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DETAILING THE EARTH SHELTERED BUILDING 

R9dney Hri ght and Sydney l~ri ght .,JJ~ 

The Hawkweed Group, Ltd. t(/:Jc}-0
, 

page 1 

At Hawkweed Group, we only design buildings that are solar heated. 
These buildings are designed to be very thermally efficient and are, 
therefore, frequently earth sheltered--wholly or partially. 

We think the key to successful earth integration lies in careful de­
tailing. Let's look at the considerations in detailing a building that 
are peculiar to earth sheltered structures. 

We probably don't need to mention that an earth sheltered building should 
not be built in a swamp! If costs are high for waterproofing the building 
and stabilizing of the structure in unfavorable soils, the site is a poor 
choice. 

Reinforcing helps to provide structural integrity for footings, founda­
tions, walls and slabs, tying them all together. For this reason, it is 
necessary to extend rods into footings and to key them into \'lalls. In 
footings, rods should be set up on chairs, so they will not slip, ending 
up at the bottom of the footihg when the concrete is poured. All bars 
must be tied together in an even manner, ~roperly spaced, with all rein­
f~rcing keyed throughout. 

For a wood foundation, all members must be treated wood to withstand 
below ground conditions. Plywood must be butted tightly and caulked 
carefully. The plate should be at least its own depth below the finished 
slab. 

Roofs that will be covered with earth should be designed to carry a load 
of six-hundred pounds per square foot. · 

Berms must be designed for stability, with the angle of repose calculated 
so that the earth .will not slide away. Planting and riprap will also 
help to hold the berm in place. 

For berms, dampproof with two coats of sprayed-on pitch, before the drain 
tile is placed, all the way to the bottom of the wall. 

For an earth covered building, use a material designed to waterproof dn 
the outside of the walls and roof. A roofing membrane will not provide 
adequate protection. Use bitumen, a membrane material or Bentonite, a 
·natural clay product. A protective board is required for most of these 
materials and insulation may be placed over this prior to backfilling. 

l·r-------OISCLAIMER ----------,' l 
! This book was prepared as an account of work sponsored by an agency of the United States Government . 

Neither the United States Government nor any agency thereof, nor any of their employees, makes any 
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completeness, or usefulness of any information. apparatus, product, or process disclosed, or 
represents that its use v.ould not infringe privately owned rights. Reference herein tO any specific 
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Drain tile should be used to take water away from the building perimeter, 
with a foot of gravel placed over it. 

At parapets, the waterproofing should lap up the wall, with another lap 
laid over the first for a good seal, in order to prevent water from moving 
and entering the building through capillary action. 

Stacks and monitors must be adequately caulked and waterproofed. The best 
choice is to pour them of concrete, carefully formed for a good seal. 
Waterproof with cant strips, eased up over the face of curbs, not at a 90 
degree angle. 

Windows in monitors should be placed high enough so they will not be snow 
covered in winter, as this would increase the possibility of leakage. 
Triple glaze these windows, except at the south elevation, where solar 
gain dictates double glazing for maximum benefit. 

If a vapor barrier is used as an added waterproofing membrane, follow the 
prescribed method of installation, with a band board placed over it. 

Try to avoid conduction heat loss through the concrete walls without de­
stroying the continuity of structure. Although it is difficult to provide 
the necessary thermal break to avoid this, we have covered concrete with 
another envelope, this one of wood, to achieve the desired effect. 

Condensation is affected by a combination of air flow, temperature and 
humidity level. Place storage rooms on the north wall, where the great­
est temperature variation would be anticitpated. Detail the building to 
provide for good air flow throughout to evaporate moisture. Insulate on 
·the outside of the walls to reduce temperature variation. 

If the building is made of poured concrete and if doors-will be required 
at concrete walls, be sure to provide for jambs at the openings. Either 
nailing strips, anchoring for a metal system or, a jamb, cast in the wall 
must be detailed. The alternative would be to cast the jamb itself into 
the wall. In this case, the detail should show the jamb securely anchored 
to the wall. 

If you want to use a thermosiphon solar heat method, you can provide a 
heat sink under the slab. Begin with well-compacted level insulation.over 
the fill. Next, place concrete block as a plenum, with the openings lined 
up to permit continuous air flow. All of this would be.placed beneath a 
four inch concrete slab. 

When construction begins, you need to be very sure that contractors follow 
the drawings precisely. Careful detailing is worthless without accompany­
ing careful construction. 

Beginning with the first steps of construction, the excavation must not be 
overdug, as footings and foundations should not be placed on disturbed soil. 
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Reinforcing must be rigidly inspecteq to be sure that it is tied to­
gether in an-even manner and that it is keyed as required. 

Waterproofing or dampproofing should go on before drain tile is placed 
so that the wa 11 wi 11 be covered to the very bottom. Care must ·be 
taken to avoid puncturing a waterproof membrane or a vapor barrier, for 
moisture can enter through these breaks. 

Even though it is difficult to effect a tight fit between pieces of 
rigid insulation, it is important to insist on careful fitting since 
heat loss will occur at each gap. One way to improve the situation is 
to use two layers of rigid insulation, with staggered joints. A tight 
construction sequence is important, with backfilling occuring as soon 
as insulation has been pl~ced and inspected, sine~ the material is 
quite fragile, easily damaged by other construction activity, and needs 
careful protection. Do not place berms, however, until the roof is 
framed, providing strength to support the earth. 

In our experience, earth shelt~ring df buildings can b~ accomplished 
with suc·cess, creating structures that are thermally efficient, cozy, 
light and bright. 

In buildings as diverse as a community center built into a south-facing 
hill, with roof and three walls fully earth integrated; and our own 
Wisconsin house built on a one-hundred year old earth sheltered barn 
foundation, we are using these techniques. Also, two houses in north· 
central Wisconsin, and others in Wauconda, Illinois and Bryan, Ohio are 
built in s6uth-facing slopes. In addition, we use the technique of 
berming at north and west sides whenever this is feasible, always keep­
ing the south face open to the sun. 

In fact, at the new town center at Soldiers Grove, Wisconsin, we have 
included encouragement of earth berming as a part of the design stan­
dards promulgated for the project as a strategy to enhance thermal 
efficiency of ·the buildings. 

The Hawkeed Group, Ltd. 
Box 97 
Osseo, WI 54758 OR: 
715/597-2300 

4643 N. Clark St. 
Chicago, IL 60640 
312/784-5025 
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AN EARTH INTEGRATED DESIGN: 
OFFICE DORMITORY FACILITY* 

H. B. Shapira and P. R. Barnes 
Solar and. Special Studies Section 

Energy Division 
Oak Ridge National ~ratory 

Oak Ridge, Tennessee 37830 

1. Introduction 

1 

The need for a co~bination office-dormitory facility for the 
Joint Institute for Heavy Ion Research (JIHIR) provided an oppor­
tunity for the solar applications group at ORNL to demonstrate the 
effectiveness of the designs we have been developing to incorporate 
earth-sheltering and passive ·solar features into new structures. 
Several modifications of the design concept were required to sat­
isfy ap of the various. requirements of the users and to maximize 
the advantages of the innovative features before· a final scheme 
was adopted. This paper describes the evolution of the design 
and reflects the importance of understanding. the relationship 
between architectural considerations and the energy consumption 
characteristics in obtaining the maximum· in energy conservation. 

2. User and Site Requirements 

The Holifield Heavy Ion Research Facility (HHIRF), now being 
built at ORNL will be completed in the near future. When it starts 
operating, many guest scientists will come to Oak Ridge to conduct 
short. experiments. The demanding schedule in such "runs" will 
require that living and sleeping quarters be provided on sit<;!. 
JIHIR (construction to begin April 1980} will ·provide such quarters. 

The building design requirements called for: 

1. Approximately 409 m2 (4400 ft 2) interior space. 

2. The structure should house three defined activities: 

* 

a. office area with eight offices, mechanical roqm, 
storage, computer terminal and xerox machine; 

Research sponsored by the U.S. Department of Energy under 
contract W-7405-eng-26 with the Union Carbide Corporation. 



6
2

b.  lounge, dining room, and kitchen (for use both by
visiting scientists and Physics Division personnel
for special activities); and

c.  work and sleep rooms for visiting scientists as well
as sleeping alcoves for local researchers on long
experimental shifts.

3.  The structure must be located within the Physics Division
complex.

4.  The unconventional sleep and work schedules need to be
considered in the design process.

Site restrictions require that JIHIR be very close to a heavily

travelled road (Bethel Valley Rd., on the north). It will be located

on a stretch of land which extends the park-like scenery from Swan
Lake to the east (Fig. 1).
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EL

HEAVY ION
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Fig. 1.  Aerial View Indicating JIHIR's Siting.

Only an innovative approach such as earth-sheltering could
preserve the "green" image as well as screen the parking lot and
partially hide Building 6003 from Bethel Valley Road.  Careful
attention was given to the shading pattern produced by Building

6003.  The occupants of JIHIR should find the psychological as
well as the acoustical isolation from the main traffic artery

advantageous.
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3. Design Objectives 

JIHIR provides an opportunity to evaluate experimentally the 
benefits of earth-sheltering and passive solar heating. The combi­
nation of large south-facing windows and the high mass normally 
associated with earth-sheltering could be designed to become an 
effective collecting and storing mechanism of passive solar energy. 
Additional energy savings can be expected due to the benign tempera­
ture environment provided by earth-sheltering; this results from the 
fact that the diurnal as well as seasonal temperature fluctuation of 
the earth are 10\ver than that of the ambient air. Figure 2 depicts 
the mean daily air temperature and earth temperature at depths of 
1.5 m (5 ft) and 3.0 m (10 ft) for Oak Ridge, Tennessee. Earth­
sheltering provides a favorably tempered "envelope" that will reduce 
energy loss. 
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Fig. 2. Approximate Mean Daily Temperatures for 
Oak Ridge, Tennessee. 

4. Office/Dormitory Design Development 

4.1 Initial Design 

The'409-m2 (4400-ft 2 ) Scheme I design called for the east, 
north and west walls ,to be completely bermed by earth with a 45-cm 
(1.5-ft) earth cover on the roof. The windows, which are on the 
souch face of the building, have a total glazing of approximately 
43m2 (460 ft 2). During the winter, the sun is low enough that its 
warmth can penetrate to the interior spaces through the windows. 
The excess heat is absorbed by the thermal mass and during cooler 
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hours is radiated back into the interior space.· The skylight at the 
rear allows additional solar gain and admits natural light. Excess 
heat from front spaces can be transferred to deeper interior areas 
by air circulation through the hollow cores in the prefabricated 
ceiling planks (e.g. Spandeck). At night the windows are insulated, 
thus ensuring reduction of heat loss. In the summer an extendable 
overhang1 shades the south-facing windows and thus reduces the 
cooling load. An opening in the skylight can be used to increase 
ventilation. Nighttime cool air flushing was planned for cooling. 
The materials selected are described in Table 1. 

The floor plan in Fig. 3 reflects our desire to locate as many 
offices and living spaces as possible in the south portion of the 
building. This provides the occupants with the psychological and 
physiological benefits of an external view.2 Space~ that house 
mechanical equipment, copying mach~ne, computer terminal, and the 
cooking facility, all of which generate internal heat, were placed at 
the back of the structure. Fig. 4 shows a cross section of Scheme I. 

4.2 Problems and Their Solution 

-4.2.1 Glare Reduction. The direct-gain windows in the offices 
introduced the disadvantages of glare from the direct sunlight and 
the restricted flexibility in furniture arrangement common to small 
offic.es--problems that could result in occupants' discomfort. Our 
solution was the development of Reflective Insulating Blinds (RIB). 
A description of RIB, which provides both nighttime window insulation 
and deflection of direct sunlight to the ceiling, is provided in 
Section 5.2. 

4.2.2 Cost and Comfort. Refinements and revisions to the 
initial design were necessitated by high cnsts a~ well as conflicts 
between user needs and passive solar heating requirements. These 
are detailed below: 

a. The high cost of the skylight seemed unjustified for a 
structure utilizing forced-air circulation. 

b. TI1e extendable overhang1 was not cost-effective for a 
custom commercial application; also, the client was 
concerned about the maintenance it would require. 

c. There is a likelihood that the dormitory rooms will be 
frequently used in a manner precluding direct-gain space 
heating. For example, a person sleeping during the day­
time, if not requiring darkness, will at least need 
privacy ·which can be obtained only by reducing or com­
pletely blocking window openings. 

d. The cost estimate dictated a 10% space reduction. 

I 
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Fig. 3. Joint. Institute for Heavy Ion Res.earch - Scheme I. 
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Fig. 4. Cross Section - Scheme I. 

4.3 Final Design 
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Figures 5 and 6 depict the final design. The building will be 
constructed during 1980, with completion expected early in 1981. The 
basic design strategy and floor layout have not changed; the building 
size, however, was reduced to 373m2 (4010 ft 2). Much of the space 
reduction was obtained by eliminating the wing vestibules and moving 
the exterior penetrations to the east and west walls. The reduced 
energy savings resulting from the increased fraction of envelope 
exposed to ambient air were offset by reductions in construction 
costs due to the decreased interior area wasted on corridors and 
shorter linear footage of retaining wall. The decision to partially 
expose east and west walls also improved the building's appearance 
by adding visual depth (Fig. 7). 

The skylights were eliminated and the extendable overhang was 
replaced by a compromise fixed overhang. The dormitory area has 
a combined direct-gain/Trombe wall passive solar design, which is 

I 
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further discussed in Section 5.3. This design provides that even 
when complete darkness is desired during daytime, some solar gain 
will be attained vi:a the Trombe wall (Fig. 6). The 15 em to 20 em 
(6-8 in.) interior paritions north of the corridor were replaced 
by sheetrock over metal studs after computer simulation indicated 
that this would not greatly hurt the energy balance. The window* 

' height was increased to 1. 8 m (6 ft). Table 1 lists the materials 
used and points out some differences between the schemes. 

5. Energy-Conserving Features 

The design of the energy-conserving features was refined 
along with the architectural changes. Extensive energy analyses 
and simulati<:ims were performed. 3 The following is a brief descrip­
tion of these features and the expected energy savings. 

5.1 Earth-Sheltering 

The benefits from earth-sheltering coupled with the high thermal 
resistance provided by 7.6 em (3 in.) of external styrofoam insulation 
and the effects of the building mass produce a very low winter heat 
loss and negative summer gain from the earth-sheltered walls. The 
insulation will also prevent the walls from cooling down to earth 
temperatures, thus reducing condensation problems. Earth-sheltering 
in the Oak Ridge, Tennessee area saves annually about 25 kWhr/m2 of 
1vall area for heating and 8 kWhr/m2 for cooling. 

5.2 Reflective Insulating Blinds 

Reflective Insulating I3lind (RIB) units, which reflect insolation 
to the ceiling·as well as insulate windows at night, will be installed. 4 
The RIB unit (Fig. 8), mounted on the inside just behind the window 
glass, operates much like a venetian blind. ln the ~~inter daytime 
mode, direct radiation striking the reflective surface of each slat 
is directed to the ceiling. The slats are curved so that frequent 
changes in the slant are not necessary. The problems of glare, fading 
and bleaching of materials, and spot overheating, common to direct-
gain designs, are thus reduced. In the winter nighttime mode, the 
slats, which have an insulating body, are tilted closed to form an 
insulative shutter. Heat loss through the large south-facing:windows 
is thus reduced by a combination of slats, window glazin~ and air 
gap. In the Oak Ridge area RIB can save about 80 kWhr/m for a heating 
season by reducing heat loss through the windows. Contributions to 
cooling load reduction will be discussed in 5.4. 

* Windows will be donated by Anderson Windows. Perma Shield 
awning was selected. 

I 
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Fig. 8. Reflecting-Insulating Blinds. 

5.3 Passive Solar Heating 

Direct gain space heating (Fig. 6, Section A) will be utilized 
in the office and lounge sections. A 1vall unit combining direct 
gain and mass storage was designed for the dormitory section (Fig .. 6, 
Section· B). The unvented wall (B) is a 30-cm (12-in.) thick concrete 
wall extending to a height of 1.07 em (3ft 7 in.). Figure 9 depicts 
the comparison bet\veen the heating contribution of mass storage wall, 
direct gain without nighttime window insulation and direct gain with 
nighttime window insulation. The solar heating fraction for the 
Trombe wall will be increased by the use of a reflector (Fig. 6, 
Section B) and the application of selective coating. A reflector 
can be used to shade the mass storage wall during the summer. 
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Fig. 9. Solar Heating Fraction a·s a Function of Glazing Area. 
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A heat pump with approximately 3 tons capacity will augment the 
passive solar systems by providing additional heating (or cooling) 
as required for the building. The mean monthly auxiliary energies 
required during the heating season for the different designs are 
shown in Fig. 10. For comparison purposes, a standard building 
design is also shown. The standard building design is an above-
ground building with windows on all four sides comprising 13% of 
the wall area. The wall, including the windows, and the ceiling of 
the standard building both have an insulative value of 1.76 m2 • K/W 
(equivalent to R-10). The standard building was designed for total 
office use with.internal heat gains higher than the 1500 kWhr used in 
this calculation and thus is not an optimum design for this application. 
All the values represented are for an effective internal heat genera­
tion of 1500 kWhr/month and an indoor temperature of 20°C ~68°F). 

.c 4500 
c 
0 

~ ..: 
~ 3000 ->­
C) 
a:: ..... 
z 
..... t500 

OCT NOV DEC JAN 

INDOOR TEMPERATURE 
20 "C 

INTERNAL HEAT 
2500 kWhr/month 

FEB MAR APR 

Fig. 10. Auxiliary Heat Required During Winter Months. 

The energy savings for the heating season contributed by earth­
sheltering and other energy-saving features for a structure similar 
to JIHIR is demonstrated in Fig. 11. 

5.4. Summer Cooling and Shading 

An overhang for solar control will be employed on the building. 
The fixed overhang size is a compromise between the optimum dimen­
sions for winter heating and summer cooling. In addition, a vine­
covered arbor for shading the exposed west-facing wall is planned. 
The RIB unit can be adjusted to reflect the direct solar radiation 
from the lower portion of the lvindow while the middle and upper 
portions can be opened for ventilation and natural lighting. The 
use of natural lighting will save on the direct use of electricity, 
and it will reduce the summer cooling requirements by reducing 
internal heat generation. -
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Fig. 11. Energy Savings Due to the Solar Gain, Earth-Sheltering, 
and Reflective- Insulati ve Blinds. 

An economizer cycle of the heat pump unit will use ambient air 
to cool the building when the temperature and humidity of the outside 
air are suitable. Night air flushing of the building will lower the 
temperature of the structure's mass to a level below the normal set 
temperature for mechanical cooling. In this way "coolth" can be 
stored and thus reduce the mechanical cooling requirement for the 
building during the following day. Outside air will also be used 
to prevent the building from overheating during periods in the fall 
when the weather is mild and the solar gain is generally high. 

6. Conclusion 

The Joint Institute for Heavy Ion Research is designed with 
innovative features that will greatly reduce its energy consumption 
for heating, cooling, and lighting. 

A figure of merit for commercial buildings is the total annual 
energy consumption per unit area of floor space. A highly efficient 
office building in the Oak Ridge area typically uses 120 to 160 
kWhr/m2 . Analysis for JIHIR which considers design with natural 
lighting, earth-sheltering, an annual energy heat pump coefficient 

* of performance (COP) equal to 1.8, RIB and an extendable overhang 
uses 71 kWhr/m2 . The mass storage \vall and ambient air cooling 
will reduce energy consumption still further. The combined savings 
of the innovative features in JIHIR are expected to result in a 
very energy-efficient design. 

* Deleted from final design 
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The building will be instrumented to monitor its performance, 
and the measured data will provide means of evaluating the energy 
savings. 

We feel that the inclusion of passive solar and earth-sheltering 
design will provide a desirable environment for the occupants due to 
'the thorough consideration of potential problems in the design phase. 
We will verify the efficiency of the design over the next fe\v years. 
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THE AESTHETICS OF THE UNDERGROUND BUILDING 
by 

Don Metz, A.I.A. 

Architecture is the most omnivorous, pervasive and 
enduring of. the arts. We are consumed by Architecture. 
Not only is it around every corner, 1t defines the cor­
ner itself. We go to look at historic paintings at the 
National Gallery and the building steals the show. Ar­
chitecture is a barometer of cultural. change and a re­
ceptacle of all forms of human enterprise. It is at 
once the most utilitarian and spiritually ennobling of 
all the arts. From the sophisticated technologies of 
the high rise tower to the awe-inspiring ambiance of the 
gothic cathedral, Architecture provides the vital con­
text within which history's important ideas and events 
have grown and flourished. Architecture combines en­
gineering and aesthetics in a way that is unique among 
the arts. 

Engineering aside, the ·Architect's creative powers 
are, as with any artist, mysterious, personal and elu­
sive. The origin of artistic ability is difficult to 
identify and even more difficult to duplicate. We can 
teach physics to just about.anyone, but only a few can 
write good poetry, and even they don't really know how 
they do it. 

The issue of aesthetics is a difficult subject to 
explore without becoming tediously subjective (or just 
plain tedious). It's a. subject full of verbal booby 
traps and definitions of definitions which all spiral 
back to the only question worth asking: "Do you like 
it or don't you?" 

I'll try to avoid being tedious or overly simplis­
tic and propose a method of looking at the elements of 
underground buildings that have architecturally expres­
sive potential. The underground movement has come a 
long way in the last decade, but the least exploited of 
its many virtues is its potential for aesthetic expres­
sion. 

There are surprisingly few cognitive forms in Ar­
chitecture. These forms have evolved and survived be­
cause they make sense to our hearts and in our minds. 

1 @ 
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And because they have survived and become identified with 
particular functions, they have become infused with sym­
bolic meaning. The column, the colonnade, the lintel, 
the arch, the dome, the gable, the step and the tower-­
these forms signify certain experiences which we learn 
to expect from them. The medieval fortress, the Renais­
sance stairway, the Moorish atrium and the Madison Avenue 
skyscraper express themselves through architectural de­
vices which symbolize strength, ceremony, sensuousness 
and industry. A mere building provides shelter and se­
curity, but in order for that building to become Archi­
tecture it must "signify" something iri a familiar, visu-
al language. · 

Earth-sheltered buildings represent an infinite va­
riety of programmatic functions--commercial, industrial, 
institutional and residential--and each one must signify 
its purely functional characteristics in wha·tever way 
possible within the earth-sheltered context. What we're 
looking for is an architectural vocabulary of "earth­
shelteredness" that signifies the unique dynamics of 
building underground. 

Much has been made of the rounded,· maternal, female 
forms of the subterranean Minoan structures. The evo­
cation of "Mother Earth" is too tempting to resist, and 
the womb.Jlike forms of these "primitive" buildings cap­
ture the essence of what we seek underground: warmth, 
~ecurity und ctrQngth. If these inqredients do indeed 
characterize the impulse to "dig in"· (and I believe they 
do) , then how does the Architect express them? · How do 
we signify war~eh or str~ngth, for in~tanec, with rna~on­
ry, wood and glass? The answers are familiar and intui­
tive, part calculated and part inspiration. Mostly, 
they need only to be recognized and applied. 

Earth-sheltered buildings are safely engineered to 
support tremendous loads of earth. We may know this 
rationally, but subliminally, we need to see how it's 
done; we want to be reassured that the building is safe 
and sound. Evidence of a muscular structural system is 
the only means of signifying this dynamic challenge to 
gravity. The underside of a flat concrete slab suggests 
nothing about its thickness or how it was made, and gives 
no impression of the function it performs. On the other 
hand, massive timbers, ribbed or vaulted arches, open 
trusses or articulated concrete planks establish credi­
bility and a·convincing sense of security. The exposed 

I 
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structural components not only demonstrate their heroic 
function, but we see them as "beautiful" because they 
are arranged in a way that.makes sense and comforts us. 

3@ 

While the arch is the strongest shape for resisting 
vertical ·loads, a curved wall (an arch on its side) is 
equally superior for resisting lateral loads. (Again we 
return :to the Minoan womb, where curved walls both struc­
turally and symbolically signify strength and security.) 
A further sense of mass and solidity is perceived through 
window and door openings where the thickness of .the walls 
indicates strength and security. 

The entrance to an earth-sheltered building should 
convey the nature of what's inside, and how the inside 
might be expected to relate to the outside. The point 
of entry must extend an invitation to a special environ­
ment, with hints of what's to follow. If 'we can see the 
earth on the roof, or earth leading up to the earth, 
we're primed for the ensuing experience. If we're pro­
vided with a glimpse of the structural system, we're 
prepared for the excitement of seeing how it's done, 
how all that earth is held in place. And if, from the 
entry, we can see inside to .another source of daylight, 
once again we're intrigued and drawn into the building 
to find out how it works. The point of entry must in­
vite ~nd excite, a preview of things to follow, not just 
a door in a wall like any other door in any other wall. 

Materials figure importantly in our perception of 
any environment. Stone and brick connote a solidarity 
that formica and wallpaper don't. Carpet disguises, 
quarry tile convinces, gypsum wall board is anonymous, 
plaster suggests integrity and wood conveys warmth. Any 
material that shows us how it's put together and what 
it's made of enriches our participation in our environ­
ment. In the underground environment, where structure 

· is so fundamental to every design decision, a celebra­
tion of the process of building is a critical aesthetic 
priority. 

Form, space and light are basic to all Architecture. 
Underground, these elements must be manipulated in such 
a way as to recognize and capitalize upon the "under­
groundness" of the structure. The forms of underground 
structures will first reflect the loading from above, 
and secondly, anticipate the structural openings towards 
outside sight light and sight. Space within the forms 



. invites variation--narrow, wide, low, high, contiguous 
and compartmentalized. A row of identical boxes inside 
a structure misses the opportunity for the enrichment 
provided by the differentiation of spaces performing 
different functions. 

Natural light is ever changing and important to our 
psychological sense of well being. Generous quantities 
of natural light in the underground building is a must. 
It keeps us in contact with changes in the natural world 
above and reinforces our sense of wornb..,.like security in 
a way that artif-icial light can never do. Lighting from 
natural sources should be thought of as an important de­
sign tool, both practical and dramatic, and essential to 
the exploitation of space and form. 

In brief, the underground aesthetic will find a way 
to symbolize· the warmth, strength and security of under­
ground living. The expression of ·structure will be cen­
tral to the thesis, while space, form and material will 
compliment the structural principle. The issue is in­
triguing and· the solutions are developing. With courage 
and talent, we'll soon see beauty--below ground--where 
we've never seen it before • 

• 
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A 100% PASSIVE SOLAR-HEATED UNDERGROUND STRUCTURE 

Jonathan M. Allen 

INTRODUCTION' 

"Each year the stm literally bathes the .earth in 
more than 25 times the energy that is stored in all the 
planet's known oil, gas and coal reserves. ~fuich means 
in less than three weeks, the earth receives more solar 
energy than exist.s in all the recoverable oil, gas and 
coaL" (1) •. 

During the first oil embargo, in 1974, I began to 
look to the sun as an alternative sou+ce of energy. 
Twenty years earlier we had .built our house with our liv­
ing rooms facin~ south, enclosed with 6' high double­
glazed plat~ glass. wind'ows with a :to'of" overhang designed 
to allow December's sun to fill the rooms with sunlight 
while shuttingout most of the rays' of summer's sun. This 
simple design resulted in daytime solar-hea '".:ed roo!'!ls •.vhen 
most needed. And so I accepted the challenge of further . 
utilizing th~ sun•s energy, trapping it and storine; it. 

I designed a struct~e based on the premise that the.'\. 
earth could be used as a primary heat-storage reservoir,. 
and that a multilayered translucent panel, positioned for 
maximum collection of the winter sun's energy, and con­
struc~ed to allow for maximum transmission of light in-
to the greenhouse and a minimum amount of heat trans­
mitted out would provide adequate solar energy to main­
tain temperatures for growing plants. 

During the summer of 1975, I constructed my first 
test model: a 12' x 6' x J' pit-type, completely burie~. 
reinforced concrete-walled, free-standing greenhouse, 
facing ~eologic south with a multilayered translucent 
panel directed approximately perpendicular to the rays 
of the winter's noon-time sun. This functioned through 
the subsequent unusually severe winters of 1975 and 1976 
( 20 miles from .the Canadian border) with a brief dip to 
J8° following ten days of cloudy skies in January. • Clear 
skies for several days following this caused the base 
temperature to retU-1"'!1 to the mid-forties in February., 
Many cold-tolerant plants grew well. The total cost was 
under ]200.00. These results were imoressive, and I 
felt +.hat if this could be accomplished with such a 
modest design, much more could be done with improvemen+.s 
in design and materials • 
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I took temperature readings in various wells in the 
area during the coldest period (around March lst) and 
found them to be in the 4)-45° range, which is somewhat 
constant throughou~ the year. Our forefathers applied 
this knowledge by using "spring cellars" and "root 
cellars" to keep food cool and from freezing. Ther:no­
stasis was what they sought and used.. Caves, if not 
ventilated, maintain a constant temperature year round. 
It has been determined that earth and rock can hold ap­
proximately one-half i;he heat that water can; and it is 
common knowledge that underground rooms lose considerably 
less heat than above-groundrooms do~ 

Thus it seemed more and more obvious to me that the 
answer to solar-heating would lie in the combination of a 
·solar panel and an underground structure placed so that 
the solar energy (trapped as heat) would be distributed 
automatically to all parts of the chamber a!'"l.d stored in 
its walls and the surrounding earth reservoir. 

The problem then becomes two-fold: (1) to design a 
solar glazing using the best combination of materials for 
the transmission of solar ener~J into the structure, and 
for blocking the loss of the resulting heat back through 
the panel by radiation, conduction and convection• (2) 
to design a system with a balance between a high-capacity 
heat-storage medium and automatic distribution of the 
heat to all parts of the chamber. 

In our part of the co~~try (Northern New York) a 
sparsity of clear days from November through January 
and the very low average outside temperature in December 
and January, rate it among thll! 25% worst solar energy 
areas in the United States.(2). The only answer seems 
to depend on finding a way to store the summer's solar 
heat for winter's use. · 

Basically, my improved design involved using a 
south-facing hill, constructing a much larger solar 
panel positioned at an optimal winter angle ()) parallel 
to concrete steps built into the hillside 7' below it. 
The upper part of .this led to a large underground chamber 
where heat concentrated at the top could be used to attain 
a higher mean temperature, area to accomoda te .a •.vi der range 
of plants, to provide a greater heat-storage mass and pro­
duce tolerable temperatures for living quarters above the 
greenhouse. 

a, 
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D:SSCR! ?!'ION 0? THE ST~UCTU::tE 

A. T~e Solar ?anel 

The ultimate goal for a solar panel is the trans­
mission of the maxim~~ amount of t~e sun's ener~J ir.to 
-che structure where most of this energy is transformed in­
to heat: and -co prevent the loss of this heat back "through 

· -che pa.."lel. The first is accomplished by positioning of 
the pa....,el at an op-cimal winte::- a11gle ( 2), and by sele·~ ting 
materials with a high l.ight-+:ransml-ctartce value. 'rhe sec~ 
ond, preventing loss of heat back through the panel, is 
accomplished by selecting materials which, in ad.di tion to 
the above, have a low infrared transrnit-cance value to min­
imize the escape of heat by radiation. To prevent fur-
1:her hea-c loss by·conduction and convection, four layers 
were used with a 2" dead air space between -che layers; 
wood frames were used instead of .metal; and ai::--tight con­
struction was attempted. 

The 25• x 24' solar panel was constructed using 2" x6" 
spruce for frames and supports placed 4t' apart. ?ib~r­
glass (Kalwall Sunlite), selected fer its low infrared 
transmittance value, was mounted on both sides of the 
2x6's, and 2 layers of 6 mil polyethylene in-between. 
Each layer was separa-ced by a 2" dead ai::- space. (See 
inset of Figure No. 1.) 

This entire solar panel was mounted facing geologic 
south at·an angle of 57°. This angle is determined by a 
compromise of these considerations: 1) Maximum trans­
mission of November through January sur.light for this area: 
2) the critical angle of the piled earth with the panel 
used as a retaining wall and J) an angle sufficient to 
shuck the winter snow. · 

The 24• panel extended 6' beyond the ceiling of the 
upper room, serving to collect solar ener~J and s~ore it 
directly in the earth-store above the ceiling. In ad­
dition it served tG insulate the heat-store reservoir, 
preventing further loss of heat by water and air infiltra­
tion, and $erving as a retaining wall for the earth fill 
as well. After observing the results of this ex~ension, 
6' wide panels were added to ea~h side of the main solar 
panel increasing by 85% the area of the solar collector 
over that covering the inside structure. 



?age 4 

B. The Hea~-storage and Distribution Systam (See Figur~ 1) 

In order to make maximum use of the light trans­
mitted through the solar panel, increase heat absorption 
surface area, and promote .air circulation, concrete steps 
were constructed parallel to the panel and 7' below it ~~d 
dug into the slope of thG hill. These 24' wide steps 
continued parallel to the panel for an elevation of 10'. 
At the t_op of the steps, a room 7' high, 24 ~ wide and 16~' 
deep was built. Three-inch boiler pipe en reinforced con­
crete floor was used to support.the steel beams and over­
lapping corrugated steel plates used as c~iling, plus the 
5' of earth covering it. Walls cf the enclosed shall, 
made of reinforced concrete and painted tlack on :~e inside 
t6 increase absorption, conduct heat into the massive heat­
s~ore pro~ided by bar~ing the walls with 15-20' of ~arth. 

To minimize·heat less from the ear~h-store, three 
inches of styrofoam were placed on top of the earth coYer 
and extended 6' beyond the side walls followed by multi­
layers of 6 mil polyethylene extending 10' beyond the side 
walls to act as a water shield and to direct drainage away 
from the heat-store. The concept is to insulate where the 
distance through the dry earth cover is net great enough 
to check heat loss. Dry sand has insulating qualities 
if used in 10-12' thickness. To secure the polyethylene, 
crushed stone, rocks, carpet and earth were placed on top. 

A hinged portion of the lower panel was used for ac­
cess and· ventilation. A JO" pipe was placed through the 
upper wall in the rear of the upper room, leading later­
ally to the outsid~ for ventila"tion. However, this was 
plugged in J places and never used. 

A water system was designed and built, consisting of 
a well, force-pump and a 2?5-gallon storage tank placed 
outside of the cement wall of the upper room, slightly 
above it, and buried in the earth-store. This feeds by 
gravity the hot and cold water systems. A hot water stor­
age tank was placed on the upper level and a radiator was 
placed inferior to this in the middle of the panel area 
on the upper steps--"the hot spot". Circulation to the 
hot water storage-tank was accomplished by gravity flow, 
hot water being lighter than cold. 
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:FUNCTION 

Due to the exceptionally ~ainy period in the Fall of 
1978, the basic structu~e was not completely closed

0
un:il 

.December 9, at -which time ·a base t~mpe~atu~e+ of 40 had 
·already been reached. This was followed cy a prolonged 
period of cloudiness in December and Ja:1uary, and the base 
temperature ~emained constant as there had been no heat 
stored prior to its closing. Even though outside temper­
atures continued in the zero range, in February the lor.g­
er sunny sub-zero period caused the base tempe~a1:ure to 
begin to rise: and this continued at approximataly l0° 
per month to a peak of 84° in August. 

It was observed that condensation was re~~larly mo~e 
marked deep in the upper room en the ceilings and walls, 
.while the ceiling under the extension of the solar pa~el 
was dry. T~is led to the concept of using an extension 
of the solar panel ove~ the side heat storage areas as 
well. The~efo~e, during the 1979 summer, 6 • extensions 
of the solar panel were added on each sid~, increasing the 
effective panel a~ea. 

In August, when heat-store temperatures reached 84°, 
but before the roof area was adequa~ely insulated and 
water-shielded, a heavy ~ain caused the base temperature 
to drop to 74° abrupi:ly. The need for a good w~ter 
shield for the heat-storage area ·.vas obvious. In Seotem­
ber, the base temperature had returned to 80° and th~ 
J" styrofoam insulation and multiple laye~s of 6 mil 
polyethylene were in place over ·the ea~th cover and heat­
storage area, when a second heavy rain caused no drop in 
base temperature. 

Instead of ou~ usual sunny October, however, we had 
a long period of overcast skies which continued i:1to 
December. The base temperature fell approximately 10° 
per month. This has been followed by more clear days, 
so even though the outside temperature has repeatedly 
dropped to ~ero and below, the base temperature has 
stabilized at approximately 52-54° in the upper room. 

*Base tempe~ature as used in this paper will refer 
to the minimum night-time temperature recorded in the 
upper cha'!lber which is also the storage temperature. 
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Temper:.turss in various parts of the ·:hamber and 
heat-s"tcre have been closely monitored during the past 
few months. Inside-autside the!"mcmeters compared the 
temperature in the heat-store outside of the wall with 
the tenpera~ure inside of the upper chamber in two dif­
ferent ~reas. 'l'wo t!'lermographs recordli!d round-the-clock 
temper8. t'.lre readings for several weeks, a.""ld two high-low 
thermomet&rs ~ave the maximum and minim~~ temperatures. 
for the period. 

In the ereenhouse area, (See Figure 1), the varia­
tion in temperature ·during the 24 hours of a clear day 
is considerabl:~. During a cold, clear day in February, 
temper~tures may reach 85-90° in the warmes-t area at 
mid-day and then reach a low of 52° at night, regardles~ 
of the ::>utside low temperatures. However, temperatures 
in the upper chamber are tempered by the surroundi-ng heat­
store and remain in the more comfortable range. On a 
very hot day last May after a hike we actually •,otent 
into t~e upper room to cool off. It was very comfort­
able a-: the back of the upper room. Daylight temperatures 
during the past month have ranged from 58-80° in the 
upper :!'Com dep.:nding upon the clea:::-riess of the day, while 
the ni.~ht time temperatures have returned to the .52-54° 
he.:at-store temperature. 

As pointed out several times, the zero and below 
temperatures of our North Country are not the problem 
in solar-heating, but rather the prolonged periods of 
cloudbness in December and Janua~y. During a week of 
1.5-20 below zaro temperatures in February, 1977. in 
which we had clear skies, the base temperature actually 
ra~P. n°. Oth.A>"'="~ hav~;> reported ai:1ila: fi!"ldi.ngc (ii-) 

DISCUSSION 

My goal from the beginning has been to develop a 
100% passive solar greenhouse; and it was then extended 
~o include a dwelling. The night-time dips to .52° can 
be tolerated by most plants, and many thrive. 

In this design, air circulation is accomplished 
wi ~hout need for fans as the 'Harm air rises to the up­
per room, cools, and settles back to the lower levels. 
This also has a self-insulating effect in that during 
prolonged periods of cloudiness, cooler air accumulates 
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at the lower part of the panel, reducing the temperature 
gradient and thus decreasing heat loss thrcugh the panel. 

Remote sensor teu:perature readings and ce:.lir:.g con­
densation have substantiated the values cf the south­
facing solar panel extension 6' above the ceiling and 
6' beyond the side walls of the compartment in increasing 
heat storage directly to the earth-store, in insulating it 
from air and water infiltration, in addition to its use as 
an earth bar~ retainer. 

The placement of the ceiling insulation and water­
shield on the top of the earth cover and the ex~ension 
of the insulation and water shield 6-10' beyond the 
chamber wallsmaximizes and conserves the thermal mass 
in the storage area. This was dramaticaliy demonstrated 
when a heaV.J rain in August before the insulation and 
water shield were not in place resulted in a 10° drop in 
base temperature, but a similar rain in September afte::­
the water shield and insulation were added produced no 
cha-rige in base temperature. 

The biggest surprise is ·that this unit does indi­
cate that I can have afly-wheel effect of storing sum­
mer's heat for winter's use as evidenced by the slow 
lag of temperature change in the store area both during 
the heating phase and the cooling phase: and if utilized 
on a better proportioned.relationship, it could be er.t­
ployed as a primary heating unit. It is projected that 
an increase in heat storage capacity would produce less 
temperature ·swing arid provide more constant ter.tperature 
at a usable ·range. 

CONCLUSIONS 

Through the use of a solar panel placed mostly in­
ferior to an underg:-ound chamber, by using the earth as 
heat storage mass and gravity flow of air for circulation 
and distribution of heat, the base temperature of that 
earth heat-store has been maintained at 52° and above 
during the coldest part of the year for solar-heated 
structures (the last two weeks of January). 

Although the night-time temperatures in the upper 
cha~ber drop to a low of 52-54°, day-time temperatures 
range in the 60's and 70's during the winter months. 
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Most plants tolerate, and many aven trxive under these 
conditions. Humans would probably desire a reore core­
fortable range. Of course, with the use of a very small 
~~ount of supplementary heat (prefsrably electric) this 
could be accomplished. 

However, my goal remains the attainment of a 100% 
passive solar-heated structure1 and it is obvi.ous to me 
that the answer lies in designing the proper balance be­
tween a high-capacity heat-storage medium and the col­
lection and automatic distribution of solar heat to all. 
parts of the chamber. ~.1y pres~nt test unit has two o'c­
V"ious weaknesses: 1) The heat storage capacity is insuf­
ficient. 2) The solar panel, the source of the heat en~r­
~J in ~he system, is still the chief heat leak. 

The heat-storage capacity can easily be incr~ased by: 
1) expanding the size of the upper underground ch~~ber: 
2) adding water storage tanks for additional heat-storage; 
J) employing the salts (Glauber, etc.) with a mel~ir.g point 
ln the desired temperature range: and 4) extension of ~he 
insulation and water shield of the heat store ~sa. 

To decrease .heat loss throue:h the panel during 
night-time and cloudy periods, the construction of a 
be·tter panel is possible.. Over the past several years I 
have tested various combinations of available materials in 
an attempt to evaluate these characteristics, New mater­
ials have been produced and panels of various combinations 
continue to be tested. David Allen reported the use of 
J layers of fiberglass (Lascolite) in his successful 
solar-heated greenhouse (~). A balance between light 
transmittance and infrared blockage must be found for 
particular needs. 

If the upper chamber were used as a dwelling, the 
entire solar panel could be placed inferior to it, al­
lowing the heat concentrated at ~he top of the panel 
area to be ven~ed into the living ar~as. Also thermal 
insulating curtains could be lowered over the panel at 
night or during very overcast days when the most heat 
is lost through the panel. 

