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recent years much has been learned, tested, and written about, in the area of earth sheltered housing. It is 
the intent of this research to study the most effective designs and methods of building earth sheltered 
housing. ln some issues a "best" method or design may not be determinable. Thanks to the work of a mall 
but growing number of individuals and groups interested in earth sheltered housing a lot has been learned 
in recent years. It is necessary to research the work of many different people and to synthesize the best 
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Background of the Problem 

Living in earth sheltered houses is in no way new to man. 

Caves served as man's first dwellings in prehistoric time 

(~1artindale, 1979). Caves provided protection for man from the 

dangers of weather, wild animals' and other men. It seems that 

early man was very content with his early earth sheltered houses. 

He decorated his walls with the first graphic evidence of his life. 

To accorrnnodate his growing population caves were often expanded into 
... 
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complex earth sheltered connnunities. After thousands of years of living 

in the earth man developed the tools and technology that allowed him 

to construct shelters above ground (Consumers' Research Magazine, 1980). 

Man's ability to live in structures above ground is clearly evident. 

Why man chose to give up the security of living in earth sheltered 

habitats for surface dwellings still remains partially unanswered. 

History clearly shows that mankind has not always made the wisest 

decisions. ~ybe early man's choice to forsake the use of earth 

sheltered housing was a very unwise decision. For the most part 

man did abandon life in the earth. However, life in the earth 

started with the caveman and to some degree has always remained 

(Demperwolff, 1977). 

Man first used earth sheltered houses for protection and 

continued doing so for thousands of years. Only recently has 

an emphasis been placed on reasons other than protection. In 

the recent past earth sheltered housing has been used in order 

to preserve open space and natural beauty. This desire to preserve 



nature became very secondary in the aftennath of the 1973 energy 

crisis. The oil embargo brought about a great need for energy 

conservation. Resorting to earth sheltered houses as a means to 

reduce energy consumption is providing strong impetus for a very 

old and reemerging type of house construction (Martindale, 1979). 

Significance of the Problem 

In the aftennath of the 1973 oil embargo and the resulting 

ene~$Y crisis it became very evident that a long overdue attempt 

to conserve energy must be made. At present, according to a 1978 

report made by David Haviland and Walter Kroner to The National 

Solar Heating and Cooling Information Center, in the United States 

100 million households are consuming three billion barrels of crude 

oil each year. This expenditure accounts for 20% of the United 

States total energy budget! Recent studies have indicated that 

fundamental construction improvements such as upgrading insulation, 

weatherstripping, and double glazing could reduce crude oil 

consumption by 25-35% (Haviland & Kroner, 1978). The utilization 

of passive designs by architects in house designs could increase 

the percent of savings well over the 35% level. 

A form of passive design that has proven to decrease energy 

consumptiop is earth sheltered housing. Very reliable studies have 

verified that savings up to 80% for heating and cooling can be 

achieved (Consumer's Research Magazine, 1980). With the cost of 

energy rising, and no stopping point in sight, it is imperative that 

measures be taken to decrease the amount of energy consumed. It is 
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exciting to imagine what would happen if the United States could 

cuts its household consumption of cn1de oil in half. Earth sheltered 

housing cannot account for a savings of 50% of all United States 

hcusehold consumptions by itself. It is, however, a very feasible, 

effective, and long lasting solution that can readily be used by 

many home builders to conserve energy. 

Statement of the Problem 

. Earth sheltered housing has always been used by man throughout . 
the ages. The nGed to conserve energy has forced man to seek 

alternative methods of housing that will meet this need. Earth 

sheltered housing has been in the shadow of above ground structures 

for many years. Recently the value of earth sheltered housing has 

been reexamined and a great deal of work has taken place towards 

the refinement of this old housing concept. 

In the process of refining an old concept many new ideas, 

materials, and problems have surfaced. There have been many trial 

and error approaches to refinement as well as many scientific and 

technological approaches in coming up with solutions to problems 

of earth sheltered design and implementation. In recent years 

much has been learned, tested, and written about,in the area of 

earth sheltered housing. It is the intent of this research to 

study the most effective designs and methods of building earth 

sheltered housing. ln some issues a "best" method or design 

may not be detenninablc. Thanks to the work of a .,mall but growing 

nwnber of individuals anJ groups interested in earth sheltered 
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housing a lot has been learned in recent years. It is necessary 

to research the work of many different people and to synthesize the 

best presently known methods of earth sheltered housing implementation. 

Limitations of the Study 

Although earth sheltered housing has a very early beginning, 

it has not been until recently that strong consideration has been 

given to this type of living environment. Most of the literature 

per"taining to earth sheltered housing has been of recent origin. 

Many of the ideas and at_tempts in construction have shown that more 

research and better ideas are needed. The field is rapidly changing 

and even though the most recent infonnation to date has been used, 

it is very likely that tomorrow will bring better design and 

construction methods that will be very important to future earth 

sheltered inhabitants. 

Many types of structures have been built that use earth 

sheltered design. Factories, libraries, storage facilities, 

shopping centers, and many other structures have gone underground. 

This report will deal primarily with earth sheltered housing for 

single family occupany. In many aspects construction methods are 

the same for earth sheltered sewage treatment plants or housing. 

Ideas and-results will be drawn from all types of earth sheltered 

structures and used in relationship to single family dwellings. 

The United States is not the only area in the world where 

earth sheltered designs have been developed and :implemented. 

Many other countr:ie~ such as Japan, Sweden, France, and Russia 

6 



(Canq:ibell, 1980) are building underground structures. This report 

however, is based on infonnation pertaining to earth sheltered 

designs in the United States. 

Definition of Tenns 

British Thermal Unit (BTU). The amount of heat required to 

raise one pounds of water one degree Fahrenheit 

Earth sheltered housing. A term that includes a structure that 

has earth against it on one or more sides and/or has an earth covering 

on the roof. This term is used to encompass terms such as under

ground housing, underground architecture, terratecture, geotecture, 

terrasolatrium architecture, earth covered, earth integrated, and 

topotectonic platfonns. 

R-value. Represents the resistivity or resistance which is the 

reciprocal of conductivitiy or conductance. A good insulation 

material will have a high R-value. 

Review of Related Literature 

Historical Developments 
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Mankinds use of underground space for living area is older than 

recorded history. Demperwolff (1975) writes, "Recently, archaeologists 

unearthed 5000-year.,.old subterranean villages in the Negev, where 

troglod~tes protected themselves and their families from desert 

heat and smarting, windblown sand" (page 44). In more recent history 

when the Romans conquered Tunisia in Northern Africa they built their 

houses underground to escape the intense heat. In central Turkey 

41 subterranean cities have been uncovered. One of these cities 



encompassed an area greater than tvm square miles. The c i ry It.id 

eight to 10 different levels and houses anim:ils as well as people 

(Consumers' Research Magzine, 1980). In his masters thesis, 

Kenneth Lads (1979) describes churches and towns that were cut from 

rock in Cappadocia, Turkey. Over 70 churches have been uncovered 

and the towns were uncovered in 1965. One town has a single entrance 

and covers an area of over six square kilometers. These structures 

ar~ presently being inhabited even though they were carved-out over . 
1000 years ago (Demperwolff, 1977). 

In the United States the only history we have of underground 

housing are the "kivas" built by early American Indian tribes in 

the Southwest (Campbell, 1980). Campbell (1980) points out that 

sod houses were constructed by early pioneers but were usually 

built of sod above ground. Ile adds that because of the very poor 

insulating qualities of earth that the sod house walls would have 

an R-factor of about one by todays standards. 

In northern and western China it is estimated that over 10 

million people are living un<lergrow1d rn order to receive protection 

from the bitter cold winters (Demperwolff, 1977). Living underground 

serves an additional purpose in China. By iiving below the earth's 

surface more land is left to be farmed. From aerial photos smoke 

may be seen rising from small smokestacks in the middle of a 

cultivated field (~breland, 1976). 

</ 
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Figure 1. 
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Underground "kivas" are still preserved in Mesa 
Verde National Park. They're the only archeological 
evidence of underliving on the North American 
continent. At first, they were used for religious 
purposes. Later, the ingenious ventilation system 
made them suitable for habitation. 

cool air 

Cross-section of undergr~und "kivas" ( Campbell, 

1980, µ. ll ). 
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Modern Developments 

It is estimated that less than :moo earth-sheltered homes were 

built prior to the end of 1979 (Wall Street Journal, 1979). Campbell 

(1980) suggests that anyone building a subterranean house before 

1980 be considered a pioneer in the development of earth sheltered 

housing. 

