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Advance Praise for Earth-Sheltered Houses

If there were a Pulitzer prize for building books, Rob Roy would surely have won it by now.
His books are always a pleasure to read — witty, entertaining, and informative. This latest
volume provides crucial and hard-to-find details about a sticky subject — how to design, build,
and waterproof the parts of a house that are in direct contact with the earth. For lack of some
of the information in this book, one of my first living roofs has sprung multiple recurring leaks.

I'm about to tear it off and replace it the right way — using Earth-Sheltered Houses as my guide.

— Michael G. Smith, co-editor of The Art of Natural Building
and co-author of The Hand-Sculpted House

Rob Roy is the guru the of the earth sheltered home movement. Earth-Sheltered Houses is based
on years of practical experience building and living in earth sheltered homes. The diagrams, photos,
and charts make it a must have resource for anyone considering building with this medium.

And better yet, the humor and wisdom of the writing make it a fun read.

— Tehri Parker, Executive Director, Midwest Renewable Energy Association

If it's “conventional” advice you are seeking — on home design, construction,
or financing — Rob Roy is not your man. But if you are receptive to new solutions,

Rob Roy is a fountain of new ideas. He is one of the truly original thinkers of our time.

— Stephen Morris, founder of The Public Press and publisher, Green Living Journal



Finally, a detailed yet user-friendly book on earth sheltered houses. As always, cordwood-masonry
master Rob Roy offers a hands-on, accessible read on the advantages (comfort and savings from
thermal mass, living roofs, affordability and dependability) and challenges (insulation and

waterproofing) of one of man's earliest and simplest forms of housing.

— Andre Fauteux, publisher/editor, La Maison du 21e siecle magazine

At last a comprehensive, authoritative book on earth-sheltered home building. This valuable
book contains a wealth of accurate and clearly presented information on one of the most

important ways to build environmentally friendly, energy-efficient homes.

— Dan Chiras, author of The Solar House; The Natural House; The New Ecological Home;
and The Homeowners Guide to Renewable Energy
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Lovingly dedicated to Jaki, who has been through it all with me for
33 years: Log End, Earthwood, Mushwood, and, now, Stoneview.
Thanks for all that has been and all that is yet to be.



Books for Wiser Living from Mother Earth News

T oday, more than ever before, our society is seeking ways to live more
conscientiously. To help bring you the very best inspiration and
information about greener, more sustainable lifestyles, New Society
Publishers has joined forces with Mother Earth News. For more than 30
years, Mother Earth News has been North America’s “Original Guide to
Living Wisely,” creating books and magazines for people with a passion
for self-reliance and a desire to live in harmony with nature. Across the
countryside and in our cities, New Society Publishers and Mother Earth

News are leading the way to a wiser, more sustainable world.
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INTRODUCTION

EARTH—SHELTERED = OR
“UNDERground” — housing is one of
humankind’s earliest shelter options, in the form
of natural caves. Sometimes there was
competition from other species seeking shelter:
mountain lions or bears, for example. As recently
as 1987, my friend, earth-sheltered advocate and
fellow underground co-conspirator Mike Ochler,
had a bit of a territorial skirmish with a large
black bear over the occupation of the earth shelter
he built and made famous in his classic 7he $50
and Up Underground House Book. Happily, the
dispute was amicably resolved.

Mike’s ultra low-cost approach to earth-
sheltered housing establishes one parameter in the
field today. His “PSP” (post, shoring, polythene)
method runs the gamut from survival shelter dug
out of the ground with “idiot sticks” (pick and
shovel) right through some attractive bright
comfortable earth shelters making wuse of
inexpensive, often recycled materials. I still sell his

book through Earthwood Building School and his

building philosophy continues to inspire many

people seeking a back-to-nature lifestyle today.

At the opposite parameter of the earth-
sheltering literary field is another highly respected
friend, the legendary Malcolm (Mac) Wells.
Nearly 80 as I write, Mac is no longer active as an
architect, but still sells his books out of his
Underground Art Gallery in Brewster,
Massachusetts. And he remains a wonderful
cartoonist. Mac’s approach, like Mike’s, is highly
philosophical, but his construction techniques are
from the direction of what I think of as a high-
end, powerfully structured and carefully detailed
concrete-wrapped approach. Professional earth-
sheltering contractors like Marty Davis at Davis
Caves in Arlington, Illinois employ structural
techniques much more closely related to Mac’s
methods than Mike’s, or my own.

My approach to earth-sheltered construction
is at the almost “extreme center” of the field. I
guess I've made a niche in the larger field by
accenting low to moderate cost methods that can

be readily learned and practiced by the owner-

builder. I do not intend to depart from that niche
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in this book, but I will review, revise, and expand
the techniques and product information for the
present day.

This book came about because of a void left in
the field when a previous publisher took two of
my earlier books out-of-print in 2003, 7he
Complete Book of Underground Houses: How to
Build a Low-Cost Home and Complete Book of
Cordwood Masonry Housebuilding: The Earthwood
Method. Although the present work is new and
rewritten, a good portion of this book retains the
successful techniques described in those earlier
works, including the use of surface-bonded block
construction, post-and-beam and plank-and-
beam roofing, and the use of user-friendly and
moderately priced waterproofing and drainage
products.

This work will not cover my other favorite
building style, cordwood masonry, even though
cordwood is one of several good natural building
methods that can be employed with above-grade
walls of the home. Cordwood masonry is
thoroughly covered in Cordwood Building: The
State of the Art. I will devote a chapter to timber
framing (post-and-beam and plank-and-beam) as
it pertains to earth sheltered structures, but the
subject is more thoroughly covered in my book
Timber Framing for the Rest of Us. It is my hope
that the current work, in combination with my
other two New Society titles will provide a
complete picture of my building philosophy and

methodology, updated for the 21st century.

Our two best-known homes are used as the
models for the construction techniques described
in this book.

Log End Cave, our first serious foray into
“terratecture,” could fairly be called an under-
ground home. A couple of years after we sold the
Log End homestead, the new owner removed the
earth, flatctened the ceiling/roof, and built a two-
story house on top of the structure. So the
underground home, sadly, does not exist in its
original form any longer.

Earthwood is a round two-story home with a
full earth roof, and with about 40 percent of its
cylindrical walls earth-bermed. I call the home an
earth shelter, not an underground house. The
earth roof and extensive berm, most of it on the
northern hemisphere, give the home exceptional
energy-efficiency and thermal characteristics. In
fact, Earthwood has about 158 percent more
usable space than the original Log End Cave
(2,400 square feet versus 930 square feet) but uses
only 11 percent more fuel (3.33 cords of hardwood
versus 3 cords). Why this should be so is discussed
in the sidebar. And Log End Cave was by no
means inefficient. It, too, stayed comfortable on
relatively little fuel,

The building techniques described herein are
not limited to the homes used as construction
examples. Other shapes and degrees of earth

sheltering can be accommodated using these
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Five Reasons for Energy Efficiency at Earthwood

. Earth sheltering and earth roof. The main topics of this book.

. Round shape. Heat loss occurs through a building’s exterior fabric. A cylinder encloses
27 percent more space for its skin area than the most efficient rectilinear structure, the
square, which hardly anyone builds anymore. All else being equal, energy efficiency is a
function of skin area enclosing unit volume.

. Cordwood masonry. Above grade walls are composed of 16-inch-thick cordwood
masonry, a building medium that combines excellent insulation and thermal mass in a
wonderful way.

. Solar orientation. Earthwood is aligned with the North Star, with most of the double-
pane glazing on the southern hemisphere. There is direct solar gain in the winter
through at least two of the windows throughout each winter’s day (the sunny ones
anyway).

. The masonry stove. As at Log End Cave, we heat with wood at Earthwood. However,
two-thirds of our fuel goes through the 23-ton masonry stove, which burns wood about
35 percent more efficiently than even the better woodstoves.

