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Premise

This book is for people who want to build their own domes. It's
aiso for those whao are interested in domes and want to learn more
about them. We've tried to put together a clear explanation of what
they are all about. with as gentle an introduction to the technical side
as possible. We don’t want to offer blueprints, but rather a collection
of ideas from which you can choose to plan your own dome. The dome
you design yourself will be the best for you.

This book is written by the only real dome experts we have—the
people who have been out there building their own domes. They can
tell you what works and what doesn’t from their own hard-won
experience. They have taken the time and troubie to detail those
experiences for the rest of us and we owe them all our heart-felt
thanks.

One of our aims is to peint out the problems as well as the
advantages of domes—not that we wish to discourage anyone. We do
want 10 foster a practical and realistic view of domes. There has been
a lot of soft-headed enthusiasm about domes. They have been
proclaimed as an instant solution to all housing problems. This is
misleading, to say the least

If you want to build a dome because they are cheaper than other
forms of construction, you may be disappointed. Domes are still
experimental, and when you need special tools or hardware you will
have to improvise. The minor hassles and bugs you encounter will
prehably eat up any cost advantage. And remember that the bare shell
is only a fraction of the cost of a finished house

If you want a dome because you've been dazz'ed by over-
dramatic dome hype, you may tackle a project bigger than you can
handle without seeing the practical difficulties. If you have plenty of
enthusiasm but aren’t sure of your ability, a smal! play dome or a
meditation dorme in the back yard will probably satisfy you, and it will
provide valuable experience.

If you wanm to build a full fledged dome hause, it should be
because you want to live in that kind of space and are willingtogoto a
little extra trouble 10 have a house that is unique.

We hope that this book witl make you want to get involved with
domes, even if you never build one. That’s why we've included so
many models and model ideas. The beauty and symmetry of dome
forms cannot really be described in words ar shown in a photograph. it
has to be experienced directly, at first hand.

You will find a lot of references to Demebook 2 in this book,
simply because it is the best collection of basic dome know-how
available. It's been very convenient to he able to say “see Daemehook
2, p xx"" instead of repeating things that we've had no direct
experience with. Of course, Domebook 2 does not have the tast word
on domes, nor will any book as long as domes continue to evalve. This
book should nat be considered as a repeat or a replacement of
Domebook 2, but as a supplement, building on previous experignce
and hopefully filling in some of the gaps.

We want to see more people building domes. We'll listen to your
ideas, look at your plans. We'd like to hear your comments and
suggestions about this book. If you found something wrong or hard to
understand, let us know. This book is far from being as complete as
we'd like it to be. If you know of books, people, materials, products, or
tools that we missed, please te!l us. We'd like the second edition of
this boaok to be as big an improvement over the first as Domebook 2
was over Domebook 7. Consider this a beginning.
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For the last few million years, most men have lived in round,
dome-shaped structures. Even today, many still do. These structures,
made of branches, mud, thatch, skins, leaves, stenes, or snow use
natural materials in an intuitively valid way (there are no straight lines
or right angles in naturel, These structures also show an appreciation
of the fact that convexly curved surfaces are stranger than flat anes,
that most materials are stronger in tension than in compression, that
pre-stressing members by forming them in a curve adds strength, and
that a hemisphere encloses more space with less material than any
other shape. In short, “primitive’” wigwams, yurts, igioos, etc. show a
fine appreciation of some very sophisticated engineering principles!
Rather than sneer at our ancesters for living in huts, we should feel
proud of their ability to create elegant sclutions to compiex problems
with limited resources.

If the simple and elegant dome home has served so long and so
well, how did it come to fall out of use? Why is it that our preseht
buildings are so overwhelmingly rectangular? The answer probably lies
in an increasing sophistication of tools and materials. In order to build
more ambitious structures iike palaces, temples and fortifications, men
found it necessary to modify the natural materials available. The
building of a small hut could by done by cut-and-try, and what didn’t fit
in one place would probably fit fine somewhere eise. In order to
canstruct larger structures according tc prearranged plans, however,
materials of uniform dimensions were needed. It soon became clear
that simple geometric shapes were the easiest solution. The
rectangular sotid quickly became standard. It was easy to make and
check, and it would always fit properly with another such solid. Thus
we have the limestone blocks of the Egyptian pyramids. and the bricks
of the Babylonian ziggurats. Can you think of another shape for a brick
that still makes sense?

Once the rectangular shape was settled an, it immediately began
to exert a strong influence on the structures buiit with it. It became
natural to construct buildings with rectangular plans. Anyone who has
ever played with a child’'s set of blacks will understand this. Fhis was
not without advantages. The rectangle has the useful property that it
can be subdivided into smaller rectangles or extended to make bigger
ones. For most of recorded history, the rectangle was almost
unchallenged. The dome was used only for mystical or ceremonial
purposes, where a little extra effort was called for to please the gods or
the spirits of the dead.

Hawever, there was a price to be paid: dullness, monotany,
wasted carners. The rectangular form became so baring that it became
necessary to ‘dress it up’ with non-functional arnament. The world
was ready for a change.

in 1951 Buckmimster Fuller patented a method for constructing a
spherical surface by subdividing it into triangles. The geodesic dome
arises naturally from the study of the regular solids. The sphere
encloses the greatest amount of space with the least amount of
material. The triangle is the anly inherently rigid structural
configuration. Used in combination, they make the geodesic dome the
strongest. lightest, most efficient building system ever devised.

Because it presents the least possible surface to the weather the
dome conserves heat better than any other shape. The shape of the
dome also encourages natural air circulation, making the dome easy to
heat and cool.

Its network of interlocking triangles makes a dome very strong. A
load applied at any point is spread over the adjacent members and
shared among them. Because of this, flimsy looking materials, when
assembled in the form of a dome, can support amazing loads.

The dome provides large volumes of clear space uncbstructed by
beams or columns. The larger the dome. the more efficient it becomes
at enclosing space. Fuller has drawn plans for domes that would
enclose whole cities. The dome, acting as a weather shield, would
greatly reduce heating and insulation costs. Walls would be necessary
only for soundproofing and privacy.

Because of its many identical parts, the geodesic dome is ideally
suited to mass production. Because of its basic simplicity, it can be
quickly erected by unskilled workers. Because of its lightness, a dome
can be delivered by air.

For all these reasans, the dome is growing rapidly in popularity. It
has proven its adaptability to all climates. Thousands have been buiit
all over the world, from the radomes of the DEW {ine in northern
Canada. to the new dome enclosed research base in the Antarctic. The
dome, an age-old shape, is making a strong comeback in a space age
farm.

It's very interesting that many people become dome enthusiasts
without knowing any of the facts above. I'd like to explore some
possible reasons for this.

One reason may be that we are simply bored by conventional
cubic geometry. We no longer take joy in the exploration of our
personal space because it has become so monotonous. It is worth
noting that children take to domes immediately, especially if they can
climb on them!

Another reason is the visual appeal of domes. The sphere is 2
simple, natural. and highly pleasing shape. Domes are highly
symmetric. The patterns formed by dome struts have a kaleidoscopic
richness. One is continually seeing new designs in them.

| also believe that domes have a strong psychological appeal. A
dome encloses you like an eggshel! or a pair of cupped hands—-gently,
tenderly. In a dome, there is an inward focus. You feel that you are at
the center of things. There is simply no way that you can be shoved
into a corner!

Another interesting thing about domes is that they are so new
that no historical associations have yet been attached to them. No
president has yet been born in a dome: no dome bears the sign
“George Washington slept here.” John Wayne never fought off an
Indian attack from inside a dame And how would we feel about
domes if the Bastilie had been a dome? Or the Winter Palace? Domes
thus appeal to many because they have no links with an old life style.
They are part of a future yet to be written.

Who really invented the geodesic dome? This centuries-old lion in tha

Summer Palace, Peking, is hoiding a clearly recognizable geodesic sphere
undar its paw.

Denny Rock



John Prenis

Let’s start off as though we had never heard of Buckminster Fuller become perfectly rigid. It is impossible to distort this triangle without
or domes or even conventional building techniques. Let’s start with bending or breaking the boards or pulling a joint apart.
just sorme imaginary boards and nails.
One board isnt good for much.

Two boards can be fastened together with a nail. but an outside
force can twist them to any angle it pleases with no trouble at all.
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Let’s try four boards in a square. Strangely, four are no more rigid
than two.

If we try to stabilize the angle by adding a third board across the
other two, we make an interesting discovery. Not only is the first angle
stabilized, but sc are the two new angles formed. The boards have




If we nail a fifth board across the square diagonally, however, we
turn it into twao triangles, and it becomes rigid instantly.

More boards do not help. Not until we divide them up intc
triangles do they become rigid.

74|

How about five boards? Six?

The triangle is the only truly rigid shape. It is the basis for all
structures.

The triangle also shows up where we do not expect it. Going back
to our flexible square, we can make it perfectly rigid by nailing a piece
of plywood over it. But it's still the triangle that's daing all the work.
We can prove this by cutting out some pieces, leaving triangles
behind. The square is still rigid—in fact, it is even stronger than before,
because we have taken away some dead weight. If, however, we cut
away the part of the plywood that provides triangle bracing, we find
that the plywood does no good at alll If a structure s rigid it is being
braced by triangles somehow, whether you can see them or not.

E‘-j--‘ﬁ

Now, again let us imagine that we have never seen an ordinary
building. How many shapes are there that we can use for our
structures? We want tc keep our work simple, so let us require that all
our beams be the same langth, that each wall be the same as every
other wall, and that each corner joint be the same as every other
corner. If we stick to these requirements, there are only five different
structures that we can build.

tetrahedron cube (hexahedron)

octahedron

dodecahedron icosahedron

These are the five regular solids, first discovered by the ancient
Greeks. Because they were described by Plato, they are also cailed the
Platonic solids. Their Greek names tell us how many sides they have.
Tetrahedron, four sides; hexahedron, six sides; octahedron, eight
sides; dodecahedron, twelve sides; icosahedron, twenty sides. Only



the cube has a familiar every-day name, but that is Greek, too, It
comes from the Greek word for a gambling die!

Of these five, we see that three are made of triangles. As we
might expect, the tetrahedron, actahedron, and icosahedron are rigid,
while the cube and the dodecahedron are not.

Let's look more closely at these shapes. To begin with, let's make
a count of their sides, edges, and corners.

sides corners adges
tetra 4 4 <]
cube 6 8 12
octa 8 8 12
dodeca 12 20 30
icosa 20 12 30

Notice how the solids seem to want to pair up. The cube and the
octahedron have the same number of edges. So do the dodecahedron
and the icosahedron. The cube has just as many corners as the
octahedron has sides, and vice versa. The same goes for the
icosahedron and the dodecahedron.

What can we do with this? Suppose we try putting & cube inside
an octahedron—one cube corner for each octa face. And we can put
an octa inside a cube—one octa corner for each cube face. We can
also do this with the dodecahedron and the icosahedren:

octa inside a cube

cube inside
an octahedron

dodeca inside icosa

icosa inside dodeca

Finally, we can make the inner solid the same size as the outer
ane. Now each solid is neatly embedded in the other.

cube and octa

dodeca and icosa

Notice how the respective edges of each pair of sclids bisect each
other, at 90 degree angles, And notice how each corner of one solid
corresponds with a side of another, This relationship is called duafity.

And what has the tetrahedron been doing all this time? Go back
and look at eur side-corner-edge table and you will see that the tetra is
its own dual.

a dual pair of tetrahedra

Togsther, the pair of tetrahedra have 8 corners and 6 pairs of
edges. Do these numbers look familiar? They should—go back to the
table and you will see that they are the number of corners and sides of
the cube. This means that by connecting the corners of the
tetrahedron like a follow-the-dots puzzie, we should get a cube:

two tetrahedra
inside a cube




This brings up the question of what we will find if we try each other and projected anto spheres.
connecting the corners of our other dual pairs.

cube
octahedron
rhombic dodecahedron

cube
two tetrahedra

icosahedron-dodecahedron
rhombic tricontahedron,

What we get are two new solids with diamand shaped sides.
Looking back at the table, we see that the first must have 14 corners
and 12 sides. The other has 32 corners and 30 sides. Their names are
rhombic dodecahedron {12 diamond shaped sides} and rhombic
triacontahedron (30 diamond shaped sides).

We now have three relzted families of polyhedra: One thing is apparent right away. The interlocked solids form

networks of triangles. They also bear a ciose resemblance to dome
frameworks. Actually. they are simple dome frameworks, as we shall
soon see.

Ancther thing that becomes evident on close study is that the
edges of the linked solids now join to form a set of circles, each ane of
which cuts the sphere exactly in half, like the equator of the earth.
These are called great circles because they are the largest possible

cube tetra tetra
cube r. dodeca octa
dadeca triaconta icosa

Let's bring our table up to date:

sides corners adges circles that can be drawn upon a sphere. And just as a straight line is
tetra 4 4 6 the shortest distance between two points an a flat plane, the shortest
cube & 8 12 distance between two points on a sphere is always part of a great
octa 8 & 12 circle. Mathematicians have a special term for curves of this sort. They
;gs:::a :; ;g ig are called geodesics. The word comes from the Greek roots for earth-
icosa 20 12 10 dividing. and was originally used to describe the surveying of large
rtriaconta 30 32 &0 areas. where the curvature of the earth had to be taken into account.

Thus the equator and the circles of longitude are geodesics in both
meanings of the word. Now you know how the “geodesic” got into the
phrase "“geodesic dome.”

The fact that domes are derived from geodesics helps to explain
their strength. Applied stresses are carried along the most direct

You may have noticed that as the solids become more complex,
from the tetra to the triaconta, they become less jagged and more
spherical. Here are the three families of palyhedra superimposed on



possible path. A dome works like a set af interlocking arches, each
supporting the cthers.

Now to the matter of how dome frames are developed. This is
really a matter of developing a framework of triangles that will be a
clase approximation to a sphere. You will recall that the icosahedron
was the largest solid we could make with equilateral triangles. It is
actually a primitive dome frame. It is not really very spherical,
however, and if built in a large scale, the structural members would be
very long and cumbersome. The big triangles would sag and require
internal bracing. To be most useful. the bracing would have to form
smaller triangles. And since it's going to be there anyway, it might as
well be used to give the structure a more spherical shape. The
subdivision of large triangles into smaller ones is what dome geometry
is all about.

You have already seen one
way of breaking down the large

icosa triangle. This was the set
of interwoven great circlas we
saw a short time ago.

icosa

dodeca
rtriacontga — —

Each icosa triangle is divided into six smalier identical triangles.
There are 20 x 6 or 120 of them covering
the whole sphere. It turns out that this
is the largest number of identical
triangles into which sphere can
he subdivided. A dome bu't
using this scheme would look
fike this:

We can continue this scheme of breakdown by drawing additional
lines parallel to the original ones.

