Flooring choices are seemingly endless these days. From wood to cork, concrete to tile,
bamboo to adobe, and everything in between. Floors can be utilitarian and a bold artistic
statement all at once. Your imagination and budget are the only limiting factors here.
I’ve given you some ideas below. This is in no way a complete outline, so go with your
heart. Just remember to check in with your wallet along the way!

..Acid Staining..
There are many, many details when it comes to acid staining a concrete slab foundation,
and there is no question that it is both an art and a science. Here are some important
details that I learned over the years, often by making mistakes, that are not commonly
discussed in training materials.
1.

2.

Be sure that your concrete does not have any
additives in it. Retardants, accelerants, and other
common additives in concrete can make staining your
floors impossible. The process of acid staining is a
chemical reaction and the additives interfere with that
reaction, leaving behind a beautifully boring, grey
surface.
During construction, don’t leave items on the
concrete for extended periods of time. At the end of
each day, be sure to remove lumber, tools and debris
from the floor. Concrete leaches tannins out of lumber
and those tannins remain embedded in the concrete.
When it comes time to acid stain your floor, the
tannins will change how the acid reacts with the
concrete and you will be left with the shape of
whatever material (i.e., hammer, 2 x 4, etc...) you left
on the ground.
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3.

Don’t cover your floors with protective cardboard, carpet, or other layers.
Covering up the floor means that you can’t see it. As such, you can’t tell when a
nail manages to find its way under the cardboard. Nor can you see the sand and dirt
that has found its way through as well. Once the “protection” is pulled up,
sometimes months later, it will be too late and you could potentially find mars left
by a nail that has continually been stepped on for months, or a surface abraded by
trapped sand and dirt.
Instead of covering your floors, leave them open and unprotected. You will have to
be extremely clear with any subcontractors or other people working on the job site
that they are working over a finish floor. You will need to say it everyday: “This is
the finish floor. Don’t write on it. Don’t drop anything on it. Don’t spill anything
on it. If you are concerned you might damage it, talk to me first and we will come
up with a plan of action.” That will become your mantra. In my experience, you
will have better results with this approach.
When it comes to plaster application time, however, that is a totally different story.
During that process, it is essential that you protect your concrete slab as without
protection, your floors will be ruined. I suggest using three layers of roofing felt.
Each layer should be taped down approximately 1 !” away from the wall. Run
each layer in opposite directions across the room, i.e. perpendicular to the layer
below it. At the end of each coat of plaster, you can remove a layer of felt and be
ready for the next coat. I know this sounds wasteful, but it is very important that
you don’t have chips of old, dry plaster finding their way into the next coat. This is
especially true on the final coat. Alternatively, you could use just two coats of felt
paper and provide a fresh one only before the finish coat.

4.

In general, I suggest you apply the acid stain at the very end of the project. It
should basically be the last thing you do before installing appliances. The key is
that you have to do a meticulous job of protecting the walls from splash and
capillary action. Stopping splash is relatively easy; however, hindering the plaster
from wicking excess acid stain off of the floor is a bit harder. You’ll need a steady
hand when applying the stain towards the wall, and you’ll need to ensure that it’s
not applied too thick so that there is no excess to be wicked up. Practice in the
closets or other inconspicuous areas before you hit the living room.
Another option, if the above sounds too risky, is to apply the acid stain before the
final coat of plaster. This way if you splash against the walls or if they wick excess
stain up into them, it won’t matter. Be sure to neutralize any stain on the walls with

baking soda in between acid stain coats, as well as when you are finished with the
job, so that the final coat of plaster is not affected by the stain.

..Earthen Floors..
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In this section, we will consider the same pros and cons from the concrete section and
compare them to an earthen floor.
1. Time Consuming Installation. This one likely falls into the win column for
concrete as earthen floors are not easy or quick to install for a full earthen floor
system. If, however, you plan to simply install a 1” earthen finish floor on top of a
concrete slab, the installation is much more simple.
2. Durability With Maintenance. If properly maintained, an earthen floor has high
durability, easily 50 years or more. However, a lot of upkeep is necessary
especially when compared to a concrete slab foundation. Making sure that any
divots or holes are quickly repaired and that the surface is well oiled and waxed is
paramount to the longevity of the floor. If you let the floor “get away from you”
there will be either a shortened lifespan or more work later on to get it back into
shape.
3. Less Thermal Mass. Because earthen floors are not as dense as concrete, they do
not provide as much thermal mass per inch as concrete floors do. To compensate
for this, the thickness of the earthen floor should be increased. Exactly how thick
the floor should be will depend on the amount of thermal mass you need. Keep in
mind that with the bale walls acting as super insulation, you may need less mass