While Reason No. 1 is what this book is about, some of the other advantages are

discussed in greater detail elsewhere in the book.

methods. People who want to build their own
house usually want to design it themselves as
well, and that is as it should be. My only
suggestion to you — for the moment, at any rate
— is to keep the structure simple. Simplicity is
what will make the house easy to build,

economic and, yes, structurally integral. “Keep

it Simple” is not necessarily the same as “Keep it
Small,” although that can be very good advice,
too. A small home can be unbearably
complicated and a large house can be elegantly
simple. What I mean by simplicity of structure
will be discussed in the very first chapter,

Design.

3






Chapter

FEARTH-SHELTERED DESIGN PRINCIPLES

Any discussion of design must begin with an
explanation of how earth sheltering and
earth roofs can be made to work to our advantage.

There is a popular misconception that earth
is a great insulator, and that is why we put houses
underground, surround them with earthern
berms, or cover them with grass roofs. The reality
is that earth is not a very good insulation, with its
best insulating characteristics to be found in the
first few inches of the soil, where plant roots
provide aeration. At depth, where the earth is
densely packed, earth is very poor as insulation.
The misunderstanding of earth as insulation
leads to the danger of an equally erroneous view
of how earth sheltering really works to provide
thermal comfort in a home. If a designer-builder
proceeds with an earth-sheltered project from a
false understanding of earth’s thermal character-
istics, the building may not perform well (at best)
and could be damp and cold, like so many

basements.

EARTH AS THERMAL MASS
Earth’s big advantage is as thermal mass. In
electronics, a capacitor (or condenser) is a device
for storing an electrical charge. I like to think of
earth as a capacitor for heat storage. I also like to
think of storing “coolth,” a word that my word
processor tells me does not exist. Coolth is what
I call heat at a low temperature. Until you get to
absolute zero (defined as the absence of heat) any
temperature has a degree of heat to it. To give an
example of storing coolth, our 23-ton masonry
stove at Earthwood stores heat when it is in use
during the winter, but it is also an effective storage
medium for storing coolth in the summer. I can
still remember back in the 1950s when the iceman
delivered blocks of ice around Webster, Mass-
achusetts for use in people’s insulated iceboxes.
The ice was a capacitor for “storing cold.”

So how can we take advantage of this great
thermal mass, and not fall subject to potential

disadvantage?
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Fig. 1.1:

The thermal
advantages of
an earth-
sheltered house,
summer and

winter.

EARTH-SHELTERED HOUSES

SUMMER 95°F

HEAT GAIN

vV __ ¥
e, IR

no cooling
required

earth temperature 60°F

The first ten feet or so below-grade space is a
giant thermal mass, which is very slow to change
temperature. So there is a real advantage in setting
the entire home into this sub-surface climate,
which is quite a bit different from the climate
above grade. Typically, we are setting a house no
more than six to ten feet deep, or “berming” an
above grade structure with a similar amount of
earth. Our Log End Cave, an “almost under-
ground” home, was set about seven feet below
grade, whereas our Earthwood home, built on the
surface, is bermed with about 500 tons of earth to
a depth of about 13 feet on the northern side,
sloping to about 4 feet depth at the southeast and
southwest parts of the cylinder.

Figure 1.1 shows summer and winter
situations for a house above grade and also for one
that is earth-sheltered. The air and earth
temperatures given are typical of the range that we
would expect to find in the northern United

States and southern Canada, from 40 to 50

WINTER -20°F
% * 5
sk 5 5 sk
%  HEAT LOSS %
=S
ke
N must be
heated 90°F

must be
heated 30°F

earth temperature 40°F

degrees north latitude. (Pacific coast temperatures
might be a little higher, Rocky Mountain temps a
little lower.) Our Earthwood home is in northern
New York, at 45 degrees north.

The air temperatures range in the example’s
climate typically varies from about 95 degrees to
-20 degrees Fahrenheit, about a 115-degree range.
(It can get warmer or colder than these
parameters, but rarely.) Note that the temperature
range below grade is only about 20 degrees, from
about 40 degrees at the beginning of March to
about 60 degrees towards the end of August.
Temperatures change very slowly below grade,
about 1/10 of a degree per day on average. Where
we live, a 30- to 40-degree temperature shift from
day to night (or day to day) is not uncommon,
and we once experienced a change of 70 degrees
in a 24-hour period.

Because of its great mass, the earth
temperature is slow to respond to climatological

changes. This characteristic — sometimes referred



to as thermal lag — explains why the coldest earth
temperature (in the depth range where we
typically place earth-sheltered homes) lags about
six weeks behind the surface climate, both in
winter and in summer. This is why large lakes with
huge water masses, like our Lake Champlain,
reach their highest water temperatures towards the
end of summer, the end of August. It takes all
summer to bring the water temperature up to its
highest reading. We can take advantage of this
thermal lag, both for summertime cooling and
wintertime heating.

I think of earth-sheltering a home as the same
as building it in a steadier, more favorable climate.
Think of how easy it would be to heat and cool a
home in a climate that has a range of temperature
of 40 to 60 degrees. This is precisely the advantage
of earth sheltering. In terms of winter heating, our
earth-sheltered home in northern New York
performs as if it were built in the coastal plains of
the Carolinas. A more favorable ambient
temperature in summer yields a similar kind of
energy advantage with regard to summertime
cooling. In our wintertime situation, the interior
of a home on the surface needs to be about 90
degrees warmer than the outside temperature.
However, an earth-sheltered home needs to be
only 30 degrees warmer than the 4o0-degree earth
temperature on the other side of the wall.

In the summer situation, the surface home in
the north needs to be cooled about 25 degrees to
achieve comfort level, usually by some energy-

expensive air conditioning system. The earth-

EARTH-SHELTERED DESIGN PRINCIPLES

sheltered home does not require cooling. Nor will
it be 700 cool. The earth outside the walls may be
at 60 degrees, but residual heat — cooking,
sunlight, body temperature, refrigerators, and so
forth — will keep the temperature up to comfort
level.

Notice that in the commentary above, it is the
earth’s mass that provides this favorable starting
point from which we can begin to heat or cool.
We have not begun to bring insulation into the
equation. But we must, or we can make a big

mistake.

THE IMPORTANCE OF INSULATION

We have spoken of the earth as a thermal mass. It
is, in fact, a huge thermal mass, and it is not easy
to influence its temperature, although it can be
done using a rather labor-intensive method called
the insulation/watershed umbrella, and described
in John Hait’s Passive Annual Heat Storage, listed in
the Bibliography. An insulation “umbrella”
extends some distance from the home and encloses
the earth near the home. In my view, it is easier
and more practical to use the fabric of the building
itself as a second and separate thermal mass, one
over which we can exercise some control, through
the proper placement of insulation. While the
home’s thermal mass is tiny compared to the
earth’s, it is still considerable and typically several
times greater than the mass of a home built above
grade. The Earthwood house, for example, has
over 120 tons of thermal mass entirely wrapped

inside an insulation barrier. It takes a long time to
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change the temperature of 120 tons of something,
but it will happen, and, through insulation, we
can control the rate of heat transfer, and, thus, the
temperature of the mass fabric. Consider the
homes in Figure 1.1, wintertime situation. The
above-grade home relies on plenty of insulation to
protect its inhabitants from the sub-zero outside
temperature. The earth-sheltered home also needs
insulation, or else the 40-degree earth temperature
will actually wick the heat out of the home’s fabric
through conduction. Without insulation — and
properly placed insulation at that — the fabric of the
building becomes one and the same with the
earth’s mass. The 120 tons of mass at Earthwood
would have the value of a 120-ton slab of stone, a
part of the earth itself. Its temperature would be
the same as the surrounding earth. Massive walls
and floors at 40 degrees would be difficult to heat

without insulation.