Even though the architect, Frank Lloyd Wright, is not nonnally 

assc,ciated with earth sheltered housing, he is considered to be a 

pioneering architect in the field (Campbell, 1980). Wright designed 

a boathouse at the turn of the century using many concepts of tcxlays 

underground architecture. He put these concepts to work for Herbert 

and Katherine Jacobs, of Madison, Wisconsin in 1943. Wright named 

this house the Solar llemicycle and said that it's design was 

suitable for use anywhc1-c in the country (Campbell, 1980). 

ln the past few years there has been a great surge in the use 

of underground space. For example, Japan has more than two dozen 

shopping centers located underground. Radio City, New York has a 

large underground shopping mall. Sweden has been building factories, 

power plants and sewage treatment plants underground for a number 

of years. Place Ville Marie and Place Boneventure in Montreal, 

Canada arc underground as arc Les Balles in Paris, France and the 

Vienna Opera llousc pla ?::. l n 1\rtesia, New Mexico children have been 

attending school undergniund for the last sixteen years. There is 

also a school in Rcston, Virginia that can accommodate 1000 students 

underground. Many inst I tutjons of higher education arc building 
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underground for a number of reasons. At the University of Northern 

Iowa in Cedar Falls, Iowa, the university union received a progressive 

architecture award in 1967 (Moreland, 1976). 

At the University of Minnesota in Minneapolis, Minnesota, the 

university book store and admissions office are located in an 

83,000 square foot structure that is 95% underground. Williamson 

Hall was built underground in order to conserve energy, preserve 

thcwicw of two historical campus sites, and make pedestrian traffic 

continue to flow _unilnpc.xl~J. Due to the Underground Space Center at 

the University of Minnesota, Williamson Hall has been a testing 

ground for earth she1tercJ Jesign (Martindale, 1979). 

At present the largest use of underground space in the United 

States is in Kansas City, Missouri. 'I11ere, a subterranean industrial 

complex is located 50-Z0ll feet below the surface. The complex is 

a rcsul t of caverns left after limestone is created (Martindale, 1979). 

In 1980 over 100 companies e111p1oyed over 2000 people in this 

industrial park. One co111p:my, Inland Storage Dis trihution Center, 

has more than 38 mi I lion cub il: feet of food storage. This company 

estimates that it saves c11ngy equal to the amount of energy consumed 

by 7,600 homes aboveground. 

The a,nount of unJerground construction taking place at present 

is not easily detenni ned. Consumers' Research Magazine (1980) 

estimates that there are 200 underground or earth sheltered homes 

in the LJnjtc-.J States with ;1n additional 400-500 homes on the 

drawing boarJ or under construction. This is in contrast to th( 
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3000 houses built by the end of 1979 as reported earlier by the 

Wall Street Journal. Further uncertainty is added by Lorenz (1980) 

who reports that 50,000 underground homes have been built across 

the United States in the last few years. The exact number is not 

important. What is important is the fact that earth sheltered 

construction is growing. Frank Moreland is presently designing a 

600-acre underground housing facility for Dallas, Texas (Consumers' 

Research Magazine, 1980). Campbell (1980) states: 

By 1985, 39 J)ercent of our residential space and 40 

percent of all commercial buildings will have been 

constructed after 1974. 1hat's what the Energy 

Research and Development Adrninistra tion (ERDA) tells 

us, anyway. How much of this space will be underground 

is hard to pn-uict. 

Proponents of underliving would have us believe that 

in-earth structures will cons ti tu1-e as much as 30 percent 

of the housing market by the mid-1980's - an optimistic 

projection, it seems (pages 10 fr 11}. 

Advantages of Earth Sheltered Housing 

Energy conservation. There are many advantages to living in 

an earth sheltered home. Today, the most important advantage is the 

opportunity offered by earth sheltered design in the area of energy 

conservation. This opportunity is present because of a variety of 

reasons. 

The main reason that earth sheltered homes conserve energy is 

because the soil or earth is a very good temperature moderator. 
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Earth has the ability to absorb heat in large quantities over a long 

period of time and then release the stored heat over an equally long 

period of ti1ne. Many people confuse temperature moderation with 

insulation properties. 'These two attributes are in fact very 

dissmlilar. Earth does have some insulative properties, but they 

are very poor. According to Demperwolff (1977), three feet of earth 

has the same thermal resistivity as .75 inch of polyurethane or 

1. SO. inches of fiberglass bat ts. He continues to point out that 

although the thennal resistivity is poor a three foot layer of 

soil around a 1600-square-foot house would weigh over 800 tons and 

could store 300,000 B.T.u's. Since the earth is a good moderator 

at a Jepth of approximatelv 10 feet the soil temperature stays fairly 

consistent al 1 year round. Cround temperature is often referred 

to as well water temperature. From 10 feet down to 100 feet the 

e:.irths temperature is very similar and water coming from a well would 

indic:.itc the temperature of the earth (Labs, 1979). Due to constant 

earth temperature at depths greater than 10-12 feet, the top 

10-12 feet of earth changes temperature much slower than the air 

temperature. This slow changing ch1racteristic is known as 

thermal lag (Metz, 197:J) an<l is very important in temperature 

moderation... Thenn:.il lag ,Tcatcs what is called a thermal flywheel 

affect in temperature moderation. The results of the thennal 

flywheel affect is that soi 1 temperatures ,down to 10 feet, lag 

average air temperatures hy about three months. This results in 

the /\ugust hot weather arriving in November to heat the house and 
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the cold weather of February starting to cool in the month of May (Wells, 1977). 
21"~ ? 
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f1yure l. Collin~· e~ttrndlcd well wdh!'f 1~utherr11'> J1t~ !:>up,:runv,.H,ed on 
repor1ed T, valu"s lrom 1nd1v1dudl earth kmperdllHe ,,1atiur1s 111 the US 
and Canada. Nole lhill ob~crved ground lt>mperJturc~ .i,e higher 111 

north.,,n regions than predicted by Collinb. This is altnbulable to lht 
insul.it,ng effect of wmter snow cover. 

Figure 2. Estiw~ted well water isotherms ( Labs, 1979, p. 

44 ) . 
Labs (1979j has a formula to detennine actual lag time. A fairly 

accurate conclusion is that for average soil conditions, the soil 

temperature will lag the atr temperature by one week for every 

foot of depth. 



F19ure 2. Ten,peralures .ii d1flercnl depths ;11c compared here to daily 
Jnd annual range~ ol air ll>111pcralure. Nol_c lyp1cal excess in T.,, over 
mean annual 11ir lernpcrdlure, and attenuat,on ot amplitude and ac
co111panying phase shift with depth. Values correspond to generalized 
cond1lions at Lexington. K11ntucky. 

Figure J. Daily and u.1u1ual temperature ranges ( Labs, 

1979, p. 45 ). 

An earth cover acts ;1•; a good blanket and prevents a cold wjnd 

from stealing heat from tl1t· outside of a building (Dean, 1979). In 

other words, an earth shL· l t vnxl building does not lose heat due to 

wind chill. The presence of earth also reduces heat loss due to air 

infiltration (Zubarth, 1980). Air infiltration is one of two methods 

by which heat loss occurs. According to The Underground Space 

Center University of Minnesota (1979), air infiltration can be 

greatly r~duced or e:limi11:1tL·d by earth covered construction. 

Another means hr wh1lh energy can be conserved wjth earth 

sheltenx.1 housjng is tl1nHH'i1 the use of passive solar energy. 

Depending on the mctlll)d ,d , \Jr1struction many underground houses are 

beautifully Jesignt'd It) p.1ssivc solar energy. tvbst earth sheltered 
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houses to date are made of concrete or concrete blocks. These 

construction materials have the ability to act as heat sinks if the 

structures are designed correctly in accordance with sunlight. Due 

to the fact that earth sheltered houses arc very energy efficient 

they require a much lower energy input. Consumers' Research 

Magazine (1980) reports that solar collectors for common construction 

houses require one square foot of solar collector for every two 

squa"re feet of living space. Underground houses require only one 

square foot of collectors for every 10 square feet of living space. 