T o
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First the side of the original triangle is divided into 2 parts, then 4
parts, then § The number of parts into which the icosa side is divided
is known as the frequency and is a measure of a dome’s complexity.
Above we have sketched parts of
2. 4 and € frequency A
domes. The higher :
the breakdown,
the mare
spherical the
dome. In
the higher
breakdowns,
the members
representing
the edges of
the original
icosa are not
really
necessary, and
are usually left out.
This breakdown is

N
called the triacon \

because it was originally

2V triacon B

dy triacon
icosaface [/ .-
shown dotted /r*\&
A

There is ancther type of breakdown, and for this, we must go back
10 the original icosa triangle. Instead of drawing lines perpendicular to
the triangle’s sides, we can draw lines parallel to them. In this way, we
get what is called the alternate breakdown.

triacen /\ aiternate
\ ,/ A
/ \, \
In the alternate breakdown, the icosa edges remain part of the
dome structure.

T 2v,3v
| aiternate breakdowns
| original icosa face dotted

There are some interesting
differences between the two
breakdowns. Since the triacon
breakdown is symmetrical about
a line drawn down the center of
the icosa triangle, the triacon is
possible oniy in even frequencies.
There can be ng such thing as an odd
frequency triacon. if someone tries to sellyou ene, run! The alternate,



an the ather hand, is possible in all frequencies. In even frequency
aternate hreakdowns (2V. 4V, 8V)
z-eat circles are formed which
~ivide the dome neatly into
~emispheres

The triacon breakdown does not have this feature in any
f-equency. In order to make a triacon half-sphere. some triangles have
12 be cut in half.

While odd frequency alternate breakdowns do not separate neatly
inzo hemispheres, they tend to form bands of triangles which allow
t1em to be separated into domes which are slightly more than a half
sohere, or slightly less.

The terms 3/8 and 5/8 do not refer to actual volume, but are
simply a way of saying “less than half a sphere” or “mare than half
2 sphere”’. Notice that the dividing line is not even, but slightly
zZig-zag.

Anather factar in deciding which breakdown to use is the number
of different strut lengths involved.

# different lengths needed

frequency altarnate triacon
A" 2 2
4V B 4
3% 10 6

The triacon requires fewer different lengths because of its higher
symmetry. On the other hand, the struts vary in fength much mare
than in the alternate breakdown

The two breakdowns we have been discussing, alternate and
triacon, are the twao “'standard” dome patterns. It may be interesting 1o
see how they got their names.

The original dome breakdown developed by Buckminster Fuller
looked something like the triacon. For a while. it was the only one.
Then another was developed. So at lectures, when Bucky had finished
explaining his breakdown. he would say, "And here we have the
alternate breakdown.” The term stuck and became the common name
even after ather breakdowns were developed. The triacon is s¢ called
because it was derived from the pattern of the rhombic
triacontahedron. Because of its high symmetry, it required fewer
different strut lengths than Bucky's original breakdown, which it soon
replaced. While other breakdowns have been developed for various
special purposes, the alternate and the triacon remain the two most
often used.

By now you should find it fairly easy to identify different types of
domes. What you do is look for a point where five struts join. Then find
another and draw anothar line between them. If this line is defined by
actual struts. the dome is an alternate breakdown. If there are no
struts along the line, the deme 35 a triacon. What you are deing is
picking out corners of the original icosa. The line you draw between
them is an icosa edge, and counting the number of parts into which it
is divided gives you the frequency of the dome.

Carey Smoe:




+Iw 7=zt ;ou have some idea of what domes are and how they
z:-od idea to build some models. The best drawings and

-or to the simplest model when it comes to

=3 three dimensicnat relationships. There is simply no

- -2 ability to see everything from all angles that a model

it Jeas and generating new ones. Playing with models can
covery of valuable insights—not to mention the fact that
_- o make and beautiful as well.

-z z-e several model kits suitable for building dome models on
=7 z7d alist of them is given later. The system | prefer,

: = —ple, cheap and easy. and the materials are available at

=c-e or five and ten. For struts. ordinary 3/16" paper soda
-z .32d {The larger 1/4" plastic straws will not work with this
— .z zgnnectors are made from bent pipe cleaner halves, It

«enient fact is the hasis for the system. A diagram explains

s an words:
d

e

N

A >y

L

&

"

oo

NOTE:
Most of the photos in this section
are 3-D stereo.
Instructions for viewing,
and a cut-out stereo viewing aid
can be found in the back
of this book.

A box or two of straws and four or five packets of pipe cleaners
wilt be enough for several models, and will cost less than a coup'e ¢*
doilars.

| recornmend that you start by making models of the five reg_ 2-
solids discussed last chapter. In this way you can see for yourse * 1-3-
the tetrahedron, octahedron, and icosahedron are rigid, and that =-=
cube and the dedecahedron are not.

After you have made the cube, you can stabilize it by tying s:- ~33
across the diagonals of its faces. If you criss-cross each face w1~ 1wz
diagonal strings, you will end up with two tetrahedra inside the 2.z=
{This is easier to sae if you use two different colors of string.: 7~ 5 =
the dual pair of tetrahedra inside a cube that was discussed ez~ =

¥Yau can make the other dual pairs this way too. For the cuzz-
octahedran pair, first make an octahedron. Then make a cube w 1~
edges 0.7 1 times the length of the octa edges. {Make your
measurements and calculations in millimeters and centimeters—
dealing with fractions becomes much easier.) If you make the ¢=:z
edges 20 cm. long, the cube edges will come outto 142 cm Yo_ @
find that the octa will just fit inside the cube. Connecting the ccome—s ¢
the two solids with string will give you the rhombic dodecahed-z-

For the icosahedron-dodecahedron pair, make the dodeca ezges
0.62 times the length of the icosa edges. Connecting the corress » =~
string will give you the rhombic tricontahedron.

Woe can make some more interesting shapes from our d.a
By trimming the corners off them, we get the cubcctahedror 2
icosidodecahedron. As you might guess from their names ‘re.
combine the faces of the cube and octahedron, and the icosa-=sz-2-
and dodecahedron. They are related to the domes we have o s

I

B

in an interesting way. If you lock back at the picture of the 2% =

T T
;

cuboctahedron




domae and imagine the pentagon spokes left out, you will see the
icosidedecahedron.

There is another pair of solids that is related to our domes. If we
trim the corners off the octahedron and the icosahedron, we get the
truncated octahedron and the truncated icosahedron (what else?).
Look at the 3V alternate dome, and you will see that the truncated

icosa is its skeleton.
truncated octahadron —,
g e
. \\

1

i

X, ‘\\
N |

- g
truncated icosahe dron —

These four solids are part of anather set of thirteen semi-regular
solids called the Archimedean solids (because we know Archimedes
studied them, although his original work is lost}. Each one has equal
edges and identical corners, like the Platonic solids, but the faces may
be composed of more than one kind of regular polygon.

There is an interesting way to construct the cubocta and the
icosidodeca with just paper and bobby pins.

To make the cubocta, you need four sheets of paper and a dozen
bobby pins. Start by drawing a large circle on a sheet of paper with a
zompass. Without changing the setting, use the compass ta mark off &

equally spaced points around the circle. Connect the points with 2
ruler, and you have made a regular hexagon. Cutitout and use it as a
pattern to make three more hexagons, Fold all the hexagons corner ta
corner. Crease each fold twice.

Now take each hexagon and bring two opposite corners together
Clip with a bobby pin. You should have four ‘bow tie” shapes like this

Now take two of them and c¢lip them together at the corners with
two more bobby pins.

/<I/' )

0w

Do the same with the last two ‘bow ties’. Now put the two halves
of your model together and put clips on the last four corners.

This way of making the cuboctahedron was devised by
Buckminster Fuller. It is one of his favorite shapes.

paper and bobby pin cubocta

To make the icosidodeca, you will need thirty bobby pins and six
sheets of paper. Use the pattern to trace and cut out six
decagons. Crease them as you did the hexagons for the cubocta, Now
take each one, bring two opposite corners together, and clip them with
a bobby pin. You should have six “'dog bone™” shapes like this:

MNow take two of them and use a bobby pin to ¢lip them together
like this:

Now put & third one on top and clip it in place with six more bobby
pins. This completes half the madel Faollow the same steps to

e
assemble the other half. ﬁgw you can put the two halves together and
clip them together with the last ten bobby pins. Make sure that the
two halves are in proper relation to each other

Notice that the model is limp until you put in the very 'ast bobby
pin. When this happens the model tenses and becomes surprisingly

paper and bobby pin icosidodeca
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cube-octa- rhombic dedeca
make 6 x 8 = 48

tetra-tetra-cube
make 6 x 4 = 24

icosa-dodeca-rhombic triaconta
make 6§ x 20 = 120

% «2 magic, because the tension of the edges puts the center of the might like to color the tabs, using a different celar for each solid.

~ze T compression. If you remove the compressive stress by The icosa-dodeca-rhombic triaconta combination may give you

:_7 -~z aut the center of the model and making it hollow, the model some difficulty because the tab corresponding to the dodeca edge is
c~es iimp againt so narrow, Tape this edge from the back. That will give you sixty rig==-
~-2three duai pairs can also be made as paper models. Use the left pairs of triangles whose tabs can be glued together to compiete

<~ =- 7 es above to make patterns. Trace and cut out half the required the model in the usual fashian.

- _~z2- gf pieces, then turn the pattern over and do the rest, so that Now to try some dome madels. This becomes a bit more comz &x
:_ & Anave an equal number of right and left handed pieces. since instead of one or two different strut lengths, you will have tmre€
- 32 2n old ball point pen and a ruler to score each triangle along or four or more to deal with. The problem of figuring out the rigrt

b gntlines, and bend up the curved tabs. The triangles can then lengths for all these struts is taken care of through chord factors.

< together, tab to tab. The tabs. left on the outside of the Chord factors are simply a handy way of expressing the lengths cf:-=
= “g-m continuous great circles when the model is finished. You struts in terms of the dome’s radius. To find the length needed for 2




e—oa® n 2 2. ~eed to dois to multiply the chord factor for
—& FT.0 T e 2o~z rgaius. Once you have a set of chord factors for

: z@—c. ¥ 21—= .. &0 calculate strut lengths for any size dome
~Tio wE & =t of 2-o0d factors for various types of domes wiil be

hote FEt T T2 IOk

sz e e dv octa triacon

~3 2~ example, let's consider the 2V alternate dome. There are

~1 s*rut lengths required: A 0.61803, B 0.54643.

e we want to make a 25 cm. diameter model. We multiply
-o factors by the desired radius (12.5 cm.} and get: strut A

~ . strut B 6.8375 cm.

soda straw 2v octa triacon

We can round these off to 7.7 cm. and 6.8 cm. One more thing—
the hub joints have a width of .4 cm. This has the effect of making
each strut .4 cm. longer than it should be. If we do not take this inte
account, the dome will be a bit larger than the 25 ¢m. diameter, and
the sides will be slightly out of proportion. We can take care of this by
subtracting the width of the joint (.4 cm.} from each strut, getting:
A7.3cm.B6.4cm.

How rmany straws do we need? We can find this out easily
enough if we remember that an icosahedron has 20 faces, 30 edges
and 12 corners. Looking again at the icosa triangle subdivided in the
2V pattern, we see that there will be 2 ‘B” struts for each icosa edge.
and 3 "M struts for each icosa face. 30 x 2 = 60 'B’ struts 20x 3 = 60
‘A struts
How many pipe cleaners will be needed? Looking again at the icosa
triangle, we know that there will be a five way hub at each of the icosa
vertices, That means 12 five way hubs,

We can also see that there will he a six way hub in the middle of
each icosa edge {just imagine another 2V triangle alongside). That

means 30 six way joints. So we need:

5x12 =60
6x30 = 180

240 pipe cleaner halves or
120 whole pipe cleaners.

soda straw 3v octa alternate
These numbers are for a whole sphere. If you want toc make 2
hemisphere, you'll only need half the parts. plus a few extra to fi.. c_:
the bottom edge.

soda straw 2v icosa alternate

In this way you can figure out for yourseif just what yeu'tl neez 1z
make any given dome. Making models will help you with detalls v o.
have to keep in mind when building a real dome. And the more
carefully you model your dream dome, the fewer mistakes you'll ma«=
in its construction.

COMPUTER CARD MODELS

Wherever there are keypunches, there are wastebaskets ful ¢f
mispunched cards. Usually these cards can be had for the askirg 7-=.
are made of a light cardboard that is very nice to work with, and
sometimes you can find colored ones. Computer cards can be usec =2
make very nice models of the Platonic and Archimedean solids T~z
cards are folded in half iengthwise, overlapped at the proper ang'e =~ :
stapled with a miniature stapler, like the Tot S0.

Try making a cube to get the idea. Fold 12 cards, put them
together, and staple as you go. It takes aimost less time to do thar

the 90° angle needed to make the corners of the cube,



computer card dodeca

~- ~zxg shapes involving triangles, the corners of the cards have

I Tels

30°

L

auld be assembled and stapled before the rest of the
t together if possibie, because the openings in the triangles
a't to allow free use of the stapler later.

Fi N

<= centagons and hexagons, you do not trim the cards. instead,
zze Tne angle by eve, or by using a guide set at the required

2 's good for building models of the dodecahedron, the
e ‘zosidodeca. the truncated tetra. the truncated octa, the

;ﬂ
/ computer card cubocta

—z --:~ziziboctahedron, and other modeis of moderate
----- 'th equal edges. Models more than two or three feet
-z 3 be flimsy. This method makes very handsome models.

|(_ strut length __A

{ / computer card small rhombicubocta




Caomputer cards can be used to make dome models too, but this

takes a different technique. First fold the cards as usual: Next, mark off

the strut length on one card. Use a protractor to measure off fwo axial

axial angles

cut

R

angles fer each end. Cut away the corners. This card can now be used
as a template to cut atl the other cards for that strut iength. You’'ll need
to make one template for each strut length. Once ali the cards are cut,
fold out the end tabs that will hold the modei together. When all the
pieces are ready. you put them together by slipping the tab of one card
into its neighbor, and so on around the vertex, stapling as you go. The
trimmed tabs ensure that the angles will be correct.

Still another useful way to make models of the Platonic and
Archimedean salids is the cardboard and rubber band methed.
Cardboard polygons are equipped with notched tabs that allow them
10 be linked together with rubber bands.

For each different polygen you use, you will need a pattern. Draw
the palygen on a piece of light cardboard (a cereal box or shirt
cardboard will do}. Make the edges three or four inches long. Then
draw a 3/8 inch border all around for the tabs. Cut it out, and you are
ready to make coptes.

cardboard cube inside computer card octa

computer card icosg

computer card 2v icosa triacon

cardboard and rubber band truncated icosa

Place your pattern on another piece of cardboard and trace
around it. Then use a push pin to mark the inner corners of the piece
by pricking through the carners of the pattern into the cardboard
beneath, cut out the copy with scissors, and use a ruler and an cld ball-
point pen to score the piece from each pin prick to the next. This
makes it much easier to fold the tabs. Now use a paper punch to
punch out a 1/4 inch hole centered over each pin hole. Then, with
scissors, cut a piece out of each corner to make the notches. Finally,
bend up each tab along its scored line.
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4 ~=- vou have built up a large stock of these pieces, you can
«= 3w de variety of models. Models can be built with the tabs on
~& 2e of on the outside. Leaving the tabs on the outside is easiey
=+ z_m =3 the tabs on the inside results in @ more attractive model. In
=> : zz3e the last couple of rubber bands may have to be maneuvered
: £ ze with a knitting needle poked between the edges of the

2~ pleted models can be taken apart for storage, or their parts
<2 zuiid other models.