W

footing wrapped with insulation

In order to control the mass fabric of the
home itself, we must place the insulation between
the home’s mass and the earth. In northern
climes, we must completely wrap the below-grade
portion of the home (concrete, concrete block,
stone, etc.) with a layer of substantial insulation.
By this method, we use whatever our internal heat
source might be (wood, solar, fossil fuels) to
“charge up” the mass fabric of the building itself
to comfort level. This insulation must be
continuous, and without gaps which would create
thermal bridges in the mass. I like Mac Wells’
term for these: “energy nosebleeds.”

[ myself made the mistake of not insulating
under the footings at Log End Cave, creating a
serious energy nosebleed. The left side of Figure
1.2 shows the situation at Log End Cave. Fearing
the insulation would be crushed under the great

weight of the footings, the 12-inch concrete block



walls, and the heavy earth roof they support, I
deliberately left out the insulation around the
footings. The arrows simply indicate the transfer
of heat. Or you can think of it as the transference
of coolth; it’s all heat at different temperatures
and, following the law of entropy, doing its best
to be the same temperature.

Without insulation, conduction through the
dense and massive concrete footings causes the
inner wall and floor surface near the footings to
be about the same temperature as the earth at this
depth, say seven or eight feet. Each spring at Log
End Cave, particularly in May, June, and early
July, when the earth’s own mass temperature was
still low, any warm moist air created in the home
would condense on the cold surface temperature
at the base of the external walls, causing
condensation, also known as sweating. This is the
same effect as you get on the inside of your car
windows in the wintertime. Your hot breath
condenses on the cold inner surface of the
windows. It was late July before the temperature
of the footings would get up above dew point,
and the sweating would stop. I should have paid
better attention to wise Uncle Mac.

At Earthwood, the example on the right, we
have not had the problem, because we insulated
right around the footings with extruded
polystyrene. We have had zero condensation
anywhere in the home, and the amount of earth
sheltering varies from none on the very south side
to four feet at the southeast and southwest parts

of the cylinder to 13 feet at the base of the
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northern part of the earth-sheltered portion of the
home. We will discuss the correct insulation to
use in Chapter 3.

Any direct conduction, particularly with dense
materials such as concrete, metal and stone, can
be a serious energy nosebleed. The heat loss isn't
even the worst part; the unwanted condensation
is the real problem. Always detail some form of
thermal break between the house’s mass and the
earth, or, for that matter, the outside air. We take
for granted the importance of continuous
insulation above grade. It is at least as important

below grade in northern climates.

INSULATION IN THE NORTH
How much insulation should be installed at the
various parts of the building’s fabric? I think that
what we did at Earthwood is a very good pattern
for northern climates of 7,000 to 10,000 degree-
days. We placed 3 inches of R-5 extruded
polystyrene — R-15 total — down to “maximum
frost depth” (considered to be about 4 feet in
northern New York), and 2 inches (R-10) down to
the footings. We went with an inch (R-5) around
the footings and under the floor. It should be
noted that installers of in-slab radiant heat
flooring specify 2 inches of extruded polystyrene —
R-10 in all — under the floor.

The situation is a little different in the South,
as will be seen below.

This rather lengthy discussion of mass,
insulation, and the correct placement of insulation

is one of the key concepts of earth sheltering.



10

EARTH-SHELTERED HOUSES

Wooly-minded thinking in this matter can cause
great problems in the home at the design stage,
even before a shovel of earth is moved. So, I'm
going to say it one more time, in a slightly
different way, with the hope that something
twinks with readers who are still unclear on this
point: If we do not insulate properly between the
home’s mass and the earth’s mass, we lose our
right to easily control the home’s temperature.
The home would perform thermally like a giant
rock set in the earth. Placing the insulation on the
interior of the block or concrete wall is a mistake
and doesnt help at all with regard to using the
home’s mass storage potential to our advantage.
In fact, an interior insulation would further
decrease the temperature of the mass fabric, and if
moisture finds its way through this interior
insulation, there will be condensation and mold
problems which will not be readily accessible, a
real catastrophe.

And, too, by insulating on the wrong side of
the wall, earth can freeze up against the building
and cause structural damage. This occurrence
happened to us at the concrete block basement of
our first owner-built home, Log End Cottage,
when we erroneously insulated on the interior of
the block wall. In all of my books, I have made a
point of sharing both successes and mistakes. I'm
not entirely stupid, so, for the most part, I've
learned from my mistakes. But the reader can be
more than smart. You can be wise, and learn from

the mistakes of others, including mine.

INSULATION IN THE SOUTH

As we build further south, insulation strategy
should be adjusted, for two reasons. Firstly, at the
depths that we set earth-sheltered homes, earth
temperatures in the South will be warmer in both
summer and winter. With the higher earth
temperatures, dew point in the form of sweating is
less likely. Second, the further south we go, the
more important cooling the home becomes in
terms of both comfort and energy cost. By
lowering the amount of insulation, the moderating
effect of the earth’s temperature performs more
effectively as a means of natural cooling.

[ am from the north and have no personal
experience with earth sheltering in the South, but
based upon the experiences of people I've spoken
with, case studies, and other research, I would
suggest an adjustment to insulation placement as
per the following two paragraphs. I do not think
of myself as the definitive authority on the subject
by any means, but am confident that the
recommendations below will be an improvement
on the insulation recommendations given for
northern climes above.

In areas with climates of 4,000 to 7,000
degree days, | would insulate with two inches (R-
10) of extruded polystyrene down to the footings,
one inch adjacent to and under the footings, and
one inch under the floor for a distance of four feet
in from the footing. Leave the insulation out from
under the rest of the floor to promote natural

cooling. If in-floor radiant heat is to be used in a
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concrete floor, get advice from a local radiant heat
installer, who might suggest an inch of insulation
under the entire floor, or even two.

In areas of less than 4,000 degree days,
insulate with an inch of extruded polystyrene
down to the footings, and leave it out around the
footings and floor.

Finally, in states bordering the Gulf of
Mexico, atmospheric humidity levels can be
extremely high, approaching 100 percent a good
part of the time. In areas like this, it is almost
certain that some form of dehumidification
system will be required in the earth-sheltered

home. The good news is that earth-sheltering will

a5° 75° 85°

save a lot of energy on the operating costs of air
conditioning.

Figure 1.3 gives a degree-day map of North
America (the United States). North of the border
area, in Canada, it wouldn’t hurt to go with 2
inches (R-10) around the footing and under the
floor, if the building budget allows. Itll pay for

itself in a few years.

Tae EarTH ROOF FACcTOR

It is not absolutely necessary to put an earth roof
or lightweight living roof on an earth-sheltered
house, but not to do so, it seems to me, is a great

opportunity lost.

11

Fig. 1.3:
Degree-day
map of the
United States.
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I share seven different advantages to earth notice that our home is even cozier and

roofs with my students, and pull out a timeworn requires less fuel to heat with a cap of

placard to illustrate the points, which are:

1. Insulation. 1 can hear it now: “Hold on

there, mate, you just told us earth is poor
insulation!” Well, yes, it is. Author and
earth-shelter owner-builder Dan Chiras
reckons earth is worth about a quarter of
an R (.25-R) per inch of thickness, and
that rings true with me, particularly for
earth a few inches down. But the first
three or four inches of earth, where the
plant roots aerate the soil, is considerably
less dense and, therefore, has some
insulation value. The grass or wild-
flowers — dont mow ‘em — also flop
down in the autumn and add more
insulation. And, finally, the earth roof
holds snow better than any other roof
surface, and light fluffy snow is worth a

good R-1 per inch of thickness. We

Fig. 1.4: Author Rob Roy and his timeworn placard.

Dan Strickland

two feet of snow overhead.