Energy savings arc very important for home owners and of course 

along with energy savings comes financial savings. Just about every 

article on earth shel t ercd housing expounds the percent of savings 

for heating and cooling. J\lust owners or authorities claim energy 

savings of 50-80%. Lorenz ( 1980) states that claims of 85-90% 

should not be believed. Wlw tcvcr the energy savings are and 

asswning they are at least S(JYo another savings is seen. Heating 

and cooling units do not need to be near as big in order to supply 

the lower requirement of heating or cooling. This creates a 

savings in money and space. 

An earth she! tered home owner rn Provo, Utah reports that he 

loses 12,000 BTlJH when the l)Utside temperature is zero degrees 

Fahrenheit. A convcntioml home under similar conditions give up 

55,000-60,000 BTUH. llis house is heated with a 41,000 BTU mobile 

home furnace that op•5atcs about two hours each morning (Mother 

Earth News, 1978). 
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Another home owner reports that he left his underground house 

for six days when the temperature dropped to zero degrees Fahrenheit. 

Without any source of heat other than passive solar and the earth 

the house temperature dipped to only 57°F. During a summer heat 

wave in 1980 the internal air temperature rose to a high of 86°F. 

0 
when the outside temperature was well over 100 r. (The Mother Earth 

News, 1980). 

• Jn an interview \vi th The Mother Earth News, (1977), Andy Davis 

tells how he heated his earth sheltered house (Davis Cave in 

Armington, Illinois) over an entire winter for $1.29. Davis got 

his wooJ free by cutting down old trees that the city wanted removccl. 

He f igurc--<l he spent $1. 2~) on gas and oil for his chain saw. But, 

since he didn't need all the wood he cut out for $1. 29 that winter, 

he was looking rorn;.ird to a substantial cut in his heating bill 

during the next year. I! is house is even unique as earth 

she I ten~d houses go. l t faces west instead of the normal south or 

east so it doesn't ITL'<_'ive the heating effect of the sun in winter. 

When asked i r he 1vould .__·k111g.__ this fact if he could so that his house 

would be even easier to l1L·at he replied " ... I don't know ... $1.29 is 

hard to beat for fuel the way it is .... We just took the hill we had 

to work wjth as we found it, and that hill faced west a long time 

before we decided to build a house in it." (page 28) 

Preservation of earths natural surface. One very important 

purpose of underground housing is to preserve the environment both 

physically and visually :pcmpcrwolff, 1977). 111.c United States is 
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starting to feel pressure th.at many other countries have felt for 

hundreds of years. We are running out of available land for farmi1ig, 

constructing buildings and living in general (Campbell, 1980). 

Frank Moreland is design_ing an underground housing development that 

will have 86% clear surface area instead of the nonnal 56% (Consumers' 

Research Magazine, 1980). An increase in surface area will allow 

for more trees, grass, and flowers that not only look better than 

bla~k shingle roofs hut serve the purposes of increasing oxygen 

production, providing more living space, and creating a cool insulating 

cover for the homes belO\\I. 

Minimal maintenance. Depending on the design and materials used 

111 the construction of an earth sheltered house maintenance may be 

completely eliminated or greatly reduced at worst (Calvert, 1979). 

If all that is exposed i:; uJ11crete owners can catch up on their 

golf, tennis, or other n'1._Tca t ion while their neighbors are busy 

residing, painting, or st:1ining. Some underground houses may require 

a 1 i tt le touch up work on redwood tdm for instance but usually only 

one side 1s left exposed so they only huve one-quarter of the work. 

The expense or replacing shingles or roofing materials are also 

eliminated. Care for the roof of an earth sheltered house may 

consist oC mowing the r i reproof, naturally green cover every now and 

then. 

Soundproof. "Naturul soundproofing is a major fringe benefit of 

living in the ground." (Cunph1_:l1, 1980, page 30) Proof of this 

foct can be shmvn by askiiw the Andy Davis family. When a neighbor's 
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fence was broken a herd of cattle traveled across their roof and 

no one inside heard a thing (The Mother Earth News, 1977). The fact 

that the earth is a good soundproofing media makes some land sites 

more attractive. Malcolm Wells purchased a lot just 20 feet from 

19 

a busy interstate. After building an office unJerground he reports 

that once inside the earth covered structure no sound of the interstate 

can be heard (Wells, 1977). In Oklahoma there are 27 school systems 

that are at least in part underground. Teachers report that the lack 

of noise and Jistractions make it much easjer to keep students 

attcntjons (Bannon-Harwood, 1980). To some people the lack of noise 

is the only a1rnoying factor. Gilbert Kopp, the owner of an earth 

sheltered house in Maquoketa, lowa, commented at an Energy for Iowans 

conference that it took his family a while to .. . "get used to the 

qui ct." 

Air pollution. It h:L; been exp La ined how an earth sheltered 

~;tructure gre:1 tl y n-dLtl:L'S :1 i r infiltration. Air inside an unJergrounJ 

structure can be more l.· losl.' l \ regulated and filtered if necessary. 

Rinker (1978) reported 1 hat doctors in New Mexico have sent children 

with respiratory problems to a local earth sheltered elementary school 

to help clear up the ailments. 

Humidity. Just as the earth moderates temperature change it also 

has a strong tendency to moderate a change in humidity. l\1any home 

owners report that the hwnid i ty level usually stays around 50% the 

year round (The Mother L1rth New~;, 1977). If the structure is 

composed of concrete it will be necessary to dehumidify the air for 



a period of time while the concrete is curing. The pericxl of time 

may be a year or so because all the moisture must be released into 

the structure since the external waterproofing will prevent moisture 

from going out (The Un<lerground Space Center University of Minnesota). 

Because the humidity remains constant under most conditions there 

is a more consistant living environment. A humidity level of 

approximately 50% will help reduce static electricity, drying-out of 

wood<.!n furniture, will keep a lower humidity in summer when outside 

humidity may be much grca_ter, also hwnidi ty in the winter time 

will cause a lower temperature to feel wanner to inhabitants. If 

the humidity level js too high it can easily be reduced by a small 

dehumidifier at a very low cost. Excessive hwnidity if not controlled 

may cause pipes or fixtures to rust and condensation to occur on 

windows. 

Superior durahility. /\t present most earth sheltered houses 
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arc formed from reinforced L-oncretc. If proper procedures and materials 

arc uscJ the structures should last indefinitely (Metz, 1979). Concrete 

docs not rot and is not :i ttract ivc to tenni tes, rodants or other destructive 

plants or organisms. 

There arc some house:-, heing built out of treated wood. This 

material will be more thoroughly examined later but for now it is 

enough to state that it is resistant to destructive forces as is concrete. 

Because H is a fairly new product its life cycle is yet to be detennined 

(Metz, 1979). Another lll'w method uses wood and fiberglass to make 

panels. Calvert ll~l7~i; tqiurts that the panels will last at least 



40 to 50 years and can see no valid reason why they will not last 

IlRlch longer. 

Increased security. The final advantage of earth sheltered 

housing that will be discussed is security. An increase in 

security is due to many different reasons. Campbell (1980) points 

out that since earth sheltered houses blend into the environment 

they are less conspicuous and therefore less attractive to thieves. 

The.y are also easier and cheaper to make secure because there are 

normally fewer windows and many times windows and doors are present 

on only one side of the stn1cture. 

Fire hazards are much less because the main building media; 

concrete, will not burn. Because of this factor some insurance 

companies arc offering owners of earth sheltered houses lower rates. 

Many natural catastrophes that could completely destroy a 

structure above ground will have very little if any affect on 

underground structures. Because of the protection that the earth 

provides against wind storms and tornadoes there are many earth 

sheltered houses being constructed in areas that have had high 

occurances of tornadoes (Campbell, 1980). Storm related hazards 

such as hail, 1 ightn i ng, and fal 1 ing trees will have very 1 i ttl e 

effect on_underground houses or people within them. 

Flooding could .Jamagt._• earth sheltered houses just as easily 

as houses above ground arc damaged. However, areas that have high 

water tables or low lying ureas that may be damp are not good sites 
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for building w1Jcrrroun<l. For this reason, most underground structures 



are built on higher ground and are not rn a location that would be 

susceptible to flood waters. 

