Desert Moon House:

Construction of a Healthy House
by Andrew Eriksen

This article is part of a series describing thestarttion of a less-toxic, super-
low-EMF house in northeastern Arizona. The cormsiton of the building itself is
covered in this article, while the electrical andaianical systems, as well as
other aspects, are described in separate articles.

The methods described in this article may in aifestances be in conflict with a
local building code. This article describes wlnat author did. We recommend
that you follow all applicable building codes argjulations. It is the reader’s
sole responsibility to verify compliance.

A vendor list is provided at the end of the articléhis author has no conflicts of
interest in recommending any specific productsweher, what works for one
person may not work for others. Always test matsrior tolerance before using
them.
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Septic and well

Once the land is purchased, the house designed ofitb&e materials selected and
the contractors hired, it finally becomes time tedk ground.

If you are in a rural area, the first step is ugualktalling a septic system. Many
municipalities will not issue a building permit beé the septic system is in place
and inspected. Some will not even receive theiegpdn before the septic is
approved, which can delay a project for months.

If a well needs to be put in, it is often a goodado do so before starting on the
house. It takes a lot of water to wet down théfeoia foundation and during the
concrete work. In this project, a water trailerswanted for two separate days,
and with the labor to fill it up, it added more th&1,000 to the cost — money that
could have been saved if a well was available, garden hose could have been
brought in from a neighbor. All that is neede¢ust the well hole itself and a
pump installed at the bottom of the well, whiclpawvered by a generator when
the water is needed. There is no need for a caeplell system at this time.

The foundation

The foundation is ready to be poured. The polyiaoarate boards, the PEX tubing and
the stem walls can be seen.
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The first part of the house itself was the founatati Heavy machinery dug down
to solid soil and rock, and then built up stabiizgavel to make a bed upon
which the concrete slab was poured. It is be$igfowner is present during this
phase, as there may be a need to interpret sorgaththe drawings. Otherwise
the workers will make their best guess. It is @gtone to watch for mistakes,
before they are made permanent. (One neighbotohiagject a load of gravel that
was contaminated with diesel fuel.) Big machingag also do a lot of damage to
the land in a very short time, especially if builglin a natural area that should be
preserved.

Many houses have a monopoured slab, which is ttieedaundation made in one
big concrete pour. A monopoured slab is simple @si-effective, as there is no
masonry work and there will just be a layer of iason later put around the
perimeter, once the house is built. It is alsaallginealthier than many other
foundation options. This house has an in-floottingasystem (sometimes called
radiant heat, even though there also are othes typeadiant heating systems).
An in-floor heating system requires a more compéemdation in order to work
well. Since the slab will be much warmer than listanust be well insulated to
avoid excessive heat loss. This is also the cas@imer climates, such as
Arizona.

In this house, the foundation consists of a stefh which is a wall of concrete
blocks around the perimeter of the house. Theotolilocks are filled with
concrete, so it becomes a solid concrete wall. dthier walls of the house are
then built on top of this stem wall.

On the inside of the stem wall was placed a twdriftccm) thick layer of
polyisocyanurate rigid foam insulation boards,rsulate the floor from the un-
insulated stem wall. The boards are placed vditiop against the inside stem
wall, and cut so the top tapers off towards thensteall. That way the insulation
does not stick up out of the floor.

In retrospect, the tapering is only needed attitvet fdoor, while the extra thick
wall would otherwise cover it. Precious insulatiaue was lost by this
oversight.

These same polyisocyanurate boards are also pat timelslab, to insulate it
against the ground below the house. These insualathards are very tolerable
and have an excellent insulation value. The oafgon they were not chosen to
insulate the rest of the house was their high cost.
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Under these boards were placed a membrane of @balt 0.15 mm) plastic,
which both retards any radon gas infiltration anelvpnts moisture from being
wicked upwards. Using multiple overlapping laysrbest.

Some MCS houses have used boards of extruded yelyst which are different
from regular polystyrene boards. These were nail@ve when needed for this
project.

Make sure insulation boards used under a slala&ed for direct burial.

Four loops of 1/2-inch PEX tubing wind their waydbgh the concrete slab to
heat the house. The PEX tubing was secured teetia using steel wires, though
plastic ties could also have been used. Withasgdlwires, the tubes would float
on top of the wet cement when poured, so it is g to have it firmly secured
everywhere. See separate article about heatingnsysr further details.

The concrete was poured in the cavity inside temstalls, on top of the
polyisocyanurate boards, embedding the PEX tubMagrmally, the slab would be
four inches (10.5 cm) thick. To add more thermaks) it was made five inches
(13 cm) thick, which was a good choice. The comccempany was instructed to
deliver a basic mix, without any additives (calBtmixtures). These chemicals
make the concrete easier to work with, make it fasseer, be frost tolerant, etc.
Some companies add fly ash from coal-fired powantsl to their concrete. Itis a
good way to get rid of a waste product, and it doake the concrete stronger, but
it can also make it more odorous. There are ewvampanies which add biocides
to their concrete.