. Drainage. With non-earth roof systems,

you need some sort of drainage system to
remove a lot of water quickly from the
roof during a downpour: gutters,
downspouts, storm drains, etc. The earth
roof drainage — particularly where the
roof drains at a single pitch directly onto
berms, such as the Log End Cave design
— is slow and natural. Even a freestanding
earth roof, like the one at Earthwood,
must fully saturate before runoff must be

attended to.

3. Aesthetics. The earth roof is hands-down

the most beautiful roof you can put
overhead, particularly one of natural

wildflowers.

. Cooling.The sun beating down on most

roofing causes high surface temper-
atures. You can literally fry an egg on
some of them. The living roof, however,
stays nice and cool because of the
shading effect of plants, the mass of the
earth, and the evaporative cooling effect
of stored rainwater. Stick your finger
into the living roof and you can feel the

coolth.

. Longeviry. Built properly, as described in

Chapters 7 and 8, the roof will require
very little maintenance. We dont even

mow ours anymore. All other roofs are



subject to deterioration from the
ultraviolet (UV) rays of the sun, from
wind and water erosion, and from
something called freeze-thaw cycling. In
our climate near Montreal, most roofs
are subjected to between 30 and 35
freeze-thaw cycles each winter, and each
occurrence breaks the roofing down on
the molecular level. Sun, wind, and frost
never get to the roofing surface, so,
protected by the earth from these adverse
conditions, the waterproofing membrane
is virtually non-biodegrad-able. It should
last 100 years or forever, whichever comes
first.

. Ecology. While not the right place to
grow shrubs, trees or root vegetables, the
earth roof can support all sorts of plants
and microbial life. Instead of killing off —
say — 1,500 square feet of the planets
surface to yet more hot, lifeless black
tarscape, we can return the home’s
footprint to cool green oxygenating
We'll

vegetation options in detail in Chapter 8.

living  production. discuss
. Protection. Just a few inches of earth
afford all sorts of protections not found
with other roofing surfaces: fire,
radiation, and sound, just to name three.
In combination with a Log End Cave-
type berm, the earth roof can also
contribute to tornado, hurricane, and

earthquake protection, as well.
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The seven advantages to an earth roof all
occur with just a few inches of earth on the roof.
Doubling the thickness, from — say — 6 inches to
12 inches does not double the value of the
advantage. With fire and sound protection, for
example, extra earth beyond six inches adds little
advantage; you've still got windows, doors and
some portion of above grade walls influencing
these considerations. But doubling the earth does
double the potential saturated load of the earth
component of the roof. And this extra load greatly
increases the structural cost of the home. I accent
timber framing (also called “plank and beam”
roofing) as the most suitable roof structural
system for the inexperienced owner-builder.
Other options, such as pre-stressed concrete
planks (which are very expensive and must be
installed with a crane), or poured-in-place
reinforced concrete roofing (which should be
professionally installed), not only add greatly to
the structural cost, but also don’t look nearly so

nice overhead as a ceiling.

13

Fig. 1.5:
Wildflowers in
bloom atop the
Earthwood

office.
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Roy’s General Theory on Earth or Living
Roofs

This is as good a time as any to tell you about the
realities of the earth roof with regard to its weight,
or load. Calculating the desired load is the first
step towards designing.

But, first, a clarification of terms might be in
order. I use the term “earth roof” to describe a
roof system that relies primarily on a certain
thickness of earth or topsoil to nurture the desired
vegetation or ground cover. A “living roof” might
have earth on it, or it might have some other
growing medium for the plants, such as straw. Or
it might combine earth with another medium, as
we have done on the roof of our straw bale guest-
house. Lots of work has been done in the past ten
years in both Europe and North America on these
alternatives that eliminate or considerably
diminish the need for placing heavy earth
overhead. And the reason is usually an effort to
keep the structural cost down. I will share some of
the methodologies in use in Chapters 7 and 8.

Because of the heavy weight of saturated
earth, my theory for 25 years has always been —
and stll remains — that we want to use enough
earth to maintain the green cover, and not a
whole lot more. The reason, as we will soon see, is
that wet earth is very heavy, and a great depth of
it — while technically possible — adds unacceptably
to the structural cost for owner-builders who
want to own the home themselves, and not have

a bank own it for them.

At Log End Cave and at Earthwood, we had
good success with maintaining a green cover
(mowed grass at the Cave, wild at Earthwood)
with an earth roof with a final compacted depth
of about six inches of soil. A couple of times at
Earthwood, during its so-far 23-year life, the roof
almost died off during drought. We never watered
it. But always, after some compensating rain, the
roof would come back and flourish once again.

Back in the 1970s, several builders were
placing from 18 inches to 3 feet of earth on the
roof, and, yes, they engineered the structure
properly to support that kind of load. But these
homes were very expensive, with a good part of
the expense caught up in the roof support system.
Why they did it remains a little unclear to me.
After you've got an honest 6 inches of earth on the
roof, the seven advantages listed above are
present. If additional insulation is desired, earth is
a poor choice. An extra inch of extruded
polystyrene, which weighs practically nothing,
will yield as much additional R-value as an extra
foot of earth. And neither do the other advantages
listed increase proportionally to the use of greater

amounts of earth.

How MucH Dogs 11 WEIGH?

Now, let’s “do the numbers” as they say on a popular
National Public Radio program. Essentially, there
are two different loads that need to be added
together to arrive at the grand humungous total

for which the building must be engineered: the



dead load and the live load. The dead load is
sometimes called the structural load, and refers to
the fabric of the building itself: the rafters, the
planking, the waterproofing membrane, insulation,
the drainage layer, and the like. Firstly, any
building we design has to be able to support itself.
Over the next few paragraphs, I'll be referring to
Table 1 (p. 17), which lists the weight or load of
various common materials.

The Earthwood dead load consists of s-inch-
by-10-inch red pine rafters, 2-inch-by-6-inch
tongue-in-groove planking, the Bituthene® 3000
waterproofing membrane, and four inches of
Dow Blueboard™
polystyrene). Everything above the Styrofoam®

insulation (an extruded

we'll put under the classification of live load, as its
weight is subject to change. The dead load
calculations are on page 16.

I've put everything else, even the crushed
stone and earth, under the classification of live
load (also on p. 16), because all of these
components vary with conditions.

This is kind of a “worse case” scenario, and
that is what we have to engineer for. Note that
most of the load is live. If you have difficulty
picturing 150 pst, think of 1,400 people packed in
on a 1,400 square foot roof (Earthwood with
overhang). Each person averages 150 pounds in
weight and each occupies a square foot. People are
live loads, too, but it is unlikely that they will be
up on the roof at the same time as the maximum

snow load.
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Now, a couple of points must be made here.
The first is that in life’s reality, just when you
think that things can’t get any worse, they do. I
have been told by a reliable source that the ski
resort of Whistler, British Columbia, must
engineer roofs for a snow and ice load of 350
pounds per square foot. They get several feet of
snow, then rain and a freeze, then more snow,
then more rain and freeze, and several feet of very
dense snow and ice can accumulate on the roof.

And

Plattsburgh’s 70 pound snow load, while rare,

these are not even earth roofs. So
could, under extreme conditions, be even worse.
This is why people physically (and wisely) shovel
excess snow off their roofs during extreme
snowstorms, especially anyone living in a mobile
home. Note also that with the 6-inch-thick earth
roof at Earthwood, almost half of the total
maximum structural load is the snow load, so find
out what this load is for your area, and keep in
mind the earth roof holds snow better than any
other kind. This is a positive characteristic in
terms of insulation, but a possible negative with
regard to load.

