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This program is a study of the use of a earth-covered shelter 

as a means of a solution for the client's needs. 

The major goal to be accomplished as stated by the client 

is energy conservation, the possibility of this solution being a 

successful and Marketable item. 

The following |>aragraphs will contain a brief history, critical 

issues, and trends in the field to aid the reader in both under

standing the this building type, and the rest of this program. 

Since the time of prehistoric man the main emphasis of shelter 

was protection- from the elements, weather, and hostile neighbors. 

At times these were combined with religious or symbolic consider

ations. "Seldom are the benefits of underground conatruction ex

clusive of one another; indeed, as with any architectural solution, 

the underground alternative most often has been selected when a 

multiplicity of these benefitscould be captured." 

The first example of eaxth-covered shelter is the village of 

Matmata, located in SouthertiTunisia. This village had a population 

of several thousand who lived in artifically dug in caves loc

ated in crater-like courtyards that ranged from 20* to 30' deep. 

2 

and from 40* to 200* in diameter. Access was 1^ means of the court

yards. This acted as a defensive means from the enemies ^rom ground 

level. The dwellings were located JO* below the surface to protect 

them from extreme heat and the wind, storms also. Food stora re and 
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animal dwellings were located off the access hays .c the Gurface. 

The next example is the communit̂ y of Seripe located in -'orthern 

6t 
Ghana. The dwellings are semi-apssed and cover 20-30 acre :he 

pedestrian circulation took place on the roof structures, vdth access 

3 
to the individaal courtyctrds. The hot climate was dfu.ipened ..j the 

building of G'jiai-xccessed dwellings. 

The ''ivas of the South;.estern Indians' of the U.S. is another 

example of earth covered shelters. The promary purpose of the Kivas 

is for cremonial rites. The interesting item within these i:-, the use 

of ventilation shafts for the natural cooli.Ot̂  system. 

Since the end of World /ar II there has been a resurgance of 



underground shelters. The primary purpose during the *40's was that 

of defense purposes. **In 1950, an article in House Î eautiful pro

moted the idea of expanding subsurface areas in homes for more 

comfortable living and more efficient heating and air conditioning. 

Since energy consumption-hence, conservation is ultimately related 

to a building*s clomatic efficency, the * climate control* emphasis 

may be seen as the modern forerunner to our current interest in 

4 
underground building as an approach to energy conservation." 

During the *50*s there was reviewed interest in earth covered 

shelters as protection for the enemies (the cold was, fear of nuclear 

attack, etc,). A prime example of the buildings during this era is 

the Swayze House ("Atomitat") located in Plainview, Texas. This stru

cture "offereda completely underground alternative to suburban surface 

living.' This included an undergr6und backyard and: swijnming pool. 

Paolo Soleri did a lot of studies along withMort and Eleanor I'arp, 

and Malcolm Wells in dcological architecture, Solari*3 work "for 

instance, consists of earth-formed, earth-covered concrete shells 

that represent an eloquent Response to the climate and character of 

the Arizona landscape." So in other worda, there was a trend in 

making the structure blend in with the surrounding axea with as 

little distvorbance as possible. 

"Contemporory underground structures are a product of oite-

specific circumstances and aesthetic decisions, however, and ratrely 
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have anything to do with the broader environmental goalG." 

Earth covered shelters are being used nou around airports to 

solve the noise problem, plane crashes, and fire hazards. Security 

and protection ftom natural disasters axe still reasons for going 

underground. 

I'lany college campuses aire using underground structures to protect 

the open space concept, and aesthetic reasons, as in the case of thu 

undergraduate library located at the University of 111. at Urbana-

Champaign. This building is located underground because thenations 

oldest testing plot is located adjacent to'the site and the college 

officals did not want to block out the sunfrom the plot. "The roof 

of the library has been developed as an open plaza space, and is 

planted with a number of small trees; the subsurface solution thuo 

preserves campus open space as well as creating a controllable 

(two story deep courtyard) cutdoorlibrary space for student use," 

The critical issues unvolved in earth( covered shelters have 

been similar since ancient times to the contemporary, with a few 

more added on to the contemporaLry use of this building type. The 

issues involved are as follows: 

= The a¥ailability of building materials (such as the case of 

the sod houses located on the plains of the U.S.). 

^ Climate (energy conservation). 

= Protection from both natural and human enemies. 

=« Locality (site). 



~ Land use (multi-level as opi osed to single level). 

= Aesthetics 

= Symbolic reasons such as religious worship (catacomes are 

sacred places to Catholics). 

= Ecological reasons. 

= Visual reasons. 

The above issues axe the ones common to both ancient and con-

temporsory times. The next set of issues seem to be based more on 

the contemporary problems. They are as follows: 

= Finance (it's really hard to find someone to finanace a 

"new" product). 

= Structural (finding a material strong enough to support the 

earth at a reasonable price). 

= Public policy (the different restrictions set by individual 

communities). 

= Environmental Impact (everything has to be designed so that 

as little damage as possible is done to the surrounding 

environment). 

= Life cycle cost (the initial cost of construction is hi^h, 

but will it pay for itself through energy savings?). 

- Heating, ventilation and air conditioning (how are we 

going to heat, cool and ventilate this structure located 

below the eaxth?). 

= Weatherproofing (how axe we going to keep the moisture 

out?). 

The above issues axe going to be the ones studied in this 

program. A lot of the eaxlier issues will also be covered and will 

be located within the later ones. 



The following diagrams are the basic design uĵ pes seen tc ̂ a^. 

The Lrend today seems to "oe a conbir^tion of many of these basic 

types. In the neĵ t pages one uill finu some exaju lea of contempcrai 

earth-covered structures. 
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Terminology^ Q 

Lithospace - Created within rock, deep, far-subsurface. 

Temaspace - created within a soil environment, near surface. 

shallow. 

Terratecture - cut-and-cover construction, of design and creation. 

Geotecture - the design and creation ofsubterrairean accomidection. 

"If underground construction is to be reguarded as a means 

toward the conservation of energy, then the context within which 

their performance is measured must itself be examined closely."^^ 

In this progran^ I hope to study the facts as close as possible 

to come up with the best solution possible. 

The Client 

The client for my program is Commander John Goska. He is in 

the U. S. Navy. He has a vife, Marilyn, and three children, Gina, 

14, Micheal, 11, and Robert, 9. 

This is a very close knit fatmily. They do a lot together and 

require a laLre genough space to do these activities. 

Their hobbies include model airplane building (for b̂:. Goska 

and Micheal), sewing and cooking (for Maurilyn and Gina), and col

lecting and playing with toys (for Robert). 

Mr. Goska is in the process of building a full scaled airplane 

at home. 

The Goska*s spend a lot of time at home with the family. They do 

not do much entertaining and when they do it is usually with a group 
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of eight to ten. If there is going to be a larger giou:, then the 

whole house is usea. 

The reasons why the Goska's want to build an earth co.ered 

shelter is for energy conservation, trouble free maintainaiice, and 

would like something which is a marketable item. 
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^Frank L. Horeland, Alternatives in l̂ rx-rK .7 Cor-st-rvc^Lio:.: The 
Use of l^artn Covered Luilairi|i..o. p . 7. 

<:: Ibid. 

3 Ib id . . p . 8 . 

^ Ib id . . p.10. 

5lbid. 

^Ibid. 

'^Ibid. 

^Tbid., p . 12. 

9lbid. 

^Qjbid., p .9 . 

^^Ibid . . p.14. 
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The number of air ch-ar:r;es is 10 per hour. Tr.e Illumination 

level is 70 footcandles. 

