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PART 1 

INTRODUCTION 

In order to facilitate the accurate determination of com­

fort, it is essential to establish a foundation of authenticated 

facts which will enable the evaluation of test conditions 

and guide the formulation of probabilities and or needs. 

Man has survived in most every climatic situation, from the 

top of Mount Everest to the bottom of the Marianus Trench. 

However extreme the environment, it is within the capabilities 

and knowledge of man to protect himself from the elements and 

achieve comfort. 

The following section will review a basic group of com­

fort definitions, examine the extreme range of survivable 

conditions of man, and establish those criteria which provide 

comfort. 

DEFINITIONS 

Primitive peoples- generally those cultures or people who 

without formal training available to them were able to deal 

with their needs on a one to one basis. 

Mechanism- Method, material, or concept used by peoples in 

their attempt to alter the natural climate and make their abode 

(space) more comfortable. 

Comfort- The range or combination of elements which have been 

established as imposing the least physical stress on the body. 

(sociological modification assumed constant) 



Harsh climate- Any set of climatic variables which require 

some form of shelter or protection to provide comfort, with 

the extent of the shelter an indication of severity. 

Effective temperature- Scaled in terms of °F, a derivation of 

the following elements: Dry bulb temperature 

Humidity 

Air velocity 

Formulated by Houghten and Yaglou, the numerical value is that 

of the temperature of still, saturated air which would induce 

an identical sensation. 

Corrected effective temperature- The effective temperature as 

modified by radiant heat effects. 

New effective temperature- The corresponding dry bulb temper­

ature where the loci for constant body wettedness caused by 

regulatory sweating intersects the 50$ relative humidity curve 

of the standard psychrometric chart; indicated as "ST" on the 

ASHRAE psychrometric chart. 

Radiant heat- The form of heat which travels ffom one point 

to another in the form of light. It is present iri forms of 

both visible and nonvisible light. 



CHAPTER 1 

In researching the areas of comfort for man, it became 

apparent that in order to understand the requirements of com­

fort, it is first necessary to be aware of the extreme limits 

of man's survival. With an understanding of this basic know­

ledge, it is possible to expand this foundation to encompass 

the fundamentals of comfort. "Survival", in its crudest form, 

is not the goal of design in our present situation. Knowledge 

of these thresholds, however, allow for a minimum design 

possibility, with the assurance that the inhabitants, although 

occasionally uncomfortable, would be able to maintain a minimal 

level of comfort. 

Man is capable of overcoming wide range of temperature 

variation. High heat is withstood through body functions for 

the most part, with extreme cold tolerated to a much lesser 

degree. Through the use of clothing, body coverings, and 



minimal shelter, the range of tolerable temperature is increased 

considerably. Although the body is capable of adaptation to 

some extent, man, no matter where he lives is biologically 

consistant and has the same body mechanisms operating to main­

tain the body. 

The highest recorded temperature that man has withstood 

without injury is 266°F.* This laboratory test situation was 

endured for 20 minutes. The ability of the test subject to 

withstand the heat was due to three factors. The first was the 

high insulative value of air. A thin layer of surface air 

coated the skin, and buffered the surface from the high heat. 

The second was the cooling effect of the high rate of evapora­

tion in the dry atmosphere. The third was the ability of the 

blood to circulate the heat of the surface into the deep body 

tissue. The heat could be tolerated only until the body tem­

perature was raised to an unsafe level. 

The coldest temperature that man has been exposed to with­

out injury was -103°F., which occured during an Antarctic ex-

2 pedition. The severity of this limit, is lessened considerably, 

however, with a longer length of exposure and less exercise. 

Even with the best insulation clothing, the limit to survival 

for extended exposure (6 hours) and total inactivity is only 

20°F.3 

The ability of the body to deal with variations in temper­

ature is due to only a few basic mechanisms. When external 



conditions are cooler, three mechanisms are employed. The 

first effect brought about is the closing down of the blood 

supply to the skin. This lessens the amount of heat lost 

through the skin. The cooler skin with its accompaning layer 

of fat then acts as an insulation blanket over the body. This 

mechanism makes the survival of the Austrailian Aborigines 

possible without the use of clothing in temperatures which 

occasionally reach freezing. 

The second mechanism used by the body to combat cold is 

the process of shivering. Affected muscles rapidly contract­

ing and relaxing generate heat as a by product of the increased 

metabolism. Since muscular fatigue will occur after only a 

relatively short period, this is only a short term answer to 

the cold. 

The third mechanism of heat control is the overall in­

crease of the metabolic rate of the body. Brought about to 

a large extent through the quantity and makeup of their diet, 

the Eskimos, for example, rely on a high rate of metabolism 

to keep their bodies warm. Physically, the Eskimos do not 

have the extensive layer of fatty tissue beneath the skin as?~; 

Aborigines do. 

With external conditions at temperatures above that of 

the body, two basic mechanisms are employed to maintain con­

stant body temperature. The first regulatory control brought 

into employment by the body is the increased rate of blood 



circulation. With the blood system drawing the surface heat 

away from the skin and depositing-, it in the inner "body, short 

periods of high heat can be endured easily. 

The second defense against increased body heat is the 

process of sweat evaporation. The limit of man's capability 

to operate in heat is directly linked to the volume of sweat 

that the body can produce and the heat exchange brought 

about by the evaporation of that moisture. For acclimatized 

subjects, the maximum sweat production is approximately one 

liter per hour. Although the attitude of the individual is 

important in being able to cope with high heat, for tempera­

tures greater than that which can be controlled by sweating 

and blood circulation, only limited exposure can be endured 

before intolerable discomfort or injury will occur. 