A concrete without any admixtures cannot be podrathg a real frost, and it
must be wet cured. Wet curing is not commonly damgmore and some
contractors are not willing to do it, or may chaggkigher fee for it. Wet curing is
basically covering the cement with a plastic tampabout three days, so the
moisture does not evaporate, drying out the togrlaythe concrete. It seemed
very straightforward and seemed to require no d@xtra. The owner just peeled
off the tarp after three days.

The porch and the slabs for the shed and the ddibhgiwere monopoured, using
wooden forms, as there were no stem walls. Thasesfwere made of 2x4 inch
wooden boards. Some contractors use reusabldatee, which must be
greased with oil to make the concrete slip the fofifhe most common oil used is
diesel fuel, which will leave the concrete odoréarsa long time. Some also use
diesel oil on wood forms. If a contractor insigtsusing oil, supply him with a
few gallons of cheap olive oil or corn oil, whiclowks very well.
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Some contractors also pour diesel oil over thesfiaed slab, if it is to become the
finished floor in a shed or basement. It is thupartant that the contractor knows
that none of these things are acceptable, andéigea that someone keep watch
so they do not forget.

The perimeter of the foundation for the outbuildmgs insulated with two-inch
polyisocyanurate boards, which were placed befugecement pour, and became
an integral part of the foundation. They were @ct#d by a galvanized steel plate
on the outside.

There will always be some concrete left over, whighdriver cannot take back to
the plant. It usually is rather little, but candpgte a bit. Some drivers ask where
to dump it, some simply dump it where it makes sdnghem. Decide ahead of
time what to do with this leftover. It could, fmistance, be spread over the
driveway in a thin layer, where it eventually wiirn into gravel.

Suppliers

Before starting on the above-ground house, lodkeasuppliers who will provide
the building materials. If there is a lot of lumle the house, it is best to use a
lumber yard which stores their lumber indoors. Wlatore the lumber outside
under tarps or a simple roof, where moisture cariaye and cause mold growth.
It is also best to specify kiln-dried lumber, whishess mold prone and also less
warped than air-dried lumber.

Some suppliers give a discount to builders, whinehtuilder typically pockets. If
you buy the materials directly, they may give ybis discount, if you ask. Tell
them you’re building a whole house. Some of tlgediains do not have special
discounts for contractors, but may give one ondanglers.
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Walls

The walls of this house were built as a conventistiek-framed American house,
except they were double. There is an outer watlevaf 2 x 6 inch studs, and an
inner wall made of 2 x 4 inch studs. The studsséaggered to prevent thermal
bridging. These two walls together comprise theeror wall of the house, with a
combined wall-cavity of ten inches (25 cm). Witberglass insulation, that
makes for an R-value of 32.

The lumber used for the house was Douglas fir angeshem fir, as they were
easily available and less odorous than pine. Taeravood types that have less
turps—such as maple and poplar—but they were otdzble for such a large
project. All lumber was kiln dried, which has legsa tendency to become moldy
than lumber which has simply been air dried.

Steel studs were not used, as these would allove meat loss through the walls,
due to thermal bridging. Some studies suggest hallf the insulation value of
the wall is lost by using steel studs.
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The bottom plate of the walls is made of redwoB&dwood was used instead of
pressure treated wood, which is toxic. Redwoahigxcellent alternative, as it
decays extremely slowly, and thus poses less iskdar mold growth due to any
moisture that could collect at the bottom of thél whinfortunately, redwood trees
grow very slowly and are not really a renewabl®euese. Redwood contains high
levels of tannin, which both deters molds and itsett is a very aromatic wood,
but sealed inside the wall that was not a probld@imere are other types of lumber
that are rot-resistant, such as black locust, wiiely be available in some areas.

With the double-wall construction, the corners Imeaomplicated, with cavities
entirely closed in by studs. Fortunately, the feasrthought of putting insulation
in these cavities before they nailed the last styaace.

The walls were then covered with housewrap, whsch plastic barrier that slows
down air movement. The type with small holes iwats used, as it was important
that the walls could breathe and not let moist@tetigqpped. The moisture barrier
was later placed on the inside of the wall.

Horizontal 1 x 4s were then nailed to the outsideh® housewrap, which is
where the siding would later be nailed into. 2sxstiould have been used instead
of 1 x 4s, as they are stronger and cost the sdihe.bottom 2 x 4 should also
have been redwood, for deterring mold growth. hbesewrap could also have
been caulked to the sill plate, to deter air movame
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The roof
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The roof trusses were manufactured by a companghwthiicked them to the
building site. They were made of lumber, which keat fine, as they are placed
outside the building envelope. Steel trusses wetavailable locally, would have
cost a lot more, and were not necessary.

In a conventional house, the next step is therweicthe trusses with toxic
plywood (called decking), cover it with a rubbergmibrane and then nail toxic
tar shingles to them. This house was done diftereiollowing the practices and
materials used on many barns. Instead of insgathe plywood decking, a series
of horizontal 2x4s were nailed on top of the trgsse it looks like a giant ladder.
These are called purlins. The 2x4s were instdlRthches (45 cm) apart (OC to
be precise), though the manufacturer only requ2dethches. The inspector was
more comfortable with 18 inches, as he was condceitma the roof might buckle
when walked upon.