My present model with improved design and mater­
ials has succ~eded in raising the minimum base t~mp~r­
ature from J8~ (in my first tP.st model) to 52° a~d has 
~-oved to be adequate for a wbnter ~eenhouse. ! a~ C0n­
vinced that the additional 10 needed for comfortabl~ hu­
man shelter can be attained with improved desie:n and 
materi~ls, al!d certai!)ly can be done easily in--a l~ss 
dernand~ng cll!r~ate. (t~.tc-nf t~.,d,nj) 
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ENERGY PERFORMANCE CHARACTERISTICS OF SELECTED 
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The factor identified ~s the major reason for building underground 
is energy conservation. This mode of living has become a viable 
answer for energy conservation in all climatic regions with an ex­
tensive number of earth covered projects completed, underway, and 
proposed in the Midwest and Southern regions of the nation as well 
as the numerous projects in the North~rn states. The ener~y per-
formance characteristics of underg~ound res•dences differ in each 
of these regions. This paper discusses the energy aspects of six 
earth covered residences located in Oklahoma. 

The discussion contains three parts. The first includes a descrip­
tion of the houses and an overview of certain design considerations 
for typical Oklahoma earth sheltered dwellings. The next portion 
presents the actual metered energy usage of each sample residence 
for a full year on a monthly basis.· The. lasi section compares the 
actual metered consumption to a currently accepted energy conservation 
standard. 

INTRODUCTION 

Although it is generally accepted that structures built underground 
use only a fraction of the e~ergy required of the same struc~ure if 
it were above grade, there still remains a conspicuous lack of data 
to support this opinion. Some of the reasons for this lack might be 
attributed to the developing nature of the earth shelter movement, the 
vernacular character of most earth covered residences, and the com­
plex heat transfer analysis methods for earth sheltered .dwellings 
which are now available. 

Efforts are underway at Oklahoma State University to develop better 
predictive energy techniques by adapting standard methodologies in 
order .to calculate design peak heating and cooling loads, as well as 
seasonal energy consumption for earth covered dwellings. (l) In 
addition, research programs at the Oklahoma State University School 
of Architecture are currently gathering information on existing earth 
sheltered installations located in Oklahoma and surrounding states as 
well as initiating limited on-site monitoring activities. 
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OBJECTIVES 

While discussions of predictiv~ energy usage of earth sheltered resi­
dences are ·of great importance and interest, due to time constraints, 
this paper will only address the topic of metered energy performance 
characteristics of six Oklahoma earth sheltered dwellings. A brief 
comparison of actual metered usage with accepted energy conservation 
standards is also included in order to illustrate the benefits of 
earth integrated construction. 

House Descriptions 

The schematic floor plans of the dwellings to be examined, identified 
as Sites A through F, are shown in Figures 1 through 6. All of the 
sites, except one, are located in the South Central area of Oklahoma, 
and all are of typical Oklahoma earth sheltered construction. In 
general, the earth backed walls ~re .not insulated, and _two sites 
indicate no roof insulation. All samples can be considered to have, 
substantial earth cover on the roof construction, except for Site C 
which has a _conventional roof with no earth cover. 

Reasons for "going underground" in Oklahoma do not differ from those 
cited as reasons for earth sheltering in northern states. The main 
concern is energy conservation. (2,3) For Oklahoma locations, the 
cooling season energy demands are of equal importance to winter 
heating requirements, which is certainly not the case of northern 
states where positive effects in summer are considered only in a 
limited way. Prospective owners and builders in Oklahoma are build­
ing earth covered dwellings not only for the energy savings in winter, 
but more importantly, to reduce required mechanical cooling needed to 
maintain thermal comfort in the spring, summer, and early fall months. 

