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label of ElImer’s white glue? It's the original commer-
cial milk glue. A casein binder is mildly water
repellant, but still allows moisture to transpire
through the walls, making them compatible with
earthen surfaces.

We make our own casein binders from both
fresh milk and processed, dried casein-powder (see
the Resource Guide for sources of powdered casein).
The following recipes produce the same result (for
small batches, it's cheaper to use fresh milk).

Kaki's Homemade Milk Binder

This recipe makes one-half gallon (1.9 liters) of
concentrated casein glue/binder.
15.6: We practice a fairly rustic style of plaster, using
mostly a 1/8-inch to 1/16-inch wire mesh kitchen colander  Ingredients
for screening our finish plasters. 1 gallon (3.75 liters) skim milk
« Y cup white vinegar
 Yscup borax (20 Mule Team Laundry
Ratios for clay and sand are typically 25-30 Booster)

percent clay and 70-75 percent well-graded sand. Fine-
screened wild-harvested clayey and sandy soils ardHeat the milk to about 110°-115° F (43.3°- 46.1°
our first choice for plasters, often amended wit8); a warm hot. Take care not to overheat it or you'll
clean well-graded, fine sand. The cheapest sowwgekahe casein. Add ¥-cup of vinegar. Stir gently. The
fine sand is washed mortar-sand from a developadk will begin to separate. Add the remaining %-cup
gravel yard. You can screen it further for a finer éifighegar. Stir gently. The milk protein (casein) will
or use it as is. Super-fine quartz sand can be ord@bkdip and the whey should turn into a clear yellow
at most lumberyards or pottery supply outlets, tolimadeif it doesn', just wait a little longer). When
a very smooth refined plaster. One advantage othisiagghly separated, strain the contents through a
bagged quartz sand is that the brilliance of the guiagtmmesh colander or cheesecloth. Gently rinse
sand enhances the color of a wild harvested clathe/gilebs of casein in cool water to remove the whey
a mortar sand will tend to darken or even slightlgolution. Set aside.

change the color of the naturally occurring clay. Dissolvés cup of borax into 1 quart (or liter)
) - o of very hot water until the borax crystals completely
Casein Fortified Finishes dissolve and the water clears. Mix the casein glob with

A fat plaster made with an attractive clay soil istae borax solution and whip into a creamy froth, using
beautiful finish on its own. To add further protea blender or manual or electric egg beater. Strain
tion, we may want to brush on a coat or two of dtateaasein/borax mix through a wire strainer into a
caseimilk glue. Casein is derived from milk protdincket. Add one quart (or liter) of water to bring the
It forms the basis of a natural non-toxic binder tiadtole mix up to one-half gallon (or about 2 liters) and
can be used as glue, a clear sealer, milk paint, astirati@oughly. You now have about one-half gallon of
binder in fine-finish earthen plasters. Have you efidirstrength casein binder.

noticed the symbol of the Borden's milk cow on the
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Variations Clear Casein Sealer

Casein binder can also be made from fresh milkQasiem can be used to provide additional moisture
less vinegar than the above recipe, but it will takgrotection over an earthen plaster. Dilute half a gallon
longer. Set a gallon of skim milk in a warm placepircasein binder with another half-gallon of water,
bowl. Add a tablespoon of lemon juice, vinegarbringing the total volume up to one gallon. The binder
soured milk, or yogurt. Allow this to curdle — ineeds to be diluted to a consistency that will be thin
can take a day or two to separate. Strain it threemghugh, when brushed onto the wall, to soak in and
a colander or cheesecloth. Since this is how painy without leaving a visibly shiny surface. Do small
cheese is made in India, at this point you can eitiest patches on your wall or, preferably, a sample board,
it or follow the previous recipe to make casein btod#termine whether more water will need to be
added. In some cases, a full gallon (or more) of water
Casein Binder Made from Powdered Casein  may need to be added to achieve the desired results.
Mix together thoroughly: dup of dry casein powder _
with¥:cup dry, screened Borax. Whisk ingredienfslear Stains
into half a gallon (1.9 liters) of water (you don't n&ethé casein sealer, earthen and mineral oxide pig-
blender for this!). Allow 1 to 2 hours for this mix taents can be added to tint the binder to make a clear
thicken. That's it! stain. Red iron oxide, yellow ochre, burnt umber, and
This half-gallon of casein binder can be usadtfalimarine blue are some examples. Avoid acid dyes
strength as a base for making milk paint, or diluisithey will curdle milk paint.
further to use as a clear sealer or as a binder for a fine
finish plaster over walls or an earthen floor. ~ Milk Paint
This recipe will make one gallon of a basic-white
opaque paint. Have all ingredients at room temperature.

% gallon (1.9 liters) of full strength casein
binder

 10-15 cups white kaolin clay

 10-15 cups whiting (calcium carbonate,
limestone powder)

1% cups titanium dioxide (white
pigment)

Alternate, adding one cup at a time of the kaolin
and the whiting, while whisking thoroughly until the
consistency of rich cream. Mix the titanium dioxide
with enough water to make a creamy toothpaste con-
sistency. Whisk this titanium dioxide mixture into the
creamy mix of binder, kaolin, and whiting. If the milk

15.7: Milk paint will dry eight to ten shades lighter than it
appears when wet. Milk paint can be applied with a brush
or roller, just like commercial paints.
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paint thins down, add more kaolin. Do some paimgluey. What we like about them is that they add

tests to dial in the correct consistency. It should beength and a degree of water resistance without

thick enough that it doesn't drip off the brush, bugltering the subtle colors of the wild clays. Flour paste

thin enough to spread easily. tends to darken the plaster and may even alter the

This recipe will make a brilliant, white,  color, which may or may not be desirable.

opaque paint. To make a warm eggshell cream _

color, add one level tablespoon of yellow ochr¥M@ter-Resistant Earthen Countertops

the titanium dioxide powder. Adding one-quarté‘tnd Bathing Areas

cup of the yellow ochre will make a color like frégihnot Minkearth Construction Hariditsoekam-

churned butter. Kaolin, whiting, and titanium ples of bathroom sinks and bathing areas sculpted out

dioxide can be found at pottery supply storesof “loam stabilized with casein” and sealed with linseed

They are usually available in 25- and 50-pounail. As of this writing, these earthen bath fixtures

(11.1 and 22.2 kg) bags, or in smaller quantitidsave been in use for eight years. Casein-stabilized
earth plaster can also be spread to make water resistant

Milk Paint Application countertops and interior windowsills, and sealed with

Wet milk paint appears transparent when first appligitble coats of hot linseed oil and a few coats of a

to a surface, yet will dry to a solid opaque. Sometahes) oil base floor sealer, as described in Chapter 16.

even over dark brown earth, one coat is enough, but

usually two coats are better. Always apply milk &“ﬁt

at room temperature, as cold temperatures will thife learned from Carole Crews how to make a

it considerably. Refrigerate any unused portion. Blautiful alis stabilized with cooked flour paste and

paint will keep for about two weeks in a good, calbre-bought kaolin clay and pigments. The same

fridge. When ready to use, allow it to come up tecipe can substitute finely screened wild harvested

room temperature. Coverage varies depending ciayval well, but the flour paste tends to darken the

surface but, on average, one gallon (3.75 liters) avritjinal color. For those with limited access to wild

cover about 150-200 square feet (14.5-19.3 s@lays or color selection, we offer a basic alis recipe, and

meters) on a smooth porous surface (Fig. 15.7)contact sources for more in-depth finish techniques,
from Carole and other énbarradoras.

Casein Binder Stabilized Finish Plaster

We live in the Painted Desert surrounded by a ralitfgiRe for Flour Paste Alis

pallet of wild colorful earth. So, naturally we take Fill a 5-gallon (18.75 liter) bucket with 3 gallons

advantage of what nature has to offer and collec{bu5 liters) of water and 2 quarts (1.9 liters) of

own plaster soils. These colorful clay soils are scaekestiflour paste. Add equal parts of white kaolin

through one-sixteenth to one-eighth- inch (0.15-@8wdered-clay and fine 70 grit silica sand or other

cm) kitchen colander screens into buckets. We thweashed, fine sand (Carole likes to add a portion of fine

mix the screened clays with screened, washed nmoitarwith the sand for a sparkly finish). Whisk the

sand (or quartz sand) at a 1:3 clay to sand ratio.mixture into a smooth, creamy consistency. To help

Dilute the concentrated casein binder to brikgep the clay in suspension, add a tablespoon of

up to a full gallon. This is the strength we usuallpadiem silicate (a clear syrup that potters use to keep

to mix with the clay and sand. The consistency ibdimelay slips evenly suspended). Add any premixed

enough to sit on a trowel, yet still easy to spreadcoltripigments. Do test samples. The consistency

plaster mix makes a fine finish coat on floors, toghould be thick enough to spread with a paintbrush

Casein-stabilized plasters are very sticky — almostoller, without dripping.
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The wall surface should have a suede-like poaugver a wainscot, like we did for the public visitor
surface to provide a good key in for the alis. It slmoafd at the BLM ranger station at Sand Island.
also be dry and dust free. As with all paints andFuléew the same directions outlined in Chapter 16.
ters, applying them from the top down keeps you froifSome folks seal whole walls with linseed oil to
dripping on your finished wall surface. If two coateantain the wet look of the earth when it was first
necessary, allow the first one to completely dry tegdpled. In any case, a single coat of piping hot, boiled
applying the second. linseed oil can be used as a sealer/stabilizer over a fat
When the final coat is still leather-hard, it caplaster to inhibit mold and add extra resilience. Do
be hard-troweled with a flexible stainless-steel trsaveple tests!
or, using small circular motions, a plastic lid from a
yogurt container, as Carole Crews does. It takes @YUM
practice to master the yogurt lid technique (we'r€&ypsum can be applied directly over an earthen
still trying to master it!), but give it a try. It is a leggdaster. We rarely use gypsum, so whatever we say
expensive alternative to flexible stainless-steel tadveglsit would be secondhand at best. Therefore,
Another finishing technique is to “soft spongee recommend readihg Natural Plaster Bpok,
the surface with a big, moist cellulose sponge, uSiedar Rose Guelberth and Dan Chiras, or checking
circular motions to take out any brush strokes. Haariocal library or the Internet for books by gypsum
also best done while the last coat of alis is still stigfitspeople. Remember — gypsum, like cement, is
green but firm. Always pick a small unobtrusive éirea sensitive, so its workability is limited to its set
to test for readiness before going whole hog on time, unlike earth that can be worked at your leisure.
entire wall. A coat or two of clear casein sealer can

also further protect an alis finish. Lime Finishes
- o (See Chapter 14 for a more in-depth discussion on
Flour-Paste Fortified Finish Plaster lime).

A similar recipe to the above-mentioned alis can beWe mostly use lime for exterior plaster, but there
used to make a fine plaster as well. Simply bunpngpreason not to use it inside as well. As lime is a
the ratio of the sand to 22 or 3 parts. Use a wedltural deterrent to mold, we may decide to apply a
graded finely-screened washed mortar-sand. Othin coat of limewater or lime wash over the surface of
consider using a variety of different sized quarta fat plaster before proceeding with a fine finish

sand, like 30, 50, and 70 grit sand. Mix the congsasthen plaster.

tency to a trowelable stiffness. Pre-moisten the wallTake care to dilute the lime wash enough so that
before application. Allow the moisture to soak it seaks into the surface of the plaster and gets a good
apply the plaster by hand and then trowel, or tosend. Many thin coats are better than one or two

it on the wall with the trowel. Keep both your thick ones; otherwise the wash may curl away from the
application hand and the trowel wet and slippemyall (a condition known as “potato-chipping”). Mixing
to encourage the mud to stick to the wall rathera percentage of casein binder into the lime wash will

than your hands and tools. keep it from dusting off. A half-gallon of concentrated
casein binder mixed with one-half gallon (1.9 liters) of
Sealers water can be used to dilute the lime putty, instead of

Linseed oil and BioShield’s natural resin floor finigter.

are about the only heavy-duty sealers we use over aLime plaster can also be used inside over a coarse
poured adobe countertop stabilized with casein,a@atehen substrate and hard-troweled to a satin finish.
rior windowsills or floors, or as a washable proteBiyments to add for color must be alkaline-stable, like
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those used for staining cement/concrete, such atomeke a paint, and applying them to a still green,

oxides and mineral pigments. "fresh” lime plaster. The pigment is literally sucked
into the plaster by the carbonization process, causing
Fresco the pigment to permanently bond with the plaster.

For indoor walls, lime plaster can be a canvas fdvlichsetangelo, look out!
by applying pure pigments mixed with enough water



CHAPTER 16

Floors

dobe floors are a natural extension of ea

walls. Poured adobe or rammed earth floc
offer a warm ambience and a resilient surface tt
be polished to a glossy luster. The ease of work
finished beauty make them a natural for the first
builder.

When we speak of floors in building terms,
usually think of a poured concrete pad, wood ple
or sheathing over wooden joists. However, once
have worked with a natural earth floor, you'll nev
back. An earthbag building can accommodate &
type of floor system, but our focus will be on ear
floors.

Earthen floors, whether poured adobe, ramr
earth, or stone and mud mortar, are all built up fi
layers beginning with a capillary break, followed
insulating layer, and ending up with a finish surf:
(Fig. 16.1).

There are infinite ways of finishing a pourec
adobe floor. What we present in the following ps
merely one variation. Let's start from the bottom
work our way up through each layer (Fig. 16.2).

16.1: The beautifully finished patina of this earthen floor
enhances the straw bale home of Kalen Jones and Susie
Harrington in Moab, Utah.

197
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smooth finished coaPub-Floor: A Capillary Break

poureo'|1 ad_obe / CObJust as the walls and roof protect the interior of a
3/4 - 1" diameter . o . .
pumice building and its inhabitants from the vagaries of the

weather, so a floor protbetduilding and occupants

from the whims of the exposed earth. One of the
super fine color Coatbiggest_ravagers of an earthen floor is moisture rising
semi smoot abdobeup into it. This movement of water upwards through
straw rich adobe . . . ;

_ a porous surface is called capillary action. To avoid

gravel capillary bregka capillary break is installed between the earth and

the finish floor. Gravel is the simplest and yet most

effective capillary break.

fine finish Rake and tamp the excavated floor as level as
ﬁdio am possible. We use our hand tampers, but a large space
g?ave?capillary break can be tamped most quickly with an electric com-
pactor, like the kind used for the bed of a sidewalk.
16.2: Three ways of insulating an adobe floor. Though it's not imperative to make it level, it is easier
to make the succeeding layers level if we start from
level.