Bathrooms. There is to be a bathroom to be used by the three 

children. This be throom is to have a tub, linen closet, and 

2 washbasons. The other bathrc-m is to be used by the 

guests and shpuld be located accordiruly. This can either 

be a full or 1/2 batrj-.om. The temperature of these bathrooms 

is 78 deg. The air changes is 10 per hour with an exhaust 

fan. The illumination level is. 50 footcandles. 

r^A}OZ teAHW^ &TI2BAM 

P Acrwyrri srAcm.s 
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The general space requirements for this project is a residence 

consisting of 2500sq= ft. of living area. This residence is to 

have 4 bedrooms and 2 1/2-3 bathrooms. 

The breakdown of the different spaces and activities which 

make up this residence are as follows; 

=» Small formal living room. This area will be used for enter

tainment only. Enough space should be provided for 10 

guests. This space is not part of the main pedestrian flow 

stream. Room temperature for this space should be 74 deg. 

There should be 10 air changes per hour for this space. 

The illumination level for this space is 10 footcandles. 

= Formal dining room. This space will be used for guest 

entertainment and special occasilons by the client's family. 

Enough space should be provided for the sitting of 10.. This 

space is not part of the main pedestrian flow stream. There 

should be 10 air changes per hour for this sp«ce. The illum-

iftition level for this space is 15 footcandles. Room tem

perature should be 7^ deg. 

= T.arp:e family room. This room is the main axea for family 
. , . . - , , , . . . . . • 

life and entertainment! This space should be able to ac-

comidate 10 along with space for a small library, tv. view

ing; stero,"And rough houising. 'This is not a formal space. 



no need for a dressing axea or sitting area. A. separate 

bathroom area is to be located adjacent to the master bed

room. The bathroom is to contain a tub, storage space for 

linen, and toilet articles, and 2 wash basins. This space 

will be used by the client and his wife. The temperature 

for the bedroom is 7^ deg. The temperature for the bath

room is 78 deg. The number of air changes for both spaces 

is 10 changes per hour with an exhaust fan located in the 

bathroom. The illumination level for the bedroom is 70 foot

candles. The illumination level for the bathroom is 50 foot

candles. 

The children's bedrooms. There will be 3 other bedrooms for 

the client's children. All 3 bedrooms aire to contain a walk-

in closet, ant overhead light, and also other activities other 

than sleeping. Their daughter needs wnough space for her 

sewing machine, and stero. There should be ample room for 

studying. The older son spends a lot of time building model 

airplanes. There should also be a space for studying. The 

youngest son needs space for storing toys and studying. All 

3 children entertain their guests in their rooms to someex-

tent. Most of the entertaining is done in the family room. 

There should be enough eirea to house 4 guests per bedroom. 

The temperature for these rooms is 7^ deg. The number of 



The building codes that apply to Libertyville are The Boca 

Basic Building Code. 

There are a few codes which have a great impact on the design 

of earth coverex shelters. These are: 

= Habitable rooms must have glaxed glass areas greater than 

10^ of the floor area. 

= Opening windows of at least 1/20 of the floor area are re

quired unless mechanical ventilation is provided. 

= Sleeping rooms must have a window or door connecting direct

ly to the outside. 

~ The maximum travel to an exitway is 100 ft. 

The first of these restrictions has a greAt affect on the earth 

covered shelter ddsign because the bedrooms will also need this area 

for glass. Because of this added area of glass there will be a larger 

heat loss. There will also be a chance of limited creativity. The 

major use of a bedroom is for sleep. If the space is will ventilated 

there should be no need for such a large amount of glass. 

The second issue in not too bad because they stste that mech

anical ventilation can be used Instead. 

The last two issues will affect one's design a lot. These issues 

sire very important for the safety of the inhabitants. If one uses 

windows, then the heat loss factor comes into account again and 

the length of the travel to the exitway can put some limits on the 
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design. 

This structure falls under the use group R-'-fstructures which is 

defined as all detached one-or two-family dwellings not more than 3 

stories in height, and their accessory structures as indicated in 

the appendix B stwndard, one-and two-family dwelling code. All 

such structures may be designed in accordance with the one-and two-

fgunily dwelling cide or in accordance with this code for a use group 

R-3 structure. 

The maximum floor area allowance per occupant is 200sq. ft. 

gross. 

Exit Requirements. 

All approved exitways including doorways, passageways, corridors, 

interior stairways, exit stairways, moving stairways, smokeproof en

closures, ramps, horizontal exits, bridges, balconies, fire escapes, 

and combinations there of shall be arrafiged and constructed according to 

this code. 

Exists must be discernable, unobstructed, and accessable. All 

exitways shall be located so that maximum length of exitway travel, 

measured from this most remote point to an approved exitway is 

100 ft. 

One exitway is required with a minimum fireresistance rating 

of 1 hour. The width of an exitway shall be a minimum of 36". The 

clear width of a door shall be no less than 28" and no greater than 
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48-. The minimum height of a door shall be no less than 6 l/2*. 

All egress doors shall oe readily opened from the side from 

which egress is to be mafle without use of a key. DouMe cylinder 

dead bolts requiring key operation on both sides are prohibited on 

required means of egress in use group R occupancy. 

All interior exitway stairways shall not be less than 36** in 

with with a minimum headroom of not less than 6 2/3* measured from 

the floor surface to the tread nosing. 

The minimum width of a landing shall be not less than the width 

of the stairway. The vertical rise between landings shall be no 

more than 12 ft. 

The maximum riser size is 8 1/4". The minimum tread size is 9", 

Fire ratings. 

This R group has a fire grading of 1 hour. 

In all buildings other one-and two-family dwellings and other 

than fireproof (type 1) construction with habitable or occupiable 

stories or basements below grade, the floor-ceiling assemblies and 

supports below grade floor shall be protected by one of the follow

ing methods: 

= Fireresistance rating of not less than 1 hour ,or 

= Heavy mill (type 3 A) construction, or 

= automatic fire supression system. 

The fireresistance rating provided shall not be less than the 

rating required on the following table. 
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jht and ventilation 

Every bath and toilet room shall be lighted and ventilated by 

o;ie of the following methods; 

= Exterior windows who's size is not less than 8^ of the floor 

zirea or 3 sq. ft. 

- Vent shaft windows shall not be less than 8fo of floor area or 

3 sq.ft. in area opening on a vent shaft with a cross-sect

ional area of 1 sq. ft.in height, but ont less than 9 sq.ft. in 

area, open to the outer air at top. 

= Vents and ducts must supply a minumum of 2 cubic ft. of fresh 

air per sq. ft. of room area. 

= Skylights must have an airea of not less than 3 sq. ft. in area 

with a ventatlng opening.. 

The number of air changes must be 1 air change every 12 minutes. 

There shall be no recirculation of air in the bathrooms. 

An illumination of 3 footcandles shall be provided in the bath

rooms. 

The ceiling heights shall be on less than 7*-6" in habitable 

rooms and 7*-0** in hallways, corridors, bathrooms, water closet 

rooms, and the kitchen. 

Definitions. 

Accessory Sjbructure- A] building the use of which is incidental to 

that of the main building and which is located in the. same lot. 



Waterproofing. 

All exterior structural elements shall be waterproofed in 

accordsince with the approved rules. 

Exterior steel columns and girders, shall be waterproofed by 

a paxging coat of cement mortar or 1^ a minimim of 8' of weather-

tight masonry before embedment in masonry. 

Backs and sides of chases with less than 8' of approved masonry 

to the exterior surface shall be insulated and waterproofed. 

