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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 — witry, entertaining, and informative. This latest
volume provides crucial and hard-to-find details abour 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 Howses 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 carth sheltered home movement. Earth-Sheltered Houses is based
on years of practical experience building and living in earth sheltered homes. The diagrams, photos,

) 1

and charts make it a must have resource for anyone tnnsidcn'n.g k g with this

And berter 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 sceking — on home design, construction,
or financing — Rob Roy is not your man. But if you are receprive 1o 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
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arth-shelered — or “underground” — housing
Ei\ one of humankind's earliest shelter options,
in the form of natural caves. Sometimes there was
competition from other species secking shelter:
mountain lions or bears, for example. As recently
as 1987, my friend, earth-sheltered advocare 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
builr and made famous in his classic The $50 and
Up Underground House Book. Happily, the dispute
was amicably resolved.

Mike's ultra low-cost approach to earth-
shelteted housing esmblishes one parameter in the
field roday. His “PSP" (post, shoring, polythene)
method runs the gamut from survival shelver dug
our of the ground with “idior sticks” (pick and
shovel) right through some auractive bright
comformble earth shelters making use of
inexpensive, often recycled marerials. 1 still sell his
book through Earthwood Building School and his
building phikosophy coninues o inspie many
people secking a back-to-nature lifestyle wday.

INTRODUCTION

At the opposite parameter of the earth-
sheltering literary field is another highly respected
friend. the legendary Malcolm (Mac) Wells
Nearly 80 as | write, Mac is no longer active asan
architect, but still sells his books our of his
Underground Art  Gallery in  Brewsten
Massachuserts. And he remains a wonderful
carroonist. Mac’s approach, like Mike’s, is highly
philosophical, but his construction rechniques are
from the direction of what | think of as 2 high-
end, powerfully structured and carcfully detailed
cone apped approach. Professional earth-
shelrering contractors like Marty Davis at Davis
Caves in Arding Tllinois employ strucraral
techniques much more closely related 1o Macs
methods than Mike's, or my own.

My approach 1o cardh-shelrered construction
is ar the almost “extreme cenver” of the field. |
ml‘wnndenn&cbeindnh#rﬂl’?
accenting low to moderate cost methods thar can
be readily learned and practiced by the owner-
builder. 1 do not intend to depare from that niche
in this book. but | will review, revisc. and expand




Ouir two best-known homes are used as the
wﬁx#mmcrjon techniques described
in this book.

Log End Cave, our first serious foray into
*ermatecture,” could fairly be called an under-
ground home. A couple of years after we sold the
wwm the new owner removed the
earth, flattened the ceiling/roof, and built a two-
story house on top of the structure. So the
underground home, sadly, does not exist in irs

Earthwood is a round two-story home with a
full earth roof, and with about 40 percent of its
eylindrical walls earth-bermed. | call the home an
‘carth shelter, not an underground house. The
earth mof and extensive berm, most of it on the
northemn hemisphere, give the home exceprional
energy-cificiency and thermal characteristics. In
fact, Eamthwood has abour 158 percent more
usable space than the original Log End Cave
(2,400 square feet versus 930 square fecr) but uses
only 11 percent more fuel (3.33 cords of hardwood
i 3 cords). Why this should be so is discussed
in the sidebar. And Log End Cave was by no
means inefficient. I, to0, stayed comfortable on
relatively litle fucl,

mhﬂﬂdmg techniques described herein are
mot limited o the homes used as construction
: m Other shapes and degrees of earth
d ﬁhmgm be accommodated using these
- methods. People who wan to build their own

or the

INTRODUCTION

discussed in greater detail elsewhere in the book.

Five Reasons for Energy Efficiency at Earthwood

. Earth sheftering 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. ele

. Cordwood masonry. Above grade walls are composed of 16-inch-thick cordwood

masonry, a building medium that combines excellent insulation and thermal mass in 2
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 masenry 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 bumns 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 advan

house usually want to design it themselves as well,
and thar is as it should be. My only suggestion 1o
you — for the moment, at any rate — is to keep the
structure simple. Simplicity is whar 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, wo. A small home
can be unbearably complicated and a large house
can be elegandy simple. What | mean by
simplicity of structure will be discussed in the
very first chaprer, Design.
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EARTH-SHELTERED DESIGN PRINCIPLES

ny discussion of design must begin with an
explanation of how carth sheltering and
carth roofs can be made to work to our advantage.
There is a popular misconception thar carth

is a grear insulator, and thar 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 acration. Ar depth, where the earth is
densely packed, earth is very poor as insularion.

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. [ like to think of
earth as a capacitor for hear storage. | also like to
think of storing “coolth,” a word that my word
processor tells me does nor exist. Coolth is whar
I call hear at a low temperature. Unuil you ger 10
absolure 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

The misunderstanding of earth as i
leads to the danger of an equally er view

ditn for storing coolth in the summer. [ can

of how earth sheltering really works to provide
thermal comfort in a home. If a designer-builder
proceeds with an carth-sheltered project from a
false unde ding of carth’s th | character-
istics, the building may not perform well (at best)
and could be damp and cold, like so many
basements.

still remember back in the 19508 when the iceman
delivered blocks of ice around Weebster, Mass-
husetts 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 subjecr to porential
disadvantage?
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heated 90°F
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heated 30°F

earth temperature 40°F

degrees north latitude. (Pacific coast remperatures
#thﬁnk higher, Rocky Mountain temps a
lircle lower.) Our Earthwood home is in northern
New York, at 45 degrees north.

The air temperarures range in the example’s
climate ypically varies from abour 95 degrees o
20 degrees Fahrenheit, abour a 115-degree range.
(It can ger warmer or colder than these
parameters, but rarely:.) Note thar the temperature
range below grade is only abour 20 degrees, from
abour 40 degrees ar the beginning of March o
i‘” 60 degrees towards the end of August.
T-m change very slowly below grade,
) M"i degree per day on average. Where
”;‘hl»lbap-dagm temperature shift from
h‘”ﬂ. lor day 10 day) is not uncommon,
“*'mw a change of 7o degrees

_G*Ntnltq)ond 1o climatological
mm—mmﬁmar&:ﬂa‘i
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to as thermal lag — explains why the coldest earth
temperature (in the depth range where we
typically place carth-sheltered homes) lags abour
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 remperatures owards the
end of summer, the end of August. Ir takes all
summer to bring the water temperature up to us
highest reading. We can ke advantage of this
thermal lag, both for summertime cooling and
wintertime hearing.

I think of earth-sheltering a home as the same
as building ir ina steadier, more favorable climate.
Think of how easy it would be 1o heat and cool a
home in a climate that has a mnge of remperature
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
temperarure in summer yields a similar kind of
energy advantage with regard to summertime
cooling. In our wintertime siruation, the interior
of 2 home on the surface needs 1o be about 90
degrees warmer than the outside temperature.
However, an earth-shelrered home needs w be
only 30 degrees warmer than the 4o-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 ro
achieve comfort level, usually by some energy-
ive air conditioning system. The earth-

L

sheltered home does not require cooling. Nor will
it be fo0 cool. The earth outside the walls may be
at 60 degrees, bur residual hear — cooking.

light, body temg refrigerators, and so
forth — will keep the temp up w0 comf
level.

Notice that in the commentary above, it is the
earth’s mass that provides this favorable starting
point from which we can begin 1o heat or cool.
We have not begun to bring insulation into the
equation. Bur we must, or we can make a big
mistake.

Tue ImporTANCE OF INsuLaTION

We have spoken of the earth as a thermal mass. Ie
is, in fact, 2 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 Pacive Ammual Hear Storage, listed in
the Bibliography. An insulation “umbrella
extends some distance from the home and encloses
the carth near the home. In my view, it is easier
and meore practical to use the fabric of the building
itself as a second and separate thermal mass, one
the proper placement of insulation. While the
home's thermal mass is finy compared to the
earths, it is still considerable and typically several
times grearer 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 insulagion barrier. It takes 2 long time 10




warm interior

no condensation

V)

3 In order to control the mass fibric of rhe
‘* home itself, we must place the insulation berween
the home's mass and the earth. o northern
*ﬂ.wmmmplﬂ:l} wrap the below-grade
portion of the home (concrete, concrete block,
stone, et} with 4 layer of substantial insularion.
mw we use wharever our internal heat
source might be (wood, solar, fossil fiscls)
W“P the mass fabric of the building imself
0 comfore level. This insulation must be
4 m and without gaps which would create
w bridges in the mass. 1 like Mac Wells

J’WMI’& istake of not insulating
5%::[93 End Cave, creating a
. nosebleed. The left side of Figure
* the situation ar Log End Cave. Fearing
would be crushed under the great
ings, the 12-inch concrete block

walls, and the heavy earth roof they support, |
deliberately left our the insulation around the
footings. The arrows simply indicate the transfer
of heat. Or you can think of it as the transference
of coolth; irs all hear ar differens temperanires
and, following the law of entropy, doing its best
to be the same temperature.

Withour insulation, conduction through the
dense and massive concrere footings causes the
inner wall and foor surface near the footings o
be about the same temperature as the earth ar this
depth, say seven or cight feer. Each spring at Log
End Cave, particularly in May, June, and early
July. when the earths own mass remperature was
still low, any warm moist air created in the home
would condense on the cold surface remperature
at the base of the external walls, causing
condensartion, also known as sweating. This is the
same cffect 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 ger up above dew point.
and the sweating would stop. 1 should have paid
better artention 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 excruded
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 south and south parts

EARTH-SHELTERED Desian Pa LES 9

northern part of the carth-sheltered portion of the
home. We will discuss the cormecr insulation w
use in Chaprer 3.

Any direct conduction, particulaly with dense
materials such as concrete, metal and stone. can
be a serious energy nosebleed. The heat loss fant
even the worst part; the unwanted condensation
is the real problem. Always detail some form of
thermal break berween the house's mass and the
carth, or. for that matter, the outside air. We take
for granted the imporance 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 3¢ the
various parts of the building’s fabric? I think that
what we did at Earthwood is a very good parrem
for northern climates of 7,000 t0 10,000 degree-
days. We placed 3 inches of R-s extruded
polystyrene — R-15 total — down o “maximum
frost depth” (considered o be abour 4 feet in
northern New York), and 2 inches (R-10) down 1o
the footings. We went with an inch (R-5) around
the footings and under the floor. It should be
noted thar installers of in-shab radiant hear
flooring specify 2 inches of extruded polystyrene —
R-to in all - under the Hoor.

The situation is a lircle different in the South,
as will be scen below.

This rather lengthy discussion of mass.

lation, and the correct placement of insulatioh

of the cylinder to 13 feet ar the base of the

is one of the key prs of carth sheltering.




4 Wmﬂ IN THE SOUTH
3 **w further south, insulation strategy

M&M for two reasons. Firstly, ar the
%h”maﬂhshdtﬂtd homes, earth
pures in the South will be warmer in both
w and winter. With the higher earth
dew poin in the form of swearing is
hﬂdy.smd- the further south we go, the
more impormant cooling the home becomes in
terms of both comfort and energy cost. By
lowering the amount of insulation, the moderating
elfect of the earth’s temperature performs more
effectively as 2 means of natural cooling.

1 am from the north and have no personal
expenience with earth sheltering in the South, but
based upon the experiences of people I've spoken

. with, case sudies, and other rescarch, | would
suggest an adjustment to insulation placement as

ﬁ&iﬁwmgm paragraphs. I do not think
as the definitive authoriry on the subject

Q"‘Y means, but am confident that the
M‘“ below will be an improvement
w'h M recommendations given for

EARTH-SHELTERED DESIGN P

ANNUAL HEATING DEGREE DAYS
BASED ON NORMAL PERIOD 18611990

Mational Climatk: Data Center, U4, Bepartment of Commence

congrete floon, get advice from a local mdiant heat
installer, who might suggest an inch of insulation
under the entire floor, or even rwo.

In arcas of less than 4,000 degree days,
insulare with an inch of exrruded polystyrene
down to the footings, and leave it our around the
footings and floor.

Finally, in states bordering the Gulf of
Mexico, armospheric humidity levels can be
exeremely high, approaching 100 percent a good
part of the time. In areas like this, ic is almest
certain that some form of dehumidification
system: will be i in the carth-sheltered

L,

save a lor 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 hurr to go with 2
inches (R-10]) around the footing and under the
floor, if the building budger allows. Ifll pay for
itself ina few years.

Tue Earta Roor Facror

It is not absolurely necessary 1o pur an earth roof
or lighrweight living roof on an carth-sheltered
house, but not to do so, it seems 1o me, i 4 great
lost.

home. The good news is that carth-shelrering will

¥ ¥
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notice thar our hame is even cozier and
requires less fuel w hear with a cap of
wo feet of snow overhead.

3. Drainage. With non-earth roof systems,
you need some sort of drainage system to
remove 4 lot of warter quickly from the
roof during a downpour: gurers,
downspouts, storm drains, etc. The earth
roof drainage — particularly where the
roof drains at 2 single pitch directy onto
berms, such as the Log End Cave design
—isslow and natural. Even a freestanding
earth o, like the one ar Earthiwood,
must fully saturate before runoff must be
amended ro.

3 detherics. The earth roof is hands-down
the most beauriful roof you can put
overhead, patticularly one of natural
wildflowers.

4+ CoolingThe sun beating down on most
roofing causes high surface remper-
'mhﬂuﬁmu_vﬁ-yan egg on
some of them. The living roof, however,
m nice and cool because of the
shading cffecy of plants, the mass of the
<arth, and the evaporarive cooling effect
‘ stored. minwater. Srick your finger
/i1t0 the living roof and you can feel the

5 Longeviy. Bl propery, 25 described in
(Sheptery 7 and 3, the roof will require
- Yooy litde maintenance, We don't even

MOW ours anymare, All ocher roofs are

subject to dererioration from the
ultravioler (UV) rays of the sun, from
wind and water erosion, and from
something called freeze-thaw cydling, In
our climate near Montreal, most roofs
are subjected o berween 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 o the roofing surface, so,
protected by the earth from these adverse
conditions, the waterproofing membrane
is virtually non-biodegrad-able. I 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 supporr all sorrs of plants
and microbial life. Instead of killing off —
say — 1,500 square feer of the planers
surface to yer more hot, lifeless black
tarscape, we can return the home's
footprint 1o cool green oxygenating
living production. Well discuss
vegetation options in detail in Chapter 8.

7. Protection. Just a few inches of carth

afford all sorts of protections not found
with other roofing surfaces: fire,
radiarion, and sound, just to name three.
In combination with 2 Log End Cave-
type berm, the carth roof can also
contribure to tornado, hurricane, and

earthquake protection, as well.

The seven advantages o an earth mof all A5 15
Wiltfigwery in
Doubling the thickness, from —say — 6 inches 1o bloom atap the
12 inches does not double the walue of the Eorthwond

ocrur with just 2 few inches of earth on the mof.

i3

advantage. With fire and sound protection; for  office

example, extra earth beyond six inches adds finde
advantage: you've still gor windows. doors and
some portion of sbove grade walls influencing
these consid But doubling the earth does
double the potential saturated load of the carth
component of the roof. And this extra load greatly
increases the structural cost of the home. T accent
timber framing (also called “plank and beam”
roofing) as the most suimble roof srucural
system for the inexperienced owncr-builder.
Other options, such as pre-suessed concrete
planks (which arc very expensive and must bo
installed with a crane), or pourcd-in-place
reinforced concrete roofing (which should be
professionally insmlled), not only add greatly 1o
the serucrural cost, bur also doa’t look ncardy so
nice overhead 5 a ceiling




At Log End Cave and at Earthwood, we had
good success with maintining a green cover
(mowed grass at the Cave, wild ar Earthwood)
with an earth roof with a final compacted depth
of about six inches of soil. A couple of times ar
Earthwood, during its so-far 23-year life, the roof
mﬁaﬁdlmng d.mu;dn. We never watered
; ﬁ_hdﬂp after some compensaring rain, the
‘roof would come back and Aourish once again.
Back in the 19705, several builders were
. placing from 18 inches to 3 feet of carth on the
ok, and, yes, they engincered the structure
‘properly to support thar kind of load. But these
y ﬁlﬂmw expensive, with a good part of
* expense caught up in the roof support system.
Why they did it remains a litde unclear to me.
After you's gotan honest 6 inches of carth on the
ok, the seven advantages listed abave are
'Mw insulation is desired, carth is
- 2 poor choice, An extra inch of extruded
ene, which weighs practically nothing,
a5 much additional R-value as an extra
h. And neither do the other advantages
#5€ propartionally to the use of greater

AUCH Dogs 11 Weicn?
Wathymyonapopnhl
ic Radio program. Essentially. there
loads thar need to be added
at the grand humungous toral
must be engineered: the
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dead load and the live load. The dead load is
sometimes called the strucrural load, and refers o
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 ro
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
waterpmofing membrane, and four inches of
Dow Blueboard™ insulation (an extruded
polystyrene). Everything above the Styrofoam®
we'll pur under the classification of live load, as i
weight is subject o 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 (alse on p. 16), because all of these
components vary with conditions.

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

Now, & couple of paints must be made here.
The first is thar in life’s reality, just when you
think thar things can't ger any worse, they do. |
have been told by a reliable source thar the ski
resort of Whisder, British Columbia, must
engineer roofs for a snow and ice load of 350
pounds per square foor. They get several feer of
snow, then rain and a freeze, then more snow,
then more rain and frecze, and several feet of very
dense snow and ice can accumulate on the roof.
And these are not even earth roofs. So
Platishurgh’s 70 pound snow load, while rare,
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 3 mobile
home. Note also that with the 6-inch-thick earth
roof ar Earthwood, almost half of the toml
maximum structural load is the snow load, so find
our what this load is for your arca, and keep in
mind the earth roof holds snow better than any
other kind. This is a positive characrenistic
terms of insulatton b‘.ll:l‘ bl E ive with
regard to load.

The second point is that when engincers do
their stress load calculations carefully and
uni 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 nor overbuile. This is the kind of




bout 8.4 pounds per linear foor. Although
of Ioad calculation, to figure an average
o a5 24 inches 0. If rafters were 12 inches
 foot of roofs and the rafters themselves
. ‘However, at 24 inches o.c. cach rafter
foot would be exactly half, or 4.2 psf.
4.2 psf
planking, which weighs six pounds
hed some planks, and divided by the

e 8 3.0 psf
brane: (I weighed a square foor of it on a

0.4 psf
. 0.7 psf
8.3 psf
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WEIGHTS IN POUNDS PER CUBIC FOOT (pcf)

Table 1
Weights/Loads of Some Common Materials

WeIGHTS 18 POUNDS PER SQUARE FOOT (psf)

Clay, wet 114.0
Concrete 150.0
Crushed stone (#2) 110
Earth, sarurated 108.0
Granite 165.0
Pine, yellow (dry) 459
Oak, red (dry) 44.0
Qak, live (dry) §9.0
Sand, wer 120.0
Sand, wet and packed 130.0
Sawdust 17.0
Water 62.4

Bituthene® 038
Enkadrain® 0.24
Plywood, (347) 140
Rafters (4 % 8 pine, 12" 0.c.) 460
Rafters {5 % 10 pine, 12" 0.c.) 840
Rafrers (5 X 10 pine, 24" o.c) 420
Spruce planking (2 x 6, T&G) 3.00
Styrofoam® (2%) .33

50 pounds per square foot becouse 12.5%x4=50.

Left colurnn is in pounds per cubic foot (pcf). Right column is in pounds per square foot (psf). To obtmin powunds
per inch of thickness per square foot of area, divide numbers in the left calumn by 12. Example: An inch of
concrete weighs 12.5 pounds per square foot becouse 150 + 12= 12.5. And four inches of concrete would weigh

“redundancy” that is considered 1o be good
enginecring.

If an engincer “works to the numbers,” the
Miding;honldhes:&.ﬂmmmmkmd
w._”ind:nnfice.&ndwiumnfma
pylons folded up and most of the power grid

supply into the cry failed. Another famous
eample of nature defeating enginesring is the
collapse of the Hartford Civic Center roof under a
severe ice and snow load in 1978, Formumarely: 5,000
hockey fans had vacated the building just 2 few
hours before the collapse; Not % fortunately, and
germane to the topic of this book. author and

L




owner-built {and designed). carth-sheltered or
ﬂmicdwdmmlﬁ“- is that they are difficult 1o
m_ engineer, draw and build. All of which
leads to complications, more expense than
necessary, and more time to build the thing. With
ﬂcm-dﬁlgﬂ'-'d home, which is usually
Fdimnon:]ly built, this is not a huge problem,
particularly for the architect and the builder, both
of whom benefic financially from a more
complicated (read expensive) home.
But | am going to assume thar the reader has
bought this book with a view o saving money,
perhaps even avoiding mortgage altogether. So we
~ need to ralk abour simplicity of design, as a great
deal of cost savings can occur at the design stage.
ng Maintain sniformity of seructure. style and line.
- Keep the strucrural design irself as simple as
- possible. Lets consider a home with two
intessecting rooflines, as, for example, a regular
gable-ended rwo-pitched roof intersecting with 2
 similar roof ar right angles o the fist. The
intersection creates alternating ridges and valleys,
a wricky detail. 1 hear the refrain: “Bu, lots of
houses are buil this way.” True, bur almost always
’HM contractors, used to doing this
sort of thing day in and day our. Fortunaely
€arth-mofed homes should have a shallow-
. Pitched roof anyway, which begs a simple r00f
hhmmd reasons, a single
. : shed roof, for example, or two simple
'mf:mmdnguaﬁdgc. such as the
l':"m&\t design fearured as a design
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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”
human builders in Africa and Asia. The
Earthwood round house, for example, is simple
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 inital 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 ro
complicate the design abysmally by the addition
of rectilinear rooms. Trying 1o marry the radial
rafter system of the round part with parallel
rafters in the rectilinear addition is a nighrmare of
design and of building, Round houses are not easy
to add onto for this reason, although we did so
successfully ar Earthwood, by extending the
rafters of two of the sixteen roof facets outward. If
such an addition is anticipated (by rafter
extension), no marter whar the house shape. i
should be accommodated for at the design stage.
We were fortunate at Earthwood that the
overhanging rafters were high cnough that [ 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
carth toof, makes up the entire fifth and final

chapter of my companion work, Timber Fruming
for the Rest of Us. _

Different room sizes, particularly when heavy
carth roofs are part of the equarion, will normally

quire diffy structural designs. However,
engincering 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 carth-roofed building
will normally span the room's width. S 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 -3t complicated
structural designs because they smrt our with a
floor plan, not a structural plan. They know what
they want in terms.of layout, but haven't gor the
foggiest idea of how o 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 intersccted in a quarter-inch grid
~ and then proceed o draw rooms where they
would like them. If a simple roof framing plan is
not considered at this very carly stage. the resultis
often a complicated strucrural plan. Thér &
paricularty imporsansgive se srucurel demands
of an earth roof. Thercfore ...

In fac, | start most building projecss with a
simple structural plan and try  make the design
clements of my idealized floor plan integrate with
dmm#hﬂﬂhh'“—

o




Jeeeed housing (back in the 19805) and with
pﬁm it facilitared the use of more soyrh-
ficing windows for passive solar gain and lighe.
Decressing the depth of the house into the earth
nﬁﬂ that natural sunlight — particularly the
: o winter sunbeams — would penetrage
decper into the home. With earth-sheltered or
underground housing, we take every opportunity

T wmm light. So, & small house of -

say — 20 fect deep by 40 or 50 feer long might
make sense, or a medium-sized house of 30 feer

et ‘whpméofutlongmi@rwurk for a larger

family. {The word “decp” in this paragraph refers

of 1o the depth of the building back into the hillside

advantage of o berm, not the depth below grade.) Our original

unit  Log End Cave was roughly 30 feet deep by 35 feet

long and the winter sun penctrated right to the

‘Eanth  back of the house.

Efficient shapes can be combined with a
simple modular design for ease and economy of
construction. | like using 10-foor rafter spans as

ent, w0, the standard in rectilinear construction. The

tooms don't have 1o be 10 feet square, although
they can be. Any length is possible while still
maintining the simple structural plan based
upon 10-foor spans. We'll be wlking a lot about
Fhﬂhh&. but a 10-foot span is one that
mﬂ: b ilder to use reas '-Iys'rztd

X ﬂﬂhm moderate in cost and Ffairly easy

‘%Mw can be used, bur, beyond
mﬁwuﬁ weight of the timbers become

Keep it small. In and of itself, building a smaller
house does not necessarily equate with building a
simple house. 1 have scen students bring small bur
impossibly complicated designs 10 consuleation
sessions at Earthwood Building School. An
eample was a nautilus-shaped home with no two
rafters the same size or length and tremendous
waste of linear or sheet materials, and very difficule
and time-consuming degils. The house would
have been quite nice if complered, bur it was going
to be a long, drawn-out, and probably expensive
propesition for an inexperienced owner-builder.
“Small is beautiful,” says EE Schumacher. Well,
the design was small and beauriful, bur 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 facy, it is the only one I've
even heard of. It was John Bamard's Ecology
House in Marstons Mills, Massachusetis. Ie used
to be open to the public, but Mac Wells rold me
recently thar an above-grade home has buile on
top of it relegating it to the same fate as our
original Log End Cave. Residents accessed the
home by descending a smirway into an open
below-grade courtyard. The various moms of the
home opened onto this courtyard and were alsa
interconnected with cach other under the eamh
roof that covered the entire interior space.

In the excellent bur 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 selfsupporting
excavations” below grade. Loess is & wind-driven
sandstorie, soft enough that it can be carved with
a hand-adze, bur strong gh w maingi

structural integrity. The book says thar “millions
of these cave dwellings” have been constructed
through to the present day. “In many locations,
fa.rmin.gn:ontinmnndwwﬁtzahuut&
below-grade houses. Approximately 20 million
pmplcliwinmdwtuinymﬂ:imuﬂayf
In the lare Ken Kern's book. T Ouwoer-Sult
Earth Sheleer, we learn of the wondecful
underground home hand-carved over 3 yo-year
period into Fresno, Californias hasdpan serata by
one Baldasare Forestiere (1879-1946). 2 Sicilian




hunqm'niﬁ;
for himself, fruit
his hands and 2
e invested

2. Bermed
Most homes with their external walls earth-
sheltered are not really “underground.” Most have
an earthen berm p!xm.l against the structure, Og,
the building might be set partially below grade,
with the excavated material used to berm the
Mgmd: portion. In the 19708, a study made
by the University of Minnesow’s Underground
Space Center found that berming a home an
have 90 to 95 percent of the energy advantage as
placing it wully below grade
option, in my view, makes for an casier home w0
build, and one which is almost certainly lower in
cost than the home build fully below grade

Also, meeting egress code (sce page 24) B

The berming

easier with the bermed home, by the use of what
are called penetrational entrances. Figure 1.8 53

to realine bis  good example of an entranceway penetrating 2
o ineriguing  berm. Windows can also be penetrational, as pef

Figure 1.9 below.
Wlth the Irn'ncd style, there is very often 2

. w true at both Log End Cave and i.m!:\mud where
w’ we ised cordwood masonry walls above grade. In
. northern climates, these above-grade exteniof
created  wealls will generally fall on the south or southwest
IO pare of the house 10 maximize solar gain 304
trecbe  minimize heat loss.

3. Atrium
‘Quite & few homes buile in the halcyon dass o

- canth-shelered housing — roughly 1970 © 1985 =

maide wse of atriums or courtyards, often towards
the side of the house opposite to an exposed south
elevarion. These atriums could be covered with
glass to provide a pleasant indoot/ourdoor 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 ro a second means of

escape to meet code.

4. Two Stories?

My guess would be thar a majority of earth-
sheltered houses are single story. In fact, in' the
Underground Space Center bools Earth Shelrered
Housing Design and FEarth-Sheltered Hames (both,
sadly, now long out of print) a quick rally of 44
homes reveals thar only about a quartes of earth-
chelters are two stories. Log End Cave was one
story and Earthwood has two.

A flat or gently sloped site suggests one story,
where 2 mare 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 flar excavated gravel pic
ser about five feet below original grade. We tried
1o tuck the house up close o the edge of the
gravel pit to ke advantage of that five feet of
elevation, but we stll did a lot of berming,
probably close to 500 tons of material, to build
the berm up to its present 13 fect of height on the
I'Il'lrlh.

A word of caution here: A stecp slope should
not be dug into with impuniry. Ir may be thae
ground cover is what is kecping thar slope stable.
The type of subsoil is erirical. toa. Is i sandy,
gravelly, loamy. or clay-like? The “angle of repase™
~ the dupc at which a pile of material can support

Fig. 1.8 (left)-
Earthtech 5, a
Don Metz
dusign, featune
a good example
of an entronce-
way peretrating
0 berm.

Fig. 1.9 (right):
Arthur
Quarmby’s
home in
Yorkihire,

iself - is imp t. Before jon — in fact,
before design — youd be well-advised o have the




w (and others) providing that they e

-

_ no more than 42 inches (sometimes 44
W off the floor and have a clear “escape and
mm with 2 “minimum ner clearance
; ¢ of nor less than 4.0 square feer
,wﬁond Building Code), although the
details of this provision vary from code tw code
and year 1 year. A pencrrational window in a
bedroom, for example, might be an alternative to
the more costly and moublesome penetrational
door. The codebooks are very difficult 1o
interpret, 50 run your plans by the very code
enforcement officer who is responsible for issuing
your building permir. There are ar least four
different codes used in the various srares, 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 you've got a master
bedroom with an arcached bath. There could be a
@nddmr out of the bath leading to a different
exterior door than the main bedroom entrance
would normally use,

Fenestration codes (minimal amount of
M Wmﬂ’d) may or may nor be as strictly
enforced a5 £gress requirements, but you should
M‘hﬂ‘ them, Codes sill vary from state to

and they are not the easiest reading in the
warld, which is why it is good to have your
"dﬂdml by a professional, Remember

can take a variety of forms:

through the berm, elevational on

E
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unbermed sides (such as sliding glass doors),
skylights, and windows or gliss doors into
arriums,

A lirde thoughe is all thar is necessary on
egress and fenestration issues, but the important
thing is to be aware ar the design stage, because
you know that your local code official is watching
for it ar the approval stage. The code |

being used in your area will be necessary to
supplement my generalized overview here.

Tue OricivaL Lo Enp Cave
Pran

[ show this plan (Figures r.1o, L1 and 1.12) for
historical interest (abour 1984, Log End Cave
became a basement under a new two-story home),
and to show how a Hoor plan can integrate with a
structural plan. The space described by the soructure
an be divided in differenc ways, according to
individual needs, The “sauna” shown on the plan
was used exactly once as such, and became a
storage room. (We buile a free-standing earth-

e— 9" 0.?_5"—-!

‘I“lB"I‘Id
|-:=—a=|ml

7 55" ] 012345
34' 1

roofed sauna midway between the Couage and

the

Cave)

We liked the open-plan living/kitchen/dining

“grear room” with i two centrally located

ground level




Thie 40-8Y-40' LoG END Cave
PLan

Many people also wanted greater spans in the
rooms; so 1 designed the 40-by-40-foor Log End
Cave plan shown in Figures 1.13, 1.14 and 15,
This basic plan, with minor space use changes,
has been buile several times around the country,
including Richard and Lisa Guay’s home (see
Figures 2.2 and 2.3).

Room width spans are almost 10 feer, and the
home has three separate means of escape o
facilirate compliance with egress code. Before
building, always have your floor plans checked for
“eode-worthiness by your local building inspector.

Tie EartiwooDp Pran
Birds, bees, b and Bantu tribesmen in Africa
all know instinctively, and withour ‘benefic of a
course in geometry, that the most efficient use of
materials and labor.to enclose  given space is the
circular house. But if you are curious about the
geometry, L'ean tell you thar the walls of a round
house enclose abour 27 percent more space than
.ﬂic most efficient of the rectilinear shapes, which
i) lhc quare (a shape hardly anyone builds
"’3’“"’"; although it used 1o be popular precisely
Beci it was efficent), and 42 percent more
:ﬁdmd:u the more commonly selected shape,
- Wﬂhuut twice as long as it is wide.
f ’AW house is also more compact than
i ::”Yo Compacr, in this case, means

 only one

and more energy-efficient.
foundation and one roof (the
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expensive surfaces, compared with the
intermediate floar), but the space of the home is
doubled.

Our floor plan is given in Figure 116, and the
structural plan in Fig. 117, | 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 1o them. but these plans might
plant some seeds of thought.

Fg 113

Biock, rafter amd
Ember frame
plan for the
40 x 40" log

s
L
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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: g =
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, nus, in
dreams, perhaps, or during those few lucid moments between wakefulness and shqx 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. Hash-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 eccur 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 wo

other pearby round outbuildings.

The Farthwood structural plan alls for &
post-and-beam frame midway between the
central mass and the exterior walls, in order o cut
the rafter and floor joist spans in hall: An ocragon
wolld work nicely here; but 1 suffer from a
lifelong fixation with poking colored plastic balls
around a large green able, and a billiard rable will
ot fit in the Earthwood plan if | chose an
octagonal post-and-beam frame. But it would fit
if 1 could eliminate just one of the posts,
effectively truncating the octagon, something |
was able to accomplish with a 14-foor-g-inch-long
full-sized 9-by-r2-inch oak girder spanning from,
say, Post 6 1 Post 8, thus eliminating Post 7 of the

octagon. Pillar foorings for these seven posts are
discussed in Chaprer 3: Foorings.

My father used o sy you had o build mwo
houses to ger one right, onc to make all your
mistakes in. Well, my facher was cleverer than me.
It has taken us three houses 1o ges one just the way
we like it, and Earchwood is thas house.

That doesnt mean we won't build anothez
though.

Using "Margmar” Lann

As owning my own home i preferable 1 the
hmkminghfnrmlhmﬂyhnﬁl‘ﬁ
ways t save major chunks of change. Mac Wells




jand had been raken down five feet for the
J of gravel back in the 1950s and Gos.
When we bought the property, not a thing
““Wﬁ'ﬂw this gravel pit; not even weeds,
meou.rsurmunding actes of good woods
around the pit, however. Still, this greac gaping
erater in the middle of the woods made the
W *dirt cheap.” Now, 23 years after
‘building Earthwood, visitors arc surprised to hear
thar the house site was once a moonscape. We
‘have reclaimed nearly two acres of the planets
dead surface and returned it to living oxygenating
ﬁn&;pmdudng 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 woodlor. The
‘more considerate ones leave a little for
. mgeneration, The logging grearly reduces the
which  value of the property, and it is amazing how fast
& the trees come back. With a liccle care, you can
create 2 wonderful forest, Usually, seedlings and
bealthy small trees are already there o give the
:_.'.;_upwssa]mnpm.rt.
~ Machuilt his firse underground office building
*Mﬂmpin&my Hill, New Jersey; the ulimate
land reclamarion project. You ger the idea.

%GNMOUND BARGAINS
The previous section describes great savings that
me from the use of reclaimed land. A

! ~ i of economic advantage can come
designing around recycled or other bargiin
2 als might be literally at

Fig. 117
The Earthwood stnscturol plan.

equal

your feet. Qur “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 Colorade. The crushed shale
soil, it turns our, makes an excellent cob
marerial for building external walls, Trees,
obviously, can yield posts and beams, even
lumber. And trees itable for making intm

9. Two-by-six plates, typical

lumber might be perfectly good for condwood
MESONTY CONSTrUCTion.

And thar's just indigenous marerials.

Many cities have Habirar for Humanity srores.
which sell a remendous variety of perfectly good
recycled building materiale. Jaki and I looked at
one in Durango with Rohan and were amuzed ar
the bargains on excellent windows, doors,
cabiners, even plumbing and electric fixtures.

Don't keep it a secret that you are need of
building materials and they will almose
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1. Stone heat sink or masonry stove, 4!
% il 4t :

Z FS‘MMMMM._'
16* block wall below grade

3. Post locations, seven in rumber

4. Girders, exght:by-eight best Douglos fir or

5. Ten-by-tweive clear ook girder or equal

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

7. Secondary rafters, os per & above.

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

§ = Speciol forger rafters for greater spons,
six-by-ten best white pine or equal, Foor
joists at these locations can be made of
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Invariably, these companies have a “back room *
sometimes known as the “pig pen,” where they
e pclftﬂli'g“"d thermalpane units which, for
e reason or another, were never picked up by
the customer. There may have been a bankmplc}-_
mavbe the units were made the wrong size,
wh:anwer. The narure 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 10
twenty cents on the dollar. Before we designed
Earthwood, we bought twenty clear one-inch
thick fixed thermalpane units, a quarter-inch
plate gliss each side, with a halfinch space of
sealed inert gas berween. They were all 154 inches
by 42% inches in size, each a half-inch too big to
fitin the rough openings of a new bank in town.
We boughr the lor for $75. Well, they were perfect
for the round Earthwood house.
You design around bargains like thar.

Prans anp MopELs

You've got your land. You know where to get good
bargains on building materials. You've figured out
a structural plan thar is simple to build and

o |

your desired use of space, and

‘same of the key materials you've scared. Now you

f“ﬂ draw a detailed plan, ar quarter-inch or half-
inch 10 the foor, Large sheets of graph paper ean

be useful for maintaining scale. Use a pencil thar
has, on its ather end, the most valuable tool you
own: an eraser. I like to figure our the structure
first (with the rough floor plan always in the back
of my mind) and then tweak it to make the foor
plan fic in a tidy manner. You will want 2 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 both the structural and
floor plans as necessary to make them mesh
together. You will also want elevations for the
various sides of the house, and perhaps a typical
section view through the middle of the strucrure.
These drawings help you ro visualize the acrual
CONSITUCTION.

Jack Henstridge, ever a font of homespun
wisdom, says: “Build a model. You'll learn a lot
about the acrual construction that way. If you
can't build the model, for Pete’s sake, don't try o
build the house,” It’s rrue, Somenimes, a difficult
jointing detail is hard to visualize on flar paper,
bur you can work it out in the scale model. You
can have a lot of fun — and learn a lot about
building — by making a model. They make doll
furniture it a scale of an inch w the foot, a nice
scale to work with. A 30-by-40-foot design will be
fairly large, though, on the kitchen rable: 2-foor
6-inches by 3-foot 4-inches.

Sidewall elevations are almost meaningless on
a round house, and difficult to draw, because the

curvature recedes away from the vantage point.

Therefore, | made a three- dimensional plan st
quartee-inch to the foot. so that | could work our
all of my window and door placement with
respect to the rafters, floor joists and other
structural components. This n be seen in
Figures 1.18 and 1.19. A roof with the right pitch
was casy to make, which gave a really good idea of
what the house would finally look fike

Fou LIS & 1,08
1t 15 unetul - angt
quite eayy - 10
ke O poper
muodel of @
round house.




e mk us seven months to close the
m in w the point where we could hear i,
ﬁtwm and [ like o think thar carefu]

miﬂuwcd us to bear the winter during our
North Countey building season.

sp, wlrh plans in hand, let's move on to
construction.

SitinGg & ExcavaTrion

ecause an earth-sheltered house really needs o

be site specific, siting considerations need to
be done at the design stage. But a discussion of
siting also des in well with excavation, so we'll do it
here. Besides, Chapter 1 was long enough already.

Earthwood siting was dead simple. The land
was already as level as a parking lor and we wanted
to place the home on the north edge of this gravel
pit, to take advantage of full solar exposure to the
south. Our job was simply to build the house,
nice and strong, and then berm it with 500 tons
of earth. To lessen earth-moving somewhat, we
did take advantage of the s-foor-higher grade on
the undisturbed north edge of the pir.

Bur the siting at Log End Cave was probably
a more typical example, certainly more interesting
and more instructive. We wanted o set the Cave
into a gentle south-facing slope ar Log End
Homestead, the ideal site, really, and one that
underground enthusiasts dream about.

First, let's work with carch volumes on a
simple flat site excavarion, because the marh is &

lor easier. Ir always surprises (and sometimes
delights) one or two of my earth-sheltered
housing students to learn thar they can do an
earth-sheltered house on a perfectly fac site,
provided thar they are not digging into the warer
table. With low-lying far land, the following
example should be avoided. If the site suffers from
lack of drainage, you can't be sure of keeping the
water out of your earth-sheltered house even with
the best of membranes. In short, don't build down
into the water table. How do you know? Do 4 6-
foor “deep-hole test” with a backhoe on the site in
question. A qualified soils engincer will be able to
tell you where high water mble is (along with
other useful information), even though you
excavate in a dry season. Chances are you will
need a deep-hale test anyway to meet health
department requirements for septic system design
approval, This is a New York State requirement
now, although it is not always enforced in some of
the outlying areas,




3 ;glven to the disposal of
s which make use of
of these ideas successfully at
Joe Jenkins is listed in the
5, even though composting
sroved conventional septic

ond the economic viewpoint
maintenance, constant power

than normal, or keep the
‘or even raise the level of

yield enough material to berm the three non-
elevational sides, OF prime importance in keeping
costs down is 1o minimize bringing material in
<o or hauling iv away. Lets do the numbers,
h‘“d on !1& Log End Cave type of design shown
in Figure 2.1,

Frar Sire Excavarion

g ONS
 The topsail is going 10 go back on the roof or the
J!ﬂh.lni!. Needn't really affece the calculacions
very much. Typically, there might be six to cight

SITING &

inches of organic marerial — grass and ropsoil —
that should be scraped to the edge of the sitc and
maunded into piles for use on top of the home at
its completion. If your topsoil layer is very thin, or
of very poor quality, you might want to consider
bringing in an extra truckload of good stuff.

For our example, we'll assume thar we scrape
six inches of soil to the edge of the site, handy for
later use, bur out of the way, A bulldozer is the
best piece of equipment for the job, but a good
backhoe operator can do i, too, although it
might take a lirrle longer. While a backhoe is the
more common machine used for excavarion, the
bulldozer can acrually do a good job in ground
conditions free of large rocks. Topsoil should be
removed not only from the house footprint, but
also from the bermed area, as well, typically 15 feet
(5 yards) all around the building.

With the topsoil out of the way, we're down o
what architects and engineers call “undisturbed
earth,” or, sometimes, “the clay layer,” even
though it may not be clay ar all.