Even earthquakes should not effect underground houses if they 

are designed and bu i.l t properly. Houses built underground should 

move with the ground and not in opposition to it as do structures 

above ground. Of course a fault going directly through an earth 

sheltered house could ruin the owners and inhabitants entire day. 

This is not too likely anJ even if it did occur a house built above . 
ground would not be any safer (The Mother Earth News, 1977). 

Disadv;,intages of Earth Sheltered Housing 

Attitudes. At the present the most prevalent disadvantage of 

earth sheltered housing 1s centered around the myth that living 

underground is like living rn a cave. Most people think they would 

be 1 iving in dark, damp, depressing atmosphere, surrounded by walls 

ready to collapse ;,it any moment (Dcmperwolff, 1977). In fact the 

only truth in the above statement is that if the structure is made 

of concrete it could be damp in the initial years until the concrete 

sures. llowcver, the dampness would cause no problem and would not 

even be noticeable if proper ventilation and a dehumidifier were 

used (Better Homes and Cardens, 1980). With houses that have been 

1iroperly gesigned and constructed most people, if blindfolded and 

Jllaced i.nto an earth shcl tered house then allowed to see, could 

not tell if they were above or below ground. There are some people 

who, for whatever reason, :ire just psychologically opposed to living 

tmderground lMartindale, 1979). A.s more information is being 
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disseminated to the general public attitudes toward living rn earth 

sheltere.d stn1ctures are changing. 

Financing. There is some concern hy banks and other lending 

institutions that earth sheltered houses are a fad ('Ihe Mother 

Earth News, 1978). 1bere is also a reluctance to invest money 

into an as yet unproven market (Campbell, 1980) . Banks are weary 

of a borrower defaulting on a loan and leaving them with a s true tu re 

that they will be unable to sell. Campbell (1980) describes a 

vicious cycle that is present in earth sheltered financing. He 

points out that bm1kers want more facts and figures pertaining to 

earth sheltered designs. In order to create data houses must 

be built and the market tested. If contractors cannot get the 

financing needed to bui 1 cl houses of this nature the banks will not 

get their desired facts and figures. At the present the federal 

and state governments are leading the way with loans from their 

various agencies such as the federal llousing Administration. It 

is expected that that private lending agencies will follow the 

example set by state and federal governments. Experts in the area 

of earth sheltered housing all agree that potential borrowers 

must be able to sell their plmis and ideas to lenders. A good 

working knowledge of underground housing is important. It is 

also strongly suggested that all plans be drawn or vari fied by a 

competant ard1itect and that a reliable contractor be contacted if 

lending institutions arc going to he expected to invest their money. 

One plu,. that earth ·~heltcred advocates h,1ve going for them 
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1s the fact that energy prices will continue to rise. If there 

is one fact that no one can argue about concerning underground 

houses it is that they are energy efficient. Most lenders can 

see that lower energy bills will allow borrowers to be able to 

make payments much easier (Campbell, 1980). 

Zoning and htdlding codes. Most zoning and building codes 

on the hooks today were \Hitten with conventional housing 1n 

min~l. There are so many as 1700 different building codes rn 

the United States. Some-of the codes contain ordinances that 

very a great dea 1 from laws of nearby cities or towns. In many 

cases laws are present that rule out the possibility of earth 

sheltered homes. It is possible to gain a variance in some 

instances but that rn,1y he a lond and frustrating experience. 

It is much easier to hu I Id ;i house in compliance with local 

st m1da rds than it 1 s to t Iy to get around the local coes 

( Camp be 11 , 1980) . 

There are many ex:1mp les where codes designed for conventional 

hoLLsing do not al low or advocate earth sheltered structures. Many 

codes state that each habitable room be designed to allow a 

fire-escape route and natural lighting. Natural ventilation may 

be required rn each room as well as a minimum amen.mt of glazing 

requirements. A real problem to design around occurs when there 

are certain roofing materials that are specified. Obviously 

roofing materials that arc safe and sound above ground cannot be 

expected to perform adequately on underground structures 
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(Canvbell, 1980). At present there is a great need for states to 

follow the example set by Wisconsin. On January first, 1980 a new 

state wide policy went into effect in the state of Wisconsin. 

The new codes were the first in the cotmtry to consider and allm11 

for the unique characteristics of w1derground buildings (Campbel 1, 

1980). In the future there may be dual sets of codes. One for 

above and one for below grow1d structures. Another aspect of 

building energy efficient buildings that is certain to end up 1n 

court concerns laws relating to sun rights. If the interest in 

earth sheltered designs continues as it has , Campbell (1980) 

predicts that the decade of the eighties will be very active and 

important in areas of laws, codes, and policies dealing with 

undergrow1d housing. 

fusign and construcbon experience. Martindale (1979) describes 

a disadvantage of earth sheltered design that has been mentioned by 

many other advocates in this area. The disadvantage at present 1s 

that there is a major shortage of architects and contractors 

with experience in the area of underground housing. J\bst architects 

have little or no working experience. One leader in the field, 

l\1alcolm Wells (Wells, 1977) writes that he can only supply service 

for a few ~elected projects each year. He suggests getting in 

touch with local architects and looking around until an architect 

with experience is fow1d. It would appear, however, that architects 

are in a snrilar position of hui lders trying to borrow money. Banks 

want data he fore the loan and builders want experienced architects 
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and contractors before they will hire them. It would appear that 

it is very necessary for all facets of home building to work together 

towards a cormnon goal. A good amount of trust between parties may 

be necessary to ad1ieve the end result of living underground. 

Also, based on a review of the literature it would appear that a 

person with un interest in architectural design or construction 

could get involved in a very promising future by working toward 

competency in earth sheltered construction and design. 

Expansion problems-. This disadvantage may not be encotmtered 

by most builders but it is important to take into consideration. 

Becattsc of the nature of earth sheltered construction, adding another 

bedroom or cnlargjng the garage may be a very expensive venture if 

undertaken after completion of the structure. Original designs 

and 1 i vi ng rcqui remcnts must be carefully considered m order to 

avoid later constrnction costs (Martindale, 1979). 

Radon effects. A final disadvantage of living in an earth 

sheltered house may have to do with radiation dangers. This 

question is stHl being investigated but it may be an important 

disadvantage to houses bui 1 t out of rocks and surrounded by soil. 

Structures made of large :1mounts of brick, stone, or concrete 

give off a natural pollutant called radon that is a radioactive gas. 

The reason that radon is :i problem in earth sheltered houses and 

is not a problem in surf:icc structures made of srnilar materials is 

a rcsu1t or an earth shc-ltcn~d advm1tage. The lack of air 

infi 1 trat ion into tmdcq:rcnmd structures allows the radon level to 
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increase. Tn conventional houses or public buildings, air infiltration 

and forced ventilation keep the radon level very low. In an earth 

sheltered house designed with proper ventilation radon gas should 

not create a hazard (Earth Shelter Digest & Ene:rgy Report, 1980). 

Radon is a rcsul t of the decay of radium that is found everywhere 

in the soil and in many huilding materials. Dr. Harold May has been 

studying radon effects for the last two years. His conclusion is 

th.rt conventional houses arc just as or more likely to have higher 

levels of radon than ear:th sheltered housing and that more research 

is needed. May e.x1J la j ns how proper waterproofing and drainage 

wi 11 keep the level of radon low hy preventing radon from entering 

Ute structure out of the soi 1. May stated,"! believe there is 

no reusonahlc expectation of detectable radiation effects upon 

individuals 1 iving in earth-sheltered houses, at least if they 

continue to he built without infiltration of radon-rich soil 

gas and are ventilated as well as those reported so far. If there 

is cause for apprehension it applies equally to many conventional 

houses" (Earth Shelter Digest & Energy Report, 1980, page 20). 

Costs of forth Sheltered Houses 

This aspect of earth sheltered housing receives special attention 

becatL'->e If is not easy and may not be possible to detennine whether 

or not l·ost of a st rncturc 1s an advantage or disadvantage. Even 

among the leading expert:-; in the field there is a discrepancy over 

a r;mgc or approximately ~O':,. 'I11is range is attributed to differences 

in soil conditions, site locations, methods of construction, 
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materials used, and how much of the work is hired out. John Barnard's 

Ecology House cost $27.00 per square foot jn an area where conventional 

houses cost from $30-$40 per square foot. On the other side of the 

coin Malcolm Wells states that underground structures cost 10% 

more than a similar aboveground house (~mperwolff, 1977). Additional 

structural requirements and waterp!oofing costs may raise the overall 
i 

costs but Zubarth (1980) explains that these additional costs are 

offset by the elimination of extedor finish costs. 