The skin surface of the body is capable of a great range 

of temperature without injury, and unlike the deep body region 

does not need to be held at a near constant temperature. The 

average temperature of the skin is normally 80-- 82°?. At 

higher temperatures of 8^ - 88°P. , the skin begins the regula­

tory process of sweating. At lower temperatures of ??°F., the 

4 
sense of feel is lost. (numbing) 

Normal deep body temperature is 98 -' 99°^. » and critically 

requires a near constant level. With the raising of the deep 

body temperature only a few degrees, the danger of stroke is 

introduced. With the deep body temperature lowered to 95°F., 



the regulatory control mechanisms of the body cease to function. 

With the deep body temperature lowered to below 82°F., survival 

is improbable. 

Through acclimatization, the body can in part widen the 

range of conditions that the body can function in. The greater 

endurance brought about by acclimatization is, however, only 

moderately greater than with non-acclimatized individuals. 

With increased exposure to extreme conditions that acclimatiza­

tion makes possible, there is also a danger of increased 

susceptibility to respiratory disease, arthritis or to other 

diseases or conditions. For the most part, however, nonphysio-

logical factors such as increased training, experience and 

the ability to protect the body are more essential to survival 

than any physiological adaptation. 

Almost the entirety of the world's population lives and 

works at elevations under 6,000 feet above sea level. At 

these levels, only minor discomfort occurs; through a change 

of elevation. Within a short period of time, acclimatization 

to the elevation occurs?, and discomforts disappear. There 

are, however, difficulties, discomforts, and or problems brought 

about at extreme elevations. (greater than 6,000 feet). 

The highest point on earth that man has ascended to with­

out the aid of artificially introduced oxygen is the peak of 

Mount Everest at 29,141 feet. The accomplishment of the feat 

was an example of the extent that man can overcome through 



training and conditioning. For the average individual, 

20,000 feet is the limit of consciousness for periods longer 

than ten minutes.^ 

The highest permanent settlement on earth is at an eleva­

tion of 17»500 feet. This mining settlement located on Mount 

Aucuquilcha in Chile, is the base camp of operations for a 

mine-.located higher up the mountain. An attempt to locate 

the camp closer to the mine at a higher elevation of 18,500 

feet failed due to high altitude deterioration in the men. 

The principal difficulties involved with high altitudes are 

mountain sickness, and anoxia. Anoxia, a condition of the 

lack of oxygen in the blood stream is aggravated by the reduced 

oxygen content of the atmosphere at high altitudes, excessive 

body heat, pulmonary circulation abnormalities, or respiratory 

interference. In disasters, such as the rapid decompression 

of an aircraft cabin, the problem of anoxia is the most 

critical problem in survival. The effects of anoxia are: 

headaches, dizziness, fatigue, sleepiness, loss of visual 

acuteness, and, depending on the individual, a condition of 

euphoria or depression. Anoxia due to atmospheric lack of 

oxygen is virtually non-existant up to altitudes of 8,000 feet. 

Mountain sickness, can occur either from a rapid ascent 

of 6,000 feet or more, or from prolonged periods spent at 

high altitudes (greater than 18,000 feet). During the 

Himalayan expedition of 1960-1961, it was found that the men 



who spent the winter months at the high altitude in an acclima­

tization effort were less able to sustain a work load than those 

men who spent a relatively shorter period of time in reaching 
o 

the winter camp level. Conditions of sleeplessness, and loss 

of appetite combine to cause a loss of weight in individuals, 

with headaches and nausea contributing to this high altitude 

deterioration. 

Infertility of females is often a problem at high alti­

tudes. Early Spaniards found that their women were unable to 

become pregnant at the high altitudes of the South American 

mountains, and that it was necessary to descend to much lower 
Q 

levels to bear children. Even today, the wives of miners 

living at higher elevations descend in order to bear children. 

Problems associated with ultra high altitudes, (over 

30,000 feet) although most often fatal, occur rarely. At an 

altitude of 58*000 feet, the body fluid would boil at ambient 

atmospheric pressure. At the ambient atmospheric pressure of 

an altitude of ̂ 5»°00 feet, atmosphere composed of 100^ oxygen 

is necessary to carry on human life."*"0 See Figure 1. 

At sea level, the atmosphere is composed mainly of nitro-. 

gen and oxygen, with oxygen composing nearly 21% of the total 

by volume. Live can be sustained with that percentage reduced 

to 10%. The common gases dangerous to human survival are 

carbon dioxide and carbon monoxide. In the normal state, the 

atmosphere is composed of only 0.0376 carbon dioxide, and only 



Breothing 100% Oj gives 
Alveolar PQJ = breathing 
oir ot 18.000 ft. [ T. 

Breathing 100% Oj gives 
alveolar Pg2 = breathing 

air at sea level 

Death may occur if 
ox'.jen not added to 
inspired air 

[Definite Oxygen lockj 

Safe zone effects 
minimal 

Altitude in thousands of feet 

FIGURE 1 

Curve relating the total barometric pressure (based on the International 
Commission for Air Navigation formula) with the partial pressure of oxygen at different 
altitudes between sea-level and 64,000 ft. Reductions in the percentage oxygen of the 
inspired air at sea-level equated with the oxygen tension observed at various altitudes. 

from: Edholm, O.G., AND Bacharach, A.L., ed», 
THE PHYSIOLOGY OF HUJ/IAN SURVIVAL 



minute percentages of carbon monoxide. Depending on the length 

of exposure as little as y/° carbon dioxide and 0.5/°  carbon 

11 monoxide can be fatal. 

The problems encountered in descending beneath the sea 

are of course different than those of high altitude. The most 

prevalent is that of pressure exerted by the weight of the 

water upon the submerged object. At a depth of 100 feet, 

the pressure is equal to that of four times the pressure at 

sea level. At that depth, the lungfull of air taken at the 

surface is compressed to a volume t of that at the surface. 

Because that volume is less than the volume of even the most ' > 

forced exhalation, any greater depth would cause a vacuum in 

the lung cavity capable of bursting the lining of the lungs. 