than you think. Of course, having more thermal mass than you “need” is not a bad
thing as it will only increase the ability of the floor to store energy.
If you plan to install a radiant floor heating system in your earthen floor, there are
some details you need to consider. Although the floor itself can handle the
temperature gradients that a radiant floor heat system produces, the actual
installation of the tubing is considerably more difficult than in a concrete floor.
Because concrete is poured in place in liquid form, it does a great job of fully
encapsulating the radiant tubes. Earthen floors, on the other hand, are installed in a
much drier mix and as such, does not easily flow around the tubes and may not
fully encapsulate them. This is important because any voids around the tubing will
eventually cause failure in the floor surface.
I recommend two different ways to handle this. The first is to install the radiant
tubing in a concrete slab that is then covered by a 1”-2” earthen floor. Another
option is to use a wet sand bed on top of the compacted gravel. Because sand does
not shrink when it dries, this layer can be poured wet enough to flow around the
tubing. Once the sand is dry, cover it with burlap and install the earthen floors over
the top.
4. Lower Cost When Doing It Yourself. The materials for an earthen floor can be free
if your local soils are up to the task. You can perform a simple test by taking a
sample of the soil and placing it into a mason jar with water. Shake it up and let
everything settle for a few days. Once complete, the jar will show you a relative
percentage of each soil type: sands on the bottom, silts in the middle and clay on
top of that. You want about 30% clay, and 60-65% sand. Silts should be limited to
5%. There is much more to it than just the right ratios, but this simple technique
can give you a glimpse of what soil types you have and if they may work for an
earthen floor.
If, on the other hand, you want to hire out the earthen floor job, your costs will go
up dramatically. Installing an earthen floor is very labor intensive and thus
expensive. In addition, the chance of finding someone locally that knows how to
install an earthen floor properly can be quite small depending on where you live.
5. Soft Underfoot. This is a clear win for the earthen floor. They are incredibly
comfortable underfoot, causing less stress to one’s structural (skeletal) framework.
I was at a friend’s house years ago when I knocked a glass off of her counter while

helping with the dishes (great help I am!). It landed gently on the earthen floor and
I picked it up and washed it again. Try that with a concrete floor.
6. Lower Environmental Impact. Earthen floors have a very low environmental
impact (about 90% lower embodied energy than concrete floors) because the
material does not require firing in order to be usable, nor does it, in most cases,
require shipping. Typically, earthen floors are made from the soils dug up from the
foundation, a by-product often transported off site. Special soil mixes exist for
earthen floors and there is merit in some of them; however, for bigger projects
where your soil is acceptable, I recommend you go with your own soils and lower
your costs and environmental impacts.
7. Easier to Repair. Earthen floors can be patched and repaired with relative ease.
The biggest challenge is to remove enough of the wax and sealant oil to allow the
patch to feather back into the surrounding floor. However, with effort, this is easily
accomplished. You can’t do that with concrete!

..Earthen Floor Diagram..
Take a look at Detail 7 (Earthen Floor Section) below. You can see by the materials that
there is a lot that goes into an earthen floor. Starting at the bottom of the diagram, it’s
important to provide drainage for the substrate. Be sure to wrap the drain pipe in a silt
sock (a tight fitting pipe cover made of the same material as landscape fabric) and then to
cover the pipe assembly with an additional layer of landscape fabric to keep any fine
grain soils (silts and clays) from entering the pipe and clogging it.
The drain line should drain either to daylight or to a dry well. Draining to daylight is very
hard unless the site is sloped as the drain is already significantly below grade and needs
to slope downhill to remove water from the foundation. A a result, providing a dry well (a
large hole in the ground filled with 2” river rock, is usually required).

If you require a deep subgrade either due to drainage or soil issues, use 2” river rock to
build your substrate as close to grade as you can while still providing space for the other
layers that need to be installed. The advantage of the 2” river rock, besides providing
excellent drainage, is that it self compacts and thus does not require mechanical
compaction. This helps protect the drain lines from being crushed and speeds the
installation process. It’s a good idea to place a layer of landscape fabric over the top of
the river rock. This helps stop any silts or clays from finding their way down into the
drain and also provides a little resistance when adding the next layer, !” minus gravel.