The house plan used as an example is 30 feet
square, but we'll convert everything o yards (10
yards square) because cubic yards is the usual unit
used for excavation. The diagram is in yards, o0
You can work in feer if you like; just divide cubic
feet by 27 to get cubic yards. We'll do this later for
concrete calculations, too,

East and west sidewalls are, say, six feet high,
with rafters above. I¢s a small building. As the
ceiling pitches up to a ridgepole in the center, the
building has plenty of headroom. The noith side

2.5:12 or 3:15 roof pitch
soil and sod

D D/ :—I
i
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1
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scale in yesdy
ssenees 3 1 se0000.
7 3 o Fig. 21
o
s Caiculations f

the reguiced
of the home will be bermed w the seven foor  excovation
level, but the south elevation will not be bermed  depth for this
at all, in favor of plenty of thermalpane glass gablet berm-
windows for solar gain. style 30 x 30"
Just for fun, we'll assume thar the subsoil isof  house should
poor percolating characteristics (often the case), tokeinto
necessirating the hauling in of good percolating  account
hackfill, such as coarse sand, for placing against whether or ne
the house walls. {An alternative strategy, using. luu-lll'l
factured drainag ial, will be discussed  maseriol wil
in Chapter 7.} :
lwppowuhﬂmmﬁlxmi-mm_ “boc
but not by me. 1 like “calculared guessing” myself:
(lsn'c that what “calculus”™ means, anyway?) Lets 3




n combination with thermal
gain into the home. Triple pane
It has a lower rate of insolation.
it the heavy heat loss at night
northern climes, double pane

Wwﬂ. substitution, ¥ x 1 x 5 x § = 6.25 cubic yards, In

ben  allyivwill require 97.5 cubic yards of earth to build

ASitisayard  theberm (85 + 6.25 + 6.25 = 97.5). Bur we've taken

‘lu‘“!’lﬂ’l 144 cubic yards out of the hole. The 46.5 cubic

m yard difference is quite a bit to haul away or
with  spread around,

hole. Before we make a second “calculated guess,”

Howmuch leds pretend we're building in nice percolating

1 sandy soil, instead of poor percolating material.

?ﬂ_"w The yard of backfill up against che east, west, and

S8 north walls can be thoughe of as a rectangular

ands  volume measuring 4 yard wide, two yards high,

: and 32 yards long (10 + 1 + 16 + 1 + 10 = 32). The

‘ﬂ!l ;Wrﬂl rectilinear solid (V = lwh) results in

{ Eq.mincm {1 % 2% 32 = 64). Now, the total

: volume of the beem tight up to the house walls is

:1‘?’3 Subic yards (9.5, from the previous

mph' + 64, the backfill within a yard of the

h

.-__-‘I,I‘f-.ﬂ. a bit more than the 144 cubi¢

‘ Nh Qe out of the hole. Bur this is

SITING & EXCAVATION

ballpark calculation. The berms could be made a
lirdle sreeper, or the excavation made a couple of
inches deeper, to make things come out very
nicely. A skilled operator will grade the area wisely
with the available marerial,

Bur let’s go back o the poor soil example for a
second guess. This vime, lets just excavate 30 inches
(2.5 feer, B33 yard) instead of 3 feer. Now, the
volume of the excavation will be 0.833 of whar ir
had been before (because 2.5 feet divided by 3 feet =
0.833). The excavation yields 120 cubic yands of
earth (0.833 = 144 = 120). The sand used for good
drainage near the building’s walls will remain the
same at 64 cubic yards. The berm is six inches
higher now. Also, the 2.5-in-12 roof pitch (expressed
2.5112) established by the roof adds 30 inches to the
width of the berm at original ground level,

Note: Roof pitch is conventionally measured
as units of rise per twelve of run, inches, feer,
whatever. In Figure 2.1 (above), I've drawn the
peak one yard (3 feet) higher than the east and
west sidewalls, which are 15 feer away. This
establishes the 2.5:12 roof pitch. An carth roof
should have @ pitch of ac least 1212 ro promore
drainage, but not more than about 3112 o prevent
the earth from slumping towards the edge of the
building, The original Log End Cave pitch was
17512, while Earthwood has done well with a
pitch of just over rre. My friend Mike Ochler will
go as high as a g2 pitch, but Mike and T agree 10
disagree on this.

Expressed in yards, then, the berm is now r.17
yards high and 5.83 yards wide. The volume of the

berm is ' bhl (where | = length taken along the
inside of the berm) plus 2 x ('3 hb’) for the wo
delra wing shapes marked *D." By substimution:
LsilsB3)(a7)(34) « (2)2sHrar)s850(5.83) =
11572 + 19.85 = 135,57 cubic yards. Thank
goodness for calcularors. We dug 120 cubic yards
out of the hole. Not bad. A bir decper than 2%
feet (30 inches) should be just abour righr.

The examples might scem a bit tedious 1o the
computasionally disinclined, but they are realistic.

laad e il in

Fig. 2.3: Richard and Lisa Guay . A
Champlain, New York. The tokar roam addition wa pand forwith some of
Lisa's winmings as @ five-time jeapardy chismpion.




the whole project once we created an accurate
contour map of the immediate arca, It was easy 1o
d}lﬂd‘m‘? worthwhile. Here's how we did ir:

At the top of the knoll at Log End
Homestead, we set up a transit (loaned to us by a
surveyor friend). A contractor’s level, or laser level,
available quire incupensivcty at equipment rent-all

stores, will accomplish the same thing, We
plumbed and leveled the transit to a point on the
ground within the legs of the tripod, and marked
the spot with a half-brick sitting on a large red-
tagged nail stuck in the ground.

We drove a wooden stake along the true
north-south alignment (the meridian), maybe
forey feer south of our benchmark nail. To find
south, get a moming paper or watch the evening
weather report, cach of which usually cell the time
of sunrise and sunser for thar day. Halfway
between those o times, the sun will be ar tue
wurb.Ot use a compass, but be sure to add or
subtract the magnetic declination for your area,
available from the US Geological Survey data or
from a local airport.

We st the zero-degree mark of the transit’s
ompass rose 19 @ fixed poinr (the corner of the
‘xiing Log find Cottage) in case we needed 0
“‘1“‘7“% the transic and Juki would walk
‘Wf’“"m with one end of a so-foot tape in

. -hand and 1 calibrared grade stick in the arher

hﬂl—ﬁnm 4 stick ar the rent-all store of
mﬂwby marking up a two-by-four.

hm was to establish 4 slope for

15°, 30", 45", and s0 on. I'd set the transit ar o
degrees, for example, and Jaki would move away
from me with the grade stick until we were able o
discern a one-inch drop in the land. We then
measured from the benchmark o Jakis grade
stick, and recorded the distance on a dipboard.
Then Jaki would move further away along the
same ray until we read a 6-inch drop, Again, we
measured and recorded the distance. We recorded
every 6-inch drop of elevation along the ray until
we were outside the immediate vicinity of the
house site. We repeated this procedure along the
15-degree ray, and so on, right to the 18o-degree
ray. We now had a stdstical abstmct of the
building site, scen in Table 2. The project took us
most of an afternoon,

I put the transit away and transcribed the
abstract onto a large piece of graph paper having
a grid of five squares to the inch, T let cach square
equal a foot and drew a light pencil line ar each 15
degrees of arc for the half-circle in which the
house would Eall. Then, with a rulen, 1 measured
the scale distances along each arc and placed a
pencil dor at the appropriate distance for each
recorded drop in elevation. To avoid confusion, |
labeled each dot lightdy: <17, -6, -12" and so on.

We considered the minus onesinch contour o
be level for our purposes. When all the figures from
the statistical abstrace were manseribed to the graph
papen, | connected dots of like elevation with

gently curving lines. A very accurate confour map
.

SITING & el

The time spent on the contour map was more
than made up by climmating guesswork later on.
Using a piece of the same graph paper used for the
contour map, | made a scale model of Log End
Cave's foundanion plan. Then, siting was 2 smple
matter of sliding the little square of paper around
the contour map until the most sensible location
emerged.

Our plan called for the wps of the cast, west
and north block walls 1 be 78 inches above the
concrete floor slab. The door on the south side
would enter straight to the cxterior, which would
slope dighdy away from the home And we
decided to berm up to the undeniide of the three
large windows on the south side, something I
wouldnt do again, as snow begins 10 accumulare
in front of the windows. The top of the 36-inch-
high block wall under the windows would be 42
inches befow the top of the other three walls. You
can see at the top of Figure 2.4 thas the north and
south walls arc about even with original grade. In
fact, the south wall did require abour an extra 6
inches of excavanon.

The major amount of the escavared carth is
uwdtubulldupdnm:mdwmheruhm
way. the new ground level mekds nicely inm the
shallow-pitched earth-covered roof.

We also had to factor in the delivery of over
20 loads of &nd 1o badkdill the home, vince the
soils at Log End had very poor perolation. & we
found our to our cost st the Log End Cottage
b The sie’s map and the lirtle

emerged as the dots were connected, I
like the center drawing of Figure 2.4, below.

lhundarinnmdduudndﬁaﬂpu&
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top of block walls
e ¥ fetamln%lwaﬂ showing
3 finished grade

high retaining wall

low retaining wall

cross-section, above

low south wall 42"

retaining wall

f j q’%
nr4a contours

retaining walls
N

Landscaping Log End Cave at the completion of implore you to think bevond basement to proper
light, bright, dry, warm carth-sheltered space.

construction went very well indeed.
Incidentally, I'd never build a basement again.

If you are tempted to go with a “basement,” |

which is what this book s all about. Go the extm
mile with waterproofing, dminage, ventilatian,




s 850 and Up Underground
1 with a basement than a
"

d for human habitat. It is

* plastic protractor and a ruler, it was easy to leam
(from the map that the northeast corner of the
4 foundation should be 18-fect-3-inches from our
- benchmark, at an angle of 29 degrees. We
tﬂnwni the angle and measurement ar full
scale on the site, marked the spor with a wooden
stake, and did the same for the other three
orness. The foundation corners would soon be
ost during excavation, however, so we used a
M method of setting four additional stakes
'1 '&&t out from the foundation stakes,
Med in Figure 2.5. ['had a four-foot-square
'w_"'“ﬂfﬂy\md lying around and used it as
g - o establish four more stakes, which would
comers of the excavation itself. Now
er could visualize both

and the excavation parameters,

As the poor percolating soils had a fairly steep
angle of repose, he was able to create a flat base at
the proper depth, with a good 3o inches of
working room all around the foundation, juse
right. Our contour map could be used to explain
how deep to go ar each of the four corners,

Figures 2.6 and 2.7 tell a litte about angle of
repose and creating sufficient working space
around the building. Evenrually, because of poor
percolating soils, we would fill this space from the
gravel pit at Earthwood, which we owned at the
time, just a half-mile away. With sandy soils and
a shallow angle of repose, as in Figure 2.7, it will
be necessary to create a larger excavation, with the
outer stakes six feet or even eight feer our from the
foundarion stakes. But, on the positive side, with

good percolating sandy soils you will be able

backfill with the same material thar comes out of

the hale.

Again, a deep-hole rest, useful for sepric
system design in the area, can teach you a lor
about excavation considerations: water table,
ang|r UF NP(’SC. :lnd more. Um:xpcctcd lcd.gt or
hardpan might change the whole project strategy.
Maybe the good sandy soil is only three feer deep.
with clay below. It is nice to know these things.

“Can the removed earth be used to backfill
the home?”

This is an important question. If percolation
throughour the excavation is good, as with sandy
or gravelly soils, then the answer is affirmarive.
But if the earth doesn't ler water through, as with

day soils, then the answer is no. A good
indication would be puddles that take forever to
percolate away, or only disappear through
evaporation. With poor percolating soils, you will
need to bring in good backfill, such as sand, ar
use one of the dminage products described in
Chapter 7. Your choice of strategies in this matrer
will probably be economically driven, weighing
the cost of hauling in sand versus the coss of the
drainage matting.

Fig. 2:6: A founfoat work space all around the fo
buliding the walls.




does not aheolutely disqualify the site for earth-

shelecred housing. but the techniques which make
_k“kwbmk] there are expensive, and require the
use of special venung marerials around the
foundarion to exhaust radon gas out o the
atmosphere. Personally, Id rethink the project if
heavy radon Is present. Sec Appendix A for more
information, including what concentrations are
considered safe

Excavation Costs
Combined with the ensuing backfilling and
landscaping, excavation is one of the biggest and
costliest jobs associated with earth-sheltered
housing,

Unless you are experienced in operating heavy
equipment yourself or have some masochistic
desire o employ “idiot sticks” (picks and shovels),
you will need 1 heavy equipment contracror. Ger
at least three estimates. You can get estimates for
the whole excavation, or you can pay the
contractor by the hour for the equipment. 1f the
Lontrctor is experienced, the job estimate should
be pretty close 10 what it would cost on a per-
hour basis. However — and | have asked
MM about this — they may build in
A “contingency percentage” as part of their
""ﬁm job” estimare, 1o take into account all
\“%ul‘“:"' bles chat can | on

:b boulders, ete. Conracrors have told me
the m themﬁm. is usually hettﬂ

SiTiNG & E

experienced with, it's a good idea to be on site and
check on the hours. Logging mistakes can be
made, and, ar $50 an hour (or more), they can
amount to quite a bi. Normal pracrice is o
charge one-way haulage of the equipment w0 your
site, The next customer pays the next delivery
charpe. With remote sites, you may have w
swallow a haulage charge in both directions, but
find this out ahead of rime to avoid masty
surprises.

Compare apples 1o apples. Let's say
Contractor A gets $50 an hour for his backhoe,
while Contractor B charges $60. "A” uses an 1§-
inch bucket, while B's bucker is 30 inches. For
excavation, B might be less expensive, other
things being equal. For a drinfield. where you
don't necessarily want 3o-inch tracks {(which need
to be filled with expensive crushed stonel,
Contractor A might be the berrer choice

Remember that you'll need the equipment
back later on for backfilling. landscaping. maybe
the septic system. | have tound that contracton
are inclined to trear your hack pocket betrer if you
give them a volume of work. | stayed with the
same contractor, Ed Garrow, throughout the Log
End Cave project. | liked his work so miuch thar 1
rerained him ar Earthwood, wo. Ed even buils
our megalithic stone circle for us a few years later.
and enjoyed doing it. | get cxcellent service as a
regular customer.

Price is important, but so is abiliy wnd
jon. | two ctors give you similar

estimates, but one has a bewer reputation for

quality, go with the good rep. even if ir cons a few
dollars more. You want to be happy with the way
they leave the sire, for example, which can sive
you hours of handwork larer on.

Another reason that | like paying by the hoar
~ instead of the job — is thar there are 0 many
imponderables in carth-sheliered housing, Yoo
might change your plans a lintle, such as deciding
where to put a gray water scakaway (dry well), for
example. If you arc paying by the job, the
contractor might penalize you for changes, and

nghtlu‘h 0,

Which Kind of Equipment is Best?

A dlient of mine in Georgia 1s building an earth-
shelrered house as | write this book, carly 2005,
He had never operated mechanized equip
before, but decided to hire 3 “Bobar.” which s 3
smiall, stable. wheeled loader. In an hour or s0. he
learned o operate the machine 10 2 prevty fair
degree of comy cc., and g ded w

the entire site for has small 24-by-36-foor canh
shelier in 8 few days, He saved 2 lot of money. goe
the excavation cxactly the way he wanted it and
had fun in the bargam.

At Log End Cortage. we had our collar bole
dugﬁd:hﬁhn.nmaﬂhbw“‘
lewel termain, This warked well, w0 | sssmed thr
1 wonld need 2 hackboe for the Cave, avwell. Bt
Ed i}mm‘nwlwulm
hduuia:mhu(ﬁurmw-*
h&mtwﬁ&h.*w“ﬂﬂﬁ




A backhoe is best for digging sepric lines,
drain fields and any other needed ditches, bur
normally ynn'ﬁ wair until the house construction
i¢ finished before doing these jobs. You want to be
sure that grades are right, and, too, you dont want
1 lot of dangerous holes and dirches around the
Mdm

Eartawoon: SITE WoRK
The typical approach to American housing is to
tear up the land to moonscape, build the house,
and then arempt to reclim the earth through
ubiquitous *landscaping.” At Earthwood s site, in a
gravel pit, the first step had already been raken for
us. We could proceed with a minimum of site
preparation, There were no trees or any other
yegetation to worry about, so we could confine our
considerations to strucrural marters, The gravel pit
was at a grade abour five feer lower than the
undisturbed wooded landscape ac its north edge.
So there wasn't much “site prep” at Earth-
wood, except for building up a pad of sand o
Mloat the slab on, described in the next chapter
MI“’H ged to make a mi |
‘which cost us additional earth-moving expenses
later on,

As we were mmmc from any othcr house or

- septic sy and 1 onr ing “oft-
the-grd* “Eﬂw we decided on a shnl]mﬂ
Well, 33 opposed 10 a decp drilled well requiring

an electric submersible pump. Wed had the st

SITING & EXCAVATION 49

hundred per cent. Ed Garrow would dig the well
with a tracked excavator, sometimes clled a
“wraxcavator.” Think of a giant backhoe arm
mounted on large tracks. The machine can
excavate 1o 19 feet of depth,

The spor picked our for the well was ar the
edge of the gravel pit, bur on the original grade,
just 20 or 30 feet west of our intended house site.
Ed set his machine on the gravel layer on the east
side of the well, to gain a few feet of digging
potential and proceeded to dig as far as he could,
19 feet. It was a bitterly cold December day. We
looked down into a dry hole. | asked Ed what our
options were and he told me thar he could dig a
hole, drive the machine into ir, and dig the well
deeper. | had no idea of the size of the hole which
would result from rthis, and failed 1o
communicate properly where we wanted the
house. At 23 feet of depth, the traxcavator was
maxed our again, bur there was a lirtle water in
the hole, and we watched as the puddie grew
bigger. We weren't deep enough for a well, so Ed
“dug her in again,” but this time, the hole needed

1o be about four times larger — and the ramp wice
as long — to gain an additional four feer. Now we
were encroaching on area intended for the house.
Had we dug the well from the south instead of the
east, we would not have dissurbed the earth where
the house was meant w be.

We ended up with a grear well — cold, clear,
pure spring water for these Last 24 years — but the
house needed to be sited abour 30 feet cast of
where it was supposed 10 be. This was not a
disaster on our six acres of land, as it might have
been on a half-acre lot. But our driveway is 30 feet
longer than it needed 1o be (think sow removal)
and we were nor able to rake full advantage of the
five feet of extra grade, which meant more mancy
‘Wnl on Inoving f]rd'l 0 Create lhe m iﬁﬂ
the house was buile.

With the excar done — at Earthwood, it
was premy much done when we bought the
property — it was time fo start bringing marerial
in, and building the foundarions, which u the
thrust of the very nest chapter.
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FouNDpATIONS

ith all due respect o Ken Kem, | consider
Henry David Thoreau to be the true
father of the American owner-builder movement.
In Chaprer 1 of Walden, entitled “Economy,” the
philosopher admonishes us to build our castles in
the air. “That is where they should be,” says
Henry (I feel that I know him on a first-name
basis), who adds: “Then pur foundations under
them.” While this is a nice piece of inspirational
writing, it is acrually easier to do foundarions the
other way around.
As with site prep, our experiences ar Log End
Cave and Earthwood were different. Let's do the
Cave first.

Loc Enp Cave: Laving Our THE
Foorings

A lot of building books wax eoquent on the
benefits of setting up “batter boands” to find the
four comens of the building. The idea of these
grotesque, often Himsy homemade contraptions is
that you can dlide nylon line along them and
check diagonals easily tw assure that the

foundation is a true rectangle. Well, we barded
with them for hours before a contracor friend
arrived on site and told us they werent worth the
effort and thar they would just be in the way of
the backhoe. Right away we changed 1o the faster
and tidier educared guesswork method.

Once the heavy equipment has gor the site
leveled with dimensions at least three feet greater
than the outside dimensions of the footings, drive
a wooden stake atr - say ~ the northwest comner,
wo feet in from cach side of the leveled area. Pur
a nail in the rop of the stake, with its head sticking
out an inch for tying a nylon mason's line. Buy a
ball of this line ar the building supply: you'll be
using a lot of it. Measure for the outside lengrh of
the footing along the north wall to your
determined point (35-feetr-n-inches for Log End
Cavel, keeping abour two feet in from the sloped
edge of the excavation. Again. drive 4 stake in the
ground. and set a nail into its top. Now comes the
math pare of the educated guessing, and I'll use
the actual Cave plan numbers as an cxample. Our
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Maybe the rectangle you've lid our doesn’t
‘d‘wmbﬁ advantage. Maybe it crowds
e slope, while there is more than enough room
on the adjacent side. It is an easy matter 1o rotate
the rectangle t alleviate the problem. You mighe
even have 1o do a lirrle shovel work if one of the
sides is short of working space.

This calculared guessing more than one tmal
w ger all four sides the right length, and the
diagonals to check out. But it beats making barrer
boards thar you're only likely to use once In

wﬂl about rwenty minutes, we had our four comers o

within: 2 half-inch, accurate enough for the

aligned with the outside edge of the foorings. You
«an set these by eyeballing over the fooring stakes.
~and it even easier with two people. In all, you'll

. The Footing Track

Plezse look ar Figure 3.1. To work our the fooring

i M depth inro the undisturbed earth, the

impartant relationship to keep in mind is the one
- berween he top surface of the foating and the t0p
surface of the floar. Cross-hatching represents
*r"-" h. For underfloor drainage. allow
%4Hud'mmdundmhythc

2" Dow Styrofoam® or 2* EPS
(if very good drainage)

hay filtration mat

2' (247)

1=l

Our plan was for a four-inch-thick concrere
floor. In reality, if you've gor an honest three
inches at the floor’s thinnest portions. you've gor
a strong floor, bur four inches is nice for eum
thermal mass. With in-slab hearing mbes, seen in
the next chapter. a six-inch-thick floor is often
specified for even grearer mass. Note thar our plan
calls for an inch of extruded polystyrenc, such as
Dow Blueboard™, under the floor and all around
the footings. and this comes into the fooring
depth calculations, too. With in-slab radiant floor
heating, two inches of extruded polystyrene is
specified.

The detiling in Figure 1.1, based on nine-
inch-thick concrete footings, shows that only
three inches of undissurbed camth needs 10 be
removed to set up the footing forms and place the

ngid foam insulanion. In the scual event, we
went 12 inches decp with the footings. A year
later, a1 2 workshop we co-instrucred. concrete
anderground house expert Paul Issacson: pointed
our 1o me thar a 12-inch-thick footing is overkill.
“Beyvond nine inches, you're really wasting money
on concrete. Rob,” Paul mold me. “We're not
building a deyscraper here”

So the drawing shows a threeinch-deep mrack
into undisturbed earth, whereas we acnully wene
down six or seven inches, which is why we had the
track done with a backhoe. Abo, we knew that
there were 3 lot of heavy stones lurking in the
carth on this site. If vou do remove a lispe stone
from the footing track. be sure m compaey any
replacement earth 1o provent differential serding
in the furure.




(*beadboard”) around the footings
or under the floor, as they are not water resistang.
The footing track needs to be square, leyel
‘and about 30 inches wide, in order 1o
-ommodate the 24-inch-wide fooring, two
forming boards, and a couple of one-inch picces
of rigid foam insulanion.

ResisTiNG LATERAL LOAD ON THE
WarLL

Figure 3.1 shows the method we used to resist
lateral pressure at the base of the wall. The rop wo
inches of the 4-inch floor slab (which is poured on
a different day) acrs as a foor against the first
course of blocks moving inward. The order of
events s to pour the footings one day, mortar the
first course of blocks on a different day, and pour
the floor on yer another day. All this is covered in
the next chapter about the floor pour. The method
worked, but was cumbersome. The use of a keyed
joint is a proven alternarive thar might be a litde
easier 1o do. I'd try it next time.

The keyed joint shown in Figure 3.2 cn be
st into the footing by setring 4 piece of wood
flush with the surface of the concrete when the
Hooting is poured. You can make a good keywa
form by rip-sawing a regular 2-by-4 down the
center with a circular saw. Sudmszwsbladclﬂgk
““‘“'ﬁﬂl’hdﬂgtm instead of go degress ©

concrete and (2) after the concrete sets. install
stout (_itck screws into the key piece, left sticking
out of it to provide something o grab. Note in
Figure 3.2 thar the draft angle is kepe 1o the ouside
of the footing. After the concrete has set, remove
the wooden forming piece.

Later on, the fist course of blocks can be
firmly tied to the footing by filling the block cores
halfway with concrete, which finds its way into the
keyway you've cast, thus locking the blocks to the
foorting. The keyway would also be valuable if you
decide to pour the walls instead of using blocks.

I like this method because the concrere floor
can be poured before the first course of blocks (or
poured wall) is installed and nothing is in the way
of screeding and finishing the floor. If you go with
a six-inch-thick floor - say, for radiane in-floor
heating — or go with a thicker bed of compacted
sand under the floor, you really don’t need to set
the footing tracks beneath original grade at all. On
the other hand, setting the tracks down even three
inches will help to prevent the forming boards
from “blowing out” during the acrual pour.

Tue FrosT WaLL
In northem climes, it s necessary o protect
footings close to the surfce from the uplifting
ptmmeufﬁmhavklg.}hvh:goamudmm
ground beneath the fooring freczes and expands.
'l"herrnmwwnghtufd‘w\wﬂud'hukhdpm
frost exp The only
ﬂumnnwuﬂhmt&egmndhuuﬂndu
ﬁ:mmpdocm‘:ﬁm%dmm\hppﬂ

on the three sides of Log End Cave which are six
feet or mare below grade, but part of the south wall

would need protection in the case of a house like
Richard Gumy's (Figures 2.2 and 23} Protection
against froezing can be accomplished by going
deeper with the footing (down below local frost
depth) or protecring it with exeruded polystyrene,
or both. Check with your local building depart-
ment for the working frost depch where you five:
At the original Log End Cave, there is about
cight feer of wall near w and including the
doorway, the castern quarter of the south wall.
The footing below this section of the wall doesnt
have the protection of the three feet of earth that
we used to berm up to the underside of the three
large south-facing windows. Our solution was ©
maweduﬁndn;dcph'waﬂﬂ'lﬂ;-éﬂ'
a 12-foor section of the southesst comer. This
extia concrete has worked fine. In 28 years, there.
has been no heaving of any kind on the stucture.
In theory, the frost wall should have been 48

fig 312
A beyed joint

can be created
is 2 problem. and the entire south wall footing  when on etied

deyway boord 5
remged from
the concrete
ofter it i3 et
The draft angie
shouid be ket
to the outside of
the footing.
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Frost protection comes from extending 2
‘minimum of two inches of closed-cell extruded
fro polystyrenc away from the foundarion. The width
‘of this insulation curtain should be the same as the
engincered frost depth for your area, four fects for
‘wample, in the northern ticr of New York Ste-
There are vasious ways the insulation can be
- configured including the two smaller insers at the
‘Mwﬁﬂlﬂ 33. For thorough cxaminations
~ of this method of insulation, sec two referenc®
manuals lised in the Bibliography under “Fros-

cted Foundations,” Both of these manuals G
L or downloaded free from the internet

Protection from frose-heaving is a structural
consideration which must be addressed. But the
prevention of energy nosebleed into cold (but
not frozen) soils is also imporant w prevent
condensation around the interior perimeter of
the home. This is important all around the home's
perimeter, both below-grade portions and ar any
frostwall areas. Lazeral insulation out from the edge
of the fooring, or — in the case of Earthwood — the
floating slab, will protect against frost damage, but
will nor adequarely protect against energy
nosebleed and the condensation that follows. This
is why Figure 3.3 calls for extruded polystyrene
under the footings and floor as well, particulady in
cold climates. Under the footings, use Dow
Bluchoard™ for adequate compression strength.

Your choice for frostwall protection will be a

function of cost and convenience,

EarTHwooD: THE FLOATING SLAB

Also known as a slab-on-grade or, sometimes, an
Alagkan slab, the Aoaring slab was one of Frank
Lloyd Wright's favorite foundation methods
because it attends to the problem of potential
damage from frost heaving in the most basic of
ways: it drains water away from under the
foundation. No water, no freezing. No freezing,
no heaving. We used the floating slab at the main
house ar Earthwood built in 1981, and ar cight
additional outbuildings on site since then. The
outbuildings arc not carth-sheltered, buz all
umptm-omm—hwhﬂvylh&ngma&
Needlusmsa}:whawhummmmio(dk

technique because of its relatively low cost, ease of
construction, and successful performance. Here's
how o do it

First. all organic material like sod, grass. and
topsoil necds to be scraped off the site and piled
off-site for use, later, on the roof. You want o get
down w “undisturbed carth.” wpically six w 12
inches below grade, although this cn vary. Next,
we build up a “pad” on top of the undisturbed
carth, using a good percolating material such as
coarse sand, sandy gravel, or '+-inch (#1} or 1-inch
(#2) crushed stone. Wharever material you use,
compact it in layers — called runs — of about six
inches of thickness at a time. Sand or sandy gravel
needs to be compacred wer with 2 powered
compacror hired from a wol rental store.
f‘ounding&r‘\'ﬁndismmn:ﬁtinﬁnﬂizy.

A sand pad. We built the pad at Earthwood
our of the indigenous marerials of our gravel pit.
spujﬁallyav:h:ol'vand:hmu.py:dsnlﬂlnf
the house site. Ed Garrow, our operator, showed
us a bulldoring trick. He pushed the sand ahead
of his bulldozer blade towards the site. The and,
of course, spilled our cach side of the blade before
the dozer was halfway there. Ed scemed
un?crmrbdmdwlﬂ’ﬁ'ml‘ﬂ"t
knew Ed well enough by this dme to bite my
tongoe. The nexe large push sl spilld our
making largee berms on cach side of Eds path.
Afier a fow pushes, Ed was guiding full loads of
sand to the pad site every time, the berms creating.
2 kind of trough to guide the marcrial w i
destination. To complese the job and ridy things



diameten, we created a pad 46 feet in diameter. A
pmhy,pfoot slab, for example, would floas
onapad measuring 36 feet by 46 feer. We set two-
I;,\-qu)ﬂi stakes all around the pad locition,
withmdsumﬂng bands tied around the stakes ar
final pad grade level, abour 16 inches above the
undisturbed carth. Remember that ar Earth-
woodss site in a gravel pit, “undisturbed carth” was
the pit’s flat surface itself, compacted by more
than 10 years of rain and snow load.

| hired Dennis Lee for five months to work on
the project. After Ed would build up a run of six
inches of sand, Dennis and 1 would water and
compact the material while Ed gathered more sand
at the other end of his trench, or spread gravel on
the new driveway. We would compact in both
primary compass dircctions (north-south, east-
west) and then a third time in a spiral configuration.

Every square foot was hit three times with the
compactor. Then we'd call Ed for more sand for
the next sis-inch run.

By the end of the sccond day, we had a well
compacted flat pad about 18 inches in depth, scen
in Figure 3.6.

If good percolating material is available on
site, use it for your pad. On sites with good
drainage, frost heaving is unlikcly anyway. Most
people will need to bring marerial in, however, %0
you will need 1o calculate the volume of sand of
gravel you need, adding about 20 percent 1 your
solume figures for compaction.

Gravel — sometimes confused with crushed
stone ~ i a mix of sand and small stones, and

should be treated in the same way as sand. Larger
stones can be handpicked from the pad during
COMSTTUCTIONn.

A crushed stome pad. Crushed stone provides
excellent drainage. It simply doesn't hold water,
providing you don’t place it in a dish or lens of
impervious material. The disadvantage with
crushed stone is thav it is hard ro dig into for the
setting of footing forms, One way to do this is 10
set the footing forms on the second or third run
of crushed stone, and then to spread the last run
of stone carefully by hand.

Another problem with crushed stone is that it
is a more difficult material in which to lay under-
floor plumbing, discussed in the next chapter.

Qpinions vary on whether or not crushed
stone needs 1o be compacted. Some sy — | used
to say — that crushed stone is compacred when it
falls off the ruck. But I have changed my view on
this. Railroad tracks float on a bed of compacted
crushed stone. And | once saw a smckwall-
comnered cordwood home floating on 2 milroad
tie foundation (on crushed stone) where the
crushed stone was not compacted. One of the
comers had collapsed slightly downward because
of differential sertling. Compacting the gravel bed
woulld have prevented this.

Te “MonorTaIC” FLOATING SLAB
You have two choices with a floating slab: pour
the footing one day and the floor on a different
day (as we did at both Log End Cave and
Earthwood) or pour the footings and floor on the

same day (as we have done with most of our
outbuildings}, forming whar's called a monalithic
slab. Literally, monofithic means “of a single
stone.” If you are not experienced at concrete
work, or with 2 house-sized project. 1 strongly
advise the two-step approach. There are different
sorts of preparation for the footings and the floor,
so it is less menmally taxing o handle just one
process at a time. It is also much less physically
taxing, because youll only have about half as
much concrete to pour each day if you separate
the two jobs. Finally, there is 2 grear advantage in
being able to use the footings as a guide for
screeding a nice level concrete floor.

With small buildings. such as our new
octagonal guesth at Ear ir'is an easy
matrer to screed from the fooring forms o 2
block of wood set in the middie of the building,
Also, the underfloor plumbing was very simple
ar this guesthouse. We had 2 good crew of six
bodiﬁmhclp.zmianlyfnwyndiafm
10 pou, so & monolithic slab made sease. See
Figure 3.7.

If you are having the shb done by
professionals, they will probably be happier
daing any project monolithically. Tt is bess work
for them to come just onc day inst=ad of wo,
and they are used to laying concrete with or
<3 benefit of f g5 o screed 10 Juse
ke sure that they, o you. bave amended to all
of the. preparsts for the footings and floor
which follow in the conclusion of this chaptes,
and the mext,




point of the building, the arm with the pen o
F"‘dlﬂ’i"PWlnd the center, creating a perfece
arde. On the sand pad, we do the same. A nail
sticking out of 2 stake in the middle of the site
muarks the exact center of the building. Clip a tape
measure on this nail and swreech the @ape our 1o
the correct radius — say 20 feet — and walk around
the siic while inscribing a visible groove in the
sand, using a stick sct at the 2o-foor mark. Varls,
1 perfect circle!

Now 1 will complicate this simple discussion,
but only a lile. We wanred o ke advantage of
solar gain in the house, so the north-souch meridian
was important. | also wanted to be able to use the
home’s 32 radial mfters like the points of a ships
compass card, so that | could find any celestal
wbject by going to the appropriate rafter. None of
this may be important to the reader, but whar
should be impartant is having a number of external
reference points to use for finding important
feanures in the home, such as internal post locations,
the toilet recepracle, erc. For us, with our intemnal
octagon famework, cight cquidistant cxternal
poinss proved to be very useful. Combining the
meed for these reference poinis with my
astonomical predilections, [ decided w place
directional stakes ar the eight primary compass
points: north, norcheast, east, southeast, erc. To get
the required accuracy of orientarion, 1 called on my
#ood friend Gearge Barber.

We enjoyed a fascinating evening of beer and
blether. duting which George described severdl

'mmdﬁudingzmnmh.mmt

making use of the stars and sun. (1 have already
described how w use the time of sunrise and
sunset o do this: halfway between those rimes,
the sun is in solar south.) Finally, George asked
me: “How accurate do you want to bel”

“Can you ger us ro within a half of a degrec®”
I asked

George smiled and said, *1 can ger you w
within a half a minute,”

The next day. George broughe his wonderful
transit o the site, and, using a very accurate
magnetic declination adjustment, we laid out the

cight accurate compass points, composed of 2

/ G

footing locabon

drawing not 1o scale se@
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stake and 2 mil, cach about a yard ourside the
footing rracks. and cach equidisaans from the
center and from each other George,
professional surveyor, did this all with 2 st
and all nails were equidistant 10 an accuracy of
Yis-inch.

If you dont have a Gl:urg: Barber. follow the
steps of Figure 3.8, which show you how to
accomplish the same goal witha rape measure and
a sharp stick for drawing in the and.

Loc Enp Cave: Formme THE
Foorings

With a rectilinear construct, like Log End Cave
and most American buildings, form the footings
with rwo-inch-thick planks, such a3 3 2-by-8or=-
by-10. At the Cave, we usd 2-by-10 forming
baards lent m us by a contractor friend. These
worked out well with our 12-inch-decp footings:
we just ler the oura two inches of congrene ake
the shape of the dightly deepened track. Bus, 2«
stated carlicr, | now advise nine inches of concrese
depth for the footings. and an inch of Dow
Seyrofoam® Bluchoard™ under the footings in
northern dimates. Again, this would have worked
perfectly with two-by-ten forming boands.

&gj.u.rw.cmhmuzz'rmmmzhmwmmmmmw;—__ onin

direction. This fine can be eyebalied quite ocasrately 3. Drive south stake 22° from conter. £ To fing the aas7 ond west powes: Cip one end
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three inches s twice the vs-inch thickness of
finished “two-by” lumber.} Similarly, the east and

west planks of the inner sct of forms are three
inches shore of the inner measurement of the
footing because the thickness of the planks
nmaing the other way make up the difference.
You should be able to derermine where all the
numbers are coming from by studying Figure 3.9.
Hopefully, your numbers will be casier. The odd

bers we used are a funcrion of using funny
nitmbers that are a part of surface-bonded block
work. as youll see in Chaprer 5. With poured
walls or mormred blocks, you won't be dealing
with obtuse fractions.

Forming boards can be cleated together with
three-foot sections of planking lefi 1o the ourside
of the footing track, as per Figure 3-r0. We actual
used the litde two-inch spacer shown in the
diagram on the long (36-foot 2-inch) sides, so thar
we could make full use of my friend’s 18-foot
forming boards. Normally, you'd butr plank to
plank. In the old days, we used doublc-headed
forming nails. also called duplex or scaffolding
naile. Nowadays, you have the option of screwing
‘your forms together, bur dean the wer concrete
off the screw heads for easy removal later on. If
you botrow forming boards, be sure to rerum
them just as clean as you got them.

Youll need m.d‘l 24-inch 2-by-4 stakes to

place one every four or five fect all around the

“?Iﬂndhﬁ&emmmd exterior sets of
M&mﬂb\u&wm for the ones you
h’ with the Hsg hammer, and hit the

stakes, not the forms. Fifteen eight-foor 2-by-4s
will make sixty 24-inch stakes. Pur tapered points
on each one.

Place the footing forms so thar their tops are
all ar the same level. This job is difficulr withour
a contractors level. Another great modern tool
you can hire is a laser level, which spins a strong
beam of light around the site 2 convenient height
off the ground. In Figure 3.1, a very young Jaki
holds a grade stick while a friend reads che
number ... and I take the picture

For vour first practice with the contmactor’s (or
laser) level, determine the average grade of the
bottom of your footing tracks. Take three or four
readings ar equidistant points along cach side of
the track — or 2 dozen readings around a round
track — and average the readings with a calculator.
The average grade will be useful in seming che
footing forms sensibly, bur this exercise mighralso
reveal some egregious discrepancies in the depth
of your track., which you will want to: comrecy
immediarely with hand tools before proceeding
any further.

Using the existing corner stakes as a guide,
bring in the longer of the north side forms (for
example) and put ir roughly in place. A few inches
in from each end of the long form board, drive
new stakes into the ground, always on the ourside
of the forming board, never where concrete &
pourcd. Drive all new stakes so thar they are at the
same grade, a5 judged by the contracror’s level o
laser level. This will be about ten inches above the
average grade of the depth of the footng rracks,

\ (¢ requires)

depending on the details you have chosen in your
footing cross-sectional diagram, which will look
something like Figure 3-1. Your footing crss-
section diagram should indlude all the decils of
vour floor, such as footing dimensions, floor
thickness, insulation, and your keying method.
Nail or screw the long north side form o the
new stakes so that the top of the form is level with

2 ok e e
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axsure that the inner ond ouler footing foems ore ol 3t e Xame grade.




the footing forms {which yields a truly 22-inch-
wide concrete fooung, still subsrantial), or you can
add the two inches for insulation 1o the
dimensions of your footing tracks and make the
corresponding  correction to your forming
diagram, the one resembling Figure 3.1,

Check the tops of both the inner and outer
sets of forms, to make sure they are all ar the same
dlevation, and, therefore, level with each other.
LUse a Jever, such as a 36-inch J-bar, to move stakes
upward slightly, a sledge ro set them in a wee bit.
Always hir the stakes, not the forms themselves, It
may be necessary to remove a little earth beneath
the forms, in spots, so that they can be raken to
their proper grade.

The heavy wet concrete wants 1o spread the
forms, and the stakes may not be enough to resist
this bowing (which, in the extreme, can become
“conerete blowout.” which tends to spoil the day)
There are various ways to resist this bowing. You
an jam 2-by-4-type marerial between the forms
‘and the excavarion banking. You can throw loose
- earth up against the base of the forms and pack it

ml‘dﬂhﬂmﬂm (This method also prevents

H'Fd’mm out of the borom of the

'-MMMm make a few moveable cleats

- like the one shown in Figure 3.12, and have them
“tnlyﬁ use wherever needed.

~ With the forms in place and well braced, the

‘ ‘.' msulation can be installed ar the botom of the

mﬁ-lﬂoﬂ its inner sidewalls. Anothef

antage of using rigid foam insulation here

ot have to oil the fooring forms ©

A _'J'\,_.\'i__:.. b

facilitate their removal after the concrete sets.
(Paint old engine oil onto the forms wherever
concrete is to be poured directy against wooden
forms, as may be the case in the south or as we did
on the wp four inches of the inner form at
Earthwood.)

Please sce the Sidebar on page 66 for my

commentary on rigid-foam insulation choices.

ReinrorCING Bar (REBAR)

Reinforce the footing with 2 minsmum of two
pieces of t-inch (#3) reinforcing bar (also known
as “rebar”, which shortened term 1 will use
hereafter). Building code in your arca may require
three pieces, and might insist upon ¥-inch (£5)
rebar, but we have had no problem ar Log End
Cave and Earthwood with two. picces. The rebar
runs laterally around the fooring: track, and
should be placed in the bottom half of the footing
pour, as seen in Figure 3.1, to give the fooungs the
tensile strength against sertding, This is the
primary purpose of rebar. Keep the steel bars a
minimum of three inches in from the bortom and
edges of the track, by supporting it during the
pour on clean picces of broken bricks or three-
inch-thick washed flar stones. Special wire

Rebar comes in 1o-foot and 20-foot lengths.
Fewer {apping joins arc required with the 20-
foot pieces, bur they are harder 1o carry home
from the supply yard. | usmlly pur a soft
protection blanker on the roof of my litde pickup
tnuck and bundle and tic the pieces together 10
the front and back bumpers. Sometimes, a5 with
the octagon we recently poured. and with other
small buildings, the 10-foor pieces have been very
convenient. The rule for joining any rchar in 2
track is 1o overlap pieces by forry imes (40x) the
diameter of the rebaz. So, with t-inch rebar, the
overlap is 20 inches. With 4-inch rebar,
wﬁd_hhpmuhuhchs

suppares made for the purpose are itabl
called frogs or chairs, bur 1 have never used them.
Whatever supports you decide on. they'll become
a part of the ¢ s0 choose hing clean.
strong and the right thickness, usually three
inches. Wood supports are unaceeptable.