Inversely, the danger of lung rupture is introduced if an 

ascent is attempted from that depth with any blockage of the 

12 
respiratory system present. 

Extensive decompression is required after dives of even 

moderate depths. In order to prevent the bends, or the forma­

tion of bubbles in the bloodstream as rapid decompression occurs, 

extensive tables have been formulated and through experimenta­

tion have been developed to guide the pressure level and length 

of time spent at each level to safely decompress the diver. 

The deepest dive without the aid of a pressurised vessel 

was 1,200 feet. With the aid of a pressurized vessel, man has 

decended to the lowest point on earth, the Marianas Trench 

(35,800 feet).13 



Physiological factors are not the only variables that 

differentiate the capabilities of man. The psychological 

make-up of man also sets up conditions of extremes and thresholds. 

However, because of the individuality of man, and his capability 

of adapting to a wide range of situations» a precise definition 

of psychological needs of man changes in relation to the situa­

tion at hand. However, the most primeval requirement for psy­

chological well being of man is a sense of privacy. 

According to the inculturation of the subject, and the 

situation at hand, the extent of privacy can be taken to be a 

large geographical area, or as minimal as that of the mere 

confines of his immediate body. The early American pioneer 

felt his privacy imposed upon if he could see evidence of his 

neighbor. On the other end of the spectrum, Oriental peoples 

have for centuries been accustomed to very dense levels of 

population and visualize privacy in a much more personal spirit­

ual dimension. Privacy can be tangible boundries, or psycholog­

ical limits. The strip tease dancer, with no apparent limit 

to privacy, maintains balance through inner privacy. Although 

exposing her body, she maintains a barrier between her audience 

and her inner thoughts and personality. The level of privacy 

acceptable to an environmental and psychological mores of his 

situation. 

If the privacy experienced by the subject is not that 

level desired, he will employ actions to either limit social 



interaction, or encourage greater interpersonal control mechan­

isms. See Figure 2. 

Personal space, or that idea of comfort distance necessary 

for psychological "balance, is somewhat changeable but necessary 

factor. This distance of comfort between two or more people 

is a by-product not only of the sex and age of the subjects, 

but also many other social differences, including family rela­

tionships or the race differences between the subjects. See 

Figure 3. 

Above all, there is a:; heirarchy of needs of man which 

must be followed in fulfilling human comfort. See Figure 

At the base of the pyramid are the physiological requirements 

necessary for survival. Before any other areas of human need 

can be fulfilled, pure physical survival requirements must 

be met. In many cases, a particular area of need such as 

security, is encompassed within the social framework, morality, 

or living environment, making that area of lessor importance. 
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5. SELF FULFILLMENT NEEDS 

Sense of accomplishment and achievement 

of full capability; acceptance of new 

challenges; broadening of horizons of 
Interest; self actualization 

U. EGO NEEDS 

Achievement of independence, 
seJf-esteera, deserved respect 

of peers, recognition, confidence 

3- SOCIAL NEEDS 

Sense of belonging to a group and 
acceptance by other people, love 

and affection 

2. SECURITY WEEDS 

Protection from physical harm, assurance 

of continuing income and employment, 
protection of home (including land and 

natural resources which provide the basis 

for quality of life over the long term) 

I. PHYSIOLOGICAL NEEDS 

Food, shcHer, clothing, sleep, 
reproduction of the species, 
identity, stimulation, etc. 

FIGURE U-

from: Environmental Protection Agency 
AND ENVIRONMENTAL QUALITY 

ALTERNATIVE FUTURES 



CHAPTER 2 

The basic senses and functions of man, i.e. eyes, ears, 

skin, brain, operate more effectively under conditions 

similar to those found in tropical areas.Contrary to the 

tropical environment our physical functions are suited for, 

culturally and socially modern man has become adapted to cities 

and towns. The optimum living environment would then seem to 

be one in which the body is exposed to the climate like that 

in which it evolved, and yet the advantages and benefits of 

culture and civilization are not sacrificed. Bringing plantlife 

into our homes is one example of man's attempts to maintain 

his tropical heritage. Other examples of attempts to emulate 

the optimum climate are shown in clothing types which insulate, 

air movement devices, space heating, cooling, humidification 

or dehumidification, and other building practices aimed at 

adjusting the ambient climatical conditions. 



For many years, dry bulb temperature was the only deter­

minant of comfort. Early efforts by the British to more closely 

1 define comfort sensations were conducted in the late 1920'sr 

The scale of "equivalent temperature" was developed to signify 

the relationship between conditions of uniform enclosure, still 

air, and controlled dry bulb temperature to the actual situation 

with the dry bulb temperature of the controlled space the value 

of comfort. This equivalent temperature was valid only for 

ambient temperatures less than 75°F.» and because it equated 

only those variables of air velocity and dry bulb temperature, 

was not a universally accurate indicator of comfort. 

During the same time period in the United States, F.G. 

Houghten and C.P. Yagloglu developed a temperature scale which 

stressed humidity along with dry bulb temperatures and air 

velocity.^ This scale or "effective temperature" was directed 

principally towards conditions of high dry bulb temperatures 

and the physiological cooling through the rate of evaporation 

of body sweat. This scale equates the test situation to that 

in which still air and full saturation is maintained. See 

Figure 5* 

Scientists continuing to refine those systemsto more 

closely define comfort developed the "revised effective temper­

ature" scale, This scale differs from the effective temperature 

scale with comparisons made in a room in which air movement 

is maintained at a uniform low velocity. 
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FIGURE 5 
from: ASHRAS, GUIDE AND DATA BOOK 



One step further in defining comfort came about with the 

addition of the effects of radiant heat. This more comprehen­

sive scale, the "corrected effective temperature scale", takes 

into consideration more variables than any of the other equiva­

lencies, and is therefore a more accurate indicator of comfort 

sensations. 