Without the fabric, the first few inches of gravel will end up sinking into the river rock
and can be considered a loss in terms of cost.
If you don’t have drainage or soil issues and your substrate is relatively shallow, you can
skip the river rock and go straight to the compacted gravel application. Be sure to install
the !” gravel in no more than 4” lifts to ensure proper compaction. I suggest at least 6”
of compacted gravel to provide a solid base for the earthen floor layers. It’s important that
the !” gravel be angular and not rounded so that it can compact well. If you cannot find
angular gravel, another option is to use what are called “crusher fines” if they are
available. They are closer to sand than they are gravel; however, they contain some larger
pieces, sometimes up to "” in size. Because they come from a rock crusher, a machine
that makes gravel from larger rocks by literally crushing them, the contents of the crusher
fines are very angular. This allows them to pack together extremely well, making for a
very well compacted floor base.
As mentioned earlier and is the case with the compaction of all subgrade materials, you
may need to add a little water to the gravel to get the right consistency for quality
compaction. Too much water and the gravel will be impossible to compact as it will be
too squishy. Too little water and the dry gravel will not bond well. With a slightly damp
consistency, just enough to keep the dust down, the gravel should compact well.
The magic of earthen floors begins to happen above the compacted bed. I like to build up
my floor, as mentioned previously, in lifts. If you want a durable floor with ample thermal
mass and cushion underfoot, I suggest a thicker base than what most people apply. My
first lift is generally 3” thick with a mix ratio of 2:1 (sand to clay) with the inclusion of
about 10% finely chopped straw. Note that the clay I refer to here is not clayey soil, but
actual clay. The straw acts as a binder which gives the material more tensile strength. The
sand helps with compaction and minimizes shrinkage and thus cracks. The clay is the
binder.
The key with these layers is to make sure that they are well compacted and that there are
no voids or air pockets. I use only enough water to make them workable as too much
water will increase shrinkage and will lead to more cracks. Once the material is laid in
place, I use a screed board to take off the excess. Because the earthen floor is laid dryer
than concrete, it’s important to use a sawing motion to “cut” the excess material from the
floor. Don’t worry if it tears some pieces and chunks out in the first layer.
Let the first layer set up for a while (how long depends on the climate you are in) and
then come in with a flat bottom compactor and compact the floor. You’ll know when the

floor is ready by testing the surface with your finger. It should depress when you push on
it but should also provide resistance to your pushing. You’ll then rough up the surface so
that it can easily bond with the next layer. You can either use a rake to scour the surface
or use what is called a devil float, a standard wood float into which two roofing nails are
driven so that they protrude no more than 1/8” from the bottom of the float. I prefer to
use a devil float as I find it more effective on the tamped floors. Sweep away any chunks
of the material before you move on.
The second layer is made of the same mixture recipe as the first, but this time, is applied
in a thinner, 1” layer. The purpose of this layer is to fill any tears and holes created in the
screeding of the first layer. This coat can be a little wetter to make it easier to screed
(which is best done while the mix is still wet on this coat). It is a good idea to once again
compact the layer and scratch it for the final coats. Compaction on this layer is a little
more challenging as the layer is so thin. Rather than use a plate tamper for this process, I
use a steel trowel to “press back” the layer while it is still leathery, i.e. soft enough to
compact but no longer squishy. Use the thinner end of the trowel, not the wider side, and
press hard into the floor to compact the material.
The final coat is installed in two layers, each !” thick, with a layer of burlap between the
two. The mix is still the same in terms of ratios; however, it should be wet enough to
easily spread with a wooden float. Remember that the more water you use, the more
shrinkage will occur and the higher the risk of cracking and separation along joints with
walls. Spread the first layer and while it’s still wet, gently press a layer of burlap into it to
strengthen the floor. Immediately install another layer of the wet earthen material on top
of the burlap and trowel it into place. Be careful to keep the floor level. You may want to
use gauge sticks, !” thick plywood cut in 2’ long strips work well, to guide you along the
installation on both layers of the final coat. To use the gauge sticks, simply lay them on
the floor and spread your material between them, using the sticks as a gauge of material
thickness. Remove them as you move across the floor and fill in the depressions that are
left behind.
After the floor has set up to a leathery finish once again, use a steel trowel to press back
the floor and compact the layers. After the floor has fully dried (this could take up to a
week, even with fans) you can check for any leveling adjustments that may be necessary.
Hopefully the floor is perfectly flat, or as close to perfect as you want it to be, and you
can move on to sealing it. If not, you can use a floor polisher with a mesh pad to gently
sand the floor to an even level. This is not an easy machine to operate, so only use it if
you really need to. Whenever walking on the floor, be sure to use kneeboards or other
boards to spread your weight out so that you do not dent or otherwise deform the floor.