Dean (1979) hreaks_ the cost of construction into different 

categories. He estimates that construction costs will range from 

$40-$60 a square foot. Builders, he says, anticipate a profit of 

from 10-15%. Twenty percent of the inital cost is for hunber, 

nails, gypsum board and other basic materials for a conventional house. 

For an earth sheltered structure made of concrete the basic concrete 

structure \\lould nm 20%. /\ major portion of the expense goes to 

pluntl) ing, heating and coo Ii ng, wiring, ki td1en equipment, insulation 

and finishing materials for floors, walls, and ceilings. Dean states, 

"Constructing a house tmderground does not reduce its cost. There 

js additional expense because of additional structural and water

proofing needs. '!he value of an underground house lies in its' 

long-tenn-effecti veness through lowered energy consumption " (page 106). 

Consrnners' Research Magazine (1980) has determined that earth 

sheltered homes are generally competitive 1n cost with conventional 

homes. No spccia l tcchno1oi;.,,y or materials are needed. They state 

that any competent contractor should he able to do a good job. 



Ralph Bullock advertises that people ecm save up to 20% 

installation charge by doing the work themselves. He further 

expow1ds that a Solartron house (wi 11 be discussed more later) 

1s equal to or less than conventional structures. 

Lorenz (1980) feels that ear.th sheltered houses can be built 

for less than convention homes, " ... but beware of a contractor 

saytng significantly less" (page 44). There are however builders 

that make the claim of substantially less. Hedden (1979) built 

a house that contained 2,000 square feet of living space. This 

included mi 11 foot x 29 foot garage. He estimates his cost at $15 

per square foot. Another home owner built a post-and-beam earth 

shc1tercd house that contained 3,400 square foot. This included 

a 950 square foot garage. The cost of the structure was $80,000 

or a low $23. 52 per square foot price tag. 

The initial cost of an earth sheltered house will vary a good 

deal from house to house. For estimating cost it would be safe 

to say that the cost would be equal to the cost of a conventional 

house. The price would vary plus or minus approximate1y 10 percent. 

If the owner cou1d do some oC the work himself the cost would be 

1ess. I [ _the design was :i 1 i ttlc more elaborate ,)f j f the building 

site, materials, or methods oC construction were unique the cost 

could be higher. Tlw re i ~ one cost aspect that i;:; certain. After 

the initial cost the pr i cc o C mvning and operating an earth sheltered 

hotLse is lower than a conventional house. 'Ihere is general agreement 
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between people in the field that prices for earth sheltered homes 

will drop s1 ightly as more architects and contractors become fami 1 iar 

with this type of building. 

Design of an I:arth ~1he1tcreJ Structure 

Site selection. Finding the perfect site for an earth sheltered 

house is not an easy task (Campbell, 1980). Many times the buil<ler 

millit compromise on some aspects of his design 1n onler to build 

on an available site. There are some criteria for a sjte that cannot 

be compromised. Soil type is of great importance. Soil is composed 

of four basic clcme11b - sand, gravel, silt, and clay. :Most soils 

arc :1 combination of two or more of these elements (Labs, 1979). 

OOIL Cl,&$1 ~C.A'l'ION SYS'fflt USEl) BY THE UNI'l'ED 
STATBS DEP.AR'lll~T OF .lGRICULTURE (SEE LYNCH) 

Figure 4. 
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Soil classifi-

cation system 

( Labs, 1979, 

p. lllJ ). 



It is necessary to have a soil that has proper strength to support 

a structure, drainage, and percolation in order to allow moisture 

to be noved away from the stn1cture. I}ifferent types of soil also 

vary in weight. 'This fact is very important for design of proper 

structural strength (Well, 1977). 

Orientation of a site in reference to the sun, wind and even 

neighbors is very critical. For most beneficial solar application 

the front of the house should face south. Campbell states, "1ne 

perfect exposure for a h,-indow meant to collect solar radiation is 

15 degrees west of true south, but 20 degrees to either side of this 

,uint is still excellent " (page 21 ). lie also states that a southern 

exposure should be the munlwr one consideration after proper soil 

is located. There ;ire otlh·rs 1vho have desibrned and hui It buildings 

that arc not oriented to\\;mb the south. Andy Davis (I1ie Mother 

Earth News, 1977) is :1 p1·irn, example of orienting a building to a 

lot rather than the sw1. ~lakolm Wei ls has elected to design a 

building facing east in order to prove that it will work and to 

sh01v that lots oriented to tile cast can be w;ed for earth 

shel tcrcd structures (\Ve l Is, J '.)77). 

In the United States the prevailing winter winds are from 

the northwest. Protecting the huildi ng from cold winds can greatly 

reduce heating costs by stopping or limiting heat loss due to wind 

chill effect ;md inf i It r·,1 t i 011 ( Ste- rl i ng, 1980). In the sunmer 

the prevailing winds arc 1·rom the southeast leaving the house 
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open to these winds will help to cool the house and aid 1n proper 

ventilation of the structure. 

'l11e location and orientation of a house will of course detcrndne 

its' view. In 1.mdcrground hous.ing there arc more factors involved. 

Because an earth sheltered house many set low into the groW1d 

the view may be hindered. 1t is also important to note that 

neighbors may be in a position to look down into a house. Houses 

slwuld be Jes.igned so that desired privacy can be achieved as wc11 

as a Jes ired view. 

:!_ype of design. The sjte selected may very well determine the 

type of earth sheltered Jes ign or the design may determine the 

site selected. What comes first is not always easy to detenninc. 

There are many types of design for earth sheltered houses. Most 

generally they fall into OH(' of two basic types. A bcrmed structure 

is built on grade then covered with earth. A chanb ·r structure i'

built be lmv grade (l\·nqKWO lff , 1977). Each of the two basic types 

can be further subdi vi de<l into four styles. A vault sytle is just 

a box or area completely ... ~overed on all sides by earth. There is 

of course an entrance, and skylights could be present. A vault would 

be the most efficeint in relationship to using the warmth or 

temperature moderat.ion properties of the earth. It would not loan 

itself to passive soLff 1.:ollcction becatLse of its covering. Proper 

ventilation could be :1 design prohlem in a vault structure. 

An atrium is a courtyard surroW1ded by a house. This style 

allows 1 ight to enter ;1J 1 rooms tk;t face the at rim. This style 
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also meets the demands of many codes that require direct fire 

exits or a certain amotmt of glazed surface. ·n1e atrium may or 

may not be covered. Some houses are designed so that a cover may 

be removed if desired (Mother Earth News, 1978). An atrium wi 11 

require special design consideration in order to reduce or 

eliminate air turhulancc in the atrililll. Proper drainage must also 

ho. designed into the structure since an open atri rnn could catch 

a lot of rain or snm,i t !~an, 1979). John Barnards' "Ecology House" 

uses an atrium style :md it allows them a sunken patio complete with 

flowers, pool, and tree~; (Dcmperwolff, 1977). 
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An elevational style generully has the south si<le of the 

structure open to allow for win<lows, entrance and a view. ln a 

style of this type special consideration mtL5t be given to ventibbon 

s i nee the only operd ngs muy be on the south. 

A side penetration style would have at least two si<lcs left 

open. Probably the east ,md south sides. This style allows light 

.. md air to enter readily i r des i rc<l. This particular style could 

aho al low for later expansion at a reduced cost in comparison to 

expand i11g other sty Les (llt.:mperwol ff, 1977). 

'lhc eight types and styles shown in figure five are the most 

basic iLkas. ThcrL' :,re, many hybrids that may combine different 

types and styles. Thcs<. styles are all for a single story structure. 

Multi-story structure:~ may be built but they require special design 

due to greater stn:11gth r<:quirements (Lorenz, 1980). 