The measurements of variables effecting thermal comfort are 

for the most part obtainable through relatively simple proce­

dures. The necessary equipment is, however, at times costly. 

By plotting the gathered data onto charts such as that of Figure 

7, variables influencing thermal comfort can be complied with­

out complex mathematical equations. The corrected effective 

temperature chart compiles the variables of dry bulb tempera­

ture, globe thermometer temperature, wet bulb temperature, and 

air velocity to yield a value which can be plotted to graphi­

cally show its relationship to accepted comfort. 

Factors other than those already mentioned v/hich tend to 

shift the comfort region should also be considered in forecast­

ing comfort probabilities. Two of these other factors are 

those of clothing types worn by the inhabitants, and the work 

level of the activity which takes place v/ithin that space. The 

insulative value of clothing is given as a numerical value in 

CLO rating. This value ranges from a rating of 0 for complete 

nudity to a value of k for the most extensive insulating cloth­

ing. See Figure 8. 
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Chart for estimation of radiant heat from globe thermometer 
readings. (Through the appropriate points on scales A and B a line 
is struck to cut scale C. From this intersection another line is drawn 
through the appropriate point on scale D. The intersection on scale E 

gives the measure of radiation.) 

from: Franger, P.O., THERMAL COMFORT, 



Wet bulb temperature, *F 

Chart showing normal scale of corrected effective (or effective) temperature.! 

FIGURE 7 

from: Jennings, Burgess H., ENVIRONMENTAL 
ENGINEERING ANALYSIS AND PRACTICE 

Globe Thermometer or dry bulb temperature, #F 
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Data for Different Clothing Ensembles 

Clothing Ensemble Icl 

clo 

fcl 

0 1.0 
0.1 1.0 

Typical Tropical Clothing Ensemble: 
Shorts, open-neck shirt with short sleeves, light 
socks and sandals 0.3-0.4 1.05 

Apollo Constant Wear Garment (astronauts): 
Light cotton undergarment with short sleeves and 
ankle length legs, cotton socks1 0.35 1.05 

Light Summer Clothing: 
Long light-weight-trousers, open neck shirt with 
short sleeves 0.5 1.1 

Light Working Ensemble: 
Athletic shorts, woollen socks, cotton work shirt 
(open-neck), and work trousers, shirt tail out (208) 0.6 1.1 

U.S. Army "Fatigues", Man's: 
Light-weight underwear, cotton shirt and trousers, 
cushion sole socks and combat boots3 0.7 1.1 

Combat Tropical Uniform: 
Same general components as U.S. Army fatigues 
but with shirt and trousers of cloth, wind resistant, 
poplin' 0.8 1.1 

Typical Business Suit 1.0 1.15 
Tvpical Business Suit + Cotton Coat 1.5 1.15 
Light Outdoor Sportswear: . 

Cotton shirt, trousers, T-shirt, shorts, socks, shoes 
and single ply poplin (cotton and dacron) jacket®. 0.9 1.15 

Heavy Traditional European Business Suit: 
Cotton underwear with long legs and sleeves, shirt, 
woollen socks, shoes, suit including trousers, jacket 
and vest (256) 1.5 1.15-1.2 

U.S. Army Standard Cold-wet Uniform: 
Cotton-wool undershirt and drawers, wool and 
nylon flannel shirt, wind resistant, water repellent * 

trousers and field coat, cloth mohair and wool coat 
liner and wool socks3 1.5-2.0 1.3-1.4 

Heavy Wool Pile Ensemble: 
(Polar weather suit) 3-4 1.3-1.5 

1 James M. Waligora, Manned Spacecraft Center, Houston, personal communication. 
2 J. Jaax, Kansas State University, personal communication. 
3 J. R. Breckenridge, U.S. Army Research Institute, Natick, personal communication.. 

FIGURE 8 

from: Fanger, P.O., THERMAL COMFORT 



Body heat given off as a by product of metabolism cam 

shift the comfort zone. The 3TU output caused by various 

activity levels can be estimated and used as a base in deter­

mining a predicted vote of comfort as determined by group 

tests. Examples showing the relationships of comfort as in­

fluenced by CLO values and activity levels are shown in Figures 

9, 10, and 11. 

Other factors which tend to shift the comfort zone are 

those of color, occupancy density, and, to a minor extent, 

acclimatization of the individual. 

Test results obtained by Woods and Hohles show the wide 

range of the sets of variables which yield a comfort sensation 

condition. Note, the tests were conducted under conditions 

of sedentary activity and relatively still air (velocity 
1 R 

approximately 20 feet per minute). See Figure 12. 

Victor Olgyay has developed an indice that simultaneously 

plots factors of humidity, dry bulb temperature, air velocity, 

and radiant heat. Using this chart, one is able to see where 

his particular situation lies in respect to the indicated 

comfort zone. However, it must be taken into consideration, 

that the zone indicated is satisfactory only for conditions 

when the inhabitants are stationary, and wearing light clothing. 

If more strenous activities are to take place within a space, 

or when the subjects will be wearing more or less clothing, 

care must be exercised to provide for the shift in the comfort 



TOTAL HEAT DISSIPATION FROM INDIVIDUALS 

at Room 
Type of Activity Temperature 

between 60 F 
find SO F (Btuh) 

Adults at rest 
Seated 390 
Standing: 440 

Moderately active worker GOO 
Metalworker 860 
Walking, 2 mph 760 
Restaurant server, very busy 1000 
Walking, 3 mph 1000 
Walking, 4 mph; active dancing 1390 
Slow run 2290 
Maximum exertion 3000—4800 

FIGURE 9 

from: Jennings, Burgess H., ENVIRONMENTAL ENGINEERING 

2k> 
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from: Fanger, P.O., THERMAL COMFORT 



250 

». 10 

ISO 

too 

0-2 

CO-

. . .  C o m f o r t '  L i n e s  ( A m b i e n t  T e m p e r a t u r e  v s  
Relative Air Velocity) 