A steel barn roof was then installed over thesdéinsjrusing special screws with
large heads and a gasket. The roofing materia&aguge steel plates of a type
called Pro-Panel Il, manufactured by Metal SalBlse panels are attractive
looking, available in many colors, are guaranteedd years, and came without
any oil residues, making it a truly low-toxic, lawaintenance roof. The special
screws are sold by the same company, in colorshimgt¢heir panels.

The panels are ordered in custom lengths fromabtfy, which reduces waste
and cutting work on-site. To make sure they willthe actual measurements
should be taken once the house is framed. Theiggavare not accurate enough.

A roof without decking will be more noisy in heargin than one with decking.

Doors and windows

The windows were then installed in the walls. Detdjazed aluminum framed
windows were used, as they do not need to be hiikee wood-framed windows,
and were safer than the vinyl-framed windows. Ahum frames conduct heat
more than the other kinds, which is the drawbackHese types of windows. The
most energy efficient models were the Regal Vieesdrom BetterBilt. They
have a built-in thermal break that the other modelsiot have.

The exterior and interior doors were steel doayafStanley, which has since
been bought by Samsonite. The new owners thergekahe design of these
doors to use manufactured wood around the edgelsissime of doors no longer
is so attractive for MCS housing. Their main cotiipg JELD-WEN, has
successfully been used in other MCS houses. Wity a new house, doors
should be bought months in advance, so they cga®ff Even steel doors.
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The doors came with an off-white primer, intendedé¢ painted to fit the décor of
the house. The doors were not painted, but lef.as

The interior doors were fitted with custom framégaplar by a local shop,
instead of the typical odorous pine. The door #arare the only exposed wood in
the entire house.

Siding and trim

The siding had to be mounted after the windows wenf he siding is the same
material as the roof (i.e. Pro-Panel Il), but ia thinner 29-gauge version. The
fittings around the windows and the door needeat aflcaulking to ensure that
rain would not enter the wall through the spaceseth Earlier houses, which did
not caulk heavily here, have had problems with sag@page.

Make sure to install the “rat guard” strips at bwgtom of the walls, to prevent
small animals from nesting inside the wall.

The roof over the porch was then built, using lundoed Pro-Panel Il.

Wrapping all exposed lumber in steel, for zero reance

No wood is exposed to the weather, eliminatingnded for any toxic paints or
other wood treatments. All exposed wood is covénedteel plates. For large
areas, such as the soffits, the regular Propanesied, as it will vibrate less in high
winds than if flat plates were used. For smalleraa, 29 gauge flat stock steel is
used (also from Metal Sales). It is time consumiuagk to bend pieces of metal
to wrap around exposed posts, beams and othelsiétat then it will be non-
toxic and maintenance-free for decades.
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Inside work

The house was now closed in against rain, andttteemside work could begin.
At this stage, it looks like the house is almostelolIn reality, it is only the half-
way point, perhaps not even that far. The intasiork takes a lot of time and
often doesn’t look like much work, but it is.

The interior walls were put up as standard 2 x éadvisames, with a few walls
using 2 x 6 when there needed to be room for plagnbDouglas fir was used
mostly, but also a little hem fir, when Douglasviias not available. Also here the
bottom plate was redwood.

Electrical work

Wall box sealed with silicone caulk

The electrical work is covered in detail in a sepaiarticle. The wiring was done
with standard ROMEX, but of a brand that does rastehany lubricant added.
ROMEX contains flame retardants and plasticizeus that was deemed
acceptable, as they would be sealed up inside #tle Whe lubricants used on
some brands (such as SimPull) were too bothersanaebest avoided.

The wall boxes for switches and outlets were ptasibt steel, as there were
concerns about traveling stray currents. Seedparate article for details.

The wall boxes were sealed around the cables asinkg, so air could not
penetrate from the wall cavity. Once the wall lisavere installed and foiled (see
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later), aluminum tape was used to seal the cracksd the wall boxes as well.
Some people have used insulating foam in a cain @si€Great Stuff) instead of
caulk to seal the wall boxes.

When the house is buffeted by high winds, some@a@s come out from the
electrical outlets, especially in exterior walls,the seals are not perfect. It can be
temporarily remedied by taping the face plate.

No recessed lights were used in the ceiling, asetlaoe very hard to seal well.
Instead, dome lights were used. Some of them e of insulation on the
back, which were removed prior to mounting. Thaulation reduces the heat
from the lightbulb going upwards, as a fire pra@tt Without this insulation,
less wattage light bulbs should be used, thararsmed on the fixture. The
fixtures used in this house were rated for 100 syaid are actually used with 50
watt bulbs or less. Removing the insulation maggainst building code.

The light fixtures were “burned in” by having thghts on for a couple of days.

The house was wired for phone, computer networkcaadtial TV, as the wiring
is much easier to install at this point, rathentkaer. Using the wireless
alternatives are a health hazard for sensitive lpeop

Plumbing

The graywater and blackwater (sewage) lines wene dally conventionally
using ABS pipes and regular glues.

