies could provide a 

higher density than ordinary row houses on sloping terrain (see 

F i  gu re 109).^ 

11. See Rubin, Arthur I .  and Jacquel ine Elder,  Bui lding for 
Peopl e:  Behavioral  Research, Approaches and Direct ions, U.S. 
Government Pr int ing Off ice, Washington, D.C.,  1980, pp. 23- .  See 
also, Cronberg, T.,  Performance Requirements for Bui ldings: A Detai led 
Technical Study Based on User Act iv i t ies (Swedish Counci l  for Bui lding 
Research, D3: 1975). See also, Heimsoth, Clovis,  Behavioral  
Architecture: Toward an Accountable Design Process, McGraw-Hi l l  Books, 
Inc.,  New York, 1977. 

12. Macsai,  Jahn, Housing, John Wiley & Sons, New York, 1982, 
pp. 1312 and 330. 
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Figure 109. The different design techniques should be used with clever 

^?;?grarin^^os„rsity- -(a) Mstrix' 
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2. Housing design should encourage good communicat ion between 

neighbors and also complete pr ivacy for the individual family 

simultaneously. A v is i t  to the si te and a detai led analysis is 

very important to achieve the most important Is lamic law in the 

fol lowing hadith, which determines the way of relat ing between 

people based on respect for each other.  

On the authori ty of Abu Sa' id ibn Mal ik ibn Sinan al-Kudari  

(may Al lah be pleased with Thee), the Messenger of  Al lah (Pbuh) 

said, "There should be neither harming nor reciprocat ing harm" 

( I t  is a good habit  related by Ibn Majah, ad-Darqutni  and 

others, and ranked as musnad. I t  was also related to Mal ik in 

al-Muwatta as mursal with a chain of authori t ies from 'Amr 

ibn-Yahya, from his father,  from the prophet (Pbuh). 

These pr inciples underl ie the use of common party wal ls,  

sunl ight,  breezes, disposit ion of rainwater,  the visual and 

aural  aspects and many others. 

3. In addit ion to the respect for each other,  Musl ims are ordered 

to respect Qa'aba the f i rst  bui lding bui l t  for the fai th of 

Al lah. They are asked not to s i t  facing the Qa'aba whi le 

answering the cal l  of nature. This precaut ion is often not be 

taken into considerat ion in design. Lavator ies, within the 

resident ial  bui ldings, should be always constructed so that ne 

should not have to face the Qibla direct ion whi le excret ing or 

ur inat i  ng. 
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3.4 Privacy 

The other most important concept of  design in relat ion to the 

social  l i fe is that of pr ivacy. The Qur'anic phi losophy does not rule 

out the existence of evi l ,  which should be fought and crushed. I t  is 

the Devi l  and his associates, who spread evi l  on earth. For this 

reason, Is lam shut a l l  the doors from which the Devi l  can spread his 

act iv i t ies. 

The most s ignif icant concept in this context,  emphasized by 

Al lah and explained by the prophet (Pbuh), is pr ivacy. I t  is 

emphasized in many ways to el iminate cr ime and to keep the relat ions 

among the members of  the society as strong as i t  is described by Al lah 

and explained by His prophet (Pbuh). Pr ivacy is emphasized in the way 

of order and obl igat ions. 

Musl ims are ordered to accomplish pr ivacy start ing from the 

members of  the family themselves (see Figure 110). They are ordered to 

f S  \  F a m i l i e s  Q o n m s  
(CommunHylV QHotiSfS) (VelaKv/w) 

Figure 110. Privacy begins gradual ly,  from the members of  the family 
to the members of  the community.  
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separate brothers and s isters when they reach a certain age and when 

they sleep, at least with covers, i f  providing separate rooms is not 

possible. Privacy among the members of  the family is also emphasized 

in another hadith, where the prophet (Pbuh) said that " i f  someone of 

you was on a long journey he would not return to his residence at 

night" ( this is to to give the wife a chance to prepare herself  to 

receive the husband). 

Pr ivacy is also explained in detai l  in the Qur'an which could 

be translated as: 

Say to the bel ieving men that they should lower their  gaze and 
guard their  modesty: that wi l l  make for greater puri ty for 
them: and Al lah is wel l  acquainted with al l  that they do. And 
say to the bel ieving women that they should lower their  gaze 
and guard their  modesty, that they should not display their  
(zeena) beauty and ornaments except what (must ordinari ly) 
appear there of;  that they should draw their  vei ls over their  
bosoms and not display their  beauty except to their  husbands, 
their  fathers, their  husbands' fathers, their  sons, their  
husbands' sons, their  brothers or their  brothers'  sons, or 
their  s isters'  sons, or their  women, or the slaves whom their  
r ight hands possess, or male servants free of physical needs, 
or smal l  chi ldren who have no sense of the shame of sex; and 
that they should not str ike their  feet in order to draw 
attent ion to their  hidden ornaments. And 0 ye Bel ievers! Turn 
ye al l  together towards God that ye may at tain bl iss (Surat 
Un-Nur (24),  30-31).  

According to these verses, the interpretat ion of the major i ty 

of the jur ists,  past and present is that Musl im women should not 

display their  beauty and adornment except the face and the hands. This 

is the interpretat ion of Mal ik,  Ash Shaf i ' i ,  Abu Hanifa and a version 

of Ahmad ibn-Hanbal.  This interpretat ion is based on the authori ty of 

the prophet Muhammad (Pbuh), who said that " I f  the woman reaches the 
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age of puberty,  no part  of her body should be seen but this—and he 

pointed to his face and hands." 

However, whatever appears of the woman's body owing to 

uncontrol lable factors such as the blowing of the wind, or out of 

necessity such as the bracelets, or even the outer clothes themselves, 

is forgiven. In general,  the head cover should be drawn so to cover 

not only the hair ,  but i t  should also be drawn over the neck and to be 

extended so as to cover the bosom. I t  is also important here to 

mention that a women's voice is also considered as 'awrah' ( that which 

should not appear).  Hence pr ivacy should be provided visual ly and 

aural ly.  

According to these high standards of organized l i fe and social  

behavior,  housing design must give women a good deal of  freedom to 

display their  beauty and ornaments whi le wearing their  normal home 

dress. In both plan and sect ion, the house should protect the int imacy 

of women and keep family l i fe hidden from the eyes of those to whom the 

women of the house cannot display their  beauty unless wearing head 

covers (kuhmar).  

Circulat ion inside the house and access to ki tchen, bath, 

storage an bedrooms should be free for the women even during the 

presence of those whom she is not al lowed to meet.  This kind of 

c irculat ion could be achieved by design using di f ferent levels, movable 

wal ls,  or any other adequate means which can provide pr ivacy, v isual ly 

and aural ly.  
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Privacy is also emphasized within the street and between the 

di f ferent quarters, to achieve securi ty as wel l  (see Figure 111). 

Houses were bui l t  from the inside out and the owner afterwards blocked 

out the street (see Figure 112). Wal ls were also thick enough to 

provide the aural pr ivacy for the family.  

Privacy is also presented in another way, emphasizing the 

Musl im's pr inciple of asking respectful  permission and exchanging 

salutat ions to ensure pr ivacy without exclusiveness, and f r iendl iness 

1 3  
without undue famil iar i ty.  The fol lowing examples from the Qur'an 

explain this approach to pr ivacy: 

Ye who bel ieve! Enter not houses other than your own, unt i l  ye 
have asked permission and saluted those in them: that is best 
for you, in order that ye may heed (what is seemly).  I f  ye 
f ind no one in the house, enter not unt i l  permission is given 
to you: i f  ye are asked to go back, go back: that makes for 
greater puri ty ( translat ion of Surat-Nur (24),  27-28).  

This order is also put into pract ice in design. The doors of 

the houses do not open direct ly to the inter ior of the house. However, 

one enters to a lobby which leads to the guest room, and the view of 

the inside is blocked from the opposite side of the door to give the 

opportunity to the women to answer the vis i tors without being seen (see 

Figure 113). 

Another obl igat ion concerning the entrance and asking 

respectful  permission are i l lustrated in Qura'anic verses which could 

be translated as: " I t  is no v ir tue i f  ye enter your houses from the 

13. Abdul lah, Yusuf Al i ,  The Meaning of the Glor ious Qura'an, 
Dar Al-Kitab A1 Marsi ,  Cairo, undated, p. 903. 
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Figure 111. Privacy is achieved gradual ly from the individual house to 
the neighborhood. - -  (a) Neighborhood; (b) Quarter;  
(c) Within the street;  and (d) Within the entrances and the 
individual home. 



back: I t  is vir tue i f  ye fear God. Enter houses through the 

proper doors: And fear God: That ye may prosper" (Surat 

Al-Bakara (2),  189).  

The design guidel ine that could be derived from this 

verse is that the main entrance door of the house should be 

dominant and clear enough for the vis i tors so that they should 

not have an excuse to interrupt the family or women from the 

back yard or rear entrance. I t  is clear that most of  the 

orders are direct to the members of  the community,  but i f  

design could be of any help to el iminate the excuse of 

committ ing a s in, the architect must do this best by design. 