Exterior walls below grade and the cellau: floors shall be made 

watertight. The basement walls of buildings in the residential use 

groups shalj. be protected with not less than a 1 coat application 

of approved waterproofing paint, or a 1/2" parging coat of port-

land cement mortar or other approved dampproof covering. 

Subsoil drains shall be provided around foundations which are 

subjected to ground water conditions. Drains shall be installed 

at or below the axea to be protected and shall discharge by gravity 

or by mechanical means into an approved drainage system. 



-'̂''̂'••'̂i-i-- That portion of a building which is ^j tly "if:low and 

partly above grade, and having at least 1/Z its height above grade. 

Cellar- That portion of a building' which is partly or completely 

below grade and having at least 1/2 its height below grade. 

Grade- A reference plane representing the avgerage of finished 

ground level adjoining the building at all exterior walls. 

Habitable space- Space in a structure for living, sleeping, 

eating, or cooking, bathrooms, toilet compartments, closets, halls, 

storage or utilities space, and similar axeas are not considered 

habitable space. 

Smoke doctor- An approved, listed detector sensing visible or SI 

invisible particles of combustion. 

Story- That portion of a building included between the upper 

surface of a floor and upper surface of the floor or roof next above. 



Table 214 

FIRERESISTANCE RATINGS OF STRUCTURAL ELEMENTS (IN HOURS) 

structural •l«fn«nt 
Not* a 

Exterior walls (Section 906.0 and 
Not* t» 

Bearing 
Fir* Mparation of W or mora 

Non-tMaring 

Baaring 
1 Fira taparation of last than 6' 

Non-baaring 

Fir* separation of 6' or mora Bearing 

Non-b«aring 

Firt Mparation of W or morm Soaring 

Non-bearing 

I Fire walls and party walls (Section 907.0) 

1 Fire separation assemblies (Note e) 

4 Fire enclosure of entways, exitway 
hallways and stairways (Section 909.0 and Note f) 

S Sfiafts other than exitways, elevator hoistways 
(Section 910.0) 

t Exitway access corridors (Note t) 

Vertical separation of tenant spaces 

Type of construction 

. Type 1 Type 2 
Section 215.0 Section 216 0 

1 Noncombusli 
1 

Fireproof ! 
1 Protected 

1 
lA IB : 2A 28 

4 3 

0 0 

4 3 

2 2 

4 3 

2 2 

4 3 

U i IV i 

4 3 

2 1 

0 0 

2 \Vi 

I 'J 1 

2 1 

U i 1 

2 1 

1 1 

2 2 
Not less 

bie Note c 

Unprotected 

X 

0 

0 

1 

1 

0 

0 

0 

0 

2 
than fire gradm 

— - '— ^— ~ 

Type J 1 
Section 217 0 1 

Citenor masonry 

Heavy ] 
timbers Or« 

1 
(mill) Protected 

lA 

2 

0 

2 

2 

2 

2 

2 

See Sec 217 0 

2 
I of use group-

walls 

Imary 

Unprotected 

18 K 

i 
2 2 

0 1 0 ^ 

» 

2 

2 

' 

2 2 

2 

IW t l j 

2 ' 2 
(See Table 902.) 

Sectx 

T» 
Sectio 

Frar 

K" 21*3 

* e 4 
m 2 U 0 

ne 

f 

4A 48 

i 

' 1 • 
t 

1 1 
1 Noted 

' I " \ \ 
Note d 

1 1 0 
1 

Fireresistance rating corresponding to fire grading of use group-(Sec Table 902.) 

2 2 

7 2 

1 1 

1 1 

2 2 

2 2 

1 1 
Not! 

1 1 
Note 

2 2 

2 2 
Noncombustible 

I 
h 

0 
h 

1 

1 

2 

2 

1 

1 

0 

0 

0 

2 

2 1 I 
1 

2 ' 1 

1 1 

0 

1 

1 

1 

0 

Tvr«5 3 -

r» 

Table 214 (cont'd.) 

FIRERESISTANCE RATINGS OF STRUCTURAL ELEMENTS (IN HOURS) 

7 Dwelling unit separations (Note k) 

Other non-t>earing partitions 

I Interior bearing walls, 
bearing partitions, 
columns, girders, trusses (other 
than roof trusses), and framing 
(Section 911.0 and Note i) 

Supporting 
more than one floor 

Supporting 
one floor only 

Supporting 
a roof only 

9 Structural members supporting wall (Section 9U.0) 

W Floor construction including beams (Section 912.0 and 
Noteg) 

IS' or less in height 
to lowest member 

U Roof construction including t>eannt, 
trusses and framing arches and 
roof deck (S«ctiOf« 912.0 and 
Notes g and i) 

More than IS' but 
less than 20' in 
height to 
lowest memt>er 

20" or more 
in fteight to 
lowest member 

1V4 

0 0 

Note m 

V T 
Note h 

0 > 
Note h 

IVi 

IVt 

U i 

See Sec. 217.0 

See Sec. 217.0 

See Sec. 217.0 

0 * * " 
Not less than fireresisUnce rating of wall supported 

IV^ 

1 1 
Noleh 

1 0 
Noteh 

0 0 
Noteh 

See Sec. 217.0 

See Sec. 217.0 

See Sec 217.0 

See Sec. 217.0 
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THE BOCA BASIC BUILDING CODE/ 1978 

Table 305 

HEIGHT AND AREA LIMITATIONS OF BUILDINGS 
Height limitations of buildings (shown in upper figure as stories and feet above grade), and area 
liinitations of one- or two-story buildings facing on one street or public space not less than 30 
teet wide (shown in lower figure as area in square feet per floor). See Note a. 
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In above ground reslsences energy is wasted by unwanted heating 

and cooling. Also heat loss (or gain) is controlled by the ventilation 

load for heating and cooling intake air And heat transmission 

through the building. These infiltrations can be controlled hy 

earth covered construction. 

In above ground residences temperature differences are controlled 

•fcy the change in the siirface temperature. In earth covered shelters 

the temperature changes are controlled on both a daily and yearly 

basis. Changes in temperature on a daily basis is not really felt 

in a earth covered structure because the temperature of the earth re

mains pretty constant even at shallow depths. 

"An important factor in controlling the energy required to heat 

or cool a building is the 'thermal mass* involved. This is simply 

the heat capacity which is the suaount of energy required to raise the 

2 
temperature 1 deg. C," So if a building has a laurge thermal mass, 

then it can store heat throUt:h the day and release it into the space 

at night when there is a heat loss. This is basically whit the thermal 

mass of the soil surrounding a structure does. 

Because the fioor and walls of a esirth covered shelter is sur-

roimded by soil there will be a reduction in heat loss throgh 

these areas. The major source of heat loss will be through the roof. 

"In evaluating the heat transfer, it is necessary to exgimine 2 other 

important properties of the total roof system which can greatly in-



fluence the overall performance. These are the heat capacity, or 

thermal mass, of the roof structure and the surface boundary conditions 

on top of the roof."^ 
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Whdn designing a earth covered shelter one should consider the 

use of vegetation on the roof. "Vegetation on this surface can con

tributes to the thermal efficiency in a number of ways, such as .shading 

effects, improved insulation due to air trapped in the foilage, and 

most important the elimination of solar heat gain to the roof duriruT the 

k 
summer months." 

A critical issue when designing an earth covered shelter is 

the placement of doors and windows. There will be a large increase in 

heat loss if ooenings are located on the north side. Heat loss will 

also occur to some extent if there are openings located on the east 

and west facing walls also. These are the general directions in which 

the wind blows. Another reason for keeping the number of openings to 



"' ' -^^^TW^' 

o. miniraiun i^ that the therir̂ l benefits of the soil will be £.ffected. 