(38" « 40 = 25 inches). Tic adjacent rebars together
Buy 4 small ree of this wire for the peoject. Ity
handy stuff. After 20 years. | finally used up the
fast of my reel, and now | miss ir.

presure of the
concTete.




including polyurethane foam,
a5 done during the heyday
jed polystyrene as the safest
t dry R-value of R-8 per inch, can
great reduction in its R-value.

‘expanded polystyrene (also

structure, moisture can more
n sponge. | have seen this
poorly drained soils. On the
2, and, a few years after
: rﬁx&et to install a new
p as the day it was installed.

;‘::IHWOOD: A Rounp Fooring
The placement of Earthwood's footings — nine

inches deep by 24 inches wide — was a function of

the round cordwood and concrete-block walls
'*V'ﬂwmmwssmm inches thick
and need 10 be centered on the footings for
u’!m&mbﬂnyasduhﬂmhummm

grade locations, Where have | arrived a signals? . m. =y
is to err on the side of caution. | wi; gnﬁ::?u:ﬂ:mm mmm” ¥
Styrofoam® and Owens-Coming pink Foamular™, but it is really important e -
drainage against and around the material. Protection of the foam from ;ﬂ
(particularly on a gently pitched roof) can be greatly improved by the use of the >
6-mil polyethylene described in Chapter 7 and Chapter 8 about living roofs. e
Finally, on the bottom of the footing track, use Styrofoam® Roofmate® or Styrofoam®
High Load 40 Blueboard™ for its superior compression strength, just 10 percent deflection
under a load of 5,600 pounds per square foot. | have never found Styrofoam® to be any
mreexpenmemanmhﬂexmadedpdﬁwnekm:hdmmw.“. :
might want to stick with the Blueboard™ for all below-grade insulation. T
| am sorry to report that | do not know of any “natural” products that will stand up to. :
conditions below grade. On the positive side, extruded polystyrene manufacturers have
mnmdmeaﬂenmeﬁa(chbroﬁmmm)ﬁumﬁﬂanmM: |
same CFCs famous for their contribution to the depletion on the earth’s m i
ozone layer. Dow Styrofoam®'s website, listed in Appendix B, says: “Today, all 25 Dow
plants worldwide manufacture Styrofoam Brand products with either HCFC blowing
agents, mmhmmmdepmmpommmmmdmmf
blowing agents, or even HCFC-free blowing agents as a permanent, ozone-friendly foam.” :
|nu‘emgm,u‘uemhnmmmmwmmwmw
mmsmawmmhmmmw
will last indefinitely. That is, they are not biodegradable. At first blush, that sounds like a bad
mmﬁmmwmmmmxmwmmm-ﬂﬂf_

radius of 18 feer exactly, the inner madius of the
footing forms needed 1o be 17-foot g-inches. As
the footings are two feet wide, the outer radius of
the form boards is 19-foor 8-inches, as seen in
Figure 3.8. The maximum sarurated load of the
home — rwo full stories plus an earth roof - — when
distributed on the two-foor width of the foorings.

comes our to abour 1,800 pounds per square foot
Iﬂ]lminmm*m“‘d
a way tha(all Mbmnsmw“'
Bt > pdla‘" M and the

cororallmadt (mmnry stove) footings would all
mppunmhrhmdlafnumbmmh“d
:mmzmﬁmm"h




1" Styrofoam*
compacted pad

_ The lefi-hand side of Figure 3.13, above, shows
‘@ the footing tracks floating on the sand pad at

Earthwood. The right-hand side of Figure 3.13
shows the detail if the floor and footings had been
w!lﬁ!m time, the monaolithic Aoaring
slab shown in Figure 3.7.

Inner and outer forms are ser at the right
mwﬂﬂrﬁdvdmmmdmthe&w
- example, Instead of being concerned abour
- Square, though, the salient feature of a round
1%&& all points of any ring be

Pﬂi‘-llﬁlwmu:drhuaz-bwﬂ-fwt

: ﬁ* high compression strength)

Figure 3.14. Even with a different diameser, or
different footing dimensions, take a litde time to
work out the best use of 2 2-by-8-foot (or 4-by-8-
foor) sheer of insularion. With two-foot wide
tracks, a good choice for the sizes of building
we're talking abour, a slight adjustment in the
numbers in Figure 3.14 will allow the pieces to fit
neatly with any diameter from 30 feet on up.

We reinforced our footings with two rings of
#5 (*4-inch) rebar, supported on three-inch-thick
pieces of clean broken bricks, as seen in Figure
3.15. Keep all rebar in the lower half of the pour,
where it adds tensile strength o the footing, and
at least three inches from the edge of the pour.

The Buttresses at Earthwood

The cylindrical Earthwood home —both one- and
two-story versions — has been built many rimes all
over North America. If one side of the cylinder is
to be loaded with a heavy berm, then there needs
1o be some kind of resistance incorporated into
the foundation ro prevent the home from moving
with that load. At Earthwood, the earth berm on
the northern hemisphere is as high as 13 feer and
weighs an estimated 500 tons.

Think of Earthwood as a stone or brick arch.
lving on its side. Arches ger their amazing
strength from the fact that masonry units, such as
bricks, blocks, and stones, are extremely strong on
compression. In his Strucrures: Why Things Don't
Fall Down, English engineer J.E. Gordon — my
favorite structural writer — says: “Elementary
arithmetic shows thar a rower with parallel walls

LI

;

23 pzg
2' x B' Styrofoam®™

235" =

23 23"
O =90 (nght angle)

could have been buils w a height of 7.000 feer or
2 kilometres before the bricks at the bowom:
would be crushed.” Figure 3.16 shows 3 oypical
arch. The verrical loads on the arch are ransferred




[¢ was another English engineer, my friend
John Jacobson. who pointed to the need for
smilar kind of reactionary load or thrust ar
Earthwood, which is like an arch lying down, as
seen in Figure 317. The voussoirs. in this case,
would be :ight-ind1—wid: comner blocks, laid
cransversely in the wall like log-ends.

Bur whar would 1 use for abutments? After
discussions with John, I designed the burtress
system illus d in Figures 3.18, 3.19 and 3.20.

The strength of the buttresses is predicated
upon the reinforcing bar inside of it. | had all the
necessary parts (shown in Figure 3.20) made at
our Jocal steel service center, all made from heavy
$a-inch (#6) rebar. The two square-shaped pieces
were heat-bent and welded to close the square.
The two diagonal picces arc bent at a 45-degree
angle as shown. All parts of the burress cage are
tied to the footing reinforcing bar with forming

=
tie bars back
48" into footing

footing bars

wire. Archirect Marc Camens suggests using two-
by-four pieces to create tansverse keyed joints as
shown in Figure 3.18.

Although we didn't do ic, I think it is 2 good
idea. Oil the little forming blocks so thar, later,
they can be easily removed from the concrete after
2 few hours. After the footings were poured, we
builr a forming box around the burress cage
assembly sticking out of the footings, which will
be seen in the next chapter abour floors.

The burtress cage as described was placed
within a 12-inch-wide burtress form, described
later, because we planned @ do a four-inch
cordwood facing on the interior to hide it from
view. If 1 were doing it again. 1 would make the
buttresses 16 inches wide, the same as both the
cordwood wall on the southern hemisphere and
the 16-inch block wall on the northern

Stone Mass Footing

The rwo-story 22-ton cylindrical stone massat the
center of Earthwood serves double duty as an
efficient masonry stove and the ceniral support
column, and it. oo, needs o be well-founded. A

Fig. 3.19: At Earthwood, the buttress cage i made af 46
(%"} rebar.

Fig. 3.18:
Buttress descl.
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of the footing would be of 3

With an inch of Dow Blueboard™ ar the botrom,
the concrete depth would be 9 inches We
installed plenty of $4-inch (#35) rebar throughogy

the stone mass footing, criss-crossed ang

supported as shown in Figure 3.21.

The Post Footings

As explained in Chapter 1, the post-and-beam
frame midway between the perimeter of the home
and the central mass has seven our of the eight
posts of a true ocragon. The elimination of one
post, made possible by a heavy oak girder, means
that in terms of load, the two posts supporting the
heavy ginder are really carrying a 50 percent
greater load than if three posts had been used.
Therefore, while the other five posts have fml:ings
of three-foor diamerer, the northeast and
northwest post footings have diamerers of three-
feet eight-inches.

These post footings were acrually done
withour forms. The lower two-thirds of their
nine-inch thickness was simply sculpted our of
the compacted sand pad. A disk of Dow
Blueboard™ was placed ar the bowom of each six-
inch deep hole, and the sand sides of the hole
were chamfered and wer-compacred just before
the pour. Unlike other footings, the concrete was
kﬁ"""-’#‘ldﬁld!aid‘icﬂvlmrpourwnu]dbm:ll‘i‘“=a
1o the cold concrete later.

hlﬁngdtelmpanufthcpmtﬁ”ﬁ“ﬁ
was done for safety and convenience. We dilkll"l
want seven holes in the pad for workers o @P
into Mﬁng the floor pour. Incidensally, we did

criss-cross picces of rebar through the lower part
of the post footings, amilarly 1 the central mass
footing,

Concrete Calculations

You've got 1o know how much concrese o order
from the batch planc. 1 find it most convenient to
measure and calculate in feet, or decimal fracrions
of feer, then mulriply according to volume
formulas o ger cubic feet. and then, finally, divide
by 27 to get cubic yards, the unit for ordesing
concrete. { There are 27 cubic feet in a cubic yard.)
For footings, you can take the cross-secrional ares
of the footing (in square feet) and multiply by the
mean perimeter of the footing track (in feet) o
gee so many cubic feer. For example, a footing 24
inches (two feet) wide by g inches (.75 feet) decp
gives 4 cross-section of 1.5 square feet (2 feet x 75
feer = L5 sf). Say the mean perimerer (the rotal
distance around the center of the footing) is 140
feer. Multiplying: 140 feer = 15 sf = 210 cubic feet.
Finally, dividing by 27 gives 7.77 cubic vards. The
safe thing in this case is o order 8 cubic yands, and
be sure you have some place to use up the exra 23
cubic yards. You might want a pad for a picnic
table, for example, or a sidewalk or paving slabs or
some other project.

Accurate depth measurernents are crivical with
concrete calculations. In the example above, if the
true footing depeh is 9.5 inches (.792 feet) instead
of 9 inches (.75 feet), it throws the numbers off
quite a bir. (2 % 792 = 158 of x 140 focr = 22067
of + 37 = 8.2 cubic yands) That extra halfinch

mcznsrharmﬂcuhicymxmdqmn&n_.mbk
yards s}wn.whichinqmwahmfwd:inm.l
always average 20 or more messurements around
lh:m:ktngalhcmudepds.mddmmgad
nmnbcrurhconeiplug'rmod:eﬂ!mhﬁum_?w
cample, 9.21 inches is .77 feer because 9.21 inches
—u:nchmhﬁmﬂ:,r-‘.Tngﬂ:dqah
measurement, simply place 3 straight edge across
the top of the footing track. and mezsure down o
the bottom of the track. If you have an inch of
exrruded polystyrene in the track, measure to the
insulation under load (stand on it) or measure
before installing it and subtract an inch from your
final depth average.

The formula described above will wark for
any shape of footing perimeter {round, rectilinear,
ocagonal, erc.) having a regular cross-section. For
a cylinder, such as the central mass footing, e
the formula for a cylinder: Vicyl) = & r'h, where
7T = pi, of 3.14. ¢ = the radius of the cylinder (three
feet in our case} and h = the heighr of the oylinder
(nine inches or 7 feet) Soc V= 114 v y feer m 3
fret » 75 feet = 2121 cubic feer. Dividing by =
gives =R cubic yands. At Earthwood, this number
must be added 1o our perimeter footings tweal, as
well as the seven linle post footngs. o gee the
grand total for the concreee order:

Ordering Ready-Mixed Concrete

For your informatron: Today's concrere rrucks can
carry about 1o cubic yards. If you order more than
10 yards, therefore, it will come in rwo loads. If
vou arder less than four yands. you might be
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The Footings Pour: A Final Checllis,
1. Are all the forms braced well enough

Besides
frequent staking — cvery five feet o
wo-by material, twice thar amouny for
plywood — you can pack with wer sand
and use tie cleats (see Figure 3.12),

2.Is all the insulation in place? Are g
wooden forms exposed 1o concrete oileds

3. Is the rebar situated in the lower half of
the pour, and properly

4- Areany necessary key pieces made, oiled,
and at the ready?

5- Gan the truck’s chute deliver concrete 1o

o resist “concrete blowours®

pported?

all parts of the pour reel-barrowing
concrete is ... well, boring would be 3
conservative descriprion.

6. Do you have enough tools for your crew?
(A couple of stecl rakes, a couple of
shovels, straighr edges for screeding, flat
trowels.)

7- Do you have a crew? It's time to blow the
whisde on some strong backs thar owe
¥ou a favor. For footings, a crew of four
sturdy individuals should suffice to draw
the concrete around the forms and tmp
itin place (see Figure 3.22, opposite).

The Pour Itself

Ask the driver for a stiff mix. Tell him you want3
three-inch shemp. Youll impress him with the
terminology, bue thar’s not the point. There a
wwmdacﬂtﬁinlﬁr‘ﬁ&‘

handle on the side of the cone, which is placed on
a flar surface, wide side down, and filled with
fresh concrete. The cone is removed and the
“slump” of the cone (the amount the cone
collapses) is measured. In the real world, drivers
don't carry slump cones around with them, except
for expensive engineered projects, but they know
that a three-inch ump is a suff mix.

Why the siff mix? The driver might even
offer w “soup it up” so thar the concrere: flows
around the forms like warer

Nothing doing! You've specified 350c-pound
concrete for the footings, but you'll anly get the
full strengrh with stiff conerete, not porridge. The
more warer (the greater the slump), the weaker
the crete. Mavbe it's Friday afternoon. The
driver wants 1o dump this load, dlean his truck
and hit the pub. Bur you won't have the strength
you've paid for. Three- inch stump!

The we fis casy, but hard. if you get my
meaning. Raking, hoeing, and shoveling concrete,
especially stiff concrere, around the footing tracks
is strenuous, but it’s not a highly skilled job. Try
to vibrate the concrete down into your footing
tracks with your tools, in order to prevent voids.
Instruct everyone to be careful about not
disturbing the rebar. After one of the sides is
poured (or 30 feet of a arcular footing), set oneor
two of your crew to screeding the concrete with a
2-by-4, as shown in Figure j.23, below. Simply
draw the 2-by-4 back and forth quite stiffly by
hand, constantly pushing excess concrete in front
of you. If roo much concrete accumulates in front

nl':hc;crc-:dbo:mts]mﬂarnhduum:m
to 3 place thar needs ir.

After screeding the concrere, you'll want 1o
trowel it smooth with 2 recangular plisterer
rowel. If you have someone on the crew with

fig 122

Pouring the
footings at
Eortiwood.

Fig. 3.23: The concrete i scnreded with o 1hort. stroight-eciged Booed.




15 level the concrere — not o bad. The Earthwaod
pwio footings rook around the same rime, even

we had the central mass and the bortom half of
the seven pillar fuotings o do, bur we were mor

experienced. In each case, Jaki and I removed the
forms the next day.

On Homemade Concrete

The reader may wonder why | do not advie
mixing ones own concrete on site, from sand,
Portland cement and crushed stone. In response,
I want to say, firstly, that, with a name like Rob
Ray, I'll squeeze a shilling ‘til the Queen screams,
but I stop at mixing my own concrete, with the
following exceprion. With small projects of two
eubic yards ot less, | have actually mixed Sakrete™

strength, (dry pre-mixed concrere) in a wheelbarrow, mwo
%.-h §0-pound bags at a time. Ar our cighr-foor square

outdoor bathhouse, Jaki and son Rohan mixed 20

B 3 whedbarrow loads — 40 bags — while I poured.
| 5 l— screeded, and woweled, 1 don't mix my own
P& concrere with larger projects becuuse the savings

are minimal, especially if you place any value atall
©n your time. Also, a foor_ing poured over several
"ﬁ':dl:'lhiy scenario when mixing your own)
WOnit be as strong because of all the “cold joins”
between sections,

C /

ter

THE FLoOR

ot everyone likes or wants a concrete floos.

I will not argue. Concrere is hard on the
feet and tough on the spine, particularly as you
get older. Nevertheless, it is the floor that | am
going to accent in this book, for several reasons.
First, the concrere floor has hear-retaining mass, a
particularly attractive feature when combined
with in-floor radiant heating. Second, the
concrete floor is firly inexpensive and easy to do.
And finally, you can put all sorts of surfaces on
top of the concrete floor, some of which an
“soften” it somewhat. Options include: slare, tile,
stain, bamboo, cork; carpet. throw rugs and mars,

y 1o 4

learn about these systems, buy or bamow Mike's
Sioand Up Underground Hawse Book, listed in the
Bibliography.

This leaves us with one more opuon: the
wooden floor supported on floor joiss. We'll
discuss that, then the concrere slab.

A Wooben Froor

One of our students. Chris Bushey, didn’t want 2
concrere floor in his single story Earthwood
house, so here’s what he did:
central mass footings exactly as described in the
p chaptes, bur, instead of individual pose

even a wooden floor, such as parquet or
planks.

My friend Mike Ochler rakes a different view,
touting the canth floor as much kinder to the
spinal column. He’s nght. He likes a low-cost
floor consisting of ramped earth, covered with 6-
mil polyethylene and carper, particularly recycled
carpet. Again, | Gnnot take isue with my
esteemed colleague. And, if the reader wanis

footings, he poured a circular “grade beam”™
halfway berween the perimeter and central mass
fotings, as per Figure 4.t

The grade beam is kind of like an intemal
footing, and scrves double dusy by supporting the.
ocragonal post-and-beam frame as well as the =
grade beam is 24 inches wide. :



moisture. damage, but “nothing serious * We
discussed what he might do if he were doing it 4
again. Chris told me that hed be more carefyl
about installing his 6-mil vapor barrier. Where
there is no continuous slab, some building codes
require that the plastc be installed up the
foundation walls, with all joints carefully taped
and sealed. Check with your local code
enforcement officer at the design stage.

Chris also thought that an inch of
Styrofoam® over the plastic would be a worth-
while investment, although he is pleasandy
surprised at how warm his floor — just a sub-floor,
really — acrually is. Finally, he would rake exma
care o make sure that there was at least thiee
i_ndau of clearance between the underside of the
floor joists and whatever is below them, be it
sand, plastic, or rigid insulation.

The Bushey home is warm, charming, and
comforable. The wood floor, while a little rough,
has worked out well,

Tue Concrere Froor

The considerations for pouring a concrete floor
are quitea bir different from those {urpouri.ngd*
Wmhlhemajor reason that, on a home
ml!‘*‘kﬂlglhcm jobs separately, 28
9Pposed 1o the single “monolithic” pour. With
somall buildings, like our new octagon, I pour the
| MM floor ar the same time, the

:._._: nolit Hfloating skab,” as seen in Figure 3.7

Preparation
Preparation always takes a lot longer than the

pour itself. Ar the Cave, we 1 the footings
on July nth. We thoughr we'd be ready 1o pour
the floor on July6th, but were not fully prepared
until a week later. There is so much thar has w be
done. One of the jobs — which I would not do
again —was to lay up the first course of blocks. On
this home, we used the floor to “foot” the base of
the block wall from being pushed in by the earth
backfill. If | were building a similar home today, |
would use the key-way technique for locking the
block wall to the footings, as per Figure 3.2. The
blocks, as we were to learn, were also in the way
of the power screed’s planks. Even with norching
the planks to ride the top of the blocks, the rough
texture of the blocks made the screed move
sluggishly.

The surface-bonded block wall, however, was
a great success,. We used the technique ar both
Log End Cave and Earthwood, and it is the main
thrust of the next chaprer.

Under-floer Drainage

Before doing the first course of blocks, we spread
four inches of compacted sand on the
undisturbed earth of the excavarion for good
under-floor drainage. Three days after the
foorings pour at Log End Cave, we built a sand
ramp over the frost-wall porrion of the foorings
with a bulldozer, and pushed and spread wo
dump-truck loads of sand over the floor arca.

Using the footing as a visual guide, the op

Fig A3 A=p 4 chown; 8= non-perkoratad drow; C = pesincler
ma-wwm&a““fm
shouid be set into the sand 10 that o ports of the pod e within & lew feet
ﬂﬂmw*“ sl s J "M

A soakaway b an aption on fiat welt-droied lnd :




pipe. I’s a cheap insurance against water

; from below, whatever their source.
Ar both Earthwood and Log End Cave, we
wok the drain tubing out 0 a soakaway in front of
the home. The soakaway {sometimes called a “dry
well”) is a large hole filled with grapefruit-sized
stones gathered from an old stone wall. This wasa
choice pmd.nlrd upon termain. A berrer place o
take footing (“French™ drains or under-floor
drains would be to a point out above grade
Altheugh we have not had a problem. soakaways,
in extreme wet conditions, can fill up, and then
there is no place for the water w go. Obviously,
any dmin must mn downhill, whether it goes our
above grade or 1o a soakaway. When you
i

take such

black,

nylon ar

pipe out above grade, cover irs end with a
rodent-proof (M-inch mesh) screen or hardware
cloth: otherwise, your drain system might become
an arractive chipmunk condominium

Finally, do not crearc a U-trap underneath the
ﬁlﬁn@,wﬁd‘m Al with water. The flow must
bea positive cantinuous drain — ever so shightdy -
down,

Earrawoon: Insuration

In northern climates, pur ar least an inch of
sxtruded polystyrenc under the floor, two inches if
¥ou are installing in-slab radiant floor heating. In
sauthern climes, install 6-mil polyechylene (cither
dear or black i§ acceptable) under any concrete
Pour that is not insulated. If fresh wer concrete s
poured on sand withour plastic or rigid foam, the

THe Froon

sand will suck the moisture our of the concrere so
fast thar it will “ger away™ from you (ser much wo
fast)., leading 1o a panic o get the floor troweled
betore the concrete sets. | know this because |
commirted the error myseli at our summer

s monolithic slab, and, evenc-ually, | had 1o

industnal grinder o smooth the floor. I'm

¢ you, and happy ro share my mistakes.

taken at Earthwood, shows the

wsulation in place, and other details. Tf you are

doing in-floor waste plumbing, under-foor

nduits, or combustion air inlets, all

discussed below, the insulation goes in after those

Fystems

In-FLOOR RapianT HEATING
Several times, | have mentioned in-slab hearing.
We dont have it at our home, bur, withour
exception, everyone | know who has in-floor
radiant heating i crazy about ir. The system
consists of special plastic (cross-linked poly-
cthylene, usually) tubing, designed for i
resistance to concrere, woven throughour the area
to be heated, usually on 12-inch centers between
parallel lines of run. Normally, the home i divided
into two, three, or more heating zones, which can
be separately controlled by thermostars. The heat
comes from water that circulates through the
concrete by way of electric pumps. Fuel can be gas.
fuel oil, dlecrric, or even wood.

My neighbor, Steve Bedard. installed his own

Seeve placed two inches of extruded polystyrenc

on the sand prior 1o pouring the concrere. On top
of this, he laid out s-foot-by-1o-foot sheers of "six-
by-six-by-ten-by-ten” wire mesh. This crypric
designation means thar the mesh is 6-inch-by-6-
inch grid. with #10 wire in cach direction.
Working alone. Steve ran his wbing back and
forth along the grid at onc-foot {12-inch) centess,
making 4 loop at cach end. The tubing is fastened

ahout every four feer with a tie-wire, easy ra install  pous!

with an inexpensive wire-tying tool made for the
purpose. Sce Figure 4.6, below,

Other special right-angle deeves are available
o bring the tubing up safely (withoor kinking!
through the contrete and on to the anes where the
pump and furnace are locared. See Figure 4.7

The actual mechanics are best left 0 2
Miﬂh”ﬁmnﬁ:pﬂd’
bent. like Steve, and want to sve some money o6

llation, see if you can work a desl with the

tubing prior w0 having his floor professionally

Bt s 1k

o do the twbing youneif

5 e

poured. Following installer’ d

it g
e mesh one
siotet The
e butiresses
are formed
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seen in Figure 4.5, where we used it z
‘mesh in our case was to hold the concrete
“when,” not “il.” Concrete cracks, period.
ige between one section and another when it
without cracks, but most pours of any decent
problem as long as the slab is reinforced.)
e wire mesh, which requires a designated
the concrete with the tines of a metal rake.
millions of little polypropylene fibers, The
eliminate the cost of the mesh and the
the same job as the mesh: They hold the

ready-mix plant, use the mesh. A tip
s of wire, which have a “memory” and
e edges of two adjacent pieces by a

You could have them check your work before the
concrete is poured.

UNper-FLoor Prumsine

This book s abour earth-shelrered housing, 1 am
neither 2 plumber nor an clectrician, although |
hﬂ!hmym work on parts of these systefms
i the four houses I've builr, particularly waste
M"& M!' commentaries on these systems arc
Dased o0 my own expericnce in carch-shelered
h% and are only meant 1o supplement
Plumbing ang electrical manuals, not substinie

for them. | am pleased with the way our waste
plumbing has performed, but not everything I've
done has been “up o code,” as relared below.

Some wise advocates of owner-building have
cautioned against installing waste plumbing
under a concrete floor, and with good reason: If
something goes wrong under there, the first ol
youre going to need is a jackhammer. This
warming might just be enough w push you
towards consolidating your plumbing in as small
an area as possible — bathroom back-ro-back with
the kirchen, for example — and purting all of the
plumbing under a wooden floor, something like
Chris Bushey's, already described. Waste
plumbing is often referred to as the DWWV
(drain/waste/vent) system.

Nevertheless, | continue to install DWV
plumbing under the slab, although 1 do it very
carefully. In fact, | prefer 1o do the job myself,
slowly and quiedy, than to sub it our t a
plumber, and cost saving is only my second
reason for making this choice. The first reason is
thar this is my home. | have a very real srake in
making sure that the system will not fail.

At Log End Cave, | used schedule-4o plastic
PVC (palyvinyl chloride) pipe below grade. Ar
Earthwood, 1 switched to cast iron, but I now
consider that to have been a mistake, and would
not do it again. The reasons: Cast iron is
expensive, brirde, difficult 0 work with, and
requires the hiring of SPCC“] cutning wols. And,
my view now (supported by others “in the know™)
is that the modern schedule-40 plastic pipe (either

PVC or ABS [acrylonite-butadienc-sryrene], as we
used ar our summer cortage) will outlass the case
irom, which is prone  rusting and other damage.
For these reasons, cast iron is scldom used
anymaore, and I'm not even going o discuss it here,
except to warn you that a house drin running o
a municipal sewage system may require the use of
cast iron by local code.

George Nash, in his cxellene Do-fr-Yourself
Houschuilding. 1o which | often refér for wechnical
infi ian for co | construction, points
out that ABS “is considerably stronger and has
both greater impact and thermal resstance: than
PVC pipe.” It used w be that you couldnt mix
PVC with ABS, but the advent of "universal glues”
has now made this possible, if it b

The Cave DWV system (sec Figure 4.8, belowl,
was extremely simple, and the bathroom finures
consisted of a tailes. 2 barhtub/shower. and a sink.




outdet pipes, which joined to the 3-inch hous
d""“ A5 seent in the diagram. Washing machine
TEUie 3 2-inch ourler line, as do vent stacks. I
hp houses, with lows of plumbing, the code-
- ™Suired vene stack might need o be 3-inch piFe
Oreven larger, The yeng ACIS 45 A pmsurr:cq“‘lm
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A twiler flush needs o Mow rapidly down a pipe
and out through the house drin to the septic
tank. But if air can't rush in behind the Aush — air
from a vent — then the flush is trying to creare a
vacuum behind it. Mature, it is said, abhors a
vacuum — at the very least, it makes vacuums
difficult o exist = and so the rwilet will run
sluggishly without air from a vent to easily fill the
vacuum. Also, a vent stack provides a rooftop
escipe route for septic ank odors, What we did
worked, bur code and srandard practice both
dictate thar the vent stack be placed on the septic-
tank side of the toiler.

The DWV system was only slightly more
complex at Earthwoad, because the home had two
bathrooms, but most of it can be seen in Figures
4.9 and 4.10. The main differences were thar we
used cast iron plumbing (not recommended) and
something called an “atmospheric vent,” also
known colloquially as a “pop vent.”

Just as a check valve only allows warer to flow
one way through it, a pop vent only allows air to
move in one direction. | think of ir as a check
valve for air. At the advice of a plumber friend, 1
used it as a substitute for the venr stack at
Earthwood, because | knew thar any penerration
through the waterproofing of an earth roof = such
as a vent stack — is an open invitation for leaks.
The pop vent is used ar the same location as a
vent stack, and does the same job, By letting air
in, waste-can flow casily, as no vacuum is being
created. By nor leming air our, no odor back-
drafts into the home. Our pop vent s actually

hidden in a wall in the downstairs bathroom, and
has warked perfecely for 25 years. We have never
had blockage or odor. The only time the system
has worked sluggishly is in the spring when the
drain field was sarurared, but an ordinary code-
approved vent wouldn't have helped in those
CIrCUMSTANCES in any event.

The pop vent worked so well thar I used one
again at our summer cimp, and for a similar
reason: | did not want to violae the wooden
shingle roaf of our geodesic dome upstairs. That
vent, 100, has never failed, This begs the question:
“Why doesnt everyone use armospheric vents
instead of the cumbersome expensive vent stack
through the rooR” The answer is, simply, that
plumbing codes don't allow it Why? 1 donk

Lo h

know. But 1 i i vents
they may provide a solution for some owner-
builder with similar concerns o outs; and
similarly uneroubled by serict plumbing codes. Be
informed, but break rules at your own risk.

Fig. 4.9:
plumbing at
Eorthwood. The
top of the
T
mentianed in
the text, 5 set ot
finished fioor
level, which is
the some a3 the
top of the
foatingt.




Your DWV plumbing must be set firmly in
the compacted material of the pad, so that ng
settling can occur. (This is another reason thag |
pr&'ﬂ' coarse sand to crushed stone ag pad
material: it is casier and safer 1o set the Ppipes into.)
The correct slope for “horizontal” DWV pipes is
berween M-inch and '4-inch per foor, towards the
sepric tank. 1 like ¥s-inch. a middle ground
Using & 2-foot level then, as seen in Figure 4.10,
the s.lupc will |'.|r|J|J Y-inch over its |:ngdl: with 2
4-foor level, the drop is Y-inch.

Know the exact location of your plumbing
appliances with respect to walls. With a recrilinear
shape, like the Cave, you have the corners as
reference points. With a round building, you
need those eight external reference stakes,
discussed in Chapter 3. At Earthwood, we poured
the lower half of the seven pillar footings at the
time of the ﬁ:otin§ pour. We found it convenient
to place an 8-inch-square picce of Styrofoam® at
the exacr internal post locations, based upon the
W"S.‘ center and our external location sakes.
With these *mock” posts precisely in place, it was
) &35y marter to draw all pertinent walls in the
damp mnd. Armed with a scaled floor plan, the
loition of waste pipes can be determined by
Mﬁn@

Measure and &t the ABS pipes, being sure ®
Alow for the space waken up by clbows, Y TS
and other connectors. Fit your system, unglued:
h*’ Prepated tracks, When everything fits right
M*m!ﬂd firtings with a pencil line (s
you can duplicare the configuration), then gue

THE FLOOR

the unit together, one connection at a tme. Ger a
good book on plumbing or seck advice from
someone experienced. Gluing plastic pipe is casy;
but you only ger a couple of seconds to ger those
pencil lines to line up before the join is frozen.
Ihere are a lot of \-_'\mui tips on the side of the elue
can, too, such as deburring joints and cleaning
them with a comparible “erching” solvent before
joining them.

Pack sand around the pipe afier it is set in
place and the grade is checked. | use the side of 2
sledgehammer for chis purpose, being careful w
mmp the wet sand and not the pipe iself

Before capping off all the openings, test the
system! Pour water in all the openings and make
sure it comes our the end. of the house drain,
briskly. (Too much slope is not a good thing
though; the liquids could oumrun the solids.)

Leave all wasre pipes sticking up at Jeast a fioot
and wire them o an adjacent stake. Carefully cap
the twps of all pipes so thar sand, concrete, or
children's small toys don't find their way into vour
DWWV system.

A “woiler recepracle” is a smndard plumbing
firting to which the toilet is later boleed. The sap
of it is set exactly at Hoor level, which can be
determined with a long stmight-edge ~ your
screed board, perhaps — ranning from one footing
to another. Or use a laser or contracyor’s level. The
receptacle must also be av the correcr distance
from the wall the wiler resws againss. Use the
“roughing in” distance for the actual rollet you are
planning to use (usually but not always 12 wches).

measured perpendicularly from the wall with 2
square. The miler recepracle, unlike the shower
drain, is supported by concrete, so it hus to be in
the right place the first time.

Cover the miler recepracle tighdy w prevent
concrere going down into the DWY pipe. Cast
iran recepracles come with 2 “red cap” made fior
the purpose (scen in Figure 4.9}, but find oue what
is available ar the plumbing supply house s cover
the receptacle you have purchased, Ar the like
cottage. 3 square of sticky Bitathenc® waten
prouting membrane served the purpose nicehe

Again, w thwarr Murphy's Law, place a
cleanout 3t 2 wravegic position m dear the house
drain of any blockage. | have insmiled them at
every home I've buils and have never had w e
any of them. But if you dont put ene in, you will
eventually wish vou had. Cleanouns for 3-inch and
4-inch pipe, with 3 theeaded cap. are common
wems. Provide accews w them by having them
stick out of the concrete on 2 g5-degree elbow in
the direction of flow. Access can be hadden by
bosing in the cesnout, 4 we do with the shower
and tub drams. At Earvhwood, we have inszalied 2
vamished wooden scoess cover 1 ger ar the
cleanour. which & entirely below floor level. See
Figure 4.1 aned refer back w Figures 4 830d 40

Unper-#roor ELECTRICAL

A plumber triend built 2 enctory vension of
Earthwood at shout the same nnse we bush our
home. In addition to under-flvor phumbing. be
alwo tan under-flose conduit for hie mmjoe




UnDER-STOVE VENTS
M,anyuwnu'-bui]dcrs like to hear with wood, and
woodstoves need a- source of combustion ajr
whether they are massive masonry stoves like the
one at Earthwood, or traditional freestanding
models as we used at Log End

to provide air is by a direct vent to the exterior,

The best way

Withour this positive vent, the stove will suck its
required air from around doors and windows or
other leaky places. Or the stove will not function
properdy: it will “choke.” At L End Cave, we
ran 4-inch non-perforated flexible tubing from
the exterior, under the footings and floor, and up
under the two woodstoves. The inlet is covered
with 4-inch mesh hardware cloth w discourage
varmints. Some advocates of this system say that
the cross-sectional area of the incoming air pipe
should be equal ro the diameter of the stovepipe.
I can see some logic in that, but our system ar Log
End worked well. Maybe it would have worked
even better with a 6-inch air tube.

When some people hear of this vent, their
first thought is thar they don't wanr ro bring this
cold air into the home. But this is not the case. If
you bring the air to a location close to the stoves
firebox, the stove will ger air (or create a draft)
From its easiest source, which is the incoming vent
pips. Now, for another of “Rob’s mistakes that the
‘reader can easily avoid.” | took our 4-inch non*
petforated air vent under the footings. creating
U-trap, noc unlike the one under a kitchen sink
Aﬁuﬂ'ﬁh’ condensation filled the U, and we
had 1 pass a towel back and forth on a rope until

wed bailed our the trap. Design your system so
that any condensate runs out of the air vent to the
outside,

The masonry stove ar Farthwood gets its air
from a number of “earth tube” inlets around the
perimeter of the home (see Chapter u), but an
excellent alternative would be o bring a 6-inch-
diameter combustion air supply vent under the

b and have it come up next to the firebox
location. Later, when the mason ry stove is
actually constructed, thar air venr can make a
right-angle turn and supply direct air right into
the side of the fircbox. A damper can be installed
in the line so that the incoming air to the stove
can be stopped when it's time to close the stove
down.

With a right home such as an earth shelter, it
is particularly important to provide an easy, non-
drafry source of combustion air, and you need o

install it before the floor is poured.

Loc Exp Cave: THE FENCE

The first step during the actual pour will be o
flatten the concrete at the correct clevation. a
process called sereeding, described below.
Oftenrimes, screeding is done by dmawing a long
straighr plank back and forth across the concrete,
supported at both ends by a footing or grade
beam. Bur, with most homes, the screeding span
will be too great withour including one or more
intermediate “fences” to support one or both ends
of the screed hoard. At Log End Cave, we ran a
fence down the middle of the narrow dimension

of the pour, to cut the screed span in half, as seen
in Figure 4.12. The fence “posts” are 2-by-4 stakes
driven firmly into the sand pad. The rop fence
“rail” is simply a straight 2-by-4 screwed 1o the
stakes, such thar the top of the rmil is ar the same
level as the top of the foorings. (Or, in the unusual
case of the Cave. level with the top of the first
course of blocks.) Make sure that the wps of the
stakes arc all below the top edge of the fence, o
that they don't cause troublesone “bumps” in the
screeding process.
After the pour i completed, the fence i

evidence of it is obliterated by rowsling,




inches = 3:5 inches, 394 inches = 3.625 inches, and
g inches = 4187 inches. Maybe your final
average isa number like 3.77 inches, That is your
height (h). A difference of a half-inch here can
mean a couple of cubic vards of concrete, one way

or the other.

Tue FLoor Pour: A FiNaL

CHECKLIST

1. Can the truck’s chutes access all parts of
the pour easily?

2. Is the six-by-six-by-ten-by-ten wire mesh
installed and do you have a designated
“mesh puller-upper” armed with a metal
rake, ready to keep lifting it into place?

3. Or, if you're nor using the mesh, have
you ordered fiber-reinforced concrere?

4 Have you gor a good crew of at least six
people? Use those experienced bodies
from the footings pour and try to find
somebody who can run a power trowel.

If you've never run one yourself, it is
prabably best to not begin your learning
curve on your own floor. For the floor 1
recommend that you hire one exper
ienced person to direct operations and
Wbiv&. fun powered equipment.
5+ Has all your under-floor piping (plumb-
I"f-& drain tubing, air supply vents) been
tmped into place? Did you rest your

. .mhi“&wids water?

%%M have all the necessary tools for

YOur crew? Three steel rakes and three

spade-type shovels won't go astray. Have
a long enough screed board on hand, ar
least a foor longer than the span you
need 1o screed. Fasten a vertical handle
to each end of it, such as a 16-inch length
of one-by-two. Hire a bull float and a
power trowel. A power screed is a nifty
tool, too, as seen in Figure 405 below,
but, like the power trowel, it should be
operated by someone with experience.

. If spans are too great for a reasonable

~4

length of screed board, have you setup a
strong “fence” 1o shorten the span, as per

Figure 4.12 on page 89.

Lo Enp Cave: POURING THE
Froor

Again, as with the footings, you want a fairly stff

mix to ger the full strength you are after. Order
3000-pound (five-bag) mix.

Experienced flarwork contractors will direct
the driver where and how much conerete to pour.
but, for do-it-yourselfers, most drivers are quite
good at placing the right amount of concrere in
front of the screed board. But the responsibility
for the call is yours, not theirs.

If you are using the mesh, make sure the
designated “mesh puller-upper” keeps lifting it
into the concrete, off the Styrofoam®, but not
to the very top of the pour. where it will get in
the way of troweling. 1 recommend the fiber-
reinforced aption.

Work ane section at a time, berween the fence
and the footings, for example, s seen in Figure
412 As soon as you've got a fuir shot of concrete
placed, two people should ger on it with the
screed board. {Worth repeating: strong handles at
cither end of the 2-by-§ straightedge make the
screeding much easier.) The two crew members at
the ends of the screed boand need o gerinw 2
chythm, like two people working 2 large crossait
saw. Another helper (with a rake) can draw exoa
concrete J\l'l}' frnm ll‘lc t‘fﬂﬂ‘ U‘ ‘h M m
make it move casicr, while yer another crew
member (with a shovel), can throw a lirtle extra
concrete in depressions, as needed. The crew chief
(you or your hired gun) tells the driver when and
where to place another “shot™ of concrete. (See
the Sidebar, Steve’s Pour. 1o see some of the mricks
that pros use on the job.) 1 was formunate ro have
a contractor friend, Jonathan Cross, on hand o
keep everything running as well as it did.

Learn from my experience ...
At Log End Cave, the concrete thuck amrived

sbout noon. We had rushed all morming. |
beginning at § a.m.. w get cverything preparcd, ~ A
and were still leveling off the fence while the tuck
wmixing.'ﬂti:ismuhgd:‘upmdm-ﬁ
ready the day before.

The first half of the slab went well, and then

“Mnhdlmﬁumm "




the concrete pad Is high or low. Adding
taking it away brings the pad to finished

arrived just in dme to save a nasty looking “cold
joint” between the two pours,

Log End Cave’s slab was 17 cubic yards.
Drawing all that concrete with rakes, screeding it
w“ﬁ‘h mesh and a power screed that dien't
di&e‘:‘y“‘u aver the cotirse of blocks, working
p amund plumbing ... well, it was a long day- BY
AL . oclock, all our help was able to go home
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right amount of concrete distributed
uniformly. | was impressed with this crew,
who do this sort of work every day, but I'm
sure that the skill leve of running the power
screed s considerable, and | would not
advise inexperienced owner-bullders to |
attempt it.

After screeding, the next process is
smoothening the concrete with a “bull
fioat,” which also serves to bring the fines to
the top of the concrete for ease of troweling.
Fig. 4.15: One man operates the power screed while The bull float is a large flat masonry blade,
anather bultfloats right behind him. made of aluminum or magnesium. Exten-

sion handles enable you to reach 15 feetor
more onto the slab so that concrete can be floated fairly fiat and smooth. The bull floating
process can be seen in Figure 4.15. The bull float itself is commonly available at tool rental
stores.

Finally, Steve’s professional crew power-troweled his floor to a nice smooth finish,
(Figure 4,17, later on, shows a power trowel in use.) Again, this is a skilled task, which some |
capable owner-builders will be able to leamn, while others will get hopelessly mired in their

‘work, 4 i

except Jonathan, who had plenty of experience
with the power trowel. He stayed on for supper,
checking the concrete frequently ro see if it was
stiff enough ro walk on and run the power trowel,
When the time was right, he started the machine
and guided ir, with its four rorating blades, across
the floor. 1 sprinkled water and/or dry Porthand
cement powder on as needed to produce 3

smooth floor. We finished after 10 pm., by car
headlights. It had been a long day, longer than it
should have been. But, thanks to Jonathans
experience, the slab came our presty well.