The second point is that when engineers do
their stress load calculations carefully and
accurately, using the right formulas and the right
unit stress numbers for the grade and species of
wooden rafters and girders (or metal beams or
pre-stressed concrete planks or whatever), they

will have built in a safety factor of approximately

six. This is not overbuilt. This is the kind of

15
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Dead Loads
Rafters: A s5-inch-by-10-inch red pine rafter weighs about 8.4 pounds per linear foot. Although
it is a radial rafter system, it is fair, for purposes of load calculation, to figure an average
spacing of 24 inches center to center, designated as 24 inches o.c. If rafters were 12 inches
0.c., a linear foot of rafter would support a square foot of roof, and the rafters themselves
would add 8.4 pounds per square foot (8.4 psf). However, at 24 inches o.c, each rafter
supports 2 square feet, so the load per square foot would be exactly half, or 4.2 psf.
4.2 pst
Planking: We used 2-inch-by-6-inch tongue-in-groove planking, which weighs six pounds
per square foot. To get this figure, I actually weighed some planks, and divided by the
area of the planks weighed.
3.0 psf
W/R. Grace Bituthene® 3000 waterproofing membrane: (I weighed a square foot of it on a

postal scale.)

0.4 psf
4 inches of Dow Styrofoam® Blueboard™: at 2 pounds per cubic foot density.

0.7 psf
Dead Load Total 8.3 psf
Live Loads
2 inches crushed stone: at 100 pounds per cubic foort.

16.7 psf

6 inches of fully saturated earth: at 108 pounds per cubic foot (from engineering charts and

actual measurement by the author).

54.0 pst
3 inches loose hay or straw: filtration mat, matted down and wet. Estimated.
1.0 psf
Snow load: for our area, as per Plattsburgh, NY building regulations.
70.0 pst
Live Load Total 141.7 psf

Combined Dead and Live Load 150.0 psf
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WEIGHTS IN POUNDS PER CUBIC FOOT (pcf)

Table 1
Weights/Loads of Some Common Materials

WEIGHTS IN POUNDS PER SQUARE FOOT (psf)

Clay, wet 114.0
Concrete 150.0
Crushed stone (#2) II1.0
Earth, saturated 108.0
Granite 165.0
Pine, yellow (dry) 45-9
Oak, red (dry) 44.0
Oak, live (dry) 59.0
Sand, wet 120.0
Sand, wet and packed 130.0
Sawdust 17.0
Water 62.4

Bituthene® 0.38
Enkadrain® 0.24
Plywood, (34") 2.40
Rafters (4 X 8 pine, 12" o.c.) 4.60
Rafters (5 X 10 pine, 12" 0.c.) 8.40
Rafters (5 X 10 pine, 24" o.c.) 4.20
Spruce planking (2 X 6, T&G) 3.00
Styrofoam® (2") 0.33

50 pounds per square foot because 12.5 x 4 = 50.

Left column is in pounds per cubic foot (pcf). Right column is in pounds per square foot (psf). To obtain pounds
per inch of thickness per square foot of area, divide numbers in the left column by 12. Example: An inch of

concrete weighs 12.5 pounds per square foot because 150 + 12 = 12.5. And four inches of concrete would weigh

“redundancy” that is considered to be good
engineering.

If an engineer “works to the numbers,” the
building should be safe. But nature can be cruel.
The power pylons in Montreal were designed to
support 1.75 inches of ice. But the ice storm of 1998
put over 4 inches of ice on the steel pylons. The
pylons folded up and most of the power grid

supply into the city failed. Another famous
example of nature defeating engineering is the
collapse of the Hartford Civic Center roof under a
severe ice and snow load in 1978. Fortunately, 5,000
hockey fans had vacated the building just a few
hours before the collapse. Not so fortunately, and
germane to the topic of this book, author and

owner-builder advocate Ken Kern died when an
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earth roof he built collapsed upon him. From
anecdotal evidence from intermediary contacts, it
is my impression that his building was not properly
engineered; it failed under heavy mud conditions.

I mention these things not to scare the reader
— Kern was, perhaps, pushing the envelope in his
design and it is a singular case, to my knowledge
— but rather to impress upon you the importance
of working to the numbers and having the work
checked by a qualified structural engineer. Many
jurisdictions may require an engineer’s stamp on
the plans. If these steps are taken, the earth roof is
no more dangerous than any other kind. In fact,
with regard to tornadoes, forest fires, and — yes —
radiation, they are, in my view, safer.

Calculating load is the easy part, using
Table 1, but a necessary first step.

I will be discuss the design considerations of
timber framing in Chapter 6, but the subject is
more completely covered in my earlier work,
Timber Framing for the Rest of Us, particularly
Chapter 2, “Basic Timber Frame Structure,” and
Appendix B, “Stress Load Calculations for
Beams.” This appendix, repeated in this book as
Appendix C, shows how to “work to the
numbers” for the 40-by-40-foot Log End Cave
plan. However, the formulas and methods are
useful for any timber frame roofing system having

parallel rafters.

SimprLICITY OF DESIGN
The reality of most home designs today, whether

they are architect-designed and contractor-built,

owner-built (and designed), earth-sheltered or
plunked on the surface, is that they are difficult to
envision, engineer, draw and build. All of which
leads to complications, more expense than
necessary, and more time to build the thing. With
the architect-designed home, which is usually
professionally built, this is not a huge problem,
particularly for the architect and the builder, both
of whom benefit financially from a more
complicated (read expensive) home.

But I am going to assume that the reader has
bought this book with a view to saving money,
perhaps even avoiding mortgage altogether. So we
need to talk about simplicity of design, as a great
deal of cost savings can occur at the design stage.

Maintain uniformity of structure, style and line.
Keep the structural design itself as simple as
possible. Lets consider a home with two
intersecting rooflines, as, for example, a regular
gable-ended two-pitched roof intersecting with a
similar roof at right angles to the first. The
intersection creates alternating ridges and valleys,
a tricky detail. 1 hear the refrain: “But, lots of
houses are built this way.” True, but almost always
by professional contractors, used to doing this
sort of thing day in and day out. Fortunately,
earth-roofed homes should have a shallow-
pitched roof anyway, which begs a simple roof
line for valuable structural reasons, a single-
pitched shed roof, for example, or two simple
shallow pitches meeting at a ridge, such as the
basic Log End Cave design featured as a design

model in succeeding chapters.



Round houses fall under the classification of
simple structures. After all, the other building
species on this planet almost always employ a
round design, as do the so-called “primitive”

in Africa and Asia. The

Earthwood round house, for example, is simple

human builders

because of the radial rafter system. There are
sixteen identical roof facets repeating one after the
other until you go around the building, back to
the point of beginning. All of this simplicity
comes from the initial installation of — say — 16
rafters, or other simply divisible number.
However, as simple as the round shape is to
design and build, there is plenty of room to
complicate the design abysmally by the addition
of rectilinear rooms. Trying to marry the radial
rafter system of the round part with parallel
rafters in the rectilinear addition is a nightmare of
design and of building. Round houses are not easy
to add onto for this reason, although we did so
successfully at Earthwood, by extending the
rafters of two of the sixteen roof facets outward. If
such an addition is anticipated (by rafter
extension), no matter what the house shape, it
should be accommodated for at the design stage.
We were fortunate at Earthwood that the
overhanging rafters were high enough that I could
continue outward from the original round
building the extra eight feet for our new sun room
and still maintain sufficient ceiling height in the
new roof. The detailed construction of this
addition, from the design stage through to the

earth roof, makes up the entire fifth and final
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chapter of my companion work, Timber Framing
for the Rest of Uk.

Different room sizes, particularly when heavy
earth roofs are part of the equation, will normally
require different structural designs. However,
engineering and construction can be simplified by
keeping the rafter (ceiling) spans the same as
much as possible. The length of the roof is not so
critical, as rafter spans in earth-roofed building
will normally span the room’s width. So a longer
room simply requires more rafters. Frequency
(spacing) and rafter dimensions can stay the same,
as long as span stays the same. The room could be
a hundred feet long.