If one doGig-3 windous on the souti. side properly through the 

use of direct expoĉ ure in the winter and shadinc in the surjicr there 

can be a "positive heating effect during the winter moi.ths •..•..c-n they 

are covered by insulated .̂.utters during the night. "-̂  

Another factor which can help in energy conservation is the ues 

of insulation on the walls. 
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The floor of an earth covered she Iter liic the lowest heat loss in 

the winter of the 3 surfaces talked about. The opposite is true in 

the; summer, but this heat lossis desireable to keep the room temp

erature - stable. 

On^ probloni that will be encountered IG that the floor will 

feel cold to the feet. If insulation is put in then the desirable 
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heat loss in the summer is cut down. If one uses ru/s, carpeting, and 

or wood floors the cold feeling on the feet is cut down and one still 

has the desiiable heat loss in the rarjicr. 

An area that will nedd insulation are the edges that are ex

posed to the outside cr;viroiimc.nt. (such as windovrs, doors, etc.). 
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For heating cooling and ventilating this this earth covered 

shelter the client expressed the des.*j?e to -ise solar energy as the' 

major source of heat with a back-up system. 

The investment of an active solar system is reduced in an 

earth covered shelter because there is a small heating requirement. 

There is also a reduction in storage requirements in an esorth cover

ed shelter. 
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Passiwe solar design can also be used through the use of direct 

exposure in the winter, double glazed windows, shading devices, etc. 

When combined with active systems one could have a very efficent 

structure with little need for a bacl-up system. 

"The heating of domestic hot water accounts for apporximately 

i5% to 20^ of the total energy consmmed in a typical 4 person sur

face residence. In an earth sheltered residence with its low heating 

requirement the heating of domestic water can become the largest 

1.6 
heating requirement in the house. 
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The following systems are' the ones most generally used for 

heating and cooling a structure. They are the forced air duct system, 

hot water baseboard system, gravity air system, and raidiant system. 

Each system has advantages and disadvantages which make them desirable 

or not desirable to use in an eŝ rth covered shelter. 

= forced air duct system. 

advantages: 

Filtration is possible with a somple media, filter. 

Can distribute controlled outside "make-up ventilationair". 

Can supply heating or cooling. 

Can return air from ceiling space to reduce unwanted indoor 
air stratification. 

works well with alternative energy systems such as solar 
and wood heating. 

Utilizes a "duct only"system outside the mechanical space, 
and water leaks are not a hazard. 

Can distribute dehumidified or humidified air. 

Air movement may provide desirable background sound level 
in a quiet, draftless home. 

Provides low energy use with low supply temperature. 

Cost is very competitive when air conditioning or de-
humidification is desirable. 

disadvantages 

Gould be overly noisy if not properly designed and installed, 

Probably more expensive on a first cost basis in large 

homes. 

Can be inefficient if not properly designed or installed. 

Is not as conducive to individual room control as other 

systems. 

./ iy 
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Hot water baseboaxd. 

advantages 

A quiet system. 

Moderate inital cost. 

Can supply heat to spaces with individual room control, 

disadvantages 

Cannot distribute, filter, or condition ventilation air. 

Because of the high operating fluid temperature (approx. 
71 deg. to 82 dpg. C) the system does not efficiently 
couple with alternative energy systems such as solar-
collectors. 

Gravity air system. 

advantages 

A quiet system. 

low cost heating system. 

Provides humidified air. 

Can work with alternative energy systems. 

Can continue to work during power failures, 

disadvantages 

This system requires a network of large ducts. 

Cannot filter, cool or dehumidify the supply air. 

Radiant h^ating system. 

When combined with forced air heating systems this system 

can increase the comfort and efficiency of the overall 

heating system by utilizing the supply air as the working 

fluid of the radiant system. 

(Note: This entire section is footnoted as number ?). 

In grade houses ventilation is provided- by infiltration around 

doors, windows, and walls. Because earth covered shelters are tightly 
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enclosed there will be very little infiltration throu{;-n windows, doc:.?, 

and walls. For trilL reason ventilation must "be supplied. The following 

are reasons why ventilation is necessary; 

To supply the proper amounts of oxygen for the health and 

well being of the occupants. 

To supply tht proper amounts of oxygen necessayr for com

bustion if open flame furnace,fireplaces, etc. are on the 

premises. 

To dilute or eliminate excessive moisture in the air during 

during the summer. 

To dilute or eliminate odors generated in the bathroom and 

kitchen. 

To dilute or eliminate the heat produced by internal sources 
8 

during the summer. 
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Ray Sterling, Earth Sheltered Hou^ln<- Î ĉ .x̂ ;., p. 53« 

^Ibid.. p. 5^. 

3lbid.. pp. 55-56. 

^Ibid.. pp. 58-59. 

^Ibid., p. 60. 

^Ibid., p. 70. 

'^Ibid., pp. 78-79. 
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Loads which occur on a earth covered shelter are very import-

tant in dertermlning how successful this building type will be. 

The loads which will be covered are dead loads ( vertical, hor

izontal, and soil pressures). Live loads, and unique load for earth 

covered shelters. 

Dead loads. These are lOads in the structure which can be con

sidered permanent. This includes columns, beams, finish materials, 

/ and %he earth load. "When the loads and the span of a structure are 

increaŝ ed as they often are in earth covered designs the dead loads 

due to the structure become a more significant portion of the total 
« 

load."^ 

Vertical loads. The total earth load will have to be carried 

in most designs .of earth covered shelters. For maost soils the load 

will h6 l()0''to 120 lbs./sq.ft. for every foot of soil placed on 
2 

the roof. This load can be increased or decreased by the different 

ways of designing the roof. 

^ 



Horizontal loads. These are loads which are placed on tne walls 

of a earth covered shelter by the surrounding earth. These pres

sures vary with tne various types of soils. These pressures are 

increased or decreased depending on its location on a site. 

UreeAL son- f^BS^ue^ rrgssHjpe /s Less> u^/t-m A sts^t^ 
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Live loads. These are loads which will change in size, location, 

or direction duing the life of a building. These loads incluoe people, 

snow, wind, furniture, etc, "The roof of an earth sheltered house 

presents an interesting problem. Usually the live load on the roof 

would be determined to accommodate people walking SLround. Since the 

roof may appear to be part of the rrgular ground surface, however, 

special care should be taken to prevent heavy trucks from inadvertently 

backing or driving onto the roof of the structure."^ "now loads sure a 

very important load to consider when df̂ ĵ̂ r̂ing this structure. 

Loads due to groundwater. When «ater lis present in the earth 

A ?J 
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can cause an increase in loauis on the structure. The problems that 

cb.ii be caused by water in the earth are the swelling of some cLx., 

which place a high squeezing, pressure on the structure. Another pro

blem which can occur is uplift on floors. The pressoi-e that water 

can place on a structure is 62.^ Ibs/sq. ft. for each foot of depth. 

Because of this problem proper waterproofing and drainage systems should 

be installed to prevent these problems. 
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wtruî T 

Loads due to frost. These loads are greater in soils of high 

water content or very silty soil. This problem can be controlled 

by using granular backfill and good drainage. 
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The materials which are most comonly used in earth covered 

shelters are concrete, steel and wood. The following is a list 

of uses, advantages, and disadvantages of each material type. 

= Plain cast-in-place concrete. 

Uses 

Floors on grade. 

walls with less than about 6 feet of cover. 