GIANT MODELS

2=r=apsg after raking seme regular models you still aren’t sure
z-gtand what a full size dome would feef like. The obvious

is to make a full size model. It needn’t cost as much as you
~:nk. The material is ordinary newspaper—cheap, available,
23y 10 work with. The basic idea is to roll the paper into long
mm to length, punch holes in the ends. and belt them together.
: 2z newspaper isn't as flimsy as it sounds. You can take a tube

=z from six layers of paper and bend it over your knee. With some

11

s=z n a dome, the strength of these tubes will suprise you.
Tings that you will need are scissors or tin snips, a vardstick, a
e- ounch, a broomstick, celiophane tape, crayons, some 3/16”
312 .2 tolts, nuts and washers, and of course plenty of newspaper. If
a.ready have most of these things around the house, all you wif!
2 to buy will be the stove bolts, which are not expensive. | bought
= .zh hardware for a 2V alternate dome foronly $1.11.

"o start, open out five or six pages of newspaper and pile them
1 zzziner. Start rolling from one corner to the diagonally opposite one.

(3]

]

| — PN —

= ., zration that makes longer tubes uses four staggered stacks of
- This can make tubes four feet long. /\

<
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Wwhen you are finished you will find that a single piece of tape is
z--.3h to keep the tube from unrolling. Another nice thing about this
—=z1~0od is that it makes the tube thickest in the center, where the
=7 3img siress is greatest.

> _.-agement, the wrinkles pop right out, leaving it as strong as ever.

If you have any trouble removing the braamstick. pull while
twisting against the direction in which the tube was rolled.

A finished roll will be about 36'' long, but the ends will be rather
flimsy. This is taken care of by trimming about four inches off each
end, after which the tube can be trimmed to the desired length.

Let’s try an example. Suppose you want to make a 2V alternate
moded. The first step is to find out how large the dome will be. If we
restrict the design to short tubes (easiest to makej the longest strut in
the dome can be no longer than 26 - 28" Loaking up the chord
factors for 2V alternate, we find:

2 A = 061803 B = 0.54653

— -
The A’s are the lang struts. We know that:

dome radius x chord factor = strut length or, dome radius x 0.6 1803
= A = 26" Working backwards with the aid of a little algebra gives .z
the dome radius.

26”

— == =433/4"
0.61803

dome radius =

The dome will be about 3 1/2 feet high, and about 7 feet across. This
is a nice size for an indoar model. To find B we use the radius we have
just found: 43 3/4" x 0.54653 = 24"

There must be enough room at the ends of the tubes to punch =
hole. so we add an inch to the end of each strut getting:

A =28"8 =26"

This dome will require 35 A's and 30 B's. When you have all the
tubes rolled and trimmed, color code the ends with crayan so that yo.
can tell them apart at a glance. Next, flatten the ends and use the
paper punch to punch a hole 1 inch fram each end. Make sure that trns
second hele is in line with the first. The going will be easier if you
punch only one wall of the tube at a time.

To fasten this dome together, you'll need 26 one inch stove bo:ts
plus washers to keep nuts and bolt heads from pulling out. The biggs-
the washers the better.

Now you are ready to start putting the model together. Count o.-
ten A's and arrange them in a circle.




Count out ten more A’s and ten B's and bolt them all together sc
that A’s and B's alternate around the circle in pairs as above.

In the next step, you join the A’s and B's into triangles and
cannect them with a row of ten B’s. These joints are not complete. To
hold the struts in place, you can either bolt the joints temporarily, or
clip them together with spring clothespins. Looking around the circle.
you should see tall triangles alternating with short triangles, which
gives the ring a roller-coaster look.

The next step is to add a B to each joint where four B's come
together. This completes these joints. Now bolt twe A’s to each joint
where two A's and two B's come together. This campletes these
joints. Now you have five groups of A’s and B’s to be clipped together
temporarily; each B between two A's.

The end is now in sight. Add five
A's to form a pentagen at the very
top. Last, add five 8's as spokes in
the pentagon. All the temporary
joints can now be bolted together,
and your model is finished.

OTHER MODEL IDEAS

The large 1/4"" plastic straws that you were warned against at 1"z
beginming of this chapter can be used to make models—but not wit-
pipe cleaners. If you have access to a paper cutter, cut several hurarsz
strips of thin cardboard {cereal box cardboard works well) abou: &

18" x 3" and use them in place of pipe cleaners. The straws are
available in many colors (try a bar or restaurant supply house! and
make colorful and durable models.

Another idea for making connectors
for giant models is to cut garden hose
or plastic tubing into short lengths
and bolt them together. Struts are
cut from wooden dowel stock that
fits snugly inside the tubing. Both
struts and connectors can be used
to make other models, like a giant
tinkertoy set.

COMMERCIAL MODEL KITS

Ikosa- Kits consist of thin wooden splints that fit into holes punchez -
slices of vinyl tubing. They're cheaper than other kits, because you o2
the work of punching the hales. Kits 3 and 4 are recommended fc-
dome builders. 3 has 200 pcs. and costs $2. 4 has 400 pcs. and ccsts
$3.00. fkosa-Kits Route 3, Box 480 Eugene, Ore. 97405

D Stix” or “Think Stix” from Edmund Scientific are 1/8"" co.crez
wooden rods that fit into flexible plastic 5. 6, and 8 way connectors
Nice but expensive. If you buy a set, you'll soon run short of 6 wa:
connectors, and you'll have to cut rods to length since the set is nct
specifically intended for domes. Best bet is to buy connectors
separately and get 1/8"' dowel rod at a lumberyard or hobby store
Sets are $4.00, $6.50. and $9.00. 6 way connectors are $3 50 pe-
pack of 50. Edmund Scientific Co. 614 Edscorp Building Barringts-

N.J. 08007 Dome East makes kits of flexible plastic connectors z-2 = °

wooden rods. The connectors are very rugged. and rather clumsy,
for small models. They are best for big models—get long 3/16"
dowels from a lumberyard. Dome Kit —86.00 6 or 5 way hubs—
$2.75 for a pck of 25. Dome East 325 Duffy Avenue Hicksville,  +
11801

&\Ef A
Dynamic Domes sells kits of eolorful piastic tubes and ¢
star shaped hubs, The instructions are clear and well wrist
models go together smoothly and easilty. The finished mogsz : z-=
durable and very handsome. Kit 1, which makes the ragua- 32 Z:
and a 2V hemisphere costs $7.00 and is highly recommencac “z-
beginners. 3V and 4V kits are also available, Extra hubs a~a #1-_:
can be ardered separately,
Dynamic Domes, Box 425, Brampton, Ontario L6/2L4, Cansc:

{ﬁh-,

fm Wilson with Dynamic Dome model

"



“-ere is nothing mysterious or esoteric about the design of a
z=—= As with any other structure, the main requirements are

g first thing you should cansider is just why you want to build a
= Yake an honest appraisal of your desires and your abilities.
328 some ather structure would be better suited to your needs.
Z =23 ~gquire painstaking work and attention to detail. They should
zttempted for frivalous reasans.
- 2. should be well acquainted with the site. Ask older residenits
- 3uch things as prevailing winds, frost line, drainage, local

z 5. etc. You should know your own needs. Your home should
o zut of your living patterns so that it will aid, not thwart them,
« »ou should make a careful inventory of your finances, skills,
=2 .abor availabie. Building your own home is a big project, and
_ -25 very careful planning.

~-er.or design should be considered well before. not after. the
2=~ s buiit. Your style of living will determine the interior
z~z-gement of the dome, which will in turn determine many details of
e zze itself
e gftempt to partition a dome into rooms usually destrays most
=f = zrarm. Try to keep your dome as open as possible. Small domes
z-z _z.z .y completely open, with perhaps an upper level sleeping loft.
<z = an for medium size domes is to give half the space to the
. =3 rzc . and half to enclosed kitchen, bath, and private bedroom,
# 1~ 2 = eeping foft on top. This arrangement preserves the open,
=_s feeling of the dome, while providing enclosed areas for
.-t org requiring them. Many variations are possible.
T~ t2 work with, not against, the curves of the dome. Try to think
- =z-+z of functional areas, not square rocoms divided by walls that

-z have a lot of choices when deciding what kind of dome to
o _ z—71racon or alternate, 3V, 4V, BV, pent vertex or hex vertex

-z you choose will be affected by the materials available and
<cu want. Higher frequencies will mean more parts to make
=z track of, but they will be smaller and easier to handle. The
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origntation of your dorme will affect placing of windows anc

ventilators. A 5/8 truncation gives a tall dome with more ver: 2z

and perhaps space for an upper level. Consider all the alterrat .
make /ots of models.

How big should your dome be? You should already ha»
idea of the space you will need. Dome size is usually limizeg
particular frequency by the materials used. For instance, t-g
3V plywood dome can be is 24 feet in diameter, because =¥ -
imposed by the size of a 4’ x 8" sheet. A larger dome wou = -
panels to be spliced together. A smaller dome would was:z —=

efficient use of the most expensive material, and accep: i3

you will have to waste some of the cheaper material Beniz- .=~

to use the waste somewhere else. If you are in doubt atz.: -




vour dome, make it larger than you think necessary. Extra space can
always be put to use, and domes are hard to add on to.

What frequency should your dome be? 3V is the most popular for
moderate sized domes, $0 try it as a starting point. Use the chord
factors and your intended radius to figure out the dimensions of your
triangles. Then make scale patterns of them and try fitting them
together on graph paper 1o find the mast efficient way to cut out your
skin material. If the largest dome you can make without undue waste
15 100 small, try a higher frequency or a different breakdown.

A dome can be positioned in one of three different ways. It can sit
with a vertex, a face. or an edge of the basic icosa facing up. Most
domes are built vertex up, but investigate the other possibilities, They
make a great difference in how the dome is cut off to meet the floor
line. This is something that can only be decided with the help of a
model.

Leakage is one of the big dome problems and should be carefully
considered in your planning. Think about where water will go when it
nits the dome. If your plan requires spliced panels, use them on the
iower part of the dome. where the slope is steepest, and water will
have little time ta get into the joints. Skylights and windows should
present sloping surfaces to water runoff.

|
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OPEMNINGS

If you give water a place to collect and pocl, it will eventuaily work
its way in. Give special attention to the relatively flat top of the dome.

The only certain solution to the leak problem seems to be the use
of asphait shingles, fibreglass, or some other type of whole-dome
covering. Next best seems to be caulk combined with something else,
like tape or roofing compound. Don't expect caulk alene to do the
whole job and don’t expect it to make up for poor work. Even
expensive wonder caulks are often defeated by sloppy workmanship
and poor joint preparation.

In your calculations, your struts will be mathematical lines. In
practice, your struts will have physical thickness. Decide whether you
are measuring from the inside of vour struts or the outside. then stick
to that decision. Otherwise you will be lost in confusion. Don't forget
to allow for the width of your hubs also. It helps te make scale
drawings of the hub to see just how everything fits together there.
Such drawings can prevent many blunders.

Figures in the tables of chord factors are given to six places. It
may seem silly to calculate dimensions to the tenth of a millimeter
when you know that expansion and contraction will cause changes
many times as great. Finish your calculations, though, before you do
any reunding off. Any sloppiness here will be magnified later on, and
rhat goes double for mistakes. Make sure all calculations are checked
and doubie checked, preferably by someone else,

When cutting parts, make extensive use of jigs and templates so
that parts will be as uniform as possible. Careful workmanship is
essential. A ‘funky’ doeme is bound to be a leaky one.

Take your time. The strangest dome story Fve ever heard
concerns a dome that was being put up during a rock festival.
Everybody was pitching in and having a great time. When the dome
was about half-way up, however, someone said, “This isn't going to
work—It's not curving inward. It's going to be a big cylinder, not a
dome.” "Pipe down, man—we’re having too much fun to stop now.”
And when they finally got it up. it was a big cylinder. It seems that in
the rush of making the parts, all the struts had been left the same
length. So that evening they took it down and trimmed the struts to
the praper lengths. Next morning, they put it up again, this time as a
proper dome.

Always think twice before doing anything irrevocable. | was teld
of a group in Maine who built a platform and trimmed it to the
calculated diameter of their dome. When they started putting up the
dome frame, however, they discovered that the dome was just a /ittle
larger than they had thought it would be, They had to go back and bolt
extensions to their platform for the dome to rest on, and it never was
as solid as it could have been.

Mark everything clearly. There are many similar parts in a dome
and a little care will prevent confusion later.

Plan the erecticn sequence carefully and in insulting detail, as
though the dome were going to be put up by a crew of idiots.
Overconfidence can realty do you in. Things can get very complicated
when several people are working at ance. Color code all parts and use
a color coded model as a guide. Otherwise, you're sure to make some
very dumb mistakes.

Leaving out color coding is asking for trouble. Of course you, the
dome designer, know exactly where everything goes without the color
coding. Do it anyway. The third time | put up my portable dome, the
temporary cotor coding had worn off. It had been a few menths since |
had put the dome up last, but | went ahead anyway. full of fool-
confidence in my ability as a self-taught dome expert. The dome went
up beautifuily, until 1 got to the last five struts. They just wouldn't fit.
Too iong. | sat down and thought it cut, and finally realized that | had
used ten short struts for the base ring instead of ten long ones. There
was no way out of it but to take it all down. with a couple dozen
people looking on. and begin all over. Very embarassing.

Another time, my helpers and | had the dome about three quarters
complete when it became obvious that something was badly wrong.
Struts refused to stay in place. hubs pushed outwards, while athers
pressed inwards. | pushed and pulled at base hubs, and shifted leveling
blocks from che spot to another, to no avail. Naturally this was just the
time when a crowd of curious bystanders gathered to ask foalish
questions about the dome and why it wasn’t working. Finally we found
the trouble—someone had put a short strut where a long one should
have been. When that was corrected, the distortion disappeared, and
so did all our problems. With proper color coding. the mistake would
have been obvious at once or, more likely, would not have happened at
all

Be sure tools and materials will be available when needed, and don't
skimp an things like ladders and scaffolding. Trying to make do with
makeshifts can get somebody hurt

The idea behind these horror staries is not to frighten you, but 10
heip keep you from making similar mistakes. Your dome should go
together like a charm.



Y. =2xploration of domes has been a constant process—making
— o= = discovering new ideas and interrelationships, building domes,
: ~g models, etc. Through this process | have discovered many
zt -~ships between various domes and geometric shapes.