Usually, people arrive at complicated
structural designs because they start out with a
floor plan, not a structural plan. They know what
they want in terms of layout, but haven't got the
foggiest idea of how to build it. They take a piece
of paper — some have the presence of mind to
make it a piece of graph paper with quarter-inch
light blue lines intersected in a quarter-inch grid
— and then proceed to draw rooms where they
would like them. If a simple roof framing plan is
not considered at this very early stage, the result is
often a complicated structural plan. 7his is
particularly important given the structural demands
of an earth roof. Therefore ...

Integrate the floor plan with the structural plan.
In fact, 1 start most building projects with a
simple structural plan and try to make the design
elements of my idealized floor plan integrate with

that structural plan. I'm going to show how this
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works a little later on with the two distinct models
used in this book, Log End Cave and Earthwood.

Does this integration necessitate compromises
in the floor plan? Yes, it does. Is it worth it? Yes, it
is, particularly if (1) you want to get the house
built in a reasonable amount of time, and (2) you
want to own it yourself instead of the bank
owning it for you.

Choose an efficient shape. 1 have said that
round is a simple shape to build, and I'll back up
this statement later on by showing how to build it
in a simple way. But round is also an efficient
shape in terms of enclosing the maximum
amount of space with the least amount of
perimeter wall material. An added advantage of
this favorable relationship (most area per unit
perimeter) is that the round house has the least
skin area to translate into heat loss. Earth
sheltering reduces — but does not eliminate — heat
loss, so minimizing skin area is still a good thing,
as it is with any home.

Other shapes can be quite efficient, too,
particularly with a passive solar earth-sheltered
home. The square is actually the most efficient of
the rectilinear designs with regard to enclosing the
most space with the least materials. Richard Guay
(and others) have built the 40-by-40-foot Log
End Cave plan given on pages 27 and 28 for this
reason. However, it is not bad to go longer in the
cast-west dimension than the north-south
dimension, particularly with an earth-sheltered
passive solar design. This elongated rectilinear

design was quite popular in the heyday of earth-

sheltered housing (back in the 1980s) and with
good reason: it facilitated the use of more south-
facing windows for passive solar gain and light.
Decreasing the depth of the house into the earth
meant that natural sunlight — particularly the
low-lying winter sunbeams — would penetrate
deeper into the home. With earth-sheltered or
underground housing, we take every opportunity
to maximize natural light. So, a small house of —
say — 20 feet deep by 40 or 50 feet long might
make sense, or a medium-sized house of 30 feet
deep by 40 to 60 feet long might work for a larger
family. (The word “deep” in this paragraph refers
to the depth of the building back into the hillside
or berm, not the depth below grade.) Our original
Log End Cave was roughly 30 feet deep by 35 feet
long and the winter sun penetrated right to the
back of the house.

Efficient shapes can be combined with a
simple modular design for ease and economy of
construction. I like using 10-foot rafter spans as
the standard in rectilinear construction. The
rooms don't have to be 10 feet square, although
they can be. Any length is possible while still
maintaining the simple structural plan based
upon 10-foot spans. We'll be talking a lot about
span in this book, but a 10-foot span is one that
enables the owner-builder to use reasonably sized
timbers that are moderate in cost and fairly easy
to handle. Greater spans can be used, but, beyond
12 feet, the cost and weight of the timbers become

a very serious consideration.



Keep it small. In and of itself, building a smaller
house does not necessarily equate with building a
simple house. I have seen students bring small but
impossibly complicated designs to consultation
sessions at Earthwood Building School. An
example was a nautilus-shaped home with no two
rafters the same size or length and tremendous
waste of linear or sheet materials, and very difficult
and tme-consuming details. The house would
have been quite nice if completed, but it was going
to be a long, drawn-out, and probably expensive
proposition for an inexperienced owner-builder.
“Small is beautiful,” says E.F. Schumacher. Well,
the design was small and beautiful, but its chances
of completion by any but a very crafty and skilled

builder were next to nil.

TYPES OF EARTH-SHELTERED
DESIGN

1. True Underground

I have only visited one truly underground home
in the United States. In fact, it is the only one I've
even heard of. It was John Barnard’s Ecology
House in Marstons Mills, Massachusetts. It used
to be open to the public, but Mac Wells told me
recently that an above-grade home has built on
top of it, relegating it to the same fate as our
original Log End Cave. Residents accessed the
home by descending a stairway into an open
below-grade courtyard. The various rooms of the
home opened onto this courtyard and were also
interconnected with each other under the earth

roof that covered the entire interior space.
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In the excellent but out-of-print Earth
Sheltered Housing Design, we learn that in the arid
regions of eastern central China, a deep loess soil
provides “ideal conditions for self-supporting
excavations  below grade. Loess is a wind-driven
sandstone, soft enough that it can be carved with
a hand-adze, but strong enough to maintain
structural integrity. The book says that “millions
of these cave dwellings” have been constructed
through to the present day. “In many locations,
farming continues on the surface above the
below-grade houses. Approximately 20 million
people live in cave dwellings in China today.”

In the late Ken Kern’s book, 7he Owner-Built
Earth  Shelter,

underground home hand-carved over a 4o-year

we learn of the wonderful

period into Fresno, California’s hardpan strata by
one Baldasare Forestiere (1879—1946), a Sicilian
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Fig. 1.6:

Heavy timbers
support a 15" to
18" thick earth
roof at Baldtop
Dugout in New
Hampshire,
designed by
Don Metz.
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Fig. 1.7:

Here’s an old
view of John
Barnard’s
Ecology House
on Cape Cod, a
rare American
example of a
truly
underground
home. The
space now
serves as a
basement
beneath a new

surface home.
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immigrant: “Forestiere chiseled from unpromising
land a subterranean environment for himself, fruit
trees, and vines. Using only his hands and a
pickaxe, shovel, and wheelbarrow, he invested
time, perseverance, and hard work to realize his
dream. In the process, he created an intriguing
architectural paradigm for modern times: a
strong, easy to build, low-cost underground
habitat suitable for plants and people. To this
day, his structure remains entirely functional,
environmentally harmonious, and incomparably
beautiful.”

All told, over a ten-acre site, Forestiere created
rooms, tunnels, gardens and underground patios
as 2 home and an orchard. On one citrus tree, he
grafted seven different fruits. The site, operated
by the Forestiere family, is open to the public. Go
to <www.undergroundgardens.com> for more

information and pictures.

2. Bermed

Most homes with their external walls earth-
sheltered are not really “underground.” Most have
an earthen berm placed against the structure. Or,
the building might be set partially below grade,
with the excavated material used to berm the
above-grade portion. In the 1970s, a study made
by the University of Minnesota’s Underground
Space Center found that berming a home can
have 90 to 95 percent of the energy advantage as
placing it totally below grade. The berming
option, in my view, makes for an easier home to
build, and one which is almost certainly lower in
cost than the home build fully below grade.

Also, meeting egress code (see page 24) is
easier with the bermed home, by the use of what
are called penetrational entrances. Figure 1.8 is a
good example of an entranceway penetrating a
berm. Windows can also be penetrational, as per
Figure 1.9 below.

With the bermed style, there is very often a
fair amount of exterior wall above grade, as was
true at both Log End Cave and Earthwood, where
we used cordwood masonry walls above grade. In
northern climates, these above-grade exterior
walls will generally fall on the south or southwest
part of the house to maximize solar gain and

minimize heat loss.

3. Atrium
Quite a few homes built in the halcyon days of
earth-sheltered housing — roughly 1970 to 1985 —
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made use of atriums or courtyards, often towards
the side of the house opposite to an exposed south
elevation. These atriums could be covered with
glass to provide a pleasant indoor/outdoor space,
or they could be left as a Spanish style open
courtyard, as seen in Figure 1.7. Whether they
were glass-covered or open, they let light into
rooms that might otherwise be short of light, and
they could provide a route to a second means of

e€scape to meet COdC.