The three morals to this story aret (1) Be ready
for the pour 4 good hour before the truck arrives.
() anpomm:hmuhn‘dphﬂ-ou

‘Jr e in ‘h”‘"m

g



EARTHWOOD: PREPARATION FOR
THE FLOOR

One of the main differences in the floor pour at
Farthwood, compared with Log End Cave, was
tha, prior to the pour, we placed an inch of Dow

™ over the sand drainage

Styrofoam™ Blueboard
layer. Not only does this insulation make the tons
u’t: concrete much more valuable as mass heat
storage, bu irs closed-cell nature works about as
well as plastic sheeting in preventing rapid
wicking of water from the concrete to the sand
pad, thus delaying the set to a more comfortable
working time. Concrete shrinkage and cracking is
reduced at the same time.

As we had already placed the insulation under
the seven pillar footings, we did not extend add-
itional insulation over these locations. The rough
conerete of the botrom half of these pillar footings
would become a part of the floor pour ar these
locations,

Plumbing preparation has already  been

described above.

EArRtHwOOD: Forming anD
PouriNG THE Burrresses

During the foatings pour ar Earthwood, you may
recall; the heayy reinforcing bar cages for the
buttresses were loft extending out of the concrete.
Pauring the burrresses themselves had o wait for
another time, and the floor pour was thar perfect
"ml- We formed the butcresses with recycled 2+
by-6 tongue-and-groove silo boards, seen: in
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Figure 4.16, and fastened the boards togecher with
16-penny forming nails

+ also called duplex or
double-headed nails. The interior of the box thus
created was abour 43 inches high, 45 inches long,
and 12 inches wide, although, as already stared in
Chapter 3, I would go 16 inches wide if doing it
again, to match the wall thickness. All rebar was
abour three inches from any edge of the concrete
burtress.

The form was not fastened down during the
pour, bur care was taken to hold it in place until a
foor or so of concrete had been installed to anchor
it, thus preventing a lifting of the wooden form.
We actually poured the buttresses first on “floor
day.” so that people wouldn't be stepping on the
freshly poured foor o do the buttresses later,

We used a long metal rod to tamp and vibrare
the concrete into the form o eliminate voids. Be
carcful not to over-vibrate, as this can put a
tremendous pressure on the strongest of forms,

and concrete “blowout” is no fun at all.

EarTHWOOD: PourING THE FLOOR
In addition to the burtresses and the floor itself,
we also poured our litle ro-foor-diameter
monolithic thickened-edge floaring shab for the
sauna. All of these volumes must be added
together o come up with the toml amount of
concrete required.

Again, we knew it would rake two trucks
provide the necessary conerete, bur, this time, we
made sure that they would come one right after
the other. Again, | used six-by-six-by-ten-by-ten

wire mesh, because, in 1981, fiber-reinforced
concrere was still not common in our region of
New York. Now | use the reinforced concrere
instead of mesh on all slabs.

We were able 1o screed the concrete with a
straight 16-foor 2-by-6 plank, which covered the
15-foor span berween the central mass and
perimeter footings. A 2-by-8 screed; with handles,
would have been even better, Because the inner
diameter of Earthwood is only 36 feer, we could
pour the floor right up to the foorings without the
use of an expansion joint ar the outer edge. At 40-
foor diameter — or any rectilinear pour with a 40-
foor dimension — you will need an expansion

joint 1o prevent outward pressure on the footing

in case of heat expansion, This expansion joint
can be a ts-inch piece of Homosore™ beard fa

Fig. 417
Jonathan Crass

the vab at
Farthwood.
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floor, suna and buttresses were poured. My

assisrant, Dennis Lee, and I quickly formed oura
mpamd-shﬂ-]?f-d greenhouse slab on the south
ﬁ& of Earthwood, using wwo-by-four studs as
forming beards. It came out okay, but it should
have been formed out ahead of time, as the
Stymﬁﬂm@ and wire mesh were applied racher
hurriedly. Always have some useful space formed
1o receive any leftover concrete.

During hot weather, moisten the slab
frequently during the first 24 hours to help retard
the set of the concrete. Curing in this way will
lessen the size and frequency of cracks.

out

list of wall choices for earth-sheltered housing

would include surface-bonded concrete
blocks, conventionally mortared blocks, stone
masonry, cordwood masonry, poured concrete,
pressure-treated wood walls, ammed-rire walls
("Earthships”), and Mike Ochler's PSP method. All
of these methods have been used successfully and 1
would be remiss to say otherwise, However, it is my
strong view that surface-bonded concrete block
walls are the most appropriate for the
inexperienced owner-builder, so that is the method
described in detail in this book. Here are some

comments on the other methods.

CONVENTIONALLY MORTARED
ConNcreTE BLocks

Millions of basement walls in the US are made
from concrete blocks mortared up with a ¥-inch
mortar joint. Most of them have served the
purpose fairly well, but not a few of them have
suffered from failure because of the weak bond
between mortar and blocks, characterized by
horizontal and vertical cracking along the mortar

s7

of the various goopy black wr or
These products work quite well
wall cracks. In all cases, avoid ve
aggregate blocks, sometimes known as din
blocks.” Always use genuine fi
concrete blocks. -
The tensile strength of the inner surface of a.
conventionally mortared wall is quite & bit less
than that of a surface-bonded block wall. \ e
Finally. laying concrete blocks is a skill char
comes from practice. It is very much more
difficult ro do, and do well, tha

|
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m r forming components that they can use to build up any required size and shape. Frequent

heavy metal banding and corner angle iron braces are all bolted to each other, eliminating
any chance of blowout, even during

bbe done quickly by professionals and they will concrete vibration, a procedure that puts » | j
aﬂd b)‘ NPUfa“"" SHisgpest 15 not ah”a" 3 additional stresses on the forms, ; i
Placement and proper wiring of rebar

(to keep it in place during the pour) are

critical skills that come from experience.

Frequent cross-ties stop the forms from

spreading, and become a part of the wall

when the forms are removed. Engineer’s

plans will specify quantity and size of metal

reinforcing. Pros like those Steve hired know i

these specifications as well as a framing #ig. 5.2: Strong forming & writical v pouring concrete

contractor knows how to make stud walls. walls. Nobe frequent cross ties that keep the fonms
I watched as truck after truck came and  from spreading.

distributed their loads amongst the various

framed walls on site, Many of the forms were filled directly from the concrete chute

attached to the truck. Other walls, hard or impossible ta rsach with the chutes, were

poured from a hopper, carried to the required location by a large articulated boom, 1

d walls, poured concrete walls are

Fig. 5.1: Strong forms retain the concrete, which Is
delivered by chute, directly from the truck, or by

hopper, controfl ed
v R Opfpoar of-the artcul Again, these are professionals. Don't try to do this at home. -. j

of this chapter. They are infinitely faster, much  suirable below grade. In fact, Jaki and | ocgmally

‘basement  coats of cement plaster parge, and then apply oné brighter (unless you put another white plaster intended to use cordwood masonry below grade

r‘i Sonstruction of the waterproofings described in Chapter 7: coart on the interior of the stone wall), and more  ar Earthwood, and began '_"dﬂ s0. We used very

5 by the Unless you arc a skilled stonemason, slip Im.m regular for conrinuing construction above grade  dry h.-udm)od log-ends instead of our 1
stone  is the way o go, See the Bibliography £ or for applying waterproofing and insulation. choice of white cedar, md M

it m‘ﬂ!ﬂﬂcbwkson this method. problem of the wood swelling when rainwater

Corpwoon MASONRY collected on our <
down of our beautiful walls ... owice. Our intent

was to rerurn the ousside of the wall o a ue

work Stone masonry is for someone with lots of
Propetly  stones and lots of time. My neighbor — and the 1 only mention this as an option bccausc
Neatings - had both. Personally, Id soonet L prospective cordwood builders often ask me if it is

with the surface-bonded blocks, the main st




‘the acrual aut-of-pocket cost will be two to three
imes the cost of doing it yourself with surface-
bonded blocks. Another drawback with poured
concrete is thar the walls take quite a long time 1o
transpire all of their embodied water. With 2
waterproofing membrane on the exterior, the
walls can only dry to the interior. It takes a year o
more to bring the humidity in 2 poured wall
carth-sheltered space down to comfortable levels,
Bur it will happen, eventually.

Pressure-IREATED WoOD
FOUNDATIONS

Some contractors, and even owner-builders, have
built earth-sheltered walls of pressure-treated
(PT) framing and PT plywood. T don' like them;
full stop. They can be made srong, and many
‘have been successfully buile, But I have also heard
horror stories of failure. They have to be
engineered carefully to resist the pressure of
backfill. But my main objections are these: (1)
‘Walls are insulated in much the same way as
ordinary above-grade stud walls. With most of the
‘other heavy wall systems, it is possible to place the
rigid insulation correctly on the exterior of the
‘mass, The mass acts as a giant capacitor for heat
storage, helping o maintain steady temperatures
i the home, There is almost no mass working for
us with PT walls, (2) Pressure-treated materials
of chemicals, chemicals designed t©
'. deterioration in the wood. Whatever is
ge Rungi and rot is not likely to be
. the human occupants, cither and

all of the off-gassing of these chemicals is into the
living space. Some of the really nasty chemicals
have been banned in PT wood, but I'm nor
convinced that their replacements have been
around long enough to assure safery. It may be
possible to stop off-gassing of chemicals with
some other “impervious” coating, bur 1 am in
sympathy with healthy-house proponents and
“narural builders” to the point that I will not use
any PT material inside the home. (3) Finally, one

of the worst exposures to the dangerous chemicals

is during cutting and handling ar the tme of

construction. | am stll guilty of using PT
material, where appropriate, on a home's exterior.
Always wear proper eye and nose protection when

cutting PT lumber and gloves when handling it.

RammeD-Earts Tire WaLLs

Michael Reynolds has popularized che “Earthship®
style of home, and they seem to have been quite
successful, albeir expensive, in the American
Southwest. In short, worn-out car and small truck
tires are used structurally as below-grade walls.
The tires are “rammed” with earth, so powerfully
that they acrually inflate somewhat. 1 have read
that a rammed tire can weigh up to 350 pounds.
By all accounts, the physical act of hand-ramming
the tires, often with sledgehammers or other wols
made for the purpose, is one heckuva lorta work.
There is a very real danger of developing tennis
elbow by the time you've finished the third tire.
Finally, there is the issue of burying hundreds of
tres in the ground, although, in fairness,
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Earthship advocates can come rght back and
riticize me for the stuff | bury in the ground. The
fact is that many people love these homes,
including the actor Dennis Weaver, who had a
very large one built for him. It looks grear in the
video. Readers interested in this style of carth-
sheltered home can find mare information at their
website, <www.carthship.org.>.

Mike OenLEr’s “PSP” MeTHOD
PSP stands for Post, Shoring, and Polyethylene.
Friend Mike has been building with this method
for many years, and has convinced others to do
the same, particularly those on 2 very low budger.
When it comes ro economy, | have to admir thar
Mike outflanks me. The posts are new or recycled
posts, their bortoms buried in the ground. They :
appear frequendy around the perimeter of the
building and are left expased on the interior. The
“shoring” is planking. often recycled. Inch-thick
planking can be used if the posts are quite close
togethet, two-hy planking if the posts are further
apart. 'm not going to give specificanions on this,
believing that “A lirtle knowledge is a dangerous
thing.” Read Mike’s book. The thind companent
is good old-fashioned 6-mil polyethylene, also
called polythene or Visquene after 3 commercial
brand. This &mil sheet is the mqnlﬁg
barrier. It goes berween the shoring and the
backfil - g
Mike's firse house cost S0 using this sysem
and he got three years out of it before a bear
moved in. Later, after the bear had moved on, the




is strong, moderate in cost, easily learnable, and
relacively fast, and it supplies an excellent base for
waterproofing ourside and painting inside.” I still
feel the same way-

Lo Enp Cave: THE WALLS

In Chaprer3, | promised to explain the rather odd
wall measurements that we wind up with when
using the surface-bonded method of block
construction: The reason for strange numbers,
both in height of wall and length, is that blocks
are all 73§ inches high and 153 inches long. With
standard ¥4-inch mortar joints, the modular size
of the blocks can be thought of as a nice round 8-
by-16-inches. But, when the mortar joint is
eliminated, as we do with surface-bonding,
multiple courses of blocks — and lengths of several
blocks strung together — yield inconvenient
numbers. This is why we use a chart like Table 3
to do the math for us. Multiplying by 7%-inch or
15¥-inch is difficult, even with a calculator.

For example, if we have a wall made of 12
courses of dry-stacked blocks, it will be 7- feer 7%4-
inches high. And a wall of 24 blocks, laid right
end-ro-end will be 31-feet 3-inches long. (12 blocks
is15-feet 71s-inches; we double thar number for 24
blocks.) In the case of Log End Cave, each course
is completed with 4 12" block turned the other
‘way, 5o I add a foot to the number used for the
~ whole number of lengthwise blocks, each course.
M how we get the sidewall dimensions in

NUMBER OF BLOCKS

Tabl
Dimensions of Walls Constructed wi:lxgsnrfaoe‘Bnnded Concrete Blocks

LENGTH OF waALL'

Numser oF courses  HEiGHT oF wars®

' 139
2 274"
i Ry
4 5'2l4"
] 66"
6 7'9%"
7 9'H"
8 105"
9 i
10 130"
I 1437
12 al-i4"
3 T
14 18'2%"
15 196N

1

2 t';"A' !
3 s L1

4 261"

s i ]

6 3ol

8 517 )
) _voenm :
10 644"

u B ] A
2 . 7

B |

14 %"

15 -_ iy aea

construction,

MNote: blocks are actually 153" long by 7% high.
! Add one-quarter inch (0.25") for each 10 feet of wail Io alfow for nonunifarmty in size of biodks.
* Make a trial stacking of blocks to determine the actual height of wall or wall apening before beginning b

The first course of blocks had already been
mortared o the foundation, as mentioned in
Chapter 4. Mortaring the first course of blocks t
the foundation s correct practice with a surface-
bonded wall. The purpose is not so much

“glue” the blocks down to the foundation: rther.
chis is the last best oppormunity you have 10 gt
the top of the block course as level as possible. in
b dircions: g he g of e wlland

across its width, The only difference ; N




cement, Whenever youre stuck for a mortar mix,
o even plaster, you won't go very far wrong with: 3
sand, 1 masonry cement, Alternatively, vou can
purchase pre-mixed “mortar mix" in a cubic-foor
bag. Just add warer. In either case, mix in enough
water 10 get a moderately stiff mortar. You don’
want it so wet that the heavy block sinks into it
You want 1o be able to go a lirtle thicker, if need be
in low spots, and still support the block.
Dampening the underside of the block will get a
better “paste bond” to the block. I also dampen the
foundarion very slightly, and for the same reason.

Remember that the first course is keyed to the

foundation by one of the methods described early
in Chaprer 3, under “Resisting lareral load on the
wall.” If you choose the keying method of Figure
3.2 — my recommendation — you can pack some
concrete into the bortom half of the block cores.
It is probably safest to wait until the next day ro
do this, so that the mortar joint has set. You can
mix your own concrete in a wheelbarrow using a
mix of 3 parts pea gravel, 2 parts sand and 1 part
Pordand cement, or you can buy ready-mixed
bags of concrere mix (nor mortar mix) made by
Sakrete™, Quikcrere™ and many others. Mix the
concrete fairly stff. Pack and vibrate it into the
block cores with a srick.

Your first course is now in place and keyed ©
the foundation to help resist lateral pressure from
the backfill. Subsequent courses are stacked “dry”
that is, withour mortar.

I chose 12-inch-wide blacks for the Cave walls
for stability and to eliminace the need for pesky

pilasters which would be necessary with the more
conventional 8-inch-wide blocks. See Figure 5.4
and Figure 5.5. Avoid ro-inch blocks like the
plague. They are the “blocks from Hell” requiring
lots of firting and cutting, often on each side of
each course.

Actually, with 12-inch block walls, there is 2
very real practical advantage in “turning” a course
at the end of a wall run with a 12-inch comer
block, as seen in Figure 5.6. You can stagger the
vertical “joints” withour curting blocks, as per the
lefr side of the diagram. On the right, we start
with a whole number of blocks on the first course,
and then we are stuck with cutting a block on the
next course. Using this strategy ar the Cave, all we
had o do, once per course, was to cut 4 inches off
of a single 4-by-8-by-16 solid concrete block, a
common item. Do this by marking the block with
a pencil and scoring the pencil line with a
hammer and cold chisel. Keep working your way
around the block, hirting a little harder each time,
until the block breaks off. If you decide on 8-
inch-wide blocks, and pilasters, you will use a
half-lap on the second course. Eight- by-eight-by-
eight “half”™ blocks are a commonly available
item, and are used ar the ends of courses and

around windows and deors.

In some populared areas, you may find “full
modular blocks” made deliberately for surface
bonding. Slightly over-sized blocks are passed
through a surface grinder 1o give uniform blocks
that acrually measure 8-by-16-inches by whatever
thickness they might be. 1 have heand of these

girder, Pilsters ane most usehal when using 8" conurete blocks.
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15.625" g S
DUU 12° G U U block have
their ends, while
standard block cormner block corner Blocks
are squans

blocks, but the closest | have seen 1o them are ended.
one-foot-by-one-foar-by-two-foor ligheweight
blocks. made for insulated above grade

construction. It doesn't hurt to ask.

Yio™ of the distance

Y2t of the
wall height

Fig. 5.5: A pilaster fike this con stiffer a wall or provide extna support forg



full modular

given for convenience

64"

1st course

sizes

2nd course

=

cut block required
each course, each wall

Sametimes, blocks will tend to wobblea licde
on the previous course, Thin metal shims can be
used o take the wobble out, but use your level ©©
find our which of the two “loose” corners would
be better off with the shim. 've cut uscful shims
from aluminum flashing and offset printing plates
from a print shop. Use your tight mason's linean
your eyeball to keep courses straight and level:

Did 1 tell you thar ordinary 12-inch conerete
blocks can weigh 65 pounds? And comer blocks
five pounds more2 Well, that's the bad news. The
- good news is char, except for the first COUBE you
don't have to life them over a mortar joint and st
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them down carefully. You will be impressed ar
how strong a dry-stacked wall of 12-inch blocks is
even before they are surface-bonded. You can be
pretry rough with heaving subsequent blocks onto
the wall, within reason. With a building like Log
End Cave, which was only 11 full courses high,
you can actually stack the whole building before

applying any SB cement.

Applying the Surface Bonding Cement

Ask at your local masonry supply or building
supply store for surface-bonding cement,
abbreviated SB in this book. Some people still call
it “block bond,” a holdover from the days when
there was a SB cement by a similar name. It
generally comes in so-pound bags, which will
cover 50 square feer at Y-inch of thickness. The
main ingredients in SB cement are Portland
cement and millions of %-inch glass fibers.
Conproco, a manufacturer in New Hampshire,
uses Type AR (alkali resistant) fibers, the only
kind acceprable, for example, in Massachuseres. It
is likely thar any SB cement sold in your area will
meet local code, but it never hurts to check. There
are other trace ingredients, such as’ calcium
stearate, used as a waterproofing. Several SB
cement manufacturers are listed in Appendix B:
Sources. They are generally quite helpful about
supplying additional information about their
products, explaining hot- and cold-weather
applications, for example, and giving additional
tips on mixing and applying the cement.

Soak the wall thoroughly before ¢ cing
the application of the SB cement, o prevent the
rapid transfer of the cement’s precious moistuze to [a
the blocks. The wall should be sarurured, but not y
dripping. '

Mix the SB cement in a wheelbarrow,
according 1o the instructions on the bag. The
cement should be quite wet, like 2 very thick
cream, but not so wet chat it falls off the wall
during application. When you've got it right, you
get an extremely good bond to the dampened
block wall, and ir is easy to lay on a smooth
consistent coating. !

Use a flar plasterer’s mowel 1o apply the 5B
cement, as seen in Figure 5.8. You can use a regular

sg,mmmemtmaruﬂuhgmﬂm .
bonded wall by stacking blocks three of four courses figh
Then, fil in between comers by woring i 8 maon i
corner 1o COrneT.




a garage, sy = it would be very important tg put
the full “4-inch coating on both sides of the wall,
creating a kind of stress-skinned panel. After 4],
you don't know which way the wall might want 1o
full over. Undr.rgmund. however, we know which
way the wall wants o fall: inward. (The wall can'e
fiull out because of the rons of earth loading it.) 8¢
make sure you get that honest '4-inch on the
interior surface. On the exterior side, a good
honest Ys-inch will suffice. I checked with one of
the SB cement engineers on this, and I only
mention it because SB can be quite expensive,
abour $16 per bag in June of 2005.

Using a hose or garden sprayer, mist the SB
cement frequently after it sets a bir, ar least twice
during the first 24 hours, more if you are suffering
from rapid drying conditions of sun and wind.
Keeping the wall damp reduces the incidence of
crazing and shrinkage cracks. By paying attention
to the travel of the sun, you can almost always
work in the shade. Do the west sides of the walls
in the morning, for example, and rhe east sides in
the afternoon, North faces can be done safely
most anytime, and south faces are best done last
thing in the day.

Additional Strength for Long Straight
Walls

Internal shear walls, A long straight wall is subject
 bending pressures under the earth backfill. Like
the underside of a beam, the inner surface of 2
straight earth-loaded wall is on tension. Surface

bl!ndmg cement, of course, lends rensile st

fe P RN ENEa

to that surface, but; alone, mighe be inad
9

on extreme spans, The best, easiest, and d‘lﬁlpcst
way to address these bending pressures is ar the
design stage. Including an internal shear wall,
halfway along the long wall span, effectively curs
that span in half, making it four times stronger
against bending pressure from withour. The shear
wall, like an internal brace, can be concrete block
or wooden, bur, in either case, its base must be
well-fastened to the Aoor. Figure 5.9 shows how
we used internal shear walls as braces to shoren
spans at Log End Cave, Obviously, compromises
in the foor plan may be necessary to accomm-
odare these intersecting internal walls,

Bond beams. Another way of adding
additional tensile strength to a wall is by the use
of bond-beam courses of block. Special bond-
beam blocks are made with eicher one or two
troughs running lengthwise along the block.
These blocks are laid end-to-end around the
building, making a continuous trough {or double
trough) around the building. Before proceeding
to another course; this long trough is filled with
concrete and continuous 4-inch or ¥-inch rebar,
lapping rebar by 4o times its diameter (20-inch
lap for 4-inch rebar, 25-inch lap for $-inch rebar).
Effectively, this casts a continuous reinforced
concrete beam around the building. The piece of
rebar an the tension side of the wall is the one that
works towards resisting the lateral thrust of the
earth backfill. The most effective courses for bond
beams would be the top course, typically the izth
course, although this can vary with wall height,

I
r
location of braces

and a course abour half way up the wall. the &ch
or 7th course. You may wish to look ahead 50
Figure 5.11 1o see a sectional drawing showing a
bond beam course in place.

Vertical reinforcing. At Log End Cave, we
created a number of wertical solid concreee
“pillars,” hidden in the wall. We placed them ar
the strategic locations where dhe load from the
three major girders would bear down on the wall
— roughly g-foor cenrérs — and three more on the
east and west walls, on abour -foot 6-inch
centers. Make these pillars by slushing two ar
three consecurive verrical block core cavities with
concrete and verrically installed rebar. With half-
lapped 8-inch blocks, filling rwo consecutive cores
guarantees thar adjacent hlocks are always
“stitched” together by the rebar. With the rype of
s2-inch blocks we used, nhm.djnmtem—iﬂl

to be filled to guarantee the stirching feasmre.




————

My first estimate was that weld need 1,700
blocks for the entire job. Initally, | ordered 100
corner blocks for the lower story. My supplier g

the block plant was not happy abour this, as his
narmal production run is abour 30 percent comer
blocks and 70 percent standard blocks, bur he
went along in preference to losing the sale, 1 alsg
added a hundred 4-inch solid blocks to the order,
as 1 wanted a solid 4-inch course just before the
firse-Hoor joists wete to be installed.

As at the Cave, the first course was laid ina
mortar joint, as seen in Figure 5.10. Note, in the
picture, that there is a groove on one end of each
corner block, used for locking window and door
frames in normal horizontal block construction.
As we were laying the blocks cransversely, |
decided to leave the useless groove to the ounide
every time, in order to have a smoother interior
wall surface.

The inner end of the blocks are laid tight ©
each other, bt because the outer circumference of
the 16-inch-thick wall is greater than the innet
circumference, there will be a gap of abour 055
inch' (%g-inch) berween blocks on the ousidé:
Later on, prior to surface-bonding, I filled boh this
gap and the irritaring grooves with my all-purpase
mix of 3 parts sand and 1 part magonry cement

Again, shims are used o rake any wobble our
of the blocks. Use a level to determine where
shim is best placed.

As we dry-stacked the blocks, we flled che
cores with sand to increase the thermal M3

the below grade wall. Filling these €0 widh
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8" of topsoil, planted —ﬁ!{é{‘ﬁ ;)';Vr"n‘fﬂ __

2" of hay or straw mat

2" of #2 crushed stone
6-mil black polyethylene

rigid-foam insulation
waterproof membrane
2" % 6" tongue & groove planking

5" x 10" rafter

2" % 12" wood plate
8" x 0.5" anchor bolt

12" bond beam block —
12" standard biock —

concrete is unnecessary for strength, and would
be a lot more difficult, time-consuming, and
expensive. Always keep in mind that the inner

surface of a curved wall is on compression. As the
I H A

concrete =

Loc Exnp Cave: FINISHING THE TOP
oF THE Brock Wair

At the Cave, we made the mransition from block
wall m timber ﬁ'.\mmgwndld!eudoflt-n-b-
twelve wooden sill plate anchor-bolted to the top

wall is loaded, the lines of thrust are |
around the wall, finally stopping at the buttresses.
The relatively small load of backfilling, even two
stories, is not going to exceed the crushing
strength of concrete blocks.

Filling the cores with insulation would be 3
huge mistal gating the part of the
block wall's mass. The insulation will be cormectly
placed 1o the exterior after the waterproofing
membrane goes on, as discussed in Chapuer 7.

cotrse

Anchor bolts are rypically a half-inch in
diameter and 8 to 12 inches long. An inch or two
of one end is bent to 2 right angle, an “ell.” 1o geab
the concrere, The other, protruding, end is
threaded 1o receive washers and ouss. We
mplmcdmdﬂfcmumuhubnfmﬂw
boles. into the lase course of blocks, In locmions




through the template piece, just a wee bit larger
than the diameter of the bolt — a %4s-inch hole for
a Yeinch anchor, for example.

The location of the anchor bolts around the
top of the wall is a function of the lengths of your
sill plare material. Two bolts are sufficient for
short lengths, up o 8 feer. Keep the anchors a
foot from each end, in that case. For sills longer
than cight feet, you'll want chree anchors or more.
An anchor bolt every four or five feet is enough.

Rough cut 2-by-12s covered our 12-inch-wide
block walls perfectly on the north wall and the
shore south wall. The east and west walls had
four-by-eight plates at the original Cave, seen in
Figures 5.12 and 5.13, bur | now prefer the 2-by-12
plates all around, as per Figure 5.11.

Let the concrete supporting the anchor bolts
set for ar least two days before attaching the
plates. Working premarurely could cause the bolt
and the concrete to lift, and then you are back to
square one.

To get hole positions on the sill plate o match
the anchor bolt locarions, simply place the sill plate
over the bolts and whack the rimber once with 3
heavy hammer, as per Figure 512, As in life; “You
only get one chance 1o make a good first

impression.” A second helper is very useful to hold
the plank in p until an impression is made
for all bolt locations. Next, turn the plank aver ands
where you see the impressions, drill holes seraight
through dhe plank, holes of the same diameter &
the bolts. Use a brace and bit, as per Figure 5:th or
an electric drill firred with a spade bir.

EXTERNAL WALLS

Usually, bolts protruding even a halfinch
above the plates might be in the way of the next
phase of construction, sewing windows, for
example, or continuing with a framed wall. For
this reason, we countersunk the washers and nuts
below the top surface of the sill plates. The
countersink depression should be abour ¥%-inch
deep and a lidde bie larger than the flar washer
thar goes under the nut. Most Yi-inch washers are
a lictle over an inch in diameter, so a 1%4-inch
spade bit would be an appropriate ol for
crearing a good countersink. Wrap a piece of mpe
around the shaft so that you dont exceed the
Y-inch depth. Or simply check the depth
frequently with a rule,

Prior to fastening the sill plates, lay out a
course of Y4-inch Aexible polyethylene sill-sealer,
made for the purpose. Often blue in color, and
sometimes going by the trade name Sill Seal®,
these lirtle rolls of marcrial give a good protecrive
seal berween wood and concrete. Finally, we insert
a good Y-inch flac washer, and fasten the plates
down with a halfinch nut. A socker wrench

works best.

SIMULTANEOUS EVENTS AT
EarTHWOOD

We divide a book into chaprers for convenience,
discussing one component of construction at a
time, In realiy, ar Earthwood, three different

supporting  components  moved forward

| 1y the | walls (both surface-
bonded blocks and cordwood), a central srone

mass (doubling 2s 3 masonry swwve), and an
octagonal post-and-beam framework  halfway
berween. All three struciural elements needed o
be in place 1o support the radial floor-joist system,
sor thar we could proceed on the second story.
Cordwood masonry i an option for exermal
walls, one near and dear o my heart, bur it & o0
specialized and complex a subject to include in

this book. Readers who fancy cordwood masonry
for above-grade walls are reforred o my
Candwood Building: The Stare of the Are, lised in
the Bibliograpby.

As for the masonry stove at the center of the
building, its construction is also weo specialized
include in chis v , so, again, the mader s

ferred to the Bibliography. And there is the
added issue of code compliance. Massachusetrs,
for example (and probably other states) define the
masanry stove as a chimney, and there are code




“go of the 3/8-inch mortar joints and
it was mortared up first, and then surface-

block

The foln between martared and non-
.-I 4 cks.

‘membrane, always bonding block

=

built it, has the inner end of the floor joists
bearing an a stone shelf just five feet from the
masonry stove fircbox. My theory was that the
great mass of the lower portion of the stove:
roughly 15 tons of stone and other masont
materials, would absorb enough heat 10 keep
pyrolysis oue of the equation. | suppose vt
takinga chance, but stayed the course, nonetheless
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Months later, we were able to check the surface
temperature of the masonry mass at the point
where the rafters bear on the stone shelf Even
with double-firing of the stove, getting it as hot
as we would ever get it, we could not quite reach
100 degrees Fahrenheit (38 degrees Celsius) on
that shelf, a temperature equal toa hot summers
day. No crisping of the floor joists has ever
occurred. Having said all thar, and having
satisfied myself that my family is safe, it must be
stated that with any form of alternative building
methods, the onus is on the builder to convince

the code enforcement officer that his or her new

methodology meets or exceeds the intent of the
code.

If the reader is unable to convince his code
enforcement officer of the suitbiliy of the
Earthwood plan as designed and built, an
alternative is to build a small eight-sided
octagonal post-and-beam frame close to bur ar
least two inches away from the mass, The tops of
the eight posts are connected by eight shorr girrs,
which, in turn, support the inner cnds of the
radial floor joists.

As for timber framing, joists and rafters, well,
thar is the subject of the very next chapeer:

=
4
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-
s
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TiIMBER FRAMING

eavy timber framing is also known as post-

and-beam construction. In the past few
years, there has been a resurgence in traditional
finely crafted wooden-jointed timber framing.
While 1 have the highest admiration for the
craftspeople in this trade, 1 have never had the skill,
time, or patience to do this caliber of work myself
and, tuth be rold, neither do most contractors,
Thetefore, the methods 1 accent at Earthwood, and
in this book, are the common methods thar most
people acrually do: joining timbers with readily
available mechanical fasteners.

The nawral bedfellow to post-and-beam
framing is plank-and-beam roofing, the best
choice, in my view, if the goal is a low-cost,
beautiful, high-quality earth roof. Lam not alone in
deriving a sense of security from seeing the heavy
timbers next to me and over my head. We know
why we are safe; the evidence is all around us.

It is good to clarify some terms. Beam is 3
much over-used term, and one thar s often
misused. For our purposes, the beam of post-and-
beam can be morc definitively called a gire

(around the perimeter of a structure) or a ginder,
flying somewhere through the interior of a
building, This girt or girder, in tum, can suppore
the beam of a plank-and-beam structure, which
might be a floor joist or a rafter.

Asout Posts anp PLANKS

The strong components of post-and-beam and
plank-and-beam systems are the posts and the
planks. Posts — also called columns — are very
strong. An eight-foot high cighr-hy-cight post. for
cxample, even one with a relanvely low
compression rating of 1,150 10 1400 inch-pounds
per squae inch (you don't have to understand the
term) will support 63,000 pounds. At Earthwood,
our fully saturated carth roof weighs a maximum
of 207,750 pounds, 68 percent of which is carried
by the external walls and the central mass. Not
ane of the eight-by-cight posts at Earthwood is
called upon to support more than 12,500 pounds,
abour a fifih of irs capacity. Even 6-by-6 posss.
would do the job, but 1 prefer 8-by-S& hmn{
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1. Load. As we saw in Chaprer 1, a six-inch
thick earth roof, fully saturated, ang
with a 70-pound snow load (as in
Northern New York) will weigh aboy;
150 Pou_nds per square foor. This is more
than owice the engineering load for nop.
earth-roofed buildings in our area.

. Kind of wood. Every species and grade of
wood has a different unit stress rating for
shear and bending strength, so know
your wood. There are pages of unit stress
ratings for various species in engincering
manuals.

. Frequency of rafters. Simply  stated,
frequency refers to how many rafters you
will be using. Will chey be a foor apart
(12 inches o.c.), two feet apart (24 inches
0..), or some other spacing? All else
being equal, doubling the frequency of
rafters actually doubles the engineered
strength of the structure.

4 Dimensions of rafters. Are you using 4-by-
8, as at the Cave, 5-by-10 (Earthwood),
or some other cross-secrion shape or
dimensions? Bigger is stronger, but there
15 no point in over-building.

5. Span. Ah, span: the one thar throws
most designer-builders for a loop. What
clear span are you trying ro achieve? The
key here is in knowing - and
remembering — that the strength of 3

] be'un is inversely proportional © the

square of the span, This is crivical. It is
intuitive to think, for example, that a r2-
foot span would have to be engineered
20 percent stronger than a 1o-foor span,
all else being equal, bur this would be
bad intition. Ten squared is 100, but
twelve squared is 144. The 12-foot span
needs to be designed 44 percens stronger!

You need to know four of the five variables
described above to calculate the fifth. 1f you know
the &ind of wood, the crosi-sectional dimensions, the
span, and the desired load, for example, you could
calculate how many rafters (the frequency) you
need. Or, if you know the kind and grade of wood
available, you can calculate whar load a certain

rafter system can support.

BENDING AND SHEAR

There is one more design consideration that
designers of earth roofs, in particular, should be
aware of, and that is the difference between
bending and shear failure, Bending failure, the
one we more commonly think of; occurs when a
beam breaks near the center under an excessive
vertical load. Rafters are usually much greater in
their depth (d) di , than their breadth (b),
in order to optimize bending strength. Bending

(©)]

5=72in*
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section modulus, b is the breadth of the beam, d
is the depth of the beam, and 6 is the appropriate
constant for members with a rectilinear section.
In our timber framing classes, | like to use the
example of a 6-by-1z rafter (see Figure 6.1}
because the math comes out so near and tidy.
Note thar the value of the depth of the rafter
is “squared, while the breadth is not. Section
modulus gives 2 lot more credir for strength o
depth than it does to breadth. The rafter shown
on the left of Figure 6.1 has a section modulus of
144 inches cubed (nor cubic inches!) when
installed in the regular way, buc only 72 inches
cubed when laid up incorrectly, as on the right.
This makes sense intuitively — correct intuition
this time — because a plank lying flat and

strengeh — in addition to other consid

covered in the previous part — is predicated upon
something called section modulus, 3 mathematical
evaluation of cross-sectional shape. The formula
for reciilinear beams is S = bd'/6, where § is the

ing from one support to another is springy
pared 1o the comparative stiffness of one kaid
like a rafter. T

Shear filure is the tendency of 3 beam wo
“shear off™ right near a support, as per Figure 62,
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and beautiful — as posts. Posts are the real strong
component of post-and-beam construction, ang
are wsually way overbuilt. To give you an ideq of
the strength of posts, a 6-inch-by-G-inch' firg
quality white or red pine post will support 32,000
pounds — 16 tons —at cight feer of height, Nine
such internal posts, as seen on the 40-by-40-foor
Log End Cave plans (see Figures 113, 114 and
1.15), would support 288,000 pounds, or 144 tong
Those nine posts actually carry the load of goo
square feee of the roof. (External walls carry the
rest of the 4o-by-4o-foor plan.) The posts,
therefore, support a roof structure of 320 pounds
per square foot, way beyond our needs.

I actually used 8-by-8-inch barn beams ar the
original Cave, and even though they had
occasional mortise joints in them and lacked a
grade stamp, I've no doubr that they are at leastas
strong on compression as the freshly milled 6-by-
6-inch pine. And 1 do reject, out of hand, any old
beams that show ror, either from moisture of
insects.

Where do you find recycled materials? Outin
the country, right? Well, yes, thats where 1 have
been finding them for the past jo years. Bur,
surprisingly, there is often even more demolition
of old building occurring in cities, with lots of
great opportunities for excellent salvaged timbers
at reasonable price. City or country, the trickis©
ask around. You need to “cultivare coincidences’
‘byasking around, Once you ger on the trail. youll
be amazed at whar's out there.

Rough-cut Timbers from a Sawmill

Heavily forested rural areas have lots of local
sawmills. Some use old circular saws and others
have bandsaw mills, bur the quality is quite good
and the price is generally half of what you have o
pay ar the big national lumber suppliers. And
your money stays in the county. If there is a
drawback ro the use of local rough-cur (full sized)
dimensional rimber, it is thar some stares require
that all strucrural timbers be prade-stamped for
quality. New York was faced with such a threat
when the new International Building Code came
into play in 2003. Fortunately, the state code
officials passed a variance thar allowed the use of
roughv&:‘lwu ﬂUI'I'gfaded [imh‘er w h{ 'LIFF o lhc
discretion of local code enforcement officers. IF
thar doesn't fly in your state, as ivdid not for Mark
Powers, building in Michigan — his case study
appears in Chapter 12 — then there is the option of
hiring a professional grader to come in and grade
the timbers you purchase, to meet code. This adds
an expense, bur its usually sdll cheaper than
buying graded heavy timbers ar a national chain

store.

Milling Your Own Timbers

You might hire a local sawyer to bring his partable
Wood Mizer or similar bandsaw mill to mill your
own trees into heavy timbers or ather lumber. Or,
you might choose to purchase one of the variery
of chainsaw attachments that make it possible for
you to mill your own with a good quality
chainsaw.

All of these procurement suggestions are

covered ind:ailin(kapm;.d’myﬁ_ﬂ_ﬁ
Timber Framing for the Restof U,

Timeer FRAMING FOR EARTH-
SuerTerep Housing
With earth-sheltered housing; in particular, it is
important to integrate the floor plan with the
structural plan. A judiciously placed post-and-
beam frame should be used to cut roofing spans
down o something which is affordable. The
location of posts and beams, in both structures, is
shown in the plans in Chapter 1, panicularly in
Figures 1.10, 112, 113, and 515 through n.ry

In each case, posts are integrated with intermal
walls wherever passible. In ecach home, there isa

free-standing post which some might consider a5

“being in the way.” We get used 1o them and ke
comfort thar they are saving us 2 small forune in
the added structural cost of doubled spans, which
would quadruple the structural requirements and,
probably, cost.

At both homes, ordinary 2-by-4-framed
interior walls meet the sides of the §-by-S-inch
posts, leaving the pasts a little proud of both sides
of the wall, a pleasing esthetic feature: Sometimes
intersecting walls meer at a post.

Overhead, a similar strategy has internal walls
rising up and meeting the underside i*h
by-cight rafters at Log End Cave, the 4-by-8 floor
joists on the downseairs level ar Earthwood. and
the 5-by-to rafters upstairs. These framed walls

tend strengeh o the undenside of gindes ol
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that we could recess them an inch into receiving
notches cut into the underside of the girder. |
have since changed my view on this, as thar one-
inch check into the girder actually decreases its
shear strength over the posts by 10 percent. It is
better to just toenail — or “toe-screw” — the top of
the postinto the underside of the girder. This also
eliminares the chance of a measuring error.
Putting a notch in the wrong place on a beauiful
10-by-10 girder spoils the day.

The south wall post would be in two pieces,
so was a lictle erickier to calculare. The block wall
on the south side of the home was very much
shorter than the other three block walls —just four
courses, capped off with a 2-by-12 wooden plate.
The base post, the one standing on the wooden
plate, had to be 48 inches high, in order 1
frame one side of our 48-inch-high thermalpan¢
windows. With fixed window units like these, you
need to allow a quarter inch of air all around the
glass, 5o the rough opening of an 8.4-by-48-inch
uniit is actually 841-by-48% inches. But, back ©
the post cales: The header over the window would
be @ 4byto laying on its side, the 4-inch
dimension o resisc against sag over the window

and the 1o-inch dimension to support a
cordwood wall above it ar the same width. So, the
short post over the 4-by-8 window lintels can be
figured by subtraction, beginning with the g5
inches o the underside of the girder: 95 inches
minus 30% inches (the short block wall and is
wooden plate, by measurement) minus 48!
inches (the base post between two of the large
front windows) minus 4 inches (the window
header), leaving a short “post” of 12 inches.

The reason that the central r2-inch-high
“mini-post” on the south side is 8 inches less than
the 20-inch post on the north side is that the top
of the 4-by-1o header was 8 inches higher than the
wps of the plate on the north side, done
deliberately to give enough door and window
room. The 4-by-10 window and door header is
fastened above the 4-by-8 plates we used on the
east and west wall. Don't worry about the actual
measitrements in our case: The point is to figure
this all our accurarely for the home you want to
build. The structural components at each end of
each girder need to add up to the same number:
the height to the underside of the girder. This is
the same figure as the height of any and all
intermediary posts.

We strerched a nylon mason’s line from the
top of the north-wall post to the top of the south-
wall post. This revealed that one of our two
central posts was an inch higher than the
underside of the girder, and the other was F-inch
higher. This worked well with our intended
purpose of keying the posts inta the girder (which

I wouldn't bother with again for reasons already
Y-inch of level.