The freshwater lines were done using copper pipeswere soldered together
(called “sweated”). Regular solder was used, allisead-free now. Most modern
builders use PEX tubing now (cross-linked polyathg), which is much faster
(thus cheaper) to install than copper. It wasdgioent call to not use PEX.
Copper is not a perfect material and PEX does bawee good endorsements, but
a sample of PEX didn’t smell too good and nobodhWICS seemed to have
tried it. Another concern was whether the conoestwould start leaking in ten
or twenty years. Not enough track record yet.

The underground pipe from the well to the houdeM€ plastic. PVC is not
wonderful, but it was the only realistic choiceV®pipes quickly develop a
biofilm on the inside walls, which then shields thater from any plastic leaching.
The only viable alternative was to use steel pipds¢ch have a corrosion problem
(both outside and inside the pipe). Steel pip@satso be a pathway for stray
currents, unless a piece of plastic pipe is indedeact as an insulator.
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The PVC pipes were glued together, using the stdrglae. But it was done a
little differently. Most people put copious amasiof glue on both the inside of
the coupler (female side) and the outside of tpe fnale side). When the pipes
are then put together, there will be a lot of gdposed to the water running in the
pipe. This is both from typically putting glue téar inside the coupler, and from
excess glue being pushed into a glue-donut whepigweis inserted.

Picture of cut-out pipe, showing excess glue bekmpsed to the water
stream inside the pipe. Note how the glue hasledalong the bottom of the pipe.

A much better method is to only put a small, tlaiyelr of glue inside the coupler,
and then the regular amount on the outside of ifhe p

After the pipe has been glued, allow the glue t@ dar at least 24 hours before
any water is run in the pipe. This waiting perisdegardless of any claims by the
manufacturer that a shorter time is sufficientué&dioes not cure well without air.

The flexible hoses from the walls to the faucets emmmode are the conventional
type made of plastic, with a sleeve of stainlesslstThe exception is the hose to
the cold-water kitchen faucet, which instead iteailble piece of copper tubing
fastened with compression fittings. No “pipe dop&is used in the house, as it
contains biocides to deter mold growth. Tefloretas used instead.

Since the house has its own well and storage tapkessure tank was installed.
The 3YA56 model from Dayton Electric was chosets. bladder is of an ethyl
vinyl acetate instead of the typical rubber bladddrich makes the water taste
bad. See separate article about the water system.
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Insulation

With the plumbing and electric completed in thela/étalled rough-ins), it was
time to put insulation in the exterior walls ané tteiling. The material used was
formaldehyde-free fiberglass batts, which are mactwied by Johns Manville and
are available through some hardware stores. Tt ¢eme with a brown paper
backing, which was torn off and discarded. Browaper is recycled paper, which
can contain many impurities, especially ink. Thare safer insulation choices
available, such as polyisocyanurate boards and esagn foam, but they were
too costly. There was also no local vendor whdatapply the magnesium foam.

The most important 1/10" of an inch

The innermost part of the walls, ceiling and flaoe the most important part of a
less-toxic house. If these are not done righthingtelse really matters, the house
will be a failure. Or at least not habitable feays. This has happened to several
people. A few stories circulate about Els who hia@en very conscientious
throughout the whole long, tiresome building prec@sd then get so tired they let
their guard down at the end of the project, whes imhost critical.

Whatever is in the last 1/2®f an inch, is what the person living in that heusll
be breathing in all day and night. More than amghit will determine what,
when and if move-in will happen.

The system chosen for this house is economicahasdeen proven in a few local
houses, though the details are still developing.

Drywall is a gypsum board with a backing of recgchgown paper. It is mostly
the brown paper that is a problem. Some manufawaiso add formaldehyde as
a mold retardant to their drywall product. Drywialkes a long time to offgas, but
since it was sealed in, it was chosen to be used.

One EI contacted the manufacturing plants of USd8Bgpand American Gypsum
in 2006, as they were two of the largest manufacsur They both stated that they
did not add formaldehyde to their products at tim¢. This may change,
however.

Shortly before the drywall was needed, a sampletstfecach available brand was
purchased from each local vendor. A piece of sachple sheet was put in a one-
liter glass jar and left in the sun. The sampét §melled the least obnoxious was
the one selected, and the whole batch was immédtdered for delivery. The
toxicity of drywall of the same brand may vary otiene, depending on the
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suppliers of the raw materials to their factori€ach batch of drywall may be
different, thus it is best to sample from the sdraeh as you purchase.

Both the walls and ceiling were covered with drywao drywall was used in the
bathroom, as drywall for moist environments corgdiocides to deter mold
growth (most are marked with a green color). Cdrbeards are better when
tiling, anyway. The exterior bathroom wall and te#ling were covered with a
moisture barrier called Tu-Tuff, which is some safrplastic that is tolerated by
most people with MCS. Then all walls and the ogilof the bathroom were
covered with a cement board called HardiBackerctviwas tested to be more
tolerable than the other available brands. Pesplehave a lot of money could
consider using HardiBacker instead of drywall ia &ntire house. These boards
cost about six times as much, and are also moog-latensive to install.