Footings 

Advantages 

Low costi 

Durability, fire resistance. 

High compressive and shesur strengths. 

Rather watertight if not cracked. 

Heavy to resist uplift and sliding due to water and 
earth pressures. 

Can be placed in large and, or complex shapes. 

Disadvantages 

Low tensile strength causes cracks which leak. 

Heavy, requiring larger foundations and footings. 

Cure time can delay construction 

Cold weather work difficult. 
Residual moisture load can cause high humidities in 
building for several months. 

= Reinforced cast-ln-olace concrete. 

Uses 

Floors on: grade.. 

Self supporting floors and roofs. 

Walls at any defJth. 

Large footings. 



Columns and beajns. 

Arch and vault shaped roof systems. 

Advantages 

Durability, fire resistance. 

High compressive, shear and tensile strengths. 

Fairly water t>.ght-reinforcing reduces width of cracks 
caused by shrinkage of the concrete on drying or structural 
movements. 

Heavy'to resist uplift and sliding. 

Can be placed in large or complex shapes. 

Disadvantages 

Good structural design needed to.limit cracks. 

Heavy, requiring larger foundations and footings 

Cure time can delay construction. 

Cold weather work difficult. 

Residual moisture load can cause high humidities for 
several months. 

Precast concrete-reinforced or prestressed. 

Uses 

Self supporting floors and roofs. 

Walls at any depth. 

Columns and beams. 

large culvert shapes. 

Advantages 

Durability, fire resistance. 

High comjressive, shear, and tensile strengths. 

Very water tight if joints done properly. 

Moderately heavy to resist uplift and sliding. 

Can be economically mass produced or standard mass pro

duced elements can be used. 

No cure time delay. 
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Can be placed on cold weather. 

Can be built quickly. 

Less moisture load in building after construction than 
with cast-in-place concrete. 

Ifsection contains voids, these can be used for utility 
distribution. 

Disadvantages 

Good structural design needed to control opening of joints 
between elements. 

Heavy, requiring larger foundations and footings. 

Trucking costs high if not close to precastirig plant. 

Sealing of joints. 

Long lead time for specialized shapes. 

Reinforced and plain masonry. 

Uses 

Walls with less than 6 feet of cover for unreinforced 
concrete block. 

Walls to a maxiAum of 2 story embedment with reinforcing. 

Advantages 

Durability, fire resistance. 

Moderate compressive, shear and tensile strengths when 
reinforced. 

Moderately heavy to resist uplift and sliding. 

Elements are mass produced. 

Can be assembled into large or complex shapes. 

A good distribution of plants to tricking costs low. 

Disadvantages 

Easily cracked allowing water penetration. 

Heavy requiring larger foundations and footings. 

Requires a very good water sealant. 

Cure time can delay construction. 

Cold] weater work difficult. 



Requires reinforcing for most earth sheltered uses. 

' Steel. 

Uses 

Beams and columns 

Reinforcing for concrete and masonry. 

Large culvert: like arches. 

Advantages 

Very high strength. 

Can be formed to arch shapes. 

Very water tight. 

Can be built in cold weather. 

Di saxivantage s 

Needs corrosion protection. 

Needs fire protection. 

E3q)ensive except*.in- certain surch applications. 

= Wood. 

•i Uses 
J,, |v,< Self,suppo!lrting floors and roofs. 

Walls to more than 1 story embedment but costs rise 
rapidly with increasing embedment depths. 

''Interior walls. 

On grade floors. 

•Advantages 

Medium high strenglft. 

Light weight for light foundations and footings 

Built by standard house building carpenter crews. 

Quick construction. 

1 Can be built in cold weather. 

Low cost. 



Di sadvar tage s 

Extensivo nailin- or guling needed to devedlop shear 
strength. 

Needs chemical treatrxxit to control deco.ipcsltion. 

lieec'̂  well drained earth to remain dry. 

Gombus^iblo. 

Its light weight does not resist uplift and sliding well, 
needs good drainage to avoid uplift. 

Some disputes exist on the longevity of the system a.id 5 
term toxicity problems with the chemical preservatives. 

There are various structural systems which can be used in earth 

covered shelter design. The following sketches will show some of 

the systems and the loads placed on them. 
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Defintions."^ 

=» Direct-tension and compression-The direct transfer of load 

requires the load to be co-axial (in-line) with the available reaction 

(usually the most efficient in terms of construction material used. 

In compression, slender members can be subject to buckling which 

causes a loss in strength from that expected due to the mamber's 

cross-sectional area. 

= Sheaxr The transfer of load parallel with the available reaction. 

The need to develop this strength between structural elements in earth 

sheltered houses can be easily overlooked. 

= Bending- The transfer of moments is often the most inefficient 

use of construction materials andshould be imnimized where possible. 

Bending and shear axe usually present together in a structural member 

and which controls the design depends on shape of the member in the 

direction on the applied load introduce only low bending stresses, and 

hence, shear is the most important parameter, Lon^ span, shallow mem

bers, on the other hand, will have high bending stresses which will 

dominate the desigh. 
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^ Ib id . . p . 107. 

^ Ib id . , p , 110. 
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The location of the site for my program is in tne Wood Hollov. 

housing development located in Libertyville Illinois. 

The site isself is a two acre plot that takes a pie siiape 

for.Ti (see the topo map ar.d legal description of thr land map). 

The covenants and restrictions of this development are as 

follows: 

= That no lot shall be used for more than one single family 

residence. 

= That all residential units shall be used for provate res

idences only. 

^ That prior to construction, the plan of any single family 

Residence to be built thereon or any addition to any single 

faiiiily existing on said lot shall be submitted to Joseph 

R. Colucci or his agent for approval, 

= That the use of any driveway or parking area as a parking 

place for recreational or commercial vehicles is prohibited. 

'"he term "recreational vehicles" includes, but is not liniit-

ed to coats, campers, mobile homes, and trailers. 

= That no driveways or parking area shall be used for major 

repair of automobiles. 

= That all residential homes shall have a minimum of 2,000 

sq. ft. of liviiiG space, exclusive of basement, attic, 

garage, porches, and breezeways. 

= No house shall be constructed without at least a two-car 

attached garage. 

= That the exterior of any house shall be completed within 

nine months of issuance of huilding permit. 

= That no fences shall be erected except for the purpose of 

.\.,. 



enclosing a dog n.r., sv,imml;.g pool, or tennis court. 

= That no building.., barns or ut'llty sheds will be constructed 

without prior permission or approval of Joseph F. Colucci 

or his agent. 

The site is accessable by only the tlirough way road located 

adjacent to the lot on the south-south-west side. 

The utilities provided at this point for thic housing dev lou-

ment are electrical and telephone. As on now owners are re(.julred 

to dig wells for fresh water and septio tanks. This could have an 

effect on the environment of the site If not done properly. 

The location of the electrical and telcpho ,e lines are approx

imately ten feet into the adjacent site located to the Hlast. These 

lines seem supply both sites. 

Thedepth of the lines are unk/iown now, but there is a small 

transformer located where the lines are. 

m S \ K ? ^ 



BUFF/ 

r̂ '̂. 



o.yl '^19 

iO^ 

^cviau tvr^frrv i^he^Aj ti^i^o^v^y 

. z ^ -

ccr-r̂ M y^e^tr/j BO/^<94J e/^//r 

i cAue, ''^''/oo-o'^ 

ixrr (^ if^ VSA50D ^voLLov/v, Be;u<f 

-f>4iizp peiuc^PLt r^szioiAiJf /kj 

^ ^ wc<-4y 

t-^^Ai. Oi^'CZiFr/c?^ o^ rhifs i^uo 



COZU FimtDS 

l-AUP-

TO i^c ^tre. 

w^«^^ 

ALE I'^^ioc'-o'/ 

T^EQ^^^ jnAE 



The soil conditions of the site axe as follows: 

= The soil 1^ moist in nature with slow permeability. This 

means that it will take awhile for the soil to dry out after 

a rain. Because of that a drainage system -.fill probably 

have to be installed to protect the structure. 