InstarLinG Posts oN CONGRETE

Old barn timbers, carefully examined for qualiey,
make artractive posts. Their strength is manifested
as a visual statement, adding power of spirit t the
obvious structural benefit, the same as with heavy
timbers ovethead as rafters and girders. Afeer
removing any old nails from the dmber, you will
need to square the end that is w stand on the
floor. I use a chainsaw, although the job can also
be accomplished by going all around the dmber

with a circular saw, following pencil lines
established by a framing square. With an 8-by-§

post, there will be a small (roughly 3-inch-square)
section of uncut wood, which can be finished off
with 2 handsaw. With a chainsaw, cut into the
timber comer at a 45-degree angle 1o the wo
adjacent surfaces, each marked with a pencil line.
Cut simultancously along both pencil lines and
let the saw continue straight on through. If your
chain is new or properly sharpened, and you kecp
a steady eye and hand. you should have a good
square cur.
Try the post by standing it up on the

If it is pretty close ro plumb. you've got it If not,

mark it and do it again, making the post two

inches shorter. N:kmmwti‘uptthw

length!) Use a wood scraper rasping tool, or

cireular sander to remove 4 bit of extrawood that

mlghlhupaﬂmgdxmmﬂlemﬂﬁ _




abserved deterioration at the bottom of any of
our posts. | have seen deterioration on posts
where this important step was omitted. T have hag
goud sticcess with cut squares of 246-pound
asphalt roofing shingles, as well as WR. Grage
Bituthene® Warterproofing Membrane. The thick
asphalt shingles can actually help steady the pog,
Protrusions on the post base cause a point load on
the shingle, compressing the material and
providing stability.

To lessen the likelihood of injury from falling
posts, we waited until all eight posts at the Cave
were cut, squared, and tried for plumb, before
serting them up permanently. One ar a time, we
stwod them on their damp-proof squares of
asphalt shingles, and made them plumb and rigid
with a rough framework of 2-by-4s, seen in Figure
6.4, ar left. We did nor fasten the bracing to the
floor, nor did we pin the posts to the concrete,
The tons of weight on these posts, and the
support from intersecting internal walls later on,
assure the posts will not move.

IF the reader (or a code official) is squeamish
about leaving posts unfastenied at the floor, the
best way to pin the posts to the floor is with
leaded expansion shield and matching lag screws,
Drill a hole into the concrete with the size clfdrill
embossed on the side of the expansion shield, %
D for example. Drill the hole Y4-inch deeper than
the length of the expansion shield. Blow out .'h'
concrete dust with a straw and tap the expansiof
shield into the hole until its top surface is
with the floor. With a wrench, install. the

appropriate lag screw (again, this is embossed on
the expansion shield, as 744" §), selecting a length
of screw that leaves 14-inch extended above the
floor, as a pin. Cut the hex head off with a
hacksaw and you've got a nice positioning pin
exactly where you want it, Press your damp-proof
course over the pin and into position on the floor.
Set the post where it belongs over the pin. Two
adjacent corner blocks on the floor serve as a good
positioning guide for gerting this just right. One
person holds the post in position while another,
on a stepladder, whacks the top of the post and
makes an impression, Take the post down, and
drill the appropriate hole into the underside of
the post with an electric drill, Re-erect the post on
its pin. The pin will stop the post from wandering
across the flloor during construction.

The pinning technique described above is
particularly valuable for setting heavy timber
doorframes in the external wall. The use of two
pins on each timber will stop the rimber from
rotating, very important with doorframes

At the Cave, it was necessary o insmll the
long window and door header, before the short
(r2-inch-high) “post” could be installed. Our
lintel was made from rwo 17-foot-long 4-by1o
timbers cut at a local sawmill, and joined over the
central post on the south wall, These pieces were
pretry green and very heavy, and it took four of
us ro maneuver them into place. The southem
ends of the other two 3o-foor 10-by-10 ginders
would bear right on chis lintel, right over rthe
points where the 48%-inch vertical posts

TIMBER FRAMING
separated the windows and the door. These posts
are made from picces of 8-by.8 barn timbers.
Look again at Figure 1.1 and pictures in the color
section. Remember, the three girders and the
three windows that wed scored influenced the
structural plan in a big way, saving us 4 Jot of
muoney. For someone to march what we did

would be 2 very much more expensive proposition.
Design around barggins.

Loc Enp Cave: Prank-anp-Beam
RoornG
The word “beam,” this time, refers to the 4-by-8
hemlock rafters thar 1 had custom-milled ax 2
local sawmill. | chose 4-by-8s because they are
stout enough ot to twist undet load. The full-
sized 4-inch base is wide enough to sit firmly on
the girders and sill plates, assisred only by oenails.
Two-by rafters, on the orher hand. would require
strong blocking berween rafiers, 10 prevent
wwisting and to srop the old domino effecr of
rafters falling on their sides. The E-inch
dimension g sufficient bending izeh
against the planned mof load. However. | didn
realize, when 1 ardered my ial, that hemlock
is ot strong on shear. Theorerically, the original
Log End Cave, as designed. ind using hemlock
rafters, is 4 little under the moncy. with regand o
shear strengrh.

There is another strange quality of shear thag
came into play illustrated in Figure 6.6, The
at the Cave: a longer rafter supported halfway




i} measurements of the post locations for

: nts onto the timbers themselves, I'd

! center girder, as it would be supported by just
d south support walls. We labeled the other two

5. The total length of the center support beam is 30~
beyond the support posts, a nice visual

final length of 29-feet 11-inches, which gave usa
uld get out of the east girder was 29-feet 8-
‘another beam for esthetics, making it the
compromise strength, as there was still full

lis. In all the years, no one ever noticed the

‘backed my little Toyota pickup truck
king that if we couldn’t shift that one,
er. With Jaki looking after baby

as possible. Then, paired at each end
the south end off the ground and

, we started up the hill road-
=

the two rafter spans, It also decreases “deflection”
of the tafer, alo known as sug.” However e

TIMBER FRAMING

Halfway up the hill portion, | was chastised by six screaming banshees, in no uncertain

terms, to slow down.

We deliberately overshot our driveway in order to back the beam to the site, still 100
yards away. We backed the girder so that almost half of it was cantilevered over the edge
of the north wall, and then manhandled it from below into position on the posts, as seen
in Figure 6.5. The beam’s notches locked perfectly over the posts, to our great delight.

The team elected to tackle the heavier
center beam next, reasoning that they
might not be able to handle it after
expending energy on another 500-pounder
first. And the central girder had to be raised
almost two feet higher than its fellows to
the east and west, another challenge.

As with the first girder, we worked it
halfway out into the building, and then put
our tallest and strongest man, Ron Light,
below the beam, catwalking with Bruce
along some scaffolding. Like a power lifter
on steroids, Ron heaved the south end up

Fig. 6.5: We place the center girder on its posts, log
End Cave.

to where Paul and | could get our ash pole branch under it. Then, with everyone lifting
together, we got it into place, beautifully positioned on the notches, except that one of the
posts was too long: | told the crew that the beam would have to come off. “Maybe the
post will compress under the load,” said one of the tired grunts, hopefully. We were able |
to mave the beam to one side, supparted on a temporary post, while | removed a littie off. y
the top of the tall post with my chainsaw. With a chisel, Steve altered the check in the beam.

a'wee bit. The second try was a success.

The last girder, by comparison, was a piece of cake. Easy for me 1o say —*'“’#

driving the truck.

strength over the center support girder is actually
decreased by the use of a single long rafter, a5

opposed to two shorrer rafters meeting each other
over the girder.
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. is lengthy (see pages 24 and
wber Framing for the Ret of Uy, but it has
ith the severe tension forces in the wood

wop of the center girder, as the two
paded. These extreme ension stresses
d by using two shore rafrers.

would have been becter

ki

rafter order had been delayed ar the sawmill ang
the timbers were still in the form of logs when the
gil‘dﬂs were installed. And hemlock has 2
exceptionally high moisture content in irs green
state, compared with its scasoned state. The lesson
here is to have materials lined up well in advange
of need. Some small-time sawyers, who might
approach the milling of lumber as a part-time job
or a hobby, take a lackadaisical attitude towards
things like delivery, Even a few weeks of drying
makes a huge difference with regard o moisture
content in lumber, and, therefore, weight and
dimensional shrinking. Fortunately, lumber
doesn't shrink significantly on length.

We made one final error that further
diminished shear strength of the rafters: we
“hirdsmouthed” the underside of the rafters
where they would bear on the girders and walls, as
scen in Figure 6.7, This is actually fairly standard
building procedure: on a pitched roofi the
birdsmouth transfers the load nicely from above
onto the bearing wall or girder below. The
problem i that notching into the wood by even
Yiinch, in the case of the Cave rafters, diminishes
the effective cross-sectional area (and the sheat
strength) of the member ar thar critical point by
about 10 percent. On shallow pirches of up ©
L5z, it is easier and stronger (o shim with
wooden shingles of the same width as the rafter. It
might take two to four rapered shingles © m“d‘
the pitch of the roof. Also, eliminatifh
birdsmouths takes Mr. Murphy out of the
picture, at lease for the moment. It is all 00 5%

to put the birdsmouth in the wrang place on the
timber, thus spe li!'mg a I'uiriy valuable stick.

In 1977, 1 had no undemstanding or even
awareness abour shear stresses, My approach was
to overbuile on bending and figure that would do
the trick. So, thanks to ignorance, | made three
errors in our rafter design that affected shear
strength: (1) | used hemlock, notoriously low in
shear strength; (2) 1 used a supported double-span
configuration, whereas rwo shorter rafters would
have been swonger on shear; and (3) |
birdsmouthed the rafters, whereas wooden
shingles for stability would have been stronger.

Years later, when 1 had leamed how o do
stress load calculations for shear and bending, 1
did the numbers on Log End Cave, as built. On
bending, the rafters and girders were way
overbuilt, as | expected. On shear, the girders were
good, but the mfters were, theoretically,
underbuilt by about 10 percent. It would have
been easy to arend to thav shortfall by avoiding
any of the three errors listed above. On the
positive side; when you engineer to the numbers,
there Is a safety factor of six or seven built in. This
is proper engincering, and should more than'take
care of a to-percent discrepancy. Nevertheless,
always work to the numbers and have the plans
checked by a qualified structural engineer.

The 4o-by-4o-foor plan, given in Chapter 1,
corrects these deficiencies.

TIMBER FRAMING

Loc Enp Cave: INSTALLING THE
PLANKING

The Cave plan had twelve sets of parallel rafters,
creating eleven planking spans, as per Figure 6.0,
Our choice of 32-inch centers for rafter spacing is
a bit unusual, and we had o allow for an extra
foor for any planks that ran on by the narth-and
south rafiers for overhang. If you are curing your
own trees for delivery m the awmill ar if
someone is supplying logs for you, it i good
cut the logs into uscful lengths. With s2-inch
centers, there is  lot of potential for waste. | gave
my logger a fist of useful lengrhs, as per Figare
6.10, but make sure that the logs are at lexse three
inches longer, so thar you can square the planks
and eliminate bad ends, “Store boughe™ lumbes
comes in ﬁnislwd&mgﬂu(&ﬁmwm-
ete) and have nice squared ends. These lengths,
too, can be planned w minimi An.

cight-footer is a perfect 3-span. for cramples while

s - el

4 rafoarer will do s a “Long 4.7 with ’#“

of @ beam.

=iy




-at Log End Cave SPANS  LENGTH  SPANS  LENGTH
o o 2, A SO
the center girder (not shown) so that 3 8 o .

i3 9 0r is e

— half are shown in Figure 6.9 - before * too short for the sawmill; cut fours in half
1980s, | have used screws instead of nails for |_| ﬂ ﬂ H H ﬂ [-l |_|
| use 12-inch-long timber-framing screws [ | long (L) 5 span | rL
| and structural screws from GRK Fasteners, L2 ‘
L4

there is likely to be a variance of a quarter-inch .
it all the tops of the rafters to be in the same (4

level the tops by installing additional wooden ,

on girders or the east and west side walls, ! L4

N\ overhang (to be trimmed later)

made from, and we started the fist course on  pull them in right together in some wax An old
each side with these, so thar a straight course  carpenter’s tick shown in Figurs 62 and 63
could be established with just two planks. works well. Use @ 10- or 12-inch log cabmn spike —

Qur wood was as "green” as could be, so we  or a long “star” chisel - a5 2 lever @ pull the
nailed the planks as shown in Figure 6.11, below.  boards right agains each orher. Seare the nails as
This method allows the nails to bend more easily,  shown, then whack the point of the spike abour
igeinch into the rafrer, ught against the boand.
Then, wing one hand o pull the spike wowards
yout, like 2 lever, hold it there while you drive the

so that the wood can shrink withour spliring,
Resin-coated 16-penny (16d) nails work well,
because they hold fast into the rafters. And their
narrawer shank makes splitring less likely near the
end of a plank, and helps the nail to bend, if
required, because of wood shrinkage.
chalk fine ~ and check that each end of the We knew these boards were going to shrink,
course s the same distance from the rafter Puk 50 we wanted o make sure we had them as tight
We actitally had some 18-footers, cut from the _ as possible to begin with. Also, boards are not : g _
same logs that our four-by-eight rafters bl always perfiocdy straight, and you may have to i, e
Fig. 8.11- A corpenter's mmmmhuﬂ% g

spiiting the bourd,
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yrt in their cost estimates, but, when it comes
typically 100 percent off, or worse. Everything
Sawmills are late on orders. Mr. Murphy sneaks
w (like me) gets hurt and loses a week of
&m 26, completing a 53-day productive period that
Joader took the first big bite out of the knoll. Then
_. header below, badly bruising, if not cracking, a
" upthge,hut being a whole lot more careful. But five
\work and the project came to a halt.
about 15 percent short on the 2-by-6 roof planking,
sawyer. As It was September, | couldn’t afford to wait
plantation pines from a neighbor and had
cutting and planing, Later, we mixed them with
but, again, they were not seasoned, so there
|, Fortunately, with wood heat below, they dried
it the extra bucks for kiln-dried two-by-six

that Wﬂg one's own house is not always clear
it which there was very little information

planned overhang, Later, you can snap @ chalk
line and cur the edge off all at once with circular
saw. Because of the green planks we used at the
Cave, | actually trimmed the overhang with 4
chainsaw, as t¥-inch-thick wet wood will choke
all bue the toughest circular saws.

Pictures of Log End Cave show thar we used
two-by-twelve fascia boards o retain the earth on
the north and south gable ends, something I
wouldn't do again, as it is a very wricky detil ro
build, o waterproof, and to flash. Instead, |
recommend the use of either pressure-treared
reraining timbers, or, betrer, moss or grass sods to
recain earth. Both methods are described in
Chaprer 8.

At the shallow “peak” of the roof. it is unlikely
thar full-width boards are going to miraculously
fill the last spaces perfectly. You will almost
certainly have to rip the edge of a board 1o make
it fit, probably on both sides. You might even put
a bit of an angle on your rip, so thar the boards
make a tight and tidy fie at the wp.

TiMBER FRAMING
s

EartwooD: TiMBer FraMING
The casiest and best way 1o Lay out floor joises and
rafters in a round house is with a simple radial

rafter system. | have seen people try to marry
other roof systems o the round design, like hip
roofs (which are grear for square buildings), but |
have yet to see a successful example, s 1 am not
going to waste the readers time with these
schemes. Radial rafter systems also work well with
16-sided buildings and ocragons, as we have found
at Stoneview, our new guesthouse. | would think
that they would also work well with 6- and £2-
sided buildings, too — the principle is the same —
but | have no personal experience with those.
With a small round building, like our 16-foot-
diameter library or 20-foor-diameter office
building, both seen in the colot section, a single




inch) oak girder. So we have, if you like, 5
rruncated seven-sided figure as an intermediyge
framework, seen back in Figures 1,16 and L1y, |
suppose it is strictly a heptagon, bu, as 5 former
geometry reacher, | prefer to think of j; a3
“rruncated octagon,”

As stated, posts are the strong component of 5
post-and-beam frame. For five of our seven posts,
downstairs, [ used sound 8-by-8 barn timbers, For
the two posts supporting the heavy oak girder, |
had new 8-by-8 oak posts milled to march.

As at the Cave, we put a damp-proof course
between the post and the concrete slab, but did
not “pin” the posts to the floor. Six of the seven
girders downstairs were also old barn timbers of
similar dimensions, The other, of course, was the
oak behemoth, The best of these recycled girders
were used where unsupported clear spans were
clled for; those with mortise notches were used
where intérnal framed walls would rise up from
beneath and lend support.

The girders are fastened ro the tops of posts
with toenails, “toe screws,” or right-angled mesal
fasteners made for the purpose. The tops of the
girders are fastened ro each other with truss plates,

a seen in Figure 615, We planned the post
lengths and girders so thar the top of the girder
ring would be 7-foor 31s-inches, corresponding 10
an exterior wall of 11 courses of 754-inch hlocks
and a single course of 334-inch solid blocks. Laten
the 1"@1'1|'b<:al:ing stone mass at the center of the
building was also builr with a shelf at the 7-00F
3%-inch level. With all supporrs at the s

height, the floor joists would be level and in the

same flar plane,

The Masonry Stove Central Stone Pillar
All support components of the home must
proceed together, so that the floor joists and
second story can be buile. Ar Earthwood's cenrer
is @ 23-ton cylindrical stone support pillar, which
doubles as a masonry stove (or Russian fireplace).
The diameter of this large stone pillar is five feer
through the first story, reducing to four feer
through the second story. This reduction in
diameter creares a six-inch shelf for the floor joists
to bear upon. . [ designed the stove to meet our
structural requirements and it was built by Steven
Engelhart, a friend who had buile several other
masonry stoves before ours. We had lots of free
indigenous stone and sand on site, and needed
only to purchase fire bricks, flue rile, and cement.
We labored for Steven, mixing morsar and
supplying him with stone on the scaffold. With
what I now think of as a Herculean efforr, Steven
builr a beautiful stove for us in 54 hours. 1 know
thar because 1 paid him by the hour.,

The building of the stove is ourside of the
purview of this book on ecarth-sheltered housing,
but those interested in a demiled caprioned visual
presentation of its construction can look under

“Masonry Stoves” in Appendix Bi.

Earrawoon: THE Froor Joists
Despite our experience av the Cave, the floor
joists at Earthwood are four-by-eight hemlock.

Floor loads are very much less than heavy earth
roof loads, so shear docsnit come into play. And I
already had the timbers ... and they were well-
wl\l"nl‘d..

There are sixteen primary joists — each of
them ac least 18 feer long — which are supported
by the perimerer walls (surface-bonded blocks or
cordwood] at their outer ends, Steven's stone mass
at the center, and the truncated ocragon
framework ar mid-span. Acnually, 11 of the 16
primary joists are 21 feet long, with the extra three
feet cantilevered over the ouwside wall to support

frame. This

culy joist and
rofter spam in

a walk-around deck abour two-thirds of the way  hatf.

around the building. There are also sixteen
secondary rafters which span from the exerior
walls 10 just bevond the ocragon interior post-
and-beam framework. Planking spans are very
short within the ocagon, so every sccond rafter
can be climinared within its confines. Again, @
glance at Figure r.r7 will clarify this poins.
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Wooden Plates on the Cordwood Wall
Like rhe musanry stove, condwood masonry s

beyond the scape of the present volume: Readers
: T P
dwaod are refecred o My Earthwood desigr

the cordwood walls, which are capped with g

series of two-by-six wooden plates, seen in Higue
6.16. As this system of plates is particular o the

1 D will explain them here.

| inneresied  in o cor

c. Cordwwod Building: The State As with all of the joist suppart comp

companion volum
of the Art (Appendix B)
Below grade, the joists reston the course of 4-

inch solid blocks with only 4 damp-proof course

the 2-by<6 wooden plates are placed on the

cordwood wall so that their rop

sfoor ste-inches off the hie first storw

of plastc between timber and block. On the  there are 16 pairs of p , not 32, because the
sauthern hemisphere, floor joists are supported by carth-sheltered part of the northern hemisphere is
continuous conerete blocks. Bur, later

came fime to do the second

installed a full compl

one tor each of the primary and
10 rafrers
The plates are designed o distribute the

er, rafrers}

concentrated load of the joists (and, la

into the cordwood

Such point load,

undistributed, could cause severe stresses on the

cordwood masonry walls. Think of a knife cutting
into a block of cheese

Exterior plates are 3-foor 7-inches long and
interior plates: measure 3-foor s-inches, The

different lengths accommodare the differing

aircumferences, inner and outer. In most places.

we were able 1o nail the plares 1 into double

wide .‘-||_\-_H window and door or lintels:

‘"'l;;”'-"'- them, n and 16

tively, 4 inches dee
inches wide. During cordwood construction
window frame hieights have to be planned with
these lintels in mind. We used thin scrips of
fiberglass 45 sealer between the plates and the
i foam Sill

linels, bue you can also use Y-inc

Fig. 8761 faks tartens the wooden plates to
with Ms penrry (3%-mehi) naity T
Brgass maulation betwsn Hie plades et the finteds

the hmr-f}y-ﬂy’l]’ window feiely

Shap drall, sthe hoy Installed o atrip of
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Seal™ at this detail, nicer o work with. In the
very few instances where there was no header to
nail into, we would set several roofing nails on the

underside of the plates, lea

ng them sticking out

about $-inch. These plawes would go in ar the
same time as the last course of cordwood mortar.

The nails grab the mortar — or vice versa — very

much reducing the likelihood of plates being
dislodged when the joists or rafters are installed

—curt floor joists and — later — roof

rafters are not likely to be all the same height. And

there could be a little variance in plate height, too

t the top surface of joists in the same fat

plane, judicious use of handy wooden roofing

sh 5 works very well.

EarTHwooD: DECKING

roof of the

Both the first floor and the ceili

second floor are made from [\\'n-h_\'-ai\_ rongue-in

V-joint on

groove kiln-dried spruce. There is
side of the planks which are exposed o the

an attractive detail. The ropside of the

ceiling,

floor, and the roof deck, fearure the boards

against each other. You don't want the V-joi
exposed on the wp surface, which would make
the floor hard to clean, and, on the roof, make the
L!L'Lk

waterproofing membrane, the subject of the next

{23 amenable to _tp]lll;.llllln of the

chaprer.
Laving planking on a 16-facered radial rafter

system is- not really much more difficule than

installing it over parallel rfters. although it rakes

because

[here is not very much waste,

more time,

TIMBER FRAMING

good use is made of short scraps near the center,
as seen in Figure 6.17. There are three different
situarions that arise, which are:

first ficer. Seart the first triangular facer at
the outside of the building with full-length boards
of an appropriate length. (We found thar 12-

footers on the first loor worked very well, bur thas
16-foorers were more useful on the rool, because of
the exera wall thickness that had to be covered,
plus the 24-inch overhang.) Lex one end of the
board be just a wee bit longer than needed to cover
a chalkline snapped down the middle of the joist.
Let the other end of the board run on by the last
beam in that facer. After you've got abou half way

o the center, or maybe a boand more, snap

1237




iuuﬂwdaﬁ‘mb 3 single cut.

2 dhough 15 (O, if an octagan. facets 2
) Jin, we start at the gmgjde, with
ards. One end of the plank needs 1o

v to the angle formed by the first

o find this angle. Then

the piece you're cutting,

iﬁ\bmﬁdbe Number 16 at
ol _bﬂﬂding an

faith, tempered, of course, l\_\-_.ﬂl the experienge
you have gained on the other facets,

From a full-length board, cur the first simall
trapezoid you need, the piece closest to the cenier
I know: It hurts o do that. This is the faith par,
Set the long scrap aside, in an ordered way, Yoy
will use it when its turn comes up further alogg
the facer. All the pieces that you are curting and
fieting in this last facet are trapezoidal in shape,
Measure the long end, which is the space between
corresponding adjacent facets. With your
adjustable angle square, transpose the angle from
cach end of the space over to the board you are
cutting. Do not assume that the angle is the same
ar each end. That would be nice, but by nowyou
have met the mischievous Mr. Murphy. The freshe
cut board fits in nicely from the exterior (open]
edge of the facet. Keep doing this, and, finally
when you can get a useful piece from the smalles
plank in your scrap pile, start using the ordered
scraps. The shortest remaining piece should
always work, until, finally, the longest scip will
finish the facer. Have an extra few boards
available to take care of faulty pieces.

EARTHWOOD: UpsTAIRS POST AND
Beam Frame

There is an almost identical post-and-beant rﬂm
upstairs, It is critical thar all of the seven p'mﬂ?‘
upstairs posts are superimposed directly 0¥
downstairs COUREETPArts, The roof Joad (abso
called “the line of thrust”) is cransferred down B
compression through intermediary girders

TIMBER FRAmiNG 138

joists and directly onto the post below. The worst
possible design would be something thar looks
like the righr side of Figure 6.2, just begging shear
failure,

Where the framework differs is over the
super-girder down below, the ten-by-twelve dear
oak. Upstairs, we used an artracrive 15-foor eight-
by-eight barn timber in the corresponding
lacation. It probably has between a third and one-
half of the strength of the big guy downstairs, but
that's okay, because we used three additional barn
timber posts along its length, and interior walls
between them, so the smaller girders load is
distribured equally along the oak girder below.
And the oak tmber is engineered to carry the

heavy earth load.

EArRTHWOOD: RAFTERS

The rafters are mostly five-by-ten red or white
pine, or equivalent. | prefer the white, as the red
pine mees tend to grow spirally, which can cause
twisting of the rafter in place. When specifi-
cations say “or equivalent,” this means “of equal
strength.” Because the octagon post-and-beam
frame is truncated to a heptagon, about a quarter
of the mfters upstairs have slightly greater spans.
For this reason, six-by-ten rafters are specified in
these locarions.

The roof pitch at Earthwood is ahout “one in
owelve” (expressed as :x2). Pirch measures the
“ise” of the roof (the first number), compared
with its "run” (the second number, wsually 12), the

horizontal distance berween one end of the pitch

Fig. 6.18: Planking the roof at the Stoneview guesthouse was ot fike doing
the Earthwood roof, Here, we snap a line on the planks, but directly over the
middle of the 4 x §* rafters, Next we cut off off the “waste” at once with &

circular saw.

Fig. 6.19: W'mk'ﬁwlﬁzﬂmaﬂﬂuwmmﬂ!uulﬂj
waste at all. Next, we would sap chatklines ogain ond trim the twa saw-




board, all around, extend ar least an inch beyond
the trimmed rafters, so that the drip edge youl|
installing lacer (Chaprers 7 and 8) keeps the
dripping water off of the rafter ends. Figures 6,5
and 6.19, above, show the roof deck at Stoneviey
being installed.

Ch
/

brer

WATERPROOFING, INSULATION & DRAINAGE

he chapter ritle can be thoughe of as the

mantra for installation. The correct order of

events is waterproofing first, then insulation, then
drainage. This is rrue for sidewalls (discussed first)
and on the roof. On the east and west sides of a
Log End Cave-type of building, the wall
protection system melds in with the roof
protection system s & CoNtinuous unit.

How we waterproofed ar Log End Caye (lots
of black plastic roofing cement covered with 6-
mil black polythene) and what I now recommend
are two entirely different things. What we did
worked, but I don't advise it and wouldn't wish
the job on anyone I want to keep as a friend.
Essentially, and unknowingly, we were rrying
invent Biruthene®, described below, and doing 4
sloppy job of it.

WATERPROOFING OPTIONS
Since building Log End Cave. we have used WR.

companies have been producing the same sore of
membrane.) There are other waterproofing
options, discussed briefly below, but for the cost
parameters that I set (which is to own the home
myself instead of the bank owning it for me), and
for ease of application by inexperienced owner-
builders, these self-bedding sheet membranes are a

Here are some other “waterprooling” options
you may have heard of:

Black ar coatings. These are damp-proofings.
not waterproofings. | have not heard of anyone in
the carth-sheltered housing field who consid
such a coating to be a long-term solution.

Thoreseal™ (Thore® Corporution) and other
cementitions coatings. This class of foundation
coaring, made by mixing cementitious powder
and water, is often specified by lending institutions:
to be applied to the sides of basement foundarions.

Grace Bituthene™ fi b and
similar products, for mwpmoﬁng walls ... and
roofi. (Since the Grace patent ran out, several other
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clay. For example, Infrabond (Carligle

and Waterproofings) is a quarter-inch- -thick ek
infused with bentonite. You can alsg buy e
mixed trowel-grade consistency products,
used for derailing in combination with the shee
Price is moderate. Application is best Ief g
installers with experience in the system, On e

plus side, it is the nearest thing we have 1o
natural waterproofing, although some appl
cations require a polyethylene sheet as a protectie
coating. And it is the only membrane with fie
ability to reseal itself. A slight drawback s i
weight of the rolls. The “small” sheet of Infrabesé
is 4% feer-by-15% feer and weighs 79 pous
Natural builders should research further &
again, | cannot contribute with persond
experience. A good place to start is to Gﬂ#
search bentonite + waterproofing which reamt |
several useful websites, Manufacturers are lisedit
Appendix B.
pp;uh'y—bm’ded sheet membranes. Buyl b“t
EPDM, neoprene, and other chick flexib 2 |
waterproofing membranes are available. Ther ™ .
excellent waterproofing membranes: o '|.
fully or partially bedded to the st il
mastic. The rolls are extremely heaty 2"
beapplied, whenever possible. 1 in large Lht
sheets, so physically gerting them oL L
could be a problem, as is hanging =
sidewalls. These membranes '-‘:m -
; iemical products, are &P
plied by professionals. Some

membranes have excellent UV resistance,
something to consider where exposure o sun
cannot be avoided,

“Modified” roofing. There are some thick
asphalt-based which have been
effectively used as waterproofing with earth-
sheltered housing, The sheets are typically three
feet wide and an eighth-inch thick, and one sheet
overlaps the next by 4 to 6 inches. The weld
berween sheets can be rtorched down, or
chemically welded. Archirecr David Woods, who
is also Secretary of the British Earth Shelrering

roofings

Association, strongly recommends this type of
membrane, but cautions that it is more expensive
and more work than the self-adhering
membranes, and advises that it be installed by
experienced professional roofers.

Layers of roll roofing alternating with hat pirch.
This old-fashioned method is definitely not
recommended as a long-term waterproofing

below grade.

In SEARCH OF THE PERFECT
MEMBRANE ...

A perfect membrane would be “all narural,” have
low embaodied energy, be cheap and easy to apply,
and give ar least 100 years of rrouble-free service.
The closest | can think of is the way the Nealithie
people in Scotland’s Orkney Islands successfully
waterproofed the 5,000-year-old Maeshowe burial
chamber. The structure is a large corbelled-arch
dry-stone burial vault, covered with a thick layer
of good cly. The structure stayed waterproof

WATERPROOFING, INSULATION & DRAINAGE
—_—

until the Vikings broke in through the roof abour
1,000 years ago.

Paul Isaacson, my underground co-i
back in the Mother Earth News Eco-Village days
of the early 19805, told me that he successfully
waterproofed his home in Utah by placing a
tandem-trailer load of unrefined benronire clay
against the walls. Thar home no longer exists —
the property was bought out and redeveloped —
bur Maeshowe has had its roof repaired and was
still dry last time [ went inside.

And the perfect membrane? Read on.

Bituthene® (and Similar) Membranes

The nearest thing | have found to the perfect
membrane is the Bituthene® waterproofing
membrane, manufacrured by Grace Construction
Products, listed in Appendix B, along with similar
products manufacrured by others. Bituthene® is
very reasonable in cost (although this is bound to
increase with oil prices), it is effective and long-
lasting, and its application is casy to learn. Its
drawbacks are: It must be protected Em'lym

from the sun’s harmful ultraviolet rays; it contains

lots of petrochemical products; and it has been

known' to be penetrated by mm
insects. muymmhmmﬁnehdww




, for my earlier book, The Complete Book
yuthern Mississippi. Roger says:

. enthetic-rubber membrane, guaranteed
meblem has been fire ants, who'll
- So we have to be vigilant about treating
c it would have made any difference which
through it. We mow about twice a year,
e have a beautiful spring-to-fall wildflower

ht. | don’t know the answer.”
hear of insect damage through a quality
s, 50 it is possible that a two-inch layer
3 would provide an insect-proof receiving surface
fa weight (about 28 pounds) would have to be
is no large snow load to factor in.
rder.

WATERPROOFING VERTICAL WALLS

___—-—-—'—"";

Prior to application, the wall needs 1o be
primed with the compatible primer thar Grace
supplies as a parc of their waterproofing system.
With the Bituthene® 4000 membrane, they
supply a plastic jug of “surface conditioner” with
each roll, enough 1o prime an area large enough
for the roll. They do not supply the conditioner
with their Bituthene® 3000 membrane, or their
Bituthene® Low Temperature membrane. With
the 4000 membrane, just prime as much wall as

you intend to do on the day, and let it fully dry

can use a Bituthene® Primer B2 on slightly damp
surfaces or green concrete.

The use of primer with the 3000 series is a
lictle confusing, but the step should not be left
out, even though local suppliers often carry the
membrane, but not the primer. With Bituthene®
3000, for use with temperatures of ac least 4o°F
(5°C), order and apply Bituthene® Primer WP-
3000, which is similar to the one they provide
with the Bituthene® 4000. In a pinch, you can
prime the surface with DAP acrylic bonding
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Bituthene® 4ooo, like Binithene® Low
Temperature Membrane, can be installed in
temperatures s low as 25°F (-4°C) with lh
Surface Conditioner supplied.

With other manufacturers of this type of self:
adhering membrane, be sure to check their
temperature and surface preparation guidelines.

The ideal time to install Biruthene® — on wall
or roof — would be a calm gray day in the 50" 1o
75"F range (10" 10 24°C) On a cooler, but sunny
day, you can work as low as 40°F (5"C). The sun on

sunny day, ifa flap of membrane, with its backing
paper already removed, happens to fold over and
touch another exposed bitumastic surface, they
fuse rogether instantly and irrevocably, never o be
separated, and you have lost a few dollars worth of
material.

With both poured and block walls, there is
the potential for a leak where the wall meets the
congrete footing, even if you bring the surface
bonding cement out onto the little 4-inchewide
shelf of the footing which extends out from the

n

before installing the membrane. The conditioner  the sheets will help make the rubberized bitumen .

in our EPDM membrane, and it's a pain to fix goes on quickly with a roller and usually dries to  very sticky. Below 40°F (5°C), but not les than i
rip exactly where the hole is, so leaks are hard a tacky feel within an hour. This conditioner 25'F 1-4'(.',:_} you need o use Biruthene® 4000 or

small hole. With 60 inches of rain a year, and should not be used with ‘"%rccn" concrete (less Birutht?'nc“’ Low Temperature Membrane, which -

| holes can be big problems. You can kill all the than seven days old). Bur, if time is critical, you  stays sticky at these lower temperaures. On a warm i

With designs where earth berms comé flir;;s agent or Acryl-60 bonding agent, usmli_v: rmdify block wall. Prime both lhc \‘l::lﬂd 'll M
and onto the roof, as at the Cave, the st i available. For temperatures beoween 25°F (-47C) C"Pﬂﬂfd part "f,;:" &"";‘; : Gw:‘ s“““:
‘must be waterproofed first, vertically (Ii i and 40°F (5°C), use Bituthene™ Low Temp (& - 5 or _NW' whm‘ l_"“’_ :
wallpaper), but extended six inches onto the 10 Membrane and the WP-3000 primes, exceptuse  7-inch-wide by 36-inch-long: > e i T
D : | from the end ofa roll. Remove the backingpaper
“surface as well. Later, the roof is watefP f i

i I i .
~with a horizontal application, D\’“l"_?l’""g | =
‘extended sidewall membrane by three inhe _

the B2 primer over green concrete.




Fig. 71:
The important

detail where the
wall meets the
foating is seoled

with o strip of

.Hu!.lm'
caulking the
freshly cut edge.

EARTH-SHELTERED |

and press the strip carefully into the area where
the wall meets the footing, as seen in Figure 7.1.
In the picture, | have already pressed the strip into
place, with abour 314 inches sticking ro the wall
and 3% inches sticking to the footing. 1 am
caulking the cur edge of the strip with a bead of
Grace Bituthene® Mastic, 10 prevent fish-
rnuu:hing,

The factory edge of the membrane has a bead
of mastic already in place to keep this edge stuck
down, but exposed cut edges need 1o be caulked,
I use the Grace Mastic, as other black plastic
caulks may or may not be compatible with the
membrane, Examples of incompatible mastic

would include tar, asphale or pirch-based

materials, or any mastic containing polysulfide
polymer. We do not need ro caulk the .mp e lgc‘
of this strip, as it will be covered by 3 inches of
Rituthene®, as seen in Figure 7.2, Later, the
hottom edge of the vertical sheets will be caulked
with the Grace Masric.

Bituthene® is applied vertically on sidewalls.
Cut the sheet to the correct length, making sure
thar the new sheet laps 21 inches (manufacturer’s
recommendation) onto the previous sheet. Use
the white guideline on the previous sheet to gauge
this overlap. One person is positioned at the top
of the wall, as per Figure 7.2, and another —
preferably two others — are on the ground o
receive the sheet and press it onro the conditoned
surface. Try it with the backing paper still on ir,
and, when it fits right, with a 2!s-inch lap over the
previous sheet, mark the top surface on the wall
with a pencil. Then, with the person below
holding the sheet slightly away from the wall, the
others pull the backing paper away from the rop
foot of the sheet. The ground crew keeps the edge
of the new sheet lined up with the white line 2%
inches in from the edge on the previous sheer, and
the person on top presses the foor of c\;‘u.\'cti
bitumastic onto the wall, warching the pencil
mark.

Now, one of the ground crew members can
carefully peel the backing paper away from the
underside of the sheet while the other presses it
onto the wall. To eliminare bubbles forming
behind the sheer, press first in the middle of the

sheet and then work it right and lefr. By this

O
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method, the sheer shauld stay parallel o the
previous one, maintaining the requied ovetlap,
Press hard with the heel of your hand o geta
joint at the overlap. Grace recommends a megal
hand roller, but good pressure with the hand has
worked well for us, Where the sheer overlaps the
7-inch  flleted pieces already insealled ar the
bottom of the wall, Grace says 10 “Press the
membrane firmly o the wall with the bus end of
a hardwood rool, such as a hammer handle.
Failure to use heavy pressure ae terminations can
result in a poor seal.” (Grace Product Daga).
Finally, caulk all cut ends with Biturhene® Mastic.
If it becomes clear thar the edge of the new
sheet is wandering off the line of the previous
sheet — particularly if the overlap is gerring smaller
you need to stop pressing the Bituthene®, You

Fig. 7.3: The Bituthene® has been apphied to the lower story ot Eavifnwocd
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cannot streech it back on course. Cur the sheer
shor and begn again with m lewt 2 tinch
mweddap over the cut-off edge Always press
terminations extra-hard for a good seal, and caulk
any new cuss with Biruthene® Mastic.

The primary advantages of this type of
membranc are speed, reasonable cost ol
applicarion, and quality conrrol. In May of 2005,
Bituthene® 4000 with conditioner cost about 85
cents per square foor, and Bituthene® 3000
withous primer was about 7o cenrs. Any shape of

piece can be cut and used w parch or fill an a
bur always allow a 24-inch overdap over previous
sheets, overlap 3 inches over previous terminarions,
and seal all cur edges with companble mastc
Figure 7.3 shows the lower story of Earthwood
waterprooled.

WarerrroorinGg Roors: THE Drip
Epce

A “drip edge,” an all exposed edges of planking,
must be inslled before the waterproofing, It
$ETVEs twO Important purposes. First, as its name
implies, the mewal drip edpe, extending a half
inch below the planking, causes water 1o drip off
af its botrom edge, stopping it from running back
along the planking wwards the home, where it
aould dereriomte planking, mfters, and walls,
Sccond, by exposing about five inches of the
metal drip edge on the wof surface, the
Binuthene® membrane can be kepr well' away

fom the edge of the roof, thus protecting it from
ultmavioler deterioration,

For carth roofs. I find it prefemble — and
cheaper — 10 make my own drip edge from
aluminum fashing, as opposed to purchasing
manufactured drip edge. Commer
drip edge comes in 1o-foor sections, and s usually

made from aluminum or gabvanized iron. Some
have a baked-on enameled surface. Most of it
seems to be made for use with plywood, under the
bottom course of a |mrhcd shingled roof, and so is
neither wide enough nor deep enough for earth
roofs decked with two-by planking. 1 have had
good success on a number of projects by making
my own drip edge from 14-inch-wide aluminum
flashing — a common item — cut down the middle
o make two strips of 7-inch flashing. Roll the
r];z.\'hing out onto a far surfiace, such as the roof,
and make a [1\'|1u_i| line (or chalkline) down the
center. Score the line with a sharp razor-blade
knife, using a long straight edge ro guide the knife.

(My 4-foor by 2-inch ruled straight-edge is one of

the most-used rools in my ki, and is particularly
handy for cutting Biruthene™, so | strongly advise
owning one.) You will find that by flexing the 14-
inch strip back and forth along the score line, it
SO0 Sepanites 1\&\1"}' into two 7-inch ]'ic.\'L'\. Be
careful, The freshly ripped edge can be sharp, with
nasty little slivers of aluminum to cut your hands.

To make drip edge from the 7-inch strip, work

along the edge of a sharp-ed,

edge itself, if you are careful! Fxrend the factory
edge of the metal two inches over the table or roof
edge. A helper is useful ro hold the strip in place.

Fhen, with your lefr hand, stare to bend the sheet

o

table — or the roof

hand, use your thumbs and forefinger 1o,
bend inro a sharp nghe angle. Pracrice with

picce. The process i noe diﬁmh.mm
must ceally press quite strongly with the M

and forefinger ro gev that nice right-angled edge.
Now, with roofing nails, nail the drip-edge
down to the deck, so that the iwo-inch dimension
hangs aver the edge, with five inches on the roof
Keep the nails about two inches from the freshly
cut edge of your homemade drip edge. Later, the
firse course of Bituthene™ will cover that ripped
edge, and the nails by a half inch, leaving 2t
inches of aluminum fashing exposed on the edge
of the deck. Press really hard along that edge fora
good seal. By this method, the membrane, subjecr
=

to UV dam

, can be kepr well back from the

edge of the roof, protected by the various layers 1o

follow, described below.

Waterproofing a Cave-style Roof

The Log End Cave and Earthwood roof designs
present two different warerproofing application
scenarios. At the Cave, the earth roof meets with
the cast and west berms. At Earchwood. the roof
is “freestanding.” It also happens o be composed
of sixteen wriangular facets, like the blunt end of a

diamond.

such as the

With a pitched rectilinear rook
Cave, it works well to roll the sheet out to irs full
length, backing paper and all, and then slide the

sheer over the top edge of the vertically applied

" c ches or so
sheets that vou've left extending six inches or

the Binuthene® is running nosh-south. G
full 3-inch fap over the top cdges of dhe wall
membrane (which have been tumed on 1o the roof
substrate), and make sure it is covering the oofing
nails an the flashing st i3 nomh and south ends.
Again, about 2% inches of the I];tshmg will show,
Once the sheet is properly aligned - i could
be 3¢ feet long or more — have one person stand
on one end to keep it from moving: A second
person carefully rolls the sheet up again. The
person standing on the end can shuffie forward
abour three feet, belng careful to maintain the
good alignment, and stand heavy whilc the
sssistant lifts the shorr end of the sheer, pulls 3
couple of feer of backing paper away from the
sticky birumastic; and folds the paper up close to
where the person is standing. Carchully press this
two feet onto the primed wooden deck. muaking

sure of sufficient Lap on the drip edge
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Fig. 7.5:
The roll 15 haid
out on the
correct
ofignment, with
the bocking
paper still on.
Joki {right) and
Digne (Teft)
hove cul two
feet of the
bocking poper
away and are
quiding it down
1o the primed
deck. The
outhor pressey
the membrane
down with firm
hand pressure.