!j)g_!jngs_. BLYilllS<..' t·arth sheltered houses carry a much greater· 

1~<-'ight di t'L'Ctly uvcdwad larger footings are required. Footings are 

111;1Lil' or .__-u11c n:te and t hL· c should be reinforced with steel 

rci111·on.-L'lllent rods so that the footings will have an even bearing 

on thL· soi 1. \\11cn ~'.rc;it er strength is needed, the footings should 

be reinforcc<l rather than deepened. Spread footings are most 

gcncral1-y use<l because they provide a lot of surface area, strength, 

an<l stability (The Underground Space Center University of Minnesota, 

1079). 

Praina_g_c. Ltl)-:-:. 1 1 ::/~l) suggests that the best method of dealing 

\vith soil water is tu drc:in ~ t away from the building a:-; qujckly as 
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possible. If the surface is contoured correctly a lot of surface 

water will drain away from the building by gravity. Any water that 

soaks into the soil should be removed by a system of drain tiles 

and backfill that allows for fast drainage. "Regular four-inch 

perforated drainage pipe should be placed m a bed of 1 ~ 1!2- inch 

crushed stone at the base of the concrete footings. The holes 

in the pipe face towards the five or seven o'clock position, not 

directly down" (Campbell, 1980, page 67). According to The Under

ground Space Center Un_iversity of Minnesota (1979) the use of drains 

will remove ground water and also decrease the need to design 

strength into the walls and floor to compensate for positive 

water pressures. The tiles should be placed as low as possible 
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in respect to the fow1dations. Drainage tile must completely encircle 

the footings and may be placed beneath the floor as well. The tile 

should be placed at a slight angle to allow for gravity flow. The 

tile must be able to dump the water into a well or leach field Care 

must be taken if the tiles are dwnped at the surface in order to 

prevent clogging due to ice formation in the winter (Campbell, 1980). 

Campbell (1980) states, "Engineers often a4vise that wherever possible, 

grow1<l water should be llrainc,1 by gravity rather than mechanical 

pwnps. -1 t 's less expcnsi ve and more reliable. Cravi ty never breaks 

down" (page 67). 
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Shell design. The shell of an earth sheltered house consists 

of the walls and roof of the structure. The shell rests on the 

footings and must be strong enough to withstand the weight and 

pressures exerted on it. There are many types of shell materials 

that are in use today. By far the most widely used material is 

concrete (Campbell, 1980). Concrete gets stronger as it gets 

older and is very versatile to work with. Concrete may be cast 

in place- around reinforcement bars inside of fornIS. It may be 

precast into panels for walls or planks that are useJ to span 

overhead distances. Concrete has a very high conpression strength 

which makes it ideal for dome type structures. Concrete can be 

ordered in a var~ety of strengths. The strength depends on the 
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amount of water, amount of cement, and the size of aggragate added. 

Norton (1980) suggests that a medium strength concrete mix be used. 

This mix would contain 520 pounds of cement per cubic yar<l. He also 

states than an often used admixture called fly ash not be used in 

earth sheltered buildings. "Because many concrete suppliers use fly 

a.sh as a matter of course unless specifically asked not to, special 

attention regarding this matter is required" (Norton, 1980, page 659). 

Apdy Davis elected to go with a stronger mix of concrete. He chose 

4000 pounds per: square inch (psi) concrete for his walls and roof. 

Don Metz suggests 2500 psi concrete for footings and floor slabs. 

He uses 3000 psi mix for \,alls (Campbell, 1980). 

Concrete block walls can be used instead of cast-in-place or 

precast concrete. However, block walls need more reinforcement 

and must be filled with concrete in order to withstand horizontal 

and vertical pressure:-. Block walls would probably cost more than 

poured concrete walls (Dempcrwolff, 1977) . 

The use of concrete offers a builder many directions to go. 

A house could have block walls with a plank roof, plank walls and 

roof or cast in place walls and roof. In fact one finn, Terra Dome 

Corporation has special aluminum and fiberglass forms that allow the 

walls ru1d domed roof of a 24 foot square and 12 foot high module to 

be poured all at once (Scafe, 1979). 
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Drainage diagram ( Scafe, 1979, p. 26 ). 

Calvert (1979) rcporb about a firm that started to make planks 

or prcca.st sections of concrete that could be shipped to a huilding 

site and constructed. In an effort to reduce shipping charges the 

f inn Jcvclope<l wood cmd fiberglass panels that weigh only 300 pounds 

for wall planks and 500 pounds for reef panels. They c.m be easily 

assembled by hand. The panels arc made by nailing two S/8 inch 

pieces of construction grade plywood to a 2 x 6 framework that has 
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stu<ls 16 inches on center. The panel measures eight feet by nine feet 

four inches.Both sides of the plywood are laminated with a fire 

retardent resin and layers of fiberglass. When a panel that is seven-

1/8 inch is built up a fine mesh glass veil is laminated to the 

exterior portion of the panel to waterproof the panels. The panels 

are put together by tongue-and-groove or shiplap joints. Roof 

portions arc convex in order to prevent build up of water. The 

r.oof sections are glue<l to the edges of the wall with a bead of . 
pliable silicon.e seahmt. The panels are designed and tested to 

withstand a load of 550 pounds per square foot. Because the panels 

arc light and can be put in place by two men, a standard 1,231 square 

foot building can be constructed in about eight hours. 

Shells may also be made of corrugated steel road calverts or 

specjfically designed steel arches. The inside of the arches are 

covered with insulation and can be ordered in about any practical 

size. Corrosion of the steel remains a problem with this type of 

construction. Presently these types of structures are used as 

forms onto which a material such as gunnite is sprayed. After the 

gunnite sets up the forms are removed. The shape of an arch gives 

it a lot of strength so thin walls of gunnite can support a great 

deal of_ weight (Campbel 1 , J 980). 

There have been huu:~es built underground that have incorporated 

the use of steel and concrete in a post and beam method. This 

style of construction is nonnally reserved for large connncrcial 

buildings. Steel bc;:uns \\(TC' nsed to span between concrete posts. 



Steel corrugated panels were placed between the beams and were used 

as fonns and reinforcement for a poured concrete floor. Gifford 

Knapp, built his 2,450 square foot home by the post and beam 
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metho<l and state that this method is one of the simplest construction 

methods going. This method according to Knapp is the reason that 

he was able to construct his house for under $33 a square foot (The 

M)ther Earth News, 1980) . 

• Wood that has been pressure-treated with chemicals has also 

been used to forms shells. Southern pine is treated at 50-60 pounds 

per square inch of pressure with chemicals to prevent the wood from 

rotting or being destroyed by insects. The house is constructed as 

normal using zinc-dippc<l fasteners to place treated plywood sheets 

on 2 x 6 studs placed 12 inches on center. All earth covered walls 

are braced with diagow1l sheets of 3/8 inch plywood. The rac,f is rnade 

of treated plywoo<l nailed to 2 x 12 ceiling joints placed 12 inches 

on center. The roof an<l walls are then insulated and waterproofed 

(Rinker, 1978). 

There are other materials that may be used to construct the 

shells for earth sheltered houses. Alfredo De Vido used a brick wall 

that allowed light to enter the structure through the brick "snorkel" 

(Smay, 19_78). 

An earth sheltered house was built of interlocking silo blocks 

and no mortar. The curved walls acted like arches in order to resist 

horizontal pressure exerte<l by the earth. 
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Windows make up some parts of the wall sections and sky lights 

may be installed in the roofs. \Vindows are not weight bearing items 

and so the frames must be clesignecl to hold the windows in place and 

prevent any strong forces from being applied to the windows. Windows 

or gla:::cJ surfaces allow light, air, and radiation to enter the house 

\vhi le ho lcling the winJ ancl cold or hot unclesircable air outside. 

Windows are areas that lose a great deal of heat during cold weather. 

lhilwever they do allow a larger amount of passive energy to enter in 

the form of radiation. Most windows used today are double or triple 

gJazc(.l with dead air or ~m inert gas sandwiched between the glazings. 

lt is very important to make certain that opening for skylights ancl 

1vh1dmvs are sealed correctly. Extra waterproofing precautions must 

be taken to prevent kaks around skylights. Windows should be air

tight in order to inu·e.i~;,: energy conservation and prevent condensation 

from building up between or on the glazings. 