= The mean annual soil temperature is 50 deg. F. Because 

of this it will take less energy to heat and cool the 

structure during the winter and summer. 

= The chemicals which make up the soil are silty-clay loam, 

and medium textured sands and silts (the chart below will 

describe the subility of this soil for building). 
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'ir.ere are r.o rock outcroppings ar existl.ig buildings located 

on or near the site. The rea:.on for the absense of other buildiû :s 

is that this is a relatively new housing dev3lop;,ent and rot much 

building has been done there. Eventually iliis site will be :. irround-

ed by houses on the South, Jast, and West sides of the site. The North 

side of the site faces a row of trees and corn fields beyond that. 

The types of trees located on the site are Scotch Pine, Red Dog

wood, and Andorra Juniper. The ground cover is wild wheat and tFdssle. 

The site is a very natural setting, 'rfith the wild wheat and 

thissle growing as tall as 6 feet one could easily conseal any signs 

of the structure and thus keep a natural setting to be viewed by others, 

To achieve this careful oxcavation must take place. 

There is one item of visual iraportance near the site to the 

Northeast, and Northwest. There is a hi,;;, voltage electrical line. 

This lir.o overpc'.i ;̂ : the surrounding area and could be an eyesore 

to the inhabitant.3}if this area. This problem could be solved 

by orientating the house in a way that the power line is not 

viewed. Another v.ay to solve this pr^blen is to put some sort of 

sheildlng in front of this viewing area such as trees, screens, etc. 
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ŵ  ^ =: :^ 

(Si 

- ^ CQ QQ Vi 

I 
2 
E $ ^ 

« 
^ 

0 • 

^4 «« 

o 

0 
r 58 VJ 

a o o 

cr 'b ^ «̂  V V V-
^k /TV «< ffs t^ »i ^ vS <C <D CD 

o 

IM 
CM ^ 

12 5 

o 

4 

I 

«« 

^ 

o 
cr 

^ 

9 

X X 0 

s 0 ^ 

0 

< S I 
-* 

CD €0 
^ 

O 
^ •5-o 0 

< 

(Si 
to 
to 

:3 

8 
yfi 

2 
n 

r 

0 

a 
51 

r 

XL 

o 

I 
\ 

1 
2 

SI 

vr 

a 



BIBLIOGRAPHY 

Bligh, Thomas P. "Energy Conservation by Building Underground", 
Underground Space, vol.1, 1976, pp.19-53. 

Boyer, Lester, Walter Grondzik. Design and Analysis of Subterranean 
Structures. Oklahoma State University Department of Architecture. 

Boyer, Lester, Walter Grondzik. Subterranean Dwellings for ICnergy 
Conservation. Oklahoma State University Department of Architecture. 

Building Officials & Code Administrators International, Inc. The 
BOCA Basic Building Code, seventh ed., Chicago, I978. 

Callendar, John Hancock. Time-Saver Standards for Architectural 
Design Data, fifth ed. St. Louis: Magraw-Kill Book Company, 
197^. 

Davis, Williajii B. "Earth Temperature- Its Effect on Underground 
Residences", paper written for the Eaurth Covered Shelter 
Seminar, May 18-21, 1978. 

Dempewolf, Richard F. "Your Next House Could Have a Grass Roof", 
Popular Mechanics. March, 1977, PP. 78-1^6. 

Egan, M. David.' Concepts in Thermal Control, Englewood Cliffs: 
Prentice Hall, 1975-

J^irhurst, Charles. "Going Under to Stay", Underground Space, vol.1, 
1976, pp.71-86. 

Gruber, K. A. "Leak-free Roof for Underground Garage", Architectural 
Record, December, I966, pp. 163-164. 

Homan, Bob, Nancy Homan and others. Solaria ... on the Threshold of 
Environmental Renn., Barrington, N.J.; Edmund Scientific Co., 

1975. 

Ittelson, William H.. Harold M. Proshansky. and Leanne G. Riulin. 
Environmental Psychology. 2nd ed., New York: Holt, Rmehart, 
& Winston, 197^. 

Longewieshe, Wolfgang. "There's a Goldmine Under Your }:ouse". 
House Beautiful, August, 1950, pp.92-135-



Moreland, ^Vank. "Thp TTc-o n-r v̂ -̂ +u ^ ^ T, .-. 
Ir, iv,̂ ^ n ^'^^^ covered Builaings", Alternatives 
In Energy: Gonservation. Library of Congress, ̂ 76-22819; 

Morrison, Bonnie Maas, Karen Uattrass. ruiaâ  Needs in Icucin... 
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Appendix 

Points to consider about drainage systems design. 

The backfill should preferably be of a free draining material 
except for a capping of soil of low permeability. 

= The backfill should act as a filter material preventing the 
washing of clay and silt particles from the surrounding 
ground through the backfill and into the drain. This can 
cause settlement problems and also clog the drain. To 
•futher prevent clogging of the drain, purpose designed filter 
fabrics are available which can be wrapped around the drain. 
The necessary particle sizes and gradiations for the i»ckfill 
to act as a filter and yet provide sufficient drainage could 
be discussed with the soils firm which does the site investl* 
gation, 

= If the drawdown curve of the water table will not be suf
ficiently shallow to keep the water table below the floor level with 

only perimeter drains, additional drains should be placed 
under the floor, 

= The drains will preferably be able to daylight naturally on 
a sloping site, On a flat site they can be drained to a storm 
sewer or to a sump where the water can be pumped out whenever 
sufficient ajaount has collected. Drains cannot normally be 
discharged into a sanitary or combined sanitary and storm sewer 
syatem so where daylighting is impossible, the water must be 
pumped up and either allowed to flow away or be sprinklered 
out over the ground surface. 

= It is very desirable that some access for cleaniri,- out the 

foundation drains should be incorporated into the design. 

Desirable characteristics of insulation. 

= High compression strenght to resist the lateral earth loads 
imposed by the backfill. 

= High resistnace to water; and very low water absorption so 
that the R value of the insulation is reduced. 

= High resistance to the various chemical properties of soils, 

therefore, long lived. 

= Good dimensional and R value stability over a large period of 

time. 

= Tongue and groove configuration. 
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Design documentation: 

The location of the building will be on the middle portion of 

the site near the trees which enter the site from the North. The 

reason for this is the greater slope present in this area and the 

trees located there can act as a windbreak and back drop for the 

structure. 

Parking will be provided for ten cars. Four spaces will be 

located near the garage and entry area. The other six spaces will 

be located adjacent to the road and serve as overflow parking for 

large get togethers. I figured on two persons per car with the reg

ular guest size consisting of eight people and twenty people when having 

larger get togethers. 

The access road to the structure will be located on the North 

side of the site. This road will follow the contour and thus will 

have a nice flow to the structure. By locating the road on the North 

side by the property line, the site will not be cut off by the road 

and leave it more unified. This also leaves an unobstructed play 

area for the children. This separation of pedestrian and vehicle areas 

is carried through the entry areas thus causing no real pedistrUn/auto-

mobile conflicts. 