However, the most important point in Islamic decision-making is 

to start  with piety ( the intent ion of the person or his aim, 

which should be always fai th in God), and then by act ion, such 

Co ur-fy^ra 

Street cout 

Figure 112. Houses were bui l t  from the inside out.  
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Figure 113. The t radit ional houses have indirect entrances, and they 
are one of the dominant elements of  the house. 
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14 
as in design and construct ion. Design guidel ines in relat ion 

to pr ivacy could be summarized in the fol lowing points: 

1. There are several graphic techniques for analysis which 

must take place in design to achieve good relat ionships 

between rooms and to maximize pr ivacy visual ly and 

aural ly.  The random connect ion diagram and the 

interact ion chart  are probably the best known of the 

various architectural  techniques used to determine the 

degree to which i t  may be desirable or undesirable to 

1 g 
see and/or hear from one room to another (see 

Figure 114). 

2. The relat ionship of the house to i ts physical 

surroundings and neighbors is one of the most 

s ignif icant points which should be taken into 

considerat ion in design ( i .e. ,  locat ion of entrances, 

windows and balconies).  

3. Pr ivacy could be achieved using external elements such 

as masharabiya or using one of the various new 

14. Most of  this chapter is based on: Al-Gawziyah, 
Ebn-Al-Kayem, 1981, and Al-Gazal i  Abu Ahmad, Ehya' Ulum Addin, Dar 
Al-Mari fa,  Beirut,  1983, and Assabuni,  Mohammed Al i ,  Safuet Attafasir :  
Mustamad min Autak Kutub Attafsir ,  Attabari ,  Alkashaf,  Alkurtuba, 
Al-Alusi ,  Ebn Kat ir  and Al-boaher Al-Muhit ,  Dar Al-Qur'an Al-Karim, 
Beirut,  1981. 

15. Broadbent,  Geoffrey, Design in Architecture: Architecture 
and Human Sciences, John Wiley and Sons, Chichester,  New York, 1973, 
pp. 257-266. 
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5 Boys' Bedroom 
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b. Visual Communication 

Figure 114. Graphic techniques which should be appl ied in design to 
determine the degree of relat ions between the rooms of 
the house. - -  (a) Simple interact ion chart ;  and (b) 
Visual and aural  communicat ions. 
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techniques that achieve pr ivacy and cl imatic control  (see 

Figure 115). Some of these techniques are: 

a. Ref lect ive glass, dark translucent or gray, as wel l  as the 

use of exter ior dense shading screen of bronze, painted or 

s imi lar appl icat ions.^ 

b. Use of dense evergreen trees for the west and eastern 

elevat ions. 

c.  Courtyard houses, attached houses and cluster houses could 

be also of a high eff ic iency for pr ivacy and cl imatic 

control .  

d. Aural pr ivacy could be achieved by using thick wal ls that 

could also funct ion as a high thermal-mass structure. 

e. The t radit ional techniques that are explained in this 

sect ion could also be developed in a way that coincides 

with contemporary needs ( i .e. ,  the new transportat ion 

system, and the need for open spaces and parking).  

16. Olgyay, Victor,  Design with Cl imate, Biocl imatic Approach 
to Architectural  Regional ism, Princeton Universi ty Press, Princeton, 
New Jersey, Fourth Print ing, 1973, pp. 63-71. 
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A .  

Family m 

Figure 115. Privacy could be achieved by various techniques which 
could be adequate for cl imatic control as well .  --
(a) Shading devices; (b) Staggering houses; and 
(c) Moucharabiya. 



CHAPTER 4 

AN ASSESSMENT OF SELECTED HOUSING TYPE^ IN LIBYA 

4.1 Tradit ional Houses 

A. General Background 

Excavat ions during the 1940s revealed examples of  dwel l ing 

types from Libya from the Roman and Greek periods. Unfortunately,  

rel iable dat ing was not done of the excavat ions. 

Fort i f ied houses from the Roman period are found in the Tr ipol i -

tania region (see Figure 116). These farm houses are found both in the 

ol ive-growing areas of Jabel Nufusa ( the western mountain) and in the 

hamada Al-Hamra (pre-desert areas) region farther to the south.^ These 

houses were often bui l t  with ei ther large wel l-dressed masonry, of  

smal l  coursed and tr immed masonry or of smal l  i r regular uncoursed 

masonry. They were always used by more than one family and are known 

as Ki11  ah Gasr. 

This type of housing could also have been inf luenced by the two 

Arabic t r ibes of Bani Hi lal  and Bani Sal im, who immigrated from the 

Arabian peninsula south of Hi jaz to Jabel Nufusa before the r ise of 

Is lam. This possibi l i ty is derived from the simi lar i ty between these 

fort i f ied houses and the ancient architectural  style of Yemen, the 

1. Reynolds, Joyce, Libyan Studies: Select Papers of the Late 
R. G. Goodchi ld,  Paul Elek, London, 1976, pp. 35-45. 
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Figure 116. Fort i f ied farm houses from the Roman period in Eir  Scedena, 
Libya (courtyard houses) (source: Reynolds,Joyce, 1976, 
p .  A 3 ) .  

Figure 117. I rregular wal led courtyard houses of  Fezzan. - -
The houses have survived for more than 300 years. 
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homeland of these two tr ibes. The other evidence is the Arabic names 

for these houses, Gasr and Ki l 'ah. 

In the Fezzan region, in spite of hard work, people do not 

succeed in making more than a meager l iv ing. Their i r regular wal led 

courtyard houses are joined to each other.  Their compact wal ls are 

bui l t  from mud, straw, unhewn stones and smal l  blocks of sal t-clay. 

This style of construct ion is cal led "Darb al-Bab." I t  is simi lar to 

the adobe construct ion, but is bui l t  as a whole wal l ,  layer by layer 

unt i l  they reach the height needed. 

Almost a l l  of these houses are of the same height,  very few are 

more than one story. Some of them, however, have roof-terraces added 

with a room intended for the exclusive use of the women. The narrow, 

twist ing al leys connect the bui ldings in circles without any 

connect ions to the outside of the sett lement (see Figure 117). The 

external wal ls of the vi l lage are formed by the outer wal ls of the 

2 dwel l ings, which are on the periphery of the sett lement.  There are 

also other kinds of two-story dwel l ings for the wealthy people in this 

area. This kind of house is large and wel l  furnished (see Figure 118). 

There are many other housing types in the country bui l t  of  

di f ferent materials,  styles and att i tudes. Some of the most 

2.  Scarin, E.,  L ' Insidiamento umano del la zona Fezzanese e 
Oasi de Gat,  Fir inze, 1938 ( in I tal ian).  See also, Scarin, E.,  
Insidiamenti  e t ip i  de dimore: I I  Sahara I tal iane, I  Fezzan e Oasi de 
Gat,  Roma, 1937, S. 515 ( in I tal ian).  See also, Kanter,  Helmuth, 
Libya: A Geomedical Monograph, t ranslated by J.  A. Hel len and I .  F. 
Hel len, Verlag, Berl in,  Heidelberg, 1967, p. 119. 



Figure 118. Large, two-story tradit ional house in Sebha (Al-Gedid 
distr ict) .  — I t  consists of an entrance hal l  Heading 
indirect ly to the family zone, which consists of several 
rooms and storage areas. I t  also encompasses a covered 
stables for animals. The ki tchen is on the upper f loor,  
and i t  is reachable by a pr ivate staircase. In front of 
the main entrance is another staircase leadinn to the 
guest area on the f i rst  f loor.  The homes are dated 
between 1870-1950. 
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3 
signif icant examples of these houses are the Ghadamsi houses. They 

are covered courtyard houses attached to each other,  composing an 

ent ire unique oasis v i l lage or smal l  c i ty.  Each house consists of more 

than one level (see Figure 119). 

The al leyways of Ghadamis were associated with the water supply 

system, which was working also as an evaporat ive cool ing system for the 

ent ire vi l lage, simi lar to that of the Iranian Musl im ci t ies.^ This 

oasis v i l lage is also notable for i ts two-t ier street structure, the 

upper level being used exclusively by women who were thus able to move 

5 f reely within the ci ty.  

To give a general idea about the di f ferent housing types and 

their  distr ibut ion in Libya, a breakdown of dwel l ings by bui lding 

materials is given in Table 3. However, the tradit ional courtyard 

house and the Gariah underground houses are selected for further 

detai led study in the fol lowing pages. 

3.  See Aymo, J. ,  La Maison Ghadamsie: Trav. de L ' Inst i tute de 
Recherches Sahar, xvi ,  Paris,  1958, p.  157-191. See also, Kanter,  
Helmuth, 1967, p.  120. 

4. See the sect ion of the histor ical  background in Sect ion 1.5 
of this thesis.  For s imi lar examples, see also, Bonine, Michael E.,  
The Morphogenesis of  Iranian Cit ies, Associat ion of American 
Geographers, Annals, 69(2),  1979. 