We then spread washed, three-quarter-inch
(1.875 cm) gravel at least four inches (10 cm) deep.
Large-pore spaces, like the air spaces in gravel, prevent
the water from migrating upwards. Instead, gravity
takes over, keeping the water from climbing up. The
gravel is our precaution against moisture wicking up
from the ground (Fig. 16.3).

Mid-Layer: The Comfort Zone

For a non-insulated earthen floor, we could proceed to
pour our adobe right on top of the gravel. Keep in
mind that the earth below frost level maintains a fairly
constant temperature of 52-58° F (11-14° C). This
can make for a comfortable floor in the hotter summer
months, but in the colder winter months, can result in
a floor that is uncomfortably cold. For this reason, it's
to our best advantage to insulate against this cold
seeping through the floor.
For a low-tech insulated floor, we mix a high
ratio of straw to clay adobe. In order to prevent the
adobe from penetrating too deeply into our gravel
base, we first spread a two-inch (5 cm) layer of loose,
clean, dry straw (Fig. 16.4).
16.3: Rake this gravel out level and the lowest layer of your In general, a mix that contains 25 to 35 percent
earthen floor is done. clay-rich soil, and 65 to 75 percent sandy/gravelly soil,



like reject sand or road base, is combined with as
long straw as the mix will accommodate and still 1
fairly stiff, but not dry. This is often an occasion fo
mud-mixing party, with much stomping and thrash
about (Fig. 16.5).

This straw-rich base layer goes on about four
six inches (10-15 cm) thick, depending on your ste

Screed or trowel this layer as level as possit
One way to help maintain a level surface is to t
stringlines or partition the floor into sections with
boards that delineate the height of your pour (Fig
16.6).

Leave the surface textured to provide a keyi
the next layer. Though it seems obvious, it bears
reminding to work your way towards a door, rathe
than trapping yourself up against a wall, with no v
out except across the floor you have worked so t
level.

16.4: The loose straw soaks up any extra moisture from the
adobe and provides that much more insulation.
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16.5: Mixing a straw-rich adobe insulative layer can be
likened to shampooing a big shaggy dog.

16.6: When one section is poured and leveled, the
boards are moved and the adobe poured into the new
section. Continue this method until the pour is complete.
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Final Layer — The Beauty Coat

After thorough curing of the insulative layer, a finish
layer can be poured. This layer is a fine mix of
screened earth with about 25 percent clay-rich soll
and 75 percent sandy soil passed through a one-
quarter-inch (0.625 cm) screen. Chopped straw can be
added to this mix if desired, but the straw should not
exceed 1%z inches (3.75cm) in length. This mix feels
best when it is moderately firm, yet still easy to spread.
Adjust the mix by experimenting with the ratios until
the test patch dries without cracking. Spread this coat
about three-quarters to one-inch (1.875-2.5 cm) thick.
16.7: Finish floor troweling tip: A padded kneeling board ~ Before applying each layer of adobe, pre-moisten the
protects both the floor and your knees. Supporting your sub-layer with water. Allow it to soak in, and then
weight on a wood-float frees your other hand to trowel you're ready to spread the next layer. The moisture
with just the right amount of pressure. helps reactivate the clay to provide a good bond
between the two layers.
This high-straw pour will take days to dry in  Any fine cracks that do develop can be filled with
hot, dry weather and longer in a more humid cliradteer mix of screened earth up to one-sixteenth to
It could take weeks in rainy or cold weather. In tlige-eighth inch (0.15-0.3 cm) thick. The size of the
case, to inhibit mold add a cup of Borax to everysand dictates the thickness of your final finish. You
wheelbarrow load (see more on this natural moldan go on forever applying even finer layers (Fig. 16.7).
inhibitor in Chapter 15, under “Additives”). We use a You can omit the straw in this final coat or add a
cement mixer for all our earthen plasters, cob mie@shandfuls of fine-chopped quarter-inch (0.625 cm)
and floor pours. Cement mixers are cheaper andoagsstraw. This is all personal preference; a®to how
to come by than mortar mixers. A cement mixer want your finish coat to appear. Pigment can be added
also handle coarser material, like gravel and longpstraNayer to create a distinctive color or pattern.
Once the straw/clay base is dry, it should sound _ _
hollow when you knock on it. If it doesn't, it may N##d-Mortared Stone or Saltillo Tile
be dry all the way through, or the ratio of mud to(Fig. 16.8)
straw could have been a little off. A hollow soundf ywli- want to have stone or tile as part of a finish
cates lots of air spaces, meaning an insulative sueeessroceed as explained for the initial two layers:
It's imperative that this insulative layer is completbly gravel followed by the insulative layer. When that
dry before continuing on to a finish. Complete drygngompletely dry, mix up a batch similar to the
allows time for any shrinkage that might occur. Glasg&sbed final layer. Rather than spreading and level-
may occur during this drying process, but the nend it, plop it into place where you want the stone or
layer will fill those cracks in, and the small cradie to go. Work the stone or tile into the mud mix
provide a key-in for the final coat. If the insulatise that it remains at least a quarter-inch (0.625 cm)
layer is not dry before you apply the final coat, abavksthe level of the mud mortar. Level the stone and
can occur that travel up into and through the firttetn plop on more mortar and your next stone. Level
coat. So let it dry completely to save you from exlia stone or tile with the last one, and continue as
work and unnecessary frustration. above. Sometimes the use of a rubber mallet helps
persuade a stone to settle into the mud mortar better.
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As you get further from your original stone or tile ~
becomes necessary to level the succeeding one
directions to obtain a level surface. Once all of y
stone and/or tile is set in place and level, allow
dry completely before continuing to the next pha
the grout.

Grout

Earthen grout is like-commercial grout used for ¢
ventional tile work. It fills in the spaces between 1
tiles or stones creating a level surface. The adva
of earthen grout is that it is much less expensi
and contains none of the harsh chemical additive
found in commercially manufactured grouts.

Begin with the mix outlined above for a finis
layer. Use a mix that contains about 25 percent ¢
rich soil and 75 percent fine-screened sandy soil
smaller the screen the better, and try not to exce
one-eighth-inch (0.3 cm). No straw is added to tr
mix. It should be softer than that mixed for the m
to set the stone. It should be smooth enough to v
into the joints between the tile and stone, but not
loose as to be runny. Using a sponge float or dar
cellulose sponge, work the filled joints with a circ
motion. This helps force the grout into the joints
drives out any air pockets. Add more grout to an
that is lower than the set stone/tile. We are trying
achieve a level surface, so a lot of very fine mate
be floated onto the surface of the stones. Thisis
problem as the stone/tile can be easily cleanediwvithviud-mortared flagstone and antique Malibu tiles
a damp rag later. To create a water resistant grgute the floor of the Honey House dome.
instead of adding water to your dry grout mix, try
using a casein binder as your wetting agent.

_ . What impressed us was how well the casein-sta-
Casein-Stabilized Earthen Grout bilized grout resisted water penetration, even after
We used a red clay/washed sand casein-binder gty overnight. We bailed and sponged out the water
mix to fill the voids between the randomly set tilesnanidund the grout was a little soft for the first eighth
stone in the floor of the Honey House dome. Thef an inch (0.3 cm) or so, but underneath was solid. If
morning we entered the dome to seal the floor withtfot the casein, the water would have soaked right
linseed oil, we were shocked to discover seven ittutwegh into our straw/clay insulated sub-floor.

(17.5 cm) of red, muddy water floating in it. There hadA full recipe for making casein binder for a vari-
been a flash flood the night before that had travedég of applications can be found in Chapter 15 under
across our property and poured into the dome. the sub-section entitled “Additives”.
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Sealing An Earthen Floor coat should go on the opposite of what we described
Since floors receive a lot of heavy traffic, an eartiadove. The first coat is cut 25 percent thinner to 75
floor will wear down over time and make a lot of peistent oil, and each successive coat receives more
unless it is sealed. Our choice is the non-toxic natitma$ thinner until the final coat is at least 75 percent
route that will enhance the beauty of the earth wtii@ner to 25 percent oil. Bill and Athena Steen create
providing a level of hardened protection. The mdseautiful straw bale structures with earthen floors.
commonly used sealer on an earthen floor is linsBeelydibo suggest starting thick and finishing thin,
Properly applied, linseed oil can add not only a degeeehough they live in the arid Southwest. An
of hardness, but also provide water resistance, adtemative is to use a third method that works well
an earthen floor to be washed. The trick in putting both arid and humid environments.
linseed oil on an earthen surface is in the applicationRather than adding a percentage of thinner, we
The more deeply linseed oil penetrates the heat the oil in a double boiler. This naturally thins the
earthen surface, the better protection it providesoils, which allows it to penetrate into the earthen floor.
There are two ways to accomplish deep penetratirat we have found is that even by the third or fourth
One way is to cut the linseed oil with a proporticapepfication, the warmed oil is still penetrating. Often
thinner. We prefer to use a citrus rather than a peifto<itrus thinned olil, the third coat begins to set
leum-based thinner due to the hazards associated the surface in places without penetrating further,
with petroleum products, particularly in an encloseaving a tacky residue. This doesn't happen as quickly
environment. Even with a citrus thinner, allow fowith the heated oil. As the citrus thinner is quite
plenty of ventilation while it dries. strong, this warm oil application is friendlier to work
Linseed oil will considerably darken the colavithf and seems to dry quicker with less smell.
the dry earth it is applied to. It will also change the No matter which way the oil is put onto the floor,
color somewhat — reds will turn dark brown, etcit is applied in the same manner. We use a large, soft
To try and maintain as much of the original colopamtbrush to apply the oil, spreading it evenly and
possible we mix our final troweled-on finish plasteorking it into the earthen surface. After two or three
coat with casein binder. The casein binder seentgdts, the earthen floor takes on a degree of hardness
add a level of color protection while still allowingaihe water resistance, but just a degree. We could stop
oil sealer to penetrate. To be certain, try out a tesére and simply perform periodic maintenance on the
patch in a discrete location to see what works bésbr by applying extra coats each year or as needed.
Typically, an earthen floor receives at least tBtggas mentioned earlier, sometimes some of the
coats of oil. This allows for deep penetration int@ilrgts on top and remains tacky. To alleviate this
earthen surface. There are two schools of thougimareate a hard, cleanable, and (if desired) waxable
how the oil and thinner should be mixed and applieidce, we like to add one more step.
One way is to go from thinner to thicker. That is to This final step involves applying a natural sealer
say, the first coat should be about 75 percent citoyer the oiled floor. We use a natural oil-based floor
thinner and 25percent linseed oil. The second cdiatish that is designed for wood, but works equally
goes on at 50:50 and the third coat is 25 percenwéiliron earthen surfaces. This floor finish is called
ner to 75 percent oil. Any further coats are cut eNetural Resin Floor Finish and is made by Bio-Shield
more. Let each coat dry completely before applyifaints (see the Resource Guide under “Bulk Oxide
the next. This takes anywhere from 24 to 48 houPggments”). Two to three coats of this finish set up
depending on the relative humidity. hard enough to be washed and even waxed. Two coats
Frank Meyer creates tamped earth floors inhave lasted on our Honey House earth and stone floor
Texas. He claims that because of the humidity, tfar gédars without any further maintenance.
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As with applying oil or a thinner/oil combo, A properly constructed and finished earthen
allow each coat to dry completely before continuilogr is unequaled in beauty and comfort. Start small
with any successive coats. This can take as littlad work your way up to larger projects. When
24 hours per coat if the weather is warm and drganeone comments on the beauty and practicality
as much as 48 hours between coats in damp orafofdur earthen floor, the time that went into
weather. It is better to wait a little longer to makepseparing it seems insignificant. The materials for
the preceding coat is completely dry before continakigg an earthen floor are often site-available and
For best results this hard finish coat should be aggietb acquire, with a bit of effort on your part. Your
by brush, working the sealer in all directions arehdeavor will be rewarded with the knowledge that
applying it thinly. This sealer works equally weljou created something of beauty with your own hands
on earth, stone, and wood. Although pricey, its that is comfortable and kind to our environment.
compatibility, ease of working with, and beautiful
final result are well worth the expense.






CHAPTER 17

Designing for Your Climate

atural interior climate control of a building is an The boolAlternative Construbgidrynne
N art and a science that takes in a variety of ddiigieth and Cassandra Adams, offers case scenarios
considerations. What we offer is basic common $ensi different climate zones and which hybrid
examples that are simple, affordable, and low-teclombinations of mass and insulation suit each climate.
We suggest taking a class in permaculture for sifnaggpert can customize the appropriate proportion
passive solar orientation for your locale. of insulation to mass, but by looking at nature and the

17.1: Shade is a priority in a hot, sunny locale, and
extends the living space outdoors.
205
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dwellings devised by indigenous people, we canngetior temperature. The key word hidtke is
a feel for what design features we too would fiBdterior temperatures penetrate an earthen wall to a

comfortable.

depth of 12 inches (30 cm) before the momentum of

Let’s look at designtsyies for cooling, warm+he external temperature is dissipated. When simply
ing, and keeping an earthbag home, dry, that camdbgng on mass alone to moderate internal tempera-

adapted to suit a range of climates.
Strategies for Keeping Cool

Wall Mass

tures, consider using the wider 18-20-inch (45-50 cm)
100-Ib. bags, or two rows of 12-inch (30 cm) tubes
side-by-side, etc.

Daily Flywheel Regulation

In the desert, where cooling is a priority, thick eaBhemmertime in the high desert, where days are hot
walls do an excellent job of maintaining a pleasamd nights are cool, we open all the windows and

17.2: Lime whitewashed walls reflect the sun's intensity

in sunny climates.