FIGURE 11 

from: ASHRAE, HANDBOOK OF FUNDAMENTALS 



VARIABLES WHICH YIELD COMFORT 

TDB TWB TIME VOTE ET TEFF 
(F) (F) (HR) (ND) (F) (F) 

76.0 61.9 3.0 3.8 70.32 75.86 
76.0 64.8 3.0 3.9 71.31 76.17 
76.0 6 7.6 3.0 4.0 72.34 76.63 
76.0 70.1 3.0 4.1 73.34 77.15 
76.0 7 2 . 6  3.0 4.2 74.41 77.83 
78.0 53.3 3.0 3.8 6 8 . 6 9  76.67 
78.0 57.0 3.0: 3.9 69.73 76.99 
78.0 60.4 3.0 4.0 70.77 77.35 
78.0 63.5 3.0 4.1 71.81 77.78 
78.0 6 6 .5 3.0 4.2 72.89 78.27 
78.0 69.3 3^0 4.3 73.98 78.90 
80.0 54.5 3.0 4.1 6 9 . 6 9  78.20 
80.0 58.3 3.0 4.2 71.01 78.61 
80.0 61.8 3.0 4.3 72.13 79.10 
80.0 6 5.I 3.0 4.4 73.28 79.70 

TD3(F)-Dry Bulb Temperature 

TWB (F)-Wet Bulb Temperature 

TIME-Time (hr.) 

VOTE-Thermal Sensation. The values of VOTE are: 1 = cold; 
2 = cool; 3 = slight cool; 4 = comfortalbe; 5 = slightly 
warm; 6 = warm; 7 = hot. 

ET (F)-(Old) Effective Temperature 

TEFF (F)-New Effective Temperature 

Figure 12 
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AA. Heat- stroke limits for nude man resting in still air. 
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zone. Figure 13 shows how the shift in the comfort zone 

changes from area to area within a residence. 
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PART 2 

CHAPTER 3 

Centuries before man attended colleges, received degrees, 

and learned how to manipulate thermal comfort through the use 

of scientifically engineered systems, he was able to withstand 

the problems of climate through the use of indigenous materials 

and simple devices. The comfort range of those dwellings was 

often not within our present standards of comfort; however, 

those peoples found conditions well within survival limits. 

Through pressures of population and food availability, 

man has been pushed to settle in all parts of the world where 

the climatic variables are not tolerable without some form of 

protection. In many cases, man's very survival depended on 

the success of their dwellings in protecting them from the cli­

matic elements. Except for those elements of decoration, the 

dwellings of primitive people, faced with fulfilling physiological 



needs as their prime daily function, reflect very closely those 

particular elements of their micro-climate. Additions of unnec­

essary items could hamper the effectiveness of their basic 

mechanisms or could place too great a pressure on their marginal 

existence. 

Probably the best example of the philosophy of efficiency 

is the example of the igloo. The use of the materials and 

mechanisms give the igloo even greater efficiency as outside 

conditions become less favorable. 

The outside form of a hemisphere is invaluable in many 

ways. The spiral-wound dome shape yields ease of construction 

and tremendous stability. Structurally, the igloo can withstand 

even the weight of an occasional polar bear. In the interior, 

the domed surface focuses all reradiation back into the center 

of the space. The dome also offers the most efficient floor 

area to exposed surface ratio. Also, because the normal posture 

of the Eskimo while in the igloo is either sitting or lying, 

peripheral areas with a lower ceiling level do not pose any 

discomfort. 

Snow, upon first examination would seem to be a less-than-

effective material. Composed of crystals and flakes, the snow 

crust contains by volume a large percentage of trapped air 

which gives it a good insulation value. f>'ith the addition of 

a coating of water which quickly freezes, the shelter becomes 

impermeable to even the strongest wind. Readily available and 



easily worked, snow is the best possible material for the con­

struction of the igloo. 

Even though there are no formal space dividers, the 

interior is nevertheless apportioned into several activity 

areas. Storage, working and sleeping activities take place 

ail within the same space, but only in certain specific areas 

of the "room". 

Heat for the igloo is obtained through the latent body 

heat of the inhabitants as a primary source, and secondarily 

through oil burning lamps. These lamps not only give heat for 

space heating, but also cook or warm food, and give light for 

nighttime activities. 

Ventilation is brought about through a small vent opening 

in the top of the dome. To control or halt any air movement, 

a small chunk of ice or snow is simply shoved into the opening. 

Light within the igloo is accomplished in two ways. The 

first method, as already mentioned is the oil burning lamp. 

The second source of light is the ice pane window. Used only 

occasionally during long periods of immobility, the window 

gives the interior light enough to carry on those activities 

which milder weather are normally accomplished outdoors. 

The igloo, a perfect adaptation for Eskimo life is all but 

useless for any other climate area. Without those climatic con­

ditions which contribute to the effectiveness of the igloo, 

only the ideas and principles behind the successful mechanisms 



of the igloo Would make this habitat valuable to other peoples 

in different climates. 

It is not the intention or purpose of this thesis to give 

a systematic detailed analysis of every primitive people in the 

world. Following is a form analysis of six examples of primitive 

peoples. The six examples give a crude coverage of basic types 

of climatic responses in areas of humidity,, aridness, hot and cold 

temperatures. This analysis serves only as a basis upon which 

other building types can be compared. 