5. L.A.R.,  Is lamic Art  and Architecture in Libya, the Libyan 
General Committee for Part ic ipat ion in the W.I.F.,  London, Apri l  1976, 
p.  50. 
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ground floor 

Figure 119. The Ghadamsi house. - -  (a) Covered street;  (2) Cesspool;  
(3) Staircase; (4) Hal l  room; (5) Temanaht ( l iv ing room); 
(6) Storage; (7) Lavatory; and (8) Marr iage room. A 
covered courtyard house. I t  represents a very high use 
of the space (source: The plans and sect ions, Aymo, 1958, 
pp. 162, 172 and 183).  These houses have survived for 
more than 900 years. 



Table 3. Breakdown of Libyan old and t radit ional dwel l ings by bui lding 
materials,  1963. 

Categories of Dwellings According to Construction Materials 

Mutassarifia 
Stone in 
Lime Mortar 

Stone in 
Mud Mortar 

Adobe with 
Thatched Roof Straw Huts Caves Tents Total 

Zawia 10,095 2,500 0 2,000 70 730 15,395 
Sabrata 3,800 1,000 0 1,200 0 545 6,545 

Zuara 3,060 0 0 740 0 1,640 5,440 

Tripoli 24,000 0 1,200 0 0 0 35,000 

Suk el Guima 15,650 300 2,200 1,600 0 3, 270 27, 020 
Horns 4,210 3,790 875 500 0 1,460 10,835 

Tarhuana 992 0 0 1,372 0 6,740 9,104 

Beni Ulid 0 1,340 0 0 0 2,200 3, 540 
Misurata 800 8,657 950 250 0 545 11,502 

Zleeten 530 5,510 730 300 0 820 7,890 

Sirte 850 0 0 200 0 4,170 5,456 

Gharian 800 5,080 0 0 1,950 2,000 9,330 

Yefren 100 3,700 0 0 1,600 1,180 6,580 

Nalut 50 1,73 0 0 2,300 1,900 5,985 
Ghadames 0 0 590 80 0 364 1,034 

Mi zdah 75 340 0 0 0 3,900 4,315 

Sebha 104 650 1,400 0 0 0 2,154 
Shati (Brak) 0 2, 800 700 0 0 364 3,864 ' 
Hoon (Sufra) 0 0 1,190 200 0 0 1,500 
Ubari 0 0 1,050 450 0 0 1,500 ' 
Oragen 0 0 16 0 0 38 54 

Murzuk 0 0 1,500 834 0 182 2,516 
Ghat 0 0 535 100 0 182 817 
Ganghazi 10,980 4, 660 1,120 850 0 7,250 29,610 
I jdebia 2,200 500 1,650 500 0 4,660 9,730 
Kufra 0 0 977 240 0 0 1,217 

Beida 2,415 0 0 0 0 3,450 7,415 

Barce 1,450 1,260 0 0 0 2,700 5,840 

Derna 2,980 460 0 700 30 2, 720 7,890 

Tubruk 2,000 0 0 0 0 2, 900 5, 400 

TOTAL 86,641 44,282 16,683 12,116 5,950 56,174 221,846 
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B. The Tradit ional Courtyard Houses 

The courtyard house is the most widespread dominant housing 

type al l  over the Islamic world. Because of di f ferent circumstances, 

requirements or cl imate, the courtyard house is sl ight ly di f ferent in 

i ts detai ls from one country to another.  The main concept of  design 

remains the same, as wel l  as the bui lding material  and the low height.  

The house is always bui l t  from the inside out,  and afterwards the owner 

blocks out the narrow, twist ing streets. 

As in the other Musl im countr ies, the courtyard house in 

Tr ipol i ,  Libya usual ly consists of one or two stor ies, with a number of  

narrow, rectangular bedrooms, bathrooms, k i tchen, and one or two 

guestrooms, a l l  or iented towards the open courtyard. The male 

guestroom is the except ion. The entrance of the house opens to a 

corr idor,  where the male guestroom is on one side with a sol id wal l  to 

the side opposite the door. The staircase and a smal l  bathroom are 

usual ly bui l t  near the entrance and the male guestroom. Some rooms may 

be bui l t  to overhang the street.  

In two-story houses, pr ivate family rooms and women's 

guestrooms are usual ly located on the upper f loor facing the courtyard. 

These rooms on the upper f loor create four colonaded arcades 

surrounding the courtyard. Each of the courtyard houses is associated 

with i ts own important elements according to i ts country or cul ture. 

The Libyan courtyard house is famous for i ts unique 

architectural  elements. The most s ignif icant of i ts elements is the 

vaulted room or "Hugrat al-Qabu". This room is usual ly rectangular and 
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roofed with a barrel  vault .  I t  consists of a recess facing the door 

with a smal l  room on each side and a wooden platform used as a bed in 

the upper s ide center storage under the bed in both rooms (see Figures 

120 and 121).6  

On the rare occasions when a window opens to the street,  i t  

consists of a "masharabiya" designed to let  a woman recognize vis i tors 

before she answers the door; i t  cannot be penetrated by the 

indiscret ion of those who are outdoors. The masharabiya often has an 

opening through which women can- buy things from the busy t ravel l ing 

sel lers, using a container t ied by str ing. 

The height of the rooms usual ly exceeds 3 gm, with an average 

proport ion of the wal l  height to the courtyard width of almost 1:1. 

2 
The total  area of the houses var ies from 140 to 350 m .  Roofs often 

are f lat ,  with a combinat ion of vaults in some houses. The courtyard 

house is a wal l-bearing type of construct ion. Walls are thick and 

constructed from adobe. Some houses are constructed from stones using 

mud or gypsum mortar,  according to the avai lable materials.  Some wal ls 

are covered with stucco or t i les decorated with plants or geometr ic 

pai nt ings. 

Roofs are constructed from wood or palm trunks used as I-beams 

due to their  load-bearing capacity and covered with wi l lows or birch, 

6. Warfel l i ,  Mohammed, "The Old City of Tr ipol i ,"  in ARAP: 
Art  and Archeology Research Papers, The Department of  Ant iquit ies of 
Libya, London, 1976, pp. 5-18. See also, L.A.R.,  Baladiat Trabulus Fi  
Mi 'al  Am: Report of  the Committee on the Centennial  Celebrat ion of the 
Municipal i ty of Tr ipol i ,  Libya: 1870-1970, Abdul lah A. A'shari f ,  
Chairman, Tr ipol i ,  Al-Matba'a Al-Haditha, Inc.,  1973, pp. 154-157. 



N 

•/ > 

First floor 

Figure 120. A two-story courtyard house in Tr ipol i ,  Libya. - -  (1) 
Entrance corr idor;  (2) Courtyard; (3) Bedroom with 
storage and bui l t - in bed; (4) Kitchen; (5) Guest rooms; 
(6) Restroom and bathroom; (7) Vault  rooom; and (8) Shop. 
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Figure 121. "Hugrat al-Qabu." - -  The rectangular main bedroom is 
famous for i ts r ich furni ture and design. I t  is one 
of  the important elements of  the Libyan courtyard house 
in Tr ipol i .  
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bark f i l l  or mud. Roofs are always cleared and prepared for col lect ing 

the rainwater during winter.  Wood and palm trunks were used also for 

doors as wel l  as windows. I t  is important here to note that the Libyan 

Department of  Ant iquit ies has no evidence to date any one of these 

courtyard houses to a t ime older than 250 to 300 years. 

The courtyard house is one of the most adequate housing types 

for almost a l l  of the country, c l imatical ly and social ly.  These houses 

are attached and adjacent to each other on more than one side, leaving 

only the side which blocks the narrow shaded street exposed to the 

direct sun during very few hours of the day (see Figure 122). 

The other external wal ls are usual ly shaded with the arcades 

surrounding the courtyard. People also used to cult ivate plants for 

vegetat ion and shade in the courtyard. The most important plant is 

cal led "dal ia,"  which provides the family with f ine grapes once a year.  

The roof,  which is the only other surface exposed to the direct solar 

radiat ion, is thick, wel l  insulated and in many cases is formed of 

vaults to minimize the direct solar radiat ion. The courtyard's f loors 

and thick wal ls work as a passive cool ing system of high thermal mass 

structure.^ These houses are also wel l  protected from the hot,  sandy 

winds and the outside air  pol lut ion. The courtyard house is wel l  known 

for i ts f lexibi l i ty of or ientat ion. 

Likewise, from the social  point of view, the courtyard houses 

are designed in a way that the social  l i fe is completely respected. In 

7. See Sect ion 2.2 of Design Strategies for Housing in Libya. 



209 

Figure 122. High housing density,  narrow shaded streets, and minimum 
exposed areas to the direct solar radiat ion. 
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the old c i ty of Tr ipol i  and in other areas of the country, the 

courtyard houses al low a good relat ionship and communicat ion between 

neighbors and at the same t ime provide complete pr ivacy for the 

individual family.  They are planned so that women can remain 

cloistered. These houses also provide very good communicat ion with the 

environment,  through the courtyard that is open to the sky, and on the 

roof,  which is usual ly used for sleeping during summer nights. 