P

predominant
breeze captured by
windtower

.} fountain or pool

17.3: Wind-catchers.

doors before we go to bed to invite the cool air

inside. In the morning, we close the building back

up. The cool air captured by the internal mass is
slowly released into the living space during the day.
By evening, the warmth of the day catches up. Soon,
the outside air has started to cool off again and we let
it back in. This is a simplified example of a 24-hour
flywheel effect.

Shade

Long overhangs shield the walls from direct sun.
Wrap-around porches, trellises, vines, and trees help
to keep the walls from heating up (Fig. 17.1).

Exterior Color

The exterior color of the walls (or the roof of a
dome) significantly affects the surface temperature of
a building. The darker the color, the more heat is
absorbed, whereas a lighter color reflects the heat.
A white-washed surface reflects upwards of 70
percent of the sun's radiation. This is why people
engage in the yearly application of lime wash in
many sun-baked Mediterranean countries, like
southern Italy and Greece (Fig. 17.2).

Ventilation

In the Middle East, tall chimney-like structures called
wind catchers orwind scoops are used to catch the pre-
dominant breeze and funnel it down into the living
space, often passing it through a small fountain or
pool to pre-moisten the air (Fig. 17.3).
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Wind catchers are the original passive cooling
STRATEGIES FOR systems that have been at work for centuries —
KEEPING COOL before the introduction of mechanized evaporative
coolers and air conditioning.
Some strategies for keeping cool

el Living Roofs
If enough water is available, living roofs are one of
= Sufficient wall thickness the best roof coverings for keeping the most exposed
« Wall shading: deep overhangs and surface of a building cool. Tall grasses, succulents, or
porches cactus plants provide shade and moisture over one’s
= Greenery: trees, trellises, vines head.

e Living or thickly insulated roof

« Ventilation: wind catchers

< Light colors for exterior wall and
roof surfaces

« Regulation of daily flywheel
= Berming, burying, or digging in STRATEGIES FOR

e Exterior insulation KEEPING DRY

* Window shades
= Big overhangs
e Tall stem walls

“A good hat and tall boots keep an earth-
bag home dry and healthy.”
— Mr. Natural

17.4: Long overhangs, porch roofs and tall stem
walls keep an earthbag home dry and healthy
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Passive Solar Gain SUMMER SUN

Traditional earthen architecture limits the inv DAY,
of direct sun through large glass openings fo
of reasons. First, earthen buildings rely on su
mass to provide stability. Big windows mean
mass. Second, glass is a relatively recent ir
compared to the thousands of years dirt archif
has been around. Sk
Earthen walls act as a buffer from the as N7/
the sun in summer, and as an external heat s &, e
absorbing the low-angled sun in winter (Fig. 1 wwwsm....cosi
To get the benefit of modern day passive s~'~~
design, while making the best use of an earthe 17.5: Angle of exposure for summer sun and winter sun.
structure's mass, add a wraparound sunroom, (
greenhouse built of wood framing that can accom- An enclosed sunroom creates a buffer from the
modate a lot of glass — rather than to risk external environment. This is easy to regulate by clos-
compromising an earthen wall with a series of big it off from the rest of the house or venting it in
windows. Sun entering the glass room will heatwgymer weather. Insulated window shades keep heat
the earthen walls, which act as a thermal stora@em escaping at night. It is much easier to regulate the
bank. Later in the day, as the sun retires, the héegatsgenerated within an attached sunroom than within a
slowly re-radiated back into the living space. Coltiple house built with a lot of south facing glass.
sunny climates are prime areas for this strategy. ) ]
Cold, cloudy climates will need to supplement t{ﬂewlat'on Strategies for Earthbag Walls
heating with auxiliary systems, i.e., wood burniiigxterior insulation helps to make more efficient use
stoves, radiant floor heating, gas furnace, etc. (Bfgearthbag mass by creating an air buffer of resistance
17.6a & b). to extreme external temperature changes. Here we
offer a few techniques for attaching various insulative
materials to earthbag walls, from minimal R-values for
moderately cold climates to mega-insulation for long,
bitterly cold winters.

17.6a & b: Bermed oval-shaped vaulted
viga earthbag cottage with enclosed

wraparound sunroom and living straw

bale roof.
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Rigid Foam

Rigid foam can be screwed into a quality ramme /4-D bit
earth soil. What bugs us about rigid foam is that i 6 apadrj[ in
it's foam, and second, itrdobseathe. For below every direction

ground applications we don't expect the walls AR e
breathe, but for above ground walls, it seems sill £=—_= -
to build these lovely, natural earthen walls and tl
suffocate them in plastic. If rigid foam seems es:
consider drilling the foam full of one-quarter-inct
cm) holes, spaced six inches apart in every dire
Then attach it to the earthbag structure, using lo
screws that penetrate at least two inches (5 cm)
the earthen fill (Fig. 17.7).

Chicken wire will also need to go over the
foam to provide a key-in for plaster. Screwing it
the walls risks fracturing the compacted earth,
and so much screwing around compromises F(
principles.

Perhaps there is an alternative, natural, brefasten foam with galvanized deck screws 2" - 25" deep
able straw board version of rigid foam we just dc
know about — one that offers adequate insulaticUse plastic roofing-washers or wind locks over screws

is flexible enough to contour to earthbags. Any ifor the most secure connection

- snap lines along face

o
~ SN\ offoam to locate
9’ -

crown of bags

Spray-on Paper Adobe 17.7: Prepping and attaching rigid foam

An alternative approach is a spray-on applicatiolinsulation onto an earthbag wall.
paper adobe, or lime-stabilized paper adobe, dir
over the exterior walls. Waste paper in the US te
up the largest volume of space in our landfills. C
local Utah State Job Service office generates se.. _. _.
huge garbage bags full of shredded paper each%‘ém
Here’s a tip for scavengers without recycling protjrigoudive where either pumice or scoria is available,
in their area: throw all those damn slick color  building the walls with up to 50 percent of either of
catalogues into the mixer with some clay and sahése, with the balance of the mix compactable dirt,
and spray them on the walls nice and thick (2-3 mapesld a degree of insulation. We've made both
[5-7.5 cm]). Seal it with a lime plaster. rammed-earth pumice bags and slurried

Some pioneers claim to be getting an R-valadatfe/pumice bags%@:&0 ratio of binder to
3.5 per inch (2.5 cm) of papercrete block. Therepanamice (see “Insulated Earthbag Foundations/Stem
several pioneers experimenting in the field of peglés™in Chapter 4). These bags could just as easily
crete and paper adobe slurries producing strondpe used to build whole walls, as they are still solid and
lightweight, insulative blocks, panels, and plasterstrong, but weigh only 60 pounds (27.2 kg) as com-
(Please consult the Resource Guide for more infigred to the usual 90-100 pound bag (41-45 kg).

ice/Scoria Earthbag Walls



210 EARTHBAG BUILDING

Mega-Mass Meets Mega-Insulation:

Earthbag/Straw bale Hybrid Wall

Straw bales offer excellent R-values: 35-45 depe

on size, compaction, and who you are asking. Tr

also easy to attach to an earthbag wall. The fol

are some illustrated examples of configuration: b=} 2"

straw bales married to earthbags (Fig. 17.9). H/_"J
Considering two- to three-foot (0.6-0.9 m) tt 20"

walls are common for traditional earthen structure

throughout the world, adding straw bales to the o=~

of an earthbag wall would seem sensible. We ca17.9: Alternate configurations of earthbags and straw bales

advantage of the benefits of the earth's mass (U used to achieve mass and insulation.

value) and the straw bale's insulation (R-value

build a home that will be effortless to heat and ¢

using two low-tech systems together (Fig. 17.10

g

earthbags or tubes with 7 bamboo poles
extra long tie wires twisted ~ 7% secured to extra
around barbed wire 233~ 5:F - long tie wires
TS ElE AR 28 straw bales

5:.‘-:-_‘, H :j’l‘l

I, 3 ";{(P

e _,j'," baar

f:,' _j: ”.;:" grade

RIS Pt

RN

STV LS . 1)

— l-metal (clipped © acco-

adobe floor modate curved wall)

—rigid foam

flashing or ..

gravel filled hags
gravel trench

17.10: Earthbag wall with straw bale wrap.
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Interior Earthbag Walls
with Exterior Strawbale Walls

Another hybrid version is to split up the mass ai
insulation by using the earthbag walls as interio
tion walls and the strawbales as exterior insulat
buffer walls (Fig. 17.11 a & b).

17.11a (right): 1 1/2 story earthbag interior structure
enclosed with exterior insulated straw bale walls.

17.11b (below): This drawing depicts design strategies for
using multiple materials; earthbags as interior walls for
absorbing warmth from an attached sun room and straw
bales as exterior insulating walls.

] . | I 11 ' o -

CONERED PoRrod OR. SHADY TREWLS

at

smgWBALE‘ wWALL
%M.le./—_ \m.:_%ﬁg%

[dp]

[ ]

EARTHBAG-WALL W ARCHED
UINDOWS FACING-INTO.. .

[ WoonTRAME SUNRoOM /)

SO | GRS I SR S N |
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Straw bale Walls with Earthbag Foundations

Advantages of Bermed and Buried

Earthbags can be used to build foundations for st&#ctures
bale walls. Extra care should be taken to prevedme of the big advantages of using earthbags is that it
moisture wicking up into the bales (Fig. 17.12 &s a simple, inexpensive, low impact wall system for

17.13).

rebar (2 per bale) driven
@ through straw bale 15" deep
/ into earthbags below

plaster over straw bale

100 Ib. raw earthbag. g':- ]
= J-metal weep screed or 1"
diameter hose secured to

tie wires
.mortared brick veneer
7 Gral go;  Stemwall
ETRaR
Y/ E”'no; & 0: >a} 3/ packed gravel rubble
gravel capillary break  pe ot a2 o A igtrench to depth of frost
sub floor 1Bl 0 g line

DB 25522058

17.12: Grade level earthbag foundation for non-load bear-

ing straw bale walls.

17.13: Insulated below grade level earthbag foundation
for straw bale walls.

two rods rebar per bale, 5

driven into earthbags 15" ™=
(leep

straw bale

all “raw” ], «—plaster down to J-metal
earthbags —sx : sloping rock veneer
a d€5o
poured adobe over 3/4” R
pumice or gravel H20 proof sheeting

rigid foam

.' back filled gravel
22, trench with drain pipe

%y forhigh rain fall areas

building below the grouv@ often hear rabid
insulation enthusiasts declare earthen architecture
inappropriate for cold climates due to its lack of insu-
lative characteristics. This is true if you are building a
house that sits on top of the ground fully exposed to
the elements. But like many animals that hibernate,
people in the coldest of climates did the same: snug-
gled into the earth (Fig. 17.14).

By burrowing into the earth we reduce the tem-
perature extremes tmoderatit°’- 55 (the
average temperature of the earth below frost level).
Using the earth's warmth means we can use a minimal
amount of exterior buried insulation. Even a straw
bale or wood frame structure can take advantage of a
bermed north wall or a basement built using earthbags
instead of concrete. The surrounding earth acts as a
natural temperature regulator for both cold and hot
climates. David PearsofhérNatural House Book
explains: “The soil, depending on its depth and ther-
mal properties, slows the passage of heat gained or lost
to such an extent that the heat gained in the summer
will reach the house in early winter, and the cooling
effects on the soil in winter will not flow through to
the house until early summer.”

A bermed/buried structure means less exterior
wall surface to finish, and provides easy access to the
roof. The lower profile integrates nicely into the
landscape, and any excavation work provides build-
ing material for some or all of the intended earthbag
walls, plaster, or rockwork.

Well-ventilated earthbag domes excel for subter-
ranean living due to their structural integrity, and
for food storage due to their consistent tempera-
ture. When we step down into our Honey House
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\ iy 1)/
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17.14: Four interconnected, bermed domes with buried

STRATEGIES FOR
KEEPING WARM

covered porch or trellis in hot climates. e Ample southern exposure

dome pantry flanked by retaining walls — south face
enclosed with attached sunroom in cold climates, or use as

« Ample exterior insulation

e Super-insulated roof
dome, there is a hush that follows, with an air of « Attached sunroom or greenhouse
reassurance. Of course, different people are attr. « Dark floor surfaces in sunroom
to different living environments. All we are sayinc « Insulated curtains
that earthen and, in particular, earthbag architectt = Proper length eaves for the latitude
be adapted to a cold climate, given the necessar « Dark exterior wall surfaces
tion to detail and design (Fig. 17.15). - Efficient auxiliary heating system
e Lots of close family and friends
« Big animals
e Bermed or buried floor level

wraparound porch
or enclosed sunroom






CHAPTER 18

The Code

John and Jane Doe worked hard for years to save
enough money to buy a small piece of property where
they always dreamed of living. Jane was chemically sensitive
to many of the manufactured materials that go into the
construction of new structures. For these reasons, purchasing
a pre-manufactured home to put on their property was out
of the question. Besides the toxicity of such structures, their
cost was prohibitive, and to have a contractor build a wood
frame house was beyond their financial means.

They both loved the outdoors, were unafraid of hard
work and were rather handy, too. They investigated various
forms of alternative architecture, attended a couple of natural
building workshops, and helped friends with their small
construction projects. They felt confident that if they could
discover a building method that was simple yet durable, they
had the self-assurance and just enough money to attempt a
modest-sized structure on their own.

John held down two jobs, but still found time to volun-
teer with a local recycling project where he learned the value
of reducing his needs for non-renewable commodities. Jane's
chemical sensitivity led her to investigate the timber
industry's practices. She was appalled to discover the amount
of energy, waste, and unpronounceable chemical compounds
that go into the production of wood-based materials. The
deforestation of old-growth timber in her own country and
the ever-increasing loss of equatorial and tropical rain forest
land throughout the world saddened and dismayed her. For

these reasons, they decided to build their home with the least
amount of wood possible. After investigating several types

of alternative building methods, they settled on the idea of
building with earth.

They carefully examined their property to determine
the best location for the proposed structure, paying attention
to site orientation in order to facilitate energy efficiency, good
drainage, and access, with the least amount of disturbance to
the natural lay of the land. On paper, they prepared a
basic floor plan that outlined their family's needs and was
adequately sized while remaining compact enough to be
affordable to build, heat, and cool. When they were satisfied
with their preplanning, they went to the county courthouse to
apply for a permit from the building department.