4. Two Stories?

My guess would be that a majority of earth-
sheltered houses are single story. In fact, in the
Underground Space Center books Earth Sheltered
Housing Design and Earth-Sheltered Homes (both,
sadly, now long out of print) a quick tally of 44
homes reveals that only about a quarter of earth-
shelters are two stories. Log End Cave was one

story and Earthwood has two.

A flat or gently sloped site suggests one story,
where a more steeply sloped site might work well
with two stories, particularly if the slope is facing
the right direction for your energy concerns.
Earthwood was built on a flat excavated gravel pit
set about five feet below original grade. We tried
to tuck the house up close to the edge of the
gravel pit to take advantage of that five feet of
elevation, but we still did a lot of berming,
probably close to 500 tons of material, to build
the berm up to its present 13 feet of height on the
north.

A word of caution here: A steep slope should
not be dug into with impunity. It may be that
ground cover is what is keeping that slope stable.
The type of subsoil is critical, too. Is it sandy,
gravelly, loamy, or clay-like? The “angle of repose”
— the slope at which a pile of material can support
itself — is important. Before excavation — in fact,

before design — youd be well-advised to have the

Fig. 1.8 (left):
Earthtech 5, a
Don Metz
design, features
a good example
of an entrance-
way penetrating

a berm.

Fig. 1.9 (right):
Arthur
Quarmby’s
home in
Yorkshire,
England, has
the master
bedroom
window
penetrating the

earth berm.
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site examined by a qualified soils engineer. He or
she can also help you with important soils and
percolation information with regard to designing
a septic system on the site.

Finally, after you have determined that you
can safely build into a particular hillside, it is still
prudent to design a “curtain drain” or surface
drain to carry runoff away from the home. I'll say
it a lot in this book: Drainage is always the better

part of waterproofing.

EGREss AND FENESTRATION CODE
CONSIDERATIONS
With any and all of the various styles of earth-
sheltered housing described above, it is important
to meet code with regard to egress in case of fire
or other emergency, such as the code enforcement
officer showing up at the front door. In short,
every public room of any dwelling must have two
separate means of escape, including bedrooms.

At first, earth-sheltering might seem to be an
impediment against providing the required egress,
but, with a little thought — and sometimes a little
inconvenience — it is not difficult to meet code.
Penetrational doorways through berms can allow
just as many exits — and as sensibly-placed — as
any above-ground home, even though the
retaining walls required might add somewhat to
the time and cost.

Another provision of the code is worth
knowing about, as it can be used advantageously.
Opening windows can satisfy egress code

requirements under the International Residential

Code (and others) providing that they are
positioned no more than 42 inches (sometimes 44
inches) off the floor and have a clear “escape and
rescue opening” with a “minimum net clearance
opening” of not less than 4.0 square feet
(International Building Code), although the
details of this provision vary from code to code
and year to year. A penetrational window in a
bedroom, for example, might be an alternative to
the more costly and troublesome penetrational
door. The codebooks are very difficult to
interpret, so run your plans by the very code
enforcement officer who is responsible for issuing
your building permit. There are at least four
different codes used in the various states, and
Canadian provinces have different requirements
as well.

Finally, clever floorplan design can be
employed to allow two separate escape paths from
the various “public rooms.” Say youve got a master
bedroom with an attached bath. There could be a
second door out of the bath leading to a different
exterior door than the main bedroom entrance
would normally use.

Fenestration codes (minimal amount of
glazing required) may or may not be as strictly
enforced as egress requirements, but you should
know about them. Codes still vary from state to
state, and they are not the easiest reading in the
world, which is why it is good to have your
plans checked by a professional. Remember
that windows can take a variety of forms:

penetrational through the berm, elevational on



unbermed sides (such as sliding glass doors),
skylights, and windows or glass doors into
atriums.

A litde thought is all that is necessary on
egress and fenestration issues, but the important
thing is to be aware at the design stage, because
you know that your local code official is watching
for it at the approval stage. The code manual
being used in your area will be necessary to

supplement my generalized overview here.

Tae OriciNAL Loc EnD Cave
PLAaN

I show this plan (Figures r.10, 1.11 and 1.12) for
historical interest (about 1984, Log End Cave
became a basement under a new two-story home),
and to show how a floor plan can integrate with a
structural plan. The space described by the structure
can be divided in different ways, according to
individual needs. The “sauna” shown on the plan
was used exactly once as such, and became a

storage room. (We built a free-standing earth-
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Fig. 1.10:

Block, rafter and
timber frame
plan for the
original Log End

Cave.

Fig. 1.11:

South wall
elevation at the
original Log End

Cave.
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bedroom

living room sauna
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office J
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bathroom

Fig. 1.12:
Log End Cave

floor plan.

@ I @
bedroom kitchen *2 larder
(] | &n:
dining room mudroom
-
W| woodstove @ skylight .
012345

woodstoves. We could regulate the temperature in
the peripheral rooms by leaving doors open or
closed.

The 30-by-35-foot shape was an efficient use
of materials to enclose space, with the longer
dimension facing south for solar gain.

The obvious flaw with the original Log End
Cave plans is that it does not meet code with
regard to ingress and egress. But my friend and
cordwood masonry compatriot, Jack Henstridge,
reassures me: “None of us need feel totally useless,
Rob. We can always serve as horrible examples.”

At least it was structurally sound, light and

bright, and comfortable to live in.

THE 40-BY-40' Loc EnD CavE
PrLaAN

Many people also wanted greater spans in the
rooms, so | designed the 40-by-40-foot Log End
Cave plan shown in Figures 1.13, 1.14 and 1.15.
This basic plan, with minor space use changes,
has been built several times around the country,
including Richard and Lisa Guays home (see
Figures 2.2 and 2.3).

Room width spans are almost 10 feet, and the
home has three separate means of escape to
facilitate compliance with egress code. Before
building, always have your floor plans checked for

code-worthiness by your local building inspector.

THE EARTHWOOD PLAN
Birds, bees, beavers and Bantu tribesmen in Africa
all know instinctively, and without benefit of a
course in geometry, that the most efficient use of
materials and labor to enclose a given space is the
circular house. But if you are curious about the
geometry, I can tell you that the walls of a round
house enclose about 27 percent more space than
the most efficient of the rectilinear shapes, which
is the square (a shape hardly anyone builds
anymore, although it used to be popular precisely
because it was efficient), and 42 percent more
efficient than the more commonly selected shape,
a rectangle about twice as long as it is wide.

A two-story house is also more compact than
a single story. Compact, in this case, means
cheaper to build and more energy-efficient.

There’s only one foundation and one roof (the
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expensive surfaces, compared with the
intermediate floor), but the space of the home is
doubled.

Our floor plan is given in Figure 1.16, and the

structural plan in Fig. 1.17. I place them together

here to illustrate how the structural and floor
plans integrate with each other, just as they did
with the Cave plans. How an individual actually
uses space is up to them, but these plans might

plant some seeds of thought.
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Fig. 1.13:

Block, rafter and
timber frame
plan for the

40 x 40' Log
End Cave.
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The Evolution of Design at Earthwood

| wrote these words in 1983 for the long out-of-print Earthwood: Building Low-Cost
Alternative Houses. | still stand by them:

A house design is best allowed to evolve at its own rate. | do not intend to be mystical
when | say that much of this evolutionary process takes place in the subconscious, in
dreams, perhaps, or during those few lucid moments between wakefulness and sleep. And
many problems of design seem to solve themselves, although | expect that what really
happens is that passing time enables the designer to get a new perspective. Flash-in-the-
pan special features which occupied the imagination so intently at their inception are seen
in a more practical light three months down the road. Changes in thinking occur almost
imperceptibly. | cannot even recall when Jaki and | first made the decision that Earthwood
would be our home. Perhaps there was no decision, just a realization. But | do know this:
when we left for Scotland just before Christmas, 1980, for a five-week visit, we knew not
only that the house was for us, but that it would be a two-story round house with two

other nearby round outbuildings.