C. The Tradit ional Underground Houses 
(Troglodytes) in Gharian 

The underground house is one of the dwel l ing types which is 

used by the ancient c iv i l izat ions in many parts of the world. I t  is 

mainly found in I taly,  France and in the west part  of the North Afr ican 

g 
coast and in China. With s l ight di f ferences in design, the 

underground houses are used by groups on di f ferent cont inents and 

9 
cultures that have the same c l imatic condit ion. 

The Gharian underground house has i ts own character and 

architectural  features. I t  consists of a square courtyard of about 10m 

x 10m, dug into the ground from 7 to 10m deep. Each side of the 

courtyard faces one of the four main direct ions. Two bedrooms of about 

8. See, Lewis, David, The Pedestr ian and The City,  Elek Books, 
London, 1965, p.  126. See also, Schoenauer, Norbert ,  6,000 Years of  
Housing: Volume I ,  The Occidental  Urban House, Garland STPM Press, New 
York and London, 1981, p.  205. 

9.  See, The Underground Space Center,  Universi ty of Minnesota, 
Earth Sheltered Housing Design: Guidel ines, Examples and References, 
The Universi ty of Minnesota, 1979, pp. 2-8. 
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3m x 6m each and 3m in height,  are dug into both sides of each corner 

of the courtyard (see Figure 123). 

The way to the outside usual ly starts in the northwest corner 

of the courtyard. I t  starts with a rectangular room used as a shelter 

for sheep, goats and donkeys. On one of i ts sides another smal l  

storage area for storage of straw and other goods is sometimes dug. 

Then a narrow tunnel of  about 1.5m in width cont inues up to the ground 

level.  This tunnel consists of a staircase that leads to the ground 

level by steps dug from the ground. The upper level of the staircase 

is often covered with ol ive wood and palm logs. 

Each bedroom of the underground house in Gharian is used by a 

family and or i ts adult  chi ldren. Each smal l  k i tchen is shared by the 

two famil ies on i ts two sides. Each bedroom is divided into two or 

more spaces using a piece of fabric.  The main space for sleeping is 

about two steps or more higher than the rest of the f loor.  Some 

famil ies add a smal l  room for their  chi ldren who are younger than 6 

years old. 

The courtyard is divided into two levels, creat ing a passageway 

of 2m in width for circulat ion. The rest of the f loor of the courtyard 

is about three steps lower than the passageway. In the middle of the 

courtyard, a sept ic tank is dug into the ground and f i l led up with sal t  

and organic materials.  I t  is dug deep enough to col lect the rainwater 

from the courtyard. The bathroom is always bui l t  on the ground level 

(see Figure 124). 
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Ground Icval 

QIBLA 

Figure 123. Gharian troglodytes. - -  (1) Main entrance; (2) Lobby 
(saqifa);  (3) Courtyard; (4) Bedrooms (5) Babies 
bedroom; (6) Kitchen; (7) Animals'  space; (8) Upper 
level storage; (9) Sept ic tank; and (10) Hole (zimmer) 
leading to the storage areas. Bathrooms and guest rooms 
are usual ly on the ground level.  
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Gharian typical 

underground 
houses 

Figure 124. The Libyan underground houses in Gharian. - -
sect ion B; (b) Plan; and (c) Typical bedroom. 

(a) Vert ical  
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The height of the courtyard is also divided into two depths to 

strengthen the four sides of the courtyard. In the upper level a 

storage area for crops is usual ly dug near one of the sides of the 

courtyard. This storage is reached using a ladder from the courtyard. 

A hole or a s lot  (zimmer) is also dug from the ground level,  leading to 

the crop storage area and sometimes is secured by palm logs or ol ive 

wood. On the ground level,  some famil ies used to bui ld a rectangular 

guestroom near the entrance of their  underground houses. The entrance 

of these houses in Ghir ian usual ly faces the Qibla direct ion. 

The underground houses are the most adequate dwel l ings 

cl imatical ly in Gharian. The rooms are warm during the winter and cool 

in summer. They are also the most ef fect ive dwel l ings against the hot,  

sandy winds, the "Gibly."  I t  is the most secure house from man or 

nature. During the I tal ian occupation of Gharian, the I tal ians took 

over f ive underground houses, connected them together through 

underground tunnels and used them for mi l i tary instal lat ions during 

World War I I .  

The underground houses in Gharian are always dug in the owner's 

farm or his cult ivated land, and i t  requires a number of  people to work 

on i t  (see Figure 125). Hence, social ly the underground house t ies the 

nuclear family and i ts marr ied chi ldren together in one house. This 

kind of house provides a great deal of  pr ivacy for the large family 

from the other people. At the same t ime, each family within the house 

has i ts pr ivate room and shares the other amenit ies with other members 

of  the large family.  
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Figure 125. The t radit ional underground houses in Gharian. - -  They 
are usual ly dug in the owner's farm, providing inter ior 
and exter ior pr ivacy. These houses are dated from the 
eighteenth century, and are st i l l  used by the same 
famil ies. 
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However, the underground house in Gharia isolated the family 

from their  neighbors because of the long distance between each dwel l ing 

and the other.  Although the underground houses are very secure, they 

are not safe for chi ldren, old people and animals, especial ly at night.  

A large number of  people are reported to have fal len into the courtyard 

of these houses in Gharian. 

4.2 Contemporary Housing 

The Middle East countr ies share simi lar problems in the realm 

of contemporary housing.^ I t  is mainly the cl imatic and social  

standards of adequacy. The administrat ive system, design methods, 

bui lding codes and the new moral values of the inhabitants are 

responsible for the ineff ic iency in design and use of the new housing 

projects. 

A. Cl imatic Cri ter ia 

The new housing types ut i l iz ing the gr id pattern and the 

walk-up apartments expose a maximum area to solar radiat ion, especial ly 

in the hot-dry zone where the lack of water and vegetat ion maximizes 

the problem of heat gain and solar radiat ion ref lect ion. The large 

unplanted spaces, the large paved streets and parking places minimize 

the protect ion of dwel l ings from direct solar radiat ion and the sandy 

winds of Gibl i .  This kind of planning creates a s i tuat ion just 

10. Sevecnko, Margaret Bent ley, Urban Housing: Designing in 
Islamic Cultures 2, The Aga Khan Program for Is lamic Architecture, 
Harvard Universi ty and M.I .T.,  Cambridge, Massachusetts,  1982, pp. 
74-90. 



217 

opposite to the microcl imatic condit ion created by the tradit ional 

planning of courtyard houses. 

The other poor architectural  feature cl imatical ly are 

unprotected north windows. The windows in the north facades are 

exposed to the maximum solar radiat ion in summer and to the minimum 

solar radiat ion in winter.  Architects and their  c l ients consider the 

north elevat ion the most important side of the house, which must have 

the maximum number of  windows to be exposed to the cool night breezes. 

However, these windows can not be opened during the night for securi ty 

and pr ivacy reasons. 

The other point is that the thick roofs of the pr ivate sector 

houses lack good insulat ion, so they reduce the t ime lag to less than 

10 hours, result ing in extra inter ior heat gain between noontime and 

sunset.  Because of the municipal construct ion law which requires a 

minimum of 35 cm external wal l  thickness, the major i ty of the houses 

work as high thermal mass structure. I t  is also important to not ice 

that the roofs of publ ic houses are often wel l  insulated against heat 

gain and rainwater.  

People who benef i t  from the publ ic housing projects usual ly 

carry out the physical improvements of their  houses according to their  

wi l l .  They add crossed steel bars to the ground f loor windows, add 

some br ick layers to the fence of the front courtyards and in some 

cases close the balconies with br ick wal ls or other l ight materials for 

pr ivacy and securi ty.  A lot  of changes take place in the inter ior 

space also. The owners usual ly open and close internal wal ls according 
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to their  need for pr ivacy or adding the space of two rooms together to 

be one larger space. 

The municipal construct ion law requires everyone to or ient the 

main elevat ions of the pr ivate sector houses, to the front street.  

This si tuat ion affects the arrangement of  the inter ior elements which 

are also required to be open to the front street.  For this reason the 

bedrooms and the other main elements are then exposed to various 

or ientat ions required by the law and the cl imatic condit ions. Roofs of  

the new smal l  courtyard houses can not- be used at night because of 

another law requirement for internal staircases which have no space for 

them and also could not be bui l t  in the courtyard. 

The ineff ic iency of the publ ic house or ientat ion is derived 

from many sources. The major reason is the great demand of housing, 

which leads to the mass product ion design method. This method starts 

by asking the architect to design di f ferent individual housing units to 

be used for any given si te despite i ts cl imatic or ientat ion, and 

topographic condit ions. The architectural  design of these units is 

then given to the si te planner to arrange on any given si te according 

to the number of  units required for that s i te.  These architectural  

design units are classi f ied according to their  number of  f loors and 

number of  bedrooms. 

For these reasons, s i te planning could not result  in a rat ional 

zoning which could be adequate for any kind of c l imatic zone except by 

chance. This strategy creates a new kind of planning, close to the 

cluster housing technique. Likewise, i t  is an imitat ion of Western 
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techniques, unrecognized as a Western style except for i ts net 

resident ial  density (see Figure 126). 