Fig. 76; After *mhﬂibﬁl rolled back up with {ts backing paper on,
“wmﬂkmlﬂqmwm awoy at the same time.
0%, an honds and knees, pressen the sicky surface of the membrane

Roll the sheet back (with its backing paper)
onto the part already welded to the deck, far
enough that you can grab the folded backing
paper from heneath the roll. Now, one person gers
down on hands and knees on the fastened-down
portion, while another grabs the flap of backing
paper on the underside of the roll and begins o
pull it away from the roll. Together, the two can

unroll the sheer, one pressir

1g the sticky surface

down onto the deck while the other removes the

backing paper and keeps the roll moving forward.
The person pressing should smoothen the sheee
from the middle to the outer edges, pressing firmly
with the heel of his hands. Later, go over both
edges again with the heel of your hand, trying 1o
avoid the sticky factory-applied caulked edge.

If care has been taken to prevent the roll from
shifting position during the steps described above,
it will roll down on the original alignment, with
the correct lap over the sheet (or sheets) down
slope. If you can see that you are losing the correct
lap, there is no option but to stop, curt the sheet
off, and begin again with a three-inch lap over the
portion already laid down. Weld this overlap with
SIrong pressure.

Keep working up the slope with succeeding
strips. of membrane, always following the white
lap line imprinted on the previous sheer, The roll,
66.7 feet (20m) long, will no doubr finish part
way along a course. Simply start the new roll three
inches onto the end of the previous roll.
Sometimes, the last two or three feet of the roll s

badly creased or wrinkled like the skin on the

back of “dishwater hands. ™ Better 1o discard these
ends, because you might nor gey a good seal over
the creases with the next sheen [

Do one side of the roof, as cloge A% YOU Can w
the peak, and then the ather side. If, ar the peak.
you are left with a non-waterproofed deck of 1§
inches to 30 inches in width, ymu::ahphh” -
edges of the uppermaose sheets with a final Sl
width ridge piece. I the gap is quite small, q,
w 12 inches, you coild cur a sheer down the
middle, yielding two 1#-inch-wide rolls, and make
your ridge picce from those. Bimthene™ now
comes with a "Rip Cord” feature chat allows you
to easily divide the sheet down the middle inm
two 18-inch pieces.

Alter all pieces have been pressed down to the
deck, the drip edge, and 1o each other, caulk all
cut edges with Bituthene™ Mastic,

[n May of 2005, in two hours and using the
method described above, Jaki and | helped Broce
Kilgore install 860 square feet of Bituthene® so00
membrane on a ui2 pirch shed roof He caulked

all fresh cur edges a few days latee

EArRTHWOOD: WATERPROOFING THE
Roor

Once again, work on a conditioned suriace
Recondition any surface which has been raimed
upon, ot has been exposed for 24 hours. Prime
only as much deck as you can reasonably hope
cover in a day. Stll, the work goes quite quickly,
and you can get quite a bir done in a day. Because

of all the individual trapezoidal pieces imvolved




@ 78 Later, when the adjacent sheets of the same course
dower  are insmalled, they too should extend onto the nest
‘edgeotthe facer by three inches, giving a sivinch lap where

two facers meer. Normally, a 3-inch lap is sufficient
with Binsthene® 3000 and 4000 membranes, but
YOU' want extra: protection where facers come
together, pressing hard onto three inches of solid

remove. the backing paper, Now, carefully,
person at cach end, tuirn the sheet right side
itaver to where it belongs. The two

alk 1o each other abour end lap,

s useful to help guide the sheer

itin the middlo as 4 helping

hand, shown in Figure 7.8. The carriers need o
maneuver the low edge down o the drip edge,
being careful not w acrually rouch it undl it has
just the right lap (%s-inch clear) over the roofing
nuils. Then, with that edge straight, rouch ic
down, the middle of the sheer first. The sheer will
have a kind of a concave trough to ir, .L]r:ng irs
|cngt|'|. which can be seen in the picture, This
curve can J'}L' lL\‘:L’ (8] <'|d\'-'|"|.'i!_"(', as I\v'lll! |L'i '[I]I:
sheer “roll” itself out onro the surface.

Because you are working on the edge of the
building on the first course, it is hard for the third
person 1o help press the sheer down in the same
wity that he or she can on succeeding courses. Far
that reason, you may want to use the “roll it our,
roll it back, roll it our again” method for the
longest trapezoids. After the first course, though,
the trapezoids are shorter and more manageable,
and the third person can position him- or herself
ar the middle of the downside of the sheer and
spread the sticky surface down, working it with
the hands right and left, and helping 1o prevent
hllf?!‘fll:.\' OF Creases.

Work the first course all the way around the
building, until the sixceenth sheet laps the first by
six inches. The second course, away from the
edge, is easier, because the third person can’ get
down on hands and knees 1o ease the sheer out
onto the substrate, Be sure o place the caulked
factory edge right on the white guideline of the
previous sheer. Again, the two carriers need to
communicate well with each other with regard to

lapping over the saddles of the fucets,

The sheers ger maller and: casiee ta
towards the center. With experience sl
the smaller sheers, &Mwh -
all of the sheets have been M'
and caulk all of the cur edges with Big
Mastic, as per Figure 79,

If you inadverrendy create punctures ar s, -
or see any suspicious marks on the membrane, iz
s casy 1o patch with picces of the same maserial,
Cur your parch so char it exteids six inches inall
directions from the damage, and press it down
hard with the heel of your hand. A lirde trick |
like is ro cut the corners off 2 square parch so that
itlooks a lirtle more like an ocragon, lessening the
chances of a4 comer lifting. Caulk around the

patch.

S]l"lf\\’x\l.l. INsuLATION
I use close-celled extruded polystyrene msulation
below grade. It is readily available, and has 2 goid
insulation value of Res per inch. Use ar least ove
inches (R-10) on earth-sheltered sidewalls in the
North, At Earthwood, we used three inches (R-ag)
down 1o frost level, about four feet in our srea
We did this partially because we had enough one-
inch sheers left over o do it but it is bound m
keep the block wall’s remperature more stable
near the top of the berm. The insulaton also
protects the \\'.ln-lp:nuriug membrane from
physical damage and tfrom freere-thaw cycling,
one of the main ..m\r\nl'nmlinp breakdown.
Expanded polystyrene. alsa called EPS or

beadboard, may be cheaper than the extruided

e v |'!_
Ny I‘
fig. 79 {m\m.mmm&m—mum‘:ﬂ-.
applving o heod af coufl, e ¢ BURTY i o ceate @ edge that ook

treng Ak e factsry adge Ti: Devd the losr ench of o mae-soraand
Butter Anife juat @ Kithe Bt N0 ke an exceiient tood for th purpese:



l\mm beards, such as
palystyrene, to the membrane. Girace

RoorING INSULATION

The quandty of roof insulation js 1 halanee
berween you, your budger, local energy code ang
the open-mindedness of the building inspector,
For che purposes of meeting encrgy code
TEQUIEMENTS, You may or may nor get much R
value credit for having an earth roof, | maintain
that the earth roof holds snow better than any
ather kind of roof, and that snow is cxccllcn‘r
msulation. Bur such a statement will melt o
water with a by-the-book code enforcement
officer. New York Stare requires B-33 insulation
o the roof, which would need six inches (R-30)
of extruded polystyrene to sarisfy, (The missing
R=3 is more than made up by the 2-inch planking
and anybody's reading of earth Rovalues.)

We have four inches of Dow Styrofoam™ an
the Earthwood roof, jusc R-20, but our home is
one of the most energy-efficient homes in the
North of New York. Yes, six inches might have
made it even more efficienr, bur certainly not by
50 percent. You reach 4 point of diminishing
fetums, And the monolithic narure of the
insulation - no. conducion through rafters, as
with ather forms of insulation — helps a great deal,
a8 does. the minimal skin area of the buildings
fabric.

Your decision muse be budget based, bur, at
the same time, you have to know that your plan
will pass code, o, at lease, your local building
E“'P"f@t- Let's be frank here: Building codes are a
one size fis all” rype of thing. They don't easily
Aecommodate - sensilye alternative methods. of

WaTenR

accomplishing energy cfficiency goals, such a¢
giving credit o the shape of the house, its
orientation, thermal mass, or the facr thar the
home is is earth-sheliered or earrh-roofed. The
onus is up to the builder o make a good case for
alternatives “which meet or exceed code requiire-
ments.” And an engineer’s stamp does carry a log
of weight, mainly because it takes the pressure off
of the building inspectar.

A Biuthene® type of waterproofing mem-
brane needs 1o be covered as early as passible 1o
protect it from damage from traffic and from the
sun’s ultravioler mays. On the Cave styles Just
spread the rigid insulation over the single-pitched
roof, using the largest sheets you can get, generally
4-by-8-foor. (Sometimes, only 2-by-8-foot sheess
seem to be available. It is worth asking around.)
Make use of the rongue-and-groove edge,
available on some brands. Use the upper counes
to Fully lap all joints on lower courses. Choose &
calm day, as it doesn’t ke a huge wind w0 blow
rigid foam off the roof.

On many an carth roof, Jaki and | bave placed
our extruded polystyrene down on the
membrane, and quickly placed planks, stones,
blocks or other ballast to stop the Iigheweight
sheers from blowing away. Ideally, we ger the
insulation itself covered as soon as possible with
the drainage layer and earth, as described below,
but there is sometimes 4 delay of a week or longer.

There are insularion/ballast products made by
T. Clear Corporation that will facilitate the

mtm“T“M
insulating process over s membrane: Lighnsuand,
Coolguard. and Heavvguand are all 2-by-o-foor
pancls of tongue-and-gmoved Dow Seyrofoam®
insulation. topped with litex-modified concrere
banded 1w the upper surface Lightguard and
Coolguard have 2 "4-inch coating of concree, and
weigh 4.5 Ihu./sq. f (36 pounds per punel), wihile
Heavyguard has 2 1-inch concrete sop sirface for
4 woral weight of n The/sg, fi. (88 pounds per
panel) Coolguard. in addition, hes 3 good
reflecuve surfiace. a5 it is noemally used without an
carth aner. All of thoe produce s palsble
with Styrofoam™® thicknesses of = inches, § inches,
or 4 inches, and all can be applied over layers of
regular uncoated extruded polystyrene. For living
mofs, which will soon ger drainage lavens and
earth layers, the Lightguard produce is the most
appropriate. In our part of New York. ar ez
three schools have used Lightguand s the final
rooting surtace. but. for the carthern or livang roof
systerm, pou will want o make use of it . an
casy- o apply hallasted msulanon. My suggestion
s 1o find your best deal on extrdied palwstyrene
- 4by-S-foot sheers. if posible ~ and pur down 3
10 4 inches of it before wpping the whole
insulation blanket with s-inch panels of
36 pounds cach are not shout 1 blow away, You
coubd leave such 3 mof for months, cven vears,
although it would be berter o gex the drainage
wﬂﬁﬂ.ﬂ'&-‘*h#
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Pattern Two will serve four facers, one layer thick,
Thirty-six 4-by-8-foot sheets are needed to cover
the roof surface with a single layer. As we used
two 2-inch layers, we needed 72 full sheers to gain
the g-inch-thick (R-z0) insulation layer we

wanred. Add an extra layer for R-jo. These

patterns worked perfectly for our ouside wall

di of 38 feet 8 inches, and would be useful

c=2'0"
F=7'0"

¥ appropriate to large

mofs with 4 single plane, or which

ar-a peak, like Log End Cave, the muli-
Earthwood mof presents conditions thar

for house diameters of a foor larger or smaller. You
would need w work out other parerns for 16-
sided rools, of significantly greater or lesser
diamerers.

The second course is offser two inches over
the first, so thar all the radial joints are covered by
the second course. We acrually made these special
ship-lapped panels on the flar floor surface below
and passed them onto the roof. We “tacked” them
together with four to six 16-penny nails, and the
nails stayed in place undil all of the ship-lapped
units were installed on the roof. These nails miss
poking through the lower sheet by abour $4-inch.
Nevertheless, 1 didn't like the idea of hundreds of
nail poines aiming towards my membrane, so
prior to covering the insulacion, we wenr asound
an aur hands and knces and pulled every single
one of them our. Figure 712 shows the
installation of these ship-lapped panels.

The overhang doesnt really need o be
insulared: Nevertheless, we used an inch of Dow
Styrofoam® over the membrane on the overhang
a5 a protection board, And, this insulation, in
combinarion with the 2-inch planking below the

memb effectively sandwiches the I
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and diminishes the number of frecze ¢ -

haw cycles,

and their severiry.

The insulation should be covered a5 son g
possible with the all-impartans duirugg laver and
carth. If this is poe possible, make sure there s
enough ballast 1o keep the insilation from
blowing away. How much ballase: Fully rwice as
much as you think you need, Maybe mare.

DRramNaGE
Drainage is the better part ﬂf!&hﬂ':{qrwﬁng. Wiarer
looks for the easy route. Give it an sasier Pplace o g0
than into your howse, and it will she this eatier
route. | use the iralics because 1 think of this a5 2
mantra, and subjece my students o it ae least
three rimes during our Underground Workshops
After the insulation is in place, we can attend
o drminage, beginning with the footing dramns
(also called French drains) ar the base of the wall,
Before commencing the drains, make sure thar
your wall insulation is continuous with the
fooring insulation, as per Figure 7.13. This will
mean placing some insulation on the top of thas
litle footing shelf thar we covered with
Bituthene™ back in Figure 7.0 Any uninsulated
part of the concrere foundation will be an energy
nosebleed and cause condensation on the

corresponding inrerior surface,

Foormve Dramns
The business of a footing drain (also called

Bur, providing that the rest of the sidewall has Rg 712
good dramags as described below, it will shuo serve ol inssatt the
o camy away all of the wawe which would sslged .
otherwise stand agarmat the ndewails. Footing  intion
drains const of 4 flexible plastic perforared nihe,  pory o e
uwially 4 inches m 6 inches in dumeter, Forthwood el

surrounded by crushed mone. The whe slopes
gently arsund the bulding, dmpping no mom
than 3n inch in ren feer. Ar it high poine, the top
of the rube should extend an inch ot s sbove the
top of the fooung. By the time the nube dopes @
it bow poin, the rop of the mibe could be four o
six inches below the rop of the footing.

The crushed stne sumround b kepe dean
from carth by covering it with a fileraton faver |
have had good scces with 3 nanursl flmasion
mut made by scartering 3 10 ) inches of loose hay
or straw over the wone. This osganic maerial

.-'-.

French drain) is to carry water away from the  decompases into 3 thin bur cffeciive mevural oyl

importane detail where the wall meers the footing.

: -




The major change | would make is to ke the
drain out above grade, if possible, instead of to 4
soakaway pit. which can fill up and become
uscless. Figures 7.14 and 7.15 show the footing
rains being installed.

DRAINING THE SIDEWALLS

Figure 7.1, with its key, describes the various
companents that make up the drainage system
where a berm rises up and meets the roof. The
drawing assumes tha the backfilling marerial has
modetate pcrcu].:lliun characreristics. Note the use
of drain rbing near the top of the wall, to gather
water collected by the roof drainage layer, and
another horizontal drain halfway up the wall.
These secondary drains are connected o the
fooring drain by the use of verrical tubing, which
can be non-perforated.

Sidewall drainage strategy depends on the
percolation qualities of the backfilling marerial.
Coarse sand (or mixed sand and pravel) makes an
excellenc backfill, allowing water to percolate
down 1o the footing drain, where it gets carried
away to some point above grade. Sandy backfill
can be tamped in layers up against the wall, using
a hand amper or— gently — with the bucker of a
backhoe or fronrend loader. Do not use a
powered vibrating compactor for this job: not only

# hay or straw. 3, Crushed stone. 4. Waterproofing membrane, 5. 4* perforated drain wrapped in
 ridetground “quiter.* The top gutter should include a fold in the plastic as sHowr, fo allow

polysty ion, 8. Vertically placed 4"

is ir difficult to maneuver in the space, bug it puts
extreme vibratory pressures on the block wall,
Seils with poor Ppercolation, such as day or

mixed clay/loam, should not be backfilled directly
against Ihﬂ insulation. Water will not find its way
to the footing drains, and will srand against the
wall, purting unwanted hydrostaric pressure.on the
wall and the membrane. In this case, use a Iimilag:
marting made for the purpose, such as one of the
several Enkadrain® products made by Colbond.
(See Appendix B.) Enkadrain® consises of an
intertwining nylon mesh, generally. abour 3 half:
inch thick, protected on ane or both sides by
filtration mat. The rolls are 39 inches {1 meter) wide
by 100 feet long, with three-inch overlaps of
filtration marting. The rolls are draped vertically on
the wall and extend right over the footing drain.

With poor backfill - lots of clay for example -
you have two choices, You can bring in good
percolating backfill t place up against the wall, or
you can use one of the many drainage mars made
far the purpose. This will probably be a cost-
driven decision, Remember thar with bringing in
backfill, the haulage is generally the largest part of
the cash outlay, not the marerial. I you are some
distance from the supply, haulage can be very
expensive. We were forrunate at Log End Cave in
two respects: (1) we owned the gravel pit where
the backfill macerial was coming from  (now: the
Earthwood site), and (2) the gravel pit was just
one-half mile from Log End. A backhoe stayed at
the gravel pit and loaded the trucks as they made
the short journey back and forth.

L

Drainace Mars (ComposiTes)

There are now 2 variety of driinage producs
available for both sidewall applications and for
use with living roofs. They vary slighdy in

composition from facrurer ro tacturer

but they general work in the sme way. Most
drainage sheets come in 3= to 4-foor-wide rolls
that are generally shout 1o feet in length, The
principle for all of these produce is the sme, in
that they have a drinage core covered with a2
filtration mar. The products effectively place an
uncompressible layer of berween 2 quartes- and 2
half-inch against the insulaion or the water-
proofing membrane. A nylon or palypropylene
filtrarion mat an the dirt side of the producr staps

drains. Tjunctions ane avallable to make these connections, 9. Footing,
¥4, 0 crushed stone. 12 Undisturbed subsoll or heavly compacted pad, as described in
. 1o the crushed stone drainage layer on the ool saving about 20




d ands, silts, and other fins from entering the

¢ ainspace. Some of the products have 4 smooth
tfice or 4 protection marting (o go up against
. others do not. Enkadrain® from

according to the manufacturer, “should be

artached with CCW Drain Grip adhesive or
COW SecureTape. Apply Drain Grip around the
panel edge and in 4-inch ribbons on the back of
the Miradrain® and on the corresponding surface
aof the CCW Membrane, After the Drain Grip is
dry, mate the two surfaces rogether.”

If you use Carlisles Miraclay® bentonite-
filled n;gmhr;;nc Over a concrete pnurc‘d wall, you
can actually nail the CCW Miradrain® right
through the membrane to the concrete, using
concrete nails and washers.

Colbond’s Enkadrain® 36uR and 3615R
“geocomposite” drainage sheets come in 100-foor
rolls, 39 inches (1 meter) wide, and o0.45-inch
thick. Sidewall application recommendations
from the manufacturer are w0 hang the drainage
mat from a “termination bar” at the top of the
wall, which stops soils from entering the drainage
space. In conversation with a Colbond represent-
ative, we agreed thar an owner-builder could
fasten a termination bar to an above-grade part of
the wall and cover i with aluminum flashing to
keep the dirt out. Such a home-made rerminarion
bar could be made of 3-by-2 pressure-treated
wood. Alternarively, the top five inches of the
palypropylene core can be removed from the top
of a vertically applied sheer and the fleration
fabric can be glued to the wall with construction
adhesive, This also keeps the core free of dirr.

Colbond’s literature does nor speak of exterior
rigid foam insulation, My inclination, on sidewall
applications, is to say with the rigid insulation

against the membrane, and 1o apply the dﬂi’“st
sheets on the earth side of the insulation, With
wo-inch Styrofoam® sheets, for oample, the
drainage composite could be held 1o the
Styrofoam® with 1is-inch toofing nails, wnril the
backfill is installed. This way, water is drained
away from the insulation, keeping it in better
condition. The top of the drainage can be
protected from dire infiltration by one of the
methods described in the previous paragraph.

In short, you will want o follow the
manufacturer’s installation instructions for their
own product. Some of the data and installarion
sheets supplied are a bic cryprc, so do not be
afraid tw call the manufacrurer with specific

questions or for clarification.

RooF DRAINAGE

Excellent drainage is just as imporgant on the roof
as on the sidewalls. 1 have used two entirely
different drainage methods (crushed stone and
composite drainage matting) and both work. Bur
both methods also require the installation of a
layer of 6-mil black polyethylene, which |
petsonally feel is the best $50 to 880 that you will
spend on the entire house.

Remember that we have created a roof pitch
of between rrz and 202, Now, we want to use
that pitch o our advanmge to deliver the water
quickly and easily to the drip edge. The &-mil
plastic is an inexpensive tough layer thar provides
4 surface upon which the water can travel.

Without it, a lor of water will find
@mthemmﬂ:n:gsn,hl
not use ir ar an_bmluﬂwm&-:
December of 2003, we had 1 leak develop avera-
cordwood wall in the upstairs bathroorm, the
result of carp ants chewing upward and
making 14 neat r-inch by ‘inch slot in our
Biruthene®, T indow of
opportuniry opened up on Christmas Day and I
quickly tore off about 5o square feer of earth,
crushed stone, and Styrofoam® to ger to the leak
and repair it. Despite being closed-celled, some of
the Styrofoam® had taken on moisture, You
could rell by ins weight. 1 believe thar if the
wsulation had been fully covered with the 6-mil
plastic, the Styrofoam® would have stayed dry.
The plastic sheet is not intended 10 replace the
waterproofing membrane: It is the base of the all-
imporant drainage laver, a surface upon which
the water rides w the edge of the roof. It might
even get puncrured here and there. Bur it carnes
95 percent or more of the warer away, taking 2
© of p off of the
membrane, | rell students chat you want to think
of the membrane as being like that well-known
Maymag repairman of the TV commencials. The
Maytag appliances are built so well that the poar
bored repairman has-to sit around the repair shop
with nothing to do, Thar's the way you want your
membrane to be: bored for lack of wadk.

ise, 2

4




lithic piece, which is not difficult

- WMF. With an Earthwood

ew) multifaceted roof, you will have
make some folds and incorporate some Laps.

- okay, Just think of how shingles work

,mwnﬁgmyh;xmd remember thar the

oal is 1o shed away maq of the water, not every

| ~ last drop, The membranc is there for a purpose,
e

 On mow of our earch roofs, | have used two

¥ inches of #2 (roughly 1-dnch) crushed stone,

e w:ﬁlﬁmm-dhmemwmhay

- The organic material keeps the soils from

elogging the crushed swne layer. Eventually the

] - suraw mats down w d very thin stabilized filiration

."hﬂlﬂlnddltﬂrdldoumymiu side of the

batrier and our of the stone. This is how septic

:ﬂuﬁd&ﬁlhdwir.haunhndmn:mkqn

M incidencally, The advanmge of crushed

P I'Ihtmdmhdmmm using less

~ pewochemical products, And, if you have a

- Mmimhmuummnnﬂe

o cheaper er than purchasing drainage: composites,

 Whe downsides wret (1) Two inches of ‘wied

. eone adds 30 pounds per square foor 1o the foad,

o

Drainage Composites, or Drainage Mats
These products have already been descrilieq
above in the part abour sidewall drainage. They
save you 20 pounds per square foor on the roof,
and they are much faster and easier to install than
the crushed stone. | wsed Enkadrain® 36151
drainage material on the living roof ar Stoneview,
our octugonal guesthouse, primarily because
kﬂcping Il‘zd li"\\'" was a \'L’r}' j]“pu]'(ill][
consideration, As for installadion, even though
the 8-ficered roof involved curting the Enkadrain®
into trapezoidal pieces, the project was still much
easier than the crushed stone method, On g Log
End Cave type roof, the drainage would £o on
very quickly and easily. Figures 8.6 and 8.9 in the
next chapeer shows us installing the Enkadrain®
3615R on Stoneview, part of a photo essay that
shows the entire living roof process from
membrane to planting,

The drainage composite goes righr down over
the 6-mil black polythene, with the filtration mar
upvards, When we cur the Enkadrain® jnto
wrapezoids with u razor blade knife, the edge of
the mesh was sometimes a bit sharp and might
have even puncrured the plastic here and chere.
Next tme, I will use the Enkadrain® 3811R
product in this application, which has a second
Protection mat on the undersurface,

We found thar the Enkadrain® tended 1o
slide down the ro0f a litde as we installed ir. We
were constantly pulling ir back up, like loose-

fixting trousers, After a lirtle creative thinking, we
found thar we could “stitch” the bottom course of
trapezoids wgether, one 1o the next, creating §
kind of wnsion ring which prevented the sheens
from doing any further ;Iid.ing. We put a2 st
(24-inch) length of r-inch by 2-inch board under
the place where the ends of 1w trapeznids
overlapped, then racked the sheets together with
small nails that had large (r-inch-diamerer) plastic
washers under their heads, (See Figare £.9 in
Chaprer §) Two o three of these special nails ingo
each little wooden stick was enough 1o stirch the
ends together. | spoke with a tech rep at Calbond
about the problem of slipping, and he suggested

that double-sided’ construction tape would have

The living roaf iescf is the subjecs of the mews
chapter




THE LiviNng Roor

E.:r.r!r—b'-*'w’rm Houses discusses rechniques
for building homes or outbuildings of low
to moderate cost, which precludes ive earth

nronhfmu—by—dghumddrdurmnw
than at Earthwood inself To make up the

roofs in excess of a foor thick. All of the
techniques of the previous chaprer are appropriate
for earth roofs of 4 w 12 inches in thickness,
although my personal view is thar an R-mdi-ﬂlu:k

earth roof is more than ad w a

gincering shortfall, [ needed to go with a lighter-
weight living roof of abour 115 pounds per square
foot. This was accomplished by using 4 inches of
topsoil instead of 6 inches (saving 18 PSF), and
substituting Enkadrain® for the 1-inch crushed
stone drainage laver, saving another 17 PSE Thee

green cover, while providing the other advantages
of earth roofs discussed in Chaprer 1. With carein
soil and plant selection, a 4-inch earth roof can be
beautiful, ecological, and thermally effective. In
fact, we'll open the chaprer with a step-by-step
photo essay showing the installation of just such a
roof, This section also serves as a concise review of
the roof layers described in Chaprer 7.

Stoneview Roor: A STEP-BY-STEP
ProTto Essay

The 5-by-10 and 6-by-10 rafters ar Earthwood, on
relatively shore spans, carry a load of about 150
pounds per square foot. as per Chapeer 1. The
radial rafrers at Earthwood’s Stoneview guesthouse

pictures of installing Stoneview’s roof (on pages
166-169) show clearly the steps wken w insmall &
living roof in such a way that it won't leake

Tue Earta Roor
Onurhednmyhﬁnnmmﬁuﬁ
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Fig. 8.1 (right}. fou can't see the glear “surkxe conivOne
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@ tochy leel Lawge traperuidal sheets
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loctory edge of the Bituthene® membrane. T
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Styrofoam® extruded polys

Taping the joints simply

are tovered. W installed o
of the first thing 2" thick sheets wou
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Fig. 8.6 (below): Trapercrdal sheets of Enkadrain® 35158
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I: The author uses the back of a rake to spread
1 10 0 consistent loose depth of 51%*, Twenty-four

8-inch blocks {octually 3%* thick) served as

iumps down lo the 315" deep

*mw:nmwlwmmwdmk : v - * T— : =1 fter o winter's snowlood, the loose soil
" strength, At Stoneview; the Enkodrain®tended 10 slide down the plastc = : % ENE ; i

“*mm:-smmmmﬂmm“
L% = sngol shects together with 24* pieces of |-
‘| m.h“mmmemﬁwwﬂmm
e the o o Poing e oot peces o oo apped
ached to the wooden piece, out of sight below the lower sheet
th.uﬂaw'mmdwwmmm
8 staped in ploce and further sheets were simply laid down over each other,
QS s Bt i e 3* Bt o oy ol o coe
edge of the roll.

Fig. 8.12: Droinoge is the better part of waterproafing Fig, 8.13: joki plants o coupie of dozen cumps of chives
Any projection through the membrone is @ potentiol leak, between 100 sedum plants {protected by muich) on the
| boxed around the stovepipe with pressure-treated 1-by- Stoneview roof. Sedum is o socculent plant with the
s | i ks 6 material and placed aushed stone aver the ability to wrvive profonged drought conditions. Chives
m*#“hmu'hm wpsoil up the : . M & : Enkadrain®. Water is guickly corried away to the edge of aivo do well in dry conditions.
i $ gefion buckess. Bruce Kigore helped with the other guarter of e, - ' the building
» g : b cstmoted 400 - : .




hich is why we are using sedum and other
.l sght-hardy plants at Stoneview.

RETAINING EARTH AT THE Epce
wiTH TIMBERS
With a Cave-type situation. the earth roof meets
scamlessly with the earth berm. But on the north
and south parts of the roof, or with freestanding
earth roofs like those at Earthwood and Stoneview,
need some sort of reraining edge to keep soil
on the maf, Ar Earthwood, we got a great deal'on
milroad fies in excellent condition, just $100 for
twenty ... delivered! They came from a local il
yard where a section of track was being removed.
You could use 6-by-6, 6-by-8, or even 8-by-8
pressure treared landscaping timbers for the
purpose, bur these can be quite expensive. Four
by-fours are a lot cheaper and were thick enough
for the lightweight living roof ar Stoncview.
Figure 8-14 shows how we join two rail ties (of
landscaping timbers) on an $-sided or 16-sided
roof. (See also Figure 8.9.) A critical desail is ©
keep these timbers off of the roof substrate, 0
thar an ice dam docs not form behind them-
Initially, we made the mistake of placing the rail
ties night down on the inch of St_\'ml'nam“’ char
we tsed 5 2 protection board for the Bivarthenc™
Two or three years later, abour 1984, we had our
ﬁf'uﬁf‘hm also our last until ]_')|:|l:»\=ﬂ“3cr
2004, already mentioned. It rained for two d3p3 1
A 1ow, but air temperatures were below freczing I
cn happen. Warer went through the

-l S

f, b3

L -

]
e

g &
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stone drainage layer o the overhang, where it
would freere because it was dammed behind the
ril ties, the classic “ice dam” situation.

Water has no choice bur to back up onro the
roof, When drainage cant work, the membrane is
severely taxed. We had a leak in our bedroom. In
the spring, we tore up a section of the roof and
found a neat litde hole in the Biruthene®, ereated
by carpenter ants from below. We repaired the
leak, but then levered up every one of the 200~
pound rail ties; and slipped three or four w-inch
picces of pressure-treated boards as shims. This
was not a big enough gap 1o allow the crushed
stone through, but was sufficient m allow the
water to get to the drip edge. At Stoneview; the
four-by-four reraining timbers actually sit on the
Enkadrain®, so that the water can find its way
under the timbers and to the drip edge.

In 2002, we added an upstirs sunroom to
Earthwood, which broke the continuous rensile
ring of 16 rail ties, fastencd rogether with
galvanized truss plares. Ac that time, 1 found
another use for the mil ties, and replaced them
with moss sods, as described below.

RETAINING EARTH WITH SODS

Taking a leaf from Mac Wells' well-worn bk, we
used moss sods to retain the earth on rthe
freestanding carth roofs on the Earthwood library
and office huildings, which can be seen in the
color section. We have also used grass sods
successfully. We prefer the natural appearance af
the moss (or grass) sods on the edge, and they save

Fig 8.16 The auther instaly 3 mess 1od on the adge of the office rok




composite drainage marting, like

@ | rake the drainage sheets right 0

the edge and put the sods — or retaining timbers -

right on t0p of it. The half-pipes are not needed
in this case.

Lo Exp Cave: Tue Earra Roor
We wanted an “instant grass roof " at the Cavein
the fall, one that wouldn't erode over the winter.
In June, we silled, de-stoned, and planted a
secrion of the front ficld © timothy and rye. In
Ocrober, we cut a few sods from the sod field and
found that 2 o1 3 inches of soil came up with each
picce. To get our desired 6-inch thickness, we
qﬂﬂd.;in:hesnfmpmil aver the entire roof, and
covered it with plenty of hay mulch and pine
boughs for erosion protection. Finally, long heavy
sticks kept the pine boughs from blowing away. A
friend experienced in golf course maintenance
advised me that it was too late in the year ©
install the sod on the roof, but 1 did do 20 squat
feet of sod in one spot as a test. My friend was
right. We sodded the rest of the roof in carly June
of the following year. and it was flourishing and in
need of 2 second mawing by July 1, while the &=t
patch was still in bad shape.

Speaking of mowing, the carth roof at Log
End was really an excension of our Jawn, and
mowing seemed appropriate for esthetic A
Earthwood, we mowed for a couple of yeo but
then my envionmentally-minded son, RO

pointed ous that every hour that we 0

much pollution into the atmosphere as drving
300 miles in a car. We have not mowed an carth
roof since, and prefer the natural look. Grasses left
long also withstand drought much berer than
mowed roofs.

Sodding was a lot of hard work. Three of us
one cutting and two hauling and laying — applied
the sod onto the topsoil in twa days. As we also
covered the east and west berms, this amounted 10
abour 1,600 squarc feet. We found thar sods larger

1. Above-grade walt.

2. Heavy wooden rafter.

3. 2" = 6" T'& G plonking.

4. Aluminum flgvhing s dnip edge.

5. W.R.Groce Bituthene™ 4000 or equol
membsurne.

6. 47 to 3* ngd-foam msulation

7 1* rigid foom or hail-inch fitwe boord to
protect membrome.

8. G-mif black polyethyiene.

9. 2* of #2 crushed stone dromoge fayer.

10. Hay or strow filtrution mat.

11 Moss or grass sods cut from sandy o,
retawn the earth at the edges.

12. 7" to 8" topsod, plonited.

h"ﬂml two-stroke lawnmaower P“ﬁ‘

Fig. 818 Moss sods drain wel, mumuww
ppe” for drainoge. -




learning from Log End, we planted e in
carly Sq:umbﬂ- and, thanks to an idyllic
aurumn; had grass coming through a thin mulch
llﬂin“‘d‘" By November 1st, the grass yy
chick, green, and lush.

Orier Living Roors

mmm&sbould wind up as living roofs, by
all living roofs do not necessarily require a layer of
earth. During the 1990s, we built three small
outbuildings, all in the woods, with roof areas of
100 square feer up to 320 square feet. Influenced
by work which others had done in the nanml
building ficld, we experimented with hay bale
mofs. On the first one; a guest house alled La
&n'ni we Pﬂ[ up -'IH [hc ]3_\'fr." Ut‘ “':ll:rpmoﬁng
membrane, insulation, and drainage, as described
in Chapeer 7, but, instead of sods or topsoil, we
finished the roof surface with full bales of hay,
packed tight against one another and tied
together around the perimeter with baling rwine.
We never cast any seeds, bur, within a year, all
sorts of green things were growing up there. No
doubt there were lots of grass (and other) seedsin
the bales, and birds and wind probably brought
other seeds. After a couple of years, the bales had
compressed o a third of their original thicknes
and the roof was positively lush. Mass wok 2
foothold and poplar trees got established. Afief 5%

¥eass, | pulled all of the poplar trees, fearing B

their roos might create havoc with the
membrane. Now, in the spring of 2005, ten yeirs

1
‘after the hay bales were installed, the roof is sl *

alive, with mosses and wild blackbertries mostly,
and the bales have o d and comp 5
with years of leaves to form a three-inch layer of
rich, black; lightweighr humus. A whire hir\r:h tree
has established itself. | hate to pull it our.

The Straw Bale guesthouse and  the
composting toiler were done ar abour the same
time, around 1997. Again, we covered the
buildings with hay bales, straw being uncommon
in our arca, but we also placed a good inch of
topsoil on top of the bales, and seeded the mofs
to grass. These roofs esablished themselves even
faster than ar La Casita, and became green and
lush within weeks:. One year, the Straw Bale
guesthouse was covered with “pigweed,” also
called “Lamb’s Quarters,” an edible plant, good in
salads or cooked like spinach. These roofs seem 1o
have mainsained the hay thickness berter than the
roof on La Casita. They are not as old, it is true,
bur I expect thar the wpsoil has something o do
with iras well.

All three living hay-based roofs have shown
great resiliency against drought conditions aver
the years, probably becanse they are in very shady
areas, and protected from the worst of the wind.
There seems o be an irregular twrmover of
vegeration, bur that’s okay. | reckon thar whatever
is growing up there is the righe thing. These are
wild roofs, not a grear deal different in appearance
from the forest floor, and so they fir in well with
the habitar.

1 wish we had ready access w straw. | had to
go 150 miles 1o get bales to build the Straw Bale

guesthouse. My thinking is thar bales of straw,
topped with an inch of ropsoil for seed starring,
mddmhmmdh:ﬁvigmgm
in 2 shady or parsially shaded srea. The straw hales
would not decompose as fust as hay bales, bus
wnuldprwidcay)odmedi;mfmmm

Waat To Grow o~ THE Roor ...
..isaﬂlmdnnofnmfd‘lidm:u.dnm
m:dimdimam.mdwhﬂhﬁdiuiw'sm
pastly sunny. or mastly shady. We've been happy
with our living roofs, 5o, in the spirit of writing
about our own experience. and not whar we have
heand second-hand from others, here it is:

Our major carth roofs at Log End and
Ezrlh‘wmxlhadm;ﬂatémﬁl:ymofﬁu?
imhﬁ.\r’a:iuusgﬂsuttimth_nqumw
local “Johnson™ grass) and clover have provided
maost of the vegetation on these mofs. 1 have
described how we sodded the Cave roof and
planted grass on the Earthwood house,

The 350 squarc-foot office roof, with a similar
thicknes of carth, presented 3 slightly diffeent
situation. In the Gll. we plnted whar was
supposed to have been “annual rye;” that is; it was
supposed to survive a5 2 green cover unril spring,
and then dic off. Well, there must have been a
percentage of perennial grasses mixed in with the
seed. Most, but not all. of the nice green grass
cover did die off Our intent was o plane a
temporary green cover until we could grow &
wildflower roof in the spring. Well, we did have
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there. We suspected the soil was sandier and
lacking in nurrient. Combined with its smaller
roof area, the net effect is that the library roof was
more prone to damage from drought. In carly
d ” in the May of 2005, we attempted to rejuvenate the roof
] by planting some sedum and other plants here
and there, and | have added considerable nutrient
by raking in some well-composted “humanure”
from the composting roilet. A month later, the
roof was looking better than it had in years.

It is impormant to note, however, thar while
not quite as pretry as the other roofs, the library
roof was never ugly, either, and, esthetics aside,
still accomplished the other carth roof goals and
purposes.

A cerrain amount of shade seems to be a plus
for carth roofs, making them more proof against
drought. Our small sauna roof, just 112 square
feet, has a lush cover of various grasses, The soil is
no thicker than other roofs, bur the building is
shaded by the house for three or four hours each
summer day, a break from the sun nor enjoyed by
the library or office roofs. As I write, the lushest
mhfu&nhwnodhappuumbemclirde(zﬂ
square feet) roof on the former Littlewood
Playhouse, now a kindling storage depor. This
10of gers more shade than the others, morning
Mwﬁn&hl:abgu: full sun for several
“hours when the sun is ar jts highest.

) Immwmdmnuindmwmds
mﬁﬁqu bakliving roofs, we leave
completely o nature, save pulling trees out every

EartH RoOOF

Nigel Dunnett and Nogl Kingsbury, in their fie
Planting Green Roofs and Living Walk fice
Bibliography), comment thar: *Tp achieve s

funcrion, rooftop vegerarion must be able ro:

1. Cover and anchor the substrate surface
within a reasonable time after planting;
- Form a self-repaiting mar, so thar new
growth will be able to fill any areas thar
become damaged, for example, through

drought;

~

- Take up and transpire the volumes of
water that is planned for the warter

balance of the structure; and

Y

- Survive the dlimatic conditions prevail-
ing on the rooftop, with particular
atention to cold-hardiness and drought
tolerance; worst-case weather scenarios

should be assumed.”

All the literature — and our conversations with
those with more experience than ourselves —
points to sedum as the plant of choice on a
lightweight (4-inch or less) earth roof. In fact,
sedum has done well with as little as an inch of
soil. Why? What is this stuff® I'd never heard of it
until one of my students told me about it in 2004-
Later thar year, the same student gave us a tray of
various sedums — there are hundreds of varieties —
to experiment with, and we have now planted
them on the library roof.

THE LiviNg Roor
PLANTING A LIGHTER-WiGHT s

&dumkdunmham&h
d!imriznibyhzvhgam‘ re-recaining leaf
system, like succulents or cacti. Dunnerr and

w‘“"‘.‘"”ﬂrﬂﬁdﬁnmhnmkm
from speaking with Chris Dancey; author of the
case study that closes this chapter, thar there are
scdmnmi:ﬁumlmmmmmid.l'km
beausiful living roof features sedums in Ontario, 2
dimatcshni]a:touuminnmdmNcwM
For the g-inch-thick § roof, Jaki ordered
from plant caralogs that she has dealt with in the
past and selecied two varicties: Dragon’s Blood (5.
spurtm), a brilliant red-flowered sedum from
Gurney’s, and Improved Golden Sedum (5.
kamtschaticum) from Spring Hill Nurseries. Both
ordered about 100 plants in all. She also ordered 24
Vinca Minor planes, for variety. Vinca is not a
sedum, but an evergreen foliage “super in sun o
shade and in any soil,” according 10 Gumey's. It
will end up about 6 inches high in 2 tight maz.

with 2 soil thickness of 4 inches or more. I you




out. “There are as yet no horticultural industry
protocols on the risk assessment of introduced
4
Avoid strange and exotic species. If in doubr,
don'.

MamnTENANCE OF Livineg Rooss
We have done very little 1o maintin our several
earth roofs. I'm not advocating this approach, you
understand. Bur here are some comments, for
what they are worth:

I don't think that a roof that requires watering
is 2 well-designed roof. And mowing a roof
doesn’t make much sense, ecither.