The Earthwood structural plan calls for a
post-and-beam frame midway between the
central mass and the exterior walls, in order to cut
the rafter and floor joist spans in half. An octagon
would work nicely here, but I suffer from a
lifelong fixation with poking colored plastic balls
around a large green table, and a billiard table will
not fit in the Earthwood plan if I chose an
octagonal post-and-beam frame. But it would fit
if T could eliminate just one of the posts,
effectively truncating the octagon, something I
was able to accomplish with a 14-foot-4-inch-long
full-sized 9-by-12-inch oak girder spanning from,
say, Post 6 to Post 8, thus eliminating Post 7 of the

octagon. Pillar footings for these seven posts are
discussed in Chapter 3: Footings.

My father used to say you had to build two
houses to get one right, one to make all your
mistakes in. Well, my father was cleverer than me.
It has taken us three houses to get one just the way
we like it, and Earthwood is that house.

That doesnt mean we won't build another,

though.

UsinGg “MARGINAL” LAND
As owning my own home is preferable to the
bank owning it for me, I'm constantly looking for

ways to save major chunks of change. Mac Wells
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Fig. 1.16:

The original
floor plan at
Earthwood can
be adjusted to
meet individual
space use
requirements,
but it is
advantageous -
structurally and
economically -
to integrate the
floor plan with

structural plan.
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bedroom || bedroom

UPPER LEVEL

shed

inspired me to look for “marginal land,” which
might be clear-cut woods, an old rubbish tip, a
fire-killed forest, a gravel pit or simply land which
is low in cost because of poor access or distance
from commercial electric.

Any house that we can design and build is, to
some degree, an imposition on nature. The earth-
sheltered house has the potential for the least
negative impact, because we can return the house
site’s footprint on the planet back to its original
earth-covered state. But why chew up nature and
try to restore it, when we can use land, which has
already been chewed up, and then restore it to a
better condition than whence we found it? This is

what we did at Earthwood. Almost two acres of

woodland had been taken down five feet for the
removal of gravel back in the 1950s and 60s.

When we bought the property, not a thing
was growing on this gravel pit, not even weeds.
There were four surrounding acres of good woods
around the pit, however. Still, this great gaping
crater in the middle of the woods made the
property “dirt cheap.” Now, 23 years after
building Earthwood, visitors are surprised to hear
that the house site was once a moonscape. We
have reclaimed nearly two acres of the planet’s
dead surface and returned it to living oxygenating
food-producing greenscape. It’s a good feeling to
do some small part in reversing the sorry trend of
development in this country.

Sometimes loggers “clear cut” a woodlot. The
more considerate ones leave a little for
regeneration. The logging greatly reduces the
value of the property, and it is amazing how fast
the trees come back. With a little care, you can
create a wonderful forest. Usually, seedlings and
healthy small trees are already there to give the
process a jumpstart.

Mac built his first underground office building
in a dump in Cherry Hill, New Jersey, the ultimate

land reclamation project. You get the idea.

DESIGN AROUND BARGAINS

The previous section describes great savings that
can come from the use of reclaimed land. A
similar kind of economic advantage can come
from designing around recycled or other bargain

materials. These materials might be literally at
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Fig. 1.17:
The Earthwood structural plan.
1. Stone heat sink or masonry stove, 4'
diameter upstairs, 5' diameter downstairs
2. 16" cordwood masonry wall above grade,
16" block wall below grade
3. Post locations, seven in number
4. Girders, eight-by-eight best Douglas fir or

equal

5. Ten-by-twelve clear oak girder or equal

your feet. Our “worthless” gravel pit supplied us
with all the sand we needed for Earthwood,
enough good building stone to build our 23-ton
masonry stove, and plenty of material to berm
up the northern hemisphere of the home. My
son, Rohan, recently bought a couple of acres
in southwestern Colorado. The crushed shale
soil, it turns out, makes an excellent cob
material for building external walls. Trees,
obviously, can yield posts and beams, even

lumber. And trees unsuitable for making into

6. Primary rafters (five-by-ten best white pine
or equal) or floor joists (four-by-eight)

7. Secondary rafters, as per 6 above.

8. Two-by-six tongue-in-groove planking

9. Two-by-six plates, typical

S = Special larger rafters for greater spans,
six-by-ten best white pine or equal. Floor
joists at these locations can be made of

four-by-eight material.

lumber might be perfectly good for cordwood
masonry construction.

And that’s just indigenous materials.

Many cities have Habitat for Humanity stores,
which sell a tremendous variety of perfectly good
recycled building materials. Jaki and I looked at
one in Durango with Rohan and were amazed at
the bargains on excellent windows, doors,
cabinets, even plumbing and electric fixtures.

Don't keep it a secret that you are need of

building materials and they will almost
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miraculously come your way. The author James
Redfield (7he Celestine Prophecy) speaks in terms
of “cultivating coincidences.” It works. Listen:

Just a couple of months ago, I was trying to
explain the science of coincidence creation to a
young couple who were thinking of building a
home. We were walking along the dirt road where
we live with another young couple, mutual
friends, who had just built a home. I said, “Look,
I’ll demonstrate how this works. Jaki and I need a
shower cabinet for the guesthouse we're working
on at Earthwood. A decent shower cabinet can
cost two or three hundred bucks. Last month, I
mentioned this to friends in Quebec and it turned
out that they have an extra one theyre not using,
and I can have it just for the hauling. Trouble is,
its up in Quebec. But I am mentioning my need
to you folks, as well, because you might know of
one closer by.”

[ was trying to make a point, but it got better,
real fast. It turned out that both couples that I was
walking with knew of shower cabinets that I
could get nearby! “There,” I said, matter-of-factly,
“now I've got a choice of three shower cabinets.”
Everyone laughed and shook their heads like I
had just done something magical and mystical.
But I hadn’t. I'd simply set the laws of probability
into motion, in my favor.

I'll trouble the reader with just one more small
example, as it may save you 100 times the cost of
this book. Every decent-sized population center
has a manufacturer of thermalpane glass

windows. Some cities have several such firms.

Invariably, these companies have a “back room,”
sometimes known as the “pig pen,” where they
store perfectly good thermalpane units which, for
one reason or another, were never picked up by
the customer. There may have been a bankruptcy;
maybe the units were made the wrong size,
whatever. The nature of glass is that it is cheaper
for the manufacturer to make a new unit from
large sheets of virgin glass than it is to take these
miscut or uncollected units apart, clean the
sealant off the edges, and make a smaller unit
from them. It is also very troublesome. They're
simply not set up to do that. You come along and
buy the units — perfectly good, no flaws — for ten to
twenty cents on the dollar. Before we designed
Earthwood, we bought twenty clear one-inch
thick fixed thermalpane units, a quarter-inch
plate glass each side, with a half-inch space of
sealed inert gas between. They were all 15% inches
by 42% inches in size, each a half-inch too big to
fit in the rough openings of a new bank in town.
We bought the lot for $75. Well, they were perfect
for the round Earthwood house.

You design around bargains like that.

PLANS AND MODELS

You've got your land. You know where to get good
bargains on building materials. You've figured out
a structural plan that is simple to build and
accommodates your desired use of space, and
some of the key materials you've scored. Now you
can draw a detailed plan, at quarter-inch or half-

inch to the foot. Large sheets of graph paper can



be useful for maintaining scale. Use a pencil that
has, on its other end, the most valuable tool you
own: an eraser. | like to figure out the structure
first (with the rough floor plan always in the back
of my mind) and then tweak it to make the floor
plan fit in a tidy manner. You will want a plan
showing the location and thickness of the external
walls (block, poured, stone, cordwood, whatever),
the post and girt locations, floor joists, and roof
rafters. You can make copies of this and work in
the floor plan, adjusting bot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>