Other s i tes are more rat ional ly designed by local or foreign 

consultants and are much more adequate c l imatical ly.  An example of one 

of these si tes is the prefabricated housing project of 3008 dwel l ings 

in Hay-Al Is lamic in Tr ipol i .  This project is the closest project to 

the tradit ional design, al though in i ts detai ls i t  could be c lassi f ied 

as a Western style.^  ̂  

The other point which causes the improper or ientat ion of publ ic 

houses is that of the unit  of design. The best example of this is the 

architectural  design of the row houses which are recommended by 

12 
Doxiadis for the di f ferent groups in Libya. These houses are 

designed in a way so that just 25% of their  total  number are located 

according to the cl imatic condit ions of their  s i te (see Chapte 5).  

B. Social  Cri ter ia 

Most of  the Libyan famil ies who benef i t  from publ ic housing 

projects do not consider their  transfer to these free houses a 

11. See The Prefabricat ion Housing Project in the f i rst  chapter 
of this thesis.  

12. Doxiadis, Housing in Libya, Vol.  2, Athens, Greece, 1964, 
pp. 362-374. 
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Figure 126. The new housing design and s i te planning techniques. - -
Housing design respects inter ior pr ivacy and ignores the 
exter ior pr ivacy. The s i te planning creates a low resi
dent ial  density.  One can also see the same dwel l ing 
design is or iented to many di f ferent direct ions on the 
s i te.  
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long-term object ive. For this reason cooperat ive housing and f inancial  

aid have been welcomed by al l  sectors of the country. 

The new publ ic housing projects are designed in a way to 

encourage the development of  unity between the occupants of these 

projects and to accelerate the development of  social  relat ionships by 

providing col lect ive act iv i t ies. Each c i ty is provided with a 

recreat ion area, schools, a mosque, market place and post of f ice. The 

s i te planning neglects to solve other factors of design which could be 

more ef fect ive for social  acceptabi l i ty ( i .e. ,  pr ivacy and housing 

density).  These factors result  in a negat ive standard of relat ionships 

and a high cr ime rate among each of these projects. 

Some of the reasons which are causing this negative effect can 

be related to design cr i ter ia.  Decision-making about the housing 

design and s i te planning of these si tes is extremely central ized to a 

s ingle personal decision lacking cr i t ic ism and team work. People are 

housed without playing any ef fect ive role in the decision-making 

process concerning architectural  design and s i te planning. The other 

important reason is that the design does not take i ts normal  phases of 

13 
research, programming, design review and evaluat ion research (see 

Chapter 5).  

13. Zeisel,  John, Inquiry b.y Design: Tools for Environment-
Behavior Research, Brooks/Cole Publ ishing Copany, Monterey, Cal i fornia, 
1981, pp. 32-71. See also, Broadbent,  Geoffrey, Design in 
Architecture: Architecture and Human Sciences, John Wiley and Sons, 
Chichester,  New York, 1973, pp. 82 and 252. See also: Palmer, Mickey 
A.,  The Architect 's Guide to Faci l i ty Programming, The American 
Inst i tute of Architects, Washington, D.C.,  and Architectural  Record 
Books, New York, 1981, pp. 26 and 109. 



222 

Site planning often starts using a number of  housing layouts 

showing the main entrance and the side which could be connected with 

another house. This kind of strategy results in a new loose form of 

s i te planning which cannot be related to any zoning techniques. I t  can 

not be c lassi f ied as a Western style and could not be classi f ied as 

t radit ional.  Dwel l ings are sometimes closer and sometimes detached or 

arranged in rows within the same s i te (see Figure 127). 

The net residual density of the new publ ic housing projects 

ranges between 75 and 250 people per hectare, which is between 

one-third to two-thirds the net resident ial  density of the tradit ional 

resident ial  areas such as in old Tr ipol i .  In some areas of the gr id 

pattern of the pr ivate sector,  the net resident ial  density is less than 

20% of the tradit ional resident ial  areas. 

The height of the new resident ial  dwel l ings ranges between 

2-story and 13-story bui ldings. Privacy is usual ly achieved inside the 

house between the guest room and the other rooms. Al l  the windows 

without any except ion are or iented to the outside, facing the street 

and the other neighbor 's windows. Exter ior pr ivacy is almost 

completely neglected, and sometimes destroyed by the long balconies 

connect ing two rooms or more (see Figure 128). 

In addit ion to the design factors, there are some other social  

and human factors occurr ing during the use of the houses. The 

inhabitants are of di f ferent economic and educat ional levels.  They 

move from rural  and urban areas to their  new houses, carrying di f ferent 

values and att i tudes. They also move into the same project without any 
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Figure 127. The resident ial  density of  the old and new c i t ies in 
Misurata. - -  (a) The old c i ty of f isurata; and (b) New 
housing project inSuq Al-Khamis near Misurata. The 
bui lding coverage is 18% for (b) and 75% for (a).  
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Figure 123. Family l i fe and pr ivacy in di f ferent housing types in 
Libya. - -  (a) Modern v i l las; (b) Transit ion home; and 
(c) Tradit ional courtyard house. Privacy is usual ly 
provided between the guest room and the family rooms 
and neglected between the outside and inside of the 
modern houses and completely achieved within the court
yard houses. 
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previous relat ionship except their  need for free comfortable homes. 

They do not know each other and they are not prepared for any further 

responsibi l i t ies after they get their  new free houses. 

For these reasons, the inhabitants of these projects need more 

t ransit ional t ime to develop a normal relat ionship and social  contact 

with other famil ies in each project.  However, the use and adaptat ion 

of these housing projects are not tested by any of f ic ial  f ie ld survey 

by the department of  design in the Ministry of Housing to ameliorate 

the design of the other projects in the future. 



CONCLUSION 

The analysis in this thesis,  of design guidel ines for housing 

in Libya, has considered the cl imatic and the social  cr i ter ia as the 

most s ignif icant inf luences in housing design. The analysis of these 

two cr i ter ia underl ies the economic and technical factors. The method 

is also based on maintaining equi l ibr ium between the given appropriate 

histor ical  experiences and the proposed new design strategies and 

design guidel ines. 

This equi l ibr ium should be achieved by design to help extend 

the l i fet ime of dwel l ings. To maintain equi l ibr ium between the new 

technology and the old techniques and to achieve an adequate housing 

design cl imatical ly and social ly,  two points are presented in this 

br ief  conclusion: 

4.1 Problem Areas and Development 
of  Design Methods 

I .  Management: 

A. Team work: To improve the housing design, team work should 

be appl ied by the di f ferent sectors of design in Libya. 

Roles and responsibi l i t ies of team members and methods of 

communicat ion and report ing could be assigned to each 

design sector according to their  di f fer ing circumstances 

( i .e. ,  number and equipment avai lable).  

226 
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B. Decision sequence: Decisions should be careful ly phased. 

Each stage of plan work, should be reviewed in a meeting 

after which the designers should improve their  designs 

before f inal  approval.  

I I .  Process of design: Design also should fol low the phases of 

research, programming, design review and evaluat ion research 

(see Figure 129). 

I I I .  Unit  of  design: In the clustered and row houses, the unit  of 

design should not be carelessly repeated in the si te.  For 

maximum attent ion to cl imatic or ientat ion, the unit  of design 

of the row houses should be 4-unit  dwel l ings, as shown in 

Figure 130. 

4.2 A Summary of  Design Cri ter ia 

Detai ls of design cr i ter ia for the di f ferent Libyan cl imatic 

zones are discussed and provided in the preceding chapters of the 

cl imatic and social  design guidel ines. The fol lowing design cr i ter ia 

are the most cr i t ical  posit ive and negat ive points according to the 

cl imatic,  social  and/or the economic factors of housing design and 

construct ion. The design cr i ter ia are presented in Tables 4 through 13 

to faci l i tate comparison. 

Each table consists of a column for the reference material  

where the reader can get more information. Each table provides a 

column for the cl imatic zone(s) where the design cr i ter ia could be 

appl ied or not appl ied. 
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Figure 130. Example of unit design for row housing. -- (a) Typical 
method for designing a unit to be used regardless of 
orientation; and (b) Suggested method for design is a 
4-unit dwell ing with maximum attention to cl imatic 
ori entati on. 



Table 4. Climatic and social criteria for attached housing. — Attached housing is proper 
for al l  the Libyan cl imatic zones, with more care for cross-venti lation in the 
hot-humid zone and south exposure for the cold and hot-dry zones. In the 
hot-humid cl imate i t  is more proper to build dense houses using l ight materials. 

Climatic Criteria Social  Criteria 

Attached housing types such as cluster housing and row 
housing of one to two stories are the most adequate of 
the new housing types for energy conservation and 
cl imatic control. Just one or two sides of this 
housing type are exposed to the direct solar 
radiation, providing more shade than in the other 
types. Especial ly for two-story buildings, the south 
elevation should be exposed to the solar radiation 
with a proper horizontal shading device. This kind of 
housing also works as a high thermal mass, which is 
required for solar control and energy conservation. I t  
is also proper for sand and dust control more than 
other housing types ( i .e., high-rise and free-standing 
type). The most preferred form of this attached 
housing design technique is the courtyard house. 