< -3t started with the 5 regular polyhedra, of course. The

~z7-z-=23ron. cube, octahedron, dodecahedron, and the icosahedron.
zsa can be made a dome shape just by removing one pent cap
v € any 5 struts that join at one hub). | learned that only the tetra,
3~4g icosa are stable. They have triangular faces. The first dodeca
~ad 3’ struts. | kept waiting for it to take shape . . . Maybe
get this strut in, nope, well, maybe thisone . . .| finally ended
_Z =~ abig pile of spaghetti on my floor, just lying there in a heap.
sz T3t tnangulation sure helps!

i-—what happens if | triangulate the faces of the dodeca with 5
--z=3 a5 each? Well. | came out with a stabie structure, but what is it?
nizely not a 2V alternate. We will came back to this.
“Wezwhile, back to the tetra. If | put 4 triangles in each face of a
#~5% happens? An octahedron is formed! This form looks very
-—t hung in my roem for a long time. | didn’t have any
- &~ luck in further triangulation of
cr dodeca, so on ta
a

2
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Pete Hjersman

The first dome | ever saw and went inside was a conduit dome
that Don and Paul built in Davis, When | saw it, a nondescript
parachute covered it—it was anything but flashy. It didn’t make muc-
of an impression on me, but then | started thinking about it. went bace
te Davis and got plans to copy it. My brother and | went in on it—a 2
alternate breakdown (class 1, methed 1) conduit hemisphere. We
followed the fabrication directions given in Domebook for tube fra—e
domes, so |'ll skip all the standard stuff and relate new things we
learned.

Squishing tubes in a vise can easily result in a broken vise s
used a pneumatic press in a high school auto shop. This gave ~ .z~
cleaner, flatter ends. We squished them flat across but if i dic - =
again | would use a curved line like rear view mirror brackets -
trucks: 'm sure this would be stronger.

p=straight




Qne of the biggest problems with a bolted hub is that several
struts are invariably flying around loose for a while. They tend to bend
very easily on the crimp line. This is a plus for a hub system where the
struts fasten to a plate or something independent of the other struts.

Since conduit comes in 10’ lengths and this dome has only two
strut lengths, it is easy 1o calculate the lengths so the pipe can be cut
without waste:

A chord—.618{chord factor) x 1.000 = 1.000 iratio}
618

8 chard—.54 7 (chord factor) x 1.000 = 884 (ratio}
618

Now, add the two lengths together: 1.000 + 884 = 1.884
The holes will be drilled 3/4" from each end. There will be 4 ends, so
3" s subtracted from the 10’ (120"} to become 117’ and the
equation becomes 1.884x = 117"
x=821"=A
B884x = 549" =B

Cut the pipe according to these dimensions:

821" + 1.5” 549" + 15"
L _

636" = 5.3’ 564" =47’

Orill the holes 3/4" from each end The dome will be about 16°
8" in diameter.,

We have used this dome many times. My brother toured the local
high schoois and gave discussion/demonstrations with it. [t was used
as an emergency first aid shelter at a whole earth festival in Davis. |
used it at Quick City [ast spring. {As you can see from 1he photograph,
| had a parachute tensed inside the frame. This made it very strong in
the wind. The domes that were covered on the outside had trouble in
the wind.} Right now it is sitting in a client’s backyard so they can try
out the space before they buy it—a rather new approach for
architecture! Next, it will be on our roof—a place to relax and
uh . . . watch the stars!?!

TENSEGRITY

The next thing | delved into was tensegrities. Bay, did | struggle
with that first icosa—whew! The easiest way |'ve found for making
quick tensegrity models is with tinker-toy struts (or cut slots in lengths
of dowels), rubber bands and surgical tubing: slip a band over each
strut, using the slots in each end. These strut-bands are then linked
together in whatgver configuration desired, from tetras to spheres.
With the larger shapes, the struts tend to slip off the bands they are
linked to, so cut a 1/4"' ring of surgical tubing and slip it over the end.

Tensegrities are incredible for gaining an understanding of
relationships of polyhedra and great circles and Archimedean solids
and truncations and duals. Let me start with an example:

tensegrity  octa cubocta cube

To build a tensegrity octahedron you need 12 struts 12
rubber bands 24 rings of tubing (essential for this process)

You will notice that each vertex has 4 struts coming together. Slip
each strut end half-way along the neighboring strut until they are all
separated—now what do you see? A tensegrity cuboctahedron! {an
Archmedean solid). The cubocta can be developed by truncating the
octa. If you look closely at the cubocta. you will notice that three struts
lie in a plane—they describe a great circle.

Now, if you slide the struts the rest of the way—that is, eniarge
the squares that were formed at the vertices of the octa and shrink the
acta triangles—you will form a cube. The cube is the mathematical
dual of the octa!

This same sequence can be dore with the dodeca—
icosadodeczhedron—icosa.
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The icosadodeca is also formed of great circles. If all the short
struts are removed from a 2V alternate, an icosadodeca results.

If | start this sequence with the tetra. | go through the truncated
tetra (Archimedean solid) to an icosa. This icosa differs from the othe-
in that the compression members (struts) are separated from the
tension members (bands). This type of tensegrity is termed
discontinuous compression—1the cormnpression members are not
cantinuous. The sequence will end back at another tetra, since it 15 its
own dual.



TRIACON

Alang about this time, | finally made a model of a 2V triace- -
H. method 3). As | was absorbing the differences between this 2-2 -
2V alternate | suddenly knew the triacon looked familiar: It's tre se~=
as the triangulated dodecal Ah—another connection.

~-z1-er type of tensegrity can be developed by connecting the

— z=zz o 1me centroid of the figure by struts. A stable cube is

and an unstable tetra. The tetra cannot be made with
-25—1 used string.

tensegrity sphere is a lot of fun—it can be dropped, rolled
- pver your head

T_ =- zoinis out that some molecular geometries are identical to
< _ctures. (See World Design Science Decade, "Document

2T o ETae

PLYDOMES

My next adventure was plydomes—domes made of 4 ' x 8 z-z=:

of plywood bolted together and bent into a geodesic pattern

Some openings are triangles and some are pentagoens. .,z
enlarge the triangles, you will get an icosa; from the pentags~s .Z._
will get a dodecal Another example of duals and their usefui~
understanding geodesic geometry.

The openings have edges that form complex curves—
waterproofing would be difficult at best. It seems to me this 2~z
very limited usefulness,

SKIN PATTERN

I now had my conduit dome up for a while. and decided =c zz.2* =
with polyethylene sheeting. | wanted to find a way to make *Fe 3¢ -
with as little joining as necessary: that is. to reduce the lirear “cItzze
of seams. By dividing the dome into 5§ equal nets (of 8 triarg-es 22
one pattern can be used to cut all % sections, These sections -2~ c=
cut from a 14/ roll of plastic, available at hardware storgs. Fo- s




net, | used tape for the seams. which sort of lasted 3 months. | did find
out abouti an adhesive. produced by Uniroyal, which can be used for
polyethylene. | did a test with it—outside in the weather. with a load
straining the seam for six months—and it was still a strong bong. Itis
applied just like contact cement. a little on each edge. allowed to get
tacky, and pressed together. Very simple. It is reasonably inexpensive,
but is not easy to obtain because it is an industrial adhesive. | had to,
get mine direct from the factory. It has a snappy name—""M 6405" —
and is available from UNIROYAL 407 N. Main Street Mishawaka,

indiana 46544

‘m sure that other companies
make a comparable adhesive,
I have just not found them.

OCTET-TRUSS

The ways that tetras and octas fit together seem endless. As |
already mentioned, a 2V tetra forms an octa inside. The four spaces
left aver form congruent tetras. They can be packed to fill space; no
room will be left over. An easy way to visualize this is with cubes.
We're all famifiar with the way cubes can be packed—iook at almost
any skyscraper or apartment building. An empty box can be
completely filled with cubes and no room will be ieft over. This is filling
space or close packing.

If the octet-truss is packed spherically it appears toform a
complete sphere with an icosa inside. Actually. it will not close, for the
same reason that regular tetras will not pack to form an icosa—the
edge to radius ratio of an icosa is 1.0515. If it was 1.000, then tetras
waould pack. It's close.
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It is more practical if the truss is packed in a plane. Then it can be
used as a truss system in building.
| was showing a photo of one octet-truss building to a friend and

he said. “lsn't that the same one that used to be located a couple of
hours south of where it is now?” Sure ‘nuff! They just moved the
whole structure to a new location.

great circle

GREAT CIRCLES

From the octet-truss | moved into great circles. A great circle is
like the hemisphere iine on a world giabe, It is the largest diameter
circle that can be drawn on a regular sphere. The plane it forms cuts
the sphere in half—it passes through the center of the sphere.

Everything | investigate in theory and with models | try to relate tc
actual structures. So what use are great circles? Aside from being
important in understanding geodesics (a great circle is a geodesic ting .
domes can actually be built using only great circles. Every line in an
icosadodecahedron forms an arc of a great circle, These lines can be
made circular—drawn on the surface of a sphere. This is the basis for
another dome | did.

GREAT CIRCLE DOME

Materials 24 10 pieces of PVC PVC salvent 16 couplings 18

bolts/nuts

Joints—pipes bolted together where they cross Circumference = 6C
Diameter = 19.1 height = 88"

Mast of the PVC was 374’ class 200, but some was schedule 8C
and it worked just as well. This is a simple dome to make —alt the arcs
are great circles and they are all of equal length. A half circumference.
such as A-F, will have 5 equaf segments. Add about an inch to each
end (for the end bolt} of the averhead arcs, and drill 4 equally spaced
holes. The distance between any two holes or joints will be 10
{circumference of the complete circle divided by 10 equal segments:
The bottom ring, a complete circumference, will have 10 holes. If you
use 10" lengths of PVC, the 30 arcs will each require 2 couplings (a
special piece used for connecting lengths of PVC). The bottom ring will
require & couplings. Try to locate the holes in the pipe and not the
couplings.



*— 60" iength. Do a neat jab with the solvent—there will
: 2355 at these points. Also, the sclvent dries quickly, so it
= 2z-5 -apidly. Then drill the holes {we used 3/16" boits).
I "z the bottam ring.
122 the pipe together starting with the top pentagon and
v down. As we continued to bolt, | became increasingly
omething was wrong—I had never tried this type of
=-g. nor had anyone else | knew. It was an experiment—
= 7 a2 So we kept on belting and it stiff just lay flat. To help
= ;2. e of kids were running around screaming, “It won't
< - twork.” Great for my jangled nerves. Well, finally it began

= zz-acs, [ buillt a 4° copy and set it outside my window, One
T IIIlctet 10 me that the dome could be much stronger if the
o gngulated. If | used wires it would not add very much
-& ~extidea was to have 2 sets of § wires in each pentagon
z them with a spacer. 5o | collected 12 arange juice can
e wire. The lids were of cansistent size and strength and
-y the right diameter. The PVC spacer was held in by the
. 1ust used baling wire for this modet, but it still couid

zfter this. an opportunity came up to build another
- ~expensive dome. 50 | suggested a tension dome, using the
zz-zzotz zeve oped with the 4 model.

TENSION DOME

= 3 - advantages of this dome are savings in weight and cost.
Tz 7.7 zcsts about 13 cents a foot, the cable less thar one cent a

3

s ~ow | did the dome: Materials;

1:—23 4 thinwall conduit: cut to 5’ Q”', flatten ends, drill

‘2" apart (374" from each end), bend ends (same as
amd make 35.

strand, #20 TV guy wire; center-te-center length of

3 8" When cutting the cable, add about 2’' on each end

Zn each cable mzke the first foop, then place in jig

14 s -ails ar bolis 47 2 3/8" apart} to make the second

22

loop. This must be done very accurately—there is no way to adjust the
cable lengths in the dome. Turnbuckles would double the cost of the
dome. Wrap the wire carefully; braze or solder to keep from slipping.
Make 60.
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Spacers—conduit, 18", make 6.

Bolts—3/8'" x 2/, need 32 with nuts and washers.

This dome is assembled differently from most domes. This
pracedure seems to be the easiest:

{1} Boh together 12
groups of b cables each.

(2} Lay out struts and bolt together, loosely putting cables
between struts.

(3}
(4}

Tighten bolts holding struts.

Pop in spacers—this is the tricky part. It's easier if the spacer
in the top pent is put in before the whole dome is bolted
together. The best way to put in the spacers {since they will be
a very tight fit) is to loosen one bolt that connects five cables.
This way the spacer need only be slipped over a short length.
Put the spacer over the opposite balt, then get about six strong
people to stretch the cables apart, and slip in the spacer.
Tighten the loose bolt and the dome is finished.

Here’'s the way | found the cable lengths, in case you want to do a
different size dome. The strut length will be the 4’ 10 1/2" center-to-
center dimension, not the 5° 07" {remember to subtract 3/4" from
each end before doing the calcuiations). The spacer length of 18" was
arbitrary; perhaps a different length would make a stronger dome.



SPACER = (87=2 b ICOSA DOME

i did a small icosa for a school play-yard, 2 x 4's with strap hubs

.= CAaBLe L'ENGTH {see Pacific dome, in Domebook 2). The bottom struts da not lie fas
t Lo / but angle towards the center of the icasa. If the bottom angles are
4~ 0% "= 4,815 recalculated, then it would lie Aat. If the bottom pent is to lie flat, the
angle will be 36° instead of 32°, for the pieces on the bottam. Far the
= Bg° bottom end of the 10 side struts, the bottom will be 36°, the top end
32°. The problem here is that there are three types of struts instead ¢
one.
E" sz;
- £y
4 / A R e st see
F 835 ; XN b b -
WS\ ol S = <
=Z,435" —

The strapping is very strong and will easily support anyone
climbing on the icosa. However, as an environment for little people
the strapping could be hazardous. The outside was partially covered
with plywood and carefully painted with inspiration direct from the
hearts of the little people. Such eloquence! Why can't the art of litt e
people be considered as vaiid as the art of big people?

DIAMONDS

| have often been interested in the diamond configuration possit =
with domes. The diamond is established when any two adjacent
triangles have their opposite vertices connected and the center stru:
removed. Instead of being a convex figure, the dome becomes convex-
concave—a very interesting surface.

oA &
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TRIANGLES DlAnmornT

NOTE: —If tension is too much in the pents, shorten the spacer
length; if there is too little tension, make jonger struts.
—--Shorter spacers will give more room inside. With the

18" spacers a lot of interior space Js taken up. : This basic configuration is used for large domes—up to almcs:
If you iook at the geometry of this dome, many things can be 400" diameter. Fuller's laminar dome also uses diamonds, n
seen. It can be developed from the Archimedean solid the conjunction with regular triangles (see patent #3.203,144).
icosadodecahedron, from great circles, or from a 2V alternate. Look at The triacan breakdowns are easier to generate diamonds fre~
the struts on the drawing. If you take out the cable and flatten all the than the alternate. For example, the 2V triacon is based on the
pentagons. the solid which results is the icosadodeca. If you follow any rhombic triacontahedron {the dual of the icosadodecahedron:

5 struts from one side to the other, across the deme, you have
traversed a great circle arc (same as in the great circle dome). Now
look at the diagram with the cables—what does it form? A 2V
alternate.

If you try to develep tension domes from higher frequencies, you
will discover more Archimedean solids —the truncated icosahedron
from the 3V alternate, for instance.