1,,~H, .. ,~,,,,;,~~~"rr.!~,w~~~''':;:-~''"~~~~~~~~~N'=·_;._~,,"''~=-~w'l' 1''!~~- 1 ,.n 
~~~~~d_[.~'{~~~=-~~~1[t~~~ 
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Fig. Site A is a relatively small, narrow insulated concrete 
structure with the exposed wall facing south . 
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Fig. 2 Site B is a large concrete block structure with no external 
insulation except at the east facing exposure. 

3 

Fig. 3 Site C is a large concrete block structure with an insulated 
conventional flat roof and underground walls insulated 3 feet 
down from the roof. 
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Importance of Ea~th Heat Sink 

The free cooling effect of earth backed walls, floor, and ceiling 
can improve the overall thermal environment when higher air tempera­
tures and humidity levels are permitted. (4)' The average temperature 
of these surrounding surfaces is known as the mean radiant tempera­
ture (MRT). Normal air conditioning design assumes that the MRT 
equals the interior <iir temperature, but such is not the case with 
uninsulated earth backed walls and ceil tngs. Significant improve~ 
ments in comfort can occur when these surfaces are installed without 
furred paneling br suspended ceilings which act as insulatioh. 

By using e~rth cover, benefits are realized due to the thermal fly­
wheel phenomenon of the earth heat sink. Sin~e soil transfers heat 
slowly, the heat from the summer sun does not reach below grade 
structures until fall, and the cooler temperatures of winter are 
delayed until early spring. With earth iheltered ~wellings, which 
typically have.an .exposed wall facing south, this free cooling ef­
fect can be nullified unl~ss effective s6lar shading is provided at 
the facade. In addition, ·evaporative cooling effects enhanced by 
frequent watering of the grass cover over the roof can contribute 
to the earth hea~ sink effect. (4,5) 

In winter conditions, the earth re-radiates the energy stored. from 
the summer season which allows for lower air temperatures while stil 1 
maintaining thermal comfort. The positive effect of the MRT can be 
increased with the designed implementation of passive solar gain 
in~o the structure. 

A 
N 

Fig. 4 Site 0 is a bermed and windowless concrete structure having 
a bar joist roof assembly. The garage and entry face to 
the southwest. 
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Fig. 5 Site E is a concrete structure with an insulated roof, and 
an insulated facade facin~ south. 
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Fig. 6 Site F is a non-insulated concrete structure, but has a 
suspended ceiling and interior furred wall construction. 
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Metered Energy Usag~ 

Actual metered energy consumption for each residence examined was 
obtained from questionnaires assembled for a Presidential Challenge 
Grant Project conducted by the School of Architecture and the Depart­
ment of Housing Design and Consumer Resources at OSU. All six of 
the sample residences are total electric. Monthly consumption for 
each site is p~esented in Table I. Although the data indicate that 
the annual cycle for all sites is not coincident, the winter-spring 
seasons of 1977 and 1978 were found to be extremely similar from 
examinations of current weather records. (6) Therefore, any appar­
ent inconsi'stency between the tabulated values would be attributed 
to other factors and not weather conditions. All of the buildings 
are located on ru~al sites~ 

The total energy usage for each site i.ncludes the energy usage re­
quired for space conditioning, hot water heating, and appl·iances. 
This total is broken down into these components by estimating the 
energy required by domestic hot water needs and appliance usage. 
(7,8) In responding to the questionnaire, occupants indicated the 
degree of appliance usage as being low, medium, or high. The esti­
mated energy allocation for the appliance load was adjusted cor­
responding to this subjective assessment for each case. 

Energy Design Standards 

The proposed Department of Energy Building Energy Performance Stan­
dards (BEPS) provides an annual cycle energy usage goal for typical 
above grade construction. (9) Thus, the annual heating and cooling 
requirements of earth sheltered residences can be evaluated against 
a national energy conservation standard. · 

6 

BEPS requires identification of site locale, buiiding type, and fuel 
type in order to find the allowable annual cooling and heating energy 
consumption. Tulsa and Oklahoma City are the only locations in Oklahoma 
for which budget figures are available. The BEPS annual site energy 
budgets for. space conditioning are as follows: · 

Sites A, B, C, 0, F: 
Site E: 

2 108.13 KW/m2/Year 
100.56 KW/m /Year 

with a hot water energy budget of 172 126 KW/Year for all single 
family dwellings. 



Table i 

ANNUAL CYCLE SITE ENERGY CONSUMPTION 

Metered Electric~l Consumption (Jx106) 

Site DEC JAN FEB MAR APR MAY JUN JUL AUG 

A 4068 6156 9936 6588 1944 1188 1728 4968 3888 

B 6419 30017 41411 17028 9J22 9724 12132 13950 12308 

c 9900 12600 18036 18000 13320 7200 9000 12024 12lt20 
' 
I 

D 5119 . 6959 7999 8755 9324 3737 4158 . 6142 lt844 

E 8546 8953 10264 9565 7852 6487 7452 8330 10080 

F B363 9256 8431 6253 5B39 4532 .. 7913 8179 · 6548. 

8)j\. 

SEPT 

3780 

12179 

12420 

5342 

10130 

6800 

- ---- ···--

OCT NOV 

2484 3240 

8539 8647 

9180 9000 

4554 2635 

9544 . 7132 

·' 

3344 6325 

-­~ 

~·· 

Time 
Period 
Covered 

12/77-11/78 

12/77-11/78 

12/77-11/78 

6/78-5/79 

7/78-7/79 

6/78-5/79 
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Energy Use Compared to Standards 

In figure 7, the annual metered energy consumption, identified by 
its components, is compared to the BEPS energy budget determined 
for each sample. The BEPS budget is broken into its space condi­
tioning and hot water components. The benefits of earth sheltered 
design are clearly seen. In all cases, ~xcept site B (where mid­
winter meter readings are suspect)~ the tptal metered site energy 
consumption including appliances is less than th~ proposed BEPS 
energy budget for space conditioning and hot water alone. 

Popular opinion and calculations indicate that design loads for these 
earth sheltered residences for bbth summer and winter are typically 
on the order of 50% lower than the expected design loads of an iden­
tical residence located above ground which conforms to good energy 
conservation design criteria. (1, 10) Comparisons with the BEPS 
energy budget can give misleading. impi"8Ssiuns of expecte'd energy 
savings as the proportions for space conditioning and hot water 
heating do not appear to be an appropriate allocation. Primarily, 
the energy usage allowed for hot water h~ating is too high for single· 
fami 1 y dwe 11 i ngs. Thus it is expected that the BEPS ,energy usage for 
heating and cooling would be increased to a point where it exceeds 
actual metered usage by as much as 40% to 50% in some cases. 

1 

"-
~ 
Q) 
>. 

........ 
C\J 

E 
........ 
~ 
~ 

A B 

ACTUAL 

~
Heating & Cooling 
Hot Water 
Appl ianee· 

c 
site 

D 

BEPS 

I Heating & Cooling 
Hot Water 

E F 

Fig. 7 Comparison of Annual Energy Consumption. 
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Although, at this time, it is not possible to indicate where all the 
energy 11 goes 11 in earth sheltered dwellings, the energy conservation 
potential is clearly demonstrated. Proper design'of passive solar 
energy used in conjunction with earth sheltering could make improved 
comparisons to energy standards due to increased energy conservation. 
But earth covered residences, such as the contemporary ones examined, 
still use less energy than good above gr~de residences, without 
sacrifice of thermal comfort or occupant lifestyle. Even though 
methods being developed might prove to give accurate expected energy 
usage, more detailed on-site monitoring is required to more fully 
develop an understanding of the energy aspects of earth sheltered 
design. 
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OKLAHOMA EARTH SHELTERS: A STATE-OF-THE-ART REVIEW 

ABSTRACT 

Prof. Walter T. Grondzik 
Dr. Lester L. Boyer, P.E. 

School of Architecture -r·IJ,..uate..r 
Oklahoma State Un!_'{Jersity 1 .:> ' 

In the course of an on-going research project, over 80 earth-shel­
tered residences in Oklahoma were identified and inve~tigated via a 
detailed questionnaire.procedure. The questionnaire and subsequent 
analyses focused upon three major concerns: building construction 
parameters, occupant attitudes and evaluations, and energy utiliza­
tion. The current status of research efforts affords an opportunity 
for a review of the state-of-the-art with an emphasis on these three 
issues. 

Analysis of infbrmation assembled ·to date indicates that earth shel­
tered housing in Oklahoma is generally successful, although still 
somewhat experimental in nature. Occupant responses regarding the 
subterranean environment are overwhelmingly positive. Energy con­
sumption in the structures sampled is representative of a high .de­
gree of overall conservation, but does not enter the realm of alter­
native energy advocacy or optimization. 

INTRODUCTION 

J3ackground 

The Office of Architectural Extension and the School of Architecture 
of the Oklahoma State University have been involved in continuing 
education activities with an emphasis on earth sheltered structures 
for over· three years. (1) In order to generate materials for the 
Architectural Extension seminar offerings, faculty from the School 
of Architecture have maintained fairly close contacts with many 
earth sheltered owners, designers and contractors over an extended 
period of time. These contacts have provided a good overview of 
Oklahoma earth sheltered trends and activities. 

A Presidential Challenge Grant awarded to the School of Architecture 
and the Department of Housing Design and C.onsumer Resources in July 
of 1979 provided funding for a detailed research effort focused on 
earth sheltered residences in Oklahoma. The primary objectives of 
the Challenge Grant project were to·quantify the art of earth shel­
tered construction as practiced in the state; and further, to expand 
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the quantification process into the realm of qualification in order 
to improve the quality of earth sheltered design. Information gath­
ered in the course of the research project coupled with data ob­
tained through extension efforts has provided an excellent picture 
of how, why and where earth sheltering occurs in Oklahoma. 

Information Assembly 

In the summer of 1979 a detailed questionnaire was mailed to iden­
tified owners of earth sheltered residences. This questionnaire 
has provided a wealth of information ·regarding many facets of earth 
sheltering in the state. In-depth on-site interviews were performed 
at several selected sites to reinforce and expand upon data obtained 
via the questionnaire proce~s. The on-site field interview tech­
nique was also employed as a primary information gathering technique 
prior to the initiation of the Challenge Grant prqject. 

Scope and Objectives of Paper 

At this time, data gathered from the questionnaires have been visu­
ally reviewed and screened. In addition, virtually all information 
gathered as of December, 1979, has been subjected to limited sta­
tistical analysis through utilization of selected frequency and 
trend indicator routines contained within the SPSS applications 
package. (2) This paper will present an overview of Oklahoma earth 
sheltered residential structures extracted from these extensive, 
but preliminary, analysis efforts. Emphasis will be placed upon 
the presentation of information regarding building construction 
parameters, occupant attitudes and ·evaluations, and energy utili­
zation characteristics of these dwellings. 

Over one hundred earth sheltered residences had been confirmed as of 
December, 1979, and are shown in Figure I. Two dozen subterranean 
schools in the state are also located in this figure. Approximately 
80 questionnaires have been mailed out to datewith48 responses be­
ing received in time to be included in this report. Long term 
habitability data and energy records were available from roughly 
half of thJs responding group. · 

Expanded discussions of the habitability and energy aspects of 
Oklahoma earth shelters have been presented in various forums and 
are cited in the references. (3, 4, 5, 6) Activities to expand the 
sample size and to correlate questionnaire data with field instru­
mentation findings are currently underway at OSU. In addition, a 
detailed reduction, correlation and indexing project utilizing 
daia currently in hand was recently initiated by the School of 
Architecture .. 
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Fig. 1 Identified Earth Sheltered Residences and Schools 

CONSTRUCTION PARAMETERS 

The Oklahoma Context 

Earth sheltered housing in Oklahoma is predominantly a rural phe­
nomenon. All respondents to date report their locale as open or 
rural country. The mean lot size associated with the samples 
anblyzod to date ii 138 403 s~uArP. mP.trP.~. HnwevP.r, the median 
lot size of 48 967 square metres is more indicative of lot size 
trends with 20 230, 40 460 and 80 920 square metre lots being 
quite popular. The absence of urban examples is probably as much 
a result of the nature of those currently building with earth shel­
ter and the character of the state as any other factor. Oklahomans 
are not being forced into subterranean living, but rather find it 
to be a viable housing alternative. Those pioneering types cur­
rently opting to go underground tend to have a greater affinity 
for the land than the population as a whole. 

The owner of a current generation earth shelter in the state is also 
apt to be the designer and•builder as well. A grassroots approach 
to design and construction is very much in evidence in Oklahoma. 
Architects were involved in the design process on only 13% of the 
dwellings sampled, while engineers were involved on 28% of the pro­
jects; 38% of the houses were designed -with input solely from the 
owner or a contractor. \.-Hth specific reference to the structura 1 
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design of dwellings, 36'% of the respondents report professional 
services were solicited; more importantly, 64% of the dwellings 
were designed without professional structural advice. This is one 
area in which a grassroots approach to earth sheltered des1gn may 
be associated with a substantial degree of risk. 

In 31% of the cases the owner was primarily responsible for con­
struction work associated with his or her residence. Houses built 
solely by contractors acco~nt for 27% of the existing housi.ng st6ck. 
In the remaining 26% of the cases the·owners report a substantial 
input into the construction process. A strong design/build indus­
try for earth sheltered Housing does not currently exist in the 
State of Oklahoma. 

It is somewhat difficult to draw a cohesive portrait of the ''typical'' 
earth sheltered home owner. The mean age of respondents was 45 years, 
with a median age of 46.5 years. _In ger:1eral owners are neither first 
time purchasers nor retirees. A high school education or some col­
lege background is the norm. While a rural setting-may predominate, 

.only 8% of the respondents are employed in farm related activities. 
Of the owners questioned, 40% are .. employed in professional, manageriai 
or clerical capacities and 15% classify themselves as craftsmen. 
Median family income is roughly $2l,OOQ with 24% of the families 
reporting incomes of $15,000 - $20,000 and 24% reporting annual in-· 
come in excess of $35,000. 

The majority of Oklahoma's earth sheltered residences are of recent 
vintage. Of those currently occupied houses identified thus far, 5 
were completed prior to 1977 and the remaining 30 were completed sub­
sequent to that time. In addition, 12 houses were nearing substan­
tial completion as of late fall, 1979. Figure 2 traces the progress 
of earth sheltered residential construction in the state. 
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Fig. 2. Chronological Progression of Residential Completions 
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The Typical House 

The typical earth sheltered house has a gross floor area (less garage) 
of 210 square metres. This is substantially larger than the typical 
above ground house c~rrently being constructed in the sta~e. The 
smallest house reported contain~d roughly 40% of the typical floor 
area, the largest ~as twice the typical size. The reason or reasons 
for the relatively large scale of the underground homes has not been 
identified although several possible explanations have b~en proposed. 

The mean and median cost figures for identified samples are $60 100 
and $54 000 respectively. Normalizing for house size, but not for 
inflation, yields a square metre cost of $285 for a mean and $270 
for a median. Both figures are quite comparable to what would be 
expected of equivalent above grade construction practices. That 
earth sheltered construction can compete dollar for first cost dol­
lar with standard construction has. been verified, if not documented, 
by numerous field interviews. Roughly 70% of the Oklahoma owners 
obtained financing for their houses. Although the mortgage climate 
in the state is promising, the financing pi~t~re is not at all as 
clear cut as might be indicated ~y the 70% figure noted above. 

The hillside or elevational type of structure is most typical of 
Oklahoma samples. This type of design accounts for 80% of the 
identified structures. Tables A and B provide a good insight into 
the type of earth sheltered formats popular with Oklahomans. 
The classification terms utilized in Tabl~s A and Bare drawn from 
contemporary sources. (7,8) 

Table A 

TYPE of CONSTRUCTION: PLAN 

Plan 

Totally Underground 
Open Atrium 
1 Side Open 
2 Sides Open 
3 Sides Open 

Frequency 

3 
2 

36 
2 
2 

Percent 

8 
4 

80 
4 
4 
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Table B 

TYPE of CONSTRUCTI~N: SECTION 

Section Chamber Berm 
Frequency Perc~nt Frequency Percent 

Underground 0 0 0 0 
Atrium 2 5 2 5 
Elevational 19 46 10 25 

·Penetrational 1 3 1 3 
Convent i ona 1 Roof 4 10 2 5 

Const~uction Materials 

Poured concrete •s by far the most popular constructipn material 
'being used for Oklahoma earth shelters. Earth contact walls con­
structed of poured in pl~ce concrete were utiliz~d in 67% of the 
residenc.es sampled. Concrete block construction is also quite popu­
lar and was reported in 31% of ihe house5. Precast panels or members 
have been encountered on only 2% of the stru~tures thus far identified. 

The popularity of poured concrete continues as roof systems are 
examined; 69% of the r~sidences utilize a poured-in-place concrete 
roof system. Although flat slab systems pr~domi~ate; barrel vault, 
waffle slab, inverted beam and post-tensioned slab techniques have 
been utilized. It appears that bar joisi.and metal deck roof systems 
are increasing in popularity with 17% of the respondents reporting 
this type of construction. Wood roof systems are found on 11% of 
the house~. This typically implies an exposed roof or second story 
although one or two earth covered roofs with wood or timber framing 
have been noted. Precast concrete roof panels have seldom been 
selected and were reported on only 3% of the currently documented 
residences. Lack of an effective precast plank supply and distri­
bution network within the state probably is the cause for the sur­
prising scarcity Of precast earth sheltered buildings in Oklahoma~ 

The average depth of earth cover on roofs is 0.52 metres. The most 
prevalent depths of cover and the respective frequencies of occur­
rence are: 

0.00 Metres (13%) 
0.45 Metres (14%) 
0.61 Metres (32%) 
0.91 Metres (11%) 

6 



A maximum earth cover of 1.22 metres was reported by 2 owners. In 
the aggregate, 67% of the wall area in an Oklahoma earth shelter is 
likely to be below grade or protected by soil. This typically trans­
lates to an elevational design in which the primary or exposed facade 
faces to the South, Southeast or East. 

Selection of a waterproofing system is an important consideration 
in the design process. Current generation structures have in gen­
eral been waterproofed with relatively basic materials including 
tars (38%) and dampproofing compounds (17%). Use of specialized 
materials such as Bentonite or multi-ply membranes has been rather 
limited. The popularity of tars and damppro6fing compounds can be 
attributed to their ready availability and reasonable cost. No 
widespread pro~lems with building. leakage have.been noticed; however, 
several individual problems of major proportions have been reported. 

OCCUPANT ATTITUDES AND EVALUATIONS 

An Overview 

One qu~stion often asked of earth sheltered home owners relates to 
the decision to build below ground. The Challenge Grant question­
naire included a multi-part query related to this specific issue. 
Table C summarizes, in index form, occupant responses to twelve sug­
gested factors which might influence the earth sheltering decision 
process. The index value is the sum of the number of reponses for 
a given factor multiplied by the rating (1-10) of.each response. 
A rating of I implies that the factor was not of importance in the 
decision process, while 10 implies a very important factor. 

Decision Factor 

Storm Protection 
Reduced Heating Load 
Reduced Cooling Load 
Maintenance Reduction 

Table C 

Enhanced Alternative Energy Potential 
Insurance Reduction 
Security. From v·anda Hsm/Cr i me 
Environmental Noise Reduction 
Personal Privacy 
Improved Lifestyle 
Concept Demonstration/Experimentation 
Land Preservation 

Rank 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 

Index 

415 
414 
408 
381 
335 
293 
274 
255 
246 
218 
208 
139 
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Storm protection and modified energy consumption coupled with re­
duced maintenance requirements are the motivating forces behind the 
Oklahoma earth shelter movement. 

Although improvement in 1 ifestyle was not reported to be a specific 
major goal of those opting to go subterranean, it certainly appears 
to be a resultant of the earth sheltering process. Over 61% of the 
respondents report that they are very happy with their housing en­
vironment. In comparing the habitabi)ity of their earth sheltered 
residence to their previous residence, 61% of the occupants report 
better to much better habitability in the be~ow ~round houses. An­
other 29% of the respondents report they find the habitability of 
their earth shelters to be equivalent to that experienced in their 
previous dwellings. 

Specific Benefits 

If Oklahomans are building earth sheltered residences to achieve 
storm protection, energy, and maintenance benefits, are the struc­
tures providing such benefits? Questionnaire respondents seem to 
believe so. 

Occupants were asked ~o evaluate the storm protection design of their 
dwellings on a scale from 1 (low rating) to 5 (high rating). The 
mean rating was 4.8, indicating a high regard for the storm protec­
tion capabilities of the residences. Reduced maintenance appears 
to be a potential, if not a guaranteed, benefit of Oklahoma earth 
shelters. Maintenance requirements lower than or equal to what was 
expected were encountered by 80% of the owners. Problems typically 
experienced include wrap-~p items which are part of the construction 
process and erosion situations occurring with steep grades. 

Energy ut·ilization and conservation aspects of current generation 
dwellings were evaluated by residents. Energy consumption commen­
surate with expectations was reported in 40% of the houses. Energy 
requirements somewhat higher than expected were noted by 28% of the. 
owners; lower than expected by 25%, and 7% were undecided. When 
the owners compared current energy requirements to what they exper­
ienced in their previous homes, the mean response indicates that 
the earth sheltered (and generally larger) homes average 32% lower 
energy consumption. A more detailed discussion of energy and habit­
ability ~spects of the homes investigated to date may be found in 
references (3) and (4). 
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Unrealized Potential 

Insurance reduct i.on expectations and a I ternat i ve energy enhancement 
opportunities were two factors which influenced the earth sheltered 
decision process for many respondents. Typically both of these fac­
tors represent currently unrealized potential benefits. 

Roughly 46% of the owners indicate that insurance costs for their 
earth sheltered residence are the same, or only nominally lower, as 
what they would expect to find is required for a comparable conven­
tional dwelling. The remaining 54% of the owners are not realizing 
sizable policy savings, but rather may carry no insurance whatsoever. 
As a matter of fact, 45% of the respondents have no homeowner's 
insurance. 

Although enhanced alternative energy potential ranks as the fifth 
most influential factor in the decision process, it is an option 
which has been little exercised. Fewer than 8% of the respondents 
have installed solar domestic water heaters. No active solar heat­
ing or cooling system installations have been reported, and only 8% · 
of the owners believe they have viable passive solar heating in­
stallations. 

If conservation rather than energy advocacy is evaluated, however, 
the picture appears somewhat more upbeat. In the aggregate, the 
typical house is perceived to require mechanical systems input to 
offset 68% of its heat loss, with the remaining 32% input being ob­
tained from alternative or renewable resources. Similarly, re­
spondents feel 57% of their cooling requirements are met by mechani­
cal systems, the remaining 43% of capacity is attributed to earth 
cooling anc.l nc:tlural v~lllildLiu.-, effects. 

ENERGY UTILIZATION 

Construction Practices 

Several factors, including weather, type of construct-ion, and occu­
pant patterns, exert a forceful influence on residential energy con­
sumption. Oc~upant practices and patterns are perhaps the most dif­
ficult factor to quantify, construction practices the easiest. Both 
of these items will be addressed below. Consideration o.f metered 
and calculated energy requirements is beyond the scope of this paper; 
these issues are presented in references (5) and (9). 

Design practices to optimize energy parameters in Oklahoma earth 
sheltered residences are typically not fully considered. The major­
ity of sites now identified could best be viewed as prototypes. 
Review of insulation techniques, for example, yields a full spectrum 
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.of conflicting practices. Fully 45% of the respondents indicate 
their structures have no roof insulation. On the other hand, the 
mean R-value for roofs with insulation is 130.4 metre ° Kelvin per 
watt, a rather substantial value. The same relationship is typical 
of earth contact walls; they are hormally uninsulated or well insu­
lated. Insulation, or its lack, must be viewed in the Oklahoma con­
text. A 11 good 11 winter design may penalize summer operation and 
vice versa. One of the primary goals of the Challenge Grant project 
is to sort out these various concerns in order to provide rational 
design guidelines for the state and surrounding areas. 

Interior wall finishing techniques can have a dramatic influence on 
the performance of an earth sheltered structure. Finish materials 
such as furred .Paneling or drywall tend to decouple the occupied 
building spaces from the mass of construction as well as the earth. 
As with insulation, the dwellings in the survey split roughly 
50%/50% with regard to decoupling vs. non-decoupling interior wall 
finish treatments. Again, climate sensitive desiqn guidelines must 
be developed. 

Occupant Comfort 

To paraphrase J. R. R. Tolkien: It was an earth shelter, and that 
means comfort. According to owner responses to the questionnaire, 
Oklahoma earth shelters are quite comfortable. As thermal comfort 
most strongly relates to energy consumption, it will be considered 
herein. 

One general impression conveyed by most respondents is that It is 
not necessary to push an earth sheltered dwelling to or beyond the 
bounds of thermal comfort in order to achieve energy savings. The 
mean winter thermostat setting in the residences sampled was re­
ported to be 20.9° C; the summer setting 24.1° C. Figure· 3 presents 
the range of responses received to questions requesting data on · 
thermostat settings. 

As a result of the temperature stability inherent in most earth 
shelters, thermostat setback can·have only limited effectiveness. 
Only 40% of responding owners indicate they make setback or setup 
adjustments a part of their normal routine. Quite candidly, one~ 
half of the owners report no efforts to modify habits or work pat­
terns to save energy in the house. 

There is a slight trend for owners. to lower summer thermostat settings 
when moving from an above ground dwelling to an earth sheltered house. 
No perceptible shift in winter space temperatures has been reported. 
As previously noted, Oklahoma subterranean designs can and do reduce 
energy consumption while allowing occupants to maintain or even im­
prove their 1 ife style. 

10 
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Fig. 3 Summer and Winter Thermostat Settings 

CONCLUSIONS 

Earth sheltered residences in Oklahoma are, on the whole, providing 
a quite acceptable and energy conservative habitat for more than one 
hundred families. As.a result of the experimental or prototype 
nature of most existing designs, the present-day practice of sub­
terranean architecture appears to be more of an art than a science. 

The majority of Oklahoma•s earth sheltered owners are pleased with 
their living environment. The primary benefits reported by current 
generation owners include storm protection, energy conserving per­
formance and enhanced thermal comfort and general habitability. 
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INTEGRATING SITE LOC~TIONAL CRITERIA FOR 
UNDERGROUND HOUSING 

' John Karl Hannula 
School of Environmental Design 

..lJ.nj_v_ersity of Georgi.L 
Athens, Georgia 30601 

ABSTRACT. The rationale and potential for underground structures 
has been clearly articulatedl,2 by a wide cross section of profes­
sionals in the past few years, but at this time the approach is 
still piecemeal. The project-by-project basis by which underground 
housing has been built has revived this ancient solution for shelter 
and has provided opportunity for research and evaluation; however, 
a more concerted regional approach is necessary to meet the needs 
of an increasingly energy-conscious society. This paper will 
thus discuss site-location criteria and mapping processes for un­
derground housing on a large-scale basis. 

As underground housing projects become increasingly l~rge and more 
numerous, there is a greater need to locate suitable sites for 
their particular requirements. Any tract of land won't do. Adverse 
land characteristics such as high water tables and shall~w bed 
rock depth increase both construction problems and cos4s . As well, 
there are large variances of subterranean temperatures inherent 
with each site; a lower temperature is quite obviously less desir­
able in colder climates where heavy heating costs are concerned. 

Other ·issues concern the site planner as well. One is the search for 
land amenities which make sites more desirable such as good

5
views and 

adjacency to public transit, shopping and recreation areas. One 
must also be concerned with a complexity of site-development factors, 
such as erosion-sedimentation, sewage disposal, utility lay-out, 
and visual impacts. Site location criteria can be complex; therefore 
a logical, step-by-step analytical approach is necessary. 

Much research on underground structures exists, but much of it is not 
available or usable to the very people mostly responsible for under­
ground housing development: design-build professionals, contractors, 
and individual home builders. 

THE PROCESS. Geographic information, to be readily usable to the 
site planner, must meet certain criteria. It must be: 
a. simple and understandablP 
b. presented geographically(or be easily mappable)at the same scale 
c. readi 1 y a va i 1 ab 1 e 
d. modifiable and easy to interpret 
e. organized for easy combination 
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Fortunately, data which meets the above criteria exists in most areas 
of North America. The task is to facilitate its combination and 
analysis so that si'te location decisions may be derived. 

The identification and organization of data for site location can 
first be done conceptually or "modeler:i". This process was first 
described by Steinitz et al., (1976)? The .initial identification 
of specific data items eliminates costly and time-consuming mapping 
of unnecessary data. · Once the data has been identified, 
collected and mapped (at the same scale) it may be combined or 
"overlayed" for the spatia 1 1 ocati on of specific sites. The assumption 
here is that the modeler has a basic knowledge of site-determining 
characteristics such as soils, ground water level and topography. 
The process is summarized in Figure 1. This overlay process has 
been most recently described by McHarg? and Steinitz, (1976). 

define 1 and 
use type 

1 

FIGURE 1 

identify specific 
locational criter-
ia (data) 2 

analyze com­
posite data c::J 

6 

collect 
data 

3 

identify best 
site 1 ocati ons 

7 

combine 
overlay 
data 5 

The ~and-Drawn Data File System (St~initz et al.) is used here in the 
modeling and mapping of the specific locational criteria. This tech­
nique was selected because of its simplicity and usefulness in a "first­
look" search for appropriate sites. The mapping is done in clear trans­
parencies, usually green in color to symbolize sites good or "attractive" 
for specified land uses.* Mapped data are then overlayed as conceptually 
diagrammed in Figure 2. The importance of the data is weighted by 
making the maps darker (darker is better). 

* Red transparencies are used to denote sites which are "vulnerable" 
to environmental impacts such as erosion-sedimentation, ground and 
water degradation, or visual disruption. The terms "attractiveness 
and vulnerability modeling" were thus derived~ 
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SITE LOCATION MODEL (CRITERIA) FOR UNDERGROUND STRUCTURES. The 
following criteria for underground structure site location has 
been adopted primarily for its geothermal influences and construc­
tion properties. Soil climate is defined by Ufimtseva8 as 11 The 
multi-annual thermal water and areal regime of soil which is closely 
related to climate, vegetation, relief, character of soil forming 
rocks and other components of 1 andscape. 11 A 11 of the data is 

·.readily available for use by development professions, and the 
sources are listed as follows: 

.slope: USGS Map 

.slope orientation: interpreted from the USGS map 

.vegetation: aerial photography or recent USGS Map 

.soi]s: scs soil survey (available by county) 

.depth to bedrock: SCS soil survey and 11 Blue Sheets 11 

.depth to water table: SCS soil survey and 11 Blue Sheets 11 

.utilities (sewage, water): planning, engineering offices 

CRITERIA JUSTIFICATION. 

Slope: 

Insolation of south-facing slopes increases with tilt to a maximum 
year-round btu/sq. ft. absorption occurring at an angle of ti]t 
equal to the site latitute in the midlatitudes of the u.s.9,1U. As 
applied to the example site, located in Athens, Georgia, it would. be 
33° or 60% slope; however significantly large slopes at this angle 
are non-existant in this area. The steepest slope mapped is 25%. 
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It should be noted that steep slopes have high associated construction
costs and are susceptible to erosionll, and appropriate slope retention
solutions12would be necessary with this steepness. However, construction
on steeper slopes may offer significant views which may justify the
additional construction cost.

Assuming that appropriate solutions will be used for slope retention
and soil erosion control, the slopes were sub-divided into three
catagories for insolation and were mapped, darkest being best. (Only
south, southeast, southwest slopes and flat areas were mapped).

5-15 GOOD (medium green)

15-25 BEST (darker green)
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ORIENTATION.  The main source of heat entering the soil is from solar
radiation13 which correlates directly with slope orientation.  Temper-

ature differences between grass covered north and south exposures mayvary as much as 3.2-7.4oc.T4 Soil with a horizontal surface heats
up more readily than soil on slopes, except for southern slopes.15
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Accordingly, the south slope was mapped as best;  south east and
southwest slopes as second best, and flat slopes as third most desir-
able.
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Map 2: Topography - Slope Orientation

VEGETATION.  Plant cover effects soil temperature by shading the sur-
face in the day and by preventing radiation at night.16  Bare soil

is warmer in the summer but colder in the winter with a net heat loss.
A shallow grass cover is often warmer than bare soil by 120c.17  Like-

wise, soil temperatures in grass are often much warmer than under
forested stands.18  Vegetation also traps snow which acts as an insul-

ator.  Differences in temperature between snow-covered and bare soil
may reach 12.30c.19
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In accordance with this criteria, fields and pastures were mapped
as the best vegetative cover.
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Map 3:  Vegetation Type

SOIL.  Because moisture and drainage problems may be serious in
underground structures, porous, well-drained soils are essential
in site location.  Temperature differences between loamy, sandy-loam
and sandy soil onlx vary a couple of degrees year-round with sandy
soils the warmest.00  Hence, sandy and sandy-loam soils are best

r
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for both their drainage, thermal properties, and use as sewage leach
fields.21
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Map 4:  Soil - Permeability of Septic Layer

DEPTH TO BEDROCK.  Bedrock blasting and excavation costs are pro-

hibitively high for housing.22  Areas in which the depth to bedrock

is shallow (depending on the housing type) should be avoided.  For

the purpose of this study a depth of eight feet to bedrock is accept-



60

S

able.  This would provide enough depth to accommodate a one-storey
structure with slight berming.
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DEPTH TO WATER TABLE.  A shallow depth to water is unacceptable for
underground structures.  Drainage and sealing costs are high, and are
susceptible to failure.  A seasonal depth to water table of eight
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feet would be permissable for'a one-storey underground residence.
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UTILITIES.  Sewer and water lines are mapped as being areas in which
residential development would be significantly less expensive because
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of the high costs of constructing wells and septic systems.
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Map 7:  Utilities

CRITERIA COMBINATION AND WEIGHTING.  The weighting of the individual
criteria is dependant upon planning goals and politics, community
values, legal constraints, individual site characteristics, and pro-
fessional judgement.  There can be no set formula.  In some cases
a potentially good view (which sells houses) may override a 20c advan-
tage in slope aspect.  Accessibility and utilities likewise influence

site selection.  The important thing is that the mapped data is
relevant and that the criteria and process is defensible and changable
(Steinitz).23
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For the purpose of this demonstration, I have weighted the criteria 
in the following manner: 

.depth to bedrock 

.depth to water table 

.utilities 

.slope 

.orientation 

. vegetation 

. soils 

high 

high 

slight-moderate 

moderate 

moderate 

slight 

s 1 i ght-moderate 

Since the Hand Data File System displays data in colored transparent 
acetate overlays, the weighting is displayed in tones: the darker 
green, the more important, or better. Each mapped criteria is then 
overlayed to produce a composite which indicates the most desirable 
sitesfor underground housing. 

Conceivably, very little space will be allocated for underground 
structures, therefore the criteria presented in the model may be 
tightened to indicate only the very best sites. 

Although the Hand Data File System was selected for this demonstra­
tion other spatia 1 an.a l.ysi s s.vstems may be used. McHarg • sZ4overl ay 
process may be adopted but it is not as easily manipulatable as data 
maps. Numerical manipulation and cominations of the data is possi­
ble with the IMGRID (Sinton, et al.)25computer programming system. 
Its output is displayed spatially with graphic symbols. IMGRID 
has a high degree of numerical combinant capabilities and is now being 
widely used in America; however, special training and facilities put its 
use out of the reach of most developers and builders. 

CONCLUSION. Site selection for underground housing on a sub-regional 
basis can be easily achieved by a wide variety of professionals 
provided a systematic and logical process is followed. Even though 
much research is necessary for a fine tuning of the system, existing 
data and inexpensive technologies permit immediate application. It 
is hoped that the process, criteria and demonstration in this paper 
assists the proper siting of underground structures in the future. 

If 
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THE Q1.·i1,IER-BUILDR8. AND 'rHE 1JHD!iliGR01IT'TD: 
BUILDDTG A LOU-COST HOi'IE 

Robert L. Roy 

Author, UHD:SRGROUND HOUS::!:S (Sterling, 1979) 
President, \-JOOD, \-liND, & ~l.TH, Inc., ~lest Chaz:y:, HY 12992 

11 The mass of men lead lives of quiet despe.ration. 11 

- Henry David Thoreau -

In lrlalden, Thoreau says that Food, Fuel, Shelter, and 
Clothing are the four 11 ~ecessaries of life, 11 the human 
requirements for keeping the body temperature up to the point 
I·Jhe:L .... e one might reasonably be assumed to be alive. Speaking 
from. ex-perience, and paying particular attention to the ne"t-r 
reality of energy costs, I can say that Shelter and Fuel 
are t'l·.'O of the three 11biggies 11 on Henry 1 s list, ?ood being 
the other. 

NoH here's the rub: To a much greater degree today than 
in Thoreau's time, the American economy thrives or. the fact 
that the 1.1ass of men have become quietly convinced that 
they really aren 1 t capable of. sup~)lying the 11 necessaries of 
life'' directly for themselves; that, in fact, it is necessary 
to pay all kinds of middle men - 11 specialists,ll 11 experts, 11 

whatever- to supply the means of survival. The individual's 
part in all this is that he, too, becomes a specialist, .and 
the purpose of his speciality had better be that it earns 
him enough money to pay all the other specialists. 

The problems resulting from such a system are complex. 
Firstly, the dollar cost of -the system to the individual 
(never mind society as a l·rhole) is greatly increased. John 
buys a tomato at ?iggy Mart for a dollar. Jim grm·.Ts a tomato 
in his garden or-earth-sheltered greenhouse. John's tomato 
uas planted by someone driving an automatic seeder, Hatered 
~~d fertilized by systems that shake the foundations of the 
ecology, harvested by field Horkel,s, plastic-Hrapped by some­
one else using more machinery and petro-chemical products, 
haulea to a central shipper, shipped across country in a huge 
refrigerated tractor trailer, distributed to Piggy Mart by 
another carrier, laid up on the shelves by a stockboy, and 
rung up on the register by a clerk. I'm stire that my unfam-

. iliari ty >-lith the system has caused me to overlook one or 
t·Ho other intermediaries. In the meantime, poor JoD.n, to 
have the buck to snend, has had to ea..."'!l t"t·ro.--···State and fed­
eral taxes take their cut.. Transportation costs (including 
car pa;rrnents) to get to 1-rork and to Piggy Hart come out of it. 
A dollar saved i.s worth a Hhole lot more than a doJ.la:i. .... e~rn~;d. 
because He have to earn SO darned many to save SO precious fe"t·.fe 

.Jim 1 s investment in his homegrm-rn tomato is measured in 
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t:lr:1e and a share of Hhatever his green...~ouse or garc.en has 
cost him to establish •. "But his time is Harth something!" 
I hear my critics shouting. Yes it is. 3ut uhat it is 1mrth 
should be measured in tei'tlS of real nroduction, not some 
artificial dollar Value based. on some n.ebulOUS vrage Hhich 
has little to do t·Ii th production and real ·t-rorth, out a lot 
to do '.·lith creditor$, profiteers, bankers, labor unions, and· 
ta;·::. collectors. · 

Secondly, the energy cost of the tomato ~-rhich has traveled 
up to 2500 miles and has been fertilized I·Ti th energy-expensive 
chemicals is unacceptable. An obscene number of energy units 
are required to deliver one equivalent food~energy unit from 
S~"'l Diego to Albany. This is usually the case Hi th housing, 
too. Ply-!·Iood, finished lumber, cement, insulation ••• in 
fact, almost all of the materials Hhich go into the construction 
of a conventional home are transnorted over vast distances, 
increasing both the dollar and· energy costs of building. 
01mer-builders have long lmm-:n the advantage of that most 
basic premiae of folk architecture as practiced all over the 
planet: Use indigenous materials. 3o m·mer-builders start 
':Ii th a biG advantage, especially if they build an earth­
sheltered house (ESE), tvhich uses a high percentage of locally 
available materials. 

Thirdly, John's persistence in buying tomatoes (or fuel oil, 
or electricity, or a contractor's services) continues to 
reinforce his dependence not on himself, but on the economic 
system that has brought us the Piggy I;:Iart, Ex:;-::on, Corud and 
the Uniform Building Code. Jim has learned to groH his food 
( OI' cut fireuood, or maintain his 1-dndplant, or build or 
repair .his 0\·m home.) ~·Jben He are unable to jU;stify or defend 
si:;;:. percent of the Horld' s peo:Jle consuming JO)j of the non­
reneHable resources, Hhich t·rill be better placed to meet the 
crunch? ·· 

Finally, there is a i·ride quali tativ~ gap betHeen the tHo 
tomatoes. 

Let us turn the discussion to.that "necessary of life" called 
Shelter, especially the ESH. i 1Iodern American ~'·Ian is in very 
real danger of allmving himself to be convinced that he is 
unable to provide his 01-m shelter ••• that it is. necessary to 
hire an "expert. !r 'rhe problem is so serious that he is in 
great danger of sacrificing even his right to provide his ovm 
shelter. I refer to the ever more punitive building and 
planning codes in force around the country. ·r.he heating cost 
of any house, not just an 3SH,can vary by up to 30;~ solely 
as a function of the orientation of the house. One tm-m near 
Hhe:::-ae I live has a pla.'1Iling ordinance that requires that all 
houses be built "parallel to the road, rr Cal"ing not at all 
Hhether the l"oad runs east-and-Hest, north-and-south, or some­
thing in bet<reen. A neighborhood ~-rith this ordinance may be 

• 
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requiring 30;.:; more energy for heating - or cooling - than a 
neighborhood of similar houses orientated to take advantage 
of siting principles known to the Greeks 3000 years ago. 
In Massachusetts, state of my youth, codes and inspections 
have made building one's home so expensive ~~d so difficult 
that it 1 s really hardly i·JOrth the bother. Granted, if one 
sells a house or contracts a house for a customer, the buyer 
should be protected fro·m an unsafe home. ·rhis Has the origi­
nal intent of the codes and I believe that the intent Has 
just. Tl1.e m·mer-builder, on the other hand, is si!".1ply trying 
to provide his mm shelter, su.:•ely one of tne most basic of 
rights, though not listed specifically in the Bill of Rights. 
It may have been considered so basic, like breatning, or 
providing one 1 s 01.-m food, that it -;;-ras not considered necessary 
to include. These are rights that nan has had long before· 
the Bill of Rights came into existence, rights taken for 
granted by bees, beavers, and bandicoots. I fear it is only 
a matter of time before a Cor.mom·real th of i·'Iassachusetts 
building inspector slaps a condemnation notice on a beaver · 
lodge for lack of sufficient glazing. A man, like a beaver, 
should have the right to build his m·m shelter, ~ if that 
shelter should fail. The alternative is too dear by tenfold. 

Uith respect to earth-sheltered housing, it is the respon­
sibility of those architects, engineers, and e~~erimental 
builders among us to share our knm·rledge and to malce knm·m 
the structural and ~...-aterproofing data to help ensure that 
m·mer-builders construct sound houses. 

CA·mer-builders are independent types. That 1 s Hhy they're 
m-mer-builders. _::md, usually, they are aHare of the alter­
natives in housing long before the information percolates 
up to the general population, probably because they deliber­
ately seek out the kind of literature Hhere these advances 
are first noJced. Oi·mer-builders can readily see that an ESH 
not only addresses Shelter, but also Fuel (by the conserva­
tion thereof) and even Food, if an attached solar greenhouse 
is included as a part of the design. 

The problem is that most mmer-builders are inexperienced. 
~·1hen it comes time to build, they are less scared of 11 tradi­
tional11 building methods, sucn as balloon framing,·because 
this is Hhat they are used to seeing. '11he more adventurous 
might even tackle a log house. Again, the technolo~J involved 
seems Hell Hi thin their grasp o Unfortunately, earth-sheltered · 
housing tends to scare a lot of people a'.-Jay, ~ though they 
perceive clearly the tremendoU;:::i, a6.vantages of ~ underground 

~·· 
S:he reasons for this fear are t-vmfold. Firstly, most 

m-mer-builders are unde::." the ir:1pression that a vei>y advanced 
technology is required to build a successful ZSH. Start 
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taEdng about poured concrete ~-ralls, pre-stressed concrete 
beams, e.A-pansion jointing, exotic 1·mterproofing techniques ••• 
\·rho a, he 1 s o.f::' to the Hoods Hi th his axe and HOl-T TO BUILD A 
LOG C.ABHr manual. So He· should.n 1 t tallc about those things. 
'I'hey 1 re not really necessary in most cases anyr,ray. 

'l'he second myth Hhich must be dispelled is that ESH 1 s are 
expensive. It may be that contractor-built ~1odels are that · 
i·ree bit more e:q>ensive tnan comparably-sized structures on 
tile surface. A lot of this probably stems from the contractor 
over-building some'.·Jhat to protect hinself in this relatively 
neH field. This Hill change, as engineering and >·iaterproofing 
lmovrledge becomes more readily accessible. Any...·ray, the seeds 
o.f doubt are planted i.n the or.-mer-builder' s mind, even t!.1.ough 
the lite:.."'ature Hhich ha.s planted the seeds has been in refer­
ence to contractor-built homes. 'EI'le reality is that m-mer­
built 2SH 1 s cor.rpare favorably Hi th m-mer-buil t frame houses, 
log cabins, even log-end structures. :::.:vidence of this is 
given in the accompanying article to this paper. There is 
no reason Hhy a good, long-lasting m-mer-ouil t :2SH can 1 t be 
built in a non-coded area for $10 per squal"'e foot. (In a 
coded area, this figure might run as high as :~15, because -of 
all the 11 extras" that have to be incorporated into the design 
to satisfy the building inspector. This is unfortunate. 
Good background reading for m·mer-builders in a coded area 
is TE:L O'JNER-B1JILDER AND THE CODE, by Ken Kern and Co.) 

This discussion of cost per squru"'e foot brings us around 
to the matter of size of a home. Here are a feH basic ·rules 
that hold. true for almost all types of construction: 

1. A large house costs less ~ sguare ":££91 than a small 
house. 

2. A. sm8.11 bonse cnst.s J esR than a lai'ge house. 

3. A small house is cheaper to heat and maintain. 

I might add the follm·Ting particular rule Hhich applies 
specifically to 3SH 1 s: 

4. 3arth-sheltered houses are not easy to a~d on to. 

?he e:;:ception to Rule Four is Hhen the house is deliber­
ately designed to add on to in the future, the builder 
knm·Ting that .this_must eventually happen. · Such a strategy 
might be apyropriate for those on very restricted means. 
One couple recently told me that they absolutely had to have 
1600 square feet of living space. The trouble Has that they 
could barely afford half of that. I suggested that they 
build an Boo square foot home, leaving the east vrall not 
backfilled. In tHo or t:b..ree years., they could afford to 

I 
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build another Boo souare foot module east of the first. 
'rhe· common i·Jall of 12 11 concrete blocks ivould serve very Hell 
as a heat sink and noise buffer i·lhen the addition is com­
pleted. 

Choosing the size of house t~ build is not as ea~y as it 
first appears •. Hany considerations come into this choice, 
except Hhere ridiculous planning regulations require a min­
imum of 2000 square. feet. Oi·mer-builders on. a loH budget 
instinctively avoid buying a lot in such a neighborhood. 
Here are some of the considerations (pitfalls?): 

The over-reaction syndrome. Jack and Jill have been 
cooped U.P in their lit i..le anartment or house t::. ... ailer for so 
long that all they can think of is, 11 \·Jhen 1ve build our house, 
there's gonna be plenty of spacer" They've got lots of time 
to plan; paper and pencils are cheap. They finally get started 
on their 3000 :ouare foot masterpiece. The possibilities from 
there, indescending order of probability, are: (1) There is 
a grAat enthusiasm to begin i·rith. A.fter about si~t months, 
money, energy, and patience run lm·T ••• run out. Jack and 
Jill split up. (2) After a Hhile, Jack and Jill perceive 
that they've really bitteri off too much. They move into a 
third of the place. . 11 Someday He 1 ll finish the rest, 11 they 
say. (3) ?ney pull it off, as planned. I have heard rumor 
of this, but have yet to witness it through personal contact. 

Big bedrooms, lots of bedrooms. The functions of a bedroom 
are to supply a peaceful venue for horizontal restfng of the 
body and as a storage area, generally for clothes. The bed­
rooms in most American homes could be divided in tHo and each 
-.:·rould still sePve the purpose. Sure, lots of other consider­
ations come into the planning: building codes again; an 