When they arrived at the building inspector's office,
he warmly greeted them and offered them seats. He listened
attentively as they explained their situation and what they
intended. When they described to him their desire to build
with earth, he nodded agreeably and directed them to some
shelves in his office lined with books containing information
on various types of building methods and mediums.

Knowing that John and Jane were particularly inter-
ested in earthen construction, he directed them toward the
part of his library concerned with earth building. He showed
them different earth building techniques that were particularly
suited to the climate and soil type most commonly encountered
in their area. He was able to show them the advantages and

215
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disadvantages of various kinds of earth construction, particu-
larly in terms of what they could most reasonably afford and
accomplish themselves.

When they showed him their simple floor plan, he
patiently explained to them some common pitfalls first-time
builders may encounter and how to best avoid or alleviate
them. Understanding their financial situation, he encour-
aged them to think about building something smaller and
simpler, while planning for possibly adding on later as
the need arose and finances allowed. His enthusiasm and
willingness to share his accumulated knowledge left the Does
feeling inspired and encouraged.

As he walked them to his office door he assured them
that he would be available to them if they needed advice or
questions answered. “After all,” he amiably quipped, “I am
a civil servant entrusted with the responsibility to protect your
public health and safety.”

The preceding story is interesting in that it is both
factual and fantastical. All too many people are
familiar with the beginning of the story. Thousands
of people in this country, not to mention millions
throughout the world, suffer from the buildup of
toxins in the environment and the inability to afford
their own home.

The exponential degradation of our environment
and the increasing disparity of the haves and have-nots
is a social dilemma precipitated by the preponderance
of bureaucracies in the industrialized world. The
building codes as they exist today are an extension of
this bureaucracy; the perceived need for control of how
and what we build takes the power from the many and
transfers it to the few. This was not the original intent
of building codes. For a better understanding of what
the codes represent and how they have evolved, let's
take a brief look at their history.

The earliest known building code comes from
Babylon in the 18th century B.C. Its intention was to
protect the household from death or injury brought
about by shoddy workmanship. The code was
designed to inflict upon the builder the same fate
that the occupants suffered as a result of inadequate
building procedures. An eye for an eye was the law

of the land. In ancient Rome, building engineers were
required by law to stand beneath a completed arch as
the formwork was removed. It is not surprising that so
many Roman arches still stand today.

In 1189, London enacted a law that required
common walls between separate structures to be of
masonry construction. The purpose of this law was
to prevent the rapid spread of fire from one building
to another. The earliest enactment of codes in the
US was also related to the incidence of catastrophic
fire in urban areas. In 1630, Boston passed a law that
prohibited the construction of wooden chimneys and
thatched roofs.

As more immigrants poured into the US, over-
crowding occurred in cities along the Eastern seaboard.
This overcrowding, coupled with inadequate sanitation,
posed a health threat to the occupants of these early
tenements and the cities that hosted them. The
Tenement House Act was introduced in New York
City in 1867, to counteract the intolerable living
conditions of these structures. Among other things,
this ordinance called for one water closet (or privy) for
every 20 occupants.

It is easy to see from these early examples that
the scope and intent of building codes was to pro-
tect the occupants and general public from threats
to life and limb resulting from shoddy workmanship,
inadequate fire suppression, and pathogenic sewage
conditions. So what happened along the way to
turn these well-intentioned laws and acts into the
oppressive, inflexible rules and regulations that
restrain the rights and liberties of the very people
they were originally designed to empower?

By the beginning of the 20th century, building
regulations were applicable only in the larger cities of
the US. In 1905 the first national building code was
penned, prepared by the National Board of Fire
Underwriters, a group representing the insurance
industry. They proposed a nation-wide building ordi-
nance that would minimize their risks and cut their
financial losses. They were so successful that other
self-interest groups saw the self—serving gain of legai

control over building construction. In 1927, a group



calling themselves the International Conference of
Building Officials (ICBO) gathered in Phoenix,
Arizona, to prepare and sponsor legislative enactment
of the Uniform Building Code (UBC). Perhaps it is
only coincidental that these self-proclaimed building
officials were primarily comprised of building mate-
rial suppliers and manufacturers, labor organizers,
and other building professionals.

Professional societies, insurance underwriters,
lending institutions, trade associations, labor unions,
and contractor associations have all had a special
interest in influencing the code. The proliferation of
building regulations promoted by influential groups
largely from the private sector continued willy-nilly
until by 1968 there were nearly 5,000 different codes
in the US alone. As of this writing, the four most
commonly used codes are the National Building
Code, in the eastern US, the Uniform Building
Code in the western US, the Southern Standard
Building Code in the southern US, and the Basic
Building Code in the remaining states that even
have a code. They all contain virtually the same
information. Aside from these building codes, other
duplicative codes exist concerning electricity, elevators,
fire-prevention, plumbing, mechanical, housing and a
host of other miscellaneous codes.

As early as 1921, it was recognized by many,
including a Senate Committee on Reconstruction
and Production, that building codes contributed to
unnecessarily high construction costs. In 1970,
the Secretary of the Department of Housing and
Urban Development, George Romney, said that 80
percent of the American people could not afford to
buy code-regulated bank loan-approved contract-built
housing.

Among the plethora of guidelines, rules, laws,
ordinances and amendments written, no specific
standards exist for the use or application of alternative
materials and methods. Wood framing, concrete, and
steel are comprehensively covered in agonizing detail,
yet there is no mention of centuries-old tried and
true forms of building, like earthen arches, domes,

vaults, or even the common post and beam construc-
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tion. The only mention of alternative building meth-
ods and materials within the UBC is located in
Section 104.2.8:

... The building official may approve
any ... alternate, provided the building
official finds that the proposed design is
satisfactory and complies with the provi-
sions of this code and that the material,
method or work offered is, for the purpose
intended, at least the equivalent of that
prescribed in this code in suitability,
strength, effectiveness, fire resistance,
durability, safety and sanitation.

This clearly indicates that the building official
has the power to approve any alternate system or
material. Furthermore, Section 104.2.6 of the UBC
exonerates the building official from any personal
liability if he/she is “acting in good faith . . . in the
discharge of the duties required by [the] Code.

When an alternative form of construction is pro-
posed to a building official that he/she is unfamiliar
with, "the building official may require tests as proof
of compliance” with the code. There is a Catch-22
attached to this seemingly innocuous requirement; “All
tests shall be made by an approved agency.” These
tests cost thousands of dollars that the tightly bud-
geted owner/builder can rarely afford. Approved test
facilities are few and far between and constantly back-
logged. Ironically, the code does not acknowledge the
ultimate test of any building form, the test of time. A
construction method that has existed for centuries,
with structures still in use after hundreds of years, is of
no consideration to the code. To further complicate
this issue of testing, one jurisdiction does not have to
recognize the successful tests performed in another
jurisdiction. For example, even though Nader Khalili,
in association with the ICBO and the Hesperia,
California, building department, successfully passed
static and dynamic load testing on two domes (one
brick and one earthbag) in the highest earthquake

zone in the country, these tests are not transferable to
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other jurisdictions. In other words, the same tests have
to be performed again and again in each of the thou-
sands of jurisdictions that exist in the US alone.
The only recourse for changing these laws is to
challenge them in court, a costly and time consuming
process that the majority of owners/builders cannot
afford or are loathe to pursue.

In spite of the restrictive nature of the codes in
regards to alternative architecture, the determined
builder can find ways to circumvent these apparent
obstacles. Hundreds (if not thousands) of houses built
without code compliance exist in the US without
compromising the health and safety of their inhabi-
tants. Many people choose to ignore the codes, noting
that it is easier to beg forgiveness than to ask per-
mission. The building department does not actively
seek out code violators. Almost all code violations
are brought to the attention of the building depart-
ment by individual informants. Disaffected, hostile
neighbors are the greatest source of these complaints.
The obvious solution to this problem is to either live
somewhere with no neighbors, or to approach them
with neighborly intentions, which allows the opportu-
nity to dispel any doubts or misconceptions. The
bond that develops between people through open,
honest discourse often makes converts of skeptics.
Education is still our greatest tool in fostering change.

When building earthbag domes, we encourage
people to begin by doing a small diameter dome. This
addresses two separate matters. It allows someone new
to dome building an opportunity to practice the tech-
niques on a smaller project before attempting a larger
one. It also enables you to build a structure that is small
enough to not be affected by restrictive codes. Most
building department jurisdictions do not require a per-
mit if the “footprint” (or floor area) is less than what the
code requires a permit for. In our case, a permit is not
required if constructing a building with less than 120-
square-feet (11.6 sq. m) of floor area. Check the local
codes for the specific requirements in your area.

This is just one way of eluding the building
codes. There are probably as many forms of evasion as

there are people who make use of them. Our intention

here is not to tell the public how to dodge their local
building codes. While sidestepping the codes may
appear to be the simplest way to build what we want,
avoidance does absolutely nothing towards changing
the code. If anything, continued clandestine evasion
may hurt us in the long run by creating more limiting
codes, stricter enforcement, and harsher penalties for
the growing number of code violators. (Then again,
the easiest way to bring speeding violators under con-
trol was to raise the speed limit.)

Changing the building codes is the only lasting
recourse available to us. As deforestation continues to be
a problem facing our society, the use of wood products
for building will inevitably become more costly.

A greater number of people are calling for more
ecologically appropriate building materials, like straw
bale and earth. With this in mind, let's look at some
ways the code could address and accommodate the use
of alternate materials.

The ICBO needs to add a new section to the
existing codes. Standardizing the approval and inspec-
tion of alternative materials, like earth, would
make getting a permit for an earthen home as easy
as getting a permit for a frame house. Standardization
is not as difficult as it may appear. Several building
techniques, labor practices, and the materials them-
selves, have already been researched and time-tested.
The ICBO need only acknowledge these facts. Banks
and corporations have funded testing of new materials
in the past (and present), but generally they expect
some return from the sale of these new products.

It is unlikely they would fund the testing of a natural
material like earth when they foresee no way of
marketing it. If funding for necessary tests were made
available by government-funded programs, the need
for making a profit would be superceded.

Tests for earth construction already exist, such as
the example noted previously in this chapter. If the
data from these tests were researched and gathered,
they could be included in a new code section, thereby
making redundant testing jurisdiction by jurisdiction
unnecessary. Furthermore, why not accept the test of
time demonstrated by earthen structures worldwide?



These buildings could be tested In Situ to determine
their strength, fire resistance, and safety. Currently,
codes only recognizes tests done on individual building
units, not the complete structure. In the case of earth-
bags, the monolithic nature of a dome is substantially
stronger than its individual units. “United we stand,
divided we fall” was a motto of the American
Revolutionaries and an apt slogan for monolithic
architecture.

Another way the building codes can relax their
stranglehold on the public would be to allow the
owner/builder to shoulder the legal responsibility for
building with alternative materials. A “buyer beware
clause” could be included in any title of an alternatively
built structure offered for sale. Most owners/builders
take the matter of safety very seriously for their own
families, and probably would be willing to assume lia-
bility for their efforts. If building department officials
would adopt the role of code facilitator rather than
enforcer, more builders would view them as an enlight-
ened friend instead of as an autocratic foe. The

administrative branch of local government appoints
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building officials. What a difference it would make if
the building official were an elected position. A well-
informed, social-minded inspector would truly serve
the public in regards to health and safety. No longer
would you hear a building official's supercilious com-
ment on alternative architecture, “It's not in the book.”

As builders, we have the right and the responsi-
bility to demand a change to outdated and
environmentally irresponsible dictums. Whether it is
through evasion, coercion, legislative means, or
political manipulation by individuals or an
organized lobby of homebuilders, buyers, and
environmental activists, the codes will change. They
cannot be supported by consumptive, unsustainable
industry for much longer. We will (at worst) eventually
reach the limit of our finite sources of timber, steel,
and concrete. With any luck, the changes will occur
before the total depletion of the natural resources
needed to create these materials. Perhaps then the
intent of the codes will reflect the need to protect the
health and safety of the natural world that ultimately
protects the health and safety of all people.

SANDBAG / SUPERADOBE / SUPERBLOCK:
A CODE OFFICIAL PERSPECTIVE

(Condensed from Building Standards Magazine, September-October 1998) (Reprinted by permission).

When architect Nader Khalili first proposed constructing buildings made of earth-filled sandbags, the
building department was skeptical. If we hadn't been trained to be courteous, we would have laughed
out loud. How could anyone believe you could take native desert soil, stuff it into plastic bags and

pile them up 15 feet (4.5 m) or more high? If they didn't fall down from their own weight, the first
minor earthquake would cause a total collapse. How could a responsible building official condone such

building code heresy?

Well, Nader Khalili is a very persistent man. Over time, he convinced us he was going to prove
our skepticism wrong, that earth-filled sandbags (now called Superadobe) could meet the standards
of the 1991 Uniform Building Code™ (UBC). It started with Sections 105 and 107, allowing building
officials to consider the use of any material or method of construction "... provided any alternate
has been approved by the building official" and to require testing to recognized test standards as

determined by the building official.
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We contacted the International Conference of Building Officials (ICBO) Plan Review Services to see if
they would perform the plan review for our city. ICBO welcomed the challenge, but indicated the same
skepticism, since Hesperia, California, is within Seismic Zone 4 and local examples of this type of construc-
tion are nonexistent.

Negotiations resulted in a static load test program designed to add 200 percent of the UBC
loading of 20 pounds per square foot (psf) (97 kg/m2 ) live and 20 psf (97 kg/m2 ) wind load. The first
test used an 80 psf (390 kg/m2 ) loading of additional sandbags over one third of the exterior surface
and, after monitoring, over one half of the exterior surface. During the entire test period, deflection
was monitored to verify if ultimate loading was approached. Two domes, one of sandbags and one of
unreinforced brick, were tested. Test results showed "that there was no movement of any surface of
either dome structure as a result of the loading described in the test procedure." The domes had
passed their first test.

After reviewing the test results, ICBO's Plan Review Services staff felt that the use of the domes
should be limited to 15-foot (4.5 m) domes of Group M, Division 1 or Group B, Division 2 occupancies
until sufficient monitoring had been completed. Mr. Khalili was principally interested in Group R
occupancies, although he was also proposing the construction of a museum and nature center, a
building that would house a Group A occupancy in a 50-foot (15 m) diameter dome. Mr. Khalili
notified the city that he would not accept the size and occupancy limitations and would propose
new testing to approve the use of larger structures.