Attached and dense housing 
techniques of design are the 
most adequate types for social 
contact, simplicity and 
economic eff iciency. This kind 
of housing is also the most 
proper type for privacy because 
i ts windows usually have to 
open into an interior or 
courtyard. This kind of 
housing can be built  of thick 
walls which increase the 
privacy between dwell ing units. 

Reference( s)  
Chapters 2  and 3; V. Olgyay, 1973; See also, Clark and Paylore, Desert Housing, 1980. 



Table 5. Climatic and social criteria for underground and semi earth-covered housing. — 
Underground housing is proper for al l  zones where the water table is not high 
and where the soil  is compact. I t  is not proper for areas with f ine sand or 
rocks. 

Climatic Criteria Social  Criteria 

Underground and semi-covered housing are proper 
cl imatically. This kind of housing also works as a 
high thermal mass which responds only to seasonal 
changes occurring after a considerable delay. I t  also 
has good wind and sand control. 

The underground houses provide 
ful l  privacy but reduce social 
contact with neighbors. They 
are more secure houses, but 
isolate the family from l i fe 
outside i ts farm or cult ivated 
area. The semi-covered houses 
are more f lexible for site 
planning and increasing 
residential density but are 
more expensive and result in 
smaller areas due to shorter 
spans required for high loading 
factors. 

Reference( s)  
Chapters 2 and 4; The Underground Space Center, 1979; Wade, Herb, 1983; Clark, Kenneth and 
Paylore, Patricia, 1980. 



Table 6. Climatic and social criteria for prefabricated housing. — Prefabricated housing 
is more proper for the cold zone than the others. 

Climatic Criteria Social  Criteria 

Prefabricated housing is the least proper housing 
cl imatically in Libya. The l imited control of 
openings and windows in this type of housing reduces 
wind and solar control. 

This type can be economically 
mass-produced. Has l imited 
f lexibi l i ty for overall shape 
and has less window design and 
location control to achieve 
pri vacy. 

Reference( s)  
See Chapter 2. 



Table 7. Climatic and social criteria for detached housing. — Detached housing is proper 
for agriculture and farming areas, especial ly in the cold zone. This kind of 
housing should not be applied in the hot zone. 

Climatic Criteria Social  Criteria 

Detached housing, which consists of free-standing 
vi l las and isolated houses, are not proper 
cl imatically. This kind of housing has the maximum 
exposed area of i ts external walls to the direct solar 
radiation. I ts four orientations also decrease i ts 
cl imatic eff iciency i f  the windows are opened to the 
west or east directions and less effective against 
wind and sand control. 

Detached houses decrease the 
residential density and social 
contact. This kind of housing 
also allows the owner to open 
windows to the outside 
courtyard, reducing external 
and internal privacy. I t  is 
also more expensive and 
requires more complicated forms 
and more land area. 

Reference( s)  
Chapters 2 and 3; Clark, Kenneth and Paylore, Patricia, 1980. 



Table 8. Climatic and social criteria for stepped housing. — Stepped housing is proper 
in cold and temperate Libyan zones, with maximum exposure to the south direction 
for the winter solar radiation. 

Climatic Criteria Social  Criteria 

Stepped housing could be more exposed to the south 
solar radiation and cross-venti lation i f  located on 
sloping sites. The top of the slope is more 
convenient for housing than the bottom, to protect the 
house from the rainfal l  and wind. 

Sloping sits create spaces 
1-1/2 stories high, which could 
be used for interior and 
exterior privacy consideration. 

Reference(s)  
Chapter 2; Clark, Kenneth and Paylore, Patricia, 1980; Macsai, John, Housing, 1982. 



Table 9. Climatic and social criteria for walls. — The hot-humid zone requires 
l ightweight construction for cl imatic regions. All  the zones require insulated 
wal1s. 

Climatic Criteria Social  Criteria 

Walls should be insulated whether they are of wood or 
heavy material. Thick heavy walls are more proper 
cl imatically except for the hot humid zone to work as 
a higher thermal mass. Earth-covered walls are also 
effective in resisting the Libyan cl imatic condit ions. 

Thick heavy external walls are 
t h e  m o s t  c o n v e n i e n t  t o  m a x i m i z e  

the aural privacy. I t  is also 
proper for the insulation 
between the male guest room and 
the internal family rooms. 

Reference(s)  
Chapter 2 ;  AIA Research Corp., Regional Guidelines, 1980. 



Table 10. Climatic and social criteria for roofs. — For the hot-dry zone i t  is essential 
to use a highly insulated roof and/or curved roof i f  possible. 

Climatic Criteria Social  Criteria 

Roofs should be insulated as well as possible. Domes 
and faults are also effective to minimize the direct 
solar radiation. 

A f lat roof is more proper for 
cold summer nights and for 
drying clothes during the day. 

Reference( s)  
Chapters 2 and 4. 



Table 11. Climatic and social criteria for fenestration and shading. 

Climatic Criteria Social  Criteria 

The use of double-glazed windows with insulated drapes 
or shutters is effective cl imatically. East and west 
windows should be shaded with vert ical shading 
devices. The south elevation should be protected with 
a horizontal shading device and the north windows 
should be protected with both the vertical and 
horizontal shading devices. The size of the inlets 
for venti lat ion should be less than the outlets. The 
maximum opening area should be exposed to the south 
direction with a proper horizontal shading device. 
Evergreen trees should be planted in a proper posit ion 
on the north, west and east sides of the building. 
The south elevation should be provided with deciduous 
trees, i f  any. South-facing sky windows, with a 
careful shading, are more effective for the cold zone. 

Windows should be designed to 
provide maximum privacy. 
Windows that open to the inside 
court are more proper. Trees 
and vegetation in a proper 
posit ion in front of the window 
could provide enough privacy 
for the interior rooms. Sky 
windows provide more privacy 
than the wall windows. 

Reference( s)  
Chapter 2 ;  NBS Building Science Series 104, Window Design Strategies, 1977. 



Table 12. Climatic and social criteria for plan arrangements. 

Climatic Criteria Social  Criteria 

Use carport (open garage) or adjacent unit on the west 
side to shade the house from the intense west solar 
radiation. The daily active rooms should be located 
on the south side of the house, to be exposed to the 
winter solar radiation and protected from the summer 
solar radiation. 

The male guest room should be 
provided with a rest room near 
the male entrance. I t  also 
should have i ts complete 
privacy visually and aurally. 
The kitchen, family, l iving 
room and storage area should be 
close to each other, with their 
private zones from the other 
rooms. The boys and gir ls 
should have their private rooms 
i f  possible; otherwise, they 
should be separated by another 
means ( i .e., furniture or 
curtains). 

Reference( s)  
Chapters 2, 3 and 4. 



Table 13. Climatic and social criteria for building materials. — Use of local materials 
is essential for al l  zones. For the hot-humid zone heavy materials could be 
only used in the interior walls of the south elevation to work as a high 
thermal mass. 

Climatic Criteria Social  Criteria 

Adobe (sun-dried brick) is one of the most effective 
building materials in the desert cl imate. I t  works as 
a high thermal mass, delaying the effect of solar 
radiation during the day. The other effective local 
building material is masonry, which is also heavy but 
has less cl imatic effect than adobe and more than the 
hollow brick and other materials. 

Adobe and masonry walls are 
usually thick enough and 
effective for the aural 
insulation needed. They are 
the most available and economic 
materials for simple compact 
housing forms. 

Reference(s)  
Chapters 2 and 4. 



APPENDIX A 

CLIMATIC DATA: NUMERICAL AND GRAPHICAL REPRESENTATION 

Climatic Data Numerical Representation 

The monthly and yearly cl imatic data for selected representative locations of the four 
Libyan cl imatic zones are compiled in the fol lowing tables to provide suff icient reference for 
cl imatic design and data comparison between the different given locations. Monthly average, 
maximum, minimum, absolute maximum and absolute minimum dry-bulb temperature (DBT) are computed from 
long-term records (usually 8 to 20 years). Temperature data, relative humidity and rainfal l  are 
given monthly and annually. The other cl imatic information is available for only some locations and 
is not complete for others. 
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TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Doi ly  Ave-

T
e

m
p

. 
C

° 

26 13 16 19 22 25 28 27 26 22 16 13 20 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Ave-  Max-
T

e
m

p
. 

C
° 21 23 29 30 32 34 35 34 33 31 29 23 41 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Ave.  M in • 

T
e

m
p

. 
C

° 

4 6  7  9  12 15 18 19 18 14 9  a 4 
TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Abs-  Max.  

T
e

m
p

. 
C

° 

21 24 28 36 36 45 66 44 41 35 30 29 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Abs-  Mi  n.  