Building underground has some unique characteristics which make 

\ 



it pleasing. One of these is the savings one can make on fuel costs. 

The annual temperature of the earth at two feet in depth is fifty degrees. 

This means,that the structure will have to be heated an average of 

twenty-tHO degrees to reach a comfortable temperature of seventy-two 

degrees. Also, because the building is underground, it will not 

be affected as much and as long by temperature extremes. The design 

temperature for above ground structures in this area is zero degrees 

while for the underground structure the temperature is fifteen degrees. 

Another unique feature about going underground is that it does 

not disrupt the surrounding landscape and gives the feeling of being 

intagrated with nature. This allows others to enjoy the natural beauty 

of the land. 

The type of structrual components I propose to use is Reinforced 

Cast-in-place Concrete bearing walls and roof slab. The reasons for 

using these building types are that it can be used on floors, walls, 

and roofs. Also it is durable, fire resistant, has high compressive, 

shear, and tensile strengths, fairly water tight, resists uplift 

and sliding, and can be placed in large or complex shapes. Another 

reason for using this structural component is the savings one gets 

on cost. The reinforcement can be easily varied and if the depth 

has to be increased the cost of doing so will come with the use of 



more re-bars. The reason why I chose to use bearing walls and flat 

slab roof is that the shape of my structure would make the use of 

columns and beams hard and costly. A couple of problems that I will 

have to contend with is that this type is difficult to work with in 

cold weather, and the cure time may delay further construction. 

The exterior walls of this structure will be covered with a mem

brane waterproofing element. This membrane is glued directly to the 

wall. The reason for using a membrane is that it is more uniform and 

the seams are easier to connect and waterproof. 

Insulation will be placed on top of the waterproofing along the 

roof and down seven feet of the wall. This insulation will have a 

"R" value of ninteen. The insulation will be waterproofed also. 

There will be a sand and gravel backfill located around the building 

walls, roof, and floor. This Is for drainage purposes. A clay drain

age pipe will be located by the footings to drain the water( out from 

this area and into the drainage ditch located by the road. 

My client has expressed the desire to heat this structure through 

the ufee of solar energy, because of this, I chose to use a heat pump 

for both heating and cooling. This will be a water/air type of sys

tem. The solar system will be connected to the heat pump where the 
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or heated solution from the pannels will start the pumpand thus heated 

cooled air is forced out to the rooms through a duct system. When 

the solution from the pannels cannot heat the pump the it is heated by 

electricity thus making It a good backup system also. 

The domestic water will be heated solarly also. This is done 

by running a line to the hot water tanks to heat the water. Again, 

when the solution cannot heat up the H/W tanks then it is heated 

by electricity. Thermostats will be used to keep the temperature 

constant, 

Interior lighting will be provided by both natural and artifical 

light. The location of these two different light sources depends op 

the activity to occur in the individual space. For example, the 

bedrooms will be in use only for sleeping and getting dressed so 

natural light is not necessary. In spaces such as the fromal living 

and the den where a lot of activity occur the use of natural light 

can enhance the space. When natural light is brought in a space 

it should be done indirectly through the use of shades, screens, etc. 

The reason for this is to prevent glare, fading of materials, one can 

control the type of character the space is to take. Natural light 

iPlays an imprptant role in an underground structure in that it 

brings the outside world into the structure. 
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The overall environment I am trying to create is one of a con-

fortable easy flow from one space to the other which through the use 

of lighting, materials, teniture, etc., express the informal at

mosphere (to the most part) of the client and his family. 

Some of the materials that will be used in this structure are; 

natural stone, wood panelling, plastered gyp board, carpeting, tile, 

wood and stone flooring, suspended ceilingwith conceiled runners, wall 

murals, etc. 

The most Important space to the client is the Den. This is 

where he entertains guests, and sits with his family to do things 

as a family. Because of this I felt that the entry area ought to be 

of the seune wall material (natural stone), celling material as 

the Den to lead the guest into the space. Because this space is the 

most important, I felt that it should use the feeling one has about 

underground (a cave), and show it off. This is done by it's form, 

the natural stone wall, the use of artifical light conceiled at the 

top of the walls which can be adjusted for any type of mood, and the 

use of natural light to provide small 'openings' inwhich the outside 

gets in. The ceiling will be varied to compliment the activity. This 

is done by raising or lowering the runners which the ceiling is attached 

to or the floor height may be higher or lower. 
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expressed the need to all family activities as a family, 

This includes hobbies (sewing, and radio control airplane building), 

and games (ping pong). Because of this I felt that this space should 

be adjacent to the Den (similar theme is involved), and near the bed

rooms (because it is a private activity). With this in mind I thought 

that it would be nice to open up the Den and Activity room to each 

other to let the similar activities flow into each space. This is 

done through the use of a folding door which acts as a common walls. 

The bedrooms serve basically for sleeping, dressing, and study

ing. These activities are usually done at night or early in the morn

ing. For this reason I felt that natural light is not something 

which is needed for these areas. The children will be able to ident

ify with their 'private' space through the different fruniture, act

ivities, and graphics present in each space. For instance, the girls 

room will contain feminine looking furniture, a place for her sewing 

machine and stero. The spaces will be large enough to accomidate 

some guests the children might want to entertain. 

There is a circular stairway which acts as both a fire escape 

and natural light source in this private area. 

The light provided by the stairway will penetrate the bedrooms 

under the doors and rprvlde the feeling of not being totally enclosed 

k^ \ 



and that escape is possible. 

he formal living and dining rooms are located adjacent to each 

other and the entry. These spaces are 'dead' spaces for the most 

^ t (they are used only on special occasions). 

These spaces will be arranged in a formal manner and fromal fur

niture will be used. Natural light will be provided for the fromal 

living room and penetrate the dining area. The natural light will 

make this a pleasant space to enter into. There is a common entry 

to the formal living, .dining, and kitchen areas. The reason for this 

is that there really was not a need to provide individual entries be

cause of their adjacency to each other. Spot lighting will be used 

in the dining areas to accent certain areas. The color of the walls 

will be choclate brown. This color provides a dark backdrop for high

lighting areas. 

The kitchen is another space where the family spends a lot of time 

This space is located adjacent to the Den and Formal Dining Room. This 

space should be light, airy, and natural. This is to be done through 

the use of wood cabinets, and natural stone floor (ease on the feet), 

light colored walls and natural light. 

An eating area is to be a part of the kitchen and should hiave the 

same characteristics as the kitchen to make a unified space. This 
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is also true with the utility space which will be used for washinr 

and drying cloths, mechanical storage, and mischallenious storage. 

The work room and mud room act as the connector of the house 

and garage. These two spaces are located adjacent to the kitchen. 

There are two and a half bathrooms located in this structure. One 

is to be used by all three children, and is located for easy access 

by the children from their rooms. The client and his wife have a 

combination bathroom/ dressing area. There is a lavatory located 

centerally to accoradiate the Den, Formal Living, Formal Dining, and 

kitchen axeas. 
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s space is a part of the main pedestrian flow strt-a... 

The room temperature for this space snould U 7^ deg. The 

number of air changes are 10 per hour. The Illumination 

level for this space is 70 footcandles. 

^'^^^^^^ ̂ M adjoinUr eating area. This space will house 

all of all of the eating time spent :hl..ss the client is 

entertaining formaly. This area should be easily accessable 

from the entry, formal dining room, family room, ar.J utility 

room. The client's wife expressed the desire to have the 

following elements located in or adjacent to the kitchen; 

pantry ( food storage ), a lot of shelf space, free standing 

oven, built-in appliances, and an area for a chopping block. 