After extensive negotiations, we agreed to a dynamic test procedure that involved applied and
relaxed loads over a short period of time, with a series of tests with increasing loads until Seismic Zone
4 limits were exceeded. Tests involved three buildings, including the brick dome, the sandbag dome,
and a sandbag vault structure with 5-foot-high (1.5 m) vertical walls and a barrel vault above. The
tests were conducted and monitored by an ICBO-recognized testing laboratory in December 1995,
and the required test limits were greatly exceeded. Testing continued beyond agreed limits until testing
apparatus began to fail. No deflection or failure was noted on any of the tested buildings.

The plans went back to ICBO, and after final plan check comments were satisfied, ICBO recom-
mended the plans for approval in February 1996. Our skepticism had long since vanished, as we had
seen this style of building meet and exceed the testing of rational analysis as required by our code. Mr.
Khalili had succeeded in gaining acceptance by the City of Hesperia for a building made of sandbags
filled with earth. It is a testament to Mr. Khalili's perseverance and to the flexibility of the UBC.

— Tom Harp, Building Officer/Planning Director, City of Hesperia, California

— John Regner, Senior Plans Examiner, City of Hesperia, California



APPENDIX A

Build Your Own Dirtbag Tools

Bag Stands Ywinch (1.875 cm) wide, 1/8-inch (0.3 cm) thick flat

he Workhorses a rigid welded metal stand metal stock, 80 inches (200 cm) long. Bend at the

built specifically for each particekabag designated dimensions beginning at the bottom. Fit
(Fig. A.1). A simple formula for determining theone hoop snugly inside the other. Overlap the top
dimensions for building a rigid metal stand for aegms and tape with duct tape. Drill the holes for the

size bag goes like this: pivot-point one inch (2.5 cm) above center. Tighten
snugly to give it enough friction to stay upright with-
Top ring of stand = 1 inch (2.5 cm) out collapsing.

smaller than circumference of bag.
Bottom ring of stand = 1.5 times
the circumference of bag.

Height of stand = 6 inches (15 cm)
shorter than empty bag length for a
50-lb. bag and 9 inches (22.5 cm)
shorter than empty bag length for a
100-Ib. bag.

To find circumference of bag,

an empty bag flat and measure the
width twice.

Our Favorite: The Collapsible Bag Stand

This is a*“weld free” metal stand. It packs great ir
suitcase! (Fig. A.2).
These directions are for the typical 50-Ib. be
approximately 17 inches (42.5 cm) wide by 30 ii
(75 cm) long. Cut two lengths of Y2-inch (1.25cr , A1
221
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How to Make Your Own

6” narrower than .
flat width of bag Collapsible Bag Stand
Cut ¥2-inch (1.25 cm) or %-inch (1.875 cm) wide by
1/8-inch (0.3 cm) thick flat metal stock to the appro-

priate length for the size bags you will be using. (When
measuring the lay-flat width of a gusseted bag, be sure
to open the folds to get the actual width of the bag.)
For example: For a 17-inch (42.5 cm) wide by 30-inch
(75 cm) long 50-Ib. bag (laid flat), cut two pieces of flat
metal stock about 80 inches (200 cm) long each. Mark

the center point of the metal (Fig. A.3).

allow 4" - 6” overlap of
ends and fasten with
duct tape

Round top screw
with head on the
inside and lock nut
on the outside. Place
flat washer between
metal legs

sh
orter Thap flat length of bag

7" . g”

This measurement
1“ narrower than
flat width of bag Ao

A3

A4
Measure the bottom width of the bag stand
from the center point and mark it. Then measure
the length of the legs from the marks indicating the
bottom width of the bag stand. Mark these two
points. The remaining eight inches (20 cm) at the
ends will become the top of the bag stand including
about three inches (7.5 cm) on each end for overlap
(Fig. A.4).
Clamp the metal stock at the inside of the
marks closest to the ends first (Fig. A.5)

A5



Bend each end up at a strong 90° angle (Fi~
A.6).

Now place the clamps inside the designate
marks on the metal stock and bend them up at
strong 90° angle (Fig. A.7).

Do this on both sides (Fig. A.8)

A7

To find the pivot point, measure up from the
bottom, half the height and add two to three inches
(5 cm-7.5 cm). Mark it. This is done so that when
the stand is operating, the bottom is wider than the
top (Fig. A.9).

Drill a hole at this mark with a bit sized for a
#10, ¥-inch (1.875 cm) long, slotted head machine
screw for the Y2-inch (1.25 cm) wide metal stock
and/or a larger hex head bolt for the %-inch (1.875
cm) wide metal stock (Fig. A.10).

A-9
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A6

A-8

A-10
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Paint the metal to help keep it rust free (Fig.
A.11).

Place one metal frame inside the other. Connect
the two frames at the pivot point by inserting the
machine screw with the slotted head to the inside of
the frame. Place a washer in between the two legs.
Fasten an appropriate-size stop nut (a nut with nylon
bushing inside of it) onto the end of the machine
screw. Tighten with a screwdriver and a wrench
(Fig.A.12).

A-11 To adjust the top width of the stand, overlap the
ends until the width is about six to eight inches (15-20
cm) narrower than the lay flat width of the bag. The
narrower the top of the bag stand is adjusted, the wider
it will be able to spread open. Tape the overlap together
with duct tape to a width that will create an opening
that a #10 coffee-can will easily fill (a seven to eight
inch [17.5-20 cm] spread is usually ideal) (Fig. A.13).

For added convenience during construction,
mark each side of one of the legs on the bag stand
with one inch (2.5 cm) measurements. Holding a
square upright next to the open bag stand will help
make the measurements accurate (Fig. A.14).

A-12

A-14 A-13
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Homemade Concrete Tampers

Full Pounders

A six-inch (15 cm) diameter plastic planter pot fi
six inches (15 cm) deep with concrete will make
pounder that weighs about 13 pounds (6 kg). Tt
makes a pretty comfortable weight tamper. Cut
bottom out of the pot and turn it upside down.

A hardwood dowel or wild harvested hardw
about 1.25 inches (3.125 cm) thick and 4 feet (2
long makes a strong comfortable handle (Fig. A.

Starting half an inch (1.25 cm) from the bott
of the handle, pre-drill three ¥2-inch (0.625 cm) f
at alternate angles about 1.5 inches (3.75 cm)
Tap in three sections of ¥z-inch (0.625 cm) thick
rod (all thread works fine). Be sure to cut the st
rods short enough to fit inside the tapered shapt
the planter pot form without touching the sides ¢
Twist a mess of barbed wire around the rods to
tensile strength to the concrete. Slip the pot ove

top of this prepared handle (Fig. A.16). A-15

A-16

A-17

Quarter Pounders

Quarter pounders are built in the same manner

full pounders, with three rods of steel and barbe:

for tensile strength. Use the one quart (0.94 liter

yogurt containers as the forms, or any plastic qu

size container that has a nice tapered shape. Becausc

the quarter pounder form is used right side up, ydu2 m) for tamping keystone bags, and a standing
can leave the bottom intact. Handle lengths varyheight for tamping hard-ass bags works well (Fig.
according to the use of the pounder. The two-fodtel7).
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Suspend the handle from a taut rope (Fig. A.18).

The handles should be elevated about one half
inch (1.25 cm) above the ground, or drive in a screw to
raise the handle off the ground about half an inch
(1.25 cm). This will allow the concrete to fill in the
gap below the bottom of the handle (Fig. A.19).

Prepare a rich mix of one part cement to two
parts coarse washed concrete sand, stiff but not dry.
Ladle the concrete into the form making sure to jiggle
out any air bubbles by poking the mix inside the form
with a stick. Tapping the exterior of the form also
helps release trapped air.

A-18 Fill the form up to six inches (15 cm). Set a
weight on top of the form to prevent the concrete from
0o0zing out the bottom. A stiff mix will stay in there
pretty good. Let it cure for one day. Remove the
screw from the bottom. Slow cure the tamper with
repeated wetting for several days. A week's worth of
cure ensures a strong bond (Fig. A.20).

Window and Door Forms

This is the area of earthbag building that uses the
most wood. The good thing about it is that the forms
can be reused, sold, leased, loaned, or reconstructed
into furniture or shelving. Forms need to be built
deeper than the width of the bag wall to prevent

the bags from wrapping around the edges during
construction. Construct box forms large enough to
accommodate the rough opening sizes needed for
installation of windows and doors.

A-19

Plywood Sheathed Box Forms

Using two-by-fours for corner bracing works well, but
any dimensional lumber will do. Install a solid ply-
wood sheet on the bottom and four sides of the form.
5/8-inch (1.5 cm) or ¥z-inch (1.875 cm) plywood con-
tributes to making a sturdy form with ample shear
strength. The top of the form can be open-spaced
boards. Be sure to install adequate blocking inside the
boxes to prevent distortion from ramming the bags up

A-20 against them during construction. Cut out handholds
for removing the forms (Fig. A.21).
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2"x 4" internal blocking
corner braces A-21

solid plywood for shear
strength

A split-box fasbuilt in two halves with wedges A full sizanineshaft stigler form can be con-
placed in between them for easy removal from afrocted using two sets of four-by-four posts framed
ished wall. with two-by-fours at top and bottom, and sheathed on

Constructing them is still the same as the abither side with plywood. This type of form can be
described process (Fig. A.22). Build them in evedifooantled after the wall reaches door height and
measurements for simplicity and reusability. Varieeeonstructed into an overhead lintel (Fig. A.23).
dimension wedges can be used in between to accom-
modate odd width window and door sizes.

diagonal
bracing

construct form
so that all
SCrews are acces-
sible from the
inside for ease of

dismantling \?v)gggc;rlcﬁlr){g

held in place
with compres-
sion only

split box forms with wedges

A-22 A-23
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Plywood-End Roman Arch Forms

Scribe a circle on a sheet of 5/8-inch (1.5 cm) o
inch (1.875 cm) thick plywood.

Split it down the center (Fig. A.24 & A.25).

This provides both faces of the arch. Cut
enough two-by-four ribs to be evenly spaced at
nine inches (22.5 cm) on center over the entire .
form. Top and bottom ribs should be placed nar
edge out. The rest should be installed the oppo:
way. The bottom can be solid plywood or board:

Skin the top of the arch with 1/8-inch (0.3 ci
Masonite or any sturdy yet bendable substitute.
screwing from the top of the form and work towe
the bottom ends one rib at a time. Sink screws
enough to prevent them from catching onto the

flexible plywood or masonite slo» y 47 1ins 9” - o.c.

A-26

A-24

countersink screw
heads to avoid catch-

ing on chicken wire ,
cross bracing

2" x 4" ribs 10™ - o.c.

5/8" - 3/4” plywood face 1" x 8” cross

bracing

plywood face

A-27

A-25

chicken wire cradles when removing the form from
the wall. Cut handholds into the two faces of the arch
form for ease of removal and carrying (Fig. A.26).

Plywood-End Gothic Arch Forms

Gothic arches are designed in a variety of styles. They
all share the same common shape of being more
steeply sided than Roman arches. Creating a template
on cardboard can aid in making the plywood ends,
especially if multiple forms of the same shape are
desired. See Chapter 10 for directions on creating a
Gothic (or Egyptian) shaped arch. Follow the same
procedure as a Roman arch for making the ribs.

flexible plywoodhe skin for this type of arch can be made from two
or masonite
sheathing

pieces of Masonite or a sturdy, bendable substitute
(Fig. A.27).



Solid Wood Forms (No Plywood)

Box and arch forms constructed from two-by lun
and boards are more laborious to build, but whe
from discarded pallets, they can be constructed
almost nothing (Fig. A.28).

Box forms made this way should follow the
criteria as for plywood forms. They should be st
enough to resist the forces applied from compac
bags against them. They should also be diagon
braced to resist shear forces.

Dismantle pallets by sawing the nailed boe
with a Sawsall, or pry them apart using a big w
ing (crow) bar. Making a template of the intende
arch shape out of sturdy cardboard allows one

the desired shape of the form. The following are
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some examples of forms built with one-by and ta.28: Discarded pallets.

by dimensional lumber (Figs. A.29,A.30,A.31 &

A.32).
use 3 trusses for long forms
A-30 or just two for forms under
2’ long
sheath with boards
A-31

diagonal bracing

cross bracing and

blocking
sheath
2" x 4" framing \t,)vcl)tgrdls §

A-29

A-32
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Wedge Box for Making Fan Bags

The two front slots on the face of the wedge boXamger than the width of the largest bags you will be
cut at an angle that produces a fan bag shaped usifig (Fig. A.33). Please read how to use a wedge box
any size Roman arch. The overall height of the boCrsapter 3.

sheet metal wrap protects
wood during tamping

interior wedge
box dimensions

A.33: The Wedge Box

water level

A.34

12 inches (30 cm). Make the box three inches (7.5 cm)

Make Your Own Water Level

To make a water level requires two yardsticks that can
be obtained at most hardware stores, and a long piece
of clear plastic tubing. The tubing should be long
enough to span the greatest length of your structure.
Attach either end of the clear tube to the two yard-
sticks. Attach them about two feet (60 cm) up the
yardstick. Place the two yardsticks with the attached

hinges on exterigibe next to each other on a level surface and carefully

clear 3/4” hose
attached to yard
stick filled with
water

top of wall

fill the tube with water until the level of the water is
readable along the yardsticks. Water does seek its own
level, and if the yardsticks are on the same surface
next to each other, they will register at the same
height. If they don't, air is probably trapped some-
where in the tube and the air bubble needs to be
chased out to one end.

Once the water is level at both ends, measure-
ments can be taken at two different locations to check
their level. Designate one location as your point of
reference. When checking the level of different
locations on the same wall, it's always in comparison
to your point of reference. The trick to remember
here is that the lower surface will read higher on the
water level than the higher surface. The water will
be level with itself so, for example, if the water level
shows a one-inch (2.5 cm) difference between the two
sides, the side with the higher reading is actually lower
(Fig. A.34).