Because we dont mow, there is sometimes a
lot of dead chaff and stubble on the roof thar
seems to choke off growth. I have. on three or
four occasions, burned off this dead marerial. 1
choose my time carefully, late in the day. when it

is cool and damp and never at a time of fire
danger 1o the surrounding grasses or forest. Fach
time I have burned the roof off, it has bounced
back lush and green. My neighbors think I'm
nuts, bur with a megalithic stone circle in the
front yard since 1987, I doubr if bumning off the
r0of has greadly alered their opinion.

The other “maintenance™ | have performed is
Fo remove poplar and birch trees, which establish
themselves. A shallow roof is not the right place
&.mﬁmh,mmuups. {Leafy vegerables,
however, are an option for those who are

‘otherwise shorr of garden space.)

Where we have been remiss is in not !"udins

the roofs once in a while. By not mawing, the
roof achieves equilibrium similar to 2 nasusal
habirar, but | am sure that a lirde feeding once in
a while, with organic fertilizers such s bone meal,
and with ash from the woodstove, will help plants
to thrive. And now ['ve found 2 good safe use for

our humanure.

Living Roors oN A COMMERCIAL
ScALE

Living roofs are big business in Europe,
paﬂicul.lrly in Germany. For the most part, the
projects are commercial, munici;ﬂ] or industrial.
But the reasons for choosing living roofs on
commercial buildings are very similar to the
reasons listed in Chapter t for homes and small
projects. An additional advantage to living roofs
in cities is thar they can cffectively change the
micro-climate for the better: every black tarscape
converted to a green, oxygenating surface has got
to help the overheating problems prevalent in
arban areas. Another reason for green roofs cited
in the commercial literature is that they last much
longer than conventional roofs.

The idea is catching on in the United Seates,
two. Ford Motor Co. made the headlines in 2002
with their nearly 10-acre carth roof renovation of
their Dearborn automobile plant. An American
firm, Colbond (makers of Enkadrain®, afready
mentioned) had an involvement with the Ford
project, as well as the 320.000 square-foot
Millenium Park in Chicago and the 180,000
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square-foot International Plaza in Adanca. OFf the
Ford project, it is waid that the roof cost twice a8
much 28 conventional roofing, but wil last rwice
a5 long. Ford's executives figured that the positive
PR of building “the world's largest ecologically
inspired roof” was worth the cost.

Colbond factures a “root reinft
mawix’ called Enkamar® R'M 710, made
“permanently anchor plant roofs on sloped roofs or
in high wind conditions. ... As the ross grow they
becomie entwined within the Enkamar®, making
an exremely stable cover. Is tough oot reinforcing
system anchors vegetation and provides a holds
cohyBeiiegn o

Then, taking convenience a swep further,
Colbond provides pre-planted Enkaroof® VM.
which the company describes as “an Enkamar®
core with 2 non-woven fabric atached to the
bottom side designed for pre-vegetased mat
applications. The mat is filled with the growing
medium and plans are grown direcdy in the mat
vegetation in place while the flexible matring i re-
rolled and shipped to the instllation location.”

o




-

growing medium, can keep the additional weighy
of the |i\'iﬂ{.’_. nmr_l.l_'.'cs down to just 10 pounds ;m
square foot, considerably berter than the 4-inch
saturated soil load of 40 pounds per square foor ar

our “lightweight” living roof ar Stoneview

guesthouse. These systems could pay for them.
selves on reduced sorucrural costs, or might
provide a green-roof alter = spans

d

Fthought it would be good to give the reader

greater than 12 feet are neede

a break from my voice, and 1 licde abour

Chriy Dancey

green roofs from my friend Chris Dancey, who

has taken the medium 1o a r

level in

project and your budger. The techniques accented
i this book are directed towards the owner-

Fig 819 Ontario. So Fll give Chris the las
sedum maies hui!dunnabwmrnodcmcbudg:r. bur there
an ottrocive
mmertire

cover,

word in this

chapter.

may be circumsances where modern-day living
Mﬁlﬂ&u’m:ghtbchdpfu}. %0 it is good 1o
hmdh.hcmpk_ some of the sedum
ﬂ'm'\'iduuﬂzmllmdmmmdn of

Cm_us Dancey: Our Living Rook
IN ONTARIO

Our 1i\-‘ing mnf'hrings us joy year round, through
its beauty and ever-changing nature. In five vears
it has progressed from small patches of succ

moith
ostly sedum, o 3 dense mar of ever-changing

lents,

color. Even during winter, it is elegant in a cloak
of white, with 2 hint of the life beneath.

Two reasons motivared us to construct and
Qe for a living roof. The first was simply the
desire 10 have 2 beauriful roof and the second was

; ) :
o demonstrate for others that alternative roofs are
a viable choice.

d‘ﬂ-[n urban areas the motivation may be
l"Hc_nr. since living roofs can help control
pollution and provide garden space. Whatever the

motvation, remember thar having this style of

e . -

> t 15 1
oot 1s not as maintenance-free as most

I do rou

two hours of weeding and mainten-
ance cach month, for about eight months each
year

On the positive side, a well-designed living

end the life of 3 waterproof membrane

from ultravioler rays and

oxtreme (©

rarures. Our waterproof membrane

IS @ TWO-i

Appendix B), or this purpose.
in southwest Ontario, Canada, abour
1 of Lake Erie. Our latitude of 43

r 1o Rome, ltaly, and southern

Lakes have a e ctfect on

Summer can be hot and humid, or

eks of drought. Cold, snow-laden

n in winter, but we can also

aters with lirtle snow. So far our roof

the vared condidons, mostly

because of the diverse selection of plants. For me,

this is parr of the beaury of my roof.

e building below our living roof is heated
roughly six months each year. The mof is
insulated, so the living roof and snow cover are
bonus insulation and would never be adequate on
their own in a cold climate.

Summer is when you really notice the positive
insulation value of a living roof. The roof surface
doesn’t hear up and the plants and soil have 2
cooling effect. Even with two large roof windows,
the building is always comfortable inside.

Chals Dancey

O — T35 TRa AER
- ‘
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The composition of our soil is equal pars Ay 821 The
sand:clay:soil. The sand helps with drinage. The  Oonceys collecs
clay holds minwater and then releases it dowly.  escens woter
The quality garden soil provides nurrient and isa  from teroof
good growing medium. We bought this mixture  foruse i ther
from a landscaping company thar was able 1o gueden.
create 2 custom blend for us.

When we pur the soil on the roof, it was abour
6 inches deep. Over time. we knew the soil would
settle 1o abour 4 inches in depth. Walking on the
roof during planting and maintenance has also
compressed some areas. In 2003, | took 2 bis mare
soil up to fill in the depressions. The arigmal sod
and this new soil carried lots of sced for planss |
didn’t want on my roof. Until my selecsed plints
were able o provide an effective ground cover, |
had ro do a fair bit of weeding.

The slope on our roof is 18 degrees, which isa
g1z pitch. Abour two days after our of was




easy m establish, and they stabilize the soil. The

dense, leafy growth shiclds the il from the

dryiu[; effeces of the sun and wind. Condensariag

15 adequate to keep them alive duri

2 a drought.

Profuse Howering begins with the self-seeding

violas and wviolers in the spr
become hotter and the soil drye
back. but nor until they have
cool damp spell,

Before i:humiug the plants

L TI[!K.' li]\'i
tese plants die

set seed for the pexy

or our roof, 1
looked at several roofs in Germany and many
published photos. | knew the style and planes |
chose would require more maintenance than g
sod or ‘wild' aljl‘i:, but T've never
choice. For me, the rario of wor
excellent,

regretted the

k to pleasure is

Some Technical Details
A 3-inch-diamerer big 'O" mibe thar is in a fabric
filter runs the length of the roof on both sides. Pea
gravel, which acts a5 3 coarse filter, surrounds the
big ‘0" wbe. A G-inch-by-g'inch oak timber
forms the edge. The whole edge of the roof is
sloped toward the drain outler above the rain
barrcls. The entire wood surface of the rof is
Protected from  maistyre by the Soprema

e, Meal fashi B protects the upper
surface of the timber.

When the soil i dry, it absarbs and holds the
minwarer. Opce the soil is saturated, the drainage
System must be able 1 carry the excess water off
the roof. A wey 1oof is also extremely heavy, so the
SIUCTUre ey b:mgmc:rud for the weight of the

wet soil load. My hushand, Wil, designed and
built the pine timber-frame structure and he zlio

did training

with Soprema to enable him 1o doa
professional installation of the membrane.

[wo rmin barrels catch the run-off. A garden

hose hook-

p allows me to use Eravity to water

uden below. If the rmin barrel reaches the

e second outlet channels this water
ube beside the building. Through

em of elbow and T-joints, the water is mawved
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under the deck to the ganden. The water is then
distribured adlong the length of this garden,
through 2 perforared mbe - also known as sker
that was buried 3 few inches under the
sail, before 1 planted the garden,

Dunng the winter, the min barrels muse be
removed. We areach a big "0’ be 1o the stainfess
steel spout and this handles any runoff from
melting snow. Agin, the warer runs into the




FiNisHING THE EXTERIOR

o repear an impaormnt point from Chaprer 12

All houses are an impasition on namure, bug
the house with the potential for the least negative
impacr is the earth-sheltered house. Betrer than
with any surface structure, we can revurn this little
piece of the planet back w living oxygenaning
greenscape, instead of hear-producing deadscape.
But “potental”’ and “we can reumn” am
nditional rerms. Sadly, many owner-builders
take their project through to the point that the
building becomes livable. and leave it at tha,
sometimes indefinitely. We are all familiar with
the stereotypical tarpaper-covered building
Some people deliberatcly leave projeces ar thes

really finish the project, and rake comfort in the
Chinese proverb: “Man who finish house, die.”
Finish the house ... inside (next chapeer) and
out. If you want to satisfy the proverb and live
forever, leave some lirde deril undone.
And, with earth-shehering, there are some
very practical uges for completing the

otitside work. Reraining walls are needed so keep
the side bermu from collapsing around o the
front of the building, for cxample, and the
vegetation acts 35 an effective crosion conmrol,

BRACING BEFORE BACKFILLING
Once the walls are covered with waterproofing.
s Ty ‘ﬂn - - L. = lhm.

sorry stage in order to keep their {and,
their property tax burden) down (3
mirﬁmwn,ﬂmif:lwhmisviﬁikmaﬂ.dﬂ
d\eonlymrdlundﬁnkd'mchmhl
'ddihumdyufhﬁdmd'wicmm
carth-sheltered housing, s compounded
hysﬂnmhmﬂdwwbnchiﬂ
ml'ujngiuaniqmwmﬁllfww
mw,mdwmmmmbm

o)

7, and the footing drains are in, we arc almost, but
not quite. ready - backfill the sidewalls. It




e
the floor with concrete nails, also called masonry
mails, We braced all around the home's internal
perimeter, wherever an internal wall mer the
block wall.

At the two-story round Earthwood home, it
was necessary to do a partial backfill on the
northern hemisphere, so that we had a place o
stand o continue the blockwork on the second
story: As the inner surface of the 16-inch-wide
curved block wall is on compression — and the
buttresses, already described, stop the building
from moving south — we did not worry about
internal bracing. The radial floor joist system was
in place, however, before the partial backfilling,
Although I use the term “partial backfilling,” ic is
a significant amount of the torl load, us the lower
story is much more heavily carth-sheltered than
the second story.

ReTAINING WaALLS
Almost every earth shelter will require some kind
of rewining wall 1o make the transition from
below grade {or bermed) space and the non-carth-
sheltered portions of the home. And, usually the
building of the remining walls is most easily
accomplished as a simultaneous operation with
backfilling. Backfilling helps support  the
rewining walls, and vice-versa.

At both Log End Cave and Earthwood, | have
used large stones 1o build the retaining walls. In
#ﬁﬂ.ﬂummdrndymsimblot
everyone has large stones available, and there are
‘other rewining wall options, which 1 will discuss

for you, as it has for us. If you choose that
soakaway to carry surface water away from

settle into a kind of "dish.”

rocks from a stone wall, and cover the stones with flakes
keeping soil out of the soakaway. The worst case would

Personally, | think we mmw
use if (1) Lhereunoomermﬁonmc{;)fa_ >
soakaway will not cut into the water table.

kil

However, if you have good percolation and

below, but large stones are a great choice if you've
got them, for two reasons. First, the spaces
berween them relieve hydrostatic pressure.
Second, large stones tend 1o stay where they are
placed. Also, the same heavy equipment used for
backfilling, particularly a backhoe, s useful for
building a megalithic wall

Good drainage behind retaining walls is every
bit as important as against the side of the home.
The most common causes of recaining wall failure
is bending or nppsug against hydrostatic and frost
; Hyd P is greatly com-

continue along the inside base of the remining
wall, under the backfill. The 4-inch perforated
drain tubing should continue on a slightly
downward path unil it comes out above grade.
The daylight end of the drain needs to be cavered.
“ﬁammwmfmsﬁim -
mmdlmuhwwu .




{Miegalith comes from the Greek mega for grear
and lithos for stone, and megalithics is a subject
e and dear to my hear, and one that we
conducr. classes in ar Earthwood) Most of the
stones we used are dense sandstones ~ red, yellow,
and purple — that camic from the excavation, Not
only did we make use of boulders thar would
otherwise nieed w0 be removed from the site, buz
we wound up with 2 strong and beauiful wall,
f-’h’ backhoe operitor, Ed Garrow, had 3
otherwise aijoling large stones 10 where e
womwed them. 1| made sure | was. intimarcly
familiae swich my pool of bowlders before £

\ \‘1.1-&" [ﬂ

arrived, so that | knew exactly which

srones would

work on the first course. and in

special

n a chart,

circumstances. | cataloged the stone

hether or

indicating the size of each boulder and
not it had good square faces for building, a qualiry
thar, Th:lﬂkﬁ.t]-l,\'- many of them had. | asked Ed 10

P!l'-li the best of the stones to a central location

near the work, which saves a lor of running
around for a particular stone later on

Even though our typical stone weighed several
hundred pounds, the building procedure was the
same as building any dry stone wall. Ed began by
clearing a flar base for the wall, depressed a couple
of inches to form a bed in which the large stones

- e
- rmsuncTuEExremon  ee
Fig. 9.3
The low
retaining wall ot

'hen, using a heavy chain with hooks

h end, Ed would lift the required stone with

nd set it into postnon. On the

ITSE, We nes with two parallel faces,

saving stones with only one good face for the rop

cours: shimmed with small flar stones o

remy 1y wobble in the megaliths, These shims
can be nghtened in place with a hammer
Sometimes, holes berween large stones were filled
with smaller stones and shims, a detail which
shows clearly in Figure 9.2. below. We also used
megaliths ar Earthwood, although, the wall -
typically 36- to 48-inches high — is quire a bit

lower than the seven-foor-high wall nexz ro the

door ar Log Eod. Figure 9.3 shows the low
retaining wall ar Earthwood.

At both Log End and Earthwood, we
backfilled with good sandy soil as we buile the
wall. Thus, the wall was supported by earth from
behind. The backhoe was the right wool for both
megalithic work and backfilling. Ed would tamp
with the bucker as we backfilled the rewsining
wall.

With any remining wall. it is good o st
with a bit of a ditch or trough, below grade.
partially filled with crushed stone. In clay soils,
you will want ro make sure thar this crushed-
stone-filled foundation mrough slopes our above

. *-‘
Eorthwood i
about the some
height as the 1
buttresses

described in L

i




doesal simply il with water Mortared Stone or Block. or Surface-
materials - whether mega-  bonded Block

: Drystone walls relieve hydrostatic pressure much
better than mortared walls. I do not advise the use
of mormred stone {or blocks) as a reraining wall,
unless you deliberately leave substantial “weep
holes” frequently in the wall to relieve hydroszatic
pressurc. A friend built a surface-bonded block
reaining wall at his carth-sheltered home, bur,

ance, during extreme wet conditions, the wall was
pushed over by water. If “drainage is the berer
part of waterproofing” — and it is! — then, equally,
drainage is your main ally in preventing retining-
wall failure.

Rammed Tires
First, | have to say that 1 am not a big fan of
interlocking d tires as a retaining wall. |

appreciate the effort to recycle a waste product,
keeping it out of the landfill, bur such a wall still
looks like ... a stack of tires. By ramming the tires
with a sledge hammer and with the use of vertical
rebar o tie them rogether, such 3 wall can be
swong and long-lasting. But there are more
esthetic choices.

Landscaping Timbers
Landscaping timbers arc very popular as retaining
walls. You can use pressure treated 6-by-6s, 8-by-
s, or other shapes made for the purpose, such as
logs flattencd top and bottom. Locust is the only
w-ﬂmﬂhﬁlmmdwmﬁhwﬂ
not mot out when used against soils. Another

option is recycled railway ties. Some people may
not like them any more than tires for appearance,
although they are just about acceptable to my
esthetic sensibility.

Whatever the type of timber you choose, the
technique is the same: Have a good ramped base
of coarse sand or crushed stone to starc the wall
on. This base rlicves a certain amount of
uplifiing frost pressures, and also serves a5 an
opportunity to level the ground for the first
course of imbers,

The key to a good timber recaining wall is the
frequent use of “deadmen,” rimbers of the ame
dimension which run into the earth at right angles
to the wall. Figure 9.4 is a schematic drawing

s '“ﬂklﬂet“ 4 in 3 remini wall for

a small Log End Cave style casth shelir. Figure 95
shows a neighbor’s cxcelk ining wall of 6-by-
émmmﬂﬁmhm.

Coaring Exposep Ricip Foam

mwmaqmunmwhﬂﬂ
~cnergy noscblecds” conducting heat out of the
house. Clearly, dhis is something thar must be



T P A e

Narmfil ulcraviole rays, o it will tum to powder
it i necessacy . protect all exposed rigid foam
insulation with 2 coating of cementitious
marerial. | have successfully used surface-bonding
cement at this detail, as well 28 my old universal
W sandby of three pars
screened sand and one pant masonry cement.
Apply 3 bonding agent o th cigid foarm 1o gt 3
bemer bond beoween the cement and the
insulation. 1 have also, on occasion, racked one-
mmﬁm&:&nﬁuﬂ:@m
B & bewer plawer aniachment, although the

- Woaly a lnde insulaion is exposed, there is
- . the option of protecring it from UV rays with

the vehicle in 2 wurnaround area 8o feer from
the house. We liked 10 keep the landscape free of
the chumer of vehicles. The approach to the house
sloped away from the door and was covered with 6-
il black polythene and 3-inch disks of elm. The
space berween disks was filled with #2 crushed
stone. The disks stayed in good condirion for a few
vears, alchough they tended 1o get dippery when
;“.L The new owners of Log End Cave paved the
ame arca with concrete. Flar stones would have
been beter than the elm slabs, which were
arcractive but only a temporary solution.

| surround almost all of my above-grade
buildings with 2 skirt of black plastic covered with
1 couple of inches of crushed stone. The skirt
carmics water away from the building and the
Pl;m',f_ stops weeds from growing. Paving blocks
or flar stones work well for use as pathways.

We had two huge piles of carth «
over the Log End site, the larger on the cast side
A bulldozer is the best machine for the job
Because we'd taken the remining wall on the east
side all the way 1o an old stone wall surrounding
the meadow, we had an ideal place to spread
excess earth: right behind the retaining wall. On
the west side, we had the perfect amount of earth
o create 3 nawural-looking slope away from the
toof. The net effect is thar the roofline looks like
a natural knoll on the landscape. Lots of people
commented favorably on the way thar the home
melded naturally into the surrounding rerrain.

To keep mosquitoes down, we mowed the
arca around the house all the way to the old stone

spread out

FIMISHING THE ExTEmOR

wall wi

build a

cast of the home, using the last

firepit, just to the
eight stones left over from the excavation. Years
later, we refined our stone circle building
technique to include standing stones nearly seven
feet high and weighing up to two tons. Outlier
stones mark the rising and serting of the sun oo
important days like the solstice and the squinox
.- but that's another story and another book.
Beyond the stone wall, on the south side of
the home, we left the forest wild, save for the
curved driveway which provided delivery access.

Also, we removed a few coniferous tnees that

stopped valuable sunlight from reaching the
home in winter. Remaoving these trees gave us the
added benefit of being able to see decper into the
forest, and, occasionally, 2 deer would wander
through our field of view.

EArTHWOOD: LANDSCAPING

Ar Earthwood. we were really starting with a clear
page. Almost two acres of land had been rendered
to moonscape by the removal of the gravel layer.
Over the years, we have reclaimed almost all of
this two acres, and visitors can hardly believe the
transformarion. We found that just an wch of
topsoil, in combination with grass seed and Joss of

Fg. 9.4
Eorthwood, ot
seen from
haifway up the
108" 4



passive hearing 25 well as for our off-the-grid
' clectric system. And if we get our electrical energy

from the sun {and wind), then we get our spiritual
energy from the stane circle.

INTERIOR FINISHING CONSIDERATIONS

erhaps even more than surfice dwellings,
carth-sheltered houses require that all or most
of what makes a home livable had better be
artended to at the design stage. Once the design
has been worked our right, and the shell is finished
as described in previous chaprers, the interior work

of an earth-sheltered home is really ...

NorHING SPECIAL

Plumbing, electric, internal framing, wall
coverings, and decorating are really not thar much
different  with earth-sheltered housing. As
mentioned in Chapter 9, we did a good part of
our framing at the Cave prior to backfilling,
lend extra lateral strength to the walls. Nowis the
time to do any electrical or plumbing work within
the interior wall framework. (See Sidebar, page
197 for electrical considerations thar might be a
lile different with an earth shelrer). The
temporary bracing can then be replaced with the
desired wall covering: wood. sheetrock. dle; or
wharever.

The fact that we integrated our floor plan
with the structural plan made for casy framing
and finishing, Taking Log End Cave and
cight-foor wall — at the Cave — thar we had 10 fit
around roof rafters, and, as thar wall was
composed of individual pine boards. it was not
difficult vo do. In most cascs, our internal walls
rise up from the floor to meet heavy timbers:
girders, floor joists; or rafters. No firting of wall
framing — or wall covering around exposcd
members — was ever required. In fairness, it must
be stated thar this is not a problem with homes
having false ceilings, cither, bur if you arc using
heavy timbers to support the loads involved. there
overhead. They are beauriful. Who i not
favorably disposed rowards the heavy beams in 3
oo old English pub? o
Ar Earthwood, we were often able w pre-
stnllﬁuuuuﬁ&llﬁt‘*i'.

-




cordwood walls. An excellent low-cost textured
paine can be made by combining premixed
drywall joint compound with the cheapest white
latex paint, at a proportion of abour 4 pars
compound to 1 part paint. The paint brightens
the mixture and gives it the right consistency for
application with a textured roller. This home-
made product is only a fraction of the cost of
manufactured rextured paint, and has looked
grear ar Earthwood for a quarter-century,
Downstairs, at the north side of the home, where
light is at a premium, we painted our surface-

bonded block walls with ordinary white larex

paint, and they look good. not at all like blocks.
But, no, we will not be painting all of our
cordwood walls whire!

Fiuuing THE Space BETWEEN
Rarrers

Ar Log End Cave, the three long 10-by-10 girders
carry the exposed 4-by-8 roof rafters. At
Earthwood, 4-by-8 floor joists and s-by-10 (and a
few 6by-10) rafters are carried by an internal
framework of heavy timbers: 8-by-85, 9-by-9s, and
10-by-10s. In each case, there is a space berween
raftess or joists thae would allow sound to readily
transfer fram one side of the wall to the other. If
WE Want to minimize sound transfer, we need to
ill those £Aps in some way.

It was in keeping with our cordwood
aschitecure to fill the space with lefrover pieces of
heavy timbers, surrounded by a mortar joint. As |
wite these words, and look overhead where the

eliminated.

in the interior walls,

In order to meet code, and for practical reasons, it will probably be necessary to have
at least a few duplex receptacies (DRs) around the inner surface of the belowgrade wall.
The NEC says that there must be a DR at least every 12 feet around umic
room. With a small room, it is sometimes possible to meet code with all of the DRs located

With concrete, concrete block, or cordwood walls, the easiest way to install DRs is by
the use of either metal conduit or code-approved surface-mounted wire mold, Approved
wire-mold systems are made by several companies and come in different styles and colors.
Itis attractive, safe, and easy to add to, repair, change; o fix after installation, It allows the
builder to build the outer walls first and wire them after. mmmm '
I've used is the Wiremold Company in West Hartford, Cannecticut. Contact them (see
Appendix B) for their catalog and wiring guide.

inner wall meets the ceiling of my office, I see the
space between the s-by-10 rafters filled with pieces
of 8-by-8 beam, cach piece surrounded by mortar.
Each chunk of beam is cut to a length and shape
such that it can be complerely surrounded by a -
by-g-inch picce of Styrofoam®, nailed to the
chunk’s interior hidden surfaces, so thar the
insulation will wind up hidden in the wall. The
Styrofoam® also helps hold the picce in place
when it is jammed into its space.

Morur is easy to apply into the onevinclr-by-
two-inch cavities surrounding the chunk, Simply
load the back of a trowel with mortar and. with 3
pointing knife. push the morar off the wowd
into the cavity. The Styrofoam™® in the middie of
the wall provides a resistance to the morsar. Use
long firm strokes of the painting knife o quidkly
smoothen the morar o 2 strong, tght, and
Mww:ﬂlnhtﬁ“h
of the chunk just a lintke proud of the mormar

197



B 102 background. Use one of the various cordwood
Thetheeton mottans described in Conduond Building: The
Toom diwide ot State of the Arr.
Alternatively, you an simply use pre-
eipet the F@d'mwm'wnuhmrwﬂm
' aeme mas ﬁmﬂmmmdmdnmpmmmnn'
e sieody mwddlnemim.hmnn.bmshon.a
temperature. mn of Thompsons Warer Seal™ (ar
w”ﬂﬁﬁﬁmﬂrwmwm come
hmnﬂhmmh,@y;{.ﬂdo{

its

Oxcher alternatives 1o chunks of beams

berween rafters are: regular cordwood masonry

much more difficulr and time-consur

blocks |

into these awkward spaces]. g
can be cxpensive; look for a bargain
bricks. or drywall sections nailed 1o
{picky work!) The advantages of
beam are: (1) scrap pieces of material
in an arcractive way, and (2) they
for a perfecy fir, especially in con

mortar as described above

Log Exp Cave: Hear Sink
P 'buile a solid freestanding sto
divider between the living room :

dining area. This stone mass v

Uy room

feer high and cighe feer |

feet of stone \\':lghcﬂ. abour 6,000 pr

three tons, Both the kit

n cook stov

cast iron parlor stove had ctheir backs to the stone

mass, 50 thar it was being

arged with thousands

of BTUs of heat from the sto

nt heat.

Three tons can store a lot of heat in the winter,
helping 10 keep the space warm even when the
fires are not burning. It was like a giant “night
storage radiator” so popular in Great Britain. In
the summertime, the mass can store “coolth” in
the same way. At any tme of the year, it was like
h?"ing a large hear capacitor or thermal flywheel
W\Drking for us in the very center of the home.

I had never builr 2 fressranding stone wall
with morar before, although T'd labored for a
master mason in Scotland and learned a lor by
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build

doing most of the

old butter knife with

aTures
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15 top surtace n

quite a bit stffer char

Game

through

access to th
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Even ber adtation

masonry stove {or “Russian

fireplace” is briefly

described 1 Figure 10.3:

see also Biblic

FLoor Covering OpTIONS

At the Cave, the floor coverings were low in cost

and almost purely pracrical: sheer vinyl in the

kitchen and ba

oom, and — because of owning
™o German Shepherds with perpetually muddy

paws — industrial-grade low-knap curpeting in the

I""”E room. The mudroom and the urilicy room

Hoors were coated with concrete floor paint.

Hardwood

You can pur a wooden floor over s concrete floor
by a vanery of methods, bur this choice somewhas
diminishes the value of the concrere floor =
thermal mass, as does carper with: foam under-
layment. Hardwood flooring can be applied
directly to the concrete floor, in square parguct-
stvle tiles or in shory interocking planks. These
systems generally require the use of mastic made
for the purpose.




 There have been great improvements to concrere
floos finishing in the paw ten years. A variery of

"F?:;ﬁmmmm
 youe local pain supplier for color

charts as well as characteristics and requirements
for the various products.

The Recycled Slate Floor

This floor option deserves its own heading. For
over 20 years. | have been enthusiastic abour a
beautiful hardwearing floor made of recycled
roofing slates sct in either freshly poured concrete
o, as at the Earthwood house, in a Y4-inch bed of
mortar. With small buildings, such as our guest-
houses, the techmique is as follows:

L On the same day you pous the slab,
prepare the Y-inch-thick recycled roofing

INTERIOR F c

slates by applying a hundmg agent such
s Acryl-60" (Thoro Corporation) or an
equivalent to the side of the slare
formerly exposed to the elements. Allow
the bonding agent 1o dry. The long-
underside of the slate will
become the Hoor's top surface.
2. Pour the slab.
. Strerch nylon lines across the pour, from
forming board 1w forming board, w
indicate the lines where you want w

install sfar

. Using a rubber maller, tap the slates

gentdy int
. Wair a while

sh plastic concrere.
1 hour or more) for the
concrete o 2 e a consistency thar
can be pointed with a knife. Pointing oo
carly leads ro a soft, weak coating of wet
concrete slurry (sand, warer, and Pore-
land cement). If the concrete reaches-an

advanced set, pointing becomes difficulr.

We have used a variety of patterns in the
concrete, with various percentages of slae. 1a
Casita's floor is entrely slare. with oneinch
pointed joinrs berween. The Straw Bale Guest
house has a recrangle of 49 slates in the middle,
with about two feet of hand-troweled concrete all
around the partern. Ar Stoneview — see Figure
10.4 — eight spokes of slare all meer together at the
building’s center post.

In 2006, after this book has gone to press,
we'll seal the shares with shite and tile Hoor sealer,

and select 3 user-Fiendly suin for the larpe
mangular aress berwcen the slate pokes. It
should look great.

The round 1,000 square-fooe concrere slab
l‘f\mral&nh’wou:luxhlmblgww
slare insuallation while the concrere was sill
plastic. Instead, after living with 2 concrese floor
for two years, we installed the shaped sites in 2
beautiful circular pagem around the masonty
stove {although we began ar the outer edge and
worked towards the middle.) Again, we prepared
the skares as per (1) above, but then proceeded as

follows:

:. We applied bonding agene to the
smooth power-troweled concrete floor.

1. Using a wooden lath as a screeding
guide, we Laid down about 2 '4-inch bed
of fairly strong bur slighdy wer morzar.
The mix was 5 parts sand. + pare Porthand
cement, | part masonry cement.

4 With a rubber maller, we tapped the
states gently into the fresh morsar.

5. Excess morwar rising berween: the slates
was scraped away with 1 trowel and, after
waiting 1 while for the morzar to set, the
-inch joints  berween  slites  were
pointed. Do not point until the mortar
s quite stiff.

The roughly 650 square fect of shaed ara
1ok Jaki, son Rohan and the author fiveand-a-
half days to complete, and we were 1 each ochers
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mb,'ub:eudufﬂx'phlhli:isabcamiﬁll
floor: We initially applicd o coars of sealer to
the floor, and renew i with a fresh coar every wo
or three years.
Recycled slates arc not abways exsy 1o find,
- although | have never had 100 much trouble in
northern New York, where they are requendy
wom off of old buildings. An alternative would be
o watch out for a deal on 12-inch-square floor
tiles. Bruce Kilgore recendy tiled his concrere
floar ar his cabin for less than a dollar per square
foot by keeping his cyes and cars open for a
bargain.
_K‘.‘?hwmmkhudnnﬂx
skeleral ystem. s an hour's shopping ar the mall
will quickly confirm. Slate, vinyl - cven
hardwood — docm' help much. Consider the use
‘M‘Mmuwwm
”?-&ﬁ-lhnfmdm(hm.hm
._M.ﬂ#ﬂnb.m&nha

EarrawooD: THE UPSTAIRS

FrLoor

The downsairs ceiling is the upstairs floor: 2-by-
6 tonguc-and-groove spruce planking. Down-
stiifs, we sec an artrachve V-joint overhead.
Upstairs, the boards butt together. To finish the
floor, which was discolored by long exposure and
work tmaffic, | borrowed a floor sander and sanded
for abour six days, although it seemed much
longer at the time. We decided 1o go with an oil-
based floor finish thar penetrates into the wood,
while also helping to harden it. Rigid coarings like
varmish and urcthane tend to chip away on a
softwood floor, and, at the least, require constant
maintenance. Once, in 24 years, we have
resurfaced the floor. with a floor sander and a
couple of new coats of hand-rubbed oil. If a wear

pattern develops ar high waffic areas, it is easy to

feather in additional oil withour having w redo

the entire floor.

EarrHwooD: KitcHEN CABINETS

The curved walls ar Earthwood do nor present
any special decorating problems, because
cordwood masonry comes already decorared and
the curved surface-bonded block walls look great
with 2 single coar of paint. And interior walls are
all straighe, so any surface can be used. The only
time the curved wall slowed us down was when
we built the kitchen cabinets, which we fitted 10
the curved external wall. Scribing and custom-
fiting may have cost us an addirional 25 percent
in hired labor and marerials, but the total cost of

our cabinets was only $650 in 1982, And they ane

quite expansive: eleven large cupboards; a four-

1ew for $109), 56 square feet
of laminate countertop, a stainless-steel sink unit,
and display

Jaki and 1

own cabinet dox

1 lot of money by making our

and surface-mounting them o

crafted by our friend, Bob

lot of friends helped at

the framewo

Smaldone. (Yes, a

Earthwood., Whenever you can enlist help from
» 3 job rwice as well and in

ourself, jump ac the

deal if you can barter

1sed busybodies out

time and keep a

of the equario

The doors Iy simple ro make and

to hang. We | wve “finished” sheet

of the best i4-in wood, pine-finished both

sides to march Bob's one-by-six pine cabiner
surface. With a rable saw, we accurately cut the
plywood into rwelve doors, cach measuring 16 by
14 inches. This ook only 1en minutes, as there
were minimal cuts and absolutely no wastage. All
we had to do was to sand and oil the doors. S0
cach of the doors cost abour $4. Even doubling
the numbers for 2005 prices, that's sill cheap for
aabiner doors. By surface-mounting them instead
of flush-mounting, fancy firting was avoided and
labor costs lessened. The anractive results can be
seen in Figure 10.6.

By the way, a 16-sided building instead of

truly round, would have made the cabinets go

lot easier, particularly the firting of the laminae

Countertop.

Crosmne COMMENTS

Furnishing and decorating are nmtters of
individual taste, and Tve no sage advice to offer
except that it is 2 good idea to keep the floor,
walls, and Furnichings as light and beigh as
possible. An exception would be a floor intended
for direat solar gain. In this cse, shate would be
pertect, as its darker surface will absorb heat much
betrer than, sy, light-celored floot tiles.

Finally, note thar a Jot of the commentary on
finishing in this chapter makes use of rusuc
detailing: slate and oiled wooden floors, caposed
rimbers, cordwood and stone masonTy. Much of
the so-called “finish” work & complered during

constriction, and the result isa warm and coay
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*with a satisfaction unexpected in commg

Chapter

PERFORMANCE

Part One: Log End Cave

home, classic energy noscbleeds. We didnt notice

3\ J: Jc lived ar the Cave for three years. During

that time, outside temperatures varied
from -40" F to 92" F (-40° to 33" C), while the
interior remperature ranged from s8° F o 77" F

&p blem undil Dy b dmh#hh
home. Our master bedroom wall, in the
southwest comer of the home, and the mudmom
wall {southeast comer) were gerring wee ar their
southern ends. Our firse thought was thar the
tricky waterproofing derails ar these comens weme

(145" to 25" C). The drainag proofing and
structural systems met a severe test one spring
when it rained steadily for three days on top of 36
inches of already compressed snow. The only
problem during thar time was onc or two minor
flashing leaks at the base of the large frone
windows, casily repaired. And, as already discussed,
I no Jonger advise berming up to the underside of
windows on the south side.

I will list other problems thar occurred,
followed by their corrections or, berter, their
avoidance:

Enercy NosesrLeep — ONE
The block walls at Log End Cave showed t
daylight on both the east and west side of the

leaking. Forrunately, before tearing into the
December earth on a fruitless search for a non-

leak, 1 bered somcthing I'd read by
Mac Wells abour conduction of heat through
paraper walls and the need for a thermal break.

Sec Figure 111
F covered the expased extesior of the block wall
with 2 inches of polysoyrene insulation. Within

wo days, ﬁewdldahdmiuw:_l-
able 1o rise above dew: point. An insulation detail




In May of our fint year in the home. we began ©
atice conder around the base of the block

effect. the carsh’s temperature in May and June is
- sillg i a six feer of depth. This “cooleh” is
the pouted floor meets the block wall. Warm
of  moist insesior air biss the wall, followed by: dew
patnt, condensation, damp. The condition was
of our filuse to insulase sight around
5 and under the floor
hase a lot of choices regarding a

Barnard’s waming that earth-sheltered houses
experience high humidity uncil all the concrete
cures, “Donit get nervous,” he said. “Whenever
pumblc. Jeave the building open on dry days,
Drying out may gake two vears,

(;;mpuund:ng our high humidity was the
fact thar our 4-by-8 hemlock rafters and our
ceiling planks had been trees jus
being milled, and we installed them shoredy

days before

thereafter. With our hemlock, which weighs 1o
percent more green than dry, we might have had
4 couple of tons of water trapped on the living
side of the waterproofing membrane. The
moisture can only transpire inwo the “interior
ambient air, not directdy to the exterior. | knew
that wood takes about a year per inch o dry
through side grain. Using the woodstoves — a dry
hear - hdpcd a lot, and we ran them cv ery um[\l:
of days thar first June.

Humidity was lower during the second
spring, biit there was still some condensation. The
third year was even berer, bur we still had some
condensation in the corner rooms. At Earchwood.
we discovercd thar an ounce of prevention is,
indeed, worth a pound of cure. We wrapped the
entite footings and floor with extruded
polystyrenc, as described in Chapters 3 and 4. and
we have not had any condensation. Humidity
levels are comformable, upstairs and down. The
fact thar 60 percent of Earthwood's external walls
4 cordwood masonry helps a lor in this regard,
as cordwood hames are notoriously dry.

Leaks in Skylights and Chimneys
Skylights often leak on a conventional roof, With
du-: earth roof. the chances of leaking are even
greater. The reader may recall thar we water-
Pmofed the original Cave roof with a difficult
layering of black plastic roofing cement and 6-mil
black polythene. We had leaks around skylights
thar had o be fixed, bur we could have avoided

che deaks if (1) we had used a better waterproofing

membrane in combination with the flashing

provided with the sky hr and (2) we had used

good positive draina
There are lois of layers in the earth roof -

layer, ew. —and it is

earth, insulatior

necessary 1o box our for skylight in order w0

take it above g

sradle .r:-z-'_'.jlr.' 1.2 shows an

appropriate wooden box for the purpose. The
Bituthene® or equal waterproofing membrane
goes up the sides of the box and the skylight's own
flashing comes down over the membrane.

But did you know that *Drainage is the better
part of waterproofing?” Figure 1.3 shows the
Earthwood chimney surrounded by crushed
stone, which mecets with the drainage layer
beneath the soil.

“Solar wbes™ (somerimes called light wells)
are highly reflective roof-mounted light rubes that
have become popular in the last bew years. They
@me in various diameters. such as 1o-inch, 14
inch. and 24-inch. My neighbor installed one over
his. formerly dark dining room arca, and the
moom's daytime transformacon from black hole
bright space is amazing. Two major manu-

lumuthhr@cuﬂ\'bhnﬁmhl.mhﬂ frome, @5

in Appendix B, but an intemer search (“solar  shown. &

cubes) will list othcr manufactusens and  needed for the

wholesale soutces for purchasing at discount.
The same inscallations foeskylights, ahowe, e ddgneoright

;ppljub}uugﬂumbn-
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gable” ends at the Cave with -y Fesining s et
I&m: mﬂmdwﬂﬁ* Desatioet
Hiydrostaic and frost presase excred a8 :
pingione,the iocigh boash weman st




e p'”mcmj, The view o the south wag

eflent. There were unexpected joys, too, like the
sun's rays providing natural illumination to the
darthoard on summer evenings, and being able 1o
lie back in the bathtub. bathed by sunshine from
the skylight above.

Our goals had been to create a home with
superior heating and cooling characreristics: 1o
own it ourselves instead of the bank owning it for
us and to maintin the beaury and natural
harmony of the land. All of these goals were
realized. Details follow.

Hearng anp CoOLING
Over a three-year period, our average fucl
consumption at the Cave was berween 3 and 3%
full cords of medium-grade hardwood, equivalent
1o 360 gallons of fuel oil or abour 9,500 kilowatt-
hours of electric heat. We estimare that 95 percent
of the wood was burned through our cfficient
Oval cookstove from Elmira Stove Works. We
would only occasionally fire the upright Trolls
parlor stove, mostly to charge the thermal mass of
the north wall during a cold snap, or simply ©
enjoy a living fire with the stove’s front door open.

We noticed that the Cave required less fuel
when there was 1 good blanket of snow on the roof
The winter of 1979-80 was considerably warmet
than the record-breaking cold winters of 1977-78
ﬂd’m—n-wwusedmr:wouihmwl“
the toral lack of snow until mid-February.

We went away for a month's vacation in 1980:
lelﬁMwmml in the

72°F on February 11, fire dies out

\:\ unmé@xly warm cruuide
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February

Cave except for solar gain and the BTUs
produced by two large German Shepherds. The
windows and skylights were not shuttered. The
house reached its lowest temperature of 39° F (4
C) on March 15t (with the outside remperaute at
5" F [-26* C)). After thar, the house emperature
began to rise. See Figure 1.4 The temperature
was always taken at 7:30 am.. before any solar
giin, the coldest rime of the day in the house. On
sunny days, the internal temperarure would fise
6" Fro8 Flg4" Crog' O byzpm

March

Figure 14 illustrates that carth-shelrered
homes, set into above-frecring eanth temper-
mmbkﬁfwmﬂuwm
the need for back-up hesting to. prosect. pipes
from freczing.

m“mwmmm&ndhe
mﬁmmm.mm
cooling:

1. The home benefired from the cvapae
ative cooling effece of the carth roof




Nordgdrﬁgu.mplac:a.duua! value on the
owner-builder’s labor, bur | maintain that this
value should be measured in terms of time, not
money. Rr.ty'l First Law of Empiric Economics is
this: “A dollar saved is much more valuable than a
dollar earned. because we have 1o save so damed
many of them to save so precious few.”