EHemBic TRIACIAL ™ —EL 2.
~LTH Dla e zeg



~e 7=z ~=: form an icosa, s the chord tactors become
DA me s 2 ones, 1.0515 for the dotted lines.
- ~akes a very attractive dome with diamonds. If

T3z Diamond 2

- T - N A /\

A\ \ ? “-\‘-
=L T } =3

—misg terr—— 2xe 30 Hemisphere—25 + 10 halves
Ioverz——Iez S0 Sphere-—make 60

W Chord Factor
- 336
363
546
516

#izient accuracy for models, but more places are
. size dome. A and D are in the Domebook, X and
[ :.= 7z ca calculated.

‘1—4’) m‘MON
WITH DilAsoas s

LABELED
AN
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- #tizxs {available a1 pharmacies) and vinyl or surgical 2 d
-£ 1_bing in rings and punch holes with an ice-pick or

~iy spaced holes. Push the sticks into the holes. A lot
2.ilt very quickly this way.

. I've tried to share some of my knowledge and
~=ze you benefit, If by chance you try something I've
-2 earn something from it—Iet me know. Feedback is a
~ =% my process. Thanks—have a pleasant journey.

& =~ this dome is the vertices—some join three struts,
iz e twelve.
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This chapter is about a small simple tent dome that | made for a
camping trip in Canada. Jts portability makes it handy for part-time
domers, who can take it apart and store it in the basement when
necessary. It's not expensive, demands no fancy wood working. and
can be built with hand tools if need be. It's small encugh to transport
on top of a car. but large enough to stand and walk around in. It sleeps
four or five people comfortably, The one-piece suspended skin rules
out the possibility of leaks. Because the skin is separate from the
frame, construction is non-critical. and small errors are not as
troublesome as in other forms of dome construction. To me, this
proves that you do not need fancy tools or a lot of money to have fun
with your own dome. ! think it's a good idea for every dome builder to
start with a simple dome like this one. Mine has taught me a lot, and
been a lot of fun.

The original version of the dome is 14 feet in diameter and
cansists of a plastic skin suspended from a wooden frame. The
geametry is 2V alternate and has two different types of triangles. The
skin is made out of 6 mil clear polyethylene and the frame outof 1x 3
furring strip {actual measurement 3/4” x 2-5/8"’). The dome has a
groundsheet which overlaps a groundskirt attached to the inside edge
of the skin, making it quite waterproof. There are seven screened
vents, and the top two are protected by a large pentagon aof plastic
stretched over the top of the wooden frame.

Furring strip is cheap and available in a variety of lengths. Despite
the many flaws in the wood, it is far stronger than necessary for a
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John Prenis

dome of this size. My design called for 3¢ short struts and 35 tong
ones. | bought 40 eight foot lengths of furring strip and made my
struts 51 and 45 inches long so | could get one long and one short
strut from each piece of wood. With a choice of two places to cut each
strip, | was able to avoid knots. Badly flawed strips yielded only one
strut. By careful planning. | was abie to leave the worst of the knots
and splits in the scrap pile. For joints, | decided on a simple plan of

LS e

5 way base

need 10 need 10
interlocking slots. The ends of the struts were slotted so as to fit into
slots cut in hubs of 3/4”" plywoed. This system appealed to me
because it required nc bevels or compound angles. The slots were
made by first drilling a 3/4" hole, then finishing the slot with a saw
and a wood rasp. Later, the ends of the struts were drilled to take
wood screws. A 1/2" screw eye was put in each hub and then openad
slightly with pliers. Working alone, it took me about a week to finish
the struts and hubs. Helpers and a power saw would have speeded
things up greatly.

The first erection of the frame taught me that the base struts mus?
be in a perfect circle and the base hubs leveled, or the struts will refuse
to stay in place. This is very frustrating—push a stubborn strut into its
hub, and ancther pops out on the other side of the dome. A
spontaneous demonstration of the dome’s omni-directional stress-
sharing characteristics.

When | began to put up the second course of triangles, | learned
something else. The horizontal struts form a ring which is in tension
due to the weight of the struts above. This tension pulis the joints
apart. Somehow this elementary insight had escaped me. After some
abortive experiments with clothesline, | decided to put a wood screw
into each joint and settle that problem once and for all.

& way
need 16



# 20 the frame more or less ready, | began work on the skin. | had
sarlier to use 6 mil polyethylene because it is cheap. easily
=a ed, and readily available. Polyethylene is supposed to have
~ear of useful life in direct sun, but | did not expect to be using

el e

bzveral phone calls failed to locate a ready source of celored paly
- +-z Priladelphia area. so | was forced to make the skin entirely out
=% 2 gz poly. I've heard since that cement supply houses sell white
. - out over curing concrete. The 8 x 100 foot roll of clear paly that
-t turned out to be more milky than clear. It had been folded
rci'ing to make it more compact.
+ +opk about 2 days to cut out the plastic. This 1 did with the aid of

"‘ci one 49-1/2" x 43-1/2" x 43 1/2” A one inch margin was
+he edges for heat sealing. The lack of a large clear area for
g the plastic was a great inconvenience.

| &
) f [
-& pattern | developed called for the skin to be made up of 5
zz-s, 1 pentagon, and 5 triangles. Breaking up the pattern in this
a swed me to eliminate about half the seams and thus cut down
-- «~g ~gat sealing necessary. The pattern below was designed to
cod use of the plastic and also to make sure than no more than
ces of plastic come together at any ane peint. This helps
hassFes when heat seaiing. | goofed this part and had some
' seams to deal with. Vent openings were cut out and flexible
s screening taped into them. | had ariginaily intended to heat
screening between two layers of plastic, but this did not work.
goofed by not checking my work closely enough and ended up
g vent in an odd place.
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sealing of the seams was done on an irening board with an
z-2 -z~ eiectric iron set at “rayon.” The seam was sandwiched

z £~ 1wo sheets of aluminum foil; then the iron was run slowly

=z «~ e edge. This takes practice to do properly. but it is really no

- :-an sealing a plastic bag. The finished seam will look bubbly

. but if properly done it will be strong and absolutely

zof. If overheated. the plastic shrinks slightly along the seam,
wrinkles. If these wrinkles are allowed t0 fuse tagether, they

B -ntral seams of the hexagons and pentagons were seaied
T -2~ 1ne hexagons were sealed to the top pentagen one by one.
-=- :-e case triangles and the door were added. The door was cut
=:— =zz-zp plastic with a generous overlap along the edge so that it
« = _ = -zng closed by itself. The groundskirt went on last, By this time
25 1~ zroughly sick of heat sealing and glad to see the last of it.
.2 ezrned since that there are other ways to heat seal. I've heard

that a Teflon-surfaced iron works, though | haven't tried it. Another
thing that sounds warth trying is to take a 100 watt soldering iron,
grind the tip flat on one side, dril} & hole in it, and bolt on a ball bearing
so that it spins freely. When the bearing is hot, it can seal a long seam
in one pass. An occasional spray of silicone lubricant keeps it from
sticking. A solid-state light dimmer of appropriate wattage can be
used to regulate the temperature. With a little practice, an excellent
seam should be possible.

Poly can also be glued {write to adhesives manufacturers) or
SEWRN.

With the heat sealing finished, | cut oversize vent flaps fram
scraps and taped them in place so that the vents couid be clased in
case of rain. Lastly | added the ties by which the skin hangs from the
frame. A simple way to do this is to place a marble ar pebble inside the
plastic, feld the plastic around it, and tie a string asound the resuiting
neck.

A worthwhile variation is ta substitute a washer or wooden bead
with a length of cord tied through it for the marble. This gives you a
length of card hanging down inside the dome, handy for hanging a
second skin, sunshades, insulation, etc.; while preserving the
watertight integrity of the skin.

While the cord is out, use some to
outline the triangle that will be the
door. This takes the strain off the
plastic and keeps it from tearing.

With the skin finished and lying in
a great heap on the kitchen figor, |
was faced with the task of folding it
into a manageable package. | figured
out a folding pian with the help of a
maodel, and after an hour of wrestling,
the skin was folded into a compact
bundle.

Erectian of the dome is straightforward. A string tied to a peg in
the greund is used to lay the base struts and hubs out in a circle, after
which they are screwed together. Then the base hubs are leveled with
flat stones or wood scraps. After this is done, the successive courses
o’ triangles are assembled and screwed together. When the frame is
complete, the large ‘rain hat’ pentagon is pulled over the top of the
frame and tied down. Hanging the skin inside the frame takes only
minutes. Next, the groundskirt is pulled flat and straightened from the
inside. Then the groudsheet is carried in and laid dawn, overlapping
the groundskirt to make a weathertight seal. Now the finishing
touches are added, sunshades are hung, and the proud dome builder
can admire his handiwork.

Original Bill of Materials {1971 prices)

40 8 ft. iengths of 1 x 3 furring strip $1500
1 8 x 100 ft. roll of clear 6 mil poly 10.00
130 1" no. 8 wood screws 1.20

scraps of 3/4” plywood for hubs

twing far ties

26 steal washers .25
26 1/2" screweyes 75
2 yds. 26" fiberglass screening 2.20
1008, 2" polyethylene tape 2.80
1 roll 2 sided alurminum foil vapor barrier (for si:n shade)  6.40
Total $38 80
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A SIMPLE 2V TENT DOME
John Prenis




z.ite pleased with the dome in Canada, We had three good
zuring the month we were there, and the dome held up
10 lzaks. A clear dome is nice to be in an a rainy day. You
“-gom and all of the light there is. It was fun to lie back and
-zindrops tracing paths-of-fastest-descent over the dome
E --~ =g over, | could see a film of candensed moisture on the
=z zz <F the ground sheet. Suddenly it was like being in a
z Water, water, everywhere, but none inside the dome!

1. 1 lit the dome with candles. and there was a pattering
-gin as all the bugs within a quarter-mile gathered to bash
3s against the plastic. From the outside, the dome glowed,
=~ nous, like an enormous pineapple gumdrop.

2.4 2Ke every morning at sunrise. In a clear plastic dome, the
zza~ 2z~ 25 up like thunder, and you get up with the sun, like it or not.
- - af the sun, the dome warmed up very quickly. A big
= of the clear plastic was the heat build-up inside. The dome
- zzd for only part of the day. and once in the open sun, the
—perature would go up to 100°, while outside it would be
z ~g triangular sunshades cut from aluminized vapor barrier
4 alot, but termperatures inside the dome were usually ten
zve those outside. | was very sorry that | had not been able
. white poly. | had wanted to make 3/5 of the skin from white
b = £ 5 from clear poly. When setting up the dome | wouid have
- - aar poly facing north, for light, and the white poly facing
2" 12 iemper the heat of the sun.

- 27t the dome lost heat very quickly, Plastic has almost no

v sold with plastic film is not very permanent. After some
= the weather, the adhesive dries out and gives up. The tape
-z screens will eventually have to be replaced—sewn-in
~z.id have been much better.
. aw from the dome is rather murky. The plastic blends
.2~7 ~z ~oasoft biur. To get a clear view of the outside, we had to
.2 22w~ a~d peer through one of the vents. Some small windows of
s =z- . -, :eped orsewn into the skin would have heen nice,

2-::-er tle problem was the iack of a positive door closure. If |

= ~akes no sense to screen the windows and leave the door
~. | ended up taping the door shut with masking tape each
- tne mosquitoes aut.

cest problem with the dome was that the rigid joint

z - toe delicate to stand mishandling during erection. With
‘.- “ze" of leverage waorking against the joint, it was all too easy
g2-_t or break a hub. The dome had te be very carefully

handled, which means that | had to put it up alt by myself—!l simz
couldn't trust unskilled helpers not to hust something. Putting i~ 2
those screws was a real pain. Any unevenness in the ground wos =
cause struts to pull out. it was always a chore to get the dome sg7T &2
“just right’” and usually the dome would not “settle down™ unti’ T zs
almast entirely up. And when it was up. | didn't dare let anyone = —=¢
on the frame.

| decided to design a new version that would overcome these
disadvantages. [t would have to be rugged, simple to make, and
inexpensive, Also, it would have to utilize as many parts from 7e
previous version as possible. | finally settled on a hub made of fu-- -
strip and plywood that the struts would bolt onte, giving both flexz =
and strength.

This system may be rather crude and lacking in elegance. o_* * =
simple, easy, and anyone ought to be able to do it.

The first step was to get some new lumber, Buying the rew.
furring strips was a bit of a shock. Inflation had almost doublec i-=
price | paid two years ago. And the new strips were only 2-1 4«
as opposed to 2-5/8" for the old ones. | began to wonder if per-z
conduit or PVC pipe would now be a cheaper way to builld adc—e

{Fuller says that if we were to pay a fair price for the time =~z
energy Nature uses to make petroleum, a gallon of crude oi: w2 =
cost a miilion doliars. | wonder what a tree is really warth?!

m

New Bill of Materials

130 27 X 3/16" stove bolts

172 Ib, 1. 1/2 nails

4 0z2. wood glue

1 sheet 3/8" exterior plywood,
sheathing grade

12 8’ lengths of 1 x 3 furting strip




Ao

The best lumber, free of large knots and splits. was saved for the
~.0 arms. The rest was made inte struts. | turned all my old struts into
~ew struts by drilling holes in the ends, ignoring the old notches. Holes
were also drilled in the ends of the hub arms. The hexagons and
centagons for the hubs were cut out of 3/8" exterior plywood with a
saoer saw attachment an my 3/8' electric drill. About half a sheet of
zwywood was used.

| developed a special procedure for putting the hubs together.
First, | drew lines in pencit to indicate where the nails wauld go, then |
“started” the nails part way into each hex so that they would be where
| wanted them fater. Next, | set the hub arms into a special jig. This
consisted of six (or five) triangles of corrugated cardboard nailed to the
oid doer | was using for a workbench.

The idea is to hold the hub arms in place while the piywood is
being nailed on, It worked fine. First the arms werse set in place, then a
generous amount of glue was applied. A hex {or pent} was laid on top,
ard centered, and then only a few hammer blows were needed to sink
zhe nails. Then the hub could be lifted out, flipped over, mare glue
zppiled, and the remaining hex (or pent) nailed on. I'm sure | used
more nails than were necessary. The only remaining step was to screw
in an eyehook, and the hub was finished.

w

My hubs are strong, but very bulky. They take up almost as much
soace as the struts, and they add about 45 Ibs. to the weight of the
dcme. I'm not too happy about that. However, this system has the
:nteresting advantage that it is not limited to one type of dome. If |
want 1o, someday | can use my present hubs and struts as part of a
-arger dome—like a giant Tinkertoy.
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Base hubs—make 10

need

20 g

10 14-1/2" hubarms
20 6-1/2" hub arms

14-1/20 ————————>}

Hex. hubs—make 10
need

20 O’s

1014-71/2" hub arms
40 6-1/2" hub arms

/
etz

Pent hubs - make 6
need
12 {rs

4-1/2 30 6-%" hub arms

=

All struts and hub
arms ara drifled 1-3/8"
from the ends

with & 7/32" drill.