PEOPLEi Eskimo, Arctic North America 

CLIMATE: Extreme cold - arid conditions 
summers short and temperate to cool 

CONTROL AREA MECHANISM FUNCTIONAL BASIS 

MAN 

BODY COVERING Animal skin and furs - superior to 
manmade materials 

PHYSICAL ATTRIBUTES Some acclimation to cold and diurnal 
fluctuations 

H5AT CONTROL 

AMBIENT HEAT Body heat reflected "back into area 

INTRODUCED HEAT Oil lamp usually sufficient heat 
food eaten raw 

INSULATION: MASS Thickness of snow acts to break wind 

THERMAL Skins or summer tent inside of dome 

AIR MOVEMENT 

VENTILATION Smoke vent (can be blocked if needed) 

MATERIALS -STRUCTURE 

ABSORBTION -REFLECTION White snow dome reflects radiation back 
into inner space and retards loss to 
night sky 

GENERAL SHAPE Low dome 

SITE CONSIDERATIONS 

WIND Site usually on lee side of cliff or 
ridge. See Figure 1^ 

taken from: 
Guidoni PRIMITIVE ARCHIT&C TURii 

Rapoport HQUSJ^ FORM AND CULTURE 

Weyer PRIMITIVE PEOPLES TODAY 
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PEOPLE: Lapp, Extreme Northern Europe 

CLIMATE: Severe cold winter - temperate summer - semi arid 

CONTROL AREA .MECHANISM FUNCTIONAL BASIS 

MAN 

BODY COVERING Skin, fur, and coarse clothing 

HEAT CONTROL 

AMBIENT HEAT Winter hut much tighter than summer 
tent 

INTRODUCED HEAT Cooking, with heating fire in center 

INSULATION: MASS Winter hut 12" to 18" sod 

THERMAL Two layers wood with birch "bark between 

HEAT LAG Through use of thick sod covering 

AIR MOVEMENT 

VENTILATION Doorway and smoke hole only. 

MATERIALS - STRUCTURE 

GENERAL SHAPE Cone or pyramid. See Figure 15 

SITS CONSIDERATIONS 

WIND Usually constructed in shelter of trees 
or hills 

OTHER 

Originally/ support members thought 
to be whale ribs or jaws 

taken from: 

Birket PRIMITIVE MAN AND HIS WAYS 

Guidoni PRIMITIVE ARCHITECTURE* 

Weyer PRIMITIVE PEOPLES TODAY 
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PEOPLE: Highlanders of Equador, Equatorial South America 

CLIMATE: Semi-arid, high altitude 
warm days - cold to cool nights 

CONTROL AREA MECHANISM FUNCTIONAL BASIS 

HEAT CONTROL 

AMBIENT HEAT Controlled with limited openings and 
low entrance 

INTRODUCED HEAT Smokey dung fire - smoke escapes 
through thatch 

INSULATION: MASS Mud or sod walls 

THERMAL Thatched roof 

HEAT LAG Through wall mass 

AIR MOVEMENT 

VENTILATION Limited through thatch 

MATERIALS - STRUCTURE 

ABSORB/REFLECT Thatch retards loss of radiant heat 
to sky, walls absorb radiation from 
ground surface 

GENERAL SHAPE Rectangular - flat or gable roof 
See Figure 16 

SITS CONSIDERATIONS 

ORIENTATION On lee slopes 

taken from: 
Carpenter LANDSS OF THE ANDES 
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PEOPLE: Hopi - Zuni, Southwest North America 

CLIMATE: Arid, broad daily extremes 

CONTROL AREA MECHANISM FUNCTIONAL BASIS 

MAN 

BODY COVERING Animal skins and coarse cloth 

HEAT CONTROL 

AMBIENT HEAT 

INTRODUCED HEAT 

INSULATION: MASS 

Maximum use in thick walls and surface 
eliminating stacking 

Small fires in units when necessary 

Adobe - mud - mud and rock 
18" to 6J- feet thick 

THERMAL Branches, straw, and leaves in roof 

HEAT LAG Thick walls contribute effectively 

AIR MOVEMENT 

Limited due to stacked unites VENTILATION 

MATERIALS - STRUCTURE 

ABSORB/REFLECT Heat absorbed during day, lost through 
radiation to inside and night sky 

GENERAL SHAPE Rectangular - stacked in step back 
See Figure 17 

SITS CONSIDERATIONS 

Main consideration given to defense 

OTHER 

Because of arid climate, mud roof 
provided adequate protection 
occasional rain damage repairable 

taken from: 

Guiodoni 

Rapoport 

PRIMITIVE ARCHITECTURE 

HOUSE FORM AND CULTURE 
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PEOPLE: Tuareg, Equatorial Africa 

CLIMATE: Arid, little variation in 2k hour temperatures 
summer - extreme hot (112°F.) 
winter - cool (nights occasionally reach freezing) 

CONTROL AREA MECHANISM FUNCTIONAL BASIS 

MAN 

BODY COVERING Body completely covered with cloth 
use of thick leather sandals 

HEAT CONTROL 

AMBIENT HSAT Lost through thin surface skin 

INTRODUCED HEAT Dung fire when cool - cooking always 
done outdoors 

INSULATION: THERMAL One to three layers of mats, rugs, 
or skins; 

HEAT LAG Use the constant heat of soil to 
modify interior 

AIR MOVEMSNT 

CONVECTION CURRENTS Sides of structure removable for 
maximum ventilation 

VENTILATION Sides removable 

MATERIALS - STRUCTURE 

ABSORB/REFLECT Summer covering of thatch reflects 
radiant heat 

GENERAL SHAPE Low dome shape (shape varies from 
tribe to tribe). See Figure 18 

SITS CONSIDERATIONS 

WIND Door opens away from sand blowing 
wind 

OTHER 

Because of nomadic society, dwelling 
must be easily constructed and trans­
ported 

taken from: 
Birket PRIMITIVE MAN AND HIS WAYS 

Denyer AFRICAN TRADITIONAL ARCHITECTURE 

Guidoni PRIMITIVE ARCHITECTURE 
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PEOPLE: Amazonian Headhunters (Yagua), Tropical South America 