By raising the yardstick that reads highest by
one-inch (2.5 cm), the water level on that side drops
one-half inch (1.25 cm), and on the other end, the
water level rises one-half inch (1.25 cm). Try this for
yourself. This is definitely a case where seeing is
believing, and is much more understandable to do
than to read.
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Sliders

Slidemre used after the first row of barbed wire round off corners
laid so the bags can be maneuvered into positi
ready to be “Velcroed” into place. Any rigid shee
will do. These can often be obtained for free frc
ventilation fabrication shops. This size is a gen
purpose size for using with a 50-Ib. bag (Fig. A. roll edge twice for

Round off the ends and file the perimeter fi smooth finger grip
safe handling. Using pliers, bend one edge of tr
twice to provide a smooth finger grip for pulling
out from under the bags during construction. S
first. Make a variety of sizes for a variety of use

A.35: Sheet Metal Slider

Barbed Wire Holders
Here are some examples of barbed wire holder
by no means are they the only examples. Use y:
imagination and the materials on hand to create
own (Fig. A.36 & A.37).

A.37: Buck stand barbed wire holder
A.36: Cinder block barbed wire holder
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How To Figure Basic Earthbag
Construction Costs, Labor, and Time

et's say we want to build a wall 9 feet (2.7 nijow multiply22 x 60 = 1,320 bags for total wall.
high and 100 feet (30 m) I®ig2.7 m) x 100'How to figure costs of materials per bag:
(30 m) = 900 square ft. [81 sqg. m] of wall). Costs vary according to your particular situation. Since
In the dirt bag world, we call a typical wovenndividual circumstances determine the cost per bag,
polypropylene feed bag that holds 50 pounds oflgtainlo a case study on our particular scenario:
a50-Ib. bagihen empty and laid flat, the average
50-Ib. bag measures 17 inches (42.5 cm) wide bjhgbagsusually come in bales of 1,000.
inches (75 cm) long. When filled and tamped withle paid $140.00 per bale: $.10/bag and $40.00 for
dirt we call itvmorking 50-Ib.dyapjit measures 15 shipping.
inches (37.5 cm) wide, 20 inches (50 cm) long and
5 inches (12.5 cm) thick. Now that we know the Beedirt.
of our bag ... We purchased "reject sand" at $1.25 per ton in a 15-
ton truckload with a $35.00 delivery charge. $1.25 per
How many bags will we need for this wall? ton x 15 tons = $18.75 + $35.00 (for trucking) =
Convert bag height and length into feet. Divide B&@ft5 total for 15 tons of dirt. Now divide $53.75 by
of wall by .42 ft. (12.8 cm) (thickness of bag) and5 tons = $3.58 per ton.
length of wall by 1.67 ft. (50.9 cm) (length of bag).
So: How many 50-Ib. bags per ton?
Height:9 ft. (2.7 m) + .42 ft.(12.8 cm)/bag = 22 réwsingle working 50-Ib. bag weighs approx. 100
of bags. pounds.
There are 2,000 pounds in a ton. 100 pounds goes into
Length100 ft. (30 m) + 1.67 ft. (50.9 cm)/bag = &)000 pounds 20 times. That makes 20 bags per ton.
bags per row. It figures from this that a 15-ton truckload will fill
approximately 300 bags. Therefore, the amount of dirt
233
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needed to fill 1,320 bags for this particular projethis figure includes: filling wheelbarrows and bags,

would be 66 tons. laying wire, leveling forms, hard-assing, tamping,
installing cradles and strip anchors, and slowing down
The wire: as walls get higher and cans tossed farther.

Our average cost for a 1,320-ft roll of heavy gauge, 4-
point barbed wire is $50.00. To figure the amouritaife total number of bags and divide by number of
wire, we know there are 22 rows of bags, each réwist@@ bags per hour:
feet (30 m) long. 22 x 100 = 2,200. Add 15% to fhims gives us our people-hours:
figure to account for overlap and wastage. 2,200Example:
(0.15 x 2,200) = 2,530 ft. of wire. 2,530/1,320 = 1,320 bags divided by 4 per hour = 330 hours.
approx. 2 rolls of wire.
Let's say our wage is $12.00 per hour. $12.00 x 330 =

Add up all the goods: $3,960 in labor to build 900 sq. ft. (87 sq. m) of wall.
1,320 bags at $0.14/bag = $184.80
66 tons of dirt at $3.58/ton = $236.28 Cost of materials plus labor

2 rolls 4-point barbed wire at $50/roll = $100.00 Now let's add our materials: $600.00
Labor at $12.00 per hour: $3,960.00

Total = $521.08 Total $4,560.00
(Add 15% to this total figure for waste and miscella-
neous items) Square footage for materials and labor:

$4,560.00 divided by 900 square feet (87 sq. m) = $5.07
$521.08 + 15% = $599.24 or approximately $60peb&Gquare foot ($52.41 per square meter) for materials
and laboAbove costs reflect a site-specific-scenario.
Calculate costs of materials per square foot like a
real contractor: How long will it take?
Now take our $600 and divide it with our 900 sgP&ople hours for this kind of construction are most
(86.4 sqg. m) of wall and we get close to $0.67 peffective with several teams of two, with a couple of
square foot ($6.94 per square meter) for the basimtating crew members to keep the wheelbarrows full.

dirtbag system. Six people in three teams of two with a seventh person
delivering dirt could lay about 24 bags an hour, or 192
Labor costs: bags in an eight -hour day, and the above-mentioned
Sure, the materials are cheap but the labor mustLi#20 bags in 7 days. Adding additional crew members
astronomical! Let's see... as the wall gets taller or for building a dome keeps

Figure out how much wall gets built in one hour therpace moving quickly and efficiently. Getting the
person. Think of the wall as a whole system, notyals up with help, especially as you get higher, keeps
a bunch of bags flopped on top of each other. Wene's spirits high as well. The quick progress of such
approximatecanservative over-all time of four bags perso-strong wall is exciting.

hour per person for the entire construction of this wall.



APPENDIX B 235

Other Cost Considerations Finish plaster¥ary from local adobe
Foundation®Rubble trench, rammed earth tires, earth/straw/clay with optional lime plaster, to conven-
conventional concrete, etc. tional cement stucco anchored to chicken wire.

Temporary wooden box and arch fdinese are  The design of the structufidte bigger and more
reusable components that can be used for multipamplex the design, the higher the cost.

projects, rented, resold, or used in trades.
Keep projects practical, compact, and FQSS!
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Conversions and Calculations

Definitions Inch to Foot Conversion Table
Diameter (D¥ the width of a circle 1"=08'
Radius (r¥ half the width of the diameter 2" =17
Circumference (G)the perimeter length of a circl8" = .25'
Area (A)= the square footage of a circle 4" = .33
Pi ( )=(3.1416) 5"=.42'
6" = .50'
To Calculate the Area and 7" = 5g'
Circumference of a Circle 8" = g7
Example: 9" =75
To find the area of a 20-foot (6 m) diameter circlé0" = .83'
(3.1416) x Radius x Radius =r: (r xr) 11" =.92'

(Multiplypi(3.1416) x radius x radius (10ft. [3m] 12" = 1.00'
10ft. [3 m]) = 314.16 square feet (94.38 sqg. m) of floor

space. Metric Conversions

1 inch = 2.5 centimeters
Example: 12 inches = 30 centimeters
To find the circumference of a 20-foot (6 m) dianiefoot = .3 meter
ter circle: 1 gallon = 3.75 liters

Circumference = (3.1416) x diame@rorx D 2.2 Ibs = 1 kilogram

Multiplypi(3.1416) x Diameter (20 ft. [6 m]) = 628).34 sq. feet = 1 sq. meter

(18.8 m) perimeter feet
One working 50-Ib. bag is closely equivalent to 0.7014
square feet (0.065 sqg. m) of wall surface (5 inches
[12.5 cm] thick by 20 inches [50 cm] long).

One working 100-Ib. bag is closely equivalent to 1
square foot (0.09 sg. m) of wall surface (6 inches thick

[15 cm] by 24 inches [60 cm] long). 937
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The Magic of a Circle

Nature is more than a structural engineer; She is also
an expert in energy efficiency. A round wall uses the
least amount of materials while providing the maxi-
mum amount of space. By trading corners for curves
we fortify the structural integrity of our architecture
while rediscovering our intuitive understanding of
nature’s dynamic engineering principles.

804 Sq. Ft.
Area
32’-0" Diameter

100 PERIMETER FEET

100 PERIMETER FEET

600 Sq. Ft. Area

30’-0”

625 Sq. Ft. Area

25-0”

25’-0" 20'-0" 239
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architecture)

Easton, Davilhe Rammed Earth hedsea Green Publishing, 1996.
Elizabeth, Lynne and Cassandra Adlemsative Construdtion.Wiley and Sons, 2000.
Evans, lanto, Linda Smiley, and Michael Breitdand Sculpted ihedsea Green Publishing, 2002.

Ferguson, William M. and Arthur H. Réimasazi Ruins of the Southwesiniv&sior.of New Mexico Press,
1994.

Gray, Virginia, Alan Macrae, and Wayne Md@@J/ISpace, and §gipta Press, 1976.

Guelberth, Cedar Rose and Dan (lhieablatural Plaster RewkSociety Publishers, 2003.

Higa, Teruo, author; Anja Kanal, transkatoEarth Saving RevolutBamtark Publishii§98.
Holmes, Stafford and Michael WinBatieling With Litméermediate Technologies Publications, 1997.
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Houben, Hugo and Hubert Guilldtarth Constructiotermediate Technology Publication, 1994.

Kahn, Lloyd, e@helteéshelter Publications, 1973. (This is a classic that should be on everyone's bookshelf

Kemble, Steve and Carol Estott.to Build Your Elegant Home with Strawb&lestaitzahlal Systems
Support, 1995.

Kern, Ken, Ted Kogon, and Rob Thallen Owner-Builder and th@v@oeteBuilder Publications, 1976.
Khalili, NadelCeramic Houses and Earth Aréhiteatgr&ate Press, 1990.

Khalili, NadeRacing AloHerper and Row, 1983.

Lime Stabilization ConstructionBvletiial326, the National Lime Association.

Ludwig, ArtCreate an Oasis with Gr&agseDesign, 1997.

Magwood, Chris and Peter Matcaw Bale BuiltNew; Society Publishers, 2000.

McHenry, Jr., Paul Grah&uobe and Rammed Earth Rinigerggty of Arizona Press, 1984.

McHenry, Jr., Paul Grahdime Adobe Story: A Global Tieagureerican Association for International Aging
and the Center for Aging, 1996.

Minke, GernoEarth Construction HandbiddRress, 2000.

Nabokov, Peter and Robert Edgatine American Archit€pttorl University Press, 1989.

Pearson, Davithe Natural House Baukn and Schuster/Fireside, 1989.

Reynolds, Michaehrthshipolar Survival Press,1993.

Rudofsky, Bernaftchitecture Without Architeetssity of New Mexico Press, 1990 (3rd printing).
Rudofsky, Bernaiithe Prodigious Bultietmurt Brace Jovanovich, 1977.

Smith, Michael Ghe Cobber's Compaomgottage, 1998.

Soltani, Atossa and Penelope Whitn&uedgaste Not Tieamforest Action Network, 1995.

Steele, Jamés. Architecture for People (The complete works oiHetsegn HEatry)of Design, 1997.
Steen, Athena Swentzell, Bill Steen, and David Baihkeriggawbale HQIsdsea Green Publishing, 1994.
Taylor, John 8. Shelter Sketchbbelsea Green Publishing, 1997.

The Underground Space Center, University of Milizeo@heltered Housing \Resigjostrand Reinhold,
1979.

Tibbets, Jo&he Earthbuilder's Ency@opsiaeest Solaradobe School, 1989.
Williams, Christoph@raftsmen of Necesgige Books, 1974.
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Wojciechowska, PaulBailding with Eatihelsea Green Publishing, 2001.

Wright, DavidNatural Solar Architekitioa. Educational Publishing, 1978.
Periodicals

The Adobe Builder Inter-AnJedcEbbets, ed. P.O. Box 153, Bosque, NM 87606;8@1-1255,
e-mail: adobebuilder@juno.com, www.adobebuilder.com. (Quarterly featuring earthen architecture throughc
the Southwest; offers two books that highlight recent amendments to building codes pertaining to adobe &
rammed earth through Southwest Solaradobe School.)

Adobe Jouriithael Moquin, ed. P.O. Box 7725, Albuguerque, NM 87194, Tel/Fax: 505-243-7801. (Out of
print quarterly periodical - worth trying to find back issues.)

Building Standards: Trade Magazine of the International Conferen68&@® Bualdinga@ffitikhIRd .,
Whittier, CA 90601, Tel: 562-699-0541, Fax: 562-699-8031. (Heady stuff, but occasionally covers alterna
tive construction methods.)

Communities-Journal of Cooperafiveriaviegfe Christian, ed. 52 Willow St., Marion, NC 28752, 828-
652-8517, e-mail: communities@ic.org, www.ic.org. (Published 5 times per year)

Earth Quarte@prdon Solberg, ed. P.O. Box 23, Radium Springs, NM 88054. (Another out of print quarterly;
try contacting the Solberg's for back issues.)

Environmental BuildingM&es. Malin, ed. 122 Birge St., Suite 30, Brattleboro, VT 05301, Tel: 802-257-7300,
e-mail: ebn@BuildingGreen.com, www.BuldingGreen.com. (Lots of information on products and materials
being developed for "green" users.)

The Last Straw JoUimalGreen Prairie Foundation for Sustainability, P.O. Box 22706, Lincoln, NE 68542, Tel:
402-483-5135, Fax: 402-483-5161, e-mail: thelaststraw@thelaststraw.org, www.thelaststraw.org.
(Quarterly publication - excellent resource for strawbale and beyond.)

The New Settler InteBegtwBosk, ed. P.O. Box 702, Mendocino, CA 95460,
Tel: 707-937-5703. (Not much information on alternative building, but lots of other alternative information.)

RMI Solutiol&meron M. Burns, ed. Rocky Mountain Institute, 1739 Snowmass Creek Rd., Si®hass, CO
(Excellent resource for cutting edge ideas for a sustainable society and world.)