HardiBacker was also used to cover the window aitld around the windows,
which was later tiled. Strips of Tu-Tuff were gaghind the HardiBacker as a
moisture barrier.

The seams between the wall boards were taped &gtllar paper joint tape and
then covered with Murco M-100 joint compound. Tisig special hypo-
allergenic product made by Murco Corporation intRgorth, Texas. The M-100
product is basically wheat starch, calcium carbe@aid mica.



Desert Moon House: Construction Det. 16

Foiling the walls and ceiling

The dry walled walls and ceilings were then covexgt aluminum foil, as if it
were wallpaper. The aluminum foil was purchasetl mil (0.001 inch, 0.025
mm) thick rolls that were 3 feet (1 meter) wideheSe came from Alufoil (see
vendor list). For smaller areas, heavy-duty alwmirfoil from the grocery store
was used. Grocery store foil could have been tlsedighout, but it would have
been a lot more work and a lot more seams. It les& than three rolls of these
225-foot (70 meter) rolls to do the entire hou€gher types of foil products, such
as Denny foil, are too stiff to be used for thisgmse. It doesn’t matter which side
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of the foil faces outward. There is a myth thastn foils have plastic on one side.
They don't, except for the Teflon-coated foils.

The foil was put up with Golden Harvest universallpaper wheat paste from the
local hardware store. It may be possible to udeetipes for glue made out of
wheat flour, but that has not been tested.

A special smoothing tool was used to smooth outwthekles in the foil, and
remove excess wheat paste. It will tend to stesakmar the aluminum foil, but
this will not be visible once it is painted. Theaaothing tool is available from
Hyde (see list).

The first houses with foiled walls were built ireth990s. They used
manufactured foil-backed drywall panels, but thévi@as only 1/4 mil (about 6
micrometers), which was not durable enough.

Some earlier users of the present system had pnshieth the foil blistering
some months later. It was found that they hadstraitly adhered to the
instructions on the packet of the wheat paste.mittum folil is not as forgiving as
typical wallpaper.

One prospective user made up samples to test siensy These actually corroded
the aluminum foil, because of moisture being stuskde. The person made the
samples with aluminum on both sides of the sameepaé drywall, and taped the
edges with aluminum tape. There was no way fontbisture to escape.

There were no problems at all with this housef seems the procedure has been
worked out perfectly now. It includes:

heat up water until almost boiling, before mixiig fpowder

soft water appears to work best; add a little ifaising hard water

mix the exact amount of powder, do not skimp

if it gets lumpy, add heat or maybe a little water

apply the paste to the wall with a roller, then asid foil over it

in some houses, the worker applied one coat of iybeessie and let it dry
overnight, before a second coat with the wall paper

do not use all the mix in the bucket—throw awayhib#&om few inches, it
will have become diluted with the joint compoundrifr the wall

make sure to use the smoothing tool to remove exsbeat paste, by
pressing it out the sides of the foll

only do one side of a wall in a day, to limit mais buildup
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The aluminum foil has three purposes: it seathéfumes from the walls (i.e.
from the insulation, wiring, drywall and lumben);js the moisture barrier for the
house, and it also provides a little shielding aglradio-frequency radiation (as
does the steel siding and roof).

Make sure there is no other moisture barrier, asethan’t be two, or moisture
may eventually be trapped inside.

The seal will eventually start to leak a littleeafseveral years. By then, the
contents of the walls will have largely offgassétb seal is perfect. It is thus still
important to use less-toxic materials inside th#ésaand not fully rely on the seal
to keep it at bay forever.

The strips of foil were put up on the drywall watsmall gap, so they did not
touch and did not overlap. When it was dry, thensewere taped using two-inch
(5 cm) wide acrylic adhesive aluminum tape fronb. BH-oust. The more common
Polyken aluminum tape does not have a strong enadigésive that will last.

The aluminum tape was applied using plastic icapans for car windows. They
make the tape adhere better to the rough surfdoen wsing the dull side of the
scraper. Steel scrapers won't work, wooden onelsginly would.

The top and bottom of the drywall was now also dape make airtight seams
against the raw concrete floor and the ceilingethe ceiling was also taped in
the same way.

The bottom seam was later covered with floor #ed baseboard tiles. In the
utility room, the seam was instead covered witlrig of aluminum with an L-
shaped profile, which was fashioned out of alumirflashing material.

Finally, all wall boxes and other wall penetratiavsre also taped. These boxes
had already earlier been sealed with caulk, whHezemres come through.
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The edges of the walls, and around wall boxessaeted with aluminum tape.
The steel mesh is for trim and baseboard tiles.

Using sealed walls and ceilings in other climates

This building method with foiled walls has so farlybeen used in a desert
climate. In humid climates, there may be a probienthe moisture from the
wheat paste to travel through the gypsum boarceaagdorate from the enclosed
space inside the wall. Trapped moisture can caumdée growth.