CLIMATE: Tropical, humid, hot unfluctuating 
daily temperatures - equatorial 

CONTROL AREA MECHANISM FUNCTIONAL BASIS 

MAN 

BODY COVERING Little if any 

HEAT CONTROL 

AMBIENT HEAT Use of cooling shade maximized 

INTRODUCED HEAT Cooking done away from structure 

AIR MOVEMENT 

VENTILATION Maximized through open walls and 
thatch 

MATERIALS - STRUCTURE 

GENERAL SHAPE Rectangular - flat or gable roof 
See Figure 19 

OTHER 

Deterioration a major problem 

taken from: 

Guidoni 

Rapoport 

Up De Graff 

PRIMITIVE ARCHITECTURE 

HOUSE FORM AND CULTURE 

HEAD HUNTERS OF THE AMAZON 
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CHAPTER k 

In all parts of the world, man has built shelters which 

enable him to survive in that climate. For each particular 

climate, a shelter was eventually developed in direct response 

to the climatical pressures. Through the employment of basic 

principles and a purposeful use of materials, the builders 

were able to taylor their shelters to their needs. 

In adopting primitive mechanisms and principles into 

contemporary situations, a profile of objectives must be col­

lected. Through the analyzation of these needs, primitive 

practices can be chosen which help meet these climate control 

levels. 

The final step of using primitive mechanisms is to group 

and arrange the best principles and mechanisms into a coherent 

architectural package. 
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PART 3 

As shown, primitives throughout time have protected them­

selves from the adverse conditions of their micro climatic 

setting through the implimentation of basic mechanisms and 

principles in habitat design. In our day of scientifically 

advanced technology, responses are frequently costly, ineffi­

cient, energy wasting, high tech systems. Because of the 

tendency of many designers to impress their clientele with 

their advanced technical knowledge, many basic principles 

and inherent protective qualities have been neglected or 

simply overlooked in favor of exploitation of contemporary 

systems. The many simple mechanisms that primitive man employed 

to combat harsh climates continue to be viable alternatives to 

advanced systems in use today. These mechanisms, if understood, 

could be used in contemporary design to provide climatic pro­

tection and, in many cases, offer a more consistant energy 

conservatism, as well as an easily maintained climatic protec­

tion. 

The direct relationship between climate and design can be 

shown through the development of a design program which limits 

all variables and accents climatic differences. In selecting 

the sites for this problem, several criteria were taken into 

consideration. First, there must be enough material easily at 

hand to sufficiently document the climatical conditions of the 
• 



area. This criteria limited the selection area primarily to 

the United States. Secondly, the urban settings of the two 

sites must be closely aligned to minimize design criteria 

differences. The two sites must be similarly populated areas 

with consistant services, schools, and transportation needs. 

Thirdly, the two sites must be dissimilar enough in climate to 

make climatical design comparisons easily identifiable. Using 

the climatic make-up of these two dissimilar climates as input 

data, design responses relative to pressures of that climate 

can be compared: i.e., heat vs. cold; humid vs. arid; moder­

ate solar radiation availability vs. overbearing solar radia­

tion; wind direction and consistency, and should demonstrate 

the folly of the disregard shown toward climate and site by 

the typical designer/builder. 

In each design setting, the same program requirements 

will be applied so that all extraneous differences can be avoided 

in order to further illuminate the climatic differences. In each 

instance, the initial action will be to analyze a spec house 

in terms of conscious or accidental steps taken to meet and 

or avoid.climatic design needs, or the total disregard toward 

those elements. 

The final step will be the conscious design of a dwelling 

specifically directed toward the climate present. Using the 

input of the typical residential unit, and substituting 

applicable primitive responses in place of contemporary 



mechanisms, a design sensitive to its climate, and "benefiting 

from the inherent qualities of primitive responses will be 

demonstatred. 

The success of these designs will "be judged on the basis 

of the ability of the house to protect the inhabitants from 

the given climate, and the inherant climate modifying systems 

which do not depend on complicated controlling devices to 

continue in operation. 



PART k 

CHAPTER 5 

The two sites selected are in suburbs of Minneapolis, 

Minnesota, and Phoenix, Arizona, Streets are on a grid pattern 

with the majority of the houses either single level or split 

level height. The central shopping area of the city is 

approximately one mile distant, with neighborhood grocery 

stores and gas stations within close proximity. The well 

established neighborhoods have mature vegetation and the site 

topography is on a gently varying slope. See Figure 20. 

Small neighborhood parks are located only a few blocks away, 

and a combined elementary/day care school is located within 

three blocks. In all, the area is predominantly inhabited by 

skilled workers and professional people. 

The area is in its second generation of families, with 

the original owners, their families raised and gone, replaced 

by younger families. With a few retired couples still mixed 

into the area, the community is composed mainly of families 

with children in the zero to fifteen year old age group. 



Community interaction takes place through the neighbor­

hood grocery/gas station and the small localized parks. Buses 

give the opportunity for commuting workers of the area to 

assemble on a local level. In all, the neighborhoods have the 

flavor of the typical television suburban setting. 
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CHAPTER 6 

Although a great amount of information is available on 

the climatical statistics of the two areas chosen, only 

general area information is given in this section. No matter 

the region or basic climate, the individual site has an ex­

clusive pattern of climatical variables. The uniqueness of 

each site requires that the designer be familar with that 

individual site upon which his design will be constructed. In 

the following Figures, 21 through 30, information for each 

site will be given in the areas of; yearly temperature varia­

tion, predominant wind directions, average relative humidity, 

average rainfall by month and year, and solar radiation (angle 

and height) for June and December. 
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CHAPTER ? 

DESIGN PROGRAM 

Family Four members 

Man-Works 8 a.m. to 5 p.m. at a Printing Shop 
Takes bus to work 
Bus stop is two blocks from the Shop 

Woman-Works 9 a.m. to 4 p.m. at Local Branch 
Library 
Walks the four blocks to work 

Two Children-Boy» age 8 
Walks three blocks to elementary school 

Girl,age 5 
Babysat by neighbor 9 a.m. to 12 p.m. 
Walks three blocks to daycare center 
At daycare center 12 p.m. to 3 p.m. 