adjustment, perhaps, of the individual value system; planning 
a small bedroom to accommodate furniture, etc. One thing is 
certain: the larger the bedroom (or house, for that matter), 
the more unnecessary stuff one accumulates. As for nur:1ber of 
bedrooms, this is largely a function of individual thiru(ing. 
Americans seem particularly hung up on a privacy thing. 
Zvery kid han got to have his bedroom and then there should 
be one ex.tra bedroom throvm in for the pot: the ubiquitous 
"guest room." In the reality of most family situations, the 
guest rooms a.1 ... e used less than 10~~ of the time. The living 
room of our 2SH has a convertible sofa, so the room functions 
nicely as a guest room, too. 

I realise that the above paragraph is a personal vie1·i, but 
I vrant to point out that there are many trade-offs i·rhen it 
comes to building a house -.;..rhich is affordable. To me, afford­
able means that I Hill mm it, not the bank. 

\.Ii th regard to room size and ESH 1 s utilizing the post and 
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beam tec.b..nique, it should be kept in -,·r~ind that there are 
definite Pafter spa...J. limits Hhich should be considered. 
See attached article. 

:r I. only_ ~-r~t to do it ~' ~ I~ m going. to do i ~ rie;ht! n 
By nrlght, '1 tney usually mean nof hlgh quall ty, .,.-,.,rhJ.ch J.S 
fine, but often 11big 11 goes along for the ride.. This is similar 
to the over-reaction syndrome, except that it stems from a. 
different set of premises. The results are usually the same. 
~-,lost inexnerienced ov-mcr-builders find that my late father's 
favorite cornr.1ent on mmer-invol ved building is the more accu­
rat~. "You've got to build tHo houses to get one right," he 
said. 

Cn that note, the time seems ripe to share 1-1i th the reader 
a plan l·ihich adciresses the problem of inexperience ••• and 
several others at the same time. It is the Temporary Shelter. 

The Temporary Shelter is a small, si1aple, lm·.r-cost structure 
1vhich the mm.er-builder lives in Hhile building the permanent 
d1-relling. This plan affords the folloHing advantages: ( 1 ) The 
builder gains actual building e;tperience. This gives him the 
confidence that, yes indeed, he really can build his m·m 
Shelter. Big step. (2) Hoving on site saves interim shelter 
and traveling costs Hhile the main place is built. (3) Actu­
ally living on t~1e land familiarizes the m-mer-builder Hi th 
the vro~ious local factors to consider in siting and orientating 
his hOuse: stm and 1,;ind direction, viev.r, special land features, 
natural traffic flm..r, etc. (i_~) \·.men the neuse is finished, 
the Temporary Shelter Hill be a useful outbuilding: 
Horkshop, gm~d8n shed, Hoodshed, 't·rhatever. Some conside:::.,ation 
should be given to this advantage before building tne shelter. 

. There's no reason HAY the Temporary Shelter can't be Aarth­
sheltered. This vrould supply the most practical experience 
for later construction of a permanent BSH. This also gives a 
chance to make a less costly mistake, which needn't be repeated 
on the main building. 

Too small. A less common mistru{e is the building of a house 
too-small. ~t 1 s a mistru{e I made myself, because I stretched 
my small-is-beautiful approach beyond reasonable liuli ts • Our 
first house, a cordHood cottage, lacked a private place Hhere 
one could tuck oneself a-.-.ray for· a Hhile. Still, the 700 square 
feet Has plenty for my Hife and me. One-tiny baby changed all 
that. ':ie i.·iere thinking about ho1-i-~:ie- could add on, but I 
caught the underground bug and i•re decided to build another 
house. The t1·ro houses together, including septic system, an 
excellent vrind generator, all fixtures, furnishings and appli­
ances cost us less than ~i520,000. The underground house has 
about 1000 square feet, but is much better planned and, unlike 
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the cottage, has no stairHay. Our family of three (plus two 
large dogs) is very comfortable in this size and He could 
find room for another li·ctle one, if such an event should 
~ranspire. 

'I'o Hrap up this dissertation on house size, then, my 
acivice to a ne~··T m·mer-builder considering an ESE :·rould be: 
Sr.1all is beautiful. It is also less e.xpensi ve than big, 
initially and so on dm·m the line. But give a n?.3.l"'gin, a 
small spm~e room, perhaps, for some yet-Q~own purpose. 
Or plan th,e house Hith specific expa.Ylsion potential. 

Usually it's not the money that puts people off attempting 
their o-vm home. After all, the al tePnati ve ( "'rhich, unfor­
tun!!lately, most people will Hind up choosing) Hill cost. 
several times as much. And mos~ people can be convinced that 
if so-called 11 primitive" man using fe1 .. r tools anci only indig­
enous materials can bUild beautiful houses that last hundreds 
o~ years, Hell, the~ yes, I guess maybe I could do g. ·The 
b~gg~est bur-= or butt: the spellings are virtually inter­
changable in this case - that has to be moved is the one that 
says, "But I don't have the time. Time is money, you knm-Ie 11 

I thiru{ not. Time, as nebulous as it is, is still something 
real. I-Ioney is cred1t for something real. ~-Je can survive 
Hithout money, but -~·re 1 re in big trouble Hhen He run out of 
time. 

But, yes, of course, it trures some money to build a good 
quality ~SH. The last page of this paper gives a costing 
analysis of my home, Log 3nd Cave. The materials ~~d con­
t::eacting cost of tile house, including landscaping and d: ..... ainage, 
~·ias ;;;6750. Ue 1ve spent another 7250 or so since the article 
appeaped, or about q;7ono for the basic house plus landscaping. 
Inflation Hould boost this to about $8500 in 1 980. 'de also 
spent about 1800 man-hours on the project, mostly our o-.-m, 
some of it paid ($660 Horth).t 'l"'hat 1 s a lot of tir.1e. But a 
couple -;-rorking together can log tilat time easily irJ. six months, 
even ~-d th bad Heather. There are other time combinations 
possible to meet different circumstances. 

· One-third of the "average 11 American 1 s after-tax: income is 
devoted to Shelter, usually rent or mortgage paynents. If a 
man vrorks from the age of 20 to the age of 65, it could be 
legitimately argued that he has -out in fifteen years just to 
keep a roof over his head. ~·ii th ... six months t Hork ( anci ::;;8500), 
he and his family could have built their mm house. 

11All that is fine and dandy for Hri ters, golf pl"'OS, and 
other layabouts," people tell me. "But I 1 m a Horkin~ man. · I 
can 1 t afford to take six months off to build my m·m .house." 
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J.. reply that to save fourteen and a half years of Hork, 
they can't afford not to build, ~ if it means losing ~ 
jobo Granted, the fyo500 has to cor.:e :Lro-:-.1 SOl!lei,:here, but 
this is no :nore - and probably a ;,rhole lot less - tha.."'l the 
cio~·m pa;,rm.ent on a contractor-built home, and less tha..r1 half 
the cost ofa ne.,; mobile or modular home of similar living 
space. ·And, like· the tomatoes, you can't compare the end 
product. 

The part of this argument that most often thrm·rs peo~Jle 
is the business of giving up one 1 s job. This is not ahrays 
necessary and should be treated as a last resort solution. 
Someone who. is-· really good at their ".vork Hill not take long 
obtaining a sim~ilar position, or regaining the first. Others 
lool: upon this plan as just >·Jh~t ti.1ey need to get then out of 
a cireacied job. These are the ones leading the "lives of 
quiet desperation. 11 

The nex.t four pages, reprinted from Alternative Sources of 
Energ;z: lf39 Hith kind permission from the edltor, discuss the 
t:-ro specific builuing ~cechniques Hhich I :1.ave found to be th13 · 
most useful in o:_Jening Ul) the lUlderground for the lm·r-budget 
o\--mer-buildei' o 

Hobert L. Roy 

:rt~1, Box 40C 

~'iest Chazy, NY 1 2992 

( .518) L~93-7744 
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I=: ow to B.uild an .Uruderground ~~ome 

by Robert L. Roy 

Interest in underground and earth-sheltered 
building has increased dramatically in the past 
year or two. In this time of constant energy 
crises, people of all lifestyles are beginning to 
perceive the tremendous energy advantages of 
earth-sheltered construction. Of course, there 
are several other less well-known advantages to 
building underground, such as freedom from 
noise pollution, low fire risk, visual amenity, 
low maintenance, long structu·ral life, and -
surprisingly - low cost. Most of the publiCity 
given to subterranean structures would have the 
public believe that they are practical, beautiful, 
and expensive. In this article, I hope to show 
that underground housing is as viable for the 
low-budget owner-builder as log cabins or stick 
framed houses. And just as easy to do. 

I will use our own Log ·End Cave as my 
primary evidence. Our basic 1000 square foot 
house, including landscaping (an integral part of 
earth-sheltered housing), cost us $7410.57, $660 
of which was for labor. These figures do not 
include well or septic system, which we already 
had on site. I will make no wild unsubstantiated 
claims, but I think it is fair to say that the house 
will be around ·for a long, long time. Experi­
enced contractors and builders who have seen 
the house agree. The actual itemized costing of 
our Cave is interesting and- I hope- useful as 
a guide; it appears at the end of this article. 

Surface Bonding 

Lots of people who are ready to go out and chop 
down trees and stack them up as a log cabin 
hesitate when it comes to trusting their ability to 
construct a sound masonry foundation. There 
has always been an aura of mystique about 
masonry (partly attributable to the secrecy of the 
old mason's societies) which often frightens the 
owner-builder. It frightened my wife and I when 
we built our first house, a lolg-end structure 
over a full cellar. We hired an experienced friend 
to lay the concrete block foundation. And I· 
would still leave the pouring of a solid concrete 
wall to the experts, and carefully chosen experts 
at that! But there is an alternative to laying up 
blocks with mortar or having a solid foundation 
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wall poured, an alternative which is extremely 
strong, not expensive, and easy to deal with by 
inexperienced builders if care and attention to 
detail ar~ exercised. I am, of course, referring to 
the surface bonding technique of laying up a 
wall. Not normally a believer in wonder prod­
ucts, get-rich-quick schemes, and free lunches, I 
really have to say that surface bonding of a 
block wall Is one too-good-to-be-true deal that 
really works. It is one of the two keys that 
unlock the underground world for the ordinary 
man. The other key, plank and beam roof 
frarr.ing, I will discuss later in this article. 

"My initial skepticism of surface bonding 
was dispelled as I used it and began to get 
a true sense of what I was actually doing 
to the wall." 

Surface bonding is the application of a special 
cement-based material to both the exterior and 
interior surfaces of a wall of concrete blocks laid 
up without mortar after the first course. The 
first course is laid in a bed of mortar solely for 
the purpose of establishing a level base course 
for the further stacking of the blocks. No mortar 
is ever placed at the ends of blocks, even on the 
first course. The secret of surface bonding is the 
thousands Of tiny glass fibers which permeate 
the mix. When applied correctly to a thickness 
of 1 /8.. to both surfaces of a dry-stacked wall, 
surface bonding has been said to be six times 
stronger against wall flexure than a convention­
ally mortared wall. (Construction with Surface 
Bonding. see Bibliography.) My initial skepti­
cism of surface bonding was dispelled as I used it 
and began to get a true sense of what I was 
actually doing to the wall. The only way that the 
wall can fall in would be if the 1/8" membrane 
were to rupture along the whole length of the 
wall. But you know that isn't going to happen 
when you see tens of thousands of short glass 
fibers bridging the tiny spaces between adjacent 
blocks. This method of construction has some­
thing in common with screwing and gluing 
plywood to both sides of a two-by-four frame­
work: the resulting panel has incredible strength 
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log End Cave. Note windplant in background. 

which seems to go beyond the inherent proper­
ties of the components themselves. 

Most people - I used to be one of them -
think that mortar "glues" blocks together. This 
is not strictly so. Mortar's primary purpose is as 
a leveling agent. When a block wall fails, the 
cracks in the wall invariably follow mortar 
joints. Rarely do the blocks themselves break. 
People sometimes say to me, "It would seem 
that the strongest possible block wall would be a 
mortared and surface bonded wall." I think not. 
The mortar will still be the weak link in the 
chain, and the surface bonding will be of little 
help because the mortar gap will greatly cut 
down. the; probability_ of the individual glass 
fibers spanning from one block to its neighbor. 

Another advantage of surface bonding is that 
it is excellent as a waterproofing agent, though 
any cement-based waterproofing will fail if a 
foundation crack develops due to settling. For 
this reason, I gain peace of mind by compacting 
the earth beneath the footing and by applying a 
layer of plastic roofing cement to the outside of 
the bonded wall and pressing a sheet of six mil 
black polyethylene into the roofing cement. 

Building a surface bonded wall is not difficult, 
if the builder pays attention to detail and pro­
ceeds carefully. The footing should be as near to 
level as possible. We shuttered and poured our 
own footing, able assisted by a good friend in 
the contracting business. Frequent use of a 
surveyor's level will assure that the footing is 
level to within a quarter inch, but the first course 
of blocks must be even closer than that for dry 
stacking, thus the need for leveling the entire 
first course in a bed of strong mortar. Again, a 
surveyor's level and a measuring rod are the 
right tools for the job. Borrow or rent them. 
And don't forget to use a two-foot level width­
wise on the block, too, or the wall will soon be 

out of plumb. 
Stacking the blocks is not difficult. Be 

warned, though: if you use 12" concrete blocks 
as we did (and recommend), you will sleep \veil 
at night after a day's stacking. A friend and I 
stacked 900 blocks in five days, being extremely 
careful to keep our courses plumb and level. 
Minor leveling of blocks can be accomplished 
with wall ties or aluminum printing plates. Do 
not use wooden shims. It is important, too, to 
keep the ends of each block butted against one 
another. 

The actual surface bonding takes a little prac­
tice to get the knack. Wet the wall ahead of time 
and apply the mixed surface bonding with a flat 
trowel. Mix it as wet as it will stick to the wall, 
but be sure to apply an 1/8" layer. Follow the 
mixing instructions otr the bag, and be sure to 
work the lumps out of the mix. We used rubber 
masonry gloves for this purpose. 

I have tried to give the reader a basic 
familiarity with surface bonding as well as to 
assure him that it is a tried and proven method. 
It is beyond the scope of this article to give a 
detailed step-by-step discussion of the processes 
and to list the various special considerations, but 
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the information is readily available through the 
U.S. Government Printing Office. (See Bibliog­
raphy.) 

I also discuss the technique thor-
oughly in my book, also listed in the 
Bibliography. 

Plank & Beam Roofing 

The other major area of underground construc­
tion that sends a shudder right down the owner­
builder's back - until it hits his wallet - is the 
roof. So many of the well-known underground 
architects and designers talk about pre-stressed 
concrete beams (installed with a crane) or a 
shuttered and poured concrete roof. Difficult 
for the inexperienced. Expensive. Again, 
though, there is a very viable alternative, which 
is more in keeping with the average owner­
builder's skills, confidence, and bankroll. The 
old construction technique to which I refer -
plank and beam roofing - has been used very 
effectively by Malcolm Wells in his well-known 
Solaria house, by Don Metz in his two beautiful 
earth-covered houses in Lyme, New Hampshire, 
and at our own Log End Cave. 

Is it strong? Well, one of Don's houses· 
supports a twelve to fifteen inch earth roof in an 
area of very high snowloads. Solaria, ·in New 
Jersey, supports 24" of earth _cover. Although 
both of these houses are built with heavier 
timbers than our own house, Don Metz admits 
that his first house might be a little over-built, 
but there's a great comfort in seeing those 
massive five-by-ten beams overhead on sixteen 
inch centers. Our own house is designed to 
accommodate the 120 pounds per square foot 
roof load resulting from four feet of soggy 
spring snow on six inches of earth and sod. The 
key to the strength of our house, however, is 
that we keep our spans down to eight feet by the 
use of a heavy post and beam framework below. 
The accompanying illustrations 

show the locations of the primary posts 
and beams as well as the rafter system. "X" 
marks the spot of the barn beam posts which 
support the three main beams, hand hewn spruce 
ten-by-tens, thirty feet long and eighty years old, 
but in excellent condition. The eighteen-foot 
four-by-eight hemlock rafters are supported, 
then, by a twelve inch concrete block wall at 
their outer ends, and well-posted spruce ten-by­
tens at their mid-points and at the "peak' of the 
house. As stated, the rafters (the "beams" of 
plank and beam construction) never have to 
span an actual distance greater than eight feet. 
Increasing their strength is the fact that each 
rafter is supported in the middle, preventing sag 
and eventual fatigue. (See diagram.) 
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The "planks" of the plank and beam roof are 
hemlock two-by-sixes of varying lengths. I try to 
stagger the courses for 
extra strength. Some of the underground build­
ers, such as Don Metz, use tongue and grooved 
pine finished to 1-1/2". It looks great, and on 
the close centers of his beams it is super strong, 
but it is expensive. I believe that my hemlock 
two-by-sixes (planed uniformly to 1-3/4") are 
just as strong, they look pretty good, and I was 
able to get them from trees I picked out myself 
at about half the cost of the finished pine. 

The load carrying strength of a plank and 
beam roof is a function of four variables: span, 
frequency of beams, dimension of b~ams, and 
the type of wood used. Examples: A greater 
span requires larger timber dimensions; the 
stronger the planking, the fewer the beams 
required; pine must be of greater dimension to 
equal spruce for strength. Most houses in the 
north are built to handle a forty pound Per 
square foot roof load. An underground house 
with a six-inch earth cover must be built about 
three times that strong. If in doubt, consult an 
engineer. 

On top of the hemlock planking is a blanket 
of styrofoam, 3-1/4" thick and shiplapped in 
both directions to minimize heat loss. The styro­
foam is important. There is a popular miscon­
ception that earth alone makes for good 
insulation. This is not true. The advantage of the 
earth cover is that it provides an ambient of 
higher temperature than the outside air in winter 
and cool surround in summer. Without insula­
tion, the transfer of heat to the eartb is rapid. 
For this reason, all underground houses being 
built today have insulation on the outside of the 
concrete walls themselves. This allows the con­
crete to stay warm and act as a heat sink, 
providing the steady temperatures that subterra-. 
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nean houses are famous for, while protecting the 
walls against frost damage. 

Above the styrofoam, we have a layer of 5/8" 
particle board. The purpose of this layer is to 
protect the styrofoam during further roof work 
while providing a surface for the application of 
waterproof membrane. 

We chose the black plastic method of water­
proofing. First we stapled a layer of fifteen 
pound roofing paper to the particle board, as an 
expansion and contraction buffer. Then we 
applied a layer of black plastic roofing cement to 
the paper, while;fc>lling a huge sheet of six mil 
black poly. (Note: clear poly will deteriorate.) 
We repeated the black plastic and six mil layers. 

Using a half-inch screen, we sifted a 3/4" 
layer of topsoil over the six mil, to protect the 
membrane from stones. Then we added about 
three more inches of topsoil. As it was Novem­
ber, we did not risk putting the sod up for the 
winter, fearing that it would not survive such 
late transplanting. A small test patch proved us 
right. We covered the .roof with hay, pine 
boughs, and sticks for the winter, and applied 
the three-inch thick timothy-based sod the fol­
lowing spring. Within a month, the new sod had 
knitted in beautifully. If I were to do the job 
again, I would be more careful about using a soil 
with better drainage, perhaps even to the extent 
of laying down a three-inch layer of sand right 
on the membrane. Good drainage takes a lot of 
pressure off the waterproofing system. 

Obviously, I cannot deal comprehensively 
with the vast subject of underground housing in 
this short article, but I hope I have shown the 
way for would-be owner-builders to consider the 
problem as one which is within the range of both 
their ability and affordability. · 

LOG E~D CAVE- COSTING ANALYSIS 
Heavy equipment contracting ........ $892.00 
Concrete ........................... 873.68 
Surface bonding .................... 349.32 
Concrete blocks ..................... 514.26 
Cement ............................. 47.79 
Hemlock .............. · ............. 345.00 
Milling and planing .................. 240.26 

• 

Barn beams ........................ 123.00 
Other wood ........................ 167.56 
Sheetrock ........................... 72.00 
Particle board ...................... 182.20 
Nails ............................... 62.88 
Sand and crushed stone .............. /48.21 
Topsoil ............................ 295.00 
Hay, grass seed, fertilizer .............. 43.50 
Plumbing parts ..................... I 24.95. 
Drain pipes .................. : ...... 166.23 
Water pipe .......................... 61.59 
Metalbestos stovepipe ................ /84A5 
Styrofoam insulation (used) ........... 254.93 
Roofing cement ..................... 293.83 
Six mil black polyethylene ............. 64.20 
Flashing ............................ 27.56 
Skylights ........................... 361.13 
Thermopane windows ............... 322.50 
Interior doors and hardware .......... /62.80 
Tools and too./ rental ................. 159.43 
Miscellaneous ............... ; ...... 210.31 

Materials and contracting cost of 
house, landscaping and drainage ..... $6750.57 

Labor ............................. 660.00 

Cost of basic house ................ $7410.57 

Floor covering (carpets, vinyl, etc.) .... 309.89 
Fi\':tures and appliances .............. 507.00 

Total spending at Log End Cave ..... $8227.46 

BIBLIOGRAPHY 
Cnstruction with Surface Bonding, a ·Depart~ 
ment of Agriculture Bulletin. A vailah/efrom the 
Superintendent of Documents, U.S. Govern­
ment Printing Office, Washington, D.C. 20402. 
It's a good buy at 451!. Ask for Stock #0100-
03340. 

Earth Sheltered Housing Design, American 
Underground-Space Assn., Department of Civil 
and Mineral Engineering, University of Minne­
sota, A-linneapolis, A1innesota 55455. Ten 
bucks. Don't design your underground house 
without first reading this book. 

The Underground House: How to Build a Low 
Cost Home, Sterling, March 1979. Large paper­
back. How to do it, step by step. Full of 
drawings and photographs. A \·ailable from the 
publisher or the author (Robert L. Roy, RR 1, 
Box 40C, West Chazy, N.Y. 12992) at $5.95! 
plus a dollar postage. 

Rob Roy homesteads in West Chazy, NY., and is the 
author of How to Ruild Log End Houses and also: 
l!nderground Houses: How lo Build a Low Cost 
Home. Both are available from Sterling Publishing 
Co., Two Park Ave., New York, NY 10016. Photos 
and drawings by the author. This article originally 
appeared in Farmstead Magazine. 
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INVESTIGATIONS INTO GROUND CLIMATE AS AN 
ALTERNATIVE THERMAL BUILDING ENVIRONMENT 

"""(.) Kenneth Labs 
Undercurrent Design Resear_c..h,. 

New Haven, Connecticut 

ABSTRACT 

Keith Harrington 
ARGA Associates 

New Haven, Connecticut 

In comparison.to the week-to-week irregularities of 
weather experienced above ground, the climate of the 
soil is relatively predictable and varies little.from 
year to year. This paper describes a mathematical 
model for estimating the temperature of a selected 
vertical profile in the·soil, under undisturbed ther­
mal conditions. The profile can be sefected to 
correspond to the depth O·f placement of various sub­
grade walls. Synthesized profile temperatures for 
several di.fferent geographic regions are prese~ted. 

Although this model cannot be used to predict heat 
loss in the form given, it is believed that it pro­
vides an expedient.method for comparing the elements 
of above and below ground climates in the overall 
assessment of design alternatives. Some suggested 
uses of the model are presented, with particular 
reference to earth pipes ~nd determining degree day 
assignments to different soil profiles. 

INTRODUCTION 

Heat.exchange between underground structures and the 
earth has received little attention until the past 
few years. Even less attention has been directed 
toward assessing the heating and cooling advantages 
of earth sheltered construction and earth pipes in 
relation to other more conventional design practices. 
One way to compare the amenities of the subsurface 
climate with that of the surface is to directly 
juxtapose normals of air and ground temperature. 



Soil temperatures within the field of influence of an 
underground structure are altered by heat losses (and 

_ _gains) from the building. Although this can. be 
modeled, the theory is very complex [1], and the 
problem does not lend itself to an impartial climatic 

___ analysis, since certain assumptions about the building 
--"-, itself must be made. Temperatures of undisturbed soil, 
~ on the other hand, are fairly easily predicted.; these 

"-sap be modeled at individual depths and can also be 
averaged over a range of depths to yield a temperature 
that is representative of the profile as a whole. 
Undisturbed soil temperatures in themselves do not 
create the actual driving force for heat transfer, 
since the overall system is dynamically interactive. 

Undisturbed ground temperatures do represent ultimate 
bounds for the driving potential, however, so they 
can be used to determine the limitations of the 
ability of the earth to aid in the heating and cooling 
of structures. · Because of the ease and repetiveness 
of calculating temperatures at different depths, the 
model readily lends itself to electronic computational 
techniques. By varying the input parameters, a 
regional analysis of ambient ground temperatures can 
be conducted. This paper explains the procedure and 
presents computer-synthesized ground temperature data 
for six different climatic regions in the contiguous 
United States. 

GROUND TEMPERATURE AT DEPTH x 

In most parts of the continental United States, the. 
temperature of the ground can be estimated acceptably 
by the expression, 
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where 

T T(x,t) 
Am 
xs 
K 
t 
to 

= 
= 
= 
= 
= 
= 
= 

temperature of soil at depth x and time t 
mean annual earth temperature 
amplitude of surface temperature wave 
depth below surface . 2 thermal diffusivi t:y of soil (ft 1day) 
time of year (days) 
phase constant (days) 

The accuracy of this model is in large part determined 
by how closely the variables Tm, As, and K can. be 
approximated. Despite the simplification of the . 
problem, most researchers have found that the model 
provides agreement within about 2F of field conditions, 
when the variables themselves are determined from 
field observations [2]. Field data is not available 
from more than a few locations, most of which are far 
removed from urbanizing areas. These input values 
must therefore, be estimated. For the most part, this 
may be accomplished satisfactorily by approximation 
from published air temperature normals [3]; "plug-in" 
values are discussed in refer~nce [4]. 

Among the most unknowable of the parameters in the 
model is the thermal diffusivity of the soil. Analysis 
by researchers at the National Bureau of Standards 
indicates that an average value can usually be used 
,with acceptable accuracy, and that even large errors 
in the value assigned to K will generally result in 
an error of only ± lF or 2F for the average profile 
temperature [3]. It was felt adequate for the present 
analysis to assume a constant K for all locations of 
0.6 ft2jday. This value represents a time lag of the 
temperature wave in the soil of approximately one week 
per foot. The other values assumed· for each region 
presented here are given with the synthesized ground 
temperatures in Tables 1-6. The significance of 
variations in, and influences affecting, the param­
eters of the model are discussed in detail in refer­
ence [ 2] . 



AVERAGE TE~1PERATURES OF PROFILE H 

The average temperature of any selected soil profile 
H is found by integrating Equation (1) with respect 
to depth, and dividing this by the height of the 
profile: · 

.where 

a = upper bound,s of profile H 
b = lower bounds of profile H 
r- ~ 

- y365K 

The procedure for determining the integrated average 
temperature of a soil profile was first introduced 
by Kusuda and Achenbach, in a paper examining the 

·profile extending from the surface to a depth of 10 
feet [3]. Summary data obtained by this method are 
given for reference in ASHRAE Applications, and 
seasona·l data for over 400 stat~ons h·ave been 
synthesized for use in estimating he~t losses from 
underground heat distribution systems [5]. 

A degree day value can be assigned to any selected 
profile by subtracting the average profile tempera­
ture from a chosen base reference temperature. 
Summation of the daily profile degree days yields 
monthly and annual degree days. This may be computed 
by mathematical or numerical integration of Equation 
(2) with respect to time. Base 65F has b.een selected 
he-re for consistency with published 65F heating degree 
day normals. · 
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LIMITATIONS 

At a-glance at any of Tables 1-6, it is possible to 
immediately ascertain a) the upper limit of the 
temperature differential established by the earth for 
basement (0-6 feet) and fully subgrade (2-12 feet) 
profiles, b) if a u~eful cooling potential exists in 
the ground during summer months, and c) at what depths 
this potential is the greatest, as for the most 
advantageous placement of earth pipes. Since the 
tables present temperatures that are lower than those 
which would exist immediately adjacent to a heated 
underground structure, their use for calculating heat 
loss would ultimately result in oversizing of mechani­
cal equipment. As a measure of reductions in heating 
load, the driving force presented by the undisturbed 
profile temperature is a conservative indicator of 
possible energy savings. The degree day-reductions, 
therefore, represent a least amount of energy savings, 
and not the actual savings that might be anticipated. 

Underground degree days and their above surface 
counterparts are necessarily different because of 
their unlike thermal media, so the relationship 
between these should not be taken too literally. Con­
ventional heating degree days (HDD) based on a 65F 
reference air temperature provide simply a measure of 
the number of degrees below 65F that the average air. 
temperature falls on a given day, or as accumulated 
over some time period. Degree days do not account for 
the effects of solar radiation, infiltration, thermal 
mass, or other features that vary from building to 
building. In the past, with poorly insulated and 
leaky houses, a linear relationship was assumed 
between base 65F HDD (roughly corresponding to the 
lower limit of the comfort zone, plus some "free" 
heating supplied by solar energy and internal gains) 
and heating demand. With more solar and conservation 
efficient designs, however, this relationship has been 
struck down; each house has its own "balance point," 
or degree day reference base to which a linear rate 
of fuel consumption can be related [6]. This can be 
53F or possibly lower for even a just well-insulated 
builder house. Identical houses in different climatic 
regions can be expected to assume different balance 
points, and the habits of occupants will also affect 
fuel consumption as a result of determining internal 



heat gains. This will be especially true of the new 
superinsulated houses which depend largely on 
miscellaneous internal heat production for space 
heating. 

Degree day values generated by summing the tempera­
tures of a soil profile under a 65F base similarly 
provide an abstrac·t index of "ambient" temperature 
climate. The relationship between underground degree 
days and fuel consumption for heating and cooling 
will also depend on physical design of the structure, 
including window area and orientation, relationship 
between roof and wall area, exposed versus earth 
sheltered perimeter, and location and thickness of 
insulation. Underground heating degree days (UGHDD) 
are presented here· not as a fuel consumption index, 
but as a means of comparing accumulated above and 
below surface temperatures. The fact that unstable 
air has a significantly higher conductive capacity, 
or thermal admittance (the square root of the product 
of conductivity and heat capacity), than soil suggests 
that an air degree day is "bigger" than an earth 
degree day [2] • This would account in part for the 
heat storage effect of the ground in retarding heat 
loss, but the numerical relationship between these 
is .unknown. 

Because a heated underground structure will have a 
warming effect on its surrounding soil, the cooling 
potential of the· earth in contact with subgrade walls 
will not be as great as indicated by the tables. The 
temperature of an undisturbed 2-12 foot soil profile 
in Atlanta falls marginally below the comfort zone in 
late summer; earth in contact with subgrade walls wili 
be somewhat warmer, so earth here will not serve as a 
very useful heat sink. Such considerations must be 
kept in mind when interpreting the synthesized data. 

ASSUMPTIONS 

For the purpose of registering the phase of the 
sinusoidal earth temperature wave within the calendar 
year, it has been assumed that surface temperature 
maxima and minima follow 1/8 cycle behind the respec­
tive maxima and minima of solar heat flux, in accord 
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with periodic he.a t conduction theory. :Examination of 
least squares analyses of observed. ground temperature 
data reported by Kusuda [3] generally supports this 
theory; in any event, the range of error (7-10 days) 
is so slight that it would not affect the tabulated 
results by more than l/2F. The respective dates taken 
for surface temperature maximum and minimum are Febru­
ary 4 and August 6. 

Values for Tm and As have been estimated from air 
temperature data or obtained from ground temperature 
records for those regions for which these exist 
(Minneapolis, Phoenix, Lexington). Tm and As are 
dependent on a number of locally variable factors, 
including aspect and surface cover type. Each region, 
therefor~, has a range of ground microclimates, so the 
values selected for use here are intended to typify 
average conditions. They may not conform exactly 
to actual observations at any station within a region, 
but the margin of disagreement is not expected to 
exceed two or ~ree degrees. Sod cover is assumed. 

PRESENTATION OF RESULTS 

Synthesized earth temperatures for six different 
climatic regions are presented in Tables 1-6. 
Temperatures at seven different depths, plus average 
temperatures by month and computed annual degree days 
for 0-6 and 2.-12 foot profiles are given. Also con­
tained in the tables are design (air) temperatures 
reported in ASHRAE Fundamentals [7], and mean daily 
maximum, average, and m~n~mum air temperatures for 
the 21st day of each month, as reported in 
Climatography of the United States [8]. This juxta-

. position of above and subsurface temperatures allows 
one to quickly assess the merit of various earth 
tempering techniques. A graphic interpretation of 
the tabular data is offered in Figures 1 and 2, for 
New York City. 

Air has very little heat capacity, so its temperature 
is closely related to heat exchange at the ground sur­
face. Normally, air temperature at heights just above 
the ground closely mirrors that of the ground surface. 
A snow cover, however, acts as an insulative layer that 



effectively disconnects much of this exchange. 
Deprived of ground heating, air temperatures in 
northern states fall far below surface temperatures 
beneath the snow blanket. This explains the wide 
disparity between winter (air) design temperatures 
and the comparatively stable, warmer temperatures of 
the ground, even at the.shallow 2 'foot level. 

It should be noted that the average. temperature of 
the soil profile varies considerably throughout the 
course of a year. In Minnesota, which possesses the 
greatest surface temperature amplitude of. the six 
cities, the annual range over the 2-12 foot depth 
is a full 20F--hardly stable, as is often supposed. 
The temperature range of the 0-6 foot profile is even 
greater, at 34F. Because the same thermal diffusivity 
and phase constant have been assumed for all cities, 
the maximum and minimum temperatures of the 2-12 foot 
profile are predicted to occur in each case on Septem­
ber 17 and March 18 ·, respectively. . The corresponding 
extrema ~or the 0-6 foot profile are August 24 and 
February 23. These represent lag times of only. 42 
and 19 days, again, considerably less than the three 
months or so associated with the 12 foot depth. 

SUMMARY AND CONCLUSION 

A method has been presented whereby ground temperatures 
can be synthesized at individual depths and averaged 
over designated soil profiles at any time of year. 
Synthesized data for six different regions are ' 
presented in juxtaposition with simultaneous air 
temperatures. It is believed that this juxtaposition 
provides useful insights into some aspects of exploit­
ing the earth as an alternative thermal environment. 
Detailed analysis and interpretation of the data is 
not offered because such interpretation would depend 
largely on the specific interest of the inquirer; a 
designer of earth pipes, for instance, would interpret 
the climatic data differently than might· a builder 
considering the underground placement of an inhabited 
structure.· 

More importantly, the evaluation of the suitability of 
the underground as an alternative building environment 

I 



I r 
I 

requires comprehensive analysis of the above ground, 
to which it is being considered as an option. This 
is an area which in itself has not been fully examined 
by architects and engineers. A comparative anaiysis 
of various climate control strategies and a host of 
physical implementation devices is currently being 
prepared for the National Association of Home Builders 
Research Foundation -[9]. A paper describing this 
program, and the range of passive control strategies 
available to the designer, is found in reference [10]. 
The latter places particular emphasis on issues 
related to earth tempering practices. 

The broadest conclusion to be draw:n from these studies 
is that earth tempering alone is seldom sufficient in 
itself to promote comfort conditions. Heating and 
cooling are.usually still necessary, although the mag­
nitude and nature of demand is significantly a·ltered 
in comparison with above ground demands. Earth tem­
pering can make a significant contribution toward 
reducing energy demands in new construction but, taken 
as a whole, attention must-primarily be given to the 
integration of earth tempering with other passive 
design practices. The most successful exploitation 
of subsurface climatic amenities will always be a 
matter of effective design. 
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TAB!JE 1 CITY: ATLANTA, GA 
·.,. .. 

Tm = 61 TEMPERATURE ON 21ST DAY OF 

As= 18 J F M A M J J A s 0 N D 

DAILY MAX . 52 55 62 73 80 85 87 86 80 71 60 )l 
p:: 

DAILY AVG 43 46 52 63 10 11 78 11 71 61 49 43 H 
< 

DAILY MIN 34 36 42 53 61 68 70 68 62 50 39 34 

2 48 47 49 54 61 68 73 75 73 68 61 54 
4 53 50 50 53 58 64 69 72 72 69 64 58 

A 6 z 56 53 52 54 57 62 66 69 70 69 65 61 
~ 8 58 56 54 55 57 60 6:; 66 68 68 66 65 0 
p:: 

10 60 58 56 56 57 59 61 6d 66 66 6n 6t1 ~ 

12 61 59 58 57 57 58 60 62 64 65 65 63 
15 62 61 59 58 58 58 59 61 63 64 64 64 

PROFILE AVG 0-6 51 49 50 54 60 66 71 73 72 68 62 56 
PROFILE AVG 2-12 57 54 54 55 58 61 65 68 68 67 65 61 

. PROFILE TEMPERATURE, MAXIMUM 0-6 (DAY 236): ----773~-
2-12 (DAY 260): 68 

----'--

PROFILE TEMPERATURE, MINIMUM 0-6 (DAY 54 ) : _ __;:4"-"-9-
2-12 (DAY 77 ) : _ __,5:::....:.4_ 

ANNUAL HEATING DEGREE DAYS (BASE 65) 

WINTER DESIGN TEMPERATURE (DBT), AIR 

SUMMER DESIGN TEMPERATURE (DBT), AIR 
(W/ COINCIDENT WBT) 

SUMMER DESIGN TEMPERATURE (WBT), AIR 

AIR: _-=.31=-=2-=-6 _ 
0- 6: 2210 
2-1 2 : --71'='71::-:3~ 

99%: ......;,_--:1~7-
97~: __ 2_2__;. -

5%: 
2i%: 

1%: 

90 I 73 
92 I 74 
94 I 74 

5%:_-,:7,.;..5_ 
2~: ---::':-:76=--_ 

1 ~ : _ ___;._77.;.___ 



------ --

TABLE 2 CITY: LEXINGTON, KY 

Tm= 58 TEMPERATURE ON 21ST DAY OF 

.A.s = 22 J F M A M J J A s 0 N D 

DAILY MAX 41 46 55 68 77 85 87 85 78 67 33 42 
~. DAILY AVG 33 36 45 57 66 74 76 75 67 56 42 34 <: 

I DAILY MIN 24 27 35 47 55 64 66 64 56 45 5l - 26 
-- -- -·· --

2 43 41 43 50 58 67 73 75 73 67 59 50 
4 48 45 45 49 55 62 68 71 71 68 62 55 

A 6 
:;::::; 

52 .46 47 49 53 59 64 67 69 67 63 58 
::::> 8 55 52 5050 52 54 61 64 66 66 64 60 0 
IX: 10 57 54 52 51 53 55 59 62 64 65 63 61 c!:!. 

12 59 56 54 53 53 55 57 60 62 63 63 61 
1 5 60 58 56 55. 54 55 56 58 60 61 63 61 

-
PROFILE AVG 0-6 45 43 45 50 57 65 70 73 72 67 60 52 
PROFILE AVG 2-12 53 50 49 51 54 58 63 66 67 66 62 58 

r 
PROFILE TEMPERATURE, MAXIMUM 0-6 ~DAY 236): 73 

2-12 DAY 260): bT 
PROFILE TEMPERATURE, MINIMUM 0-6 ~DAY 54 ~: 43 

2-12 DAY 77 : 49 

ANNUAL HEATING DEGREE DAYS (BASE 65) AIR: 4729 

WINTER DESIGN TEMPERATURE (DBT), AIR 

SUMMER DESIGN TEMPERATURE (DBT), AIR 
(W/ COINCIDENT WBT) 

SUMMER.DESIGN TEMPERATURE (WBT); AIR 

0- 6: 
2-12: 

9996: 
97"": 

596: 
2"": 

196: 

5%: 
2"": 
1": 

3204 
2646 

3 
8 

88 1 72 
91/ 73 
93 I 73 

75 
76 
77 

I 

, 



I 

I 
I 

I 

TABLE 3 CITY: MIAMI , FL 
.. 

Tm = 75 TEMPERATURE ON 21ST DAY OF 
As= 13 J F M A M J J A s 0 N D 

DAILY MAX 75 71 80 83 86 88 89 90 88 84 79 76 
.0:::: DAILY AVG 67 6e 72 76 78 81 82 83 81 77 71 68 H 
< 

DAILY MIN 59 59 64 68 71 74 76 76 75 70 63 59 

2 66 65 66 10 75 80 84 85 84 80 75 10 

~I 
4 69 67 67 70 73 11 81 83 83 81 11 73 
6 7l 69 69 70 72 75 78 81 81 80 78 75 

~ 8 73 71 70 10 72 74 11 19 80 80 78 76 0 
0:::: 10 74 73 71 71 72 73 75 77 78 79 78 77 C!:l 

12 75 74 72 72 72 73 74 76 11 78 78 71 

15 76 75 74 73 73 73 74 75 76 77 17 17 

PROFILE AVG 0-6 68 66 67 70 7 4 79 82 84 8 3 80 76 72 
PROFILE AVG 2-12 72 70 70 71 73· 75 78. 79 80 79 71 75 

PROFILE TEMPERATURE, ~~IMUM 

PROFILE TEMPERATURE, MINIMUM 

0-6 (DAY 
2-12 (DAY 
0-6 (DAY 

2-12 (DAY 

ANNUAL HEATING DEGREE DAYS (BASE 65) 

WINTER DESIGN TEMPERATURE (DBT), AIR 

SUMMER DESIGN TEMPERATURE (DBT), AIR 
(W/ COINCIDENT WBT) 

SUMMER DESIGN TEMPERATURE (WBT), AIR 

236) :_--;:8~4-
260) : __ 8_0_ 

54 ) : ---::6::-::<"6_ 
77) : _ __;7_0_ 

AIR: 285 
0- 6: 0 
2-12: . 0 

99%: 44. 
97~: 47 

5%: 
2~: 

1%: 

89 I 11 
90 I 77 
91 I 77 

5%: 78 
2"': . 19 
1~: 79 



TABLE 4 CITY: MINNEAPOLIS , MN 

Tm = 48 TEMPERATURE ON 21ST DAY OF 
As= 25 J F M A M J J A s 0 N D 

DAILY MAX 21 28 39 59 70 79 83 80 69 59 37 25 
tX: DAILY AVG 12 18 31 48 59 68 72 69 58 H 48 29 17 < 

DAILY MIN 2 9 22 31 48 58 62 59 47 37 21 9 

2 31 28 31 38 48 58 65 68 65 58 49 39 
4 36 33 33 37 45 52 6o· 63 63 59 52 44 

A 6 41 :;;::; 37 36 ·38 43 49 55 59 60 58 54 48 
0 8 44 41 38 39 42 46 51 55 57 57 55 50 0 
~ 10 47 43 41 41 42 45 49 52 55 ~ 55 54 5l 

12 49 46 43 42 43 44 47 50 53 54 54 52 
15 50 48 46 44 44 45 46 48 :Q 52 52 52 

PROFILE AVG 0-6 34 31 33 39 47 55 62 65 63 58 50 41 
PROFILE AVG 2-12 42 39 38 39 43 48 53 57 58 57 53 48 

PROFILE TEMPERATURE, MAXIMUM 0-6 (DAY 236): 65 
2-12 (DAY 260) :__5§ __ 

PROFILE TEMPERATURE, MINIMUM 0-6 (DAY 54 ) : 31 
2-12 (DAY 77): . 38 

ANNUAL HEATING DEGREE DAYS (BASE 65) 

WINTER DESIGN TEMPERATURE (DBT), AIR 

SUMMER DESIGN TEMPERATURE ·(DBT), AIR 
(W/ COINCIDENT WBT) 

SUMMER DESIGN TEMPERATURE (WBT), AIR 

AIR: 
0- 6: 
2-12: 

99%: 
97~: 

5%: 
2~: 

1%: 

5%: 
2t,l6: 

1%: 

8118 
6205 
6205 

-16 
-12 

86 I 71 
89 I 13 
92 I 75 

73 
75 
77 
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TABLE 5 CITY : NEii YORK, NY 

Trn = 53 TEMPERATURE oN· 21ST DAY OF 
As= 22 J F M A M J J A s 0 N D 

62 
/ 

63 DAILY MAX 37 40 49 71 81 85 81 74 51 39 
~ DAILY AVG 32 34 42 54 63 73 77 74 67 56 45 34 H 
< 

DAILY MIN 26 28 36 46 55 65 70 67 59 49 39 28 

2 38 36 38 45 53 62 68 70 68 62 53 45 
4 43 40 40 44 50 57 63 66 66 63 57 50 

~ 6 47 z 43 42 44 48 54 59 62 64 62 58 53 
::;::, 8 50 47 45 45 47 51 56 59 61 61 59 55 0 
~ 10 52 49 47 46 48 50 54 57 59 60 58 56 0 

12 54 51 49 48. 48 50 52 55 57 59 59 56 
15 55 53 51 50 49 50 51 53 55 56 57 56 

PROFILE AVG 0-6 40 38 40 45 52 59 65 68 67 62 55 47 
PROFILE AVG 2-12 48 45 44 46 49 53 58 61 62 61 57 53 

PROFILE TEMPERATURE, MAXIMUM 0-6 (DAY 236): -..;.:68~-
2-12 (DAY 260) : __ 62;;;___ 

PROFILE TEMPERATURE, MINIMUM 0-6 (DAY 54 ) :_-738~-
2-12 (DAY 77): 44 

.,.------'--'---

ANNUAL HEATING DEGREE DAYS (BASE 65) 

WINTER DESIGN TEMPERATURE (DBT), AIR 

SUMMER DESIGN TEMPERATURE (DBT), AIR 
(W/ COINCIDENT WBT) 

SUMMER DESIGN TEMPERATURE (WBT), AIR 

AIR: 
0- 6: 
2-12: 

99%: 
97~: 

5%: 
. 2~: 

1%: 

5%: 
2~: 

1 ": 

5162 
4522 
4380 

11 
15 

87 I 72 
89 I 13 
92 I 74 

74 

ig 



TABLE 6. CITY: PHOENIX, AZ 

Tm= 10 TEMPERATURE ON 21ST DAY OF 

As= 20 J F M A M J J A s 0 N D 

DAILY MAX 65 10 75 85 94 103 105 102 97 86 12 65 
~ DAILY AVG 51 56 61 69 78 86 92 88 83 10 58 52 H 
< 

DAILY MIN 38 42 46 53 61 69 76 75 68 55 43 38 

2 56 54 57 62 10 78 84 86 84 78 70 63 

4 61 58 58 62 67 74 19 82 82 19 13 67 
A 6 64 61 60 62 66 71 75 19 80 78 75 10 
:;:::; 
:::> 8 67 64 62·63 65 69 72 76 11 11 15 72 0 
~ 10 69 66 64 64 65 68 11 73 75 76 75 73 ~ 

12 10 68 66 65 66 67 69 12 74 75 74 73 
15 71 10 68 67 67 67 68 70 12 73 73 73 

PROFILE AVG 0-6 59 56 58 63 69 76 81 83 82 78 71 65 
PROFILE AVG 2-12 65 63 62 63 66 10 14 11 18 11 14 10 

PROFILE TEMPERATURE, MAXIMUM 

PROFILE TEMPERATURE, MINIMUM 

Q ... 6 (DAY 
2-12 (DAY 
0-6 (DAY 

2-12 (DAY 

ANNUAL HEATING DEGREE DAYS (BASE 65) 

WINTER DESIGN TEMPERATURE (DBT), AIR 

SUMMER DESIGN TEMPERATURE (DBT), AIR 
(W/ COINCIDENT WBT) 

SUMMER DESIGN TEMPERATURE (WBT), AIR 

236) :_-;::;-i83~-
260): 78 

--"----

54 ) =-~{27...----77 ): __ v __ 

AIR: 1864 
0-6: 763 
2-12: 212 

99%: 31 
97~: 34 

5%: 105 I 71 
2i%: 107 I 71 

1%: 109 I 11 

5%: 75 
2~: 75 
1": 76 
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DRY BULB TEMPERATURE (F) 
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FIGURE l. Idealized distribution of temperatures in undisturbed 
ground, New York, January 21. Shown also are winter design teinp­
.eratures and range of daily average air temperatures. 
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DRY BULB TEMPERATURE (F) 
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FIGURE 2. Idealized distribution of temperatures in undisturbed 
ground, New York, August 21. Shown also are summer design temp­
eratures, and range of daily average air te:npera.tures. 

I 

• 



I 

• 

ABSTRACT 

THE EXPRESS I ON .OF EARTH SHELTERED ARCHITECTURE 

Mark Stephen \'lamp ler 
Fifth Year( Architecture Student 

Un i V§rs i ty of Arkans.as_ 
Fayettevi I le, Arkansas 

Throughout history the architecture of a certain culture has given 
us a lot of information concerning the people of that culture, 
their concerns of that time period, their customs, their fears, 
and needs. Comparing historical examples we find that Earth Shel­
tered Structures can make a strong and powerful statement, be aes­
thetically pleasing, and ecologically gentle with nature. These 
factors are important to public acceptance, loosening up finan­
cing, and creating a stimulating environment for the people of our 
time. 

ROOTS OF ARCHITECTURAL EXPRESSION IN GENERAL 

The shape, form, and character of the Architecture of a culture 
combine to make up the expression of their architecture. These 
elements grow out of that people's physical needs (needs of ex­
pressing esteem and ego, power and nobility) and, of course, the 
convenience and availability of bui !ding materials and their tech­
nical base at their particular location as wei I as the climatic 
and geographic variables at the site. 

In cultures that were proud and aggressive such as \'las found in 
Rome during the height of the empire's powSr the architecture was 
grand and heroic in scale. i 

Where ceremonial procession of triumph and power was important to 
a culture the architects responded with a path of celebration and 
paying homage~ This can be i I I ustrated by the entrance of the 
great Egyptian Tempi es. 

The architecture cou I d be delicate and gentle if ca I I ed for as 
found in the Temple Athena Nike; to Athena, the goddess of love, 
or strong, heavy, and powerful as in the expression to the power­
ful god of the sea, Poseidon. Both found in the Greek periods. 

It could respond to an overpowering need for ptotection as the 
~edieval castles did in a highly barbaric and war prone era. 



The architecture of the Aegean culture, such as Minos' Palace re­
flects a gentle .and meek people who believed in social·izing. 

Heavy rainfal I and the available building materials did much to 
shape the vi I lages of Southern Italy. Just as heavy snow caused 
a response of steep roofs in Northern Europe. 

Architectural expression can say many things about a culture. 

HISTORICAL ILLUSTRATIONS OF EARTH SHELTERED ARCHITECTURE 

Let us look now at some Earth Sheltered examples and at what they 
can tel I us about those who either I ived there or now I ive there. 

Level 3 

TYPICAL CAPPADOCIAN HOUSE EXAMPLES 

In the region known as Cappadoc i a, Turkey around 800 A .. U. a mi gra­
tion of some of the refugees from the crumbling Roman Empire took 
settlement in this unusual terrain formed by volcanic activity and 
wind erosion. They found these spines of soft rock were easily 
carved and hoi lowed out. This was the easiest method of attain­
ing shelter in an area where good timber, or mortar was at a mini-, 
mum. 

This peace loving people bui It their homes, churches, and even 
monasteries in this manner. In the case of the churches and mon­
asteries they tried to imitate the architecture and art of the ex­
isting churches found in areas such as Rome, Constantinople, etc., 
because this was the accepted style of bui l~ing and construction. 
The quality and delicacy attained in existing above grade struc­
tures could not be duplicated in this rock-cut method by their 
craftsmen and perhaps, the blend of accepted styl~ and it's inte­
grC!tion with the rock form seemed awkward to those outside the 
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area. But, whatever the reason these peop I e began to be I ooked 
upon as crude, and uncultured. Their art work and decorations 
were considered inferior to the existing work in the w6rld. Per­
haps, because of the inability of the soft stone to maintain it's 
coloration. 

Even Bishops and Archbishops sought to avoid being assigned to the 
area, and were the object of merriment among their peers. 

They were abandoned around the time of the invention of gun pow­
der, perhaps, because of fear of being buried alive. 

Perhaps, the most elegant example of an Earth Sheltered response 
is found in Aj anta, India and dates back to the 5th and 6th cen­
tury A. D. 

The elegant decoration is remarkably wei I preserved in most of the 
rooms, and is about the only clue to ~ny knowledge of the people 
who I i ved there. I nscri pti ons te II us they were a peacefu I peop I e 
and deeply religious. Their work reveals excellent craftsmanship, 
engineering and creativity. There is no clue to reasons for their 
abandonment. 

TUNISIAN ATRIUM HOUSE 

The Tunisian Atrium houses have lasted through the centuries as 
an exce I I ent response to the extreme heat of the day and the co I d 
desert nights .. 

The soi I is easily carved to shape the 15 feet high vaulted ceil­
ings that are only vulnerable to col lapse in heavy rains, but are 
usually clean, dry, and can possess alI the conveniences that 
modern technology offers. 



EXAMPLES OF STRONG EXPRESS I ON IN THE MODERN MOVH~ENT 

The present Earth Sheltered Movement is a response to the desire 
for conservation of energy and to reduce environmental impact up­
on our environment. A good design wi I I respond to these needs, 
both technically and visually. We' I I now look at some examples of 
this movement and how the Architect responded to the environment of 
the site. 

Ocean Side Elevation Entrance Elevation 
DUNE HOUSE 

A practicing Architect from Jacksonvi I le, Florida, Wi I I iam Morgan, 
placed his Dune House below grade to reduce impact upon the ocean 
view, and to distract from that view as I ittle as possible. The 
structure that is exposed at the entrance is softened by curves 
which imitate the shape often found in sand mounds and dunes. 
Likewise, the treatment of the side facing the ocean responds in 

·the same manner. The conservation of energy comes automatically 
with the Earth Sheltered 
~ 

HOUSE FOR WOODS 
IN 

NEW JERSEY 
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The first house deSign (though unbui It) of architect7 theorist, 
and author, Malcolm Wei Is, from Brewster, Massachusetts, designed 
in 1964 for a natural woodsy setting in New Jersey, responds by 
an external expression of upthrust line and form found in almost 
any tree of a densely wooded situation, thus it would blend wei I 
with it's environment. The lines and overhangs shaping the en­
trance would remind us of natural outcroppings native to the area. 
These factors would give the house the ability to give a very sub­
tle impact on the habitats of the native flora and fauna of that 
area. 

SOLARIA 

So~ar1a, also by Malcolm Wei Is, incorporates the same criteria of 
minimum visual and environmental impact but.came at a later time 
when self-sufficiency was becoming vogue, as it sti I I is today, 