In 2005 dollars, you could figure $22.000 to
§33,000 (abour $22 0 $33 per square foot) to
accomplish the same thing, depending on where
you live and who you are. (Sec also Cost at
Earthwood, below.)

About 1.800 man (and woman) hours were
required 1o build Log End Cave, including 450
hours of ourside help, some of it paid and some
volunteered. This labor estimate may not be quite
as accurate as the cost estimare, although [ feel it
is within 200 hours of reality. Each builder works
at a different rate anyway. Most of the work was
done during a five-month period ending on

December 17, 1977. We completed most of the
interior work during the first two months of 1978.
Final landscaping was finished in June.

Part Two: Earthwood

Back in Chapter 1, I enthused: “My father used 10
say you had ro build two houses to ger one rights
one to make all your mistakes in. Well, my father
‘was cleverer than me. It has taken us three houses
10 get one just the way we like i, and Earthwood
s thar house.”

Table 4
Log End Cave Cost Analysis

Service ok PropucT Cost (USS)  Semvice or Provucry Cost (USS)

Heavy-cquipment contracting ~ $892.00  Water pipe 6159
Concrete 873.68  Metalbestos® stovepipe Bess
Surface-bonding cement 34932 Rigid foam insulation 235491
Concrete blocks 514.26  Roofing cement 20383
Cement 47.79  6-mil black polyethylene 6420
Hemlock j45.00 Flashing 27.56
Milling and planing 24026  Skylights 3613
Barn beams 123.00 Double-pane insulated windows 3250
Orther wood 167.56  Interior doors and hards 16280
Gypsum board 7200  Tools, wol repair, tool renal 15943
Particle board 18220 Miscellaneous 210,31
Nails 6288  Materials and contracting cost

Sand and crushed stone 148.21 of house, subtotal $6.75057
Topsoil 295.00  Paid labor 660.00
Hay, grass seed, fertilizer 4350 Costof basic house 74057
Plumbing Parts 12495 Floor covering (carpets, vinyl, etc.) 9%
Various drainpipes 166,23  Fixtures and appliances mm

Does thar mean the house is perfect? No, but
ﬂlﬂron}yaﬁ:wv:r_vrninorchmg:&lmﬂd
make:

%. | wouldn't bother with carth tubes if [
were building a similar house in the
Nnrd:agaiax;\ndrhisiswhylcﬁdn!




Cost AT EARTHWOOD

1 did not keep as accurate an accounting as | did
ar Log End Cave, but 1 feel confident that 1 am
within 10 percent of the reality with these figures.
The total talue of the labor and materials for the
tm'ginﬂl Earthwood house, including the
downstairs solar room, was right around $20,000,
or about $10 per squarc foot in 1981-82. This
estimate includes our simple plumbing and
electric internal house systems, but not the well,
septic system; photovoltaic cells. or windplant. —
just the house.

I seality, we spent a lot less than 520,000, as
we received major donations of Dow Styrofoam®,
Bituthene™ membrane, and Conproco™ surface-
bonding cement, which, all rold, were probably
worth $6,000, In exchange for these materials, we
tested them in our earth-sheltered home and
reported on their use. I've learned this in life: It
never hurts to ask. | speak well of all of these
products because they have performed well for us,
but I am under no obligation to endorse them.

In 2002, we added a 200 square-foor sunroom
tw the building, over the existing solar room. Its
construction is desailed in Chaprer 5 of Timber
Friming for the Rest of Us. The room, which we
love, includes five expensive windows and a new
pre-hung interior door. Nevertheless, we came in
ar about $4,000 for materials and $250 for hired
labor, abour $22 per square foot total out-of-
pocket cost. We did not enjoy economy of scale
on the sunroom, but, on the other hand, we built
OVEr an existing room, saving on foundation cost.

family could have built his own home.

Now Hear This!

More than a third of the average American’s after-tax income is devoted to shelter, usually
rent of mortgage payments. If a peumwbhmagemmaggﬁ,gm_'hm_
argued that he or she has put in 15 years (20 in Californial) just to keep a roof over the
head. With a piece of land, six m"“""“"w-mummﬂﬂ" -

A

To save 14% years of work, you cannot afford not to build, even if it means losing o job
while you do it. Granted, the land (and the $35,000) has to come from somewhere, but this
_amount is no more (and probably less) than the down payment on a mortgaged contractor-
built home, and about haif the cost of a mmmmumm |
option as being about the same square footage as an earth-sheltered home).. ' :

And what do you get for your time and money? You get a comfortable, Jong-lasting,
energy-efficient, environmentally compatible, low-maintenance home. You ghw
features that suit you, so that the house fits like an old sfipper. You get builtin fire, earthquake,
and tornado insurance. You get intimate knowledge of the home so that when maintenance
or repairs are required, you're the one best placed to make them. 'u:g-em
personal satisfaction. And you wﬁmmgmdmﬁ-m,- v ol

I believe thar 1 could build Earthwood today
for about $20 per square foor. I'm a prety good
scrounger and make good use of indigenous,
recycled, and bargain materials. And we are not
over-regulated in our little town in narthern New
York, | think other owner-builders could do a
similar home for $20 to $40 per square foor,
materials cost. The wide paramerers in that figure
are because: (1) prices vary greatly around the
country and (2) everybody is different, with
different desites and levels of accepuability.

Bu:b:awﬁllmmm%uﬁrau?-
which, of course -




although we drew warer from the outdoor pitcher
pump for five months before completing our
bicyde pump system, which we still use 25 years
later. Completion of the downstairs took
mp—modmlsmun:h&in&n Bur the
pressure was off and the pace slowed natrally.

I feel that a project on the scale of Earthwood
{2,400 square feer gross using alternative building
methods) is oo much for inexperienced owner-
builders to tackle. No, the techniques aren't thar
difficulr. The house is simply too big. A one-story
version would be a much safer ber, The home
could be capped and, later, perhaps, a second
story could be added. This might be the more
affordable strategy, too, if freedom from mortgage
is important to you. (It should be. if you don't
mind my saying 50.)

Bur, in truth, mast people who build their
own home get a high degree of personal
satisfaction from their accomplishment. So 1
would like to conclude this book on a less somber
note, the true case study of former students Mark
Powers and Mary Hotchkiss, who found their
earth-sheltered house project to be a very spiritual
event. In Marks words, they have created a
sanctuary, Tum the page and read all abour it.

And Fll see you later ... in Appendix A.

Our EARTH-SHELTERED HoME — A Cask Stupy
by Mark Powers

ince my wife Mary and [ moved to Michigan’s

North Country ten years ago, the idea of
building our own hame has been the focal point
of our lives. In August of 2005 we completed the
final stages of a long process of research, building,
and learning...and settled into our new home.

To me, though, the home is much more than

2 house. I describe it as “a cross between a work of

art and a force of nature.” Here is our story:

We started with researching alternative
building methods, making many a wrip 0
bookstores and the local library. Geodesic dome
designer Buckminster Fuller was 3 significant
early influence, so my first winter was spent
meticulously constructing scale models of domes
complete with miniature picces of furniture and
cutouts of Mary, the cats, and myself. Though
fime-consuming. building a scale model of 4
house gives a feel for space, and we did the same
with many subsequent home desig

John Larch, a co-warker, helped us to focus
o8 our dream, Over some years, John had used

one of Rob Roy's books 1o build 2 rwo-story
cordwood home high on 2 hill. To-walk into his
house was w fall in love with the cozines and
carthy delight of cordwood masonry. A three-cay
us. We could do this!

At that point we had only seen pictures of
living roofs, but we knew we had to include one
inwdﬁign.'ﬂuﬁmﬂﬁt;appﬁhh
the snow off. Building an carch-bermed house
also appeared to be a natural way to sive encrgy.
Mwmmm.umm

Mmﬂdﬂ
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the building inspectors as potendial allies, and
m in marn mﬁpondcd 0N NUMErous Occasions
= h:lpﬁl] feedback. As an “amateur” builder, |
had a good deal © gain from their considerable

i Oftentimes we found ourselves in
uncharred waters relative to established code, bur
because of my positive artitude the code officials
were willing o work with me and consider
unconventional building strategies in a positive

1y conservative,
however, so I, in turn, had to do some stretching,
A cordwood wall, from their point of view, didn't
constitute a quantifiable, load-bearing element,
bur a timber frame with cordwood masonry infill
was acceptable. All the hardwood timbers [ had so
Iaboriously milled, although virtually defect free,
had to pass inspection by a certified timber
grader. It ok several months to find someone
who had the know-how and credentials to grade
hardwood timbers for structural applications.
The building department’s concern about
Ioading our foundation and timber frame withan
earth roof broughr yer another professional into
the mix. It was required that our plans pass
muster with a structural engineer. Engineers, w0,
are a relatively conservative group, probably 2
good thing when you think abour it. After one
false start, we found a structural engineer with
some experience in fimber framing and @
willingness to consider our project with an open
mind. He signed off on our foundation and
framing plan and helped us reassure the building

racies are inh

Oun nm-m;nmm__‘m T . =

dgpanmenr's supervisor as to the soundness of
our design. The engineer’s services added roughly
a2 thousand dollars to our project —worth it in the
long run as he was always there with a quick
response as the work proceeded and additional
concerns and changes came up.

With absolutely no building experience, I
sarted small, first with an 8-by-12-foot addition
to our mobile home, then, an 8-by-16-foor shed.
Next, we built a 24-by-32-foot garage, timber-
framed with cordwood infill, and a memnl roof.
This building allowed us to gain experience and
confidence in the techniques we'd utilize on our
home. It also allowed me o demonstrate some of
the basic components of our house design to an
interested yer skeptical group of building
inspectors. For them, the stakes were much lower
when it came to building a garage.

At this point we had the good fortune 10
strike up a friendship with Les Amold, a licensed

k

unanticipated benefits, the most: rewasding b
which vat e 200 Powrs ey G
Resrion” Nexly xyon n o e e
family showed up that summer for 2 sofid week of
hard kabar. | was amazed and wouched by their
enthusizsm for the task at hand. By the end of our

="

“workshop” together we had successfully and

professionally polished off all of the condwood
Everyone went away tired, but pleased with their
xmplﬁbmnmnnﬂymim-w
was: “Best family reunion ever!” 1 feft like Tom:
Sawyer. Two summers later, the ame crew was
back ar ir, laying up the cordwood on 2 much
more ambitious project: our house. | would wish
this kind of family on everyone.

I'll cover some of the building strawegies we
employed, particularly those relared w0 erh
sheltering.

The south-facing ridge where we st our.
home overlooks a small valley with 2 year-round

builder and a comperent electrician and pl
He had “been there, done that” as far as building
an earth-friendly home goes and has become my
guru in most things building-relaced. For the
amateur independent builder, a friendly source in
the trades is an invaluable relatonship to have.
While Rob has served as a generous consultant
along the way, there’s no substiture for on-site
expertise. Les had stepped in on a number of
occasions and saved us a lot of time and potential
headaches.

spring. The north wall of the house is buried 0
ﬁﬁhmhi*"_‘“‘#m:
che firt ten ot n onder o allow foc w

Our lence as neh i I
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Motk Powery

#ig.121; dual-purpose water heater. With radiant floor
 Mark employed beat and 3 cenrally locared wood stove, we focl
& foom-bloct we have the best of both worlds.
g tystem We seleced 3 foam-block. poured-concrete
foeis wall system for our below-grade walls. {Amvic
mntorced Insubaring Concrete Forms, e Appendix Bl
concetewols.  Although more cosdy than 2 conventional
_concrete-block wall system, it poses several
advantages, mot the least of which is a
! ‘considerable savings in time. We st up the forms
“in 3 single moming and, with 3 pump truck.
; poured she walls in just one-and-3-half hours. We
; opted. for an 8-inch-thick concrere wall for
- sabilicy and strength. With 8 inches of poured
~ concrere we climinated the need for any
- addiional reinforcement along the o-foot north
 wall, such as pilasters or internal “shear walls.”
The foam blocks provide us with the desired
break between the wall and the carth. On

the inside, we left the foam in place. The foam-
block system we employed has regularly spaced
plastic webbing that acts s 3 support structure for

hanging dn’n:dl and the walls involved (inside
the uriliy room. bathroom, and part of the
master bedroom] arc isolared from any direct
input of radiant energy fram the woodstove,
Another major advantage to the foam-block
wall system is that it saves 2 lot of wear and wr

on the body. (Having back surgery makes one

especially sensitive to this particular advantage.)

An additional — and unexpected — advantage of

going with the foam-block system was thar the
1

same company that sold us the block was able o
order 4-by-8-foot sheers of rigid foam in any
thickness up to 48 inches. We

inch sheet for our living roof,

a five-

onsiderable

savings in cost and installation time compared
with m’cd1pping several layers of 1- or 2-inch
Dow Styrofoam® Blueboard ™

As mentioned, we went with hea rimber

code

framing on above-grade walls w
officials. Our cordwood walls are 16 inches thick,
but the posts are 8 inches square. We cen tered the
posts in the walls, which lefra four-inch caviry in
1 out

the exterior face of the wall thar we flushec
with 21 inches of rigid foam overlaid with an
exposed vertical 8- by re-inch-wide plank. This
“faux post” was well-anchored to the real one with
heavy screws, counrer-sunk and plugged. This
provides the walls with additional insulating value
and maintains the pleasing post-and-beam fagade

on the exterion. On interior walls, per Robs

OUR EaARTH-SHE
LYERED Home - A
= A Cask Svupy
21

ge:ll'"‘ we flared back all log-ends adjoining

posts with a 45-degree angle cur back o the post,

n axcractive de rail.
The foam block system led 1o ane innovation

of note. Our concrete wall, with its foam

insulation, was 13 inches thick. That meant that

ends, centered on the concrete

our 16-inch lo
wall, would stick out 1% inches on both the inside

and the ouside. In order to create a 16-inch-wide
hase o Carry the cordwood wall, we lad 2-by-6-
inch cedar planks on their wide edges, running
par.tl!c] with the wall, and with 1%s inches of the
meL:. overhanging on each side. See Figure 12.2.
These two planks | id on top of the concrete wall

i th

system. were tied together at roughly rwo-foot

intervals with little 2-by-4-by-6 cedar blocks, toe-

srewed to the planks. The rest of the four-inch
space berween planks was filled with insulation.

ind stabilize the wall,

The cedar planks wi
and create a nice rrim

We made one departure from the 4o-foot-
square framing plan as it appears in Chaprer 1 of
this book: we elimi

of our living area, This change created a clear span

:ed a post from the middle

of a lirele over 18 feet at the ridge and necessitated
a cll to our structural engineer. He recom-
mended a girder, made up of wo :nginﬂru{
paralam beams, each 5« inches by 16 inches. The
wo beams are laid side by side and thru-bolted
every two feer, creating an 1f- by-16-inch
composite girder. This massive beam dominares
the center of our living space. and, with several
wats of linsced oil, has is own unique and

Mark Powers

g 12.3: Mark and Mory in (X
overhiod ipans 18 feet-
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 adds needed light into the muin living arca,
Instead, we buile up che walls 10 3 height of 40
mwuﬁmﬂmmwm
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Mark Powert

the enmryway 0 this room. We'll install bamboo
curmins of shugrers of some kind w creare a
peivacy option for guests.

A cragtor — a four-wheel drive, 45-horsepower
Kubota— has become this man’s best friend. Early
on we rationalized the considerable cost of a new
Kubota (with backhoe) in rerms of the money it
would sove us in all phases of the building
process. [ was able 10 do my own foot enches
as well as power and warer lines Kubota
allowed me @ single-handedly «
frame. (A 12-foor, 8-by-12 white ash beam is not
an easy lift by hand.). In addirion, we con ader the
tractor a life-long investment. It has beco
“on-site crew” in SO MAany ways

I wouldnt say thar building 2 cordwood
masonry carth-sheltered home with a living roof
is for cveryone. For the independent, alternatively
minded builder with plenty ot gumpuon,
however, it is an extremely rewarding way 1o go.

Rob has succinctly outlined the advanmages of
cordwood masonry in Corduvod Building: The
State of the Art, timber framing in Trmber
Framing for the Rest of U, and living roots in this
current work. For us, one of the primary
advantages of using these simple building systems
is that vimually anyone is able to leam the
techniques with just a few hours of instruction.
and, with arention 1o demil, 1o do it well. In our
case, we now have a home and a garage built with
the participation of family .md friends, enduring

™ ferful rel Mnk

We think of our |

way of looking
from concept w©

it has become 50

overcome obstacles

anyone whio dossnt o

standard  way

skepticism and, in

QuR EARTH-SHELTERED HOME - A CASE STuDY

festation of a

ushered it

s past r‘c'-\ YCars

1 a shelrery it

way of

in the

trom the imaginatively challenged. Yet, withour
excepuom, evervone who has walked throush ous
hand-made cedar door has paused rm;\v:l t
what we have accomplished.

Perhaps, the mechanical inspector said it best
in the wake of his final inspection:

“This is the most beautiful home in Emmes
County, and I've been inside them all.”




ArPENDIX A: RaDON

(The following article is adapted from one of my
previous works. The author is indebred o Ned
Doyle of Etowah, North Carolina for his careful
review of the article and who made several
valuable comments and suggestions, Ned is
recognized by the US Environmental Protection
Agency as a radon measurement and mitigation
specialist and currently reviews radon training
programs for the National Environmental Health
Associarion.)

adon is colorless odorless radioactive gas

und in cerrain geological strata, including,

but — not limited to — granite, shale, and gravelly
subsails, Its greatest health threat is increased risk
of lung cancer. Breathing 20 picocuries per liter 18
considered to increase the risk of lung cancer
about as much as smoking rwo packs of cigarettes
a.day. Homes can be buile to greatly decrease the
amount of radon entering the structure. In fact, in
many parts of the country, artending to radon isa
ode requirement, and a carcful reading of the
#ppropriate sections is advised. Radon can also be

greatly reduced in a home afier it is builc. albeir
with difficulty, Listen:
mmpmzmmq '
{hmdsl’ucandiﬂun.&ﬂmb&:”_ :
the home over the well so that they would not
have to worry about frozen pipes during oue
severe North Country winters. A woodstove
provided in-floor heating to their concrete slab.
Amupkd‘pszﬁzmhw
m;mumﬂ“ﬁ




The uppermost en feer of the well was a 30-
i metal culvert. Pete sealed the well by
pouring concrete in the botrom of the culvert. And
kumﬁﬁyﬂhi up all other potential sources of
soil gasses, sach as the house-dmin cleanour.
Finally, 10 decrease the negative pressure while the
stove was in use. he opencd a direct-air inlet to the
exterior of the building. The efforts paid off, and
the home's winter radon levels fell to the EPAs
action Jevel figure, or just below. The couple figures
chat the average level for the year is about 2 pCGilL
All xisting homes — airtight or dratty — should be
cested for radon, according to Ned Doyle.

Before you build a new carth-sheltered home,
find out if the building site holds 2 lot of radon
gas. Generalized maps of “radon arcas” are only
somewhat helpful, however. One building lot
may have high levels of radon gas while a second
lot just 100 yards away may have no radon at all
The only way to be surc is to conduct your own
soil test. One company that sells a sitc-testing kit
35 Airchek, listed in Appendix B. Set up the lirde
cardboard tent cubicle they supply on the subsoil
jtself. If you are planning a deep-hole test on site
for septic design (or other) purposcs, this would
be a good time to check for radon. Send in the
charcoal packet to Airchek and chey will provide
an analysis. Ned Doyle adds, “Remember thar
even low soil concentrations can end up a5 high
radon levels in a finished home, depending on the
‘home and the ground.”

How serious a problem is radon gas? The EPA
estimares that cight million American homes may
congain unsafe radon levels. The National Cancer

Institute considers exposure 1o radon to be the

single greatest cause of lung cancer after smoking,

accounting for an estimated 20-30,000 deaths a
year in the US, Because an carth-sheltered home
i-.a a larger surface area in contact with the soil
than a house on the surface, we should be
particularly careful. The president of Airchek has
said that, “We've yet to sec an underground house
that doesnt have some radon in it.” Ned, who
sed 1o work for Airchek, adds that “all homes
have at least background levels of radon.” Finally,
your state building code may require safeguards
against radon contamination. So, what to do?

Again, [ consulted my friend Ned Doyle.

*The best course of action.” says Ned, "is to
incorporate radon ameliorating rechniques from
the very beginning, [t's casier and cheaper to avoid
the problem than to fix it later. The US Environ-
mental Protection Agency has free information on
radon-resistant strategies for all rypes of housing.
The goal is to facilitate the outgassing of any
radon that finds irs way into your home. An
added benefit to these approaches is that even if
you have no radon, moisture, humidity, mold,
and other indoor air quality issues are often
positively addressed. Many homes with radon
sub-slab venting systems have been able to stop of
greadly reduce their use of dehumidifiers and
improve indoor air quality significantdly:

YDI.II muntyumm l i
paodsmuwofinﬁmrmmqh&.
el you something about the incidence of radan
mn glfourm.nwdj“d‘md-
testing agencies. And the EPA has updated is free
pamphict on radon called “A Citizenis Guide
Radon.” See. dhe Annoraes] Biligaghy for
contact information.

Whar if testing indicates thar your building
site is “hot” with radon? There are building
methods and products designed 1o keep. radon
gasses out of the home by venting the immediate
surrounding soils direcdly into the
Colbond Corporation (the manuf of
Enkadrain® discussed in Chapter 9) makes 3
product called Enkavent®, essensially 2 half-inch
crush-proof mesh which surrounds the building’s
fabric and carries the offending gas w the exterior
bywyofammk.wkbnud:mﬁtth
which, obviously, must be one of the first systems
installed during new home construction.

Ned wgmau'alhlt+innﬁﬁ.:-lf
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use ar least 2 &-inch-diameter solid-walled pipe,
well sealed at any joints.

In conclusion, know your enemy. If in doubt
a5 to whether or not you arc in a high-risk area,
conduct a site test. The presence of granite, shale
or phasphare near the surface can all be indicators
of radon, but the gas can occur in other strara as
well. Meds advice is to incorporare radon-
resistant techniques in any case. We can all agree
thar if site testing reveals radon, a radon venting

d into the home, as ivis

ystem must be desi
much more expensive to rerrofit an earth-
shelrered home (or basement) after it is buile
Build with informed confidence. Finally, do not
allow smoking in the home when cven so-called
“safe” levels of radon gas is present, because radon
actually grabs onto smoke parricles, greatly
exacerbating the associated health risks.

APPENDIX B: RESOURCEs

Author’s note: The following contacts were
checked for accuracy in QOcrober of 2003,
However, companies sometimes move, are sold,
or go out of business. If the informaton herein
draws a blank, use scarch engines on the Internet
for the latest contact information. Telephone area
codes frequently change. 1 have not listed e-mail
addresses because these, roo, change frequently.
Contact e-mails can almost always be found at the
websites listed.

Epucation

British Earth Sheltering Association
Yo David Woods (Secretary),

4 Swmtion Road, Coelbren,

Neath, Wales, sato oL
Telephone: o 44 1639 701 481 or
S Peter Carpenter,

Caer Llan Berm House, Lydarr,
Monmouthshire, Wales, nr2s 415
Tdfphunc: O11 44 1600 B60 359
Website: www.besa-uk.org

The author has had many a defightful
conversanion with David and Peter abour earth
shelterng, stone circles, and other esoteric topics,
usually over a pint of real ale. BESA has
continued to promote earch sheltering in the !
UK., while similar American associations have
fallen by the wayside. Lots of mformation on
their website.

Earthwood Building School
366 Murtagh Hill Road,
West Chazy, NY 12902
Telephone: (518) 4957744
wew‘ -



Malcolm Wells
673 Satucke,
Brewster, MA 02631
Telephone (book sales onlyl: {508) 896-6850
Website: www,malcolmwells.com

Malcolm Wells under Educarion? Sure. Mac has
done more w educate the world abour under-
Ax if his ensersaining books and articles were not
enough, he now has this wonderful website.
Spend a few hours cruising around the various
contaces on his “Resources” page. Mac no longer
consults or practices architecrure, bur he sull sells

FASTENERS

Cleveland Seeel Spﬁfdf{'r Company
26001 Richmond Road,
Bedford Heights, OH 44146,
Telephone: (216) 464-9400 or (800) 251-8351
Website: www.ClevelandSteel.com

Makers of a variety of wood-to-wood and wood-
T0-CONCTETE CONNECIOTS.

GRK Canada, Led.
1499 Rosslyn Road.
Thunder Bay, ON p7e 6w1 Canada.
Telephone: (800} 263-0463
Website: www.grkfasteners.com

Distributors of GRK  Fasteners, including
exuemely strong and wugh long screws for
joining heavy timbers. Their smaller screws are
excellent, o,

Olympic Manufacturing Group, Inc.
153 Bowles Road,
Agawam, MA otoor.
Telephone: 1 (800) 633-3800
Website: www.olyfast.com

Manufacturers of TimberLok™ screws for joining
heavy timbers.

. T eenaaaaS k.
Simpson Strong- Tie Company, Inc. -

4120 Dublin Boulevard, Suire 400,

Dublin, CA 94568.

Telephone: (925) 560-9000 or (800) 999-5099
Website: www.strongtie.com

Makers of a full line of wood construction
connectors and fasteners for tying wooden
members down to foundarions.

USP Lumber Connectors
703 Rogers Drive,
Montgomery, MN 56069-1324
Telephone: (800} 328-5934.

Website: www.USPconnectors.com
Manufacrures a full line of lumber connecrors.
INsuLaTION

Dow Chemical Company
Styrofoam Brand Products,
2020 Willard H. Dow Center,

Midland, MI 48674

Telephone: (989) 636-1000

Website: www.dow.com/styrofoam/index.
htm

Manufacturers of Styrofoam® brand extruded
Polystyrene insulation.

Styro Industries, Ine.
PO. Bax 8098,
Madison, WI g370
Tdcphmg (Customer Service De 3
(838) 702-9920

hmmdm,wm- i brush
F‘dﬂpmd\tmhg&r@hm
MTEEH.:WM&*-
purpose. Styro also makes FP Ultea Liee rigid
foam foundation insularion panels, with eitheran
aggregate (pebbledash) or smucco finish. Tt i
impomn:mwumaﬂw#hh
UV and other deterioration. Styro producs are
proven option. ACE Harduare, Lowes, and True
Value are just three of many national distriburors
listed on their site-

T Clear Corporation
3255 Symmes Road,
Hamilron, OH 45015




17 Production Drive,

Dover, NH 03820

W(Sool 258-3500

Websire: www.conproco.com
Makes Strucrural Skin and Foundation Coy
surface bonding cement and other relared

products.

Degussa Building Systems
889 Valley Park Drive,
Shakopee, MN 55379
Telephone (corporate office): (952) 496-6o00
and (technical support, customer service):
(800) 433-9517
Website: www.chemrex.com

Makes Thoro®™ Surface Bonding Mortar and
Acryl-60 bonding agent. a very handy product for
use with surface bonding and other masonry
applications. I use it for bonding roofing slate @
freshly poured concrete. Also supplies water:
sealing cement products, such as Thoraseal®, and
‘cment-patching marerial (Thorite™ 400.)

Quikrete
One Securities Centre,
3490 Piedmont Road, Suite 1300,
Adana, GA 30305
Telephone: (404) 634-9100
~ Website: www.quikrete.com

Makes Quikwall® surface bonding cement and
dozens of other cement-based products.

WATERPROOFING MEMBRANES AND
DRAINAGE MATERIALS

American Hydrotech, Inc.
303 E. Ohio Street,
Chicago, IL 606mn.
Telephone: (800) 877-6125

Website: hup://www.hydrotechusa.com

Their Monolithic Membrane 6125® (MMéizs) is
a thick liquid-applied “self-healing” membrane
made of refined asphalts and syntheric rubbers. It
must be professionally applied. They also make
the Hydrodrain® line of drainage composites and
Thermaflo®, which combines drainage with Dow
Styrofoam® insulation in one product.

American Wick Drain Corporation
1209 Airport Road,
Monroe, NC 28110
Telephone: (800) 242-9425 or (704) 238-9200
Websire: www.americanwick.com

Makers of Amerdrain® compasite drainage
material, at a good price.

Carlisle Coatings & Waterproofing
900 Hens.ley Lane,
Wilie, TX 75008
Telephone: (800) 527-7092

Product of interest and the site will fevum ene or

more nearby representarives.

Ceteo
1500 West Shure Drive,
Adingron Heighs L. ooy
Telephone: (847) 392-5800 or (800) §27-9948
Wiebsite: www.cetco.com

Manufsctures Volcay wateiprofing pane
made with bentonite clay; Aquadrin composine
drainage matring; and LDC 6o. 2 liquid-applied
In October of 2005, navigating the Ceto website
took some perseverance.

Colbond, Inc.
PO. Box 1057, Sand Hill Road,
Enka, NC 28728 N -
“Telcphone: (800 365-7391 o (828) 6655050
www.colbond-usa.com o




Tremeo Incorporated
Beachwood. OH 44122
Telephone: (8oo) 321-7906
Wehsire: www.tremcosealants.com

Suppliers of a full line of waterproofing
membranes, including a trowel-grade bentonite
product called Paramastic. Also makes drainage
products.

MISCELLANEOUS

Fletcher, NC 28732-9365
Telephane: (828) 684-0893 or (800) AIR-CHER
Website: www.radon.com

Leading supplier of radon gas testing kits and
m

501 McNicoll Avenue,
'lhw‘mo. ON m2H 282 Canada

Emory Knoll Farms, Inc.
3410 Ady Road.
Sereer, MD 21154
Telephone: (410) 452-5880
Website: www.greenroofplants.com

Supplics sedum and other plants suirble for
@miﬁht living roofs. A family-owned business,
Ed Snodgrass represents the sixth generation
farming the same land. The website has good
links o other Green Roof sites.

Formworks Building, inc.
PO. Box 1509,
Durango, CO 81302
Telephone: (970) 247-2100
Website: www.formworksbuilding.com

This is the company thar constructed the
underground vaults ar Jim Milsteins home in the
color section. Dale Pearcey, who started
Formworks, has designed and built quite a
fumber of carth sheltered homes, using the
sprayed on concrete over vaulted forms. Many
&an be scen at the website.

Greenroofs-dos-com
(No Phynml 19 or rL
Websire: www.greenroofs.com

n"ihmﬂn:llentgrmmuﬁimmw
will put you in touch with other suppliers of uscful
Products, 100 numerous to lise here.

Selkirk, LLC
P O. Box $31950,
Telephonc: {h}m-iﬂwm
Website: www.selkirkusa.com

Selkirk's Meralbestos M”ﬁ I‘_
mun&muﬂﬁm
with living roofs.

Underground Gardens
soz1 West Shaw Avenue,
Fresno, CA 93722
Telephone: (559) 271-0734
Websire:

first half of the 20th century. Open to the public.
See Chaprer 1. ‘

The Wiremold Company
sommm
WMW ;
Website: wwwowiremold.com

.I
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track of the units (feet, pounds, etc.) as you
solve the equations. Problem: Test the 40- by
4o-foor Log End Cave Plan for the shear and
bending strength of the rafters and girders as
designed. (The posts and planks are the strong

— in some ways overbuilt — components of
this design.) A portion of the plan, enough for
our purposes, is shown in Fig. C.1. Girders are
labeled “beams” on the plan. The plan is based
upon simple 1o-foot-square sections, repeated
_sixieen times, like a chessboard with just four
squares on a side. Only six complete sections
are shown in the portion reproduced here. Here

APPENDIX C: StrREss aaies
Design Load:
» Earth roof, sarurated; 8 inches at 10 W“nddindﬂslf
« Crushed stone drainage layer; 2 inches at 10 poundsfi
« Snow load by code, Platsburgh, NY % |
« Strucrural load, typical for scale of heavy timber structure (incdludes lllllbm,hh‘ y

membrane, and insulation) . i
ST ;
e foed maxmumload . . - . con it ml!i

Kind and Grade of Wood:
Different species of woods have different stress load ratings, and the lumber grade has 2 large impact on
the ratings. 100, as can be scen from these few examples from Architecrural Graphic Sandarde: o

Type of Wood Grade &'

Douglas Fir, Inland Region Select Stracrural 2,150
Douglas Fir, Inland Region Common Structural 1450
Eastern Hemlock Select Structural 1300
Eastern Hemlock Common Structural LI0O
Southern Pine #1 Dense 1,700
Southern Pine #2 L1000

* unit stress for bending in pounds per square inch
*unit stress for shear in pounds per square inch

For our example, all timbmmmumcdmbcwﬁlﬂnlﬂd'm
with the following stress load values:

‘Ullltmfurtm:dmg(tb] nfl.‘;sowundlf'ﬂ'mm
'Umnrm&)rhonmnulshwﬂ,lofﬂpmﬂhww

Mmmodm:valus.madenﬂwwqu:::d
memhﬂﬁ#’““‘r
~ “Ngineering manuals for stress load rarings for a variety
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¥ are five inches (12.7 cm) in breadth (b) and ten inches
e

; o *'hi"d‘q’mdght inches (20.3 cm) in
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em) is the center-to-center spacing for adjacent
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+ Girders are 10 feet o.c., that is: ten feet (3 m) is the center-to-center
sinders or berween girders and the side walls,
-4

Span (L):

» Spans are nominally ten feet (3 m) for both girders and rafters. Actual clear spans fllllk#
of one support to the edge of another, is closer to nine feer (2.75 m), bur 10 feet is the num}

used in place of L (span) in the example.

Nomenclature:
« “Beam’” refers to both rafters and girders

» “Simple Span” means that a beam 1s supported only ar its ends.

« “Double Span” means that a beam is supporred ar its ends, and also at its midpoine.

A = Cross-sectional area (b times d) of beam in square inches

b = Breadth of beam, in inches

d = Depth of beam. in inches

§, = Allowable unit stress for bending in pounds per square inch

£, = Allowable unit stress for shear in pounds per square inch

L = Length of span in feet

M = Bending moment in foot-pounds or inch-pounds
M, = Bending moment at the two midspans ona double-span beam
PSF = pounds per square foot

R = Reaction at supports

§ = Section modulus of cross-section of beam in inches cubed

V = Total shear allowable or acrual

w = Load or weight per linear foot on beam, in pounds

W = Towal uniform load or weight on beam, in pounds

Algebraic Operations: 1
I =The division sign. The valuc before the division sign 15

6(8) = 48 or (6)(8) = 48 means *6 times § equals b
bd = A means “b times d equals A.” Again, ﬂdﬁf‘wlw

48." The "dmes” sign is implied-

-

divided by the sale afier €.

APPENDIX C: STRESs Loas -
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APPENDIX C! STRESS ’
Loap Carcutavions 288
lsq, f. divided by 30" = 0.4 Fe.805 Ibs/ft) = 322 PSE allowable

“Think of it this way: fhcfe‘ are only 40 percent (0.4) as many rafters on 3o-inch centers as on 2=
inch centers. As the impact of frequency is a direct proportional relationship to rength, the rafiers on
jo-inch centers will support only 40 percent of the load, everything else remaining the same.

The specified rafters, on simple span, will easily support the 185 PSF required.
Now let’s rry iron a double span. We'll use 20-foor-long rafters, supported at each end. bu also at
the middle by a girder.
design for shear and bending, and we have all
 Chapter 2 of Timber Framing for the Rest of Us). ». Calculating roof load for bending for rafters, double-span. (That is, all rafters are about
— particularly the rafters and girders — is of twenty feet long, and supported at midspan by a girder.)
ot the design load of 185 pounds per square foot
Maximum allowable bending moment (M) = 10,065 foot pounds, from calculation (1) above.
M, = Bending moment at the nwo midspans on 3 double-span beam
M, = gwL*/128 (from formulas above)
W=18M, /gl* w =128(10,065 ft {bs.)/olro i) = 143t Ibs. /i

ustment thar we made at #d‘ N !

Again, this is “pounds per linear foot.” We make the same adj
cleulation (1) above:

12"sq. ft divided by 30" = 0.4 fr.(143! |bs/ft) =

~ Usinga single 20-footer, supported halfway, increase
ifar stronger than it needs to be. Now, lets test rafers for shear:

3'%"8 roof load for shear on simple-span-

£ = 95 psi (pounds/square inch), giver above for the same
 Asbda5710") = 5o inches squared (In th # s
& B a5, By cranepielcion: V=K, fy =al® PSS
~ allowable (V' is “roral shear allowable”)
: "‘:._ﬂ’.\wt So, w = 2V/L = 2(3.167 Jbs)/1o feet = 633




B

o them for single-span because 20-foor-plus cight-by-twelve
know, they will not anly be easier to install as two 10-footers,

dulus is measured in “inches cubed”)
ove for Douglas Fir, Inland Region, Common

50 |bfin%) = 278,400 in. lbs

APPENDIX C:

-._'_,_.-u—.-'_'_—_
This is the bending moment in “inch pounds”. To derive the i
seed to divide by 12 in/ft, because there are 12 inches in  foor,
So

278,400 in. Ibs divided by 12 in/ft = 23,200 foor pounds
L=10 (given) M = wL*/8. By transposition: w = 8M/L*

Substituting for M and L: w = 8(23,200 ft Ibs)/100 f* = 1.856 pounds per linear foot _.":‘

The girder can support 1,856 pounds per linear foot, or 18,560 pounds in all, ol 3
constant along its length. But for what portion of the roof is the girder responsible? Look ag
C.ron page 236. The area AB is the area for which girder A-B is responsible, Area CD is part of the asea
arried by the girder C-D. Area W is carried by the block wall. The two areas lsbeled SR are caried by
the special rafters labeled Y and Z. Y and Z are special because their loads are carried directly
through the girders ro the posts, adding no bending stresses to the ginder. The area AB is 10 f
feet or 75 square feet. So, the total allowable carrying capacity of the girder (18,560 pot ol
by the square footage for which it is responsible (75 square feet) results in &:Mup

foat, assuming an equally distributed load. 18,560 pounds/7s SF = 247.5 PSE. ﬂagﬂm :

it is higher than 185 PSE Now, what about girders on shear?

6. Calculating roof load for shear on the single-span 8 x 12" Douglas fir girders of this cxamg
The load from the rafters is symmcmmﬁyp‘ﬂﬂd'bﬂsﬂ“w‘*
Wnp,wltumnab]cmmm:mhmnhwmdhwﬁ

£, = 95 psi (pounds/square inch), given abave for the same grade of Douglas Fir

A=bd = 6"(12") = 96 inches squared (In this case, the same as W"dﬂn'

£, =3VI2A. By transposition: V = 2Af, /3 = 2(96 in*)(o5 Ibs)/3lin’) = 6080 pe
allowable (V is “total shear allowable”)

To get the shear strength at the ends of  single-span rafter, us:

V= wi/2 So, w=2V/L = 2(6,080 Ibs)/1o fect = 1,216 pounds per (incar) foot:




Whﬂkgond. However, if we consider thar rhe true Sl!'dtr
foot 4 inches and substitute 9 foot 4 inches (9.333") for 10 feer
o Mmewlofoﬁ Divided by 75 SF resulss

onshin The shoréal can be made up in varity ofways AppENDIX D: METRIC CONVERSION

w A = 108 square inches instead of 96 square inches. Here are some handy conversions for measurements:
area of the girder — and irs shear strength — by 125
PSF times 1.125 equals 195.4 PSF, so we're good again. If you know: x by: To Find:
ontal shear at least 10 percent greater than the g5 psi for 25.4 millimeters
n Structural). Any wood with an (F,) of ar least 1o5 psi 2.54 centimeters

0.3048 meters

0.9144 INCIers

che b’!ﬁnw inches (8.75"). This yields 185.3 PSF, which i 1.609 kilometers

these calculations. Just work to the numbers. Fluid ounces 28.4 millilivers
Gallons 4.546 liters

Ounces 28.350 grams
ou could always decrease the load by about 12 PSE Pounds 0.4536  kilograms
or crushed stone. s this cheating? In point of Shorttons  o.9072  metric tons
really abour 8.5 inches roral, not 10 inches, 50 0.4057  hectares
enough o maintain our living roof: i 6.452 square centimeters
! 0.836 square meters
weakens the plan unacceptably in rerms of i 0.765
c the ends to 218 S it decreases over 8¢ 2590
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All vou need to create beauriful buildings from sawmil left-overs

— or even driftwood!
Cordwood Building: The State of the Are
Rob Roy

Cordwood masonry is an ancient building technique whereby
walls are constructed from “log ends” laid transversely in the wall

It is easy, economical, esthetically striking -efficient, angd

environmentally-sound. Cordwood Building collects the wisdom of

over 25 of the world's best practitioners, detailing the long histary
ol the method, and demonstrating how to build a cordwood home using the latest and most up-to-date
wechniques, with a special focus on building code issues.

A manual for all withour traditional skills who want to build wit

timber framing

Timber Framing for the Rest of Us
A Gude w (,':mfmtpomr_'r Post and Beam Construction

Rob Roy

Timbe Fnaming for the Rest of Us describes the timber framing methods
used by most contractors, farmers, and owner-builders, methods that

everything an owner-builder needs o know about building strong and

: timber framing  « crycial design and structural considerations
ncluding differen * foundations, roofs, and in-filling considerations
* the common fasteners.
Project from start to finish completes this practical e
appendix of span wables and a bibliography.

ABOUT THE AuTHOR

Uternatrve building

Snce 1978,

.md

ucator

| masonry earth-

ne circles

and

published videos, also for owner-builders. With
his wife Jaki, Rob starred Earthwood Building
School in 1981. The couple teaches their budding
techniques all over the world, bur their home is at
Earthwood in West Chazy, New York. To lam
more abour Earthwood, visit them online a1

<www.cordwoodmasonry.coms.
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excavation, lootings, lloor
waterproofing, insulation ;
methods appropriate for the inexperienced ow
panicular focus and include
« pouring one’s own footings and/or floor
» the use of dry-stacked (surface-bonded)

concrete block walls

post-and-beam framing
plank-and-beam roofing, and

* drainage methods and self-adhesive
walerproofing membranes.

The time-tested, easy-to-learn construction techniques described in
Earth-Sheltered Houses will enable readers to embark upon their own
building projects with confidence, backed up by a comprehensive
resources section that lists all the latest products such as waterproof-
ing membranes, types of rigid insulation and dralnage products thal
will protect the building against water damage and heat loss.

ROB ROY, a former contractor, has twelve
Including Cordwood Building and Timber Framing for the Rest of Us. An expert
on underground building, he founded the Earthwood Bujldi ng School in 198
:.;:rr:: wife, Jaki, and | frequently a speaker at events throughout North

previous books o his credit,
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amprehensive, authoritative

[ n carth-sheltered home building,
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accurile and clearly presented Informa-

tion on one of the most important ways

1o build environmentally friendly. en-
ergy-clficlent homes.

Dan Chiras, author of The Solar
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owner's Guide to Renewable Energy
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