Earthbag Building Supplies and Products

Bags and Tubes

There are hundreds of sources of bag manufacturers and these are just a few. Check the web and the Th
Register at your local library. Shop around and compare prices.

Cady Industries,Rr@. Box 2087, MemphiN 38101, Te901-527-6568)0-622-3695.
www.cadyindustries.com. Offer a wide variety afsiziéeneisprint bags (inclgdyusseted and burlap),
tubes on a roll, and other specialty items.



244 EARTHBAG BUILDING
PolyTex Fibers Corpd®&ddnBaythorne Dr., Houston, TX 77041, Tel: 713-690-9055, 800-628-0034.
www.polytex.com. Offers misprint, regular poly and gusseted, burlap, and tubes on a roll.

Kansas City Bagl@620 Metcalf Ave., Suite 80, Overland Park, KS 66213, Tel: 800-584-5666. Bag brokers
distributors.

Black Poly Irrigation Tubing

Check agricultural supply outfits or special order from local plumbing supplies or lumberyards. Also callec
pipe." Use the flexible, thin-walled 80 psi. tubing, % - 1 inch diameter, as an alternativeunespsalised for

Bulk Casein

American Casein Corbfarisipbo Ln., Burlington, NJ 08016, Tel: 609-387-3130, www.americancasein.com.
Bulk casein, 50 Ib. minimum.

National Casein Congfdnyy. 80th St., Chicago, IL 60620, Tel: 773-845-7300.

Bulk Citrus Thinner (D'Limonene)

Odor Cont®arbara Lang, P.O. Box 5740, Scottsdale, AZ 85261, Tel: 888-948-3956
5-gallon drum minimum orders.

Bulk Oxide Pigments
(Check local concrete and stucco supply outlets first)

Building for Health MaterialsF3@rBerx 113, Carbondale, CO 81623, Tel: 970-963-0437, 800-292-4838,
www.buildingforhealth.com. One stop shopping for environmentally safe plastering and building mater

Color and AbrasiMes\V. 9210 S., Sandy, Utah 84070, Tel: 801-561-0870, 800-675-5930, www.colorandabre
sives.com. Good prices on bulk oxide pigments.

Kremer Pigments,288.Elizabeth St., New York, NY 10012, Tel: 212-219-2394,
800-995-5501, www.kremerpigments.com. Widest variety of imported pigments; also a source for kilog
size casein powder.

Laguna Clay Compda90 Lomitas Ave., City of Industry, CA 91746,
Tel: 626-330-0631, 800-452-4862, www.lagunaclay.com. Manufacturers of pottery clays and bulk earthe
mineral pigments.

The Natural Chd@eeShield Paint Co., 1365 Rufina Circle, Santa Fe, NM 87505, www.bioshieldpaint.com.
Natural paints and a source for BioShield's Natural Resin Floor Finish.

Bulk Soaker Hose

Moisture Maskarua-pore Moisture Systems, 610 S. 80th Ave., Phoenix, AZ 85043,
Tel: 602-936-8083, 800-635-8379, www.moisturemaster.com.
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Peaceful Valley Farm JRpBox 2209, Grass Valley, CA, Tel: 888-784-1722, www.groworganic.com.
Bulk Sources for Clay-Rich Soil

Your building site; excavation of new construction sites; ponds and roads; road cuts; gravel yards ("reject" or
soil" piles); suppliers of "ballcteg}ti (excellent source for clean quality bulk earth plaster soil).

Enharradoras

CRG Desig@egdar Rose Guelberth, Designs fay,[M®. Box 113, Gambale, CO 81623, Tel: 970-963-
0437. Workshops on earthen plasters and natural paints and finishes.

Gourmet Addbarole Crews, HC 78 Box 9811, Rancho de Taos, NM 87557,
Tel: 505-758-7251, e-mail: seacrews@taosnet.com. Workshops on earthen plasters, alis, and decorative fit
ishes.

Keely MeagR®Q. Box 5888, Santa Fe, NM 87502, Tel: 505-421-3788,
e-mail: keelymeagan@hotmail.com. Author of "Earth Plasters for Strawbale Homes." Offers workshops an
consultation in earth plaster and cob.

Ok Ok Ok Producti@ig,Hunter, 256 E.100 S., Moab, Utah 84532, Tel:435-259-8378, e-mail: okokok@fron-
tiernet.net. One awesome babe who likes to get down, get dirty, get in the mud, and has a great time doin
too!

Papercrete/Paperadobe Pioneers
Eric Pattersdhl5 Memory Ln., Silver City, NM 88061, Tel: 505-538-3625. Consultation.

Hartworks, In€elly and Rosana Hart, P.O. Box 632, Crestone, CO 81131,
Tel: 719-256-4278, 800-869-7342, e-mail: office@hartworks.com, www.hartworks.com.

Mike McCaiR,0. Box 265, Columbus, NM 88029, Tel: 505-531-2201. Papercrete workshops; designs and
builds papercrete mixing machines.

Philip MirkjiPO Box 123, Dove Creek, CO 81234, Tel. 970-677-3600, email philipmirkin@hotmail.com,
www.hybridadobe.com.

Sean Sarfel®. Box 4, Grand Forks, BC VOH 1HO. Papercrete/paperadobe innovator.

Landscape Filter Fabric: for "French Drains"

Peaceful Valley Farm $uppBox 2209, Grass Valley, CA, Tel: 888-784-1722, wwwigrogvargan
Plaster Sprayer

Mortar Sprayidglan Scheid, P.O. Box 2952, Eugene, OR 97402, Tel: 541-683-4167,
www.mortarsprayer.com. This plaster sprayer is imported from Mexico.
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Pond Liner, Heavy Mil Plastic, and Waterproof Foundation Membranes

Check locally for sources for most of these items. Below is a specialty product.

Delta-M&;0sella-Dorken Products, Inc., 4655 Delta Way, Beamsville, ON LOBOSESE3E255, 888-
4DELTA4, www.DeltaMS.com. Unique "Air-Gap/Drainage Membrane."

Real Goo@sjam, Inc., 13771 S. Highway 101, Hopland, CA 95449, Tel: 707-744-2100, 800-919-2400,
www.solar.realgoods.com.

Pozzolans

Ground pumice, fired brick fines, etc, are available at most pottery suppliers and are referred to as "gr
Also check gravel yards in volcanic deposit rich areas.

Pumice

Copar Pumice MadtBox 38, Espanola, NM 87532, Contact: Rick Bell,
Tel: 505-929-0103, www.coparpumice.com. Bulk pumice direct from the mine.

Tensioner Devices, Poly Strapping, and Banding Tool Equipment

Carlson Syst&alt.800-325-8343 for nearest dealer. E-mail: webteam@systems.com.

Tie Wires: Commercially Made

Gemplers Cataholystrial agricultural supplier), Tel: 800-382-8473, www.gemplers.com. Double looped "wire
ties" and twisting tools; also alfari®d wire dispenser on wheels.

Yurt Roof Material

Advance Cank43,Box 1626, Montrose, CO 81402, Tel: 970-240-2111, 800-288-3190,
www.AdvanceCanvas.com. Provides yurt roof components "a la carte."

Networking Resource Information
This is by no means a complete listing, but includes some of our favorites...

Black Range L@&hiberine Wanek and Pete Fust, Star Rt. 2, P.O. Box 119, Kingston, NM 88042, Tel: 505-89
5652, e-mail: blackrange @zianet.com, www.BlackRangeLodge.danstreatbaierentral.com. Home
of Black Range Films, hosts of Southwest Natural Building Colloquium.

CalEarth/Geltaftan Found\ztaer, Khalili, 10376 Shangri La Ave., Hesperia, CA 92345, Tel: 619-244-0614, e:
mail: calearth@aol.com, www.calearth.org. Offers 1-day, multi-day, and apprentice training workshops ¢
earthbag construction.

Canyon Springs ConéalikogL. Kennedy, 847 Wagner Ave., Moab, Utah 84532,
Tel: 435-259-9447, e-mail: alisonlara@frontiernet.net. Consultation for business, non-profits, and ownel
builders.
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Cob Cottage Conipadg, Smiley and lanto Evans, P.O. Box 123, Cottage Grove, OR 97424, Tel: 541-942-
2005. Offers cob workshops nationwide.

HUD-Housing and Urban Devetiptoemtyw.huduser.org and search for the publication entitled, "Frost-
Protected Shallow Foundations in Residential Construction,” (April, 1993), or
www.cs.arizona.edu/people/jcropper/desguide.html. This site has specifications for the Shallow, Frost-
Protected Foundation Systems.

New Mexico Adobe and Rammed Earth Bi$lditegoChidas Mexico, Regulation and Licensing Dept.,
Construction Industries Division, CID, P.O. Box 2501, Santa Fe, NM 87504, Tel: 505-827-7030.

Ok Ok Ok Productiais,Hunter and Doni Kiffmeyer, 256 East 100 South, Moab, Utah 84532, e-mail:
okokok@frontiernet.net, www.ok-ok-ok.com. Earthbag, earth plaster, lime plaster — have workshop? will
travel! Entertaining presentations, and so much more.

Out of Nowhétaster Tearie, Darnaway, Forres IV36 OST Scotland/UK, Tel/Fax 44 1309 641 650,
www.outofnowhere.com. Information on reciprocal roofs.

Sascha Gut on Werner Imbachn@ugtAgstrasse, 24 CH-4313 Mohlin, Switzerland, Tel: 41 61 851 1646,
e-mail: gut-ag@swissonline.ch. Reciprocal frame design built in Switzerland.

Sustainable SoBitt€3hristensen and Jeanine Sih Christensen, Austin, TX, www.greenbuilder.com. One-stop
online resource center for sustainability: green building, sustainable agriculture, and responsible planning.

Sustainable Systems Stgweokiemble and Carol Escott, P.O. Box 318, Bisbee, AZ 85603, Tel: 520-432-4292,
520-743-3828, e-mail: primalpulse @yahoo.com. Strawbale, earthbag, permaculture, design, consultation,
workshops — these folks do it all, and do it great!

With Gaia Desiguasie Harrington, P.O. Box 264, Moab, Utah 84532, Tel: 435-259-7073,
e-mail: wgaia@earthlink.net, www.withgaia.org.
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Anasazi, 4,55, 191
arch forms, 27-30, 90, 155-56
archesSee alSothic arches; Roman arches
buttressing, 124

catenary-shaped, 128-30
drawing the, 126-31
dynamics of, 124
and fan bags, 40
outward forces, 127
the springline, 127
vaults, 130-31
Arches National Park, 123
architectural compasses
how to use, 137-41
instructions for making, 48-51
sliding arm, 50-51
Aspdin, Joseph, 56
asphalt emulsion, 58

B
bag stand, 34, 48, 78
bag whacking, 39
bagsSee alsorlap bags; diddling; fan bags; gusset-
ed bags; keystone bags; polypropylene bags;
sandbox bags; tubes
as built-in stabilizer, 9
caring for, 24
compression-fit tip, 154
packing, 38-39, 47, 48, 79-80

and tubes, integrating, 44
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types and sizes, 21-25 can tossing, 36—37
barbed wir8ee alsarbed-wire weights canales (gutter spouts), 116
4-point, 93 cans, #10, 36, 37
dispenser, 26 capillary breaks, 59, 60-62, 198
placement, 72 Casa Grande, 11
as Velcro mortar, 25, 83 casein binders
in wall building, 72 finishes, 192-94, 202
barbed-wire weights, 25—-26, 39—40 grout, 201
Basic Building Code, 217 casein-fortified finishes, 192-94
bath fixtures, 194 Castillo Ruins, 11
Becky Bee, 7 catenary curve, 128-30
bentonite (clay), 14 cement
bermed / buried structures about, 56-57
and climate-control, 10, 212-13 and moisture, 60, 61
design considerations for, 65, 66, 71 stucco, 16, 26
site evaluation, 66 cement mixers, 175, 200
binding force, 18 cement plasteBge alsarthen plasters, exterior;
bladder bag, 19 exterior plasters; lime plasters
borax (mold inhibitor), 177, 188, 191, 195, 200 about, 184-86
Bovedas, 135 adding lime to, 186
box forms, 27-28, 29, 41, 87, 94 for bonding tile, 165
Bread Ovens of Queb@yiljlend Blanchette), in dome construction, 165—66
179 ferro, 166
brick weights, 39-40 cement stabilization, 16, 17, 23, 25
building codes earth stem walls, 57-58
alternative building, 162 mixing procedure, 59
changing, 218-20 chain link fittings, 49-50
history and current practices, 216-18 Chappelle, Robert, 165-66
John and Jane Doe story, 215-16 chinking stones, 191
New Mexico Chiras, Dan, 195
adobe, 20, 69, 70, 99, 104 chutes, 42-43
rammed earth, 73 clay
Romney, George, 217 about, 13-14
Utah, 75 expansive, uses, 14
burlap bags, 22—-23 in plaster, 172—73
buttresses, 70-71, 78, 86, 124, 129, 153 plasticity, 14
climate control design
C about, 205-6
cabinet attachments, 100 bermed / buried structures, 10, 212
cable, 99 color, 206
Cal-EarthSe€alifornia Institute of Earth Art and domes, 142
Architecture foundations, 54-55

California Institute of Earth Art and Architecture, 9nsulation factors, 63
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cool, 206, 207
dry, 207
warm, 213
living roofs, 207

INDEX 251

domesSee alsarbelling; earthbag domes; Honey
House building sequence; roofing options
bond beams, 134-35
dynamics, 134
pole compasses for, 48-51

temperature regulation, 206—7, 208, 212—-13 traditional building techniques, 134-35

thermal performance, 9-10
cob architecture

with earthbags, 178—-79

vsearthbag architecture, 7-8

in wet climates, 7,11, 55
Cob Cottage Company, The, 7
cobber’s thumb, 7
cobbles, 15
compasse&3earchitectural compasses
compression strength

and moisture content, 18-19

and rigid foam, 63

and soils, 15, 18,57, 59
concrete-earthbag stem wall, 56-57
concrete foundation system, 54
continuous bageaibes
coral, crushed, 16
corbelled dom&gearthbag domes
corbelling

bag and tubes, 154

earthbag domes, 136

roofing options, 163

safety tips, 159

simulation testing, 146

traditional dome-building technique, 134
corners, 72
cost effectiveness, 10
countertops, 194
cradles, 32

chicken wire, 29, 87-88, 107
Craftsmen of Ned®8ligms), 121
crusher fines (sand), 16
curing, 59, 94, 102