thus it took on a desire to go even farther and to capture nat­
ural ventilation for air circul·ation and the sun's rays: It's 
form was nearly carved by these forces alone as is i I lustrated by 
the diagram. 

@ 
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CHURCH DESIGN PROJECT 

In a design project for a Presbyterian Church at a busy intersect­
tion in Fort Smith, Arkansas, a major factor became exterior sound 
control. The smal I membership body ·wanted a design that would 
minimize the upkeep and heating and cooling expenses so that more 
of the smal I amount of income from donations could be put to use 
in outreach programs, and the needs of the congregation. 

By placing the church within the earth and carefully orienting 
the entrance to the chapel away from the intersection, exterior 
sound would be control led within the chapel and inner spaces. 
The location of the court yard focusing away from the streets 
and intersection combined with the use of the rest of the struc­
ture' mass as a buffer, control the sound in that area •. The land­
scaping along with the creation of the smal I lake or pond ~ould 
develope a peaceful natural setting for the transitional walk be­
tween the parking lot and chapel itself. Also by placing the 
mass of the structure be I ow grade uti I i ty and upkeep expenses are 
kept to a minimum, plus cherished urban green space and ecosystems 
would be kept to a maximum. 

SUMMARY 

These examples have alI i I lustrated responses in keeping with the 
Earth Sheltered Movement. That is to: I. Reduce energy con­
sumption. 2. Preserve the natura I envi ronmen.t and ecosystems or 
to restore rather than contrast with or upset the balance of them. 
3. The I ines and expression of the structure complimented 

6 

L 



I , 
I 

and duplicated I ines and forms found in nature rather than con­
trast with it or rather than to imitate existing forms and place 
them within a forced and awkward integration with the earth. The 
expressions that resulted were pleasing to the eye and appealing. 
to the sense of experience. Integration of earth, space, environ­
ment, and experience was accomplished smoothly and without an awk­
ward or forced feeling withfn the viewer or us~r of the form and 
environment. 4. Finally by reducing costs of maintenance and up­
keep to the owner. 

Through good design and by accomplishing these attributes, an 
Earth Sheltered structure ~an become an efficient structure to it's 
owner, it's environment, and to people, flora, and fauna who must 
experience It. 

Mark Stephen Wampler 
612 Storer Avenue 

Fayettevi I le, Arkansas 

7270 I 
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Good afternoon, ladies and gentlement, my name ~s Richard Ohanian, 

Director of Design for Shelterra Earth Homes. I hope yoU: are all as 

excited about this confer.ence and the future of the earth sheltered 

home indus-try as I am. This handsome gentlemen on my right is, Mr. David 

Hamilton, President of Centruy II Concrete and Excavating and represents 

the construction half and'indeed, the better half of our design/build 

team. The details we have worked out together may prove to be a standard 

in the industry someday. David is on hand this afternoon to respond to 

any of your hard core construction technology questions and/or any other 

details which I am unable to adequately explain for you. We are attempting 

to address major construction questions for the emer~ing earth sheltered 

homebuilder, but would be happy to relate any. of our experiences over 

the past two years in a general fashion to any potential earth ~heltered 

hqmeowners in the audience. 

From the looks of this program, we are to address the question of 

prec·aste concrete as a roof system which we have used quite frequently, 

but I wish for you to know at the outset, that by no means do we 

consider this to be the only _way to const~uct an.runderground home. We 

have both poured roof systems as well as do-it-yourselfer type sod roof 

systems available. In fact, one home which you will see went with a 

regular type earthen berm with a regular, but superinsulated shingle 

roof. The "berm" concept has gained a great deal of popularity lately 

and we hope to compare the disadvantages and advantages of all systems 

a little later on ~n our program. 

Now then, if I may have the lights please I would just like to 

briefly show you a few finished homes, before we get into a discussion, 

so that you will have a feel for who we are and what we do . 



A. The Gilliam Home is roughly 2200 square feet, 1&00 in the living 
area and 600~the garage area is made of 10" poured wall and 
a 12" precaste concrete "Flexicore" roof. The reason for the 12" 
is that we have spaned 30 feet in the great room area which is 
slightly above the 22.foot maximum we use for the more economical 
8 it panel. There is 18" of soil on the roof. 

B. The Tweheus Home is roughly 3300 square feet, 2100 in underground 
living area, another 300 in the solar atrium which extends from 
the underground level to the above grade garage 1n back and another 
800 or so in the.garage area. The structure is composed of 10" 
walls and an 8" precaste concrete "Flexicore". Maximum span in 
this instarice is 20'; 

~- The Schroeder Home is roughly 2400 square feet, 1500 in earth 
sheltered living area, 200 in the solar atrium and another 700 
or so in the above grade garage. The structure. is composed of 8" 
poured in place walls and a regular 2 in 12 sloped truss. There 
is an R of 40 in the roof and it will be interesting to compare 
the performance of this home with the prior one which is roughly 
the same type floor plan. 

D. The Jenkins Home is roughly 2200 square feet in the same approx­
imate distribution as the Gilliam home with an additional 150 
square foot "skywell" on the backside. This is still a construction 
shot, but the home. is poured· in-place-totally with 10" walls and 
a 12" roof.. This home unlike the other three faces West l.nstead 
of South due to site considerations. 

E. The Bruno Home which as we say in the business, was designed and 
built by another network, leaks like a sive. We are redoing the 
roof for Mr. Bruno_·and will discuss how the details· are at 
variance with.the proper Shelterra details a little later on. 

:Now then, if I may again have the lights, and before I address the 

specifics of our precaste roof and poured wall systems a~d we get into 

some construction shots, I should like to make a few brief geaeral 

observations that we have collected over the lst two years out there 

in the trenches dealing with the day to day questions of 

specific clients and putting the darn things in the ground. 

ON ENERGY IN GENERAL: 

Ladies and Gentlement, I don't.really know what to tell you about 

this so called "Energy Crisis:', I don't think anybody does for that 

matter .. I feel pe~sonally that it is not a real crisis so much as a 

constant rollercoaster of traditional forces of economic supply and 

I 



I 

• 
I 

demand. 

I do recognize two major truths: 

A. We live on a round sphere suspended in time and space, "Spaceship 
Earth" as Buckminster Fuller has called her, and are party to only 
a limited quantity of natural rescources. 

B. World energy demand is outpacing world energy supply at an alarming 
rate, and by the year 2000 we will have a real crisis on our hands. 

These are two things that I am sure of, and really the only two things 

I am sure of. I also recognize, however, that these two facts have been 

exploited to the point of ~care tdctics by the powers that be in the fossil 

feul industry and I mean oil and gas and coal and electricity. Why should 

I discriminate, they all suck raw eggs!! 

I feel that big business in cooperation with the government and, in part 

the media in this country would have us believe that at least in the short 

.term there i~ rio solution and we are forced into a nightmar~sh world of 

busiriess as usual at a $1.20 per gallon for gasoline and a r1se 1n the rate 

home heating oil on the order of 52~ this year alone. 52% 1n one year; 

a quintupling in price since the 1973 Oil Embargo and with no end in site. 

Well we in the Earth Sheltered Home Industry know different! 

On the board is a graph that we calculated last year that compares 

the energyconsumption of an aboveground home with that of an underground 

home and relates both figures to the % of your annual take home pay that 

you will spend on either this year and 1n 15 years from now. The results 

are quite impressive. (See Diagram A). 

If we assume the following variables: 

a. an average figure of $30,000 for total combined family income. 

b. energy inflation at .16%, (using i978 figures, quite frankly I. 
am scared to death to draw this over at 52%). 

c. increase in annual inco~e of 4%, (taken right of the ABC Nightly 
News at the time this chart was calculated.) 

d. initial heating and cooling costs for above ground at $1500/yr. 

e. initial heating and cooling costs for under ground at $150/yr . 



It doesn't take Albert Einstien's mother to see that 1n year one 

there is a factor of 10 difference qetween· heating and cooling above 

ground and underground, but in 15 years from today when your kids are 

just entering the housing market, which will indeed be high from a cost 

standpoint, it will take 25.7% or fully 1/4 of their take home pay, to 

heat and cool their home. The underground home on the other hand will 

actually result in a decrease in % of take home pay spent on energy 

because the energy costs are relatively fixed, meaning 1 cord per year 

and free passive solar as the cost of energy is fixed and your income 

r1ses, the percentage of one to the other will decrease. 

The professors in the audience I am sure will point out there are 

two invalid assumptions made for comparison here: 

A. The first is that the cost of 1 cord of wood will remain fixed. 
I don't think it will either, but it will certainly not inflate 
at the rate of conventional fossil feuls. This would also 
depend on.what access on had to a woods or other sources. 

B. The second is the two types of energy in comparison are not 
identical, which would invalidate any comparison of two 
djffP.r.ent structures. 

I acknowledge both of th~ deficiencies, but in the real world 

mathematical models and theory have no meaning whatsoever. Why? They 

do not take into account the all important human factor: likes, dislikes, 

resistance to change, ignorance, stupidity, preserving the status quo. 

You see I have made a valid comparison: the difference between what 

1s and what will be compared to and what could be and what 

should be. (Include note at bottom. of page 6 here.) 

One wonders, if this difference is so drastic, then why isn't 

suburbia ripped ap~rt by the threads and replaced with all underground 

homes .or why aren 1 t the_· builders in the coun'try beating down a path to 

your door Hr. Ohanian for plans and information? 
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PERCENT OF GROSS PAY SPEN1 ON ENERGY FOR /IO,'.ff.: 

I. A-6-6um.<.~zg c.on.ve.nt.<.onai. non Jte.ne.wa.b.f.e. ene.Jtgy e.-6c.ai.a.t.<.on., o.<.R., gM, e..f.e.c.tt.<.c..<.ty 
@ 1 6% Jta.te. o 6 .<.116 .f.a.t.<.o n • 

2. A-6-6um..i.ng c.ornb.<.ne.d 6am.i..f.y _..i.nc.ome. o6 $30,000 a.nd a.nnuai. .<.n.c.Jte.Me. .<.n -i.nc.ome. o6 
4%. 

3. A-~-6um.<.ng he.a.:ti..ng a.nd c.oo!..<.n.g c.o.-6-U .<.n..<..t.i.ai.R.y 6oJt a.bove. gJtoun.d to be. $1,500 
a.n.d unde.JtgJtound to be. $150. 

4. · A-6-6um..i.ng wood to be. a. Jte.ne.wa.b.f.e. e.ne.Jtgy -60uJtc.e.. 

5. GJtadua.te.d .<.nc.ome. ta.xe.--6 not 6.i.guJte.d .<.n. 

CONVENTIONAL RENEWABLE INCREASE 
NON RENEWABLE WOOD IN AMNLIAL % AGOVE % LINDER 

YEAR ENERGY SUPPLY 1 CORD INCOME GROUND GROUND 

0 $ 1,500.00 $ 150.00 $ 30,000.00 5.0 % .050 
I 1,740.00 150.00 31,200.00 5.5 .048 
2 2,018.40 150.00 32,448.00 6.2 .046 
3 2,341.34 150.00 33,745.92 6.9 .044. 
4 2,715.95 150.00• 35,095.76 7.7 .042 
5 3,150.50 150.00 36,499.59 8.6 .04,. 
6 3,654.58 150.00 37,959.57 9.6 .039 
7 4;239".31 150.00 39,477.95 10.7 .037 
8 4,917.60 750.00 41,057.0/ i 1 . 9 .036 
9 5,104.42 150.00 42,699.35 13.3 .035 

10 6,617./2 150.00 44,407.32 14.9 .033 
1 I 7,675.86 150.00 46,183.61 16.6 .032 
12 8,904.00 150.00 48,030.95 18.5 .031 
13 10,328.64 150.00 49,952.18 20.6 .030 
14 11,981.22 150.00 51 • 95 0. 2 6 2 3. I .028 
15 13,89/5.22 150.00 54,028.21 25.7 .027 
16 16,12i.93 150.00 56,189.40 28.6 .026 
17 18,701.44 150.00 58,436.97 32.0 .025 
1& Zl,b'f!J.6/ 150.00 60,7/1[;44 35.G .11?4 
/9 25,164.61 150.00 63,205.42 39.8 .023 
20 29,190.94 150.00 65,733.64 44.7 .022 

1r By c.ompa.Jt.i.ag tlte. {j.i.gt..ULe.--6 .<.n the. 15t1'l ye.a.Jt 6oJt% a.bove. gJtound (25.7) VS. the. 
% unde.JtgJtOUHd { • 0 2 7) -6pen.-t OH heating a.n.d C.OO.f..i.ng C.0.-6-U t\ OJ[ tfte. fto:;Je. , One. 
c. an -t.e.ad.<..eu de.te.-tm.i.J?e. that 15 ye.a.Jt--6 6Jtom now, .<.n 7994, a.t pJte.-6e.nt Jta.te.--6 o 6 

. · .<.n6la.t.<.on one. w.<.!.!. be. pa.y.<.ng a.ppJtox.<.ma.te.f.u 100 t.<.me.--6 the. e.ne.JtgU c.MU 6oJt 
a.bove. gJtound .f...i.v.<.ng M oppo.~.>e.d to unde.JtgJtound. 

CopyJt.i.gltt 1979 by She..Ue.JtJta. Home.--6, Inc.. 
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It is the old case of "Lord, you give them eyes, but they must be 

able to kick the tires." 

Thus, ~n our model homes we try to deal with and illustrate beyond 

any shadow of a doubt or in concrete terms, if you will pardon the 

expression, the following concerns on the part of all builders and 

homeowners who have visited with us to date: 

A. The."why would I want to live in a cave" syndrome? 

B. The lighting quality of the interio~. 

C. Conformance with building ·codes. 

D. The .simplicity of mechanical systems. 

E. Humidity and waterproofing problems. 

F. and the basic workings of the structural shell. 

A. THE "tolHY \.JOULD I WANT TO LIVE IN A CAVE"SYNDROME. 

There is no basic conceptual difference between the new underground 

or earth sheltered home and. a traditional type of brick slab-on-grade home. 

An earth sheltered home is really one of these slab homes that has been sunk 

into the ground 12' - O" and its shingles replaced with earth and grass. 

My favorite question to ask of any client or especially at one of these 

conferences traditionally held in a meeting room ~ith no windows is : ''How 

may people at this point in time can actually tell if we are underground 

or not?" Look up.· .• Look to the side ... We can not tell if there is 

earth or air on the other side of the structure. So much for the "cavelike" 

psychology of the underground home, but unfortunately.this is the single 

most prevalent reason why ntany homeowners do not even consider the 

concept. 

B. ON LIGHTING QUALITY. 

A major corrollary to this cave syndrome is the general feeling that 

there would be less light entering the underground home than all above 

ground homes. That is unfortunate, because in many of the earlier and 
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ROOM A: 2 @ 3 X :3 = 18 squa.refeet of iight. 

ROOM B: 1 @ 6 X 7 = 42 square feet o~ light .. 

DIAGRAM B: Light Quality on a sample 
Corner Bedroom. 
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well designed underground homes, there .is actually MORE light streaming 

into them, than many traditional abovegrade custom type builder's homes. 

This is also a simple.arguement, conceptually. 

As we look at Diagram B, take for instance two rooms, Room A and Room B. 

Rooms of the same size and cubic volume, but different glazing treatments. 

Room A has a small and may I say typical, Anderson type window, 

lets say 3 X 3 on the South side and an identical window on the East sid~, 

not an untypical situation for an above grade corner bedroom. Room B has 

an Anderson 6 X 7 windowwall or sliding glass door for the non-builders in 

the room on its South side and earthen cover on its east side, not an untyp-

ical situation for an underground home corner bedroom .. One can readily see 

that there is actually more light entering Room B than Room A even though 

Room B is underground. 

Again, the professors are squirming ~n their chairs because this is 

a technically invalid comparison, but with the price of the two windows 

vs. the price of the well-zoned windowwall, I am sure I am comparing what 

has been and will be to what is happening in underground and what should be. 

One might also argue that all we have to do is to increase the window 

area of Room A and there could be an equivalent amount of light falling 

into the room. This is acknowledged, but let me say that this is firstly, 

not done in the homebuilding industry as ·a rule, due to costs, and secondly, 

if we did do this we would be increasing the energy loss by transmission 

through the enlarged window area and also increasing the amount of heat loss 

through infiltration along its edges. 

It is evident that careful· zoning of the glazing which has to occur 

I , 
from any earth sheltered designer worth his or her salt, just by the 

overiding nature of the design dictates, results in not only an increased 

I 
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lighting quality within the structure, but an 1ncrease 1n thermal efficiency 

as well. 

Furthermore, many of our plans contain backside solar atriums, skylights 

or skyw~lls, as I like to call them, which virtually flood the backside of 

the horne with an ·equal amount of natural light at minimal expense and loss 

1n thermal efficiency. 

The bottom line to all this is that there is more light per square foot 

coming into an underground by sheer nature of its necessary form that many 

present or future custom designed homes. 

C. CONFORMANCE WITH THE CODES. 

Not only does the backside solar atrium or skywell aid in capturing a 

bit of passive solar energy and improve lightling quality, but it is also the 

answer to the egress problem posed by certain backside belowgrade habit:able 

spaces. 

Formerly, each and every habitable space 1n the home had to have at 

least one direct means of access to the outside. Recently there has been 

~ change in the BOCA code, which is the building code for most Northern 

states which states that instead of one means of direct access to the 

outside world, there may be two well seperated means of access to a room 

that then exits directly to the outside. This condition happens typically 

on all of our backside bedrooms. The first exit, (as we look at Diagram 

C), is out the door into the hallway and then to the outside; the second 

exit is out the backside sliding door into the solaratrium and then up a 

set of stairs to the outside. 

A second method of handling the code is the open planing "great room" 

concept evident in the left half or living half of Diagram C. The Great 

Room allows up to four areas, kitchen, dining, living and family rooms 

to be considered as one. If there wereno backside door into the atrium 

\\ 



1.n Diagram C·the left half of the scheme would NOT be a code violation as 

the entire great room has egress to the exterior from the sliding door on 

the front side. In this particular instance, however, there is an extra 

door into the atrium for lighting purposes, which is just added safety 1.n 

this case. 

D. SIMPLICITY OF MECHANICAL SYSTEMS: 

Once again, there is no difference in the mechanical system of.an 

underground horne, concepttially, with that of an above grade structure, 

especially the proverbial slab horne, except that the heat lo;s/gain 

calculations are drastically reduced. 

The heat loss and gain is so low that one may very well find oneself 

heating the interior in the summer and cooling the interior in the winter 

such .as with the Tweheus Horne we saw earlier. 

The cheapest system to purchase and the simplest system to install 

is a woodburning stove as a heat source which is more than adequate to 

heat the open plan concept by radiation and can be ducted to the colder 

bedroom wing. We found that heat corning from the stove at about the 

o· 
~o:t:::.i.l.i.u~,; level at 110 oan bo Q'olhcted <Jnrl rlnrtPrl down the hallw~y to 

the remote bedrooms and the heat would come ·out at about 70° relative to 

the duct run of 20' or so to the furthest bedroom. Backup in this case 

were local electric resitance floor heaters which was an unecessary 

expense of roughly $800 as ·they were never turned on once. 

We have modified the system into a slightly more expensive and more 

difficult to install, but more comprehensive system that acheives a 

maximum of flexibility between natural heating/cooling and ventilation 

and mech~nical suplernentation for the desirei comfort level. 

I 
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DIAGRAM D: Simplicity of Hechanical Systems 
in a Typical Underground Home. 



The system includes the following elements: (see Diagram D). 

A. A woodburning stove as a primary heat source, but in this 
case it can be ducted into the return or topside duct of 
a counterflow furnace before being ducted to the remote 
bedrooms. 

B. A subslab perimeter "spider arm" supply duct system that 
takes heat from the stove "through" the counterflow furnace 
from the stove when the stove is in operation and the furnace 
is in the fan mode to the furthest side .of all remote rooms 
usually under a window. 

C. A return duct system in soffits in the' ceilings and hallways 
which are concentrated on the opposite side of the room 
away from the supply registers, This allows for a maximuui of 
cross ventilating drafts when the system is in operation. 

D. A de-humidifier placed centrally in the home which runs 
intermittently on a humidistat which can be, if floor planning. 
allows, be ducted into the air return system in the utility 
area. 

E. An underground "earthcoil" system which consists of a 4 to 6 
inch "laced" PVC pipe that allows make~ up air to be prechilled 
in summertime and preheated in the wintertime. 

F. A duct from the atrium to the return air plenum to the counterflow 
furnace collects excess passive solar energy in the house in the 
same fashion as the excess heat off ·the stove is collected and 
distributed. 

G. An oil, gas or electric fired counterflow furnace, a Lennox 
OllR ~s a typically specifiec model in our homes, will supply 
backup heat as required. 

H·. A natural"venturi.· cooling effect" from opening jointly the windows 
on the south side and the atrium doorway. 

I. A downdraft ceiling fan that can blow heat gently into the ma~n 
living space when needed; (usually in summer). 

J. An atriunt exhaust fan that draws out unecessary heat ~n times 
where a build up occurs, (usually in summer). 

E. HUMIDITY AND WATERPROOFING PROBLEMS. 

These two demons are probably the main concerns of each and every 

homebuilder or homeowner that has visited us and the concerns of everyone 

in the industry as well. 

• 
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Firstly, high levels of humidity and the resultant condensation 

problems are aided by the "tight" nature of the underground home; the 

walls are not allowed to "breathe", as are traditional frame and brick 

walls, through porousity, nailholes and cracks and looseness of 

construction, which allows for an equalization of pressure and_moisture 

content between interior and exterior. Thus we must deal with the 

problem through detailing and mechanically. 

Central to the theme of course is the dehumidifier, very important, 
. . 

especially with poured concrete walls which will not totally cure for 

one and a half to two years. 

Secondly is this most important concept of airflow~ A light wash 

of a1.r through the room will aid in the evaporation of m9isture on 

surfaces which can then be carried out through the return duct system. 

A light wash of air under a window can virtually eliminate most of the 

condensation along the glass, so you can image what it can do against 

the denser concrete wall. Air flow is the reason for installing this 

more complicated of subslab supply systems, because if the duct system 

is already in place for heating purposes, then it can also be used for 

ventilation. This is impossible with a pu~e woodburning stove system. 

Thirdly, architectural detailing can act as a safety valve in case 

of any condensation that is not eliminated, although in all our schemes 

these initial fears of heavy condensation have failed to materialize. 

The following are added precautions that can be taken: 

A. drip strips along the bottom of any large window area above 
·drywall areas such as the solaratrium windows, where condensation 
if not captured can cause unsightly blemishes along the drywall. 

B. proper floor material in the skywell or atrium such as brick, 
flagstone or indoor/o~tdoor carpet that will withstand any water 
drips from glass skylights or domes above. 

C. keeping the drywall off of the floor, as 1.n Diagram E, ~o that if 
any condensation occurs 'on the cooler concrete wall, the most that 
will be damaged is a molding strip. Diagram E was devised so that 
one might use 8' drywall on an extended 8'-6" ceiling height. 

rs@:· 
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This solves both the condensation problem and the irregular 
sizing/cost problem. 

D. Usually we furr out the concrete walls with 3/4" furring 
strips and 1/2" drywall. Even though this may deter a portion 
of the passive solar energy from passing into the concrete and 
being stored there for night use, we thusly make sure that there 
will be no condensation problem. ·The space behind the furring 
also provides and ideal chase for plumbing and electrical work. 
The furring strips are simply ramset to the wall, one at the top 
and one at the bot.tom and then vertically 211 on center. 

E. An epoxy based paint on the ceiling finish under the precaste 
members. This is a tricky situation which is not totally proven 
as of yet, but what happens is that warm moisture laden air will 
find its way up through the grouting and condense against the 
cooler waterproofing membrane if there is no capping slab on the 

· :-·precaste· members. This will cause a "rain" back into the room 
. which appears as if there is a '·'roof" leak when there real is not. 

This is one of the phenomenon that is unfortunately occuring in 
the Bruno Home. This would seem, if there was an epoxy vapor barrier. 
ciong the ceiling, to keep all the conden.sation in the house where 
it ·can be taken out mechanically. 

But as I say all of.these elements may be a slight case of "over-

design" as we have· not yet experienced, except for the Bruno Home these 

anticipated condensation problems. 

Waterproofing is even more of a concern in the initial planning 

stages such as site selection and building design, because if we make 

a mistake here, as w.ell as with the structural shell, there is a point 

of no return. To clean up these kinds of mistakes may be more expensive 

that redoing the entire structure, because of the tremendous amount of 

demoliton of integral units involved. Waterproofing and detailing the 

structural shell in a totally 'underground' home are one in the same 

which leads us to the uniqueness of the ShelterraHomes Structural Shell. 

REFER TO TYPICAL FOUNDATION/FRAMING PLAN AND \~ALL SECTIONS INCLUDED 

HEREIN AS DIAGRAH F AND DIAGRAH G. 

-~ 



Let me first go through the system from a waterproofing standpoint 

only: 

The first and foremost deterent to waterproofing problems, of course 

is a well drained site. A rule of thumb which we use at Shelterra is that 

the centroid of the house shall be the highest point on the site. I keep 

seeing this diagram with. the hill behind the house, even in the book 

"Earth Sheltered Housing, Guidelines, References and Examples," which 1.s totally 

incorrect and will cause waterproofing problems later unless a deep swale is 

cut behind the home in the hill. 

There are three new products and 2 key details, as well as an,increased 

sensitivity to site selection and overally design planning that make this 

system work. 

A. The first produc·t l.S called a Waterstop. (Hold up and pass around). 

The waterstop is a 6" X 1/8" ribbed vinyl strip that comes .in roles up 
to 100 feet long. The waterstop is placed along the top of the poured 
wall as it begins.to c~re toward the outer 4 or 5 inches of the wall in 
a three inch keyway. The precast panels are then placed on the inner 
4 or 5 inches bearing area of the wall. The capping slab, which is in 
itself a waterseal over the horizontal grout joints of the precast 
members, comes down around the plugged end of the panel and flows down 
over po~h sides of the waterstop into the keyway. This effectively 
seals the joint as the waterstop is now integral with the concrete o~ 
both sides and not "applied" after the fact. The waterstop has a bead .. 
1.n its middle which allows it· to flex some\o~hat. Should this rupture 
at thi~ point, then there were more serious problems than waterproofing 
to consider before one started. 

The wate,rstop is also placed l.n the footer and after the entire shell 
cures what we have is really an upside down boat with NO JOINTS!! 

This is what irks me sometimes about the "block" people in underground; 
every joint and there is one every 8" vertically and 16" horizontally, 
and each snd every linear inch of joint is a potential waterproblem as 
well as a structural crack, a deeper and more damaging crack that the 
common surface cracks of poured concrete. 

B. The second product l.S called the Laurenco Hembrane. (Hold up and 
pass around) ; 
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The Laurenco Membrane is composed of the Laurenco Sheet and the 
Laurenco Adhesive in varying combinations. 

The Laurenco Sheet is a Chlorprene Membrane with a glass fiber mesh 
r1enforcing. The sheet has expansion and contraction capabilities 
of up to 1/411 which is .more than adequate to control any cracks in 
the concrete. 

The specificatio~s of the Adhesive are a trade seciet but it 1s 
primarily an asphalt bas.ed material. 

The reason we like this so much over any other product is· that aside 
from any other material this adhesive acts as a glue in which we can 
cement the first layer of styrofoam rigid board to the structure. 

Properly designed concrete cracks for two reasons: 

A. Shrinkage. 

B. ~·reeze/Thaw .Action. 

We cannot control the first easily, as a matter of fact, we call the 
ready""11lix plant on the day of the pour and they guarantee us that 
there will be at least 3 cracks per yard in this particular ~elivery. 

The second shall prove to be less of a problem in underground homes 
because of the moderating effect of the earthen· mass. You just won't 
have the type of freeze/thaw action that will obliterate an above . 
grade slab or foundation wall. The membrane, also will have a longer 
life as it is under earth and sheltered from the deteriorating effects 
of the suns ultraviolet rays. 

I wish to emphasize for the novices, here today, that these cracks are 
only 11 surface 11 hairline cracks and not structural or anything_ to worry 
about. 

We reconunend that the 1 ply system shown today·be used for the walls 
and.-the two ply system be applied on the roof without the protection 
board. The 4 11 of insulation on the roof and the 211 insulation on 
the walls will serve as adequate protection of the membrane. A two ply 
system is also reconunended around any vertical thermal breaks. 

The price of this system runs about 43.00 per square which is material 
only. The material comes in roles 36 11 wide by 30 some feet long and 
the adhesive comes in fallon pales. 

C. the third product and perhaps the newest 1s called 11Enkadrain 11
• 

(hold up and pass a~ound). 

Enkadrain is a coated wire mesh about ~~~ thick with a nylon filter on 
one side, The nylon filters out loose soil and allos water to flow 
freely and immediately to the drain tile. This relieve a major portion 

--------



of any hydrostatic pressure build up and keeps the drain tile from 
being clogged. It is recommended for foundation work where heav·y 
clays and silts are present, but I would recommend it for any 
underground home regardless of the soil conditions. 

It comes in 38" roles with a· 3" overlap in whatever size is needed 
up to 100 feet and is very easy to install. The cost for an entire 
home is very expensive at $1.00 over an above all the other pre­
cautions exercised. 

The two details that i refered two, pictured here as Diagram F and 

Diagram G are the key to the workings of the Shelterra Earth Homes 

Structural Shell describ~d as follows: 

A. We employ a 4000 psi, 6% air-entrained mix in all of our walls 
whether they be 8 11 or 10". This mix is much d·enser than th.e 
normal foundation wall, which is requisite with this type of 
home. 

The air entrainment, which we call "fizzies" in the business, 
is both a moisture deterent and strengthens the wall by relieving 
any pressure that may be built up. Just imagine, (as we look at 
Diagram H), a million little tiny "airbags", just like in modern 

"automobiles, each one bursting against one another relieving 
the pressure of any cracks that begin to develop or any capilary 
action that occurs. These forces are stopped in their tracks by· 
the air-entraining agent. 

·B. The precast members are placed always from East to West which 
allows a maximum of clearspan for open planning and a 2 X 6 stud 
wall "tilt-up" construction on the South side. There must be at 
3".miuimum beai:in~ ai.:ea Ot1 the wall, our! are u.:Jually 4 to 5". 

This panel is good for a design load of #355 pounds per square 
foot which works out as follows.for 24 to 30 inches of soil: 

Earth @ 110 per cubic foot 220 if 
Dead load of capping slab 36 it 
Dt;ad load of precast. panel 57 it 
Live and Snow Load Combined 42 it 

TOTAL 355 it per SF 

However, these numbers are supposedly based on a safety factor 
of 2, so for the gamblers in the audience, one might add an 
additional 24 to 30 inches of soil to the structure for a safety 
factor of just over 1, but we do not recommend it. 

-~ 
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rupture of ai~ bubles 
against each other relieve 
pressure and stops capilary 
action. 

DIAGRAJ1 I: Exaggerated Blow-up of Wall Section showing 
Air Entrainment Action.-



C. In addition, we tie in ~ach and every panel to the supporting 
walls with 4 X 4 X 3/16 inch weld plates that. are cast into 
the panel at the plant which are then welded to 2 X 2 X 3/16 
inch "L" channels jin-rigged to some leftover anchor ties. 

This ties the whole structure in laterally and in order to 
fall in the earth must now press on 3 ·to 5 walls instead of just 
one. The slab supports the wall laterally on the bottom side, 
so the wall now becomes a strongly supported beam. 

DO NOT, I repeat DO NOT backfill until the roof has been tied 
in, because the wall then acts like ·a beam in cantiliver, which 
it has not beem des~gned fo~ and will fail. 

D. A 3500 psi cro~1ed capping slab goes over the precaste members 
to effectively seal the grouted joints.· It is usually crowned 
from east to west, except for linear designs, which will be 
croWned from North to South. 

E. Over the slab and the exterior of the walls goes the waterproofing 
membrane as described earlier. 

F. Over the membrane goes the insulation, which is shiplapped by 1' 
increments, comes in 2 X 8 sheets and is tongue and grooved. We 
use closed cell polystyren~ by Dow Chemical or blue rigid board 
as it is more conunonly called, 4" on the roof and 2" on the walls 
down to the footer. 

I have also seen this drawing where the insulation extends out 
horizontally to best get the cooling effects of the earth in 
summer while breaking the frost line in the horizontal plane. 

This is incorrect as the settling that occurs after'backfilling 
will ~urely break thi3 barrier. 

G. Ove·r the insulation we usually put a 6 mil visqueen vapor barrier. 
This is a must because the density of water VAPOR as compared to 
WATER is 1/200000 as much at 32° F and will penetrate most 
building mateials. This is a dampproofing coat, not a water­
proofing measure. 

H. Over. this 'lysqueen is either the Enkadrain or a rounded n.ver 
gravel as darinage material and then backfill. 

I. We reconunend sodding the home UIMEDIATLY after all major settling 
has been corrected for the mound has much potential for erosion 
and washing away. 

J. The frontside parapet is waterproofed with all the "traditional" 
techniques described above and include a 6" steel "C" chanel as 
a horizontal waterstop. 

•• 
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The "C" chanel is welded to the topside weldplates that also 
hold the parapet rebars. One appendage of the channel is 
integral with the pour of the parapet and the other appendage 
is integral with the pour of the capping slab. Any water now 
has to run up and over these appendages to get into the home. 

The parapet is wrapped with insulating material to serve as 
a thermal break. 

Longer parapets for linear designs will require lateral 
"kickers" every 12 or 15 feet due to possible frost action 
against the wall. This detail will be the same for .atrium 
and skylight parapet walls alsa. 

Our costs presently are running about $18.50 to $23.50 for the 

shell wit~ finishing costs for the total homes running between $16.50 

to $20.50 bringing the total costs to about $4U pe~ square foot as 

anaverage. The quoted shell costs include the following: 

A. Excavation 

B~ Footers and Steel 

C. Set Walls, Steel, Pour and Strip Forms 

D. Set Retaining Walls, Steel, Pour and. Strip Forms. 

E. Waterstops 

F. Precaste Members 

G. Capping Slab 

H. Floor Slab 

I. Waterproofing Membrane 

J. Insulation 

K. Damproofing 

L. Drainage Mateiials and Tiles 

M. Backfilling 

N. All required blackouts for electrical, mechanical, plumbing, 
windows, doors and nailers . 



,---------------------------------------

I should like to open this discussion up for questions from the 

audience as we go through the list of slides on construction. Thank-

you very much. 

The-following addresses should prove invaluable to you if you 

intend to build as we do: 

A. The Precaste Concrete Institute 
20 North Wacker Drive 
Chicago, Illinois 60606 

-ask for the "Hollow-core Producers Directory to find your 
nearest precast plant. 

B. The Laurent Corporation 
P.O. Box 244 
Twinsburg, Ohio 44087 

-ask for their technical manual on the Laurence System. 

C. The American Enka Company 
Enka, North CArolina 28728 

-ask for their brochure and product sample of the 
"Enkadrain". 

D. The Sonneborne Corporation 
7711 Computer Avenue 
Minneapolis, Minnesota 55435 

-ask about their brochure and product sample for the 
"Hydrocide Vinylstop". 

E. The Dow Chemical Corporation 
Home Office 
Midland,Michigan 48640 

-ask about their brochure on "Styrofoam" brand insulation. 

AND TELL THEH ALL RICK OHANIAN FROM SHEL~ERRA EARTH HOMES SENT YOU!! 

Thank-you again!! 

I 

I 



HIGH BANK INSTEAD OF HIGH RISE? 

AN EARTH SHELTERED APPROACH TO MEDIUM DENSITY HOUSING 

Gerald W. Thorsen, AIPG, Washington State 

Roger L. Rue, Rue and Butler, Architects, AIA, ps 

Introduction 

There are tens of thousands of kilometers of steep banks and bluffs 
in the U.S., ranging from 30 to 70 degrees; with much of it in or 
near population centers. These bluffs commonly are as much as 100 
meters or more in height and most are stable in their natural state 

-1- (!!}) 

or can be made so ·by relatively straightforward engineering techniques. 
Yet, because of thier relief and slope, they make access and residential 
development by traditional methods difficult, expensive, and sometimes 
hazardous. The result is that slope surfaces commonly remain unused 
while wall-to-wall houses line the bluff ~ops and sprawl across the 
flood plains. Thus, the best agricultural land often goes first and 
industrial sites and natural resources such as gravel or quarry rock 
are zoned out of existence through residential crowding. 

Upon close analysis, "residential" use is probably one of the least 
critical land uses of all. Industry, waste disoosal, raw materials 
extraction-TEo nameia few) all have unique requirements - residential 
use has very few. Human ingenuity has coped with the elevation and 
slopes of Tibet and Bolivia, the foundation conditions of ~1exico City 
and Pisa, and the climate of Bangledesh and Siberia: As long as man 
recognizes the more violent natural processes of his particular local 
setting and designs accordingly, or stays out of the way, he can live 



safely practically anywhere on the planet. Modern materials and 
techniques can even make this existence comfortable and productive. 
We propose a closer look at steep slopes. 

Traditional Slope Development 

-2-

Medium and High Density - The conventional form of residential develop­
ment of slopes in or near population centers is by a rectangular 
pattern of contour and slope streets. These street grids, and standard 
building design, permit flatland population densities but often provide ~ 
a challenge for transportation systems on slopes approaching 15 degrees. 
San Francisco's cable cars represent one areas solution for one period 
in history. One can find little evidence of a stampede in this direction 
in 1980, however. The automobile and bus have limitations in this kind 
of terrain, especially in areas of severe climate. A few inches of snow 
or icy conditions can paralyze traffic. Thus, on steeper slopes the grid 
is apt to be replaced by contour streets serving-different levels of the ~---· 
same building. The architect must make his building "thinner" or be tl 
content with a considerable volume of the lower floors without daylight. 

Low Density- Here also we commonly find the street grid, but lined with 
houses instead of buildings and confined to relatively low slope angles. 
The cut-and7fill construction sites, often with little or no engineering, 
present a w1de range of foundation and erosion problems. In addition, the 
·percentage of surface area in impermeable materials (roofs, driveways, and I 
streets} creates peak runoff flows that many suburban storm drains are not • . 
designed to handle. For really steep slopes (those exceeding 30 degrees) 
the cut-and-fill approach becomes impractical or even dangerous, so we find 
pole or cantilever supported structures served by contour, or steep switch-
back, roads. In addition to the higher construction costs and difficulties 
of providing and maintaining transportation and utilities to such structures 
there are additional energy losses from another exposed surface (the. floor). 
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An A 1 terna ti ve 

We propose that the steep slopes so common in and near many population 
centers could be most effici~ntly and responsibly used with dwelling units 
stacked stairfashion in a slot cut into the hillside. Such a complex would 
be accessible from either the top, bottom, or both, without roads on the 
slope face. Native vegetation would be left undisturbed to either side 
of the complex. Each unit would be earth sheltered but at the same time have 
a view; and there would be no intrusion on the natural skyline at the bluff 
top. 

The essential points of the High Bank Residential Complex are: 

utilization of steep (greater than 35°) slopes 

continuous (unbroken) use of the full length of the slope 

earth sheltering of the structure 

standardization of the units and complexes 

Some of these characteristics are, at least in part, present in existing 
custom designed complexes. In some instances, because a-more de~irable 
site was not available, the architect had to "design around" what he may 
have considered a difficult site. We propose seeking out such sites and 
using their physical characteristics as advantages rather than as obstacles 
to be overcome. While the following discussion is aimed largely at angle­
of-repose slopes in soils (generally 35 to 45 degrees) there is no reason 
that, with relatively minor modifications, such complexes could not be built 
into considerably steeper slopes, especially in bedrock. 
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Economics - Land costs for the High Bank Complex, other things being 
equal, should be less per residential unit than they would for most 
alternatives. As mentioned earlier, steep slopes even in population 
centers commonly remain unused (except as unauthorized refuse dumps). 
Thus, the development of an efficient use for these areas would, in 
effect, amount to the creation of new land. The stacked aspect of 
construction means that considerably less land would be used per dwelling 

I 

unit than.would be occupied even by densely packed single family resi-

1
. 

dences. Flat land, potentially more valuable for other uses, would be ; .. 
conserved. · -

In regard to structural costs; on a typical angle-of-repose slope, about 
a third of each 11 floor 11 of the High Bank Complex would be supported on 
its own foundation by virtue of the stair step method of construction. 
The extra strength that is needed

1 
in the typical high rise to compen

1
sate .,, 

for wind or seismic loading, wou db& unnecessary. Thus) strur.tura 
strengths could be minimized at no compromise in safety and units could 
be made light and strong enough to be prefabricated and lowered one-by-
one into place by gravity. Additional structural integrity could be 
provided for the complex as a whole, by pinning each unit to the walls 
of the excavation during construction. 

. ,. 

Energy - As energy is no longer merely a question of economics it seems 
to warrant separate consideration. The High Bank Complex lends itself 
to ·a variety of energy-related economies, not only in conservation but J? 
relating to collection as well. For example, at the latitude of the 
United States the slopes discussed provide more surface exposure to 
solar radiation than either horizontal or vertical surfaces. Complexes 
with any but a north orientation could, in almost any climate, get a 
boost from the sun. Heating-cooling costs would get the usual benefits 
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of earth shelter, as little more than one edge of each dwelling unit 
would be exposed to the weather. The inclined shafts of counter 
balanced elevators could be used for natural draft ventilation. The 
potential applications of gravity to other utilities are. too numerous 
to discuss here. In addition, the proximity of the units to job 
centers would minimize energy consumption for transportation. 

Safety - Safety should be nowhere near the concern it is in a conven­
tional high rise building and,,in some respects, less than in.a free 
standing single family residence. At no point could a person fall 
more than one floor. Escape from fire within structures built on 
angle-of~repose slopes would be by simply stepping onto the natural 
slopes flanking each unit. Hazard from brush fires would be consi­
derably less than for above ground units and could be even further 
reduced in susceptible areas by the use of appropriate shutters. 
Flood hazard, by the very desi.gn and location, would be nonexistent. 
As with all earth sheltered housing, hazard from wind, except a direct 
hit by tornado, would be negligible. Challenges to the structural 
engineer in coping with seismic hazards should be minimal in comparison 
with those related to free standing multistory structures. 

Esthetics - One of the greatest advantages of the High Bank Residential 
Complex over the more conventional type of development would be in the 
preservation of the natural terrain. From the lowland view, instead 
of a scalped skyline trimmed with wall-to-wall houses one would see an 
unbroken skyline with natural vegetation. From the upland, residences 
set back from the edge of the bank would not have their views blocked. 
The scars of mid-slooe access roads, with their cutbanks and sidecast 
slopes, would be totally avoided. Because the complexes would be 
designed to blend with the terrain and vegetation rather than fight 
them, concerns about the proposed standardization producing an 11 insti­
tutionaJU appearance would be largely irrelevant. Such complexes, 
except for their solar panels, could be practically invisible from a 
few kilometers distance. 

Livability- Residential complexes such as described should be as 
pleasant to live in as to look at. The carefully designed terrace of 
each unit would not only ensure an ~nobstructed view but the privacy 
of the neighbors below. The panoramic view could make the transition 
to earth sheltered housing pass unnoticed, even by those \<lith a tendency 
toward claustrophobia. Such amenities for residents as recreational 
facilities, covered parking, or even small shops, could be accommodated 

·at the top or bottom of the complex with no compromises in the attri­
butes discussed. 

~ ..•... 
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Other Applications - While this conference is aimed specifically at 
earth sheltered residential applications it seems appropriate to 
point out that the concept presented could be adapted to commercial, 
certain industrial, or even a mix of these applications with residential 
in the same or an adjacent complex. Industries handling heavy bulk 
materials could benefit as much in energy and equipment savings from 
the thoughtful a.ppl icat.ions of gravity as from the insulation aspects 
of the High Bank Complex. Metallic ore mil Is tor example, have alwdy~ 
had to cope with high energy costs; not so much because of the earlier 
costs of energy but because of the sheer weight of the rock and volume 
of process water that had to be handled. Thus, mill designers have 
long been masters at the applications of gravity to materials handling 
and would be horrified at the energy waste in the modern "flat land" 
plant where everything that moves requires new energy input. 

Site Analysis - Any development of steep terrain requires a careful 
analysis of local site conditions, and the degree of detail required 
will, of course, vary from area to area. The average site in the 
Puget Lowland of Washington State, for example, may require attention 
to factors such as highly erratic soil strength, perched ground water 
(in places under artesian pressure), overconsolidated glacial clays, 
prolonged seasonal rains, and moderate-to-strong seismic activity. 
The costs of such analyses, as well as site preparation techniques 
s.uch as dewatering, can be much better ?Upported by a multi-unit 

I 
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structure such as the High Bank Complex than they can be 'indivi.dual 
residences perched in midbluff. Thus, there are many areas where 
the practical advantages a·nd energy savings of this .c011c-ept \'/arrant 
careful consideration. 

Gerald W. Thorsen, Geologist 
Department of Natural Resources 
Div. of Geology and Earth Resources 
Olympia, Washington 98504 

(206) 753-4031 

Roger L. Rue, Architect 
Rue and Butler, Architects, AIA ps 
4115 Bridgeport Way West 
Tacoma, Washington 98466 

( 206) 565-1 011 
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POTENTIAL PROBLEMS OF LEGAL LIABILITY IN THE DESIGN, 
CONSTRUCTION AND 0\'lt~ERSHIP OF AN EARTH SHELTER 

Allan M. Ziebarth 
President 

EARTH SHELTERS, INC. -
Omaha, ~ebraska 

1 

Earth sheltering strategies present design and construc­
tion considerations that can be signifi~antly different in 
comparison to those considerations in more traditional housing; 
and the benefits of the earth sheltering option are made 
·possible by successfully dealing with these differences. 

To date, the discussion regarding the design and 
construction of earth sheltered housing has focused 
primarily on the technical aspects of the earth sheltering 
strategies. However; the differences of the earth sheltering 
approach also suggest new considerations, and pose new 
questions regarding potential legal liability and the 
practical effect of that potential liability on the design, 
cons-truction, and ownership of an earth shelter. "'~ 

Thus, any discussion of or decision about ·the earth 
sheltering option is incomplete and short-sighted until 
it alsc:> includes an examination of these legal issues and 
their impact. This paper will identify some of the potential 
proble~s of l~gal .liability and their practical effect 
regarding the de"sign, construction, and ownership of an 
earth sheltered residence. 

~ 'l'he reader is alerted to the fact that an examination 
of potential legal liability.problems necessarily involves 
a prediction of everything that could ever possibly go 
wrong -- no court cases involving these legal issues as 
they pertain to earth sheltering have as yet been reported. 

This discussion is not intended to discourage 
planners, builders, and others from the earth sheltering 
concept, rather it is intended to do just the opposite -­
to encourage the design and building of earth shelters 
that are safe and sound and will be a credit to the earth 
sheltering movement. 

Landscaping 

The seemingly insignificant choices in landscaping 
and planting above and around an earth shelter may best 
illustrate the problems of potential legal liability. The 
main requirement of any vegetation planted above an earth 
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sheltered structure is that it prevent the soil from washing 
away. Suggested possibilities range from garden crops 
to conventional la\m grasses, which appear to be the most 
common choice. Choosing to.~intain a lawn ahove the 
structure translates into making the roof look like a lawn 
that would blend in with its surroundings. If it looks 
like a lawn, people will be inclined to treat it as a 
lawn and engage in those activities that take place on a 

· lawn. Accidents will invariably happen, and any fall from 
the roof will probably result in serious injury. The 
likelihood or possibility of such an occurrence increases 
when a novel earth shelter is located in a more tradi ti.onal 
neighborhodd and attracts the attention of children. 
Arguably, the novelty of the earth shelter with a lawn 
above could be the basis for an attractive nuisance suit. 

Ultimate liability cay be determined by whether the 
owner relie<t on the services of a professional landscape 

·architect who either recommended or planned the lawn 
treatment, as reliance on the expertise of a professional 
usually has the effect of shifting all or part of the 
liability away from the homeowne~.l 

The entire situation could probably be avoided 
by landscaping and planting with the express intention 
of discouraging r~ther than encouraging anyone from 
being on the roof. Thus, some type of ground cover would 
be superior to a lawn grass; a fence around the property 
and/or near the front edge of the structure may also be 
advisable. The railing or fence at the front of the 
structure may not be aesthetically desirable, but it 
could be concealed by shrubbery -- preferably of a thorn 
bush variety. 

Structural Engineerina 

The most critical of the technical considerations 
of earth sheltering are the structural concerns -- an improperly 
engineered earth sheltered structure presents great poten-
tial for serious harm to the building and those who use it. 