Flooring materials. There arc very few different flooring styles 

that are used in earth sheltered housing. Most floors are made of 

four inch wire reinforced concrete. A vapor barrier is placed under 

the floor and sometimes rigid insulation is also installed beneath 

the concrete. Different materials may be used on the concrete 

floor. -Caq)et provides a warm, comforable top but (.loes not absorb 

raJiat iun as well as a dark colored concrete or dark tile floor 

Uhe f'.klthc.:r Earth '.\Je\vs, 1978). 

The Door of an L~u.rtli sheltered house must he designed so that 

it is rree floating in •·dat ions hip to the w:.ills cmJ footings. Floors, 

due to their broad area and relative light weight will not have a 

tendency to settle as do the walls. If there is a solid joint, 



cracks may be created and the floor may buckle. With proper 

construction and drainage the floor should not change location in 

relation~'hip to the walls or footings but a small shift will do 

no damage unless there is a solid connection between the floor and 

walls. 

Waterproofing. This area 1s one of the most critical design 
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and construction areas in w1derground structures. Once an under

gr;ound house is backfilled and covered over it 1s a very difficult and 

e:>..1)ensive procQ.ss to locate and repair leaks. There are many 

\vaterproofing techniques and materials on the market today. No 

matter 1,,hat methods of waterproofing are employed they must be 

able to prevent moisture infiltration due to hydrostatic pressure and 

capillary draw. 

I lydrostatic pressure can best be prevented by proper and adequate 

drainage. There are times of increased moisture build up when 

the drainage system alone will not keep all water away from the 

structure. As the water table raises or as the soil around the 

structure becomes saturated water pressure will increase and pressure 

will be applie<l against the structure. Below the saturation line for 

every foot of depth hydrostatic pressure will increase by 62.4 pounds 

or prvs~ure per square foot. Structures require strong construction 

and rel iablc \vaterproofing to withstand this potentiall) great 

prcssme (Campbell, 1980). 

Capillary draw must a.lso be stopped by waterproofing materials. 

According to The Underground Space Center Uni ver'.;1ty of Minnesota (1979) 
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capillary draw is responsible for most dampness problems in an earth 

sheltered house. Cap.i llarv a.:tion occurs when the walls absorb moisture 

from the damp soil and pull it inwards. When the moisture reaches 

the inside of the wall it can either evaporate into the air or 

condense on the walls :.mcl cause them to be damp. If evaporation 

occurs, the walls will stay dry but the humidity level will be 

increasecl within the structure. Capillary draw may be prevented 

by proper waterproofing or by cles.igning an air gap o t very porous 

material into the wall, Th is gap or material will not allow moisture 

to be drawn through it. This technique will stop capillary action 

but is not a substi tutc for waterproofing (The Underground Space 

Center University of 1\limH'osta, 1979). 

The selection or a wat<.-rproofing material must be able to protect 

against hydrostatic prcs~;urcs and capillary draw. The material must 

be able to seal any minor le:tks that could occur in the waterproofing 

material. The material ITllL-;t also be able to withstand the underground 

environment and not deteriorate over a period of time. 

There is no single waterproofing material that is the best for 

all conditions and structures (White, 1980)_. Knowledge of the 

limitations of the di'fcrcnt materials must be known in order to 

select the best \vatcrprnu ! i ng material or rot er ials. 

Cementi t ious mater i ab or pargetings are a dense cement plaster 

or similar material. Thcv are applied to the outside of the wall 

very easily and arc incxprnsive. However they do not have the ability 

to bridge gaps or small cracks should any appear. In fact, since 



cement is a major ingredient in these waterproofing materials it is 

very likely that as the waterproofing material itself cures, cracks 

will be created. 
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Liquid-applied membranes or liquid seals take in a large variety 

of materials (White, 1980). Rubberized asphalts, pure urethanes, 

modified urethanes, and extended urethanes all fall into this category. 

These materials are either trowelled or sprayed on. For best results 

trowelling is reconnnended (The Underground Space Center The University . 
of Minnesota, 1979). If applied correctly good adhesion to the 

substrate is achieved. This is an important feature if a leak should 

appear. The leak will be contained in a very localized area that will 

make repairing the leak much easier. Asphalts are materials that have 

been u~ed for many years as waterproofing. It is inexpensive and 

easy to apply. Asphalt 1vill, over a period of time, deteriorate. 

Recently the quality of asphalt has also come under question (Campbell, 

1980). Most liquid-applied membranes do not have the ability to seal 

any gaps that may occur. Because of cool temperatures that occur 

underground many liquid seals become brittle and will crack if cracks 

occur in the structure. 

Built up membranes consist of layers of asphalt and pitch 

between_felt or fabric reinforcing. Usually there are at least 

four layers of reinforcing. This type of membrane can be used on 

walls or roofs. Glass fiber fabric is reconnnended over organic 

materials because organic felts will rot if subjected to water for 

long periods of time. Because asphalt is used deterioration may 
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occur. Bridging char;.iL'teristics are normally not very good. This 

type of waterproofing has been used for many years on both large and 

small structures. Many leading authorities in earth sheltered 

construction have used this type of waterproofing and recorrnnend its 

use. The cost of this membrane varies with the ntfillber of layers 

applied (The Underground Space Center University of Mirmesota, 1979). 

Another budt up membrane consists of alternating layers of 

pQlyethylene and mastic. This type of membrane will withstand only 

temporary irrrrnersion in water. ]t must be used with a good drainage 

system. It is recommended for use on the walls of earth sheltered 

houses but not on the roof. Polyethylene embedded in mastic does not 

have good bridging charactcri st ics (The Underground Space Center 

University of Minnesota, J 979). 

Synthetic rubber sheet membranes include butyl rubber, ethylene 

propylene <liene moromcr (l:PIX\1), neoprene membranes, and elastomeric 

membranes. Application of all these materials are critical to 

their effectiveness. Care must be taken to prevent any water that 

may leak from traveling under the membranes and appearing as a leak 

somewhere else. If this occurs repairing the leak may be very 

expensive. This type of membrane is expensive but if applied properly 

will res.ult in a very waterproof structure. Campbell (1980) states, 

"Butyl 1ubbcr sheeting seems to be the best synthetic waterproofing 

membrane available " (page 71). 

A very inexpensive <lamp-proofing material is polyethaylene 

sheeting. If placed wit:, care alld ~vith large overlaps it will supply 
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a good barrier against c;.tpi1 Lary drmv. It has some bridging c:ipal;iljties 

but degrades when exposed to sunlight. [t should not be used by itself 

as a waterproof barrier (The Underground Space Center University of 

~linnesota, 1979). 

The lh1dcrground Space Center University of Minnesota (197~J) 

describes pitch as another material that is applicable for under

gn)Lmd structures. It is better than asphalt because it is not 

J,;composcd by soi 1. Most pitch used today is for aboveground 

roo ring applications but may be uscLl w1dergrouml. Pitch has a 

:,oftcning point around I '.;n°i;. and therefore is brittle at temperatures 

present wKlergrollnd. 

Metz ( 1980) J isb : i tuthenc as one of the top three waterproofing 

agents. Bituthene is ~1 polycthylcne-coatcJ, rubberized asphalt. It 

is rclativdy inexp(·n:--:,i\L' ~iml studies show that it will elongate or 

bridge up to _)()() JH.Tcent 1t temperatures down to -1s°F. Because 

it is made parti;1l1y u! 1,olyethylene it will decompose if subject-.'d 

to sunlight. Bituthene 1s availahle in liquid form or in rolls 

36 inches wide rrnd bll feet long. For best adhesion to surfaces it 

should be applied tu surfaces that are dry and above 4S°F. (Campbell, 

1980 1; The Underground :~pac~' Center University of Minnesota, 1979). 

Th~ last waterproo!·rng rnatcri:il to be mE.intioned is another of 

Metz's top three ;.1gcnt:-. It .is available in pand form nr c:in he 

sprayed or trowcllcd unto walls. Bentonite is a clay found in the 

v,estern llni tcd State~.. It 1vi1 l never decompose and when subj cct (·,l 

to moisture can expand ', t1111c--- ,1·-; dry size. Becau::-;e of tl11'-; 11;it11raL 



feature bentonite can reseal holes and bridge gaps and cracks. It 

is applied rn a J..i inch to 3/Sinch layer by spraying or trowelling. 