-44 1727
short-make 30

51-172"
long make 35

The flexibility of the new hub system caused some phenomena |
hadn’t anticipated. I've come to realize that dome hubs are of two
types. Rigid hubs always maintain a fixed angle. It's easy to put up a
dome with them, because the half-completed structure holds its shape
due to the rigidity of the hubs. Also, the angle established by the hubs
helps you make sure that the struts are going into the correct
positions. However, you have 1o be careful not to strain a rigid hub.
With the full leverage of a strut working against it, it is easy to break
something. Flexible hubs, on the other hand. cannot be broken by any
mishandling. They will accept any angle you shove them inta without
protest. However, their flexibility means that any strut structure put up
with them needs constant support until it is finished. Also the hubs
themselves do not predetermine the shape of the structure.



red
blue

Y. -~z version of the dome was color coded like this: R =
B =

R B B

base hubs
are coded in twoe ways

B B

short

th
o

fong

cr2:ti0n goes as follows: First, a stake is driven where the center
2ome is to be. Then a 15-1/2 foot string and some flour are

= mark out acircle. Ten long struts {not 8, ar 111} are counted
-z distributed around the circle. Next the base hubs are placed
-z .-z tte circle, right and left alternating. Then the nuts and bolts
~= zz.-ed onto a large sheet of plastic, and the balting together
“pur pecple is a good number. First the base ring is bolted

- The nuts should be as tight as you can get them with your
'f you can afford wingnuts, get them. When the base ring is
e itis puiled into a better circie if necessary—the dome

—es cranky if the base is not reasonably circutar. Next the

ez of the first row are bolted together. If there is any trouble in
= nab and strut to meet flatly, the hub can usually be wiggled
cet:er position. As each triangle is completed, it is propped up
z 3774t until it can be connected to its neighbors. When the first
- & zompleted, it will be self-supporting. althcugh wiggly.

S o W
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conk you when you least expect it, When one is up, brace it like this
with an extra strut to keep it from falling inwards. When the ring of
struts outlining the upper pentagon is finished. everyone can breathe
easy.

The five spokes of the upper pentagon get special treatment. They
are bolted to the iast hub while on the ground. Then one person holds
the hub aver his head while the others bolt the ends of the struts in
place. This method eliminates the need to stand on something to get
the last hub in place.

With the frame done, the skin goes up as before. Because the
wider hubs add 1-1/2 feet to the diameter of the dome, | had to
lengthen the ties on my old skin from 5" 10 about 12", You can make
a bigger skin and have more room inside.

The new version of the dome disappointed me in a couple of
respects. {| guess there never will be a campletely satisfactory dome.
There’'s some slop in the joints because ) drilled the holes larger than

[ s

S

S ——

necessary. | stilt can’t bring myself to trust anyone’s weight on the
frame. {l tried to chin myself from the top. but stopped when | heard
ominous creaking noises.) The dome is also heavier and bulkier than
before. {170 lhs. vs. 125 |bs.) However, it is flexible enough to tolerg:s
assembly by inexperienced helpers. and it isn't bothered by uneven
ground. With help, it goes up in about an hour. It's already been the
star attraction at a crafts fair and a kiddie carnival, and now that | don -
have to treat it so gently, | expect to have it out a lot more often

| remember the first time my dome was erected for a public
occasion. After it was over, about a dozen young people gathered in
the dome. We had a lively conversation going when suddenly a plumz
elderly woman crawled in through the door, grasped someone’s hand
and began shaking it. saying, “God bless you! You will walk strong i~
the service of the Lord. Hallelujah!” She began going arcund the circ.e
asking our names, giving each of us a big smile. a handshake, an off-
the-cuff forture, and a blessing. A couple frowned, but she radiated
such warmth and sincerity that most of us smiled and gave it right
back. The dome seemed to contain and concentrate the smiles, the
good feelings, the exuberance, the pure wackiness of it all. For a
mament | wondered in the back of my mind if the dome were in
danger of floating away.

John Prenis
161 W, Penn Sireet
Philadelphia, Pa. 18144



Qur approach to the idea of dome-as-house was to achieve an
enclosure as light as the dome of heat and light cast by a campfire in
the woads. We used a steel tube frame with a one-piece 20 mil vinyl
skin, and it feels quite separate from the interior, which is post and
beam {gravity-oriented} and mostly wood and soft materiais. The
actual space makers (loft, furniture, etc)) are very fluid—we find
ourselves moving the furniture constantly.

The site is on a riverbank among fir, cedar and maple trees, sa the
clear shell is perfect for taking it all in.

The doorway is sunken so the continuity of the dome is unbroken.

Ed Cooley

Some basic information—Qur dome is a 4 frequency zlternate
26’ diameter icosahedron. The foundation is 11 concrete foctings
poured in the ground, We used aluminum lawn edging sewn together
with wire for forms above the ground.

Lyl
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There's a bar in each post and footing as an anchor. The fios- &
2 x B joists, 10 doubled, and 10 single with 2x 6, 8, and 10 1o-g.2
and groove decking.




g I gaivanized steel tubing, .049" thick, bolted together
zz™ed ends. It cost about $100 wholesale from an

. ‘oment co. It's strong enough to hold a person in the

<t without bending.

.72 73 20 mil vinyl, made into one piece on an electrostatic
"~z -t Farm. It took 2-1/2 weeks of hard work on a machine
72 zome by, [t's got an 18" bar that zaps the seam. but
5"t seam across a vertex that's less than 360° is no fun.
«-estie and fight with a mountain of plastic. We

-2t we made a big mistake and had two 11 foot repairs to
-5 the skin is a hassle—5 months of smoke from a wood
Z pot-bellied heater make it dirty enough that it’s hard to
s at night. Running water or a hard, steady rain and lots
11e job thaugh.

~—our plan is to use panels of polyurethane foam cut

s which could be moved around as weather and whim

, could attach at the hub bolts. Costs will be about $200
les. Wa made it through the coldest days in the area’s

" without insulation, but when the fire died at night,

- =7 -z *-2ze solid. The condensation ‘snowed’ inside.

=1 zn—We had condensation ‘rain’ when there was only

~ e door. (1t stoppad when we opened another one

-z dome needs one at the top to let the smoke cut.

- - s new dome, we're using a window/vent designed by
- zz-ak of Eugene. It opens in all three directions and doesn’t
ez 1= - ~ges or sealanis.
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Foundation 550 20 man hours
Sand & Gravel $30
Rental Equip. 520
Floor $Z10 200 man hours
Joints $60
Flaoring $120
Stairway %30
Frame $130 20 man hours fabricatior
30 man hours erection
Skin $200 130 man hours fabricatior
30 man hours erection
Chimney %36 5 man hours
Rentals $80

Digging (foundation and s1airwell) 100 man hours

All together we spent about $750 and 500-600 man-hours or
the dome itseif, not counting the whole septic tank. pump and burc ©z
inspector trips, or the days of struggling with the skin before
discovering it was put together wrong. necessitating patches. It alsz
doesr’t include the insulation ($150), vent/hardware ($285-50), frc=:
and deck doors {$60-120}, a bathroom ($75-150) or any other fi- 5=
work. It also doesn’t include incalculable weeks hanging out with 1~¢
dome. admiring, fantasizing, waiting.

What all this adds up to is the most beautiful place I've lived i~
There's nothing better than a round clear house for feeling one's pa—
in the environment and its cycles. You don't have to go t6 a window 2
see the sky or the river—it's just all right here.

} hope all this rambling is useful te someone.

Ed Cooley
Star Route
Marcola, Ore. 97454



1. First calculate the square footage of your skin area.

2. Calculate geres by determining first the width af cloth you are to
use (this determines the widest part of the gore or panel). 2 panels

{i & r} make vp 1 gore. Add skirt {depends on tie down

technigue). See details.
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3. lusually use fire and water proof canvas that only comes in 30"
and 31" widths. So these are a panel. For a hemispherical skin,
the widest point is at the base. As an example we will start with
29" widths at base.

4. Allot 1" for double seams. Another allocation or consideration at
this step is the shrinkage rate of the cloth used. Ail organic cloths
have some shrinkage {usually 2%-5%) and vinyls, glasses and
nylons do not. They dao, however, “stretch”, so probabiy should be
given no tolerances.

&

Carey Smoot

5. The math for spherical skins is much easier than those of elliptical
profiles. See the section on calculations.

6. After calculations a template should be made. | suggest using a
large floor area and a 20 flexible wood batten. Loft and plot the
points but use the wood batten to get a “natural” curve from point
to point. Add your seam allowance to the template.

7. Atthis point recheck ail calculations and the template.

8. Cutting should be done on a table. Alternate the template to
conserve cloth. Mark and roll-up or fold and store in a dry inside
environment.

WhsTE

9. Fabrication: Sew from top to bottom as any slippage will cause
spiraling of the total membrane. \f using erganic materials use
polyester dacron thread (silicone treated) as it does not shrink and
the cloth will close around needle holes 1o give a waterpraof seal.
If using nylons, dacrons, or vinyl laminates, a polyester thread is
advisable but a waterproof seam design {French felt. over-lap and
top stiteh, etc.) should be used.

Sewing machines: A home madel (domestic) machine can be
used for light nylon, or cotton canvas, but nothing over 3 oz. For
heavier cloth an industrial machine can be rented {Yellow Pages
under Industrial Sewing Machines). For large membranes (3000
sq. ft. and overl a puller is recommended on the machine.

10.

Thread Size and Needles

For lightweight cloth, use a #24 dacron thread, 12 to 14 needle.

For 3 to 8 oz, use a #16 thread with 16 or 18 needle.

For 10 oz. and above, use #12 thread. Use 20 to 22 needle.

Usually cloth, threads, webbings, clear vinyls, etc.. can all be bought a2
one place.



gore length/1Q

- = tocalculate the shape of the gores for a hemispherical skin: points can be made to fall on seams, and the tie points can be sewr

Decide on the necessary diameter. rignt into the seams.
Determine the length of the gores. Gore length =circumference

> Fid the circumference. Circumference=3.14 x diameter. ' 4,

Dstermine the width of the gores. To do this, decide on the

~.mber of gores and divide into the circumference to find out how 5.

wice the gores will be.

Z:-e width= circumference
number of gores

£ -~z resuil is wider than your material, try a smaller number.
zmember that a gore can be made up of two or more strips of

2 - The greater the number of gores, the smoother the skin will
2-4 “he more work you'll have putting it together.) Multiples of 5
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4
To make a template having the exact shape of the gores, tape
together several large sheets of paper until you have a piece the
length and width of one gore. Draw a line down the center and
divide it into 10 equal sections. Determine the width of each of
these divisions by multiplying the numbers below by the
maximum gore width. Carry your results out to four places. Mark
off these lengths from both sides of the center line, and then a-zw
a smooth curve through the points. Take care in laying out yoL-
template, because any error wilf be multiplied by the number ¢
gores.



Details and Miscellaneous Notes

=z- “zstening the membrane to the structure
a use a batten fastened ta the base struts or the deck.

o' use an attached skirt with a catenary curves.

Mondows, vents, doors
Metal frame: use p.v.c. pipe with sheet metal screws as described
2/ Jay Baldwin in Domebook 2, p. 43.

|

SKIN

Wood frame: use battens to fasten skin around openings. With a
ttle ingenuity, openable flaps can be derised The top vent can be
oversized.

A whole ot hasn’t been done in detailing membranes. Experiment.
Siop chafing at hubs by putting some coffee can lids over them.

For nomadic skins a one-piece membrane with minimal openings is
suggested.
The Inter-Galactic Tool Co. in San Francisco has a nice “hung”
membrane dome that folds up.
Resources in California
United Textile & Supply Co., LA,
Envirotecture, P.O. Box 307,
Newhall, CA 91321
Canvas Specialty, LA.
Jim Sparks, S.F.
Inter-Galactic Tool Co., S F.
Insulation of canvas membrane framed structures:
John Nalan said we could spray 1’ of foam on the first skin and then
put on an outer skin. This could be used for any type of structure.
For nomadics: use 1’ styrofoam cut into triangles and inserted inside
between struts. Would look good and be wel! insulated.
Notes on minimat surface tension membrane structure:
| have built several—One hyperbolic saddle, 2500 sq. ft.
One pentagonal aver a gecdesic frame.

e

Loarmy Sioot

New reinforced poly and vinyl is available from Grifolyn, Texas.
Extra strong. clear colors, can be heat-sealed. sewn, taped. Good price.
Carey Smoot

Envirotecture

Box 307

Newhall, CA 81327

(805) 255 0446

Carey Smccr



-arted in the Portland {Oregon} Public Library. We were
tooks about Japanese houses, and on the same shelf there
sbook 1. We took it home and got pretty turned an by the
ding a dome. We spent a month with plastic straws and
madels. and by the time we moved to the country we felt
o-etty ready to build a real dome. We decided to start out

1ze model—that was one of the best decisions we made.
sad of 1 x 2's, and ripped them up into struts fora 13’
2ome We were going to simply wire the hubs together by
re through holes in the ends of the struts, then staple on

- .ervylene and use it as a garden shed/greenhouse/compaost
1220 e ~ad a ot of friends over ane day and started putting it up.
*vz I, "2 time we had two courses up we began to wonder. It was
ne thing was going to be too heavy to hoid itself up with our
a~d it was going to take some intricate scaffolding to get
“*= 1z tczorse on, and besides, it sure didn't look like 13 feet across

2 =g zonsideration, it became clear that we were building a 26"

-5 Two days later, we had two complete sets of struts, this
‘domes. Second time around it went up a fot easier, and

time, Domebook 2 was out and we felt really confident of
- = handle the equations, and familiar enough with the strut
= get it on with the full sized dome. We decided not to go too
Ze enough for a waterbed and two people to be comfortable.
= on a 16" diameter, 3 frequency vertex zenith, alternate

~ dome We were living in Molalla, Oregon, on 40 acres of

- &7 the foat of the Cascades and in the heart of Crown

-~ WWeyerhauser, etc. The only time we even began to

272 tmem was when we rented a 17’ truck and went down to

~  They had a hig pile of odds and ends. all the way from
132 x 12's and everything in between. We got one whole

1 =¥ selected odds and ends and another truckioad of rough
1.7 =z s %r 340—more than enough lumber for the dome and all
.7 im=- zoilding needs.

~d our site on the crest of a hill looking out over the

aley with the sunset on one side and the sun rising out of
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Steve Ervin

the Cascades on the other. We cleared some brush inot toc —e-t 27 vz
poison oak), got high up there a couple of times, and got t& we =

hill, the ground dropped about 3’ across the site, so the p!
almost touching the ground at one side, and 3" up or the -
decided on an octagonal platform, 17" across (because t7z*

several friends. First we sank the cornerposts (4 x 4's: and trz
post (8 x 10), all coated with creosote and levelled across tme *
Then we put on the side and radiating girders {2 x 10's!. ther C =
2 x 4 joists 18" on center. Finally we laid down the floar of 212
1 x4'sand 1 x 6's, with alayer of 154 roofing felt underneat- 1z «
out drafts. We nailed the floor down with cement coated flcor -z -= =
so we didn’t have any problem with warping boards or poop =7 -2 =
But we did have a litHe drying problem—we put the boards 4o, - 2:
green that in a menth there were 1/4’ cracks between the~ ~-
to the roofing felt it wasn't much of a problem, but one wou 2 -
advised to use dry. seasoned lumber on the flcor.