A structural failure would undoubtediy result in costly 
repair -- provided, of course, that repair is possible --
as well as the costs incurred due to any personal injury. 

The analysis and recommendations provided by a 
professional structural engineer are the only design 
assurances that an earth sheltered structure will be sound, 
and thereby safe. In the unlikely event a structural problem 
should develop because of improper engineering by a pro­
fessional engineer, legal recourse would probably be 

· available against the structural engineer whose skills were 
relied upon.2 
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The absence of professional engineering meaning 
a layman or the owner engineered the structure may present 
some very real practical consequences. Financing for the 
project may be more difficult to obtain than it might 
otherwise be. A building of questionable structural 
integrity represents considerable risk and any knowledgeaple 
lending institution will be advisedly reluctant to make 
a loan. Obviously, accepting .the building as collateral 
is unsound. Furthermore, the applicant is competing for 
funds and the non-engineered structure is less desireable 
for investment strategy than an equivalent structure with 
reasonable assurance of soundness. 

A building permit, where required, may also be 
difficult to obtain. Building codes "provide for safety, 
health and public welfare through structural strength 
and stability, .•. to life and property from •.• hazards 
incident to the ~esign, [and] construction of buildings 
and structures." · 

The issuance of a building permit implies, at the 
very least, that the structure will be sound and safe. 
In addition, inspections are made during the construction 
period to ensure that the project is built according to 
the approved plans. A code official, unfamiliar with 

. earth sheltered structures, should be hesitant to give 
approval regarding the structural integrity of an· earth 
sheltered building, if he does not have the proper training 
as such action may be the basis for imposing liability. 
This is particularly important in view of the trend to 4 
impose liability for negligent governmental safety inspections. 

With time, the general public will become more 
knowledgeable about earth sheltering, thus potential buyers 
will be concerned about the engineering of a structure. 
Regardless of the number of years the structure has stood, 
ther~ may still be a question .as to its structural integrity, 
particularly if it has not been 9rofes~ionally engineered. 
Resale of a non-professionally engineered earth shelter 
will likely be difficult. 

An informed purchaser, or a purchaser represented 
by an informed attorney may require a warrantee (guarantee) 
of structural safety and/or a reduction in the asking price, 
assuming, of course, a sale is made at all. Realtors 
should be reluctant to become involved in the sale of 
a structure that may be difficult to sell due to what may 
be a serious design defect, and it is inconceivable to 
think that a knowledgeable realtor would handle such on a 
guarant~ed purchase basis. 

I 
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If a structural problem does develop, new problems 
may arise. Undoubtedly, the owner of a structure where 
a professional engineer was not used would he forced to 
bear the ._tp.ss. And as insurance policies do not presently 
cover structural fai1ure in traditional housing, it is 
unli~ely structural failure in earth shelters would be 
insured against. If the structu5e has been sold to another, 
the original ·owner may be Jliable -- obviously if a guarantee 
was given; most likely, any disclaimers regarding 
structural integrity would be invalid. Finally, adverse 
publicity resulting from a structural problem would be 
very detrimental to the widespread acceptance and appli­
cation of earth sheltering. 

The decision to not employ the services of a struc-
tural engineer (whose services can be viewed as a type of 
."insurance" policy) can be a most unfortunate and potentially 
costly one -- far in excess of the cost of utilizing those 
s~rvice5. Further, the deci~lon cannot be justified, ~s 
sound and safe structures are in the best interests of 
all who are presently ·involved in earth sheltering or may 
be involved in the future. 

Waterproofing and Insulation. 

Structural engineering may be the most important 
technical concern, but attention must be given to· other 
details and specifications -- most notably those pertaining 
to waterproofing and insulation. Recovery for damages 
caused by the use of improper, substandard, or experimental 
products or methods will depenc on who assumed responsibility 
in making those recommendations and/or decisions. Reliance 
upon an architect may again be relatively inexpensive 
"insurance" protection for the prospective homeowner. 6 

The Builder 

The builder of an earth sheltered structure is in 
a particularly vulnerable position with regard to potential 
liability. First, failure ·to build according to plans is 
an obvious invitation to problems. More often, the builder 
may be faced with a situation where he must assume responsi­
bility for making critical decisions regarding details or 
specifications such as waterproofing, insulation, and 
structural engineering. An uninformed builder or one 
familiar only with traditional residential building may 
make inappropriate choices and incur liability for any 
damage that may occur as a result. 
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In light of at least one recent court decision, liability 
may also include damages for mental anguish as a result of 
improoerly performed work that causes severe defects in the 
home.7 Furthermore, _liability may extend to purchasers beyond 
the original buyer under an ~mplied warranty theory.8 

Home Tours 

Finally, the homeowner conducting tours of his earth 
shelter should make certain that insurance coverage is 
provided at least for slip and fall accidents which might 
occur.. Conducting regular tours of an earth sheltered home 
(particularly where there is an admission price) would 
probably be considered an activity which falls outside the 
scope of a traditional homeowners policy, and in some 
instances may be considered a business activity. Therefore, 
adequate insurance coverage is imperative. 

Conclusion 

As discussed previously, identifying these potential 
problems and.their possible consequences are in no way meant. 
to discourage earth sheltering._ Rather, it is hoped that 
everyone -- particularly those offering products, servic_es, 
and information that others may be relying upon -- will 
have. a greater understanding and awareness of what may be 
involved. And most importantly, the participation of the 
pros.pective owner in the design and construction of the earth 
sheltered home should be undertaken with·full knowledge of 
what is_involved and hopefully will be limited to what the 
participant is informed about, qualified to handle and 
interested in doing. 

Allan M. Ziebarth 
President 
EARTH SHELTERS, INC. 
P.O. Box 52 
Omaha, NE 68101 
402/556-5252 
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Footnotes 

1. See, ~~ Walker, Walker, Rohdenl:mrg, Legal Pitfalls in 
Architectuie1 Eng~n~~ring and Buildin , (McGraw-Hill), 

1979 , at 3- . 

2. Id., at 31. 

3. National Building Code, 1976, Recommended by the American 
Insurance Associat~on, at 1. 

4. ·. See· cases collected at 23 American Trial Lawyers 
Association Law Repor.ter 52 (~1arch, 1980) • Of special 
note, see Runkel v. City of Ne\or York, 123 NYS2d 485 
(App. Div. 1953) and Smullen y. New York City, 2.68 
N.E.2d 763 (N.Y. 1971) •. 

5. In such case, the owner may be given the status of a 
·builder. See the discu·ssion regarding builders following. 

6~ Legal Pitfalls in Architecture, Engineeringand Building, 
supra note 1, at 49. 

7. B & M Homes· Inc. v. Hogan, 376 So.2d ·667 (Ala. 1979). 

8. "Court Rules: They Can Sue You - Even If They Didn't Buy 
From You", Housing magazine, February 1980, at 14. 



l1ary Rolll.ragen 
TLH Associates, Inc. 
4th & Cedar Streets 
St. Paul, 1-ti.nnesota 55101 

Dear Ha.ry, 

Enclosed you'~ find ~paper for the Earth Sheltered Housing 
Conference. I have conformed with all your requests and specifi­
cations li even met the deadline!) lvith the exception of one. 
I have not used metric units for measurements included in the text. 

This request crosses rrry principles or llbetter judgment". Although 
I appreciate the desire for "standardization" as a fine rational 
idea, I :f:eel that it is a very poor intuitive idea. 

The practice of architecture and building construction in this 
country has been fUnctioning consistently on the standard of 
measurement of the Eng:I.tilll system for years. I use body 
measurements such as the foot and yard for estimating measure 
in the field when I am without tape on frequent occasions. 

Perso~, I have the feeling that metrication is being 
foisted upon us lJy Big Drothcr \multination~.l r:nrporations) 
for their own selfish reasons and greed. It is specifically 
to do something positive about the problems created by this 
attitude toward "Spaceship Earth" that 1 have dedicated my 
practice in environmental design to passive solar and earth 
sheltered architecture. 

I have enclosed an article by my colleague, Steve Baer, 
addressing this issue and articlating our viewpoint. I would 
like to suggest that if you insist on converting my primary 
measurements to the Metric system, you give "equal space" to 
theopposing viewpoint by printing this letter and/or Steve's 
article. I have no objection to your listing metric measure­
ments in subtitles or ::>arentheses after my primary units as 
sho~rn in the English ~stem. 

Sincerely, 

z.Iichael T. LeV"J 

1071/2 WEST BERRY • FORT WAYNE, IN • 46802 • 219 - 422-6287 
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A DESIGNER'S FIRST EXPERIENCE 
WITH TROGLODYTE SUBCULTURE 

(An earth sheltered atrium plan re?idence with active 
solar system utilizing unique construction methods) 

1. Abstract 

Michael T. Levy 
Associate AIA 

§iolar Designer 
Fort Wayne, Indiana 

The project consists of a 1900 square foot residence 
built into a southeast facing slope. The plan configu­
ration features an enclosed atrium courtyard which is 
open to the sky. Location of the building site is in 
northeast Indiana (41° North latitude, 6250 DD, 41% 
possi.ble winter sunshine) • 

Heating, ventilating, and air conditiohing are achieved 
by means of a solar-assisted water-to-air heat pump 
with woodburning auxiliary. A unique low-cost solar 
co.llector was built on the site by embedding PVC plas­
tic water pipe in an exterior concrete wall with glaz­
ing cover. Thermal storage is contained in a 28,000 
gallon insulated water tank located beneath the garage. 

The building construction system consists of an uncon­
ventional thin shell sandwich w;;ll of pneumatically 
placed concrete (shotcrete) and cavity filled with ex­
panded polystyrene insulation board. 

Evaluation ·is given of methods and processes, costs, 
performance, and second thoughts. A brief review is 
given of the designer's other earth sheltered projects 
in progress and solar and energy conservation products 
designed for production by local industries. 

2. Introduction 

The owners of the residence, Watson and Barbara Custer, 
are a middle-age couple both employed as school teach­
er~. This home is the first one they have built. The 
design program for the residence was primarily to serve 
the needs of the couple, as their children are,grown 

lJ 



• 

I 

• 
I 

and no longer living with the parents. The project 
budget was modest and economically minded. 

?\~The involvement of the solar consultant on this project 
occurred by virtue of being the head of the architect­
ural/engineering department for the corporation that 
developed and was marketing the innovative wall con­
struction system which integrates solar design features. 
The owners had employed a stick-frame builder interest­
ed in solar and energy conservation who had formed a 
new partnership in order to develop the'unique building 
system used in this project. 

The owner became aware of earth sheltered architecture 
through his employment as the director of the media­
center at a local high school. A fellow teacher had 
recently occupied an earth sheltered horne and requested 
assistance in documenting his experience. The owner 
became intrigued with the earth sheltered idea as its 
virtues began to sink in. This undercurrent surfaced 
when ·the owner returned horne from school one evening 
and posed the weighty question to his spouse, "How 
would you like to live in an underground house?" This 
subversive inquiry eventually undermined their build­
ing plans and led to their reading Malcolm Wells' un­
derground Architecture, numerous periodicals, and 
eventually Earth Sheltered Housing Design. 

The site for the house is in a rural setting north of 
Huntington, Indiana. Their acreage is surrounded by 
typical Indiana corn and soybean fields, rural horne­
steads, and more recent ranch houses. The owners 
chose a site with a moderate sloping hill facing a 
little east of south. The horne itself is oriented 
with the solar collection wall facing due south. 

3. Architectural Design 

The plan of the house is basically a square with sides 
forty-nine feet long. The center of the plan contains 
an atrium courtyard (21' x 24') which is open to the 
sky. The atrium is a private outdoor living space and 
includes a built-in barbecue grill. All of. the habit­
able rooms surrounding the atrium have major window or 
door areas onto the courtyard for natural light and 
ventilation. This plan results in about 1900 sq. ft. 
of living area . 
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The west wing contains the master bedroom suite and 
living room. The living room itself features a conver­
sation pit (10' x 10') facing the fireplace. There is 
a free-standing stove in the master bedroom also. 

The north wing contains the dining room (11' x 12'), 
kitchen (10' x 12'), a half bath and a utility room. 
The main entrance to the house is through the atrium 
and into the living room or kitchen. There is a ser­
vice entrance off the utility room to the attached 
two car garage. Another door serves ~s a separate 
entrance to the guest bedroom from the atrium. 

The east wing contains a walk-thru study or extra 
bedroom (12' x 12'), full bath, and guest bedroom 
(12' x lS'). The circulation problem that atrium 
plans generally pose in this harsh winter climate 
is solved satisfactorily in this program because the 
walk-thru study only needs to be used as a bedroom 
for temporary situations. 

4. Wall Construction 

The unique wall construction of this project utilizes 
a sandwich wall consisting of 3 11 of concrete on both 
sides with 4 11 of polystyrene beadboard insulation in 
the center. The concrete used is high densfty pneu­
matically placed reinforced concrete (6,000 psi, 
"~hoterctc 11 ). The wall oan best bQ aQ~cribQd by out­
lining the step-by-step construction process. 

First, a wall 11 stud 11 is as.sernbled on the job site by 
placing #3 reinforcing bars into 1 1/4 11 x 7 1/2 11-12 
ga. steel wall ties located at 2'-0" o.c. and hammer­
ing the rolled end of. the ties shut to wedge the re­
bar in place •. This is done on ~ jig table. A wall 
tie with a base plate is used at the bottom of the 
11 Stud 11

• 

This wall 11 stud 11 is then secured to the concrete slab 
foundation by shooting a concrete nail thru the base 
plate and. into the foundation with a power driven 
gun.. Two foot wide boards of 4 11 thick headboard are 
then placed between the studs located at two foot 
centers. The insulation board butts tightly to the 
wall ties leaving only a .10 inch gap. These insula-
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tion boards are held in place by shoving rebar horizon­
tally behind the vertical "studs" and fastening them to 
the vertical rebars with special metal clips. 

At this stage all the solid btiilding walls are standing 
in place composed of insulation board. Wherever a win­
dow or door opening is required, the insulation board 
is cut out with a keyhole saw and the rebar is clipped 
out. Window and door frames and headers consist simply 
of extra horizontal rebars shoved in place eliminating 
the cost of extra structural framing. In this way, 
free spanning arches or any shape wall opening may be 
cut out. Also, since concrete is a plastic material, 
rounded and curved walls may be constructed for little 
or no additional cost. 

The machanioal systems are strung on the bare wall. 
(electrical, plumbing).· The electricians may make the 
runs up ahead of time and need not be on the job site 
when masons or carpenters are working. Trades people 
may easily pierce the wall for mechanical runs by us-' 
ing their pocket knife or a keyhole saw. Mistakes may 
be corrected by simply replacing the polystyrene bead­
board material. After this, a structural wire mesh is 
stretched over the rebar frame. The wall is then ready 
to receive the concrete which is sprayed onto the wall 
by means of a hose from a concrete pump. 

This construction method was devised to render improved 
thermal performance and reduce labor time, skill, and 
effort thereby resulting in cost savings for above 
ground ~onstruction. The ~uster residence is the first 
use of this system for earth sheltered construction. 

Structurally, this construction is extremely strong 
(allowable load = 20,350 lbs/ft. of 8' high wall) and 
impervious to fire, moisture, and deterioration. Ther­
mal performance of the mass-insulation-mass sandwich 
wall is superior to conventional wall systems because 
it eliminates the stud or concrete block web member 
pen~trating the insul~tion core which results in con­
siderable conduction heat loss. The monolithic con­
crete slabs on each side of the insulative core provide 
thermal damping, totally eliminate infiltration, and 
provide the desired thermally isolated mass on the in­
terior. 
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Labor required to construct this system is entirely un­
skilled. The physical labor expended by the work crews 
is minimal -- one person can carry about 100 sq. ft. of 
wall {insulation board} in a single trip. There are no 
heavy materials to transport or scaffolding or formwork 
necessary. It does not even require electrically pow­
ered tools to successfully erect major·building Shells. 
The concrete is sprayed on by the hose operator and is 
considered the most fun part of the sequence. These 
labor benefits combined with the increased ease and 
speed of construction result in substantial savings in 
construction costs. 

5. Roof Construction 

The roof structure begins with 12" steel bar joists lo­
cated at 2'-0" on center. The end bearing is achieved 
on a 3" x 3" x 1/4" transverse angle iron welded to the 
vertical reinforcement bars of the walls. On top of 
this is laid a corrugated galvanized 26 gauge steel 
roof deck. Four inches of polystyrene beadboard is 
placed on the metal deck before a 4" concrete topping 
with wire reinforcing mesh is poured. Next, the water­
proofing membrane is applied, a vapor barrier laid down, 
and 4"-6" of pea gravel put in place. A layer of straw 
was placed on top of the gravel to prevent the soil 
from washing into the gravel until settling had occur­
red. The final operation was to put 18" of topsoil on 
top of the roof sewn with grass seed. The earth cover­
ing was tapered to lS" at th~ p~L.i.mt:!Lel: walls to give 
positive drainage. Later, 2 1/2" of polyurethane foam 
insulation was sprayed to the underside of the metal 
deck before a gypsum board ceiling was applied to the 
bottom chords of the -roof joists. 

6. Energy System 

The Custer Residence achieves heating and cooling for 
thermal comfort by means of five components: active 
solar collection, water thermal storage tank, water­
to-·air heat pump, woodburning auxiliary, and passive 
elements. The active solar collection· is incorporated 
into the south facing exterior concrete wall. Before 
concrete is sprayed onto the wall, 1/2" PVC plumbing 
pipe is placed vertically at 6" o.c. and connected at 
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top and bottom with 1 1/4" PVC headers. After the con­
crete encases the solar plumbing, the wall is painted 
black, glazing channels attached, and a windscreen (fi­
berglass reinforced acrylic sheeting or other) applied. 

During the heating season,·a comparative thermostat 
activates a pump from the storage tank whenever the 
temperature in the solar wall exceeds the tank temper­
ature by 5°F. Freezing of water in the solar wall 
plumbing is prohibited by the thermal lag of the con­
crete wall and gravity drain dow~ in case of power 
failure. · · ' 

The thermal storage tank is located under the floor of 
the garage. It is 24' x 28' x 5 1/2' deep and is ca­
pable of holding 28,000 gallons .of water. The side 
walls of the tank are of the same sandwich wall con­
struction insulated to a value of R-20. The ceiling 
over the thermal tank (garage floor) consists of a 
vapor barrier, metal roof deck, 2" of'beadboard, and 
3" concrete slab supported on concrete columns and 
lintels. On the inside wall of the tank an addition­
al 2" reinforced concrete wall is added for positive 
protection against leakage. The floor of the tank 
is an uninsulated 4" reinforced concrete slab. The 
storage capacity of the water tank in conjunction 
with the heat pump allows for a 60°F. temperature 
differential yielding about 500 BTU's per gallon of 
water -- or a total capacity of 14 million BTU's when 
fully charged. 

The thermal transfer between living space and water 
storage tank is accomplished by means of a water-to­
air heat pump and complimentary ductwork and plumb­
ing. The unit used has a rated capacity of 26,000 
BTUH in the cooling mode and 33,000 BTUH in the 
heating mode. The energy efficiency ratio (EER) of 
this unit for cooling is 9.8 and the coefficient of 
performance (COP) for heating is 3.0. It is coupled 
with a 900 cfm fan and 5 gpm water pump. Throughout 
the summer, the heat pump air conditions the living 
space as required. The heat which is drawn out of 
the air is transferred to the water tank to charge 
it to a maximum ll0°F. The minimum tank temperature 
to allow efficient operation is 45°F. During the 
winter heating season, heat gain stored from the 
summer is drawn out of the storage tank to heat the 
living space . 
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Supplemental auxiliary heat is provided by three wood­
burning units. There is a small free-standing stove 
located in the kitchen. The main fireplace in the 
living room has a fan activated- heat recirculator box 
and contains a hydro grill which circulates heated 
water back into the main storage tank. There is also 
a free~standing fireplace in th~ master bedroom. The 
potential for passive solar assistance exists by clos­
ing in the interior atrium • 

. The owners intend to add skylight glazing and a pan­
eled wrought iron gate to the front entrance when 
their budget permits. This additional 600 sq. f.t. of 
collection area will provide approximately 100 million 
BTU's of passive solar heat per heating season. Also, 
the atrium will then.become livable space ~11 year -
long. 

7. · Waterproofing and Insulation 

All of the earth covered walls and the roof are 
sealed with an experimental waterproofing membrane 
specifically formulated for concrete application. 
This product is of the latex silicone rubber elasto­
mer nature. It can be thinned with water prior to 
curing and is applied by spraying. Common tub and 
tile caulking is similar in characteristics. 

In addition, the entire earth covered portions of the 
house were wrapped irt a double layer ot 6 mil poly­
ethylene with the seams tarred. Drainage tile was 
placed at the perimeter of the atrium parapet, hori­
zontally at the top of the exterior walls, and a 
second row at the bottom of the wall. Vertical 
drainage tiles connect these at 8' to 10' on center. 
The atrium slopes to three built-in planting areas 
and toward the entrance. Perimeter drainage tile 
connects these. 

Insulation value for the 10" sandwich wall construc­
tion is R-20. -The roof provides an R-35 insulation 
rating. 

8. Costs and Performance 

Use·of an innovative building construction system en-
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gendered its own risks and costs. Construction time 
for the house took over a year (August 1978 - September 

.1979) and it is still only 90% complete. The original 
new construction partnership foundered. One partner 
attempted to finish the job and performed inadequately. 
In a rush to complete the concrete spraying, the solar 
plumbing wall was entombed in concrete before the pipe 
joints were tested for leaks. Thi~ has resulted in 
the active solar collector system being inoperable. .To 
complete construction, the original builder has been 
rehired at an additional cost beyond the building con~ 
tract price. Costs for the residence to date are about 
$80,000 or $42.11 per sq. ft. of living area. Tnis 
figure is about 10% more than a comparable quality 
above ground conventional home for this locale. The 
owners claimed the maximum tax credit for altern~tive 
energy property of $2,200 off their 1978 Federal tax 
liability .. No incentives exist for alternative energy 
utilization in the state of Indiana. 

The owners exceeded their contract budget allowance 
for interior furnishings in virttially every room. The 
insurance rate for the home is based on fire resistive 
(masonry) construction resulting irt a $44.00 per year 
savings or a 12% reduction~ The insurance agent feels 
the premium basis is not fair for an underground home. 
He admits that a. total fire loss could not possibly 
exceed half the value of the house (interior furnish­
ings) , yet there is no special allowance by the insur­
ance carrier for earth sheltered homes. 

The owners report a public health inspector checked 
the drainage and sewage provisions, but they have 
never seen the building inspector (nor do they wish 
to). They had no trouble obtaining a conventional 
mortgage from their local bank. This was attributed 
to their good reputation and rapport with the loan 
officer, the fact that the bank held the mortgage on 
their previous residence, and their use of Malcolm 
Wells' book and other. artic~es to educate the lender. 

Total electric energy use for the residence for 
October 1979 - January 1980 has averaged 2265 kilo­
watt hours or $97.71 per month. All of the applian­
ces and water heating are electric which accounts 
for about $50.00 per month of the bills. Therefore, 
for the 2 months the heat pump has been operating 
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the space, heat·cost amounted to $52.14 for December 
and $93.53 for January. This figure is equivalent to 
about 50% of the energy use of a well insulated conven­
tional house above ground. The owners carne to the 
conclusion that their he~t pump is defective when they 
discovered their storage tank water temperature had 
dropped to 38°F. Of course, the storage tank was not 
charged up from summer heat gain, the solar wall was 
not recharging the storage tank, and the fireplace 
was not able to keep up with the heating load. To 
date, they have used about 1 1/2 cords of wood in the 
fireplaces. 

9. Owner Satisfaction and Second Thoughts 

The owners are quite satisfied with their earth shel­
tered horne in spite of the difficulties they have en­
countered. The owner complained of being tired of 
painting his previous horne frequently in the summer. 
He has traded this for splitting wood in the winter 
which he thoroughly enjoys. 

Neighbors and friends who have not visited the horne 
think of the residents as cave dwellers and ask, 
"isn't it dark?" This gives way to surprise and 
shock when they visit the Custer residence and exper­
ience how nice it is and how much natural light the 
interiors are blessed with. One overweight lady who 
imagined trap doors '.'l.nt:l 1 r~nnP.rl=i :inquired, "How do you 
get into it?" The owners' relatives like the house 
and are fascinated with the idea. They consider their 
troglodyte relatives to be "brave". 

The owners themselves project quiet confidence and 
commitment in their decision. They exhibit a great 
deal of pride in ownership of their underground 
horne and graciously entertain the multitude of curi­
ous visitors. Their biggest pleasant surprise in 
occupying the earthsheltered house was the quietness 
it affords. They never realized how noisy an above 
ground building is. Even the movements of occupants 
within the house is less audibly distracting. They 
mentioned that their daughter played the stereo and 
t~ey were unaware of it until she informed them the 
next morning. 

9 J 
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The psychological comfort afforded by the security of 
earth sheltering has positively influenced the owners. 
Mrs. Custer recalled not even being aware of a severe 
wind storm until.a wind spout of leaves blew into the 
courtyard. Complaints by the occupants were limited 
to the wind funnel effect into the atrium entry and 
the discomfort in attempting to achieve proper con~ 
trol of the heating system. 

Problems with the house other than those already·men­
tioned are relatively few. The clothes dryer exhaust 
tube was causing ciondensatiort thru the sealing. This 
has been remedied by installing a self-venting kit 
and ducting the exhaust into the return air plenum. 

There has been minor moisture spotting following 
heavy rainfalls on tll~ c·eiling below the parapet 
wall enclosing the atrium which retains the earth on 
the roof. This detail is to be avoiqed in future 
designs •. The wind funnel effect in the atrium will 
be easily solved when the plexiglas covered wrought 
iron entran~e gate is installed. 

The energy system is not yet satisfactory as h~s 
been pointed out. However, at the time this resi­
dence was in the planning stages (1977) everyone in­
volved had only vague notions about.the implementa­
tion and effectiveness of passive solar design. 
Fortunately, the hybrid and diversified energy sys­
tems available in the design give the owners assur­
ance that performance can only improve considerably 
with further refinements. The enclosure of the 
atrium will most certainly be cost effective as well 
as aesthetically beneficial. The owners are also 
considering the cost effectiveness of installing ac­
tive solar collection on the south facing exterior 
wall as was ~riginally intended. 

10. Conclusions 

From the designer's viewpoint, the future use of two 
major components is seriously questioned. The 
unique sandwich wall construction is of dubious val­
ue in comparison with solid poured concrete walls 
for underground construction. While this system is 
an excellent solution for above ground buildings, 

10 



its cost and performance record for underground is 
questionable. For approximately the same initial cost, 
8" poured concrete walls insulated on the exterior 
would r~sult in more than double the amount of inter­
ior masonry thermal storage mass available to the 
structure. The heat pump, solar wall, and massive 
water storage tank could be omitted except where a 
building program requires absolute temperature and 
humidity control. Current designs by this author 
are emphasizing.the use of passive solar components 
and design practices rather than active systems. 
The wall construction system as built in this project 
does not provide properly for thermal breaks in the 
concrete at corners, edges, pnd extensions. 

The unfinished ~t~te of the building exterior at th~s 
time emphasizes the glaring need for landscaping on 
earth sheltered buildings. The aesthetic elements of 
above grade construction such as building mass, form, 
proportion, color, etc. must be replaced with land­
scapin~ for underground architecture. While this de­
signer considers landscaping an integral part of 
above grade building design, it must be considered a 
major component of earth sheltered buildings. Land­
scaping for earth sheltered buildings is the aesthe­
tic component of the classical architectural formula, 
"firmness, commodity, and delight". If we omit de­
light, we can not aspire to artistic success. 

Tho presQntation of thi~ paper at the conferepce al~ 
so includes examples of the sandwich-wall system 
used quite successfully in existing above ground 
buildings. Current projects under development by 
the designer in earth sheltered passive solar hous­
ing will be shown. Also, solar and energy conserva­
tion products which have been designed for a local 
manufacturer will be illustrated including "Suntap" 
low cost window and wall mount passive solar collec­
tors for existing buildings. "Sunstor" architec­
tural waterwall thermal storage modules for space 
.and water heating, "H~atsoc" heat recirculators 
for decorative lighting, "Insail" moveable insula­
tion for large windows and sliding doors, "Suntap" 
solar chimney vent, and "Earthtap" earth/air heat 
exchanger. 

In conclusion, it is perceived by the designer from 

I 
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this first experience in the subterranean realm that
the acceptance of society for earth sheltered housing
will definitely be affected by the successes or fail-
ures of technology. However, the major dragon in
peoples mental dungeons is lifestyle considerations.
Equally, or perhaps more important than technology,
will be the attitudes of early underground home own-
ers which reflect the quality of their lives.

For further information, contact:

Michael T. Levy
Michael T. Levy Associates
107 1/2 West Berry Street
Fort Wayne, Indiana  46802
Telephone: (219) 422-6287
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RESTRICTIVE COVENANTS: A BARRIER TO EARTH SHELTERING? 

ALL.A..~ H. ZIEBARTH 
President 

EARTH~~a~k~~~' INC. 
Omaha, Nebraska 

1 

r-!ost persons interested in earth sheltered 
housing are aware of and concerned about the impact of 
such legal concerns as zoning ordinances and building 
codes on earth sheltering. Although legislative actio~ 
may be necessary to solve the most difficult problems, 
the general consensus would seem to be that code and 
ordinance requirements are at most obstacles -- rather 
than barriers -- to earth sheltering; it is generally 
possible to design in conformity to the requirements, 
obtain a variance, or get those requirements modified 
or changed.2 

Fewer persons interested in earth sheltered 
housing are aware of,. let alone concerned about, the 
impact of another legal concern -- restrictive cove­
nants -- on .earth sheltering. The problems posed by 
restrictive covenants have not yet been addressed, 
notwithstanding the fact that our experience indicates 
that restrictive covenants may and do function as 
barriers, as certain provisions common to most housing 
developments may effectively prohibit the building of an 
earth sheltered structure. Moreover, it is effectively 
impossible to change or modify those provisions. There­
fore, earth sheltering enthusiasts must be concerned 
about restrictive covEma.nts; when t.hey purchase property; 
waiting until it is time to design and build may be too 
late. 

This paper will examine restrictive covenants 
and their impact on earth sheltering to help the pro­
spective earth shelter designer and builder avoid the 
problems with restrictive covenants and to aid developers 
and others in writing restrictive covenants that will 
encourage, not discourage, earth sheltering. 

RESTRICTIVE COVENA~TS IN GENERAL. 3 Restrictive 
covenants are private land use restrictions, in the sense. 
that they are binding between private persons or busi­
nesses, as opposed to governmental entities. Generally 
they restrict the use, the structures, or the activities 
on a particular piece of property. In this sense, 
restrictive covenants are not unlike the more familiar 
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zoning ordinances, which are public land use restrictions. 
The covenant.s are written to conform to zoning ordinance 
restrictions, however covenant·s usually tend to be more 
comprehensive and restrictive. 

Lots in most, if not all, subdivisions are 
generally subject to restrictive covenants, which are 
usually created when a tract of land is first developed 
and a general building plan is established. The covenants 
control the character of a neighborhood in order to 
achieve a desired degree of uniformity. Purchasers of 
property subject to covenant restrictions become bound 

.by those restrictions by virtue of the purchase, and 
the ·deed to the property will recite this fact. For 
example: 

"lots .•. are and shall be owned and he1d under 
and subjec.t to tne covenants, conditions and 
restrictidns set fo~th below.·" 

The deed will also contain each of the covenants or will 
refer to a separate document recorded in the land records 
which contains the restrictive covenants which bind the 
property. 

If a property owner finds a particular covenant 
objectionable, he may seek to change it. Provisions pro­
viding for modification of covenants are very often in­
cluded: 

"The covenants are to run with the land and 
shall be binding upon all parties and all 
persons claiming under them until January 
1, 19 , at which time· said covenants 
shall be automatically extended for suc­
cessive periods of ten years, unless by 
vote of a majority of then owners of 
the lots, it is agreed to change said 
covenants in whole or in part." 

From a practical standpoint, however, changing 
covenants may prove to be extremely difficult at best. 

Failure to change the objectionable covenant leaves 
the courts as the only recourse to change the restriction. 
The courts may also become involved in a restrictive cove­
nant dispute in the event a proscribed activity takes place 
and another land owner in the subdivision seeks redress: 



"If the owner of any lot or their heirs, 
successors or assigns, shall violate or 
attempt to violate any of the covenants 
herein, it shall be lawful for any owner 
of any lot involved herein to bring any 
legal proceeding against such person vio­
lating or attempting to violate such cove­
nants either to prevent him or them from 
so doing or to recover damages or other 
compensation due for such violation; but 
this instrument shall not be construed as 
placing any iiability or obligation for its 
enforcement upon the undersigned. Invalida­
tion of any one of the covenants by judgment 
or court order shall in no way affect any 
of the other provisions, which shall remain 
in full force and effect." 

Subject to limitations -- such as being uncon­
stitutional or contrary to statute -- the court will 
enforce restrictions to the same extent that it would 
lend judicial4sanction to any other valid contractual 
relationship. · 

3 I 

Developments in the solar energy field may help 
to ilrustrate how restrictive covenants operate and what 
problems they pose for the utilization of conservation 
measures and renewable energy resources. A riurnber of 
cases regarding restrictive covenants preventing the in­
stallation of solar energy systems have arisen. Cove­
nants forbidding the placement of appliances on roofs, or 
requiring all roofs to be· made of oedar sha.kiali have be~m I 
used to prevent the installation of roof-top collector 
systems. The results have been varied -- from solar users 
not contesting the covenants to courts upholding the re- :? 

strictions. One interesting and positive court holding 
occurred in California where the Los Angeles Superior Court 
held restrictive covenants to be "invalid and unenforceable 
to the extent that they orohibit the xodf-top installation .df 
solar collector plates."~ The Co~rt based its holding on its 
finding that the restrictive covenants (and the subsequent 
action of the Architectural Committee) were "contrary to 
and violates the public policy of the State of California 
to encourage the use of solar energy systems." 

RESTRICTIVE COVENANTS AND EARTH SHELTERED STRUCTURES. 
Research failed to reveal any situations where covenant re­
strictions affecting earth sheltered structures have been 
tested in court -- the ultimate determination. In the 
absence of any of this hard data, we cannot be absolutely 
certain about their effect. 

_j 
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Knowing how restrictive covenants operate in 
general, we can, however, make some reasonable assump­
tions about the difficulties that may be encountered. 
Among the more obvious is the definitional'problern of 
the term "basement" in the following provisions: 

(a)· "No trailer, basement, tent, shack, 
garage, barn or other outbuilding erected 
in the tract shall at any time be used as 
a residence, temporarily or permanently, 
nor shall any structure of a temporary 
character be used as a r~sidence." 

(b) "Dwellings shall be restricted to 
the following minimum square foot ground 
floor areas (exclusive of garages, breeze­
ways, po:J:"ches and ha!:le.ments." 

4 

Especially troubleso"me are those covenant restric­
tions which delegate broad authority to Architectural 
Committees as in the follow1ng: 

(a) "Foundation walls shall be constructed 
of brick, concrete block or po.ured concrete. 
If constructed of concrete block or po.ured 
concrete, such walls shall be faced or 
veneered on all front and side elevations, 
with brick or stone or any other product 
approved by the Architectural Committee." 

(b) "Any grade change exceeding 18·inches 
must have the approval of the Architectural 
Committee." 

These two provisions would have particular appli­
cability to earth sheltered structures and approval of 
the Architectural Committee would probably be nece_ssary 
in both instances. 

The most difficult type of provision to deal with 
may be the following: 

"No building, fence, wall, signboard or 
other structure shall be erected, altered 
or placed on any building plot on the 
aforesaid lots until complete plans, speci­
fications and plot plan showing the loca­
tion of such building or improvement have 
been approved in writing by the Architectural 
Committee of Association as 



to use, conformity and harmony of 
external design with existing structures, 
topography and finished ground elevatio~." 

5 

As a complete set of engineered plans is expensive, few 
people would be willing to spend the money if they do not 
own the property. However; the plans are necessary to get 
a decision from the Architectural Committee. 

RECOMMENDATIONS .. In the absence of court decisions 
or +egislative action (both of ·which are· highly unlikely 
in most states in the near future) prohibiting covenants 
which unduly restrict earth sheltered residences, 
the prospective lot buyer must be fully informed about 
earth sheltering and restrictive covenants. In some 
instances it may also be necessary to rely on the ser­
vices of someone with the knowledge and expertise to 
provide competent legal counsel. It is important to 
consult an attorney in the purchase of any property, and 
it may be imperative in the purchase of property subject 
to restrictive covenants when the intent is to build an 
earth sheltered home. A determination of the effects and 
enforceability of the restrictive covenant provisions 
should be made. Such a determination would have to be 
specifically requested and, to be of value, it is- es­
sential that the person providing the opinion be knowledge­
able about earth sheltering in general and fully informed 
of your plans specifically. 

Uncertainty and potential conflict can be elimi­
nated, of course, by seeking property in a development 
with covanants that specifically allow for earth 3heltered 
structures. In that regard, developers or others planning 
developments or subdivisions for energy efficient struc­
tures should ensure that. competent draftpersons prepare 
the governing covenants. Terms, such as "basements" and 
"earth sheltered structures" _should be defined,: and earth 
sheltered structures should be specifically referred to. 

This kind of proper planning could make restric­
tive covenants a boost to earth sheltering, and eliminate 
their negative effect on this new and exciting concept for 
residential construction. 

ALLAN M. ZIEBARTH 
President 
EARTH SHELTERS, INC. 
P.O. Box 52 
Omaha, NE 68101 
402/556-5252 

( 

• 



, I 

I 

6 

1. Swenson, Gregory S., "Zoning Ordinances as Obstacles 
to Earth Sheltered Housing:. A Minnesota Perspective", 
Underground Space, Vol. 3, No. 4, January/February, 
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4. Covenants, Condi.tions and Restrictions, --2 0 Am. Jli:lr. 
2d § 182, note 15. 

5. Solar Law Reporter, Vol.' 1.1, No. 1, May/June 1979, 
pp. 8-10, pp. 20-22. 

6. rd., p. a.· 
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INTRODUCTION: 

This paper is based on the construction of an 
experimental earth sheltered structure by Geosphere Inc. 
(a non-profit research organization) during the summer 
of 1979 Described herein are the details of the actual 
construction process as well .. as some projections of 
uses for this process in a full scale solar heated 
dwelling. 

The test structure is a 6.1 meter in diameter 
ellipsoid (eccentric! ty . 75) c·onstructed of steel 
reinforced concrete. This structure is covered by no 
less than 20 em. of earth and sod on top and no more 
than 1.5 m. on the side. 

The primary purpose of constructing-this buildin5 
was as a test of a previously untried (at 'least by us) 
construction method. The structure was built with private 
funds from the members of Geosphere Inc. and no grants 
or organizationally backed 1oans were received. The 
Renaissance Festivals Inc. were extremely helpful by 
providing a lot, access to earth moving eruipment and 
landscaping materials. 

For further information contact: 
Geosphere Inc. c/o Michael S~llivan 
295 Summit Ave. St. Paul, Minnesota 55102 

FORMING TECHNIQUES: 
·' 

Concrete shell structures have been constructed 
using a variety of forming techniques with development 
forming with earth and wooden forms being those most 
commonly in use. Geosphere Inc. has developed a modular 
system of fiberglass reinforced plastic concrete pouring 
forms which have many advantages over other systems. 

These forms consist of inner and outer molds which 
are broken down into grids of individual units fastened 
together. The forms are very light (they can be erected 
by hand- no crane is required) and strong as well as 
being resistant to breakdown by water and the alkaline 
chemicals in cement. 
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Because these forms are modular there is great 
flexibility in placement of penetrations as well as in 
the overall dimensions and configuration of the completed 
structure. The forms can be used many times and are 
easily transported thus facillitating actual mass 
production of shell structures. Geosphere Inc. has 
designed a full scale solar heated structure which is 
believed to be a very efficient configuration although 
other configurations are possible with the use of these 
forms. 

The actual construction process consists of the 
following steps: 

1.a.footing is poured with re-bar dowles protruding 
2.inner forms are anchored to footing 
3.re•bar is tied over inner forms. and to footing . 
4.outer forms are erected in concentric rings and 

the space between the inner .and outer forms is 
f1.lled with concrete before the next ring is 
attached · 

5.inner form is vibrated periodically to remove voids 
6.top of structure is poured and troweled off 
7.curing of concrete and eventual removal, cleaning 

and reuse of forms · 

STRUCTURAL DESIGN: 

~he structural design of our prototype· structure 
was done by Dr. Ladislav Cerny, University of Minnesota 
Department of Civil Engineering. This was done primarily 
by hand calculation. 

'l'he prototype ellipsoid shell is 11 • 5 em. thicK: 
with two layers of #3 reinforcing rod. ~he reinforcing 
rods are laid out in a grid with a maximum spacing of 
30.5 em .• 'J:he grid follows a "longitude/latitude" pattern 
with a 1.9 em. cover on the inner and outer surfaces and 
a 3.8 em. spacing be~~een layers. Additional reinforcing 
with #4 bars was used around openings. The shell was 
attached to the footing by pairs of #3 bars spaced every 
15.24 em •• The building is designed for an earth cover 

. of 45 em. on top plus a 600 kg./sq. m •• 

Static load testing of the structure is planned to 
take place early in the summer of 1980. Concrete samples 
taken during construction were found to be over or reason­
ably close to the designed strength of 226 kg./sq. em •• 

The full scale structure to be constructed by Geosphere 
Inc. during the summer of 1980 has also been engineered 
by Dr. Cerny and is similar to the prototype in the place­
ment of reinforcing rods, concrete strength and designed 
loading . 
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EARTH SHELTERED APPLICATIONS: 

Because of the versatility of the forming system 
designed by Geosphere Inc. a variety of structural 
configurations are made possible. The full scale structure 
soon to be constructed consists of two half ellipsoids 
connected by an elliptical vault with a large penetration 
in the south facing portion of the vault. Because the 
forms are mod~lar "capsule" shapes of varying length can 
be constructed. Structures With a half ellipsoid and a 
vault section open on the vault end would be ideal for 
a garage. Because these are shell. structures there are 
no interior bearing walls, thus allowing complete 
flexibility of interior floor plans. The buildings have 
curved roofs so a natural looking berm form is possible. 
Also the curved roof allows for excellent drainage and 
control of runoff. · 

The primary advantage of this structural system is 
that, with practice, the shells could be constructed in 
much less time than rectalinear, flat roofed earth sheltered 
structures. This mass production capability may bring 
earth sheltered homes within the financial reach of many 

-middle income families that are presently priced out of 
the market. The ideal application for these forms is in 
a multi-unit development because transportation of forms 
is minimized and construction costs could thus be cut 
significantly. Also the versatility of interior plan 
allows for a wide range of finishing possibilities 
including totally owner finished interiors. It is felt 
by the members of Geosphere Inc. that steel reinforced 
concrete shell structures could revolutionize the earth 
sheltered housing industry as wall as greatly expand the 
market for dwellings of this type. 

.. 
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EARTH SHELTERS BY INFLATION FORMED THIN SHELL. DOMES 

By 

Mert Hul I - Tecton Corporation 

This presentation wi I I bear directly upon the uti I ization of 
In f I atab I e Form Mou I ding of Thin She I I Concrete Domes for earth 
sheltered construction purposes. 

We wil I allude only briefly to the inherent design strengths 
of the simple and/or compound curved structures. Our main thrust 
wi I I be to present a method, which is patented, for constructing a 
thin shel I concrete structure which is both time and material 
conservative. The advantage of this structural method and the gains 
to be derived by the Arc~itect/Designer and builder uti I izing this 
procedure wil I become evident. 

Persons involved with the design ur the placement of structural 
concrete are aware of the relatively low strengths of concrete for 
applications other than straight resistance to compression loads. 
And even in applications where loads are basically compressive, steel 
reinforcement is an important concept in concrete design. The ~implest 
concrete design concept for a space enclosing structure is recognized 
as a dome - a hemisphere. This is especially true when the structure 
is to be subjected to heavy external loads. Particularly those loads 
associated with earth sheltered housing. Both vertical and horizontal 
earth loads are dispersed as compression stresses throughout the entire 
shel I of a concrete dome structure. 

The more conventional concrete systems utilized for earth sheltered 
structures require large masses of concrete and steel to withstand 
,the forces imposed by the earth cover- both side and top cover. 
Whether these structures be poured in place or assembled of precast 
sections, most alI make use of I inear shapes which are then subjected 
to bending st.resses. And bending or beam stresses must be res i st.ed 
with steel reinforcement. Whether the labor is applied on site or in 
a manufacturing faci I ity, the costs for time and reinforcement 
material are substantially higher than they would be for an equivalent 
dome structure. 

A dome structure, however, requires very labor intensive framing 
procedures or somewhat costly prefabricated forms to receive on site 
application of reinforcing and concrete. If forms are bui It on site, 
they must be removed and physically reb~i It even if another unit of 
the same size is to be erected. If prefabricated forms are uti I ized, 
much erection time is saved. But a relatively expensive form set is 
required for each structural configuration. Special hand I ing equipment 
is also required. 

The inflatable form solves a number of problems. First it is 
I ight weight. A 20 Meter (65 Foot) diameter form can be easily 
handled by two men. And it can fit into a box of about t Cubic Meter 



(15 Cu. Ft.) and weighs about 265 Kg (120 Lbs). 
handling equipment is required. 
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No special 

Second, the form can be erected very q4ickly by two men. The 
inflatable form is first spread out over a conventional footing 
shaped to the configuration of the bui I ding. The bottom edge of the 
form is secured to the footing. One or two conventional squirrel cage 
blowers are started and the form is "blown up". This total procedure 
would take two men less than half a day. Blowing up the form takes 
only a matter of minutes. 

Third, the form is reuseable. Two men and a couple of hours can 
remove the light weight balloon from a structure and stow it back in 
its smal I box and slIde it into a pick up truck- ready for use at the 
next site. 

Fourth, the per use cost of the balloon form is quite low as 
compared to other forming systems. Both as compared to cost of material 
and or handling equipment and the cost of labor. 

Fifth, the inflatable form system is adaptable to a wide r·ange 
of structure sizes and shapes. Conceptional ly, ground level floor 
plans may be round, elI iptical, oblong or special configurations. 
Elevation shapes ca~ be hemispheric, elI iptical, parabolic or a 
combination 6f compound curves. They may be half sections such as 
a hemisphere or truncated sections - 3/8 or 5/8 sphere ~r e I I ipse for 
example. Sizes may range from 7 Meters (Approx. 25 Feet) or less to 
wei I over 30 Meters (approximately 100 feet) in nominal diameter. 
Structures in this range of sizes and formed by this method are 
currently in use. A maximum size is hard to guess at .. Certainly 