Once the floor is completed, this will obviously not be necessary; however, it is important
during the installation process.
Finally, seal the floor with linseed oil. After wiping up any excess oil and allowing the
floor to fully dry, apply a wax sealer. Be sure to wipe up the excess oil because once
pooled and left alone, linseed oil will never really dry and will remain tacky
forever...gathering every dust devil that floats around your home into a gooey ball. There
are several oil and sealer wax mixes available for earthen floors and I recommend you
buy one made specifically for your application.
I want to be clear that earthen floors, unlike concrete floors, are not reinforced and as
such cannot support structural loads such as load bearing walls. Non load bearing
partition walls can be attached to earthen floors; however, if the wall is load bearing, a
concrete foundation needs to be placed directly under the wall to accept the loads.

..Radiant Floor Systems..
For a successful radiant floor system installation, here is what I recommend (these tips
will translate on earthen floors as well).
1. Work with a qualified plumber or radiant system installer to design your system.
This is the most important detail to get right. I have seen systems that don’t work
because the owner/builder didn’t have enough experience. If the system is not
properly designed, it won’t work. You could end up with the rooms closer to the
heat source too warm and those more distant, too cold. Since the system is buried
in concrete, making changes to the tubing and layout design is not exactly an easy
thing to do.
A good system designer will look at the R-value of your wall, the number and
location of windows and doors, the distances from the manifold and heat source,
the square footage of the house, the size of the heat source, the average climatic
conditions, the latitude of the property, and many other factors. The number of
loops, how long those loops are, the size of the tubing, the size of the system pump
(if applicable), the overall type of system to install all come from that analysis.
When designed properly, a radiant floor heating system should be invisible and
undetected. It should simply work and offer the occupants the best and most
comfortable heat available.

2. Secure the tubing well. Most tubing for radiant floor heat is installed in concrete
slabs that contain a rebar grid. This makes securing the lines relatively easy. Cable
ties do a great job of securing the tubing to the grid as long as the spacing is right.
If the cable ties are too far apart, the tubing can and will float up during the pour.
Keep in mind that a radiant system has to be charged with air and pressure tested
before you can pour concrete over it. Even if you don’t have building inspectors
where you live, do this anyway. You want to be sure there are no leaks in the
system before it is buried in concrete forever.
What does air do in liquid? It floats. If a radiant tube is not properly secured, it will
float to the surface of the slab. It probably won’t break the surface tension of the
concrete, though, which means you won’t know that the tube has floated up until
you decide to make relief cuts in the slab either for structural reasons or for design.
Or perhaps you’ll hit it with a nail as you lay out your interior partition walls. The
point is, take one last look before you pour. Check each line, all the way around the
building and make sure everything is ready to go. Don’t assume it is, make sure.
3.

Enter rooms with your radiant tubing through doorways, not under walls. The
most direct way to get from the manifold to another room may be under a partition
wall, but resist the urge. In fact, design your system, from the start, to layout the
tubes through the doorways. The bottom plates of the interior partition walls will
be nailed to the concrete, but not in the doorways, so the chances of a nail
puncturing the tubing is essentially eliminated.

4.

Map your layout and take pictures. The best way to know exactly where your
doorways will be is to mark the layout with spray paint on the vapor barrier before
you start the radiant floor tubing installation. Yet another good reason to have the
vapor barrier on top of the sand. Measuring from your form boards, make the
layout clear by using bright paint. Be sure to adjust your measurements if you are
pulling from the outside of a form board in order for the door layout to be accurate.
Another advantage of mapping out your house with spray paint before a pour is
that you can double check the layout of electrical and plumbing conduits in the
slab. These installations happen before the substrate is completed and the radiant
tubes are laid so their locations are vital. Once the concrete is poured, those
locations are final, so making sure they actually line up with the interior walls is
worth it. Once everything is mapped out and the tubing is installed, take pictures.
Lots of them. This will be your map in case you decide to renovate your house

some day. You will be able to see exactly where everything is. In fact, I
recommend you photograph everything, every step of the way, and keep a file of
the construction details for future reference.
5. Create a thick slab. A thicker slab has its advantages when installing radiant floor
heat. It provides added thermal storage, thus making the overall system more
efficient. It also means that tubing can be installed lower in the slab, minimizing
the risk of puncturing a tube with a nail. If you anticipate the possibility of a
remodel (moving interior partition walls) sometime down the road, you are a good
candidate for a thicker slab.