T
e

m
p

. 
C

° 

1 3 5 7  7  9  14 13 11 8  5  4  

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Diurnol  range Temp. 17 17 22 21 20 19 17 15 15 17 20 17 37 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Relat ive Humidi ty  % 50 55 50 58 61 66 76 74 65 60 51 47 61 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Evaporat ion cm. 5 7  7  8  9  9  10 11 8  7  7  6  7  

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Sunshine hours 158 172 186 225 260 285 344 335 243 214 162 146 2730 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Vpour press mbs 

Pain fa  I I  mm-

9 10 11 12 13 16 21 20 18 15 14 12 12 

TRIPOLI 

i  ) 
/  1 

v- r - j "  
'  i  

E leva t ion m. 
f t -

Vpour press mbs 

Pain fa  I I  mm- 45 27 12 16 2 1 0 1 6 27 39 74 253 



Station Dat a Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Annual 
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-1  -3 -2 4 10 17 17 18 14 8 2 -2 -4 
y* ! 

Diurnal  range Temp. 21 24 27 30 28 26 23 23 26 24 27 25 47 
" t.v r~  Relat ive Hum- % 50 42 35 29 26 23 26 28 31 40 46 47 39 " t.v 

Evaporat ion c m- 13 14 21 24 31 36 37 33 24 19 14 12 279 

Sunshine hours 

E levat ion 596 m- Vapour press mbs 7 9 8 9 10 11 11 12 12 11 10 6 10 
1 956 f t .  Rain fa l l  mm- 0.4 0.3 0 1 2 1 0 0 0 2 1 0.3 18 

r o  
-o 



S t  atio n Dat a Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Annual 

Dai ly  Ave- 10 12 14 17 22 26 28 27 24 20 15 10 18 
Ave- Max.  e 

V ) 14 17 19 23 28 33 34 34 30 25 20 15 24 
NALUTE Ave.  Min•  3 4 8 11 15 19 21 20 19 11 4 5 4 

Abs- Max.  
a 
£ 25 32 34 39 41 42 44 43 41 36 32 25 44 

v l /<K v— 
i  » 

Abs-  Min.  -1 -2 0 4 6 8 12 12 13 5 1 -2 -3 v l /<K v— 
i  » Diurnal  range Temp. 11 13 11 12 13 14 13 14 11 14 11 10 20 
\..,r j—• Relat ive Humidi ty  % 59 53 48 46 43 41 41 44 51 55 54 60 49 
/ \ 

Evaporat ion em- 10 12 17 21 28 36 33 28 21 15 11 10 242 

Sunshine hours V 

Eleva t ion 639m. Vpour press mbs 7 6 7 4 10 12 16 15 14 12 9 6 10 
2096 ft- Rain fa  I I  mm- 15 8 22 19 11 2 0 0 8 15 10 13 140 

Dai ly  Ave- 11 17 17 21 26 31 31 31 28 22 17 11 22 
Ave.  max.  6 

u  
18 20 24 28 34 39 40 41 36 30 24 18 29 

GHADAMIS Ave.  min.  

6 
u  

3 6 9 13 17 21 22 22 19 12 9 4 11 

Abs.  max.  
a  
E 39 35 39 41 46 47 48 47 45 41 36 30 48 

N Abs.  min.  
*-

-6 -8 -2 2 6 14 15 15 12 2 -2 -4 -8 
v * 

Diurnal  range Temp. 15 14 15 15 17 • 18 18 1 9 17 18 15 14 18 

Relat ive Hum- % 46 36 32 25 22 20 20 22 29 36 41 48 35 
7 --•r' 

Evaporat ion c m • 10 14 19 25 32 35 37 32 23 19 14 11 269 
Sunshine hours 8 9 8 9 10 11 12 12 9 9 9 8 10 

Elevat ion 326 m. Vapour press mbs 6 5 6 6 7 8 9 10 11 10 7 6 76 
f t .  Rain fa l l  mm- 2 3 4 2 1 0 .7 0 0.5 0.4 5 1 7 24.3 

ro 

rx> 



S t a t i o n  

MISURATA 

1 > 
V 

j 
J 
L. 

E leva Hon 5 m. 
f t -

Dat a Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Dai ly  Ave- 13 14 16 18 21 25 26 27 26 23 19 15 20 
Ave- Max.  0 

< ) 18 19 21 23 26 29 31 32 30 27 24 20 25 
Ave.  Min- 8 9 11 14 16 19 21 22 21 18 14 10 15 
Abs- Max.  

a  
E 30 36 39 42 41 46 45 47 44 38 35 32 47 

Abs- Min.  
t— 

1 3 2 • 5 9 14 15 16 17 10 5 2 1 
Diurnal  range Temp. 10 10 10 9 10 10 10 10 9 9 10 10 10 
Relat ive Humidi ty  % 71 70 68 68 67 69 70 70 70 71 68 70 69 
Evaporat ion cm. 8 11 15 19 25 25 30 26 18 14 10 8 209 
Sunshine hours 

Vpour press mbs 11 11 12 14 16 20 23 24 22 19 15 11 17 ,  
Rain fa  I I  mm-

CO KD 

22 20 11 5 1 0 1 10 50 22 61 266 
Dai ly  Ave- 13 15 17 19 21 24 25 27 26 23 19 15 20 
Ave.  max.  0 18 20 22 24 34 38 39 31 29 27 24 20 25 
Ave.  min.  

u  
8.8 9.5 11.5 14 16 20 21 22 22 21 18 10 15.6 

Abs.  max.  
a  
E 31 36 41 42 44 47 44 45 44 41 36 32 47 

Abs.  min.  
•— 3 2 4 5 8 14 16 16 14 10 6 4 2 

Diurnal  range Temp. 9.2 10.5 10.5 10 18 18 18 9 7 6 6 10 9.4 
Relat ive Hum- % 71 69 68 67 70 71 75 73 74 74 70 70 76 
Evaporat ion e m.  

Sunshine hours 

Vapour press mbs 

Rain fa l l  mm- 46 22 11 5 4 1 0 0 5 24 20 37 180 

SIRT 

/ J 

E levat ion 20 
f t .  

r o  
-p» 
co 



S t a t i o n  

SHAHAT 

E l e v a t i o n  621 m. 
f t -

Dat a Jan Feb Mar Apr May Jun Jul Aug Sep Oc t  Nov Dec Annual 

Dai ly  Ave-

e 
O 

a 
E 
«> 
t -

9 10 12 14 18 22 24 23 21 18 15 1? I f i  

Ave- Max.  e 
O 

a 
E 
«> 
t -

13 14 16 20 34 30 31 28 26 22 19 15 21 
Ave.  Min-

e 
O 

a 
E 
«> 
t -

6 6 7 10 12 16 18 17 16 14 10 7 11 
Abs- Max.  

e 
O 

a 
E 
«> 
t -

25 25 34 36 42 41 40 40 37 35 30 24 42 
Abs.  Min.  

e 
O 

a 
E 
«> 
t -

-1  0.6 1 3 6 9 10 13 11 8 4 2 -2 
Diurnal  range Temp- 7 8 9 10 12 14 13 11 10 8 9 8 10 
Relat ive Humidi ty  % 79 74 70 65 60 57 68 70 72 73 74 76 70 
Evaporat ion cm- 7 10 14 18 25 28 30 25 17 12 10 8 204 
Sunshine hours V 

Vpour press mbs 9 9 10 11 13 15 18 17 17 15 13 10 13 
Rain fa l l  mm- 135 88 67 30 8 4 0.9 0.5 12 28 53 116 584 
Dai ly  Ave-

T
e

m
p

. 
C

° 

13 14 16 18 20 22 24 23 22 20 19 16 20 
Ave.  max.  

T
e

m
p

. 
C

° 18 19 20 22 24 28 30 29 28 26 24 20 25 
Ave.  min.  

T
e

m
p

. 
C

° 

10 11 12 14 16 20 22 23 22 19 16 12 17 
Abs.  max.  

T
e

m
p

. 
C

° 

30 31 41 38 44 45 42 44 40 39 33 30 45 
Abs.  min.  

T
e

m
p

. 
C

° 

5 5 6 8 9 15 17 14 15 13 10 7 5 
Diurnal  range Temp. 8 8 8 8 8 8 8 7 6 7 8 8 8 
Relat ive Hum. % 73 71 71 71 72 72 77 75 74 73 71 70 70 
Evaporat ion c m- 8 11 14 18 24 26 27 25 18 14 10 9 201 
Sunshine hours 

Vapour press mbs 12 11 13 14 17 21 25 26 23 19 16 12 17 
Rain fa l l  mm- 64 41 23 13 5 6 0 0 3 57 19 47 283 

DERNA 

E  l e v a t i o n  8  i * > -

f t .  

r o  

4̂  



S tatio n 

HOON 

Eleva t ion 260 m. 
f t .  