diameters of 90 Meters (approx. 300 feet) could be wei I within the 
capability of the system. 

The paient referred to earl iAr in paragraph two applies to the 
forming system and its method of use. The method of use explained 
in the following paragraphs is the real key to what we believe is the 
great advantage to construction of earth sheltered housing using this 
patented. method. 

With the form inflated, the first step is to spray on the INSIDE 
of the form a layer of polyurethane foam. This foam layer can be 
appl led to whatever thickness is required to provide the insulative 
value desired. The spray application of urethane foam is a wei I 
established industrial insulation process now being incorporated into 
residential construction. Equipment and chemicals are avai I able from 
a number of sources. Most rnetropo I i tan r:treas nave con+ractors 
s~eciai izing tn foam appt ication. 

I 

Spraying foam on the inside of the inflatetl form provides a smooth 
surface against the form - a surface which wi I I become the base for 
weather and waterproofing the outside of the structure. 

Of even greater importance is the fact that working on the inside, ~ 
nearly complete weather protection is provided. Rain, snow, cold, ice 
or whatever is outside the working area. It is evident that if you 
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need only 2 or 3 hours of weather without high winds to first inflate 
the form you gain materially from being able to work from then on in 
your own protected environment. 

The next step is to place door and window bucks in required 
locaTions. Then electrical conduit and boxes are secured to the 
inner face of the polyurethane wherever perimeter electrical service 
and feed lines are planned. AI I this work is being accomplished 
inside the insulating polyurethane shel I! 

Then you Shotcrete a concrete mix containing steel fiber 
reinforcing against the inside of the polyurethane. In doing so you 
are applying the concrete structural and thermal mass and the 
reinforcing alI in one operation. The concrete is bui It up to what­
ever thickness is required to satisfy the structural and thermal mass 
requirements. For most residential structures, this thickness is 
approximately 5 Centimeters (approximately 2 inches). So this is 
truly a thin shel I concrete dome. Very conservation minded in its use 
of both concrete and steel reinforcement materials. Yet very strong. 
Tested cores indicate 5~000 to 8,000 psi for the placed concrete! 
Engineering indicates structure load capabi I ity in excess of 1500# per 
squ~re foot! 

Imagine, if you wi I I, the scheduling and time advantages available 
when your concrete work is done inside a Dome of polyurethane insulating 
material - especially if the weather turns bad. It is also very 
comforting to know that your concrete is curing inside an insulated 
weather excluding structure. 

When the concrete shel I has cured, the interior surface of the 
shel I may be treated in whatever manner is desired. The concrete itself 
wi I I normally have a very pleasing textured surface. This textured 
surface has amazing capabi I ity in break up the reflection of sound. 
However, acoustic materials may be added. But remember that it is not 
desirable to add any significant amount of insulative material because 
it would restrict the heat mass and heat leveling characteristics of 
the concrete. The interior concrete surface is often simply painted. 
Plaster or stucco.l ike finishes can be applied if desired. Experience 
to date has indicated that this extra expense is not justified. 

At this stage windows and doors may be instal led just as they 
would be in a conventional building. The inflatable form is usually 
removed at this time, for windows and doors complete the structure's 
0\'!n weatll'ler c:ea! . 

T~e eYterior of +he structure is then ready for the application 
of whatever materials have been specified for weather, ultraviolet 
ray and waterproofing protections. The readily available urethane 
elastomers and other industrial coatings can be sprayed directly on 
the surfaces which wi I I be exposed. These coatings wi I I be very effective 
in protecting the polyurethane foam from weather and ultraviolet 
degradations. They are also excel lent waterproofers for exposed 
surfaces. The bentonite waterproofing processes can be very effectively 
used on the surfaces which wi II be earth covered. It is not our 
intent to prescribe one only method of outside surface protection and 
waterproofing. But rather to indicate that industry standard materials 
are readily ~vai lable for these purposes. 
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It should be pointed out that the very shape of a compound 
curvature (Domed) structure which is totally monolithic on its exterior ~ 
surface goes a long way toward preventing water penetration problems. 
No flat or depressed basins occur. Therefore, there is no place for I 
water to accumulate. No pooling of water to accelerate the decomposition ' 
of protective materials. Hence no need for special control of 
backfi I I or covering soi Is to provide water drainage ways. Water just 
natur~l ly flows downward along the surface of the shel I to ultimately 
reach the drainage system provided at the footings. 

Perhaps the most outstanding advantage of the inflatable form 
dome structure for earth sheltered housing is its capability to 
provide completely free span interiors. There are no needs to provide 
interior structural wal Is or posts usually required to support both 
heavy structural and earth cover loads. The total inter1or space is 
open to be used by the Architect/Designer to create space utilization 
in any manner he wishes. The opportunity is also present to combine 
the vertical and horizontal curvatures of the structure with interior Jl 
flat plane or curved design elements. Very interesting - certainly 
not the old time worn recti I inear-design concepts are easily incor-
porated. 

Air tempering considerations for the inflatable form dome 
structure are no more difficult of execution than in any other struct­
ural systems. In fact, the natural-shape induced- circulation signifi­
cantly aids in effective even temperature distribution. From a 
prattical viewpoint, this shape almost totally eliminates stratification 
of air. Dome structures as high as 24 feet have demonstrated temperature 
differentials as low as 40 F. top to bottom. The earth tempering, 
the concrete heat mass leveling and the insulative layer act just as 
they would in any other earth shelter design: 

The dome structure adapts very wei I to solar assist heating 
systems - either passive or active .. The structural integrity of the 
sprayed, steel fiber reinforced, <;:on<;:rete !?hell has ~m amazing 
tolerance for penetrations of the shel I for light, ventilation, access 
or passive solar heating applications. The structural design within 
this concept can accomodate penetrations either very smal I or large 
enough to permit a semitrailer truck to enter. Ground level 
penetrations of about 19 Meters (60 I ineal feet) of periphery have 
been accomplis~ed! That would allow for a lot of passive solar windows. 

You might think that a curved perimeter does not expose any 
significant surface directly to the south. That is true. However, 
the specialists in passive solar design have determined that glass facing 
either 25° east or west of south sti I I receives about 90% of the 
avai !able solar radiation. (A passive solar design expert might see 
some real advantage to placing his glass around part of a curved 
perimeter.) 

The incorporation of the mechanical systems, HVAC, plumbing and 
electrical, into these structures follows the same methods used in 
conventional construction. The only exception being the need to plan 
and place the electrical serv)ce required on the periphery wal I. 

There have been other systems for uti I izing inflatable forms 
for constructing bui I dings incorporating compound curved surfaces. 
These systems have applied materials to the outside of the balloon 
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form. One reason that not much has been done with these systems 
is that the very act of spraying concrete or other materials against the 
outside under the pressures required at the point of impact tend to 
indent and deform the inflated form. The end result has been less 
than desirable for many uses. Thi~ is especially true where concrete 
is desired as the final inner surface material -the location required 
for this heat mass if it is to be effective. 

In the most elemental analysis, the inflatable form dome 
structure system offers simple solutions to many of the problems 
related to most earth sheltered housing construction systems. A few 
of these simple solutions are: 

1. Forming is simple, quick and cost effective. 

2. Structural materials are applied quickly and with great 
conservation as relates to quantity of material. 

3. Very high structural strengths are obtainable at very 
moderate cost. 

4. Exterior finishes and waterproofing are easily applied and 
can be expected to have very long life. 

5. I nterna I design can be comp I ete I y free in intermediate 
structural elements. 

6. System is very adaptable to uti I ization of solar energy. 

7. System is free of most weather I imitations during constru~tion 
period. 

Although construction by this Inflatable Form construction 
method is currently control led under existing patent, information 
relative to a I icense to use the system is avai I able from: 

leeton Corporation 
4714 Templeton Gap Road 
Colorado Springs, CO 80918 

Telephone (303) 599-9535 



EARTH SHELTER DESIGN REVIVAL: 
\rJHO Is BUILDING liiJHAT' irJHERE? 

KATHLEEN VADNAIS, EDITOR 
EARTH SHELTER DIGEST & E~~RGY REPORT 

There are two ways to look at the earth sheltering 
phenomenon; one is from the safely cynical viewpoint, 
that all this underground talk is a lot of nonsense--
a passing fad that will settle down any day now. 

The people who say this are most ready to laugh 
about caves and bats and bug-eyed earth dwellers with 
little comprehension of reality. 

The other way to look at earth sheltering is from 
the positive, informed viewpoint, This is the perspect­
ive of the design·form's proponents who have met the 
enemy and conquered it, so to speak. 

That is, they have looked at this little bubble of 
cheap energy the past couple of generations have exper­
ienced and then looked into the future and concluded 
that energy and environmental conservation alternatives 
are vital if the species wants to survive. 

One of those alternatives for shelter is cooperating 
with the earth, uut conquering it. This can bP. cione by 
borrowing the security of the earth blanket and pulling 
it around the house, instead of leaving it huddled 
against the wind, rain, snow, noise at1d var1dals. By 
looking the problem in the eye and dealing with it 
unflinchingly the earth shelter advocate ends up with a 
rkalistic approach to the future. 

And anyone who would be inclined to mutter, giggle 
or poke fun would be- the only person in the dark. While 
the earth shelter folks work with nature with their 
last laugh trailing behind. 

I'm approaching the earth shelter phenomenon--and 
that's the only way I can describe this new interest and 
awareness--as a journ,alist. And I have to admit, I've 
been caught up in the enthusiasm and commitment of the 
owners, builders, architects, engineers and students. 
I consider the magazine to be a national forum avail­
able to anyone who has an experience to share. 
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Just who are the readers? And who are the peo.ple 
who are seriously considering earth sheltering? I've 
already brushed aside that foolish group of people who 
ignore change and live only for today. 

That means the people I meet are involved with 
earth sheltering and are able to ignore sneers and 
keep their 2ights set without wavering. 

Without .benefit of a formal market study it appears 
that earth shelter proponents can be categorized somewhat 
loosely as being very aware of the world around them, and 
very willing, resourceful and determined to do something 
about the problems. Sometimes their interest is not only 
for themselves--meaning their pocketbook and comfort--but 
as their part in the greater scheme of things. 

One study was done in Minneapolis testing the mar­
ket for a proposed earth shelter townhouse development. 
The people polled had already responded to the ad for 
the townhouses. Although the sampling was small (under 
.30), . some ·conclusions could be drawn~ I ran a summary of 
the study in our first issue. 

It points out that the people are actively seeking 
an energy efficient home with many other advantages. 
They have a "high awareness of the world around them. 
l'ilost are professional people who ·are articulate and have 
definite preferences. They read for relaxation, listen 
to public radio and watch educational television. Energy 
and environmental conservation come across as major 
reasons for purchasing earth sheltered homes. 

"The majority of those questioned would look for 
conventional financing. About o:1e fourth would work 
through FHA or VA. 

"This group is s:pecifically interested in the 
townhouse project being built in Minneapolis--a project 
uniquely blending energy and environment in an urban 
setting. Over one half'. hadn't considered anything else 
they'd looked at. 

"Most respondents desire the earth sheltered town­
houses because they would put them within five miles 
of work, near stores, in a diverse neighborhood, on a 
bus line, near parks and schools--all in a setting of 
quiet buildings requiring little maintenance." 

This was the first, last and only attempt at a 
formal poll of earth shelter buyers, leaving any 
questions about the real market and its potential 
unanswered until our own Earth Shelter Data Bank 
is computerized, this year we hope. 
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However, I do have a barometer to go by now, and
it's with me every day of the week, and has been for over
a year. That's the interest in the magazine which has              
become a focal point for earth shelter information. The X.-

people I talk with come from all walks of life, all ages,
and all corners of the map.

,
Articles are written in a semi-technical style because

we try to give something to every type of reader, from
the person just discovering earth sheltering right up
to the professionals who are earning a living from it.
It's a little hard to break down the readership, but
I'd say it's about a third people who are looking                   1
(including lenders, realtors, appraisers) a third                   -
contractors and builders, and a third professional
designers and engineers, Somewhere in there is the
group who've already built their homes and are sittingin them smugly right   now.

The circulation of the magazine may give you                   
another perspective on the market. The first issue
got started from my kitchen last January.  Issue No. 1
started with a bang; we had 2,400 subscribers on our
first mailing. There were three of us handling the
inquiries, and I was trying to follow up on the interest
we'd tapped. People couldn't seem to get to us fast
enough to tell us about their project or research. And
I've been in the enviable position of having enough
copy for the next issue ever since that initial burst.

Since August 1979 we've been printing over 10,000copies of each issue arrd mailing to people in all 50
states, 9 foreign countries and 2 ships at sea. That's
no small jump in circulation, clearly demonstrating the            4
strong interest in earth sheltering.                                '

l
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By publishing we seem to have struck a nerve. Our 
confidence in the continuing interest is demonstrated 
by the fact that I have been full time since last April 
(prior to that I'd retained a position with the 
Minnesota Energy Agency as Press Aide). Our Earth 
Shelter Data Bank is about to be computerized, and we 
have a variety of professional help contributing to 
the magazine, a secretary since January of this year 
and a university intern. An advertising team is 
just beginning to tai? into the huge and very 
interested list of potential advertisers with products 
relating to earth sheltering, including ·concrete suppliers, 
building expertis.e, energy items, and earth shelter 
plans and franchises. 

Those of you who have read our publication have 
seen the map of earth shelters we've run. That has 
grown with us, and every time I hear of a new structure 
I write or call, so I can verify the report, and we 
can see the extent of earth sheltering and also the 
distribution across the map. 

My luck in locating so many has not only been 
a result of aggressiveness, but also because I guarantee 
strict confidentiality to all earth shelter owners. I 
don't waiver in this, even though many reporters, 
educators and other reputable sorts have asked me for 
names and addresses of people in earth shelters. 

Most of the owners of private homes don't want 
publicity. Initially, they cheerfully welcomed their 
local newspapers and then suffered through the 
subsequent crowds, usually numbering in the hundreds, 
until they probably wished they could cover tne final 
side of their earth covered home to avoid the touri~ts. 

Our map of earth shelters (even out of date at 
press time in December 1979) gives you a good idea 
where the pockets of interest are. And I. think the 
proportion will be fairly constant. The heaviest 
interest in this design form is not coming from the 
coasts, as trends often do in this country. Rather 
there's a distinct concentration from Minnesota right 
down to Texas. The heartland of the country is where 
the groundswell of activity is occurring. 

I can't account for the big three--Minnesota, 
Wisconsin and Oklahoma--states leading in earth· 
sheltering in numbers. I do know that Oklahoma has 
the most earth sheltered schools because of the 
tornado protection they offer, but the newer 
schools are being earth sheltered with energy savings 
as a goaL The extreme temperatures and severity 
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of winters in Minnesota and Wisconsin may account for 
the activity there. It could be the energy considerations 
both states suffer from, being at the end of·the energy 
pipelines, and conservation is critical. 

Earth shelter interest seems to be running high 
everywhere. I could almost pick up the phone to any 
state and obtain information on structures already up 
(or down), contractors getting into it, and professionals 
with experience. 

There is no lack of contacts. There are people 
building in the states with 100 degree annual temper­
ature swings, and those in arid lands in the south 
where cooling is the main concern 

Not only is there technology beyond our pioneers' 
sod huts, but interest, and- it's blossoming. 

Types of earth shelters range from homes (resid­
ential is the main application), to schools, libraries, 
offices, churches, rest stops and multiple .units. You'll 
find established firms have designed earth shelters for 
crowded college campuses such as the new sports center 
under the football fi.eld at Georgetown University, also 
the domed underground office plaza for Mutual of Omaha 
in Nebraska, the shopping mall of underground Montreal, 
the townhouses, animal barns (with claims that the 
animals produce better in the stable environment), 
and others. There are earth sheltered highway rest 
stops along interstates, a natural for blending into 
the landscape; and a county maintenance building in 
Oregon with no need to be above ground. 

Construction is being done mainly with reinforced 
concret~. either poured or sprayed9 block, or precast 
panels (for the roof, and, in some cases, for walls), 
but also with wood and other techniques. Designs are 
aesthetically innovative and range from one to two storl.es 
with earth cover or conventional roof. 

Every day I talk with people who have just discovered 
earth sheltering. They range from the backyard putterer 
to the serious engineer who's considered the problems of 
the universe until he came upon this one· viable "answer." 

So they go ahead and sketch out their plans, take 
them to a lender, and watch him as he tries not to laugh 
out loud. And if their loan application is rejected, 
they somehow scrape up the resources and courage to 
build an earth shelter. Then they try not to laugh out 
loud when the mobs start coming to see the "answer" 
for themselves. 
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Sometimes a contractor gets involved, and after he's 
done he decides this isn't such a stupid idea. Once 
cooperation is established, the costs, which seem to run 
around conventional custom construction costs, are a 
little more under control. Occasionally a partnership is 
created, and a new earth shelter company is on its way. 

I know of about six companies that got started 
something like that, and now they're in on the.ground 
floor of a growing business, franchising dealerships 
for earth shelters, complete with plans, consulting help, 
troubleshooting and model homes. Many more custom homes 
have been built as a result of early examples, and 
developers are getting rolling. 

So there are people getting into earth sheltering 
not just as a habitat, but as a business. Those who 
saw potential early are now the pioneers, and they're 
in demand for their experience and headstart. Most of 
them are not only building homes for clients, but they're 
making sure they have a model open for the throngs who 
"just want to get inside one." There are many earth 
shelters on the market being speced for sale by builders 
with faith in the demand. The next step is full 
development of earth shelters. 

. 
Right now I'm aware of several developers who have 

land and some contracts for the beginning of entire 
subdivisions of earth shelters. The impact of this will 
be to lower the building costs because it's less expensive 
to have crews work on more than one house at a time. The 
braver developers have already built an earth shelter 
to spec, and if they were caught since the money tightened, 
they're using the home as an office and model and charging 
for tours, with admission between $1 and $•;LO. Be ready 
to stand in line if you attend an open house. We had a 
tour last fall and ended up with three bus~loads. One 
owner reports he had 7,500 visitors in thre~ days. 

'I 

The interest extends to the suppliers who are meeting 
the demand by offering pertinent product information since 
they've discovered this new market. Some of them are even 
cooperating in promotions through home shows, such as in 
Minneapolis, Chicago, Kansas City and elsewhere, giving 
attendees a chance to walk through an earth shelter model 
built right in the auditorium. In Des Moines this season, 
a bus transported people from the energy show to a 
nearby earth shelter every 15 minutes for $1. 

J 
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Conferences are jam packed with earth shelter en­
thusiasts. An array of energy groups, educational 

8 

and commercial organizations are sponsoring programs on 
earth sheltering for anywhere from an evening to two days 
and even to several weeks worth in courses. People are, 
paying from $6.for·a day of lectures to $245 for a program 
billed for professionals. Our conference listing page is 
replete with events occurring around the country, and 
I probably don't have half of them listed. 

Lenders, appraisers and contractors are beginning 
to attend these programs. This is encouraging because 
these are the people I see as the inhibiting factors to 
a real surge of earth shelter activities. I constantly 
get calls from people asking for the name of·a sympathetic 
lender in their area. Sometimes I can help them, but 
usually I give them the most successful formula for 
getting a loan~-that is to have plans carefully designed 
and engineered before trying to talk to a· skeptical · 
loan officer. That seems to make the difference in 
getting the nod~ presuming the applicant's credit checks 
out. 

The secondary mortgage market has already handled 
earth shelter loans, so that's not an excuse with well­
designed and presented projects. And certain FHA 
offices have processed loan guarantees. I've ·written 
on both these subjects in the magazine, trying to explain 
what's happening and attempting to take the mystique 
out of the financing process. 

This has been a quick 
an independent perspective. 
understand·.that there is an 
shelter and a better way of 

view of earth sheltering from 
Maybe it's helped you 

acute interest in alternative 
life implicit in it. 

I sense a strong desire to get away from the traditional 
construction techniques of raping the landscape and 
weighing down and obliterating the ecosystem we all depend 
on. 



AN AFFORDABLE, EARTH SHELTERED, PASSIVE SOLAR HOUSE 

David S. Marcum ;,f'\qton_~ KY 
Hobbittat, Inc. ~<-

Abstract 

The incorporation of earth shelter and pas~ive solar heating techniques 
can easily result in a range of 80% to 90% efficiency in heating re­
quirements. This can easily be accomplished with the proper consider­
ations of design, material, thermal storage and glazing sizing. These 
considerations, due to their simplicity, can result in a house being 
built at 60% to 75% of the current cost of conventional housing. With 
a 25% to 40% saving in capital investment and 80% annual saving in the 
fuel bill, over the life of the mortgage a homeowner could save an 
amount equal to or greater than his investment. 

A 2700 sq. ft., 2 story house, using these methods, will be discussed. 
This house is earth sheltered (18 ft. east and west walls and 22 ft. 
north wall) and has a conventional roof. 

Introduction 

This house was constructed from February to November 1978 by the owners, 
Sam and Dee Swain, and this author acting as general contractors. The 
excavation, concrete work, wiring, plumbing, and drywall bids were 
awarded to local subcontractors. 

Design and Materials 

In the design of this house we wished to accomplish energy efficiency 
in a method that would be atceptable and affordable to the average 
home buyer. 

Energy conservation being paramount, an earth sheltered house was the 
most feasible alternative. The Swains choose a two story configuration 
which necessitated poured-in-place concrete walls. However, with our 
initial cost objectives in mind, we elected to use a wood roof structure 
(2 x 6 joist, fiberglass insulation) rather than concrete and earth 
cover due to the cost of overhead concrete placement and survey reports 
that indicated that less than 5% of the people shopping for homes in 
our area would consider purchasing an earth "covered" house. 

Heating 

Heating is accomplished from a direct gain through 156 sq. ft. of 
thermopane windows on the south facing, lower level. An additional 
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27 sq. ft. of skylights gives light to the upper level. The glazing 
area represents 14.7% of the floor area. 

The auxiliary heat is supplied via a Vermont Casting Wood Stove. 

The.thermal mass storage for this house is 100 cubic yards of concrete 
in the 10 11 .walls and 411 floor slabs. The entire structure is insulated 
on the outside with 111 of.styrofoam. 

The winter of 78~79, the total auxiliary heat was provided in the form 
of 4000 lbs. of seasoned oak firewood. 

Cost 

The total cost of this house was $20.37 per sq. ft. This price reflects 
a $7000 cost overrun on the concrete work contract. 

Conclusion 

At the time the house was built, comparable conventional housing in 
our area was averaging $34 per sq. ft. This represents a $36,700 
difference in initial investment. 

A check of four homes in our area that ranged from 2600 to 2800 sq. ft., 
revealed a~ average annual fuel bill of $1200. With this as a comparison, 
it can safely be assumed that an additional $1000 per annum can be saved. 

The presentation will include full illustration and blueprints. 

· Da~id S. Marcum 
Hobbittat, Inc. 
1705 Leestown Road #116 
Lexington, KY .40505 



SELLING EAHTH SHEL'rElillD HOMES 

(Meeting the ·public and marketing earth sheltered 'rownhouses for 
Seward West ltedesign, Minneapolis, Minnesota) 

'fhis past year I have worked with Seward West Hedesign to 
· help market twelve earth she 1 tered Townhouses. 'fhe Townhouses 

are located near downtown Minneapolis and border on a busy inter­
state freeway. 1'his project was completed in September, 1979, 
and we opened a model to the public at that time. 

During the fir~t weeks of open house hours at the model we 
were literally inundated with people. An average of 500 people 
a day were coming to see the Townhouses. By the end of December, 
1 estimate that 10,000 or more had come through one of our open 
houses. Interest in earth shelters is running high because there 
is concern aboUt rising energy costs. The energy saving feature3 
of earth shelters are becoming better known and people want to 
see what this kind of home looks like. 

The people who came to our open houses could be roughly 
divided into three populations: 1. Those who really knew 
nothing about earth sheltered concepts but were intrigued with 
a house that had earth on the roof; 2. Those who were quite 
lmowledgeable about earth sheltering and often were planning 
a future home of this kind; or 3. Those who have some limited 
knowledge of earth sheltering from the news media or magazines 
and thought it sounded like a good idea. This third group was 
by far the largest population, those who have been ~ttracted 
to earth shelteril~ and want to know more about it. 

The Townhouses have active solar systems which help to 
heat the home and also pre-heat water for domestic use. This 
hybrid design has served to demonstrate just how well earth 
shelters fit together with active and passive solar design. 
We have a heating estimate, based upon heat loss calculations, 
that one of the Townhouses will use approximately $47 worth of 
gas a year for back-up heat. People found such energy savings 
incredible, and thought this figure must be a monthly estimate 
rather than an annual one. 

Being centrally located, the Townhouses are extremely 
convenient for anyone who wants to live and work in the same 
area. They are also attractive to people who want to retire 
and not be bothered by home maintainance. Our location 
represents a double energy savings: not only is the house 
itself more efficient but suburban commuting is virtually 
.elirninafed with savings in time and gas money. 
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Our central location has meant that the project is highly 
visible. Many people watched the project from beginning to end. 
For most people, this was the first time they had actually been 
in an earth sheltered home. The most common responses have been:, 
"·Oh, it's .q1uch lighter that I thought it would be"; "You don't 
feel like you're underground"; "It looks like an ordinary house 
inside"; and, "It looks nice, I'm surprised!" Such comments 
reveal people's assumptions about earth sheltered homes: that 
they are darker, damper, and feel cave-like. Fortunately, these 
prejudices are being dispelled as people come through and view 
a pleasant, light and spacious atmosphere inside the homes. 
Saving energy does not have to be gloomy or involve sacrificing 
one's personal well being. 

Almost all of the comments we have received on the project 
have been favorable. Any negative reactio·n usually has to do 
with the location of the Townhouses next to a busy freeway • 

. Although the earth dampens the noise of traffic quite effectively, 
still many would prefer a different location. The most common 
question asked was, "Are you going to build anything like this 
somewhere e1Re?11 Implicit in the question is the feeling that 
another location would be more desirable. 

Several people who came through were planning to build an 
earth sheltered home sometiiiE in the future. They wanted to 
get different ideas and compare design and construction methods. 
These people were particularly interested in one level vs. two 
level designs, structural support, waterproofing, etc. 

Sales were very good during the months of September and 
October, and then slowed down in November and December. Rising 
interest rates and a tighter money supply have had a negative 
impact on sales. We are selling the Townhouses for $66,000 and 
$76,000 for two and three bedroom units. The two bedrooms have 
1054 square feet of space and the three bedrooms have 1387 square 
feet. Most people find these purchase prices in line with 
today's construction costs for new housing. Interest rates of 
12%, however, make for extremely high monthly payments and 
many potential buyers are just not qualified. Monthly payments, 
when taxes and association fees are included, are running $700 
to $800 for the two and three bedroom units respectively. 

As of January, 1980, six out of twelve of the Townhouses 
have been sold. A year or two ago these homes would have 
probably all been sold within a matter of months. High interest 
rates have eliminated many potential buyers and only a choice 
few can afford today 1 s rates. Builders and developers are 
beginning to offer energy efficient homes and now fewer people 
can afford them. · 

Monty Williams 

/ 



A TAXONOMY OF UNDERGROUND SPACE 

Sydney A. Baggs, F.R.A.I.A., A.A.I.L.A., A.R.I.B.A. 

The University of New South Wales 

INTRODUCTION 

In the 1960s, underground, earth-covered architecture emerged in 
the United States of America with isolated examples in universities and 
schools and continued into the 1970s with a handful of private houses. 
It was not until 1977 that the number of residences began to increase 
substantially. New houses and projects underway are now numbered in the 
thousands and a continuation of this trend has been predicted. The 
literature accompanying this growth has also burgeoned at a similar 
rate, and some of the new terms have been effusive and anomalous. Most 
of those adopted for use here were chosen for their obvious clarity of 
meaning but others required re-definition. 

· Further there were many types of underground spaces that could be 
considered generically related while no holistic system of 
classification existed with which to integrate and order those 
relationships. Consequently, it became necessary to develop a taxonomy 
for this purpose, and to facilitate communication between the 
professional disciplines, the 'private languages' ·of which sometimes 
lead to misunderstandings. 

Also, because some of the terms that were being used in the 
literature were non-specific and.did not take into account critical 
factors such as the relationships of underground spaces to the-land­
surface above, of the morphology, characteristics of air movement and 
degree to which interior conditions are affected by ambient climatic 
conditions, the types at space to which t:hey. refer have Leeii 
taxonomically classified. 

Terms used in this Taxonomy are defined, and reasons are given 
why others in the literature will not be used here. 

EXPLANATION OF TERMS 

Underground: For the purpose of this work, when 'underground' is 
used, 'ground' will refer to the finished ground surface whether it is 
predominantly occupied by landscaping or pavement or whether it is 
natural or manmade (i.e. 'surficial' .9..:.Y!.). In all cases the ground (or 
grade) is considered as the interface between between the earth/rock 
enclosing an underground space and the atmosphere above. When 
underground is used in connection with housing, it is used in the 
general sense to include both dugouts and earth-covered dwellings and 
is synonomous with other terms e.g. subsurface, earth-sheltered, and 
earth-covered etc. 

Space: The term 'space' will be u:sed here in its Aristotelian 
sense as 'the container of all objects' [1] ioe.'""as it is defined in 
terms of its three dimensional limits and not in any other 
philosophical sense. These limits are seen as being set by enclosing 
elements whether natural, manmade, permanent or ephemeral that in turn 
may effect some degree of change in the climate of the space they 
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enclose. 
Surficial: The definition by Professor Patrick Horsbrugh 

describing 'topographic geotecture' as 'terranean molding as distinct 
from subterranean construction' [2, p.153] will not be adopted here, 
as it conflicts with the taxonomic classification of geotecture as 
being located in geospace, i.e. enclosed by the earth. (.9..:.Y.!, Figure 
I,). The use of 'surficial' by Royce LaNier [3,p.21] as describing 
'earth-moulding-carving-berming', is more accep~able. 

EXPLANATION OF TAXONOMY OF UNDERGROUND SPACE 

The Taxonomy of underground space that is suggested here and 
illustrated diagrammatically in Figure I, comprises a series of seven 
steps (shown down the centre of the diagram). For convenience the 
terminology of biology is used to describe the hierarchical structure 
of this Taxonomy although no biological or botanical connotations are 
thereby implied and the use of 'family' and 'genus' has been avoided 
altogether. 

In column I ot Table I following, these Steps Nos. 1-7 are shown 
to assist in the explanation of Figure I. The corresponding quasi­
biological terminology that is used as the basis of the Taxonomy is 
shown in column 2 while alphabetical/numerical short forms of 
reference for each step are shown in column 3. 

TABLE I 

Sequential Steps in the Taxonomic Classification Procedure 

------------------~--~-------~----~-----------------------ITaxonomicTerms I 
Sequential Step 

Number 
(quasi-biological) I Short Form of Classification 
used to describe I 

each step. I 

--------------------------~---~--------------------~-------
1 

1 
2 
3 
4 
5 

6 
7 

Division 
Class 
Sub-Class 
Order 
Type 

Sub-type 
Species 

I 
I 
I 
I 
I 
I 

G or Ar 
t or d 
T or L 
A or B, or C or D 
A1 A2 A3 A4 or B1 B2 B3 B4 or 

C1 C2 C3 C4 or D1 D2 D3 D4 
I Vp or Va 
I S or T 
I 

-------------------------------~--------------------~-------
From .Table 1 it is to be noted that the finai short form of 

classification of a particular space will include the cumulative use 
of each alphabetical/numerical reference symbol indicated in Figure I, 
e.g. G tT.A2 /VpS. 

STEP NO. 1 
Geospace (G) or Architectural Space (Ar) 

Step No. 1 in the Taxonomy is based upon an initial division of 
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all spaces whether naturally occurring or manmade, on the basis of 
their occurrence or siting. Two classifications are prescribed. If a 
space is sited above the surficially altered final interface of the 
earth surface with the atmosphere, it is classified as Architectural 
Space ('Ar'). If a space sited below the surficially altered final 

interface of the earth surface with the atmosphere is soil/rock 
covered, and is functionally or visually contiguous with the land 
surface, it is classified as Geospace ('G'). 

Geospace ·(G): It is intended to adopt the term 'geospace' in the 
sense that it includes all space that is earth/rock covered and located 
beneath the natural or surficially altered final interface of the earth 
with the atmosphere at both shallow and deep levels beneath the ground 
surface. It should be noted that Horsbrugh [2, p.l31] adopts this 
sense of the word when he defines 'geotecture' as being the 'concept 
and practice of subterranean spacial construction of any kind, at any 
depth, providing services and accommodation for any purpose' [ibid, 
p.l52]. It is also to be noted that Professor Truman Stauffer Jr. [4, 
p.37] has employed the ·term 'geospace' in a restricted sense 
inappropriate to this taxonomy, in referring to manmade or natural 
caverns that are utilised specifically for the storage of fluids and 
semi-fluids. 

Architectural Space (Ar): All spaces above-ground (above the 
bed of sea, lake, river, etc., i.e. under and above water) are seen as 
being outside this field of study and are not further classified here. 
Usually so-called 'earth-integrated' [5] architecture is included in 
the literature as belonging to the division 'Geospace' (G). However 
buildings with this nomenclature often do not have earth-covered roofs, 
(e.g. the basement type sc!lools of Santa Ana, California [6]) 
consequently they are not underground buildings within the meaning of 
the previous definition and are therefore unclassifiable within this 
Taxonomy beyond the general division (Ar). In the future, this division 
could also be extended to further cater for 'basement' building types 
artd is alsu seen as an appropri~te one for fu~ther taxonomic 
~lassification along the lines of the terminology employed by Horsbrugh 
[2] • 

STEP NO. 2 
Geotecture (t) or Geodoid Space {d) 

A further classification into two classes of the Division 
Geospace is made on the basis of whether the space in question is 
manmade (Geotecture 't') or predominantly naturally-occurring (Geodoid 
space 'd'). 

Geotecture (t): The word 'geotecture' derived from ~: (Gk) 
'earth' and tekton: (Gk) 'carpenter or builder' was used by LaNier 
[3]. Kenneth Labs uses the term in its 'tectonics' sense from the u.s. 
Funk and Wagnall dictionary as 'the science or art of constructing 
functionally beautiful buildings or things'. In adopting the term 
'geotecture' in its specific sense as 'the design and creation of 
subterranean accommodation' [8], he accepted LaNier's explanation that 
'geotecture is to the subsurface as architecture is to the surface' 
[3]. For the purpose of this Taxonomy, this will in turn be 
accepted and elaborated as follows: terratecture and lithotecture are 
to the subsurface as architecture is to the surface. 

Geodoid space (d): Stauffer uses the term 'geoidal' to describe 
large voids or caverns in geospace, perhaps intending to associate the 
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idea with the hollow space within a geode, i.e. ('hollow, globular 
bodies ••• charac teristic of certain limes tone') [ 7, p.204]. However 

'geoid' means: 'the earth considered as a mean sea-level surface' 
[ibid, p.205] and this is obviously an unrelated concept. Possibly 
Stauffer meant to infer 'geodelike' by his use of this word, in which 
case, 'geodoid' would have been appropriate as the adjectival form. To 
avoid further proliferation of these descriptive terms, 'geodoid' will 
be adopted to describe naturally-occurring cavities in Geospace such as 
caverns, chambers and caves. It is not intended that this 
classification should exclude naturally-occurring caverns that have 
minor artificial extensions or modifications excavated or built into 
them, a predominance of naturally-formed space will be the diagnostic 
basis of classification. 

STEP NO. 3 
Note: When sub-classifying the class Geodoid (d), Step No. 3 is 

by-passed. 
Terratecture (T) or Lithotecture (L) 

From the class · Geotecture (t), the further sub-classes of 
Terratecture (T) (in terraspace) and Lithotecture (L) (in U,thospace) 
are derived. The Stauffer definitions of 'terraspace' and 
'lithospace' will be adopted here [4, p.37] as follows: 

Terraspace (earth type), underground space developed as a 
basement in the immediate subsurface, not geologically 
separated from the surface and developed from the surface 
by excavation. 

Lithospace (rock type), underground space developed in 
geologic strata and geologically separated from the surf­
ace being developed by mining (techniques). 

It follows that terratecture is the design and co.nstruction of 
buildings in terraspace, and lithotecture is the design and 
construction of habitats and usable volumes in lithospace. Labs adopts 
the Stauffer definitions by implication when he refers to 'near­
surface or shallow space' as being terraspace and 'possessing a 
relatively thin layer of earth cover' [8, p.ll2]. The use of 
lithospace by Stauffer and Labs to descr~be deep-space cannot be 
adopted without qualification because it is based upon the 
'architectural distinction between these (concepts of terraspace and 
lithospace) as not primarily one of depth,. 'but ••• in the degree of 
functional relationship between the underground and the surface' 
[ibid]. Stauffer and Labs adopt 'lithotecture' by linking it with 
its derivation from lithos: (Gk) 'stone' and tekton: (Gk) 'a carpenter 
or builder'. This again implies the sense of tectonics and would 
include those spaces constructed by mining technology in lithospace 
(although technically this need not mean 'stone' as gravels and sands, 
etc., may be mined to create these spaces). Because this use is 
appropriate for the purpose required here, 'lithotecture' is adopted. 

Multiple land-use is considered a major attribute of all 
underground space. This is often achieved by adopting terratectural as 
well as lithotectural design procedures. Labs and Stauffer use 
terratecture in the sense of 'constructed in terraspace' (to use their 
phrase) i.e. constructed underground by excavation and backfilling 
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techniques. They do however include the concept of permanent 
consonance of surface, and subsurface space because of the connecting 
openings linking both; but anomalies can arise from this approach, as 
for example when lithospace is connected by deep light wells to the 
surface, land-use functional relationships can.be disrupted and the 
relationship of surficial to underground space would be equivalent to 
the use of terraspace. 

Consequently a land-use basis for defining the difference 
between terraspace and lithospace is not adopted, the distinguishing 
characteristic between them being the nature of the cover (earth or 
undisturbed rock strata respectively) and the techniques of 
construction whether by the use of excavation and backfill procedures 
(i.e. 'cut and cover') or the employment of mining techniques. 

Note: Step No. 4, A and B, and Al, 2, 3, 4 and Bl, 2, 3, 4 of 
Step No. 5 basically comprise a slightly modified version of the Labs 
amended Taxonomy [8]. In Step No. 4, for consistency where Labs has 
used 'bermed' and 'subgrade', they have been changed to 'above' and 
'below' (grade), respectively to apply specifically to the relative 
levels of floor and outside ground. In Step No. 5, for clarity the 
'Elevational' classification in Labs' 'Bermed' (here referred to as 
'Above' or category A3 in Figure I) is also illustrated with a minor 
change in the sectional ground line. (The basement type constructions 
(with no earth-cover to the roof are often mistakenly included in the 
A4 'Penetrational' classification). 

STEP NO. 4 
Above (A) or Below/grade (B) for Terratecture or 
Above (C) or Below/grade (D) for Lithotecture 

This step further divides a space into two orders, the 
distinction drawn being whether the floor or an underground space is 
above or below the oustide ground or level. This is classified as 
above grade (A) or below grade (B) for Terratecture and above grade 
(C) or btilow gr;:11ie (D) .for Lithotecture. 

STEP NO. 5 
!.Chamber, 2.atrium, 3.elevational, 4.penetrational for (A) and (B) or 
!.chamber. 2.sink/atrium, 3.open shelter, 4.air shafts for (C) and (D) 

Above (A) or below (B) grade for terratecture and above (C) or 
below (D) grade for lithotecture are further divided into types: 1. 
chamber, 2. atrium, 3. elevational, and 4. penetrational for (A) and 
(B); for (C) and (D), types: 1. chamber, 2. sink/atrium, 3. open 
shelter, 4. air shafts. Both (A) and (B) use the system proposed by 
Labs, that is ~dapted in (C) and (D). The siylised architectural 
sections devised by Labs that accompany his descriptive terms have 
been adapted to suit the needs of both terratecture and lithotecture 
and the format of Figure I, and appear at the bottom of the boxes· 
numbered 1-4 under the respective orders (A), (B), and (C), (D). 

This typology is alsq applicable to the description of air 
drainage characteristics of underground spaces, i.e. whether night­
cooled air is able to drain viscously into the interior space ~hrough 
entrance portal(s), or via ductwork of some description to provide 
fresh cooled air either directly into the interior or indirectly into 
thermal mass storage (solid or liquid) to be utilised in the 
maintenance of comfort conditions during the heat of the day in 
summer. Conversely it creates a design problem to be solved to avoid 
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accumulation of chilled air in winter. This physical property of cold 
air retention has been called the cold air 'sack' effect when applied 
to caves [9, 10) and it is from these sources that the term is 
adopted for use here. 

Above (C) or below/grade (D) for lithotecture: Returning to Step 
No. 2, it becomes possible to describe another sub-class of the class 
Geotecture that, being constructed using mining technologies, 
comprises geospatial cavities th.at are self-supporting, e.g. dugouts 
for dwellings and mined chambers for storing liquids, solids and 
gases; these are· of the class 'lithotecture'. 

Returning to the subclassification of naturally-occurring Geodoid 
(d) types of space such as natural ca~es, caverns and chambers, as 
previously noted, these are seen to bypass Step No. 3 and be 
classified under Step No. 4 as of the order (C) or (D) according to 
the level of the chamber, cave or cavern floor(s) in relation to the 
portal sill(s) that occur at exterior grade level. 

STEP NO. 6 
Passive (Vp) or Active {Va) 

The existence or intended use of Passive {Vp) and Active (Va) 
ventilation systems becomes the next step in dividing all types of 
geospace into sub-types. The ventilation system referred to in {Vp) 
and (Va) is defined as extending from the point(s) of intake of 
ambient air to the point(s) of supply through registers or ventilators 
in an interior sp~ce, and does not include subsidiary systems for the 
total or partial re-use of air. 

Passive system (Vp): A passive system is one that produces a 
movement of air by thermal convection, radiation, induction or 
exchange for the purpose of ventilating an interior space and without 
the introduction of significant amounts of mechanical energy external 
to the system. 

Active system (Va): An active system implies that energy 
external to the system is introduced to produce a movement of air for 
the purpose of ventilating, conditioning, heating or cooling an 
interior space. 

STEP NO. 7 
Static (S) or Transit (T) Space 

The aerodynamics of the interior spaces are now considered as 
the basis for the next step comprising species Static (S) and Transit 
(T) of the subtype (Vp). The distinction to be drawn is whether there 
is one connection to the outside atmosphere or mo.re than one. For the 
former case the terms 'static space' (S) is used and 'transit space 
(T) in the latter. 

Static space (S): When the interior air in geospace has only one 
connection to the atmosphere (usually an entrance portal) an air 
exchange with the exterior is prevented by the imperfect elastic 
collision of outside air with the air contained in the enclosed cavity 
it will be described as Static space (S) [11]. 

Transit space (T): When manmade or naturally occurring geospace 
has two or more openings to the outside air (whether window, door, 
shaft or any other type of opening) it will be described as Transit 
space (T). Air moves within such a space as the result of the 
differential air pressures at the various openings. 

It should be noted that for both (S) and (T) species even when 
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there is no wind and the air is still, pressure differences can still 
occur between the inside and outside with changes in atmospheric 
pressure, and air movement will result. In an above-ground 'relatively 
tight space' [12] with all doors and.windows shut, approximately two 
complete changes of the interior air occur per day. However, in 
Geospace, air diffusion or infiltration from sources other than 
windows and door closure clearances does not occur because the 
enclosing earth or rock seals the spaces tightly (apart from a certain 
tendency in lithotecture with bare walls for the rock itself to effect 
delayed air exchange through its porous structure). 

Examples of Taxonomic Classification 
Apply. the f6regoing step procedure to specific examples, by 

addressing the questions noted in the centre boxes of Figure I, using a 
step-by-step process, and noting the 'short form' for each stage of the 
classification. The final 'short form' of 
classification then comprises a series of letters and numerals 
segregated into discrete groups for mnemonic purposes. For example a 
typical underground earth-covered residence sited into sloping ground 
(with a door and at least one window facing out and no rear windows, 
having no major mechanical ventilation or air-conditioning) would be as 
follows: 

Geospace 
Geotecture 
Terratecture 
Above grade 
Elevational 
Passive 
Transit 

i.xamplli 
The 'bear-pit' or recessed atrium 
dwellings of China 
Bulk storage spaces for liquids 
and gases as in Scandinavia 
John Barnard's 'Ecology House', Mass. 
Abo Elementary School, Artesia, N.M. 
University Underground Bookstore, 
Minneapolis, MN. 

CONCLUSION 

G 
t 

T 
A 
3 
Vp 
T 

= GtT.A3/VpT 

Classification 

GtL.C2/Vp (S or T) 

Gd.Dl/(Vp or Va) (S or T) 
GtT.B2/Va 
GtT.Bl/Va 

GtT.B4/Va 

Whiie this procedure was developed for the writer's specific 
purposes to clarify and order the diverse array of information that, of 
necessity, has to be dealt with in the relatively new field of 
underground space, it is suggested that this contribution be considered 
as part of an ongoing process to facilitate communication between our 
various disciplines. 
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PRECAST CONCRETE WALLS FOR EARTH SHELTERED CONSTRUCTION 

Martin R. Lunde, Principal - Bressler, Armitage and Lunde 

During the past several years, the firm of Bressler, Annitage.and Lunde 
has been intimately involved with. the design of earth sheltered and earth 
covered residences. As a result of this involvement, and as a result of 
the ever increasing cost of residential construction, the author has 
researched and analyzed several wall structural systems. The result of 
this analysis points towards the utilization of precast concrete wall 
panels for residential below-grade wall construction when compared.with: 
reinforced concrete block, wood and cast in place concrete construction 
techniques. 

Historically, the people of Minnesota have favored the utilization of 
8" to 12 11 thick concrete block for the construction of earth retaining 
(basement) walls in above ground residences. When utilizing block in 
an underground residence, the designer must significantly ·increase the 
amount·of steel reinforcement so that the wall may safely resist the 
high lateral earth pressures inherent in underground construction. In 
reviewing residential bids received during the 1978 residential con­
struction season by Bressler, Armitage and Lunde, the following 