Space needs and requirements 

Living area-Sufficient area for general activities 
Television viewing 
Music listening 
Conversation 
Entertainment 



Space needs and requirements continued 

Dining area-Sufficient room for family meals 
Occasional entertaining 

Kitchen-Room for two to three adults to work 
simultaneously 
Appliances as justfied 

Bathing facilities-Number and location as justified 
One toilet minimum 
One lavatory minimum 
One bathing and shower facility minimum 

Sleeping-Divided as needed 
3e adaptable to allow for guests 
Provide privacy for dressing 
Provide privacy for intimacy 

Other optional areas -Recreation area (larger space for more 
active activities) 
Hobby area 
Garage or auto repair area 



PART 5 

In all areas of the nation, and in fact all over the 

world, examples of "spec" houses can "be found. Built to pro­

vide shelter for clients by using the least expensive materials 

and fastest building methods, these houses at times comprise 

the sole structures of entire subdivisions. However, the 

designer either does not have sufficient training to deal 

with climatical design requirements, or more than likely has 

no idea where his mail distributed plans will be used. 

In order to substantiate my claims of inadequacy on the 

part of spec homes in dealing with climatic elements, a 

residence was chosen out of a magazine specializing in selling 

building plans through the mail. By randomly placing this 

house on the given site, a test situation is established by 

which to determine the success of the structure in dealing 

with the climatic pressures of that particular site. 

The analysis of the spec house will be in the areas of: 

materials and their usage, the insulative value of the walls 

and ceiling, problems associated with the use of an external 

exposed masonry fireplace,(See Figure 36), the relationship 

of the building with the climatic variables of the site (See 

Figures 37 and ^6), and the relationship of the building form 

with the trajectory of the sun. See Figures 38-^5. and 47-52. 

In examining a typical section of the building (See 



Figure 35)t specific materials used in construction can be 

analyzed. This analysis is presented in tabulated form, 

and sumultaneously compares the appropriateness for both 

sites. 
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EXAMPLEi American Spec House 

CLIMATE: Phoenix-hot, arid, wide range of daily extremes 
Minneapolis-seasonal temperature extremes, humid 

CONTROL AREA MECHANISM FUNCTIONAL BASIS 

HEAT CONTROL 

AMBIENT HEAT Vented or lost through walls 

INTRODUCED HEAT Gas furnace 

NSULATIONi THERMAL 3t" fiberglass batt TIN 

AIR MOVEMENT 

VENTILATION Open windows or use of heat pump devices 

MATERIALS-STRUCTURE 

A3S0RBTI0N-REFLECTI0N Largely reflective color, all walls 
treated identically 

GENERAL SHAPE Rectangle 

SITE CONSIDERATIONS 

GENERAL No consideration given to wind or sun, 
principle emphasis on orientation given 
to street location 

OTHER 

PHOENIZ AREA In general, the spec house fails to pro­
tect the inhabitants from solar gain, 
and fails to make use of the daily fluc­
tuations of temperature. Minimal con­
sideration given to exterior spaces 

MINNEAPOLIS AREA In general, the spec house fails to pro­
tect the inhabitants from seasonal 
extremes in external temperature. Little 
use of exterior space planned for 
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PART 6 

CHAPTER 8 

Apart from the employment of primitive mechanisms to counter 

climate discomforts, the final criteria of success for any 

structure is the fundamental success of the architecture of the 

building. The building is not only a shell acting independently 

to the climate control mechanisms, it is an integral part of 

all protective and comfort maintaining elements. 

As shown in Chapter ^, primitive design mechanisms are for 

the most part applicable to contemporary situations. The suc­

cessful grouping and use of the mechanisms will yield a habita­

tion fine tuned for its climate. 

My initial attemps to develop solutions for the chosen 

climates, although employing primitive mechanisms and principles, 

failed for lack of successful architectural foundation. The 

mechanisms themselves operated, but without architecture as a 

unifying element, the project failed to provide the high degree 

of protection that was possible. 



Because of the social and cultural differences between 

our contemporary situation and primitive peoples, certain 

adjustments have to be planned for in the incorporation of 

primitive elements into contemporary situations. 

Our society, for example, does not allow for the body 

exposure evident in Eskimo daily life. We have a much warmer 

temperature standard than do the Eskimo, and at the same time, 

a much cooler standard than African desert peoples. Instead 

of dressing for external conditions, or accepting wide devia­

tions in comfort conditions, we place the task of climate con­

trol almost entirely on our buildings. 3ecause of this demand, 

and other problems of our contemporary situation, primitive 

mechanisms are not always effective enough to meet our demands. 

In particular, because of water restrictions in the Arid South 

West, primitive mechanisms of using water for humidity control, 

such as large pools of water or exposed running water cannot 

be utilized. 

Because of this fact, other humidifying techniques have to 

be used. Therefore, the implementation of primitive principles 

must be accompanied by many restrictions, alterations, and in­

tensification of comfort levels, brought about by the accepted 

norms and increased restrictions of our contemporary situation. 

The success of this design is in providing a space where 

the family can interact to form stronger bonds of family unity. 
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S  U  M  M A R Y  

Our energy future is dependent on the wise use of our 

resources. The contemporary practice of selling residence 

designs to potenial builders without regard to climate, site, 

orientation, or client usage should be of great concern not 

only to the inhabitants of those residences, but to all of us 

who are greatly effected by the high volume energy requirements 

of these unplanned buildings. 

I feel that the necessity of dealing with climatical 

elements is paramount in architecture. Architects should not c~ 

only be acutely aware of primitive principles and practices, 

but should be able to incorporate them into design, and be 

able to alter and accent them with modern materials and tech­

nology. 
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