D
diddling, 20, 22, 34-36, 78, 81-82
dirt. Sesoils

doorjambs, 30

doors
and cradles, 87-88
design features, 73—-74
forms, 27-29, 87
installation, 107, 152-53

drains, 66, 99

E
earthSesoils
Earth Construction Har{bpdskrnot Minke), 18,
65, 194
Earth Construdiitouben and Guillard), 58
Earth Saving RevolutionHigah, 105
earthbag buildirgee aBexible-Form Rammed
Earth technique; materials, basic; testing
basic procedure, 4
prior-preparation, 33—-34
seasonal activity, 19
site evaluation, 66
vsother earth-building methods, 4-8
earthbag dom8ege alsarbelling; domes; Honey
House building sequence; roofing options
about, 136-37
advantages of, 141-42
the architectural compass, 137-41
designing, 136-37
disadvantages, 143
grade-level floor, 161-62
non-stabilized, 9
prior preparation checklist, 145
earthbag wall-building
arch forms, 90
cradles, 87-88
door / window frames, 87
fan bags, 90-91
foundations, 77-78, 150-52
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keystones, 91-93

removing the forms, 94-95

row one, 78-84

row two, 84—-85

the second bag, 80-81

strip anchors, 88-89

wall and buttress intersection, 86
Earthbuilders’ Encyclopeidbets), 57

low-fat over, 191
over chicken wire, 190-91
over earthbags, 190
fiber, 188
finish coats, 190, 192-95
types of sand in, 191-92
recipe, 189-90
test patches, 190

earthen buildin@eeonolithic earthen architec+EB Building Research Institute

ture

moisture content testing, 18

earthen plasters, extebiee. alsement plasters; FFRESe€&lexible-Form Rammed Earth technique

exterior plasters; lime plasters
about, 171-72
application, 176—78
for dry climates, 164
equipment, 173,174
ingredients, 172—-73
preparing, 175-76
test batches, 173
earthen plasters, inteBekat plaster

fiber, in plasters, 172

low-fat plaster, 190-91
marbeling effect, 190

silica or protein content, 182
sizes, 188

straw, 173

use with spray guns, 177—78

fill. Sesoils
finishes, 192—-94, 195-96

earthquakes, and structural integrity, 9, 66—67flagstone, 165

Easton, David, 13

eaves, 157-58, 167

EDPM (pond liner), 64
Egyptian arch&e&othic arches
electrical conduit, 98—-99
electrical installations, 97—99
England (cob architecture), 7
enharradorba?

Flexible-Form Rammed Earth technique (FFRE).

See aksarthbag building
empowering people, 10-11
introduction to, 1-2

flexible formSebags; tubes
flood control, 8-9
floors

about, 197

environmental concerns, 3, 9-10, 63, 105, 182, Zir@l layer, 200

Escott, Carole, 16, 34
exterior plasteBee alsement plasters; earthen
plasters; interior plasters; lime plasters
cement-stabilized earth, 165-66
cob, with earthbags, 178—-79
soil mixes for, 16

finishes, natural resin, 195, 202
grout, 201

mid-layer, 198-200

sealing, 202-3

stone or saltillo tile, 200-201
sub floor, 198

flour paste, cooked, 188—89, 194-95
foam, rigidSee undesulation
F Forked Lightning Pueblo, 11
fan bags, 32,40-41, 90-91 formsSee als@h forms; box forms
fat plaster flexible (bags and tubes), 21-25
additives, 188—-89 removing, 94
application rigid, 27-30

tile and flagstone with, 165



stuck, 95
foundation systems
conventional concrete, 54
earthbag rubble-trench, 55-56
insulated earthbag, 63—64
pumice/earthbag insulated, 64—65
shallow frost-protected, 55
simple trench, 77-78
traditional and alternative, 62—63
foundations
about, 53-54
ancient, 55
earthquake resilient, 66—67
functions of, 54
FQSS (fun, quick, simple, solid), 2
French drains, 66
fresco, 196

G

Gothic arches, 93, 126

gravel / gravel yards, 11, 14, 15,16
Great Wall of China, 6

green (uncured clay), 70
greenhouses, 208, 213

grout, casein-stabilized, 201
Grupp, Marty, 56

Guelberth, Cedar Rose, 195
Guillard, Hubert, 58

gusseted bags, 22, 35-36, 79
gypsum, 195

H
Habitat for Humanity, 8
hard-assing (bags), 38-39, 45, 79-80
hard packing (bags), 47, 48
Harp, Tom, 141, 220
heat loss / gain, 9
Higa, Teruo, 105
hogans, 49
Honey House building sequence
about, 145
buttressing, 153
clay models, 148

INDEX 253

closing in the dome, 160
corbelling bags / tubes, 146, 154-55
door and window forms, 152-53
drawings for, 14647
eaves, 157-58
excavation, 149
foundation and stem wall, 150-52
installation
arch forms, 155-56
compass, 150
optional eaves, 157-58
pre-preparation checklist, 145
second story
dome work, 158
floor joints, 157
Houben, Hugo, 58
housing, affordable, 1

Housing and Urban Development (HUD), 55

hydrocarbon-treated bags, 23

ICBO.Setternational Conference of Building

Officials

Inland Engineering Corporation, 9
insulation

floors, 198-99

Rastra blocks, 65

rigid foam, 63—64

and thermal performance, 9-10

walls, 208-12

interior plasteiSee alsxterior plasters; fat plaster

finishes
flour paste, 195
lime, 195-96
sealers, 195

International Conference of Building Officials

(ICBO), 9, 67

J

J-metal, 62

jar test, 15-16

jiggle tamping, 18-19
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K masonry, Nubian-style, 134-35, 136
kaolinite (clay), 14 massive earthen build®gsionolithic earthen
Kemble, Steve, 16, 34 architecture
Kennedy, Alison, 75 materials, basic
keystone bags, 4, 42,91-93 bags and tubes (flexible forms), 21-25
Khalili, Nader (innovator of earthbag method), barbed wire, 25-26
1-2,3,9,17, 25,67 cradles, 32
kivas, 17, 49 rigid forms, 27-30
scabs, 31

L soils, 13-21
lay-flat (bag-width), 22, 224 tie wires, 26-27
laying a coil, 44 Velcro plates, 30-31
lift (cob structures), 7 McHenry, Paul G., 57
lime mechanical bond, 174-75, 188

cycle, 181 Meyer, Frank, 202

finishes, 195-96 milk paint finish, 186, 188, 191-92

stucco, 16 Minke, Gernot, 194, 18, 65

wash / water, 183-84 misprints (bags), 21-22
lime hydrate, Type S, 181-82 models, scale, 145, 148
lime plastelSee alsement plasters; earthen plasoisture barriers, 60-62, 64

ters, exterior; exterior plasters moisture content (soils), 17-21

about, 171-72, 180 mold inhibitoSeborax

application, 182—-83 monolithic earthen architecture

curing, 183 ancient technique, 3

fresco, 196 definition, 4

mixing, 182 and structural integrity, 9

protecting, 183 worldwide use, 9-10

for roofs, 164—65 montmorillonite (clay), 14

safety precautions, 183

waterproofing, 165 N
lime putty, 181-82 National Building Code, 217
lime stabilization, 16, 58-59 Native American architecture, 109
linseed oil, 195, 202 Natural Plaster BooKGLletberth and Chiras),
lintels, installing, 1034 195
living thatch, 166—67 Nawthis site, 11
locking diddleSediddling New Mexico building codes, 20, 69, 70, 73, 99, 104
locking row, 7374, 93 non-skid coating, 22
loft, 141, 157 non-stabilized domes, 9
long bagSe&ubes
lumber, limiting its use, 4, 74 O

Oregon (cob architecture), 7
M
Martin, Sarah, 76
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paper adobe, 209
parapets, 115-16, 117
Pennell, Penny,
percolation (in soils), 20
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alternative, 113

bond beams, 110-12

checklist for success, 113

heavy compression style, 112,118, 119
lightweight compression, 118-19

plasterSeeement plasters; earthen plasters, exteeeiprocal, 119
or; exterior plasters; fat plaster; interior plager round houses, 117-18

ters; lime plasters
plumbing, 99
pole compaSearchitectural compasses
poly strapping, 112
polypropylene bags, 21-22, 23, 24
Portland cement, 56
post and beam, 74—-76
Pot Creek Pueblo, 11
power entry, 99
pozzolans, 58-59, 125, 165
pre-diddled bagediddling
pressed bloels,earthbag building, 8
pueblo earthen construction, 11
pumice, 64-65, 209

Q
Quick Crete, 56

R
R-value, 9, 209, 210
rainwater, 110, 163
rajuelgsttle stones), 191
rammed earth constructsae alsarthbag build-
ing
binding force, 18
moisture content in, 17-19
use of granitic block in, 16-17
vsearthbag building, 5-6, 8
Rammed Earth Housg dsten), 13
Ranger Station, Sand Island, 187—-88
Rastra blocks, 65
Regner, John, 141, 220
reject sand, 9, 16
road base mix, 16, 199
Roman arches, 91-92, 124-26
roof systemSee alsmfing options; roofs

for silos, 118
square, for round buildings, 120
Velcro plates, 113-14
vigas, 115-17
for yurts, 118-19
roofing options, for dongee alsxterior plasters;
lime plasters: for roofs; roof systems; roofs
about, 163
light wood frame, 168
living thatch, 166—-67
shingled, with extended eaves, 167
straw bale insulated, 168—69
roofsSee alsmf systems; roofing options
cost considerations, 112
coverings, 121
living, 121-22, 207
for round buildings, 117-18, 120
using local resources, 122
rows, closing in, 47
rubble-trench foundation systems, 55-56
running bond, 85

S

safety precautions, 149, 159-60, 181
Sand Castle, 16, 34

Sandbag Architecture, 3

“Sandbag/Superadobe/Superblock: A Code Official

Perspective” (Harp and Regner), 1, 141,
219-20
sandbox bags, 29
sands
about, 15
granite, decomposed, 16-17
in plaster, 172,173,191
smooth surface, 17
scabsse¥elcro plates
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scooching (soft-packing), 48
scoria, 59, 65, 209

sealers, 193, 195

shelving attachments, 100-102
silt, 14-15

sliders, 37, 84

round walls, 71
tube corners, 72
structural integrity, 9
stucco, 16, 26, 84, 185-86
subterranean structugesermed / buried struc-
tures

soil preparation, and moisture content, 17-21 sunrooms, 208, 213

soil ratioSee alsails
determining, 15-16
optimal, 6-7, 13, 15, 16
exceptions to, 16-17
soilsSee aksail ratios
choosing the best, 16
components, 13-15
imported, 16
moisture content, 17-21
and organic matter, 15
stabilized earth, 57-59
well-graded, 15
solar temperature control, 208
Southern Standard Building Code, 217
split-box form, 87
springline, 127,137, 154
stabilized-earth mixes, 57-59
stains, 193
stair attachments, 102
stem walls
concrete, 56-57
insulated earthbag, 63—64
stabilized earth, 57-59
tire, 62—63
traditional and alternative, 62—63
straw bales, 210-12
strip anchors, 30-31, 88-89, 100-101
structural design features (walls)
barbed wire, 72
height limitations, 70
height to width ratio, 70-71
interlock corners, 72
lateral support, 70
locking row, 73-74
openings, 73
post and beam, 74—-76

swales (drains), 66

.
tampers (full and quarter pounders), 38
tamping, 18-19, 82
teamwork, 45-47, 52, 89
techniques
bag whacking, 39
can tossing, 36—37
closing in a row, 47
hard-assing, 38-39, 45
hard-packing, 48
laying a coil, 44, 154-55
scooching, 48
using a pole compass, 48-51
temperature control, 9-10
tensile strength, 8, 24,112, 141, 188
tension ring, 110, 118, 135, 157
tensioner device, 112
testing
corbelling process, 146
for moisture content, 20
soils, 15-19
for structural integrity, 9, 17
thatchSeéving thatch
thermal flywheel effect, 9
thermal performance, 9-10
Tibbets, Joe, 57
tie wires, 26-27, 84
tile, 165, 200-201
tire stem wall, 62—63
tools
architectural compasses, 48-51
bag stand, 34
brick weights, 39-40
cans, 36
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sliders, 37 intersecting stud frame, 99-100
sliding compass arm, 51-52 materials for, 14, 16
tampers, 38 round
tube chutes, 42-43 design features, 71
water level, 51, 86 pole compasses for, 48-51
toxic substances, 105 underground, 65—-66
tube chutes, 42—-43 for window / door openings, 73-74
tubesSee alsags water level, 51
and bags, integrating, 44 waterproof membraBegapor barriers
corbelling, 146 waterproofing, 166
corners, 72 Watson, Tom, 65
laying, 44 Watson Wick, 65
types and sizes, 23-24 way-too-big bags, 22
wedge box form, 41, 87, 94
U weep screed, 62
U-value, 9 weeper bag, 19

Uniform Building Code (UBC), 9, 20, 162, 217 y&dig§hts, suspended brick, 26, 39-40
Williams, Christopher, 121

\Y windows
vapor barriers, 60-62 buttressing, 153
vaults, 130-31 design features, 73—-74
Velcro mortaBebarbed wire forms
Velcro plates, 30-31, 100, 113-14 building arch, 27-30
Velcro shelf brackets, 101 installing, 104-7, 153-53
ventilation, 2067 wood and vinyl, 104-7
vigas (log beams), 110, 113, 114, 115-17 windowsills, 194, 195
woodSekimber
w workability (of rammed earth), 18
Wales (cob architecture), 7, 11, 55 working bag, 22
wallsSee aksarthbag wall-building; stem walls;Wright, Frank Lloyd, 54-55
structural design features (walls) Wulf, Marlene, 17
climate-control designs, 206, 207, 210-12
curved, 81 Y

insulated, 208-12 yurts, 49,118-19
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