In a humid climate, it may be wise to put up thidaly on a dry day, and make
sure the house is warm, possibly using electricsp@aters (powered by a
generator, if needed).

The wall cavities could be ventilated with forcedmought down through holes
in the top plate. A vacuum cleaner and small pldsises could be used for this.
An air compressor may add olils to the air, whichldde problematic. The holes
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should probably be plugged afterwards. The firesimal may not like vented
cavities, which could possibly provide oxygen toedectric fire inside the wall.

The area of most concern would be the walls tresaaled on both sides, which
is only the interior walls. The exterior walls,datine ceiling up to a vented attic,
should be able to breathe fine. Since the intevalts usually do not have
insulation in them, it may be less critical to stk&im. Perhaps they could be
sealed only on one side, like the insides of adi@dr Another option is to make
the interior walls of safer materials than dryvaaid wooden studs. Steel studs
and some safer wall board could be used instead.

Another possibility is to put the foil on the walbards before they are mounted,
so they can dry in open air. This would cost morabor.

In warm and humid climates (such as east Texasidélovestern California and
several other states), the vapor barrier in therettwalls may be placed on the
outside of the insulation, not the inside (checakltital building code, if in doubt).
In that case, this method with sealed walls cabeaised. There cannot be two
moisture barriers in an exterior wall, it will npass inspection, and for good
reason. Moisture will eventually be trapped insichusing mold growth.

Using sealed walls in retrofits

Be careful using this method in an existing housdhere is already a vapor
barrier in the exterior walls and/or attic, it mbstthoroughly perforated,
otherwise use this method only for interior walls.

Preparing the walls for paint

The now aluminum-covered walls and ceilings weentivashed with a solution
of Red Devil TSP (which doesn’t contain any phosejhavhich came from the
local hardware store. A weak solution of threespe®ns to a bucket of water
works well to remove oxidation and any oils frore thanufacturing of the foil.
The putty and paint better adhere to a clean seiyrtaat it will work without this
cleaning.

A putty was then custom made to spackle arountaited seams, so the surface is
completely smooth and the seam will not show thiotlng paint. The putty used
was experimental, with a recipe that is not yeilaibée to the public. Murco M-
100 can be used instead, for the same result.pdime is covered later in this
article.
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Tiling
Tiling should first be done after the walls ardddiand sealed against the concrete
floor.

There is a lot of tile work in this house. Besidéighe floors, there are tiles
covering the walls and ceiling in the bathroom tevent mold growth there.
There are also tiles around all windows and daard,along the bottom of all the
walls, where there normally would be wood trimminihe countertops in the
kitchen and the bathroom are also tiled, usingethagers of 1/2-inch HardiBacker
cement board underneath for stability. Theregs al backsplash of tiles behind
the stove and the kitchen counter. The backsplashk 24 inches (60 cm) above
the work surface, as the paint used on the wak do¢ handle splashes well.

The color of the floor tiles was chosen so thedest of the desert does not show
up as well.

The thinset and grout used were home made, a®thmercial mixes have
problematic chemical additives. One person buibase he was not able to live
in. He then had all the surfaces in the entireskdiled, at an enormous cost. And
it still stank. It now stank of commercial groahd it took about 18 months

before he was able to live in it.

The home made grout and thinset have much less odlar, but they also take
more effort to use. There is a good reason fasdlatnemical additives. It is best
to do some experiments first, to make sure whictsistency works best. Itis
also extremely important to thoroughly wet down filber, wall or ceiling right
before putting up the tile, or they will not stiflkse a mop). The back side of the
tile must also be wetted, before sticking it omestvise the moisture is wicked
away too quickly. If the thinset is too dry, oetburfaces are not wetted down
enough, the tiles will tend to work themselves wafier awhile. With the
commercial thinset, tiles can be slapped on anghihiéstick. With this recipe,
they will need to be pressed on for about ten sgcbefore letting go. Be careful
not to work when it is too cold, otherwise it wilbt harden up well. 40 degrees
(5° C) is most likely too cold.

When doing wall and ceiling tiles, it is importaotkeep the room very humid so
the thinset and grout does not dry too fast andecorittle. The room should be
closed up for at least 24 hours after the tilessate Perhaps place some buckets
of water to add moisture to the air.

With floor tiles, it is sufficient to cover them thi plastic for at least 24 hours.
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The tiles around the doors, the bottom of the waatld the backsplash were set on
a steel mesh, which was attached to the wall withles and galvanized roofing
nails. This mortar will not stick well to aluminuam its own. There it was fine to
let it cure in the normal dry atmosphere, thoughias done with the house cool
(around 50° F, 10° C) and closed up during theewint

The mortar cured fine, even when the moisture coulg travel out through the
grout lines (otherwise being sealed between theatid the aluminum foil on the
wall). This may take longer in a humid climateguigh the alkaline cement should
deter mold growth.

The tile worker testing the thinset recipe withalile in the bathroom
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Setting the tile around door and baseboard, usteglamesh for extra strength in these
areas

Tile work around the window, with HardiBacker cemeoard underneath
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The ceiling tiles should not be larger than 6 xiéhies (15 x 15 cm), or they may
come loose. Special wall tiles are available, Wlape thinner and lighter than
floor tiles, and often also a little smaller.