If sprayed it must first he mixed with a small amount of mastic 

binder to assure adhesion. Bentonite also comes in four foot-by

four foot corrugated c::1rJboard panels 3/16 inch thick. The panels 

can be easily placed on walls or roofs with nails or other means. 

Bentonite must be protected from heavy rains until the backfill is 

r1olaced. This waterproofing agent should not be used where running 

water can erode it away. Bentonite is also rendered ineffective if 

there is a high concentr:.ttion of salts in the ground water. Because 

bentoni te reacts to 1,c1ter it should not be used directly on wood 

decks (Metz, 1980, Campbc 11 , 1980, & The Underground Space Center 

University of Minnesota, 1979). 
I 

method 

dampproofing 
Ir<in1te parLiet1n~J 
aspt1al1 c,r pItct1 cudlIr1gs 

brushed on 
sprayed on 
!rowelled on 
addition coat-add 

polyethylene sheet .. 010 in. thick 
004 in. thick 

waterproofing 
built up rocif,n0 ,,. talJric 

1 ply 
3 ply 
5 ply 

b1tuthene 

butyl, EPDM neoprene membranes 
( without full c1dtie,;1or11 

l1qu1d membranes 

bentonite 
panels 
spray on 

approximate 
cost,sq. ft. 

$0 75 -1 10 

.20-.35 

.22-.25 

.30- 45 

.20 
13 

.08 

$035- 55 
65- .90 
.85-1 35 
.75- 95 

1.15-1 50 

70 .85 

60- 1 00 
.50- .90 

]figure 11. Water p1 0 of ing materials and cos ts ( The 
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Underground Space Center University of Minnesota, 1979, p.144 ). 



Insulation. Insulating an earth sheltered house is necessary 

because the concrete shell will act as a heat sink and continually 

<lraw heat from the interior and pass it to the surrounding soil. 

This process will take place until the interior an<l soil temperatures 

arc the same. 0 Most soil will be around a temperature of 58 F. and 

50 

this is just a little too cold for comfortable human habitation. 

Insulation place<l on the outside of a structure will alter the concrete 

s.p.ell from a heat sink to a heat storage w1i t. As heat is produced 

or enters a underground house the entire structure is heated, The 

insulation prevents :1 loss of heat from the structure, Insulation may 

be placed on the outside. Figure number 12 shows characteristics that 

arc required for insulation placed inside an<l outside the structure. 
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Insulation is also best placed on the exterior side of water

proofing materials. The insulation helps to protect the fragile 

waterproofing. It also helps to keep the waterproofing material from 

freezing which increases the life and effectiveness of the water

proofing material. Insulation should be placed as completely around 

the st1ucture as possible, the roof, \valls and floor should all have 

adequate insulation. The insulation docs not need to be the same 

thickness all over because there will be less heat loss through the ·• 
floor and lower walls than Crom the upper walls and roof. The roof 

requires the most insul:1t ion. The amow1t of jnsulation will vary 

depemling on the R-vc1IUL' or the insulation, depth of structure, 

;-iml outside climate. l<rccntly studies have shown that insulation 

extending horizontally ahay from the roof will increase insulation 

efficiency by 20 percL'llt ()ver VLTt icle wall installation. Horizontal 

insulation \vi I 1 have to lw supported during settling of soil by the 

use of plywood or fl:ishi111;. !kllvever, an added advantage of this 

placement of insulat io1• \\l I J hl' to help channel water away from the 

structure thereby redu1.· 1t1g the load on the waterproofing. 

There arc three t }'Jll:s or insulation that arc used for exterior 

insulation on earth sheltered structures. Extruded polystyrene, 

polystyi:ene bead boanl, and polyurethane are the only practical 

insulations rn use today. for interior insulation fiberglass may 

also be used. 
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btruded polystyrene is the best insulation even though its' 

R-valuc is not as high as polyurethane. Polyurethane has a loss of 

R-valuc after long exposure to the ground because it absorbs water. 

Polystyrene bead board also absorbs moisture which lowers it's R-value. 

11olvurcthane will lose up to 20 percent of its efficiency as it :Jges. 

It is aJso considered very Jehcious by some insects. Polvurethane 

1s c.;t i 11 usc·d a lot because even \vi th a loss of 20 percent efficiency 

its' !{-value would still be higher tkm extruded polystyrene (Concrete 

Construction, 1980 4 The Underground Space Center University of 

Mi1mc:;ota, 1979). 



I 
initial 1 final 2 cost3 

A-value A-value per 
per inch per inch board ft. 

extrucJecl 
polystyrene· 50 4 54 16 

bead bodrd 4.0 2.85 . 11 

polyurethane 6.89 2.98 5 .19 

f1 t)erglass 3.5 (for comparison) 

1 ln1t1al value tor InsuIatIon gIve11 Ir; stuay 
2 F1~al A-value for 10 years exposure to t~,u ground. from study 
3 Installed cost Pt:r tJoard toot based on 1977 Dodge & Mt?ans Cost Handbooks 
4 Cost ett1c1ency uc;Ing the 10 year R-11alue (tor 1llustrat1on since prices vary) 
5 This data tor polyurethane has been questioned as being unusually low 

R-value4 

per$ 

28 38· 

25.91 

15.68 

}figure 14. In~ul d.t.ion ;aatcrial s and costs ( Tilt: Under-
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ground Space Cenl,.;r J1ll.vcrsity of l\linncsota, J-)l), p. 146 ). 

make tl1L' st rncture true I\- :m c:1rth sheltered structure. Just ahout any 

thickm:ss ul c;1rth cOVL"r may he pL1ced so long as the structure has 

been designed to ivith:,;tcmd the load. \\'ells (1977) estimate-; t
1
1c weight 

of one squn.· root or :,;oil tu r:mg(· from 75-96 potmds. W.ith 

weight: considered he r.1vL·:- :1 r:mgc of 150-400 pounds per sql -rv foot 

for a stnidt1ral design. Tht..· llndcrgrmmd Space Center lJnjvcr- 1
t\' 

of Minnesot;i (1979) gives the- \vcight of earth between 100 and 120 

poWlds per squre foot. Appl icd dead loads are stated to he anmncl 

200 pounds per square foot and an additional 100 pounds per square 

foot for the st nKturc i tscH. L.i vc loads may range from 30-50 

pound'~ pt·1· square foot. But \vhcn figurjng the live ,md dead loads 



remember that water in soil rnay add an ;1dditinn:1l 02.4 p•lWJcb pL:r ~;quare 

foot for each foot of depth. Also it may be easier tog d ;i heavy 

snow that stays on an earth sheltered house much better and thicker than 

on a convelltional root. 

Around the ent.ire structure, outside of the insulation a 1:iyer 

of porous sand and gravel should be used as hack-fill to improve 

drainage. Most experts agree that between one foot and two feet of 

cove, on the top of the building is plenty. If a good insulation 1s 

used the waterproofing wi 11 not freeze. A thicker layer of earth 

may be used and an increased R-value would be ohtained. However the 

ackLi tional structural cus.;t lu support the increased weight would not 

justify the very slight l{v:1lue gained. Wells (1977) suggests a 

thick layer of mulch to t1lp llfr the structure. Mulch will weigh 

between 5 and SO pOLmds 1w 1 :-;qure foot. 1t is very good for sLn t 1 :1• 

plants and grasses gro1;·in!-'.· \rter a short period of time it may h· 

necessary to get out the mrnvLr and trim the roof. 

Conclusion 

Earth sheltered housing has been with man for thousands of years 

but only recently, due to energy shortages, has mankind started to 

take a more serious look at returning to life underground. For the 

first p11n1c;.L'rs in this Cicld rrial :md-error has been the rule 

rather th;m the exception. i1luch has been learned bv different 

individuals and fortLm:itl'ly this infonnation has been shared. 

In the future new tdcas, new m:1tcr ials, and more trial ~and~ 

error w i 11 result in better and less cxpcns i vc eorth sheltered homes. 



This field is very exciting and offers a great opportunity for growth. 

Of course earth sheltered housing 1vil 1 not solve a11 the problems of 

energy conservation, housing needs, and space utilization. It is 

quite clear that a very old conceptcan be utilized to solve, in part, 

some of today's problems. If man can continue to learn from the past 

mistakes and achievements while refining the knowledge and techniques 

he presently has, the future for earth sheltered housing appears to 

be on. very stable ground. 
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