For the skeleton of the dome we decided on 2 x 2 struts
connected (as in the Pacific Domes) with steel strapping arz
of pipe. We used plastic A.B.S. waterpipe, which convenie-: ,
the two diameters we needed, 2-1/2'" and 3°" 0.d. The struis » 2
ripped and drilled in a day, and the strapper we rented w 1~
strapping for a week. The skeleton went up fast—we <2
some hexes and pents on the ground and lifted them .z
struts went in one by one on the upper courses, It 1cox
but we went swimming in between We left out orie -2
our door, and framed up a tall rectangle inside it. T-e
we had here was when we woke up one morning erc ‘.72
dome had slid off the platform and tipped onto the gz -2 -2 - ¢
wind overnight. We tipped it back un inta place. recz sz z ¢
hubs and immediately took the sensible step of bot -z 7 ::
platform. The skeleton was extremely solid then, e~z 4z 32377 ==
time just climbing around on it

We gave a lot of consideration to the materia we we's 22 7772
use for the skin of the dome, and ultimately cur = -
do with our conception of what the dome was 1z
intended as a rea! shelter, we didn't know how

it
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e in Oregon. but we knew it wasn't going to be too long. We wanted
*0 use some ‘organic’ material that would fit in with the surroundings
a1d would also be comfortable and aesthetic to be inside. We had
wisited a fellow in Portland who bad built a2 small dome in his backyard
a~d skinned it with patchwork canvas scraps which had been really

~ ce and homey, and we ltked the concept of a lightweight skin as in a
ot There is in fact a small company on the Oregon Coast which
Takes tipis to order, and so when a friend of ours was going to the
coast, we sent him to find out what material they used Tor their tipis,
and where t¢ get it, and so on.

Apparently they were friendly and helpful there, and our friend
zame back with a handful of samples, They use both synthetic and
~atural duck (basically canvas, duck just refers to the weave) in a
va-iety of weights, from about 10 oz. to 16 oz. (per square yard). The
=01 makers recommended the synthetic, primarily because of its langer
<o expeciancy. What we decided on was 12 oz. cotton canvas duck,
—arine treated” which means it's waterproof and rot-resistant.
Sesides being more organic and having a nicer feel to it, it was about
-al‘ as expensive as the synthetic, coming out to about $1 a vard, on a
o' 36" wide. We ordered two rolls, or about 100 yards, from the
-—ompany in Oakland, California, and it arrived about 3 days later.

We put it an the skeleton with galvanized roofing nails. Our
~gthod was to wrap the canvas arcund as many triangies as it would
s>mpletely cover, then cut it off. reposition it, and keep going. Where
~e nad vertica! seams we put in a “French searn” (doubly folded, like
o~ oiue jean legs), and on horizontal seams we just let it overlap to let
t~g water run off. We left two side hexes open for windows, and the
+2p vertex pentagon for a skylight. It rains a lot in Oregon, and so we
= s¢ built a little pointed overhang over the door and covered it with
za7vas. That addition really made the dome look inviting, and broke up
=~g symmetry of the form just enough to make it interesting. Where
<=e canvas met the platform at the base of the dome we foided it
_nder and glopped on some emulsified asphatt base. After the first
-gin, most of the asphalt washed away, and so we got some tubes of
oatyl rubber caulk and did it again. That worked much better.

With the skin in place, all we had left were the windows. On the
z:des we just stapled some clear poly in place, thinking that we would
aventually glaze in some glass. We decided to glaze in the skylight
overhead, using plexiglass instead of glass for safety. All | can really
say is that was by far the biggest hassle we had on the entire dome.
First of all, we cut the plexi with out circular saw, which was
-idiculous. It should just be scribed and broken, like glass. Second. our
Z azing technique was a little primitive: we nailed in a quarter round
*-ame, then some glazing compound, then the plexi, then another
zserter round frame, in each of the five triangles. It leaked. It kept
eaking for several weeks, while we kept trying different ruses. More
outyl caulk, more strips of wood, more canvas; we tried everything. |
<'dn't know about rubber extrusions then, and our whole design was

pretty poor. Anyway, we finally got it to where the leak was siow
enough so that we could just hang a can under it and sleep in peace
The matter of skylights must be carefully thought out. After that batt e
we just decided to leave the poly in place on the windows, as it was
deing quite well.

We moved into our dome about March, with the skin and
windows and door pretty well settled. We had no insulation in the sk -
and we were considering what to do for that we when we moved in
The canvas we used was natural finish, sort of off-white, and
transiucent. Being inside the dome when the sun was shining was an
incredible experience, as the walls (roof?) all glowed with a warm.
beautiful light. We decided not to put in any insulation at all. Had we
lived in the dome in January, our decision might have been temperec
by the cold. | thirk we probably would have decided on styrofoam
triangies pressed into place, as they would be somewhat translucent
still.

Well, our stay in Oregon came to an end in the middle of June, sc
we only enjoyed the finished dome for a few months. But we really
enjoyed it for that time. and I think living in it caused a re-evaluatior <¥
our (at least my) concept of shelter, away from the notion of a cave, 12
a much more open, spacious, light, celestial idea. I've fust been
reading Frank Lloyd Wright, and it seems that's what he was
discovering too. So | guess that says something about the evolution o
ideas.

Building the dome was just as much of an experience as living 1
it—we learned a lot. In retrospect, it was a good decision to decide o
build lightweight and temporary in nature, as that way we didn’t have
to invest so much and were able to leave it in June with nc real
material hangups. | guess it’s still standing there, though | imagine trg
polyethylene in the windows has probably blown out unless someore
has been taking care of it,

The house we build this summer in Maine probably won't be a
dome, but we sure had a good time with our dome, and it was a gooc
way to get into housebuilding and clear away a lot of established
preconceptions and misconceptions. Breakdown of cost:

Lumber +%$17 truck rental § &l
Canvas {though we only needed about $70 worth) el
Strapper {including rental and materials) 2%
Plexiglass (it is expensive) 2C
Miscellanecus (nails, caulk, etc.) c
Total $2°%

Stephen and Suze Ervin
18 Day Street

Box 29

Cambridge, Mass. 02140




This three frequency icosahedron was built in the fall of 1970
near the Ettersberg Road between Briceland and Haneydew in the
King's Peak area of northern California on the Pepperwaaod Flats
Commune. It is a 30" diameter 5/8 sphere with the longest strut 6°
long. | was building a 50’ diameter Dyna Dome for the owner of 160
choice forest acres. leveling land. developing springs, and putting in a
sewage system. We built this dome 1o live and wark in while we were
developing the land and building the big permanent dome. We made
the struts from the 2 x §'s we used for the Dyna Dome foundation
forms. First we ripped them into 2 x 3's, and then we ripped them
again at a 7° bevel into 1-1/2 x 2's. Next we cut the tip angles,
assembled the struts into triangles, and drilled bolt holes. When that
was done. we invited ail cur neighbors and put it up that Saturday. All
tne chicks wha lived on our land cooked quantities of food and we
feasted on roast venison that night, with the triangles in the sky
around us. The framework fit together like a dream. Each tier of
triangles is flimsy until completed, and then it becomes super stable

lways start from the bottom and work up with this kind of dome.
Con’t put the top triangles together and then try ta lift them up—that
‘s impractical and breaks many struts and is extra work. Build the
bottom tier first.

Three frequency icosahedron structures have 15 sided bases as
ooth 6/8 and 3/8 spheres. We put in 15 eguidistant Douglas fir posts
ir. a circle and one in the center. Then we put in radial floor joists and
sheeted them with plywood. We built a trapdoar down into the 3 foot
dry crawl space under the floor which we filled with oak and madrone
“rewcod for the winter. We sheeted the dome framework with 6 mil
zolyethylene film {trade name Visqueen). It comes in rolls of 100" x
22'. We taped three of these rolls together with 4 -wide Arno sheet
Tetal tape, fed it up through one of the triangles in the top pentagon,
and let it roll down the sides of the dome

We held the plastic firmly to the framework with a network of
manila rope from the top to the pier posts. The excess plastic and
wrinkles were taken out by rolling the plastic at the bottom around the
-opes. We dug & 2 foot trench around the perimeter of the dome and
- .iried the edges of the plastic, thereby holding the plastic secure and
c-eventing water from running under our dome home when it rained. |
c -t an airflow vent in the top triangle of the dame for an air exit and
¢ va evenly placed wall vents around the base in the plywood floor for
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equal ventilation. On a hunting excursien 1 found a righteous old wood
cook stove in good shape on an abandoned ranch and moved it into
our dome, cutting a stavepipe hole in one of the top triangles. The tota:
cost was $326.76.

When the winter rains came, all of the city hippies living in musiin
teepees on our land moved into the dry cozy dome. We put the candie
factory workshop area along one edge and sleeping and eating areas
on the remaining floor space.

| had helped build plastic covered domes befare when we had cut
individual triangles out of plastic and then tacked them to the struts
with strips of lath and plywood batting, but everywhere there was a
hole, there would eventually be a leak. As the wood got wet and dried
1t would swell and shrink, pushing the nail out farther and farther,
making larger leaks as the winter went on. By making the skin ane
continuous piece, we eliminated this problem, but created others. The
flapping of the plastic during wind and rain storms eventually wore
microscopic holes in the poly film as it rubbed against the wooden
surface. Plastic is waterproof, but will not breathe. Water cannot get
in, but it cannot get out, either. As the coffee pot steams and people
track water inside, moisture condenses on the inside walls, runs down
and creates miniature storms inside. | often tripped on the storm
clouds forming near the top of the dome. The dome had a total
atmosphere of its own, like a miniature earth system.

Our thin plastic skinned dome made it through the winter. but
180 inches of rain made living in the dome quite like living an a ship
Once when we had 9C mile per hour winds, the plastic ripped loose
where it was taped together, and we had to make immediate repairs in
the middle of the night. The most severe test came in mid-December
when we woke up to a foot of wet snow covering our whole dome. |
was used to looking out on forest green and blue sky and the pure
white was really a surprise. | got up and built a fire and lay on my back.
Plastic has very little insulation value and as the dome air warmed. the
snow began to melt against the plastic and fall off in triangles—the
bottom tier first, then the second. and then the triangles around the
top. one by one—like a gigantic bee opening its many faceted eye unti
the sun shone in on the domers. Really amazing—the dome shape
distributed the heavy snow foad so evenly that the thin plastic film did
not even leak

Polyethylene film is not clear but is somewhat milky—a little



—ed. Objects putside are easily recognizable We have

1> watch deer graze early in the morning from inside our

~ nawks fly over, follow the patterns and motians of the
-5 at night——but plastic domes are definitely for summer

-ezs difference separates the inside and the outside—almost
z55. Not the ideal covering for the Rocky Mountain weather,
- z-other layer of plastic on the inside of the struts would
z jead air space between for insulation.
-~z nadome is mind expanding with all that space around
Tne acoustics of a dome provides many sharp clear sounds,
= fying notes t0 some extent. Learn about domes by living in
ware, watch incense flow, feel. hear, and see what it does 1o
SIo g end bady and saul.

3 .- -z the spring and summer of 1370 my partners, Gary Abhott

237 Maney and | built a 26’ diameter dome with 530 sq. ft. of

& on our Synapse Ranch 10 miles south of Lander,
-2 =g We poured a slab on grade foundation and floor and used
Zzme patented connectors to put up a 2 x 4 framework with
resin laminated plywood covering. We failed 10 use enough
gauze and matting when we applied the resin and in cold
s:nce, hairline cracks have formed, allowing moisture to
22 2~ ~zte the plywood. We bought seme Huskylite, which sealed up
—zst ¢ ireleaks. Huskylite is a rubberized asphalt with aluminum

1h
o

flakes, a material similar to steep roofing tar, It's a product of the
Husky Qil Co. and seems to work well for seaiing domes. It expands
and coantracts with the rest of the dome during temperature changes

We built a second story sleeping loft over one half of our dome
From the living room side all of the dome symmetry is visible ang fro—
the loft you can look all around and below. The twelve sided
octahedral geometry provides for equal proportioning of space. We
have four fiberglass skylights in the top, windows facing the four
winds, and a pot-bellied wood stove in the center providing excel.er:
even heating and air circulation as wel as lighting.

From Highway 267, a half mile away, our silver dome looks ke 3
huge diamond crystal sitting on top of the hill, sparkling in the sun
Domes hold up well in the severe Wyoming weather—winds flow
evenly around as there are no large flat surfaces, snow loads are shac
evenly, the shape blends with and complements the rugged mountai-
environment.

We have recently developed eight sizes of domes which may be
purchased in kits of bolt-together panels for the owner who wants 1c
build a dome but is teo busy ta make the camponents himself.
Synapse domes have been designed with FHA building code
minimums in mind. Write to:

Synapse, Inc.
Box 554
Lander, Wyoming 82520




The Personal Dome was designed to offer privacy and flexibility
for internal arrangermnents of space. Its structure allows for
interconnection with other domes. (fig. 1)

figure 1

The Persanal Dome geometry was derived from the
dodecahedran which consists of 12 pentagons {fig. 2a}. This polygon
was chosen as it yields strut iocations which allow access to the
interior with minimum disturbance of the structural elements. The
Personal Dome is 6/10ths of a spherical dodecahedron or 2 “6/10
sphere” (fig. 2b) which is a 'natural’ division and requires only one add
length strut to deal with. A rather large number of subdivisions of the

figure 2

triangles was selected as it facilitates installation of such things as
doors, windows, sheathing, insulation, and affords geometric
similarity. The side struts arising from the foundation are essentially
vertical, and provide generous standup room along the dome
cerimeter on the inside. The geometric similarity permits five evenly
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spaced access portals which are important to have when considering
the community assembly of domes. Individuality of design will derive
from solutions to localized environmental problems. For instance,
consider a community of personal domes, joined with passage ways.
The form and shape of the passages will be determined by the terrain
and the unigue social aspects of each community

The Dodecahedron

Before proceeding further, we should define the elementary
geadesic terms. Fregquency denotes how each pentagon is broken
down. The Personal Dome is a two frequency dome.* A spherical %

i i frgure 3@

1 frequency 2 frequency

freq. dodecahedron consists of 12 pentagons or 60 equal triangles—
each pentagon containing 5 of the 60 triangles (fig. 4a and 4b). In a
two frequency dodecahedron each of these triangles breaks down into
4 smaller trtangles, making 40 triangles total. To visualize this, start
with one of the 60 triangles in the 1 frequency dodecabedron, It has

figure 4
' edge edge
‘ A
a b ¢

\___V_N_'_/r struts
60 equal triangles 5 equal triangles q leach iine
edge is & strut

per pentagoen
each equal triangle is
subdivided for strength
into four triangles

*(Editor's note: The Personal Dome can also be considered as a 4v ijcosa
triacon dome.}



es ifig. 4c) and it is subdivided into 4 smalier triangles by
ach edge in two {this is done in such a way that the edges
" to curve outward—fig. 5). Dividing each edge in two gives
. 2. —ore strength. As you increase the frequency you get closer to a
:z-a2-z and increase the stand-up floor area as well).
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figure 5
..-a_”-‘_'-._".—-—_l—
2 frequency

T

1 frequency 3 frequency

Tne struts are the pieces of material out of which the geometric
“z—ework is constructed; in fig. 4c for example, each line is a strut
=73 here are 9 struts altogether.