Tile work is an ancient art from long before cheamhimdditives. Well-preserved
mosaics can still be seen in two-thousand-yeaRalohan villas, for instance.
The guy who did this house did it very well, ncdiagle tile has come loose.

The thinset and grout uses very fine 120-grit saridch is difficult to find, as no
one makes their own any more. Locate a masonmlgsfore in your region.

The bags may have to be shipped a long distanaudad 600 pounds (300 kg)
of feldspar 120-grit sand for this house. Otheetyof sand will probably work as
well, but ask the supplier and/or test it yourself.

Less-toxic thinset recipe:

5-1/2 cups 120-grit sand
4 cups portland cement
1/2 cup lime (calcium carbonate)

Increase the cement content for ceiling tiles.
Less toxic grout for 1/4-inch (1/2 cm) grout line:

2 parts 120-grit sand
1 part portland cement

Less-toxic grout for 1/8-inch (1/4 cm) grout line:

1 part 120-grit sand
1 part portland cement

Only an experienced tile-setter should attemptglthe 1/8-inch grout lines.

Grout can be made with coarser sand (down to G)-buit it will be more rough
looking, and may only work for 1/4-inch (1/2 cm)pgt lines. Thinset cannot be
made with coarser sand.

Only ceramic tiles were used. Porcelain tilesveidely available, but harder to
work with. The listed recipes may not work welkhvporcelain tiles. Beware that
porcelain tiles look like ceramic tiles, and argeafnot clearly marked.
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It is important to keep spare tiles. They may kiater, if the foundation cracks
or something is dropped on them. By then, a magctesign may no longer be
available.

A tile floor is costly. Some people instead opteda concrete floor. These can
be tinted with cement coloring and sealed with mmual coat of sodium silicate
(also called water glass).

Bath tub details

The bath tub is made of acrylic plastic, which hasbeen a problem. Some
people prefer porcelain covered steel tubs, thaligi are more expensive, with a
very limited selection.

The walls around the bath tub are tiled, like &t of the bathroom. The grout is
sealed using the AFM grout sealer. Sliding shadesrrs keep splashes inside,
and are much less likely to grow mold than a shawetain. A future
enhancement is to mount a single-pane window ati@/ehower doors, so the
shower area is fully enclosed from the rest ofithinroom. This will limit the
amount of moisture added to the air in the roord, @erhaps the whole house.
The glass will be caulked in place using aquariamlg as that was by far the
most tolerable, but also the most expensive. Qusateon and mold growth is an
extra concern when using clay paint, even in trsede

Paint

Paint is the most troublesome issue when buildmyI&€S house. Several MCS
houses have been ruined by painting them. Watlscailings have large surface
areas, so the material put on them has to meetteaneely high standard to be
tolerable. And many fail at it. There are many{gOC and zero-VOC paints on
the market, but that does not necessarily make gafen The marketing is also
dubious, since “zero” is not always really “nothimg their parlance. And even if
it is, there still has to be something in the p&ndilute and bind the pigments.

None of the available paints are really truly waridle They all take many
months to offgas, sometimes several years. Thigahas visited several houses
that still stink of the paint on the walls, evemnifgears later.

There are several paints available that are dedignbe better for sensitive
people. Some of the common ones are:

BioShield Kinderpaint



Desert Moon House: Construction Det. 26

Sherwin Williams Harmony
AFM Safecoat
Best Paint

There are other brands available. It is imperatmnat you test to find out which
one works best for you. A suitable test is to wallisides of a large piece of
drywall (like 4ft x 4ft) in aluminum foil. Then pat it, let it air out a month, and
then sleep with it next to the bed. Even bettéo igsit a recently built house
using this paint.

Some people avoid the paint by having bare walkahinum foil. It takes some
getting used to, but it is not as bad as it seehrevirst encountered, unless you
are sensitive to aluminum itself.

Another way to avoid paint (and also the aluminuwit) is to tile all surfaces in
the house. That is very expensive to do, though avgood tile selection, it can
look very attractive.

An old-fashioned method is to use cement or clagtel over lathe, which usually
works very well, but is labor-intensive and thustto One builder used 70 tons
of sand and cement to plaster a 1400 sq ft (140etqr) house. A few have tried
to plaster over aluminum foil, but some sort ofggiaust be used. Elmer’'s
Glue/Wellbond was used in one case, but it toakng kime to offgas.

Murco M-100 has been used as a sort of paint, egii several very diluted
coats, or as a sprayed-on mixture, directly on diywlf applied on aluminum, it
will probably need a glue added, like Elmer’s/\Weltll.

In the older days of MCS, porcelainized steel gatere used, though it doesn’t
look so attractive and is very expensive. It ldleh out of favor for today’s
MCS-construction projects.

For this house, the walls were painted with an expental clay paint, which is
not commercially available and is a closely guarsiectet of the inventor. This
was the fourth house to use this paint, which wer&l so far. The longevity and
mold resistance of this paint are not yet proven.