The client's wife spends a. lot of time in the kitchen pre

paring food, and talking to her family. There should be 

enough room in the eating area for 6. There should be enough 

room for 6 in the kitchen also. The temperature for this 

space should be 70 deg. There should be 10 air changes per 

hour with an exhaust fan over the stove. The illumination 

level is I50 footcandles for the kitchen and 50 footcankles 

for the eating area. 

Utility room. This space is to contain enough room for wash

er, dryer, storage, and hobbies. These hobbies include model 

J. 
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:^rth covered shelters may be good for energy conservation, 

but what will its affect on the human psycne be? "The environment 

has its impact primarily on the emotional state of the indivlcual 

which in turn affects his behavior. "̂  

Will living underground l^ve a positive affect of negative 

affect on man's emotion? When mentioning underground living to 

people, their general analysis is that it would be similar to beirig 

like moles. This could be true, but not if the de^i^ner satisfies 

three primary emotional responses to the environment. Th.ese three 

responses are: pleasure, arousal, and dominance. "hl^aGure refers 

to the degree to which one is happy, pleased hopeful, etc. Arousal 

refers generally to ones degree of excitment. Arousal is supposedly 

a function of information rate— 'the variations in simplicity-

complexity of stimulation within and across sense modalItes, 

including temporal variations.' Dominance refers to ones' feelings 

of control or influence over the envlonment. An individual's 

feeling of dominance in a situation is based on the extent to 

which he feels free to act in a variety of ways."^ 

Besides these feelings, one must have a feeling of rootedness. 

The house he lives in is his home (he's king of his castle). 

Some psychologists (Somer, Ruys, and Tikkakanen) feel that 

living underground is good for man. He can feel pleasure, arousal. 

and dominance because he is a part of the earth which he controls. 
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^ Frank L. Moreland, Alternat ives in St.* 
Use of Earth Covered liuildlnp j , . p . 05. 

- Jor sci •.-^tion; The 

2lbid. 

3 Ib id . , pp. 66-68. 
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ir^nvironmental Ana lys i s ; 

s l oca ted 
\f .c 

There are developmen?^f/" ^"^ """^ ^"^^°" d«v«l°P"ent. 
of the site. To toe Noith' ̂ ""^^"^ °" '̂ " *'"^ "̂<̂  =°^"^ ^ 
To the <?orH-h r!̂  *i ^̂.""̂ '̂ sh to which water drainage runs to. 
If Wa^ f^Jnt.'-\nilTll,^'.'\^ Co-nmonwealtg Kc3iaon Right 
fhAT.*:. T?iii-v,«>, o ^t point m time there is notning located 
tnere, i«utner South outqiri*i r^p •->,« A^„ ^ i. • ^z. 
p«mm̂ n.-T̂ oT+-vs Tn̂ . v̂,ii uutsioe oi the development is another 
Commonwealth Edison ftichi- of uo„ A u .̂ T • • ^ . ^ 
4.u«« ««.4 .; • .̂ •; "-̂ fe"̂  01 way. A hi^h tension wire is located 
ther and is visible from the site. 

There is only one access road to thesite called Pob-O-Iink 
Lane. The road is lightly traveded at this point in time. -,o 
there really isn»t fi a severe noise level. 

The site slopes from North to South which id ideal for solar 
follwctionand locating the Earth Sheltered Residence. the site 
IS very natural with fild wheat and thistle, Decidious trees,^ 
and fir trees are located Here. 

After looking at the site I decided to locate the road onto 
the site on the North side and the follow the property line. 
The reason for this is that it keepw the site unidied and vehicular 
pedestrian interaction is kept to a minimum. 

The site for the building is located as close to the trees 
as possible. Thisway ther is a natural interaction between r.zn 
and nature. 

The garage is located on the Northwest portion of the structure 
The rrason for this is to protect the entry for the winter winds. 
The entru is located adjacent to the garage. This gives the visit»-
ors a pathway thru poraLions of the wooded area which is carried 
through to the entry. This also acts as a funnel to get visitors 
into the building proper. 

The formal lining, and informal living are located en the 
South side of the building. The resaons are that they are well 
used spaces, so the need the light. Also becfuse they are so well 
used then passive solar cna be used to heat the3i4. spaces. The 
food prep area is locaged south of the garage amd adjacent to the 
Formal Dining. There is a family eatint; area located ddjacent 
to food prep and a private entry is located near here also for 
more secuded flow.. 

The sleeping areas, utility, and hobby/rec areas are located 
nera here also for more compact design, to allow spaces which need 
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south side) knd seoar^r^ '"̂ '̂  uniforir. (keeps openings to the 
two access w^^s to the 1 P'̂ "̂ '̂ ̂ ^^ private speces. There are 
the garage and a public onron'-^^!' a pfivate one located near 

''' ̂ T::"!jrr/°^^ ^° ^ ^ " l - - s^aceL^^'^^ '''' ' '''" ''^"'' 

I.vel!'''aie^i^h'2/^:r4:a'lr'^^'^^^^^°^^^ ̂ ^̂ "̂"' ^̂̂  '"̂  
Maaterbedrrom from t L ' o h i T i centra l ly locat^eJ.to sepatatc th, 
•Se i^reen h o u J ?T oi ^^^^^^ens spaces «nd to allowv privacy. 
^*end a c t i v ^ t ? . ^ % ^ ° located adj to the rec hnbby spac. to 
extend a c t i v i t i e s from outside to in s ide . 
<^. ^ i in^^i bedroom recieve natural l i gh t and v e n t i l a t i c n . 
n ^ L c i ^ ^ ^ ^ ^ operable for f i re escape. The spaces also have 
provate e x i t s to the outs ide . 

Structure: 

The structural materials used are cast in place reinforced 
concrete bearing walls. The roofing system is reinforced concrhte 
joists with a flat slab. The joists may be reversed to allow use 
of the flat Slav as the ceiling instead of suspedded ciilings. 
Suspended ceilings are also used. 

Double glased clear glass with wood framing si used to cut down 
on the heat loss and allow alot of heat infiltrataion in the 
winter. The windows are operableto allow natural ventilation 
during ahe sximmer months. 

The structural walls and roofing are lined with waterprool'-
in«g to prevent leakage. Insulation is located on the roof and 
down seven ft. of the walls because that is where the moat of 
the heat loss occurs. The insulation wataerproofed and is covered 
by wood to: puncture of water proofing during back fill. 

Sand and gravel back fill is used to allow the water to run 
through and down to the drain pd.pes. 

Soil and Tpegitation is located on top of the buildinp to take 
advantage of the evaporative cooling affects during thr-summwr 
months and the insulating values during the winter. 

The greenhouse is constructed of annodized allum. with 
fiberglass/acrylic and greenhouse polyethelene. The greenhouse 
has operable windows and opaque cTovering when it gets too hot. 

Mechanical: 

the mech. sftstem to be used are two-three ton heat pumpsfor 
livinga and sleeping spaces and a two ton heat pump for the green
house. Solar collection is used to heat flomestic water with a 
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-' ire places end riestalotora are located in high use spac . 
and act -.3 ^^^ primary noat source. Passive collection i ii attain 
through the use of wall materials and I'looring materials. 

A vont system is located in the greenhouseto allow heat to 
penetrrte into the .living spaces anh to allow cool air to enter 
the greenhouse. .Narural ventilation Is used f« r cooli'ig during: 
the surrj.t r ncnths. 

On the wiiole this structure will try to combine natural 
and manmade sources to heat and cool the spaces in a comfortable 
way. 
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