B

R

The strut fength is determined by deducting a uniform dimension
f~om each hub-to-hub distance. This dimension is determined from the
specific hub design {figs. 8, 9, and 10},

For the 2 frequency dodecahedron there are 4 strut tengths (fig. 6
and table 1). Multiply the chord factor {column 3 - table 1) by the
radius in inches: then deduct 6 1/4 inches from that number; this will
be the strut length for the hub design which is included. In this same
manner, any size dome may be calculated.

The struts are connected to each other by hubs. These connecting
hubs are made of 3/4-inch exterior-grade plywood; e.g.. used concrete
forms. The connectars are made of hardwood dowels which are
shaped into 3/4-inch diameter pegs. The bubs are inserted imo the
sawr siats at the ends of the struts, and the pegs are pushed into
place. (fig. 7) The holes are all pre-drilled to give the necessary
precision and assure ease of assembly and structural integrity.

/‘ peg
j

peg hole

figure 7

Strut Construction

The struts are made from 2 x 4's cut to the exact strut length
:able 1). Code the ends B, G, or R, as the case may be. Try to cut the
=aterial so that knots in the wood are avoided at the ends where the
slats. the slot holes, and the peg holes will be cut {fig. 7}. After making
& few of the complete struts, place them on the plan (fig. 12) to
conform with the outling of the strut end as shown to check your
warkmanship. Inacouracies in the beginming will be paid for later when
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assembling the dome frams in the field.

If dowels cannot be purchased they can be made by drivng 2 52 2«
of hardwood through a block of steel which has the proper size hc.es
drilled in it. Another feature of the hub design is that poles may ze
substituted for dimensioned lumber. This alternative can be impo~—2-:
in the bush.

figure 8

Making the Hubs

Cut plywood hubs according 1o the pians (figs. 8, 8, and 10
Make three master templates fram the plans and then transfer 1-=

figure 9 ;_/ _\/

outlines of the hubs and hole centres to the plywood pare = 7
inch 4-ft. by 8-ft. panels are sufficient to make enough :
dome. The G hub is to be installed directionally. meaning
of hub on which the holes are drilled more closely together
tuowards the blue [B) huty. The R hub holas are evenly ars
therefore have no specific directionality. The same for -2
(B8).

The huh, strut, and peg system (Peg-A- Strut® - ha,
to failure at five times the design locad by the B.C Tecfin
Vancouver, B.C.
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figure 12

table 2 - hub specificati

ons

For the 16-ft. diameter dome only

LColor Type Number intenor

Code Required Angles

blue 8 5 alt 72

green G 33 55° 14/
61°33'
63°13°

red R 34 all 60°

materials list
Material Type Quantity

2" x 4' fir, spruce cr cedar

4" x 8" x 3/4” exterior
plywood

2 x 4 fir for T-beams
ar

2x6fir

4 x 8" x 3/8" exterior
plywood

2 x 4 fir or cedar

foundation posts (11}
doweling. 3/4"" diameter
roofing paper

shingles
insulation

ecenemy grade or
better

waterpreof sheathing
grade

no. 3 grade

waterproof sheathing
grade

economy grade or
better

cedar, 8" diameter
fir or hardwood
asphalt impregnated
breather-type

refer to tables

as required

550 lineal feet
2 panels

20pcs., 7710 to 87
and 50’ random length

18 panels
100" random length

40 lineal feet
5- 100 rolls
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figure 10

Table 1 - strut specifications

Type Number Chord Hub Centre Strut

Reaquired Factor to Length
Hub Centre

BG 25 297781R 28 9/16" 223/8”

GG 28 .346155R 33 1747 27"

GR 103 351623R 33 3/4” 271727

RR 38 .362842R 3413/16" 28 5/8”

RY 10 1B7601R 18 t/8" 14 7/8"

“note: RY is the odd or ‘truncated strut

The Foundation

One of the basic reasons for using domes is their light weight and
the fact that Joads on the shell bear evenly along the whole perimeter
of the dome. Consequently. very small design loads are imposed on
the floor framing and the foundation. To minimize foundation cost a

/ either

o T A

1. d nail 4" ctrs. \
-] [\ ! 3" galv.
|
L= (end views)
T. jroist 2-2x4’s 2x6 joist

figure 13



I

-z z=7 £ a©3rm supported on posts is recommended. Here, the small
>sophy of design demonstrates economy. Since the floor
~ort. very light weight joists may be used. To support a 40
load, 2" x 6’ joisis are adequate. Or, if 2 x 4-inch studs
= —z-= zommonly available an inverted 'T" beam may be fabricated
-2 fig. 13).
- :pists connect to ten six-inch diameter posts which are buried
- <=2 zraund. A centre-post serves to divide the floor span so that 8-
: <'3*s may be used. All joists are installed radially. like the spokes
~-es, and intermediate nailing joists are installed on 2-foot
""" es which give the finished floor frame the appearance of a spider
‘ig. 18)
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Aftar the foundation and floor framewark have been erected, the
== of the floor joists may be sheathed with insulating board, by
~g 10 the bottom of the joists. Where inverted ‘T beams are used.,
=~z ~zuiating beard is fitted between the radial joist and is supported
c. =~= 7 fianges. The tops of the joist are covered with conventional
< 2z- -2 materials. This floor system may enable the space between

- ‘st 1o be utilized as a return air plenum for a space-heating

’

figure 17




The plywoed hubs are fastened on top of the foundation floor (fig.

After comstruckim ) -
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The dome can be assembled using the partially assembied
framewark itseif as the scaffold. After assembty and alignment of the
completed frame the bottom hubs are securely nailed to the
foundation posts. (fig. 14). ,
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The plywood sheathing should be cut from 4’ x 8 sheets ina
pattern similar to that illustrated in figure 17. Refer to figure 15 for the
exact sizes.

&

The Assembly

The struts have been color coded {you did, didn't you?} so that
they are merely put in place from the bottom hubs up. No scaffelding
is needed, because the dome can be assembled with the structure
itself used as the scaffold. Install the struts in a sequence with the
hottom row and working upward in sort of a spiral direction. Use the
folded paper model {fig. 11} as your assembly guide. To make an easy
job of peg insertion dry them cut thoroughly by suspending them over
the coals of a wood five or warm them at 200° F. in an oven for 8
hours. This will shrink the pegs and allow them to be easily inserted.
After they are in. moisture pickup from the air will cause the dowel to
expand and lock inte place. Don’'t plan on removing the pegs at some
future date because it won't happen. Have a picnic on top of the dome
frame after driving the iast peg into place. This will be your structural
test. Upon completing the assembly you may notice some hubs appear
twisted. This will be due to the dome not sitting level on the
foundation or you may have put some struts in the wrong place. Check
this out, and if everything looks OK twist the hubs to their correct
position. This will ievel the dame. To check for level, place a 4 ft
carpenter’s level on a straight 2 x 4 or piece of evenly cut plywood and
align the level edge of the wood with the centres of any two hubs in
the row immediately above the base hub row. When certain that the
frame is level, fasten it 1o the posts with dowels or diive spikes
through the platform, the base hubs and into the posts. Domes ars
light and you don't want yours floating away some windy night.

Sheathing {plywood or shiplap) is applied to the struts after the
door and window are framed. Breather type building paper covers the
sheathing over which is applied the finish material. Flashing is used
where required. The smoke pige and toilet vent are installed and
flashed. The sheathing should be at least 5/16-in. or preferably 3/8-in
plywood. Flashing may be obtained by cutting up ¢ld auto bodies,
gallon oil cans, or thin rust-proof metal. Galvanized iron or aluminum
flashing may be purchased at any building supply store. The windows
are then inserted and puttied or caulked to keep out the weather

Framing in the Door

Part of the geometry is removed from the dome to facilitate
placement of a door. The structural integrity is maintained by the
method of framing the deor. Columns are installed from the fioor to
the two tapmost hubs. These columns take the load down to the floor
which in turn transmits the weight to the posts. This framing allows
the use of an ordinary rectangular door. An old recycled doar could be
cut 1o size and installed in a frame that is also modified.



Framing the Windows

2« -zzw detail has been worked out that's been tested which

=zthing or any other skin material for structural suppaort.

. 2. may install glass anywhere you prefer. However, do not
s1ruts, unless you are prepared to substitute proper

~ as is done for the door opening. The importance of

¢ detail while installing window glass cannot be over-

zz2 i view of the lack of canventional overhanging eaves.
- -3 sompounds liberally.

wood molding

"

section illustrated

1x3
silicone putty m4
outer seal \
— 3 —= ¢l [l ¥
( H-—..o N
™ 1x3
Ho «
1x 6/ -\1 x 6
t
\Y
1x 4

The Sheathing Skin

As shown earlier, each pentagon is divided into & identical
triangles, which are subdivided into 4 triangles, two of which are
identical lfig. 19}. Triangles a, b, and ¢ represent the areas to be

figure 19

covered by the sheathing. The templates to be made are as foilows:
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To get a better idea of what the Personal Dome looks like,
trace figure 11 onto a piece of paper; glue this to a piece
of cardboard and make yourself a minature dome.

figure 11

One of the reasons that we chose the 16 foot dome with this 6 panels 7 panels
breakdown (2 frequency dodecahedron) was because it could very
efficiently utilize 4 by B foot sheets of plywood (1/2 inch thick or more) b
far the skin sheathing. A cutting plan {fig. 2 1) has heen worked out.
Just far fun cut a few triangles of different sizes out of your stock of a a \\a
piywood to see how everything fits . . you'll feel more confident.

The alternation of A panels and B panels (fig. 21) is necessary for
only seven 4-foot by 8-foot panels. This situation arises because 28
B's and 68 A's are required. The number of C's would be 25 or less,
depending on how many windows are to be included. Along the
foundation, partial panels are necessary: 10 half B's and 8 half A’s.

Sheath the dome from the top dawn. This will allow you to use
the frame as scaffolding. Sheath in a spiral pattern. The reason for this
15 to keep the plates as straight as passibie. The plates (hubs) have a

tandency to twist when stood upaon, so the sheathing eliminates this 1/4 p}anel

aroblem. Maintain a constant surveillance to ensure that the hubs are 2 i 4’ x 8’ panels
~at twisting. If a hub is twisted, it must be straighted or the covering b/2

~aterial will not fit properly. Cover the sheathing with breather type ﬁ 4

s.ilding paper, installing it with either staples or roofing nails. Make b/2

ze~ain that no gaps are left and that the top section laps (by at least 8 figure 21

4]



= Zwe-te bottom sections. Avoid laps which end on seams in the

I efetin]

Cedar Shingle Skins

S« ~ designs would hopefully be of materials that are close at

z~3 or are inexpensive, at the same time being waterproof and

=3 =237 10 the elements. The framework is able to take the entire

~ oad. so the skin has only to keep out the undesirable elements.

Red cedar shingles are a good solution: {a) they provide a certain

of insulation as a result of their cell structure: (b} they are

& necause of their resistance to rot; (c) they add strength ta the

s-_27c-e and aren't too difficult to install if you follow directions.

2-ingles are sold in bundles, four bundles making a square. A

o zre covers approximately 100 sq. ft. Red cedar shingles come in

‘engths (16, 18 and 24 inches} and three grades (1, 2 and 3).
Exposure is the amount of shingle that is exposed to the weather.
-zal y important to have the right exposure or you're chancing

< =g oroblems. The amount of exposure required is determined by
s1eh of & roof, the pitch being the slope of a given surface.

~2 es should never be less than three layers thick on a roof, and the

«zzz.re should never exceed 1/3 the length of the shingle (see table

‘o recommended exposures).

{

"

T
T W

oo

Pitch Shingle Exposure

Length {in.} {in.}
5inches in 12 inches 18 5.0
ar steeper 18 55
24 15

greater than 3 inches 16 375

in 12 inches and lass 18 4.25

than Hinches in 12 inches 24 §.756

less than 3 inches
in 12 inches

cadar shinglas are
not recommended

axposura should nat be
greater than half the
shingle minus one-half
inch {single course).
Double course up to
three-quarters exposurs

vertical surface
60 degrees

-able 3

Sningles provide a nice, warm watertight surface if you take the

© —= and effort to use them carrectly. Before use, keep them covered,

g nside. They shouid never be laid when they are wet A table

¢ 4 of exposure and coverage for the dome has been compiled sa
: «ou can make the best use of a given situation. The table is for use
+ 1~ e 18-foot two-frequency dodecahedron onfy. The 16-in. no. 3
shingle is the best shingle for covering this dome in terms of

s well as in terms of covering a curved surface. The shorter

~ means that there will be smaller gaps under the butts of the

c 25 as & result of the angles created on the curved surface.

Surface Area Grade Length Exposure Coverage Quantity
Segment (ft.) {in.} {tt.’/sg.  Shingles
{squares!}
a 285 no. 1 16 7 140.0 1.32
18 8 148 5 127
24 11 1465 1.26
no. 2 16 7 1400 1.32
18 8 145.5 1.27
24 11 146.5 1.26
no. 3 16 6 120.0 1.64
28 [+ 109.0 1.85
24 10 133.0 1.39
b 85 no.1.2 18 5] 100.0 .86
or 3 18 5.5 90.5 94
24 7.5 100.0 85
b 87 no 1.2 16 3.75 75.0 .
or3 18 425 77.0 1.13
24 5.76 778

tahle 4

4 /—‘—"\_ {al treatthe first 74 incres “-c—
Y 78 ™\ the base to the top ¢* 1 e
157 A pd doorway, as wal. te:
L the angle is 607 ¢* ;
74’ (b} treatthe ~gx: "2
a inches as rggf e 1= &
_L N 12 slope or zrezte

{c]) treat the following 18 inches as roof with less than & in 12 oz~

Note: we suggest that 5d hot-dip galvanized nails be used fo- 1~z
entire dome to ensure adequate nail holding for the shing:es

Before starting shingling, make sure that you've got breather . : =
building paper over the plywaood sheathing. The bottom shingle z.2-
should be double (fig. 22). Shingle from the bottom up . . . ifyc
unsure about the methods, ask any cld-timer in the area, beca
they've likely covered many a roof in their time. It's helpful to
board tacked to the surface as a straight-edge to line up shing.e
chalked line could do the same thing

ih

figure 22
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If there is a flat grain in the shingle, it is advisable to place it so
that the bark side (side nearest the bark) is exposed. The shingles will
then be less (ikely to become waterlogged or to turn up at the butt.
Only two nails should be used per shingle.

1
l ! &4 min.)l
R
{ -
i~. twao joints if
el separated by
o only ane course

T l cannot be in line

'