If this clay paint had not been made available cth@ce would probably have
fallen between BioShield Kinderpaint, the Harmomaynp and using Murco M-
100. Either of those would probably have delayedenn.
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Some of these alternative paint methods, such 490/and the clay paints, are
not as durable as regular paint. They can be dadnlyg splashes, seepage from
windows or simply washing the walls.

The clay paints are not a good choice in a humidate, and should not be used
in bathrooms. They may also not be suitable farsles using a swamp cooler.

Caulk

Caulk is used many places in a house, such as@sinks and bathroom fixtures,
and many other places. In this house, the elestiltboxes were also sealed with
caulk. Caulks takes awhile to cure, and most efitlemit a characteristic smell of
acetic acid (vinegar).

Before the project started, samples of six bramd$@% silicone” caulks were
purchased, together with an aquarium caulk andPtenoseal brand caulk.

Copious amounts of each caulk sample were sme#redea the inside of glass
jars, which were then sniff-tested once a weeke dtuarium caulk was best,
which is not surprising since it has fewer nastgroltals so the fish are not killed.
But it also costs many times more than the regyfas, so it was used only on
indoor projects after move-in. The most toleraifléhe regular caulks (Ace 100%
silicone) was used for the rest of the inside wartile the second-best (GE
Silicone 1) was used for outside work, as it cdgiw half as much, but contains a
biocide.

The worst in this test was Phenoseal, which tookynmaonths to be tolerable.
But some folks like this one the best, so it isamant to do one’s own testing and
not rely on what works for others.

Cabinets

The cabinets in the kitchen and the bathroom aderné steel with a baked-on
epoxy coating. These were tolerable right awagl, atot of people in the area use
them. Affordable cabinets of this type are diffido find, but Fillip in Chicago
makes a limited selection of styles, in only onlocoThey are made of rather thin
steel, but they work okay. They came without a(eojpop is available, but it's not
well tolerated). A countertop was built using tntayers of 1/2-inch HardiBacker
boards, with a layer of large (18 x 18 inch) floiées on top, and fixed with
thinset and grout. This came out looking very nice
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Sinks

The kitchen sink is stainless steel, of the thickade. Cheap, thin-walled sinks
have problems with sound from the splashing wathich is dampened with
sound deadeners that are usually made with akeslibstance. A good
alternative are porcelainized steel sinks, thobgly tan be damaged if dropping
things into them.

A note of warning

The described building method with foiled walls tha&n tried only in a desert
climate. It is unknown how well it will perform iother climates. One issue of
concern is that the wheat paste may not be aldeytthoroughly in a humid
climate, as it is trapped behind aluminum foil @aa only breathe through the
drywall.

These sealed walls may also be a problem if waiter® by other means, such as
a roof leak or a leaky pipe inside the wall. Itlwhen take much longer for the
moisture to seep through the wall and alert thedwmwmer, and meanwhile very
little of this moisture would be able to evaporaieits own, creating a mold
problem.

So far, there hasn’t been such an incident in thesés built by this method, the
oldest of which was built in 1996.

It is very individual what a person can toleraBome people can never live in a
house painted with AFM paint, while others can moght in. Some do well with
Elmer’s glue/Wellbond, others do nd¥lake sure to test the materials and do
not rely on what works for others.
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Disclaimer

This document describes what has worked for soraplegin a particular climate.
This building method is to be considered experimenieither the author nor
Bruce McCreary is liable for any results using thi®rmation.
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Vendor List

Many of the larger vendors are not willing to resgao queries from individuals.
It is usually best to find a local supplier whicriges their products, or can order
them. The companies will usually supply a lisvehdors in a given area. Some
of the listed vendors are small companies, whicltevee customer contacts by
phone or e-mail.

Alufoil (0.001” soft aluminum foil — part no. 210SR36X225AL
631-231-4141
www.alufoil.com

BetterBilt (windows)
1-800-376-4230
www.miwd.com

Dayton Electriqwater pressure tank)
1-888-942-6700

E. L. Foust(acrylic aluminum tape)
1-800-353-6878
www.foustco.com

Fillip Metal Cabinet Company
1-800-535-0733
www.fillipmetal.com

Hyde (wallpaper tools, SKU 45808)
1-800-872-4933

James HardigHardiBacker boards)
1-888-542-7343
www.hardibacker.com

Johns Manville(formaldehyde-free fiberglass insulation)
WWW.jm.com

Metal Sales
1-800-289-7663
www.metalsales.us.com

Marvel Masonry & Supply(120-grit sand)
Phoenix, Arizona
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602-971-2710

Murco (M-100 joint compound)
1-800-446-7124
www.murcowall.com

Sto-Cote (Tu-Tuff vapor barrier)
262-279-6000

Roman AdhesivegGolden Harvest universal wheat wallpaper paste)
1-800-488-6117
www.RomanDecoratingProducts.com

Red Devil (Red Devil TSP cleaner)
1-800-4ADEVIL
www.reddevil.com

2009