masonry pric~s were noted for earth covered or earth sheltered projects:. 
$3.60 per square foot, $4.96 per square foot and $5.39 per square foot • 
for an overall average of $4.65 per square foot for similarly reinforced 
masonry walls. Because this .cost appeared excessive, .. cost in place 
concrete, wood and precast concrete were considered as alternates. 

Cast in place concrete was eliminated as an effective alternate becau·se: 

1. In the Minnesota area its cost is relatively high at $6 per 
square foot. 

2. It requires forming., pouring,· basic curing, and fo.rm stripping 
before the roof deck can be installed. As such, it is time­
consuming. 

3. During winter construction it requires special measures and 
temporary heat. 

Wood was considered but eliminated because: 

1. It had difficulty resisting the high lateral loads involved in 
underground design. · 

2. It had difficulty in providing the support necessary for the 
precast concrete roof deck bes·t utilized in underground design. 

3. It lacked mass when compared with the concrete materials • 

··-.....,__ 
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However, one should note that the wood wall is an attractive system for 
earth sheltered (that is, earth bermed, ·but not covered) structureso 
Therefore, it is a fully acceptable option for many residences. The 
lack o.f mass may be somewhat compensated for by locating foam floor 
insulation approximately 2 feet -~7low the floor, thereby incorporating 
such mass within the insulation envelopeo 

This brings the designer to precast concrete wall panelso 
of some of the significant properties of the most utilized 
below-grade wall (block) and a precast below-grade wall is 
in the following table: 

A comparison 
residential 
summarized 

Block* 

--Requires 7 to 10 days of 
field erection. 

--Generally utilizes 12 inch 
reinforced block. 

--Strength and appearance 
highly dependent upon the 
individual mason. 

--Erection schedule dependent 
upon favorable weather con­
ditions, difficult to handle 
during cold conditions. 

--Cost approximately $4.65 per 
square foot in Minnesota, 
presently is universally 
available. 

--Weighs approximately 96 
1 bs /ft 2 

*Cost data is 1978 basedo 

Precast Concrete+ 

--Requires 1 day to erect 1,200 
square feet of 12 inch precast 
roof (or floor) panel and 920 
square feet of 7 inch precast 
wall panel. 

--Can utilize 6 to 7 inch thick 
precast panel, allowing more 
interior lining spaceo 

--Excellent strengh and uniform 
appearance because it is manu­
factured in precise forms within 
controlled environments in a 
manufacturing_ facility • 

. . _· .. 
--Can be erected during most 
weather conditions including 
extreme coldo 

--It· appears that such a panel 
could be manufactured and erected 
for approximately $3o50 to $4 
per square footo Not presently· 
mass manufactured for residential 
scale projects, although some 
manufacturers are just now 
beginning to enter the market. 

--Weighs approximately 78 
lbs/ft 2 

+The erected cost of the precast panel ·was estimated based upon the 
following: 
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--Numerous discussions with precast and ready mix concrete 
suppliers, during 1978. 

--920 square feet of wall panel in 4 feet by 9 feet by 7 inch 
thick modules as designed by the author to meet existing codes 
and underground house ·loading .conditions utilizing 3,000 psi 
concrete and No. 4, grade 60 rebar. 

The reader should note that the above table of properties compares 
reinforced concrete block with present concrete. In general, unreinforced 
concrete block walls are limited to use in the construction pf conventional 
residential basement walls, where burial depths do not exceed 5 to 6 feet. 
Beyond this depth, the tension stresses in the mortar joints become 
quite large, resulting in horizontal tension cracks at the over-stressed 
joints. 

Figure Ill is a partial cross section of a fairly typical earth covered 
residence with a lateral earth pressure diagram. The reader shotJ:ld note 
that the horizontal reactions resulting from .the lateral earth loadings 
are carried i-nto the roof deck at the top of the wall and into the floor 
slab at the base of the wall. Also, on the cross section the author has 
noted the following critical design points: 

1. Point A -- approximate location of maximum bending stresses. 

2. Point B -- approximate location of maximum shear stresses. 

Utilizing the above, tempered with past structural design experience, 
the author established a list of assumptions to be utilized in the 
design process of a precast concrete wall panel. Thes~ assumptions 
included, but were not limited to, the following items: 

1. Vertical loads in the range of 3500 lbs/lin. ft. to 5000 lbs/lin. ft. 
applied to the top of the wall panel. 

2. Full lateral restraint of both the top and bottom of the wall panel. 

3. No rotational restraint at either the top or bottom of the wall 
panel. 

4. A 40 lb/sq. ft. surcharge load due to normal winter snow conditions 
in Minnesota. 

5. Sandy backfill and existing site soils. The reader should note that 
the actual lateral earth pressures will vary with: soil type,. 
moisture content, compaction density, etc. Hence, professional 
soil tests are strongly recommended in order to determine such 
specific properties. 

6. Insulation and waterproofing applied to ·the outside of the roof 
deck and wall panels • 

3. 
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The reader is now referred to Figures #2 and 3: Figure #2 is the 
cross sectio~ of a typical reinforced block wall, while Figure #3 is 
the cross section of the prototype precast concrete wall - either of 
which may be used in an earth covered residence. In reviewing both the 
Uniform Building Code and Figure #2,·one should .note the following 
items involved with reinforced block wall construction: ... 

a. 12 inch concrete block should be used for one story construc­
tion; whereas, 16 inch block should be used for the lower 
floor of the two story construction. 

b. Minimum areas of reinforcement have been established in both 
the vertical and horizontal directions - total area of 
reinforcement must be greater than 0.2 percent of the gross 
cross sectional·area of the wall, minimum in either direction 
is Oo07 percent. However-, lateral soil loading generally 
requires providing a //4, 115 or //6 rebar 16" to 32" on center 
with each respective core.filled with. 3000 psi grout. 

c. Maximum spacing of vertical rebar is 48" on center. 

do Rebar dowels at the top of the wall must be properly designed 
to safely resist the applied lateral loads. 

In reviewing the Uniform Building Code, the American Concrete Institute 
Codes and Figure #3, one should note the following items involved with 
the prototype precast concrete wall: 

a. Section 14.2.6 of the A.C.I. Code indicates a m~n~mum thickness 
of 6" for all load bearing walls, whereas Section 14.2. 7 
indicates a minimum thickness of .8" ·for all. basement walls, 
foundation walls, etc. 

b. Minimum V(!rtical steel reinforcement area is .0012 times the 
cross sectional area of the concn~te; vith .maxfmnm reba:r 
spacing of 18". 

c. Minimum horizontal s~eel reinforcement area is .0020 times 
the cross sectional area of the concrete, with maximum rebar 
spacing of 18". 

d. Rebar diameter must be greater than 3/8" r/J and·less than 5/8" rll. 

e. The utilization of reinforcing matts is acceptable if the 
minimum reinforcement areas are modified. 

f. Rebar ties are used only to tie the precast deck and wall 
panels together to resist separation; they are not designed to 
resist lateral loads • 

. 
Hence, it is obvious that either a reinforced concrete block wall or a 
precast concrete wall can be safely designed within code constraints 
to resist the loads of an earth covered structure: i.e., all critical 
bending, shear and compressive stresses can be safely handled. However, 
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if the code constraints induce problems for a particular structure, 
the code requirement may be modified if calculations prepared by a 
Registered Professional Engineer are submitted to the code official 
demonstrating the safety of the design. In general, the design of 
reinforced concrete block walls is the responsibility of the Archite~t's . . .. 
Structural Engineer for a given project; whereas, the design of a precast 
concrete wall panel is handled·by a staff Structural Engineer at the 
precast manufacturer's offices. Hence, utilization of the precast wall 
panel may well be simple~ and more economic for the novice because the 
design is automatically handled by a professional whose fees are spread 
over many thousands of square feet of precast material, rather than 
applied toward a single project. 

Figu~es #4, 5, 6 and 7 show several precast concrete wall panel designs; 
obviously, thousands of design variations are possible within the con­
straints listed heretofore. The reader is also asked to again review 
Figure #3 with particular regard to the suggested connections at the 
roof, deck and footing,.and the details involving the cove base/electrical 
plug mold. · 

This latter detail was developed as a cost effective method of eliminating 
the need to position individual electrical duplex boxes (inter-connected 
with conduit) within a reinforced concrete block wall. As shown, 
this detail meets all the code requirements of the National Electric 
Code while providing the following: 

a. Multiple circuit capability that allows the switching of some 
circuits while others remain "live" all the time. 

b. Outlet spacings. that vary from a minimum of 3 .feet to a maximum 
of 10 feet. 

c. Various'methods of finishing the intersection of the floor 
finish and the precast wall (i.e., wood trim, carpet return, 
etc.). 

Although not shown in specific detail, the·waterproofing of the vertical 
joints in a precast concrete wall panel system can be handled in several 
ways. Any of the techniques described in Chapter 5 of the Earth Sheltered 
Housing Design Manual can easily be utilized. In addition, a. r()pe type · 

. ·bitumastic sealer should be installed in the center of each vertical joint. 
As adjacent panels are set into place, the bitumastic rope will compress 
to fill the joint. The bitumastic compounds and the techniques involved 
with such joints, have been in common use for many years in the precast 
concrete culvert pipe industry; hence, are well known and effective. 

As stated in the beginning of this dissertation, it appears that the 
precast wall panel .system is more cost effective than a reinforced 
concrete block wall system. The reasons for this are several. First, 
all the precast planks (roof and wall) for a 30' wide by 40' long earth 
covered residence can be set in place by the precast manufacturer in 
less than one day; this compares to approximately seven days for a 
reinforced block wall. Hence, the home is enclosed sooner, and the time 



required for a high interest rate construction loan is reduced. In 
addition, the more precast concrete sections used on a.job from one 
supplier, the cheaper the cost per square foot of installed plank. If 
the travel distance to the job is significant, erection -teams are 
usually charged to the job for a.;?ll day even though installation time 
may only be a matter of 2-3 hours.· Hence, additional planks can be 
installed with only an increase. in· material and transport costs. 

Secondly, utilizing a 7" thick precast wall panel yields 40 square feet 
of additional useable floor area when compared with a 12" concrete block 
wall for a typical 1200 square foot earth sheltered residence. Hence, 
when comparing r~sidences of ·equal interior areas, the home construct-ed 
of reinforced block must be slightly larger in overall dimensions than 
a home constructed of precast concrete. 

Thirdly, the prototype precast concrete panels appear to be cheaper than 
reinforced concrete block on an installed first cost basis and long term 
basis. It appears that since the original cost estimate in 1978, the 
price of reinforced block construction has.risen approximately 10%, 
while the cost of precast construction has not noticeably risen. 
Assuming a 30_year mortgage at 13~% interest with 25% down, the following 
figures apply. 

Reinforced Block Construction: 

$4~65/ft2 X 1.10 = $5.12/£t2 

5.12 $/ft2 x 920 sq. ft. 
25% down payment 
30 year mortgage 

Total ~0 year cost 

Precast Concrete Construction: 

(1980 installed cost) 

$ 4, 710.00 
1,177.00 

14,537.00 

$15,750.00 

Use upper figure of $4.00/ft2 for 1980 installed cost 

4.00 $/ft2 x 920 sq. ft •. 
25% down payment 
30 year mortgage 

Total 30 year cost 

$ 3,680.00 
920.00 

11,387.00 

$12,307.00 

Hence, the following savings can be realized when utilizing a precast 
wall system. 

Initial cost savings = $4,71Q - $3,680 = $1,030 
30 year savings = $15,750 - $12,307 = $3,443 
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However, if one realistically compares houses of equal interior square 
footage the savings become even larger. 

Reinforced Block Construction with Corrected Floor Area: 

Wall Cost = So 12 .$/ft2 x '(920 + 16) 
Additional Roof and Flo~ ·cost 

Total Cost For Corrected Area . 

25% down payment 
30 year mortgage 

Total 30 Year Cost 

Hence, the savings now become: 

Initial Cost Savings = $5,192 - $3,680 = $1,~12 
30 Year Savings = $17,363 - $12,307 = $5,056 

$4,792.00 
400o00 

$5,192.00 

$ 1,298.00 
16,065.00 

$17,363.00 

It is the opinion of the author that a significant market exists for 
precast concrete basement walls and underground housing walls. However, 
at the present t-ime the author knows of only one manufacturer in the United 
·states that is entering this new market. However, in Canada several 
manufacturers are presently producing such panels. The reader should 
further note that the panels shown in the paper are prototyp.e designs; 
hence, they should not be utilized in any construction projects until 
they have been fully designed, built and tested. · 

Martin R. Lunde, P .-E. 
c/o 1002 Wesley Temple Building 
Minneapo h s, MN 55403 
(612) 870-70ll 
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~CHAPTER 14- V.'ALLS 

(!/ 14.0- Notation 

A, =gross area of section, sq in. 
t; =specified compressive strength of con· 

crete, psi 
h =overall thickness of member, in. 
lc ·=vertical distance between supports, in. 
P •• =nominal axial load strength of walr' · 

. designed by Section 14.2 · · 
q, =strength reduction factor. See Section 9.3 

14.1- Structural design 

14.1.1- Walls shall be designed for any lateral or 
other loads to which they are subjected. 

14.1.2- Proper provisions shall be made for ec­
centric loads and lateral forces. 

14.1.3- Unless designed in accordance with 
Section 14.2, walls.-subject to combined flexure 
and axial loads shall be designed under the 
provisions of Section 10.15. 

14.2- Empirical design method 

14.2.1- Walls may be designed by the empirical 
provisions of Section 14.2 if· resulta~t of the 
factored axial load is located within the middle· 
third of the overall thickness of wall and all limits 
of Section 14.2 are satisfied, except as provided 
by Section 14.2.2. 

14.2.2- Limits of thickness and quantity of 
reinforcement required by Section 14.2 may be 
waived where structural analysis shows adequate 
strength and stability. ·· 

·14.2.3- Design axial load strength q, P ,..., of a wall 
within limitations of Section 14.2.1 shall be 
computed by 

q,P ,..., = 0.55t~Jt;A 11 [ 1- ( 4~~) 1 (14·1) 

where t/) = 0. 70 

14.2.4- Length of wall to be considered as ef­
fective for each concentrated load or reaction 
shall not exceed center-to-center distance bet· 
ween loads, nor width of bearing plus 4 times the 
wall thickness. 

14.2.5- Overall thickness of bearing walls shall 
not be less than 1/25 the un.supported height or 
width, whichever is shorter. 

14.2.6- Bearing walls shall nol be less than 6 in. 
thick for uppermost 15 ft of wall height; <md for 
each successive 25 ft downward (or fraction 
thereof), minimum thickness shall be increased 1 

BUILDING CODE REQUIREMENTS 

in. i..:.':.:<Jiing w.:;lls of two :..\ury UW(;iling:::. ri•J)' iJr.; 6 
in. thick for total wall height, provided the fac· 
tored axial load P" does not exceed the design 
axial load strength~ P,..., computed by Eq. (14·1). . 

14.2.7- Exterior basement walls, foundation J 
walls, fire walls, and party walls shall not be less .. 
than 8 in. thick. 

1.4.2.8- Overall thickness of panel and enclosure 
walls shall not be less than 4 in., nor less than 1/30 
the distance between supporting or enclosing 
members. 

14.2.9- Walls shall be anchored to floors, roofs, or 
to columns, pilasters, buttresses, and in­
tersecting walls. 

14.2.10- Area of horizontal reinforcement shall 
not be less than 0.0025 times gross area of wall. 
For reinforcement with specified yield strength of 
60,000 psi or greater, and not larger than #5 bar or 
W31 or 031 welded wire fabric, reinforcement 
ratio may be reduced to 0.0020. 

14.2.11 -Area of vertical reinforcement shall not 
be less than 0.0015 times gross area of wall. For 
reinforcement with specified yield strength of 
60,000 psi or .greater, and not larger than #5 bar or 
W31 or 031 welded wire fabric, reinforcem~nt 
ratio may be reduced to 0.0012. 

14.2.12- Walls greater than 10 in. thick, except 
basement walls, shall have reinforcement fo'r each 
direction placed in two)ayers parallel with faces 
of wall in accordance with the following: 

• • ~ ' I 

(a) One layer consisting of not less than one­
half and not more than two-thirds the total 
reinforcement required ior each direction shall 
be placed not less than 2 in. nor more than 113 
the thickness of wall from exterior surface. 

(b) The other layer, consisting of the balance of 
required reinforce~ent in that direction, shall 
be placed not less than 3/4 in. nor more than 113 
the thickness of wall from interior surface. 

(c) Bars, if used, shall not be less than #3 and 
spaced not more than 18 in. on centers. Welded 
wire fabric, if used, sh~ll be in flat sheet form. 

14.2.13 -In addition to the mm•mum rein· 
force.ment required by Sections 14.2.10 and 
14:2.11, not less than two #5 bars shaft be 
pr-ovided around all (window or door) openings. 
Such bars shall extend at least 24 in. beyond the 
corners of openings. 

14.2.14- Where bearing walls consist of studs or 
ribs tied together by other reinforced concrete 
members at each floor or roof level, such studs or 
ribs may be considered as co~umns. 
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CHAPTER 16- PRECAST CONCRETE 

16.1- Scope 

16.1.1- Provisions of Chapter 16 shall apply only 
for design of precast concrete members 
manufactured und~r plant controlled conditions. 

16.1.2- All provisions ot this code shall apply to·· 
precast concrete members, except as specifically:·_: 
modified in Chapter 16. · · · · 

16.2 ~Design 

16.2.1 -Design of precast members shall con-: 
sider all loading and restraint conditions from 
initial fabrication to coni"p!etion of the structure, 
including form removal, storage, transportation, 
and'erection. · 

16~2.2 -In precast construction that does not 
behave monolithically, effects at all in­
terconnected and adjoining details shall be _ 
considered to assure proper performance of the 
structural system. 

16.2.3- Effects of initial and long-time deflections 
shall be considered, including effects on in­
terconnected elements. 

16.2.4- Design of joints and bearings shall in­
clude effects of all forces to be transmitted, in· 
eluding shrinkage, creep, temperature, elastic 
deformation, wind, and earthquake. 

. . 
16.2.5 - All details shall be designed to provide for 
manufacturing and ~rection tolerances and 
temporary erection stresses: · 

16.3- Precast wall pan~l·s ·. ' ' ., 
I 

16.3.1- Precast bearing an~ nonbearing walls 
shall be designed in accordance with provisions 
of SecHon 10.15 or Chapter 14. 

16.3.2 -Where precast panels are designed to 
span horizontally to columns or isolated footings, 
the ratio of height to thickness shall not be 
limited, provided the effect of deep beam action, 
lateral buckling, and deflections are provided for 
in the design. See Section 10.7 

16.4 -""Details 

16.4.1 -All details ·of reinforcement, connections, 
bearing seats, inserts, anchors, concrete cover, 
openings, lifting devices, fabrication, and erection 
tolerances shall be shown on the shop drawings. 

16.4.2- When approved by the Engineer, em­
bedded items (such as dowels or ins·erts)" that 
either .protrude from concrete or remain exposed 
for inspection may be embedded while concrete 
is in a plastic state provided: 

(a) Embedded .items are not required to be 
hooked or tied to reinforcement within plastic 
concrete, 

(b) Embedded items are maintained in correct · 
position while-concrete remains plastic, and 

(c) Embedded items are properly anchored to 
develop required factored loads. . 

16.5- Identification and marking 

16.5.1- Each precast member or element shall be 
marked to indicate location in the ·structure, top · 
surface, and date of fabrication. 

16.5.2 -Identification marks. shall correspond to 
the placing plans. 

10.15- Special provisions for'wans 

10.15.1- Walls may be designed by provisions of 
Chapter 10 with limitat.ions and exceptions of 
Section 10.'15, or by provisions of Chapter 14. 

10.15.2 ..:_Minimum ratio of vertical reinforcement 
area to gross concrete area shall be: 

(a) 0.0012 f~r .d~formed bars not larger than #5 
with a speCified yield strength not less than 
60,000 psi, or 

(b) 0.0015 for other deformed bars, or 

(c) 0.0012 for w~lded wire fabric (smooth or 
deformed) not larger than W31 or 031. 

10.15.3- Vertical reinforcement shall not -be 
spaced farther apart than 3 times the wall 
thickness, nor 18 in. 

10.15.4- Vertical reinforcement need not be 
enclosea by lateral ties if vertical reinforcement 
area is not greater than 0'.01 times gross concrete 
area. or where vertical reinforcement is not 
requiredas compression reinforcement. 

10.15.5- Minimum ratio of horizontal rein­
forcement area to gross concrete area shall be: 

(a) 0.0020 for deformed bars not larger than #5 
with a specified yield strength not less than 
60,000 psi, or 

(b) 0.0025 for other deformed bars, or. 

(c) 0.0020 for welded wire fabric (smooth or 1 

deformed) not larger than W31 or 031. 

10.15.6- Horizontal reinforcement shall not be 
spaced farther apart than 3 times the wall 
thickness, nor 18 in. 
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Introduction 

The potential benefits of 11 going underground, 11
. though obvious 

to this group and gradually being perceived by more and more of the 
public, are inevitably accompanied by technical and social problems •. 
There is a growing concern that indoor air pollution may b'2 a signi­
ficant limitation in structures having low air infiltration .1. One of 
the pollutants frequently mentioned is the naturally-occurring radio­
active· gas - radon. I shall outline .this morning, to the extent that 
time permits, the physical principles governing release of this gas as 
a result of the decay of the parent element radium, found everywhere 
in the soil and many building materials. We shall then examine factors 
contributing to concentration or build-up within a building. Having 
some understanding of how radon enters will facilitate the design of 
structures so that the possibility of significant concentration levels· 
may be minimized. Finaliy, I will examine what health· effects may be 
predicted at the levels which have been observed, or c!ppear to be· 
possible. 'I:his information, most of which has appeared in environ­
mental and health physics publications, does not seem to have been 
previously-brought to the attention of builders, arclHte~t~, and 
engineers such as: this group, except for a brief 11 spur-of-the-moment" 
note at the II Alternatives in Habitatu conference in Fo:r:t Worth about 
two years ago. 3 ' · · · 

There are two major radioactive elements found in the earth's 
crust, and rather uniformly distributed in rocks~ soils and their 
constituent minerals, namely, thorium and uranium. Thorium is more 
abundant on earth, but uranium-23'8, by virtue of Us very radio~ctive 
descendant radium-226,. is responsible for much of the environmental . . . . . . . ·. . . 
activity,· and hence we limit this discussion to the latter. The behaviour 
of radium-226 and the succeeding daughter elements resulting from its 
decay are illustrated in.Figure 1. When radium, together with the 

* This work inas supported by the Department of Energy, under cont-ract 
. #W-31-109-ENG-38. 

+ Present address: 428 Phillippa, Hinsdale, IL. 60521 
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elements produced by or.·"born"· at its decay are confined, as for 
example within an impermeable rock, the local concentration of 

'activity or decay rate of each mem.ber of the family is equal and . 
constant with time, being determiried solely by the 1620 year half­
period of radium. The decay products are then said to be in 
equilibrium with the parent. In the much more common situation 

2 

in which radon··can escape, its half-period of 3. 82 days is sufficient-' 
to permit transport over appreciable distances, and consequent 
dispersion of the decay products. The activity concentrations of 
the family are then different, and normally change with time. The 
relationships, while readily defined mathematically are seldom easy 
to visualize, and need not concern us. 4 

Radon, being a noble gas, does not combine chemically with 
other available elements, but it may escape by diffusion from the 
mineral or rock where it originates. From a few to twenty percent 
is released, depending upqn the type of mineral, its past ·geological 
history and physical condition. A much higher fraction ~ available 
from the soil. The gas moves relatively freely by diffusion through 

@ 

the interstitial air spaces within soil, until it. reaches the earth-air 
interface, or. possibly some denser barrie i. Radon may be rapidly 
transported into the atmosphere by thermally-driven convection and 
surface winds, or under conditions of temperature inversions may be 
concentrated. near the ground. A drop in atmospheric pressure is 
accompanied by increased release from the ground, a,nd there is good 
evidence that the micropuls-ations in pressure which are preserit during 
windy periods exert ari additional "pumping" action. Periods of rain 
or frozen soil both sharply reduce the rate at which radon is released. 

The· concentration within buildings, particularly of homes (as 
opposed to most ·public buildings with forced =ventilation} is usuallyhigher· 
than that outside, by a factor of ten or more .. The various ways ±ri which radon 
may enter ~ earth-shielded struct1,1re are shown in Fig 2. If there 
are large amounts of brick, stone, or concrete in.the structure, these. 
make a contribution, especially if they are directly exposed to ·the 
iz)terior. A most important source is. infiltration of soU gas via below-_ 
grade cracks, unpaved and unvented crawl spaces, and drain tiles 
which communicate dlrectly with basement or utility room sumps. 
High concentrcitions of radon characterize most sources of natural 
gas, and may not have decayed even after thousands of miles of 
pipeline transmisSion. Water supplies, particularly from deep wells 
whiCh draw water from extensive aquifers sometimes contain radium 
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or dissolved radon, and hence may release large amounts when showers. 
are run. Clearly, the rate at which outside air enters must play a 
major role in the resultant indoor levels. 

Having thus briefly outlined the course of this discussion, let 
me lay the foundation for a more quantitative analysis by defining the 
units by which radioactivity is measured. The Curie (abbreviated Ci), 
is defined as 3. 7 x 1010 disintegrations per second. It is nominally 
equal to the decay rate of one gram of radium and for most purposes 
is an undesirably large unit. For most "reallife 11 calculations, the 
microcurie (10- 6 Ci) or picocurie (lQ- 12 Ci} are more useful. In 1~74 
an: SI unit of decay rate, the Becquerel (abbreviated Bq) was adopted, 
namely one disintegration per second. Over the years it has become 
customary to measure airborne activity·concentration.in picocuries per 
liter, and I shall retain that convention •

1 

Rocks an.d Soil 

Let us ·now consider the.abundance of radium in some earth 
materials.· The uranium content of the earth •s. crust is estimated to 

. average around 3 parts per millic:m,S which is equivalent to 1 pCi/gm. 
The radium content, assuming equilibrium conditions (which is always 
the case in rock, but may not. be completely met in soils) , is the same .. 
Basalt$, .sandstones and many limestones have lower than average 
activity; granite tends to contain higher levels, and to show greater 
variability from place to place. Colorado granite!; a.veraqe L fi. pC:i/ \J. 
while individual samples are as high as ·33 pCi-/g .. Minneso.ta, Wisconsin 
and Cana<;lian (pre-Cai:nbzian shield) qrcm1tes are slightly lower than 
the above average, while the Conway deposits of New Hampshire under-
lying roughly one third of the state r~nge from 2.7 to 8.3 pCi/g.6 ·. . 

. I stress the great variability in th~ radioactiVity of various rocks 
for two reasons: ( 1) Rock may be used .as· aggregate, as building 
stone, or as a heat storage medium in conjunction with solar-heated 
.air collectors. In each instance there is ample opportunity for direct 
releas~ of some radon to the living space. I will return to this point 
in a moment. (2)· Radon release from soil immediately surrounding . 
the building is in most cases the single most important source of indoor 

1 . . . . . . . . 

-The preferred SI unit of Bq/ml is obtained by multiplying numerical 
values in pCi/1 by 37. 

I 
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levels. The mineral content of soil is totally derived in some way 
from rock - the admixture of loess, clay, silt, sand and possibly 
volcanic .material all reflect a geologically complex past.. The radium 
content and emanating properties of soils are thus also highly 
variable, but to some extent correlated with the materials from 
which they ~were derived. Most undisturbed soil~ are not very /: 
uniform,. showin_g .several d,istinct.types within a, depth of one to 
two meters. One study .showed consistently greater radon release 
from subsoils, commenciilg 40 to 50 em below the surface. 7 Average 
radium content of North American soils is believed to be around 
0. 7 pCi/g. 8 It may be worthwhile pointing out that a volume of 
soil one kilometer square by 1 meter in depth thus contains on the 
average 1 gram of radium. Paradoxically, this 11 scarce11 element 
which has sold for as much as $130,000 per gram, and whose entire 
world production since discovery is only about 1 kilogram, is found 
all about us. 

Transport. 

The diffusion of radon from its place of origin irt the ground 
takes place via the air spaces within the soil. Consequently, it is 
·dependent upon the water content and degree of compaction. The 
radon concentration increases with. depth below the surface and 
eventually reaches a constant or equilibrium value. In dry, sandy 
soils around 50% of the radon escaping to the atmosphere originate~ 

·within 1 meter from the surface·.,· and true equilibrium is ·approach_ed 
·at around three meters. When the air spaces are filled with water, 
equilibrium may· exist at a few centimeters below grade •. Since clay 
soils retain moisture and diffusion is retarded, their levels tend to 

. be relatively high and stable with time. At a depth of two meters, 
concentrations. from 500 to over 5000 pCi per liter have been reported, 9 
as compared with an average atmospheric level over the continents of· 
about 0.15 pCi per· liter. With concentrations of this magnitude around 
footings or under the floor. slab, it is not surprising that conventional 
dwellings generally show elevated radon levels in their basements. 
Thus the sealing and water-proofing precautions· which are a part 
of good earth-shielded construction practice are just as desirable in 
preventing entry of radon. Any measures designed to improve drainage, 
such as tiling around walls and use of porous backfill materials, are 
equally beneficial in providing an alternate route for t~s escape. 

Since concrete is relatively porous, it is also possible for radon 
to enter a structure by diffusion from the radium present in the wall 
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itself. A typical concrete porosity of 10 to 15%10 results in a diffusion 
length of 10 em. If we assume a 20 em thick wall, and diffusion in only 
one direction,** them 40% of the available radon escapes from the inside 
surface. Measurements have demonstrated a release of 240 to 450 pCi 
per hour per square meter of wall surface. 11 · This results in a· total 
release of from 270 to 500 nanocuries oo- 9 Ci) per hour from the. walls 
of a typical 140 square meter ( 1500 ft 2 r basement. If the same thic;:kne~s 
of an interior wall is 9ssumed, diffusion takes place toward both surfaces, 
and the total release is approximately 40% greater .. An exposed outside 
·wall will clearly contribute less tb indoor levels. 

How important is this relase of radon from the building materials 
into the living. space in an actual structure, where ventilation and 
uncontrolled infiltration depend upon changing weather and other random 
faCtors? If there are no cracks or other paths of direct. entry from the 
soil, then this is the major determinant of:indoor radon levels. In Table 
I I have compiled data· from .several sources, clearly revealing the. trenld 
to higher levels associated with brick and concrete structures. 

Table I 

Location Building Estimated Radon level 
materials ventilation rate (pCi 1- 1 ) 

(hr- 1 ) mean max 

Sweden (12) Brick veneer 0.4-0;7· 1.5 3.8 

(63 homes) Wood frame, 
with basement 0.4- 0.7 5.4 10, 

a 
Concrete block o.2~o.s . 7.3 11.1 

a 
Brick ven.eer b 0.1-0.2 11.1 15.1 

Hungary ( 13) 
( 409) Fired brick ? 1.6 

{ 356) Cinder block ? 5.2 

** This means either a radon-tight barrier on the outside surface, or 
soil emanating at the same rate, so that no gradient exists at that point. . . 

._I 
,I 
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Table I - continued 

Location Building Estimated Radon level · 
materials ventilation rate (pcrl> 

(hr-l) mean max 

u.s. (14) Frame, full 
/ 

basement 
c 0.1 30o 

a . 
Walls of alum shale based, .low density block. Shale radium content 
approx 5 pCi/g. 

b "natural" ventilation, apparently showing trend to "tighte.r" construction. 
See ref. 15 •. All other buildings with some mechanical exhaust. 

c Speeial demqnstration house by Nat. Association. of Home Builders 
Res o Laboratory. 

Table II summaiizes extended measurements of nineteen homes in 
the New York City area, 16 including in most cases readings taken in 
second floor rooms. The data clearly shows higher levels in basements, 
but this cannot be the only source of radon, for if so the second flcor 
concentrations should be systematically lower than those on the first 

y-- floor, which is not. the case. The plaster or gypsum board undoubtedly 
adds to the radon· at -both levels o 

House no. & type 

1 Frame 
2 Frame 
3 Frame 
4 Frame 
5 Frame 
6 Frame 
7 Frame 
8 Frame. 
9 ·Frame 

.10 Frame 
11 Frame 

Table II 

Mean Radon concentration - pCi per liter 
2ri:d floor 1st floor Basement 

1.3 
1.5 

0.57 

1.0 
0.45 

2.6· 
1.3 
1.3 

1. o· 
1.0 
0.52 
1.1 
0.6 
0.52 
0.41 

3.6 
'l 4.4 

2.2 
1.2 
1.4 
2o1 
2.3 
2.8 
1.5 
0.73 
0.39 

--------------------------



House no. & type 

12 Frame a 
13 Frame b 
14 Frame b 

15 Brick 
16 Brick 
17 Brick 
18 Brick 
19 ·Brick 

a No basement 

Table II "- continued· 

Mean Radon concentration - pCi per liter 
2nd floor ·1st floor Basement 

0.83 0.17 
2.0 '4.1 . 
3.1 3.4 

mean 1. 25 2.32 

0.25 0.88 
0.9 1.0 2.7 

0.43 LI 
0.5 0.9 

0.57 0.39 0.96 

mean 0.51 1.31 

b . 
Raised ranch construction. providing a more open path for air 
exchange between floors 

The mean ratio of ·basement to first floor concentrations is. 2.1 

7 

in the frame houses I and 2. 6 in the brick, which is probably not a 
significant difference~. Since. six of the houses had elevat.ed radon 
levels in th.eir water supply (ranging from 260 to 1400 pCi per liter), · 
the authors suggest that this might result in somewhat elevated concen­
trations I but the data fail to confirm such an association. The house 
having the highest mean (and maximum) reported levels was supplied 
with water near the lower limit of reported values. 

Behaviour in the Atmosphere 

The weather is capable of influenciri.g outdoor radon levels by 
mean~ of several mechanisms. I shall briefly touch on the principal 
effects in order once again to demonstrate the difficulty of making more 
than very general predictions in the fact of Nature's complexity. 

As already mentiqned, the diffusion to the surfac:e is determined 
by soil moisture I while soil te!Dperature and air pressure fluctuations 
also have a lesser influence. Once in t.he air, radon may be either 

, 

-
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trapped near the surface by an inversion, or carried away by vertical 
convection and by advection, i.e. horizontal wind currents. When the 
soil is covered w~th vegetation there is additional transfer by trans­
piration from leaf surfaces. This process iS also weather-controlled, 
but irt a much less direct manner~ While sizeable amounts of radon are 
believed to be released, the quantitative details are n·ot too well known -
hence we· shall neglect them. 'i'he following figure and results is ess~ntially 
a case study covering a period of one week, relating to a particular 
combina_tion of weather variables .17 Three samples of outside air· were 
cOllected daily at one meter above ground. Since this process was not 
automated, samples were coliected only during the normal work week, 
while .all meteorological data was accumulated automatically and con'­
tinuously. 

Figure 3 illustrates conditions resulting in maximum radon release; 
typical .fall weather with light winds, the d~ys bright with high tempera­
tures and the nights clear. Notice the stability data. - strong inversions 
four nights in a row arid very light winds throughout. Each inversion 
was accompanied by .a buildup of radon which, on the nights of September 
10, 11 and 12 were unusually high. Actual peak values were undoubtedly 

. higher than this.figure shows, due to the averaging over eight hour 
intervals. Note that a cold front passed the observing station early on 
the afternoon of the 13th, followed by cooler and dryer air. The com­
bination of increased advective transport and a weakened inversion 
resulted in a barely-detectable .increase in radon during the daylight 
hours· of the l4th. 

The three sections of Figure 4 summarize the results for slightly 
more than a year of data collection, The maximum, mean and minimum 
levels are shown, as monthly averages, for each of the eight hour periods 

. during which radon was collected •. We see that the highest maximum and 
average values were observed during the early morning hours, reflecting 
the strong influence of night-time temperature inve.rsions. The fluctuations 
were also greatest at this time, for although this great variability occurred · 
mostly· during fall months, it persists to a lesser degree all year. Note 
that for the collection period centered at noon, highest radon levels were 
found in December; and also that the lowest monthly average minima were 
in this time period. 

Instruri1eritation. 

Before presenting some results of the current Argonne studies, 
I shall briefly describe the instruments we employ. Design of the 
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. d d f d 18 .. equipment use to ate or irect radon measurement · is illustrated 
in Figure 5. ## The active volume within which radon is actually measured 
is defined by a hemispherical dome wire mesh, covered with black poly­
urethane foam. · The purpose of this open-pore material is to exclude 
all dust or par-tictilates while permitting unrestricted access of room 
air. At the center of the hemisphere is a small collecting electrode /. 
made of Lucite and covered ·with a thin layer of ciluminized Mylar. 
When radon within the enclosed space decays, the daughter polonium 
2i8 (RaA) atoms having a net electric charge, are attracted to and 
deposited upon the electrode. About 40% of the alpha particles sub­
sequently released by decay of tbis Radium A and its successors 
penetrate the Mylar and give up their energy to a thin layer of zinc 
sulfide phosphor underneath. The individual flashes of light which 
result are directed· to a sensitive photomultiplier tube in optical contact 
with the lower surface of· the Lucite; the resultant electrical impulses 
are fed to a fast electronic amplifier and counting circuitry. At 
periodic intervals the accumulated total is printed out, and the counter 
reset to zero, and the cycle repeated. The relationship. between 
observed counting rate and_ actual radon level is determined by a 
one-time calibration. 

It is desirable to also measure the concentration of radon daughter 
products in the air, since this is a more direct indicator of possible 
health effects. At the moment when these products come into existence 
they. are single ions,. but they rapidly attach to. submicroscopic aerosols 
which are always available::in the atmosphere. These in turn become 

\ ' 
fixed to walls, draperies, heating system ducts, filters, etc. witp the 
result that the daughter elements are almost never in equilibrium with 
the parent radon. Their abundance depends upon the relative humidity I 
concentrations and size distribution of aerosols and large particulates, 
and other details such as where the radon originated and how it reached 
the point where measurements were made. Precise knowledge of these 
variables is seldom available, but may be lumped into what is loosely 
called the 11age 11 Of the air. 

In order to measure the individual concentrations, the particulates 
contained in a known volume of air are collected on a suitable filter of 
high efficiency. ·The filter is then counted, preferably with separate 
detectors for the alpha and beta particles. The results are customarily 

##Designed at the Institute of Environmental Medicine, New York 
University, and available commerically 
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expressed in unit of the_ Workibg Level (WL) , which is defined as any 
combination of radon decay product concentrations which will ultimately 
release 1. 3 x 10 5 Mev of alpha ~nergy. per liter of air. 19 In a closed 
system in which all the daughters are in equilibrium, a concentration 
of 100 pCi/1 of radon results in one WL. In all practical situations, 
from 200 to 1000 pCi/1 are required to produce a 1 WL atmosphere. 
In fact, the ratio of actual WL to that which would be observed 1rt 
equilibrium with the radon present, the so-cailed 11 working level ratio 11 

is a useful indicator of the 11age11 of the radon-air mixture. The 
maximum permissible levels recommended for buildings occupied by 
the general population, are .· 03 WL for commercial or public-use buildings, 
and • 01 WL for homes and s9hools. 20 

- . 

The mechanical portion of an instrument for rapid determination 
of the WL is shown in Figur~ 6 .. A length of filter material on the left 
railer is fed through the ~r collection aperture, between two radiation 
detectors, and onto a take-up reel. The cycle of operation !or orie · 

· determination is as -follows ( 1) a dean portion of filter is· moved under 
the detectors, and a background count taken, (2) an air pump moves 
approximately 80 liters of air through the filter, ( 3) the accumulated 
sample is quickly advanced to the counting position, and counted for 
three minutes, and (4) from the numbers observed, an internal micro­
processor calculates the concentration of each daughter element, the 
standard errors in the determinations, and the resultant WL. The 
statistical uncertainty 1i1 measurement of a ~01 WL sample, which 

· corresponds to about 16 atoms per liter .of Radium A, is 8 percent'~ 
The total time required· to make a measurement is just under ;::;ix ndtlUtes; 

·when programmed to sample once an hour there is s.ufficient filter to 
operate for more than a week, or it can be set to shut off' automati.cally 
at a selected time. 

There are other methods of measuring radon col:icentraUonf. that 
are better suited to survey work, and yet provide s~tisfactory accuracy. 

· ~11 WL determinations, however, involve precise timing of the sample 
collection and counting sequence, so that measurements in the field 
practically demand ·automated, hence sophisticated and expensive 
equipment. 

Measurements at A.N .L. 

The_ radon investigations summc:ltized here commenced about two 
years ago. Our attention was first directed to a split-level frame 
construction home owned by an Argonne National Laboratory employee. 
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The unvented crawl space. under the living and dining area (approx­
imately 53 m2 area) was unpaved and without a vapor barrier, and 
was thus subject to relatively unrestricted air exchange with the 
gravel stratum beneath it. The home totalled about 190 meter2 floor 
area, and was otherwise conventional.· Repeated samplings of the 
bedroom and living areas revealed radon concentrations of from 
7 to 30 pCi per liter, seemingly caused by radon emanation from the I'. 
crawl space. There was no apparent reason why this house was 
unique, and therefore we began sampling other dwellings in the 
same area. Seventeen of the 31 houses tested to date had radon 
levels of at least 3 pCi per liter, as averaged over periods of a few 
days to a week or more. Most of them belonged to Laboratory employees,· 
were located in the upper middle class western Chicago suburbs and 
were built within the last twenty years. Hence they probably have less 
natural air infiltration than that found in the !I average" U.S. home. If 
they are truly representative of millions· of suburban homes, we see no 
reason to doubt that the. observed radon levels are also typical. 

The upper portion of Table III contains data from three of these 
homes, the first entries being from the split-level already mentioned. 
The highest levels measured occurred in the spring (lines two and. 
three versus one), in contradiction to the previous comments about 
the effects of wet soils. Since the central air conditioning was operating 
over most of the August sampling ·period~ it might be ar.gued that the 
moist surfaces of the chill coils were effective· in capturing a large 
portion of the airborne aerosols. Such an argument cannot be applied 
to the radon itself - and in fact, the figures show a proportionately 
higher WL in August. A possible explanation for the high spring 
readings is that radort-rtch qround water percolates to the underly1.ng 
gravel v11lthout completely saturating it. If the gravel is sufficiently 
coarse, release of gas from the wetted surfaces and subsequent transfer 
to the. cr?,vvl space may take plac;:e. The gravel depn~~H upon wl'dch the 
entire subdivision is built provides excellent drainage to a nearby small 
river. The house designed V-2 (fourth line) is basically identical with 
V-1, and is located only four or five blocks distant, at a slightly ·lower 
topographical level and nearer the river. It is tempting to speculate 
that the soil and gravel beneath it was saturated at the time these 

·readings were taken, hence the low radon observation. We obviously 
need to make many simultaneous measurements at different locations 
to clarify the true cause of these differences. 

The house designated H-2 is a·conventional ranch style structure 
built upon heavy clay soil. A drain tile system is located at the outside 

--
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Tabl~ IJI 

Radon and Daughter Concentrations in Selected Houses 

!dent .. Type Season Radon (pCi/ 1) Working Level . 
mean range mean. range 

Vl SL-F Aug 11.0 7.1- 17.6 .023 .001 - .08 
a a 

II II Feb 28 23 - 31 .018 .008 - .035 
II II Mar 29 21 - 54 .024 .01 - .047 

V2 II Mar 1.0 0. 9- 1.5 .001 . 0004- . 002 

H2 R~F . b Oct 11.2 8.1-16.1 .016 .0021- .037 
II II Jan 6.2 4. 5- 7.1 . 0072 .005- .013 

ILl ES Jul 6.4. 4. 4 - 10 Below use. range 

IL2 II Jul 9.3 3.3_;16.1 II II II 

Wl II Feb 
c 3.8 1.2..:. 7.2 Not avail. 

W2 II Feb 4.9 3. 2 - 8.2 .004 

INl II Mar 4.1 2. 6 - 5.5 . 0043 • 002 - • 00? 

IN2 II Mar Not avail. .001 . 0002- . 00.3 

Notes: a. Air conditioning on, except 1 night 
b. Full basement, drain tile on footings to inside sump 
c. Closed in, but under construction 



of the footings and ·connects to a sump within the basement. It is 
believed that this is equally effective in collecting radon. A few 
days prior to the readings shown, levels of from 11 to 50 pCi per 
liter were obtained in the basement. These few examples, showing 
rather great differences in radon level from houses just a few miles 

12 

. apart, demonstrate the great need for more extensive measurements 
and analysis. 

The remaining portion of the figure gives the results from the 
six earth-shielded homes whi'ch have been sampled. The first four 
of these, in Illinois and Wisconsin, are located in sandy soU; the 
remaining ones· are in clay. All the observed levels are quite low, 
and apparently indicate that there are no strong sources of radon 
present. Two factors are probably most responsible for this fact: 
(1) Design· of footings and walls is conservative, as compared with 
conventional buildings. Site preparation and actual construction, 
in some cases under owner supervision, is. of superior workmanship. 
( 2) . Since all the buildings were constructed recently, the backfill 
around the walls is still more porous than the undisturbed soil nearby, 
with cons.equent reduction in the radon concentration. Choice ~f site 
and local grading to insure good drainage may also be a contributing 
factor. 

Health Effects 

Breathing_ radon itself does not result in any significant health 
hazard. By far the most localized radiation exposure results from the · 
inhalation qf the attached fraction of daughter products, which deposit 
on membranes of the respiratory system. Up to 60% of the Q.aughter · 

. ions borne by inhaled a·erosols an~ retained on the bronchial epithelium 
or within the fine-divided passages of the pulmonary lung. The aer<>­

dynamic .processes which determine quantitatively where this deposition 
takes place depend upon aerosol size distribution. The greatest dose · 
is delivered to the basal cells of the bronchial epithelium from the 
absorption of high energy alpha particles. 

Knowledge of these harmful effects is derived for the most part 
from epidemiological studies of uranium miners. For this purpose, 
comparisons have been made of the measured or estimated total exposure, 
expressed as the product of WL and the time actually spent withn the 
mine, to the observed number of lung cancers in excess of the incidence 
of a control group. There were, of course, uncertain ties in the actual 

. radiation exposure and difficulties in properly evaluating the true number 
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of cancers attributable thereto. In one study of over 4000. miners, 21 

the statistical evidence of malignancy in individuals exposed to less 
than 120 \"JL-months (WLM) * was slight, although it is possible that 
some cases may develop eventually. By way of comparison, an in­
dividualliving in an average .01 WL atmosphere (i.e. around 2-5 pCi ' . per liter) for fifteen hours each day except for three weeks of annual 
vacation would accumulate 3 WLM in ten years ••• · It is uncertain whether 
this data can ever be used to estimate the risk of low concentrations of 
radon. Certainly I the aerosol size distrjbution i5l completely different. 
The majority of malignancies observed at all exposure levels were in · 
miners who also smoked tobacco, and much uncertainty exists as .to 
the proper methods for making the necessary corrections ... A group 
of experts in this field reached the conclusion that 11

; •• composition 
of the study population indicates that the population at risk in this 
dose range ... is now so small as to make it unlikely that even future 
follow-up will settle the matter. n22 The additj,onal risk of incurririg 
cancer from the observed -environmental radon levels, should we choose 
to use presently-available estimates, is of the order of a few. cases per • 
million person years. Since the present risk of lung cancer from all 
causes for males in this country is around 600 times as great I such a 
small increase would not be detectable. 

Conclusions 

From this discussion we may conclude, I _believe,. that there is no 
reasonable expectatton of detectable radiation effects. upon ipdjviduals 
living in earth-shielded homes, at least if they continue to. be 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 homes. However, we cannot 
be sure that all earth-shielded homes will be properly designed and 
constructed in order to maintain such performance throughout their· 
useful lifetime. A periodic examination may become desirable. 

I have not·~tnade any attempt to place this discussion in perspective 
with regard to other known airborne health hazards; such as parti­
culates,. sulfur dioxide, lead, and organic chemical vapors. Yet even 

* The month in this context is defined as 170 working hours. 
** The ·average length of occupancy of a house by one family in 

urban U.S. is said to be about seven years. 
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a ca_s\,lal knowledge of the environment in wbich we live is a ·reminder 
that such a perspective is necessary if a public consensus is to be ··· . 
reached on the sources of energy required for the next generation. 

· I hope this paper has served to stimulate your· concern in these matters. 
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Common Scientific Hclf life Particle Energy 
name name 

Radium Radium-226 1260 year alpha 

Radon Radon-222 3o82 day alpha 5o49 Mev. 

Radium A Polonium-218 3o05 min alpha 6o00 II 

Radium 8 Lead-214 26o8 min beta,gamma 

Radium c Bismuth-214 l.9o7 min beta,gamma 

Radium C'. Polonium-214 ~o-6 min alpha 7 o 68-l"lev o 

Radium D Lead-210 22 year beta 

--------------~~----------~~~------------~--"----~-----~-----------------

FIGUHE 1 

Partial Decay Scherre of Radium-226 Chain 
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Figure 3 

Case study of radon concentrations with intense thermal convection 
during day and strong nocturnal inversion during night 
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Figure 4 
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Monthly maximum, average and minimum values of radon concentrations 
based .on· indicated eight-hour period. 
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