Dat a Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Dai ly  Ave- 11 13 16 21 24 28 29 28 27 21 17 12 20 

Ave- Max.  e 
vJ 19 22 25 26 34 37 38 38 37 24 25 20 24 

Ave.  M in • 3 4 7 10 14 18 18 19 17 13 8 4 12 

Abs- Max.  
a  
E 30 37 40 42 45 46 47 46 45 41 35 32 47 

Abs- Min.  
i— 

-6 -5 -4 2 6 10 12 10 10 4 -1 -6 -7 

Diurnol  range Temp- 16 18 18 16 20 19 20 19 20 16 17 16 17 

Relat ive Humidi ty  % 58 52 46 41 37 34 40 41 44 55 57 56 47 

Evaporat ion cm- 11 14 18 20 27 28 33 29 22 18 12 10 24 

Sunshine hours 

Vpour press mbs 7 7.5 8 9 10 12 19 15 14 13 10 7 12 
Rain fa l l  mm- 2 1 1 0 0 0 0 1 5 9 3 2 33 
Dai ly  Ave- 13 15 17 22 26 29 29 29 27 24 1 9 15 22 

Ave.  max.  • 20 22 26 30 34 39 37 36 34 31 26 21 30 

Ave.  min- 6 7 10 14 18 21 22 22 21 16 11 8 15 

Abs.  max.  
a  
E 30 35 43 44 49 48 47 47 44 41 39 32 49 

A bs.  mi  n.  
h-

-2 1 2 6 9 13 17 16 14 8 3 0 -2 

Diurnal  range Temp. 14 15 16 16 16 18 15 14 13 15 15 13 15 

Relat ive Hum- % 57 52 47 40 35 34 36 40 45 50 55 58 46 

Evaporat ion c m.  10 12 18 21 28 32 34 26 29 16 12 11 246 

Sunshine hours 

Vapour press mbs 8 9 10 11 12 15 16 17 17 14 12 9 12 

Rain fa l l  mm- 1 .4 1 0.6 0.5 0 0 0 0 0 1 2 2 10 

GIALO 

+ ! 

E levat ion 61 m. 

f t .  

r o  
4^ 
en 



S t a t i o n  

KUFRA 

E l e v a t i o n  3 8 9  H t .  
1276 f»-

BEN WLID 

E levat ion 

f t .  

D a t  a  Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Annual 

Dai ly  Ave- 13 16 19 23 29 32 33 31 29 25 18 14 23 

Ave- Max.  e 
> > 

26 29 34 41 42 46 45 43 39 38 33 27 45 

Ave.  M in - 5 6  10 15 19 22 22 23 19 16 9  6  15 

Abs- Max.  
a.  
E 52 37 41 44 45 46 48 44 42 41 37 33 46 

Abs- Min.  
i— 

-I -1 1 2 9  16 17 13 3  2  -1 -2  -2  

Diurnal  range Temp. 21 23 24 26 23 24 23 20 20 22 24 21 20 

Relat ive Humidi ty  % 47 39 33 28 26 25 26 26 30 34 43 45 34 

Evaporat ion cm- 13 15 20 24 28 33 35 32 24 19 15 13 271 

Sunshine hours s 

Vpour press mbs 7 7  8  9  10 11 13 13 12 11 10 7  10 

Rain fa l l  mm- 0 0 .4  0  0 .5  0 .2  0  0  0  0  D. I  0 .1  0  2  

Dal ly  Ave- 12 14 17 20 24 28 30 39 27 23 18 13 21 

Ave- max.  • 17 20 23 28 32 38 39 38 36 31 25 19 29 

Ave.  min.  

u 
6 7  9  12 16 19 21 21 18 14 11 6 14 

AbJ.  mdx.  
a  
E 30 35 36 42 45 46 48 48 46 41 39 37 48 

Abs.  min-
*-

0.1  

lo
 

o
 1 4 7  9  13 14 10 6  3  -1 

lo
 

o
 

1 

Diurnal  range Temp. 11 13 14 16 16 19 18 17 18 17 14 13 15 

Relat ive Hum- % 52 49 48 43 39 38 38 39 43 46 47 49 44 

Evaporat ion c m-

Sunshine hours 

Vapour press mbs 

Rain fa l l  mm-

r o  

cr> 
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C_i imatic Data Graphical Representation 

The relative humidity and dry-bulb temperature are plotted on both 

the psychrometric chart format and on the bioclimatic chart format to 

obtain a better understanding of the cl imatic condit ions of the 

selected locations. The maximum and minimum monthly temperature are 

plotted on the psychrometric chart. The three hourly temperatures of 

each month are plotted on the bioclimatic chart. From the charts, one 

can see the different cl imatic condit ions of each location and also can 

relate them to i ts cl imatic zone. 

The psychrometric chart format 

climatic conditions process 
(after Givoni) 

>C 

A-humidification 
B-heating & humidifying 
C-senslble heating 

D-chemical dehumidifying 

E-dehumidifying 
F-cooling &dehumidifying 

G-senslble cooling 

H-evaporative cooling 
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MtSURATA 

v 
30 

25 

• 2 0  

-15 

.10 

-5 
-0 

10 15 20 25 30 35 
DRY «utl TEMI>J«*IU«E 'c 

40 45 

BIR AL-GHANAM 

r ' f 1 '' '"T : 1 "• "T I I ' I ' t 1 r > > 
0 5 10 15 20 25 30 35 40 45 

DRY BULB TEMPERATURE *C 
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PSYCHROMETRIC CHART 

BEN WLID 

0 ' 5 ' io 15 20 ' 25 30 35 40 ' 45 
DRY BULB TEMPERATURE *C 

PSYCHROMETRIC CHART 

KUFRA 

I 1 t r . 1 "r » 1 1 1— -i 1 i i • r •• •••?-
0 5 10 15 20 25 30 35 40 45 

DRY BULB TEMPERATURE *C 
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APPENDIX B 

SUN PATH DIAGRAMS 

10 The shadow angle 

protractor 

20 20 
30 30 

40 

Base Line 

350 N 
i/> 

40 

y 310 

300 ,60 

290 .70 

80 280 

-100 260 

toy" •110 

•130 

190 170 

LATITUDE 23 N 
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Vv /y 3io. - x 

• \ 

210 / » 
200 _/ 

LATITUDE33N 

—100 

210 / 7-7-7 
200 / 1 

LATITUDE 32N 
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y 310 

LATITUDE 31 N 

--100 

250 -

LATITUDE 29 N 
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N 310v ^ 

220 ' 

210 / 
200 Jn 190 

LATITUDE 2 7  N 

250 -

230 .A'  ̂
®D / 
22b ' 

210 / 7-— 
200 Jn 190 

LATITUDE 25 N 



APPENDIX C 

THE METHOD OF CONSTRUCTING A SUNDIAL 

The sundial  is one of the simple graphic methods to simulate 

the sun direct ion for various t imes and seasons at a certain lat i tude 

using a three-dimensional model of  the proposed s i te plan. The method 

of construct ing a sundial  is explained by Levin Lynch in his "Site 

Planning," as fol lows: 

1. Given the lat i tude and the season of year,  the direct ion and 

al t i tude of the sun may be calculated for any hour ( local 

sunt ime) by these two formulas: 

Sin AL = cos D cos L cos H + sin D s in L 

Sin AZ •  C o s° T  

Cos H 

where 

AL = al t i tude of the sun 

AZ = azimuth of the sun 

L = lat i tude of the si te ( locat ion) 

D = 23° 22-1/2'  at  winter (decl inat ion of the sun for the 

given season) 

= 0 at spr ing and fal l  

_ 230 22-1/2'  at  summer 

267 
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Calculate the distance x as fol lows: 

X = 
tan AL 

where 

P 

X 

a convenient height of a pin (say 2 cm) 

distance along the l ine SON 

Once AZ, AL and C are known for summer, spr ing and winter 

during the needed hours of the dayt ime, plot this information 

on a table 

T ime 

Summer Spri  ng Winter 

T ime AZ AL X AZ AL X AZ AL X 

7 am and 5 pm 

8 am and 4 pm 

10 am and 2 pm 

Noon 

7 am and 5 pm 

8 am and 4 pm 

10 am and 2 pm 

Noon 

7 am and 5 pm 

8 am and 4 pm 

10 am and 2 pm 

Noon 

7 am and 5 pm 

8 am and 4 pm 

10 am and 2 pm 

Noon 

On a card, locate a pin 0, and draw a l ine NOS, which wi l l  

represent the north-south. A vert ical  pin (of a height P) wi l l  

be f ixed on the point 0 to cast the shadow. For each hour of 

the day ( from the table),  draw from "0" a l ine with an 

incl inat ion of AZ and length of X, unt i l  the sundial  is 

completed for al l  the seasons and hours. Then connect between 

the points of each season. 
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AM PM 

epm 6am 

The final form of the sundial. 
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APPENDIX D 

SIZING OF THE "THERMALLY INDUCED" VENTILATION 

Sizing of the "thermal ly- induced" vent i lat ion can be determined 

using the fol lowing two formulas: 

M = the air  f low required, in cubic feet per minute 

H = heat gain to be removed, in BTUs/hour 

1.1 = a constant 

= effect iveness of the opening (0.5 for openings perpendicu

lar to the wind; 0.25 for openings at a diagonal) 

A = actual open area of windows. (Care must be taken also for 

the effect for di f ferent size openings.) 

M  =  i . i  ( ? ,  -  y  
( i )  

M = AV ( 2 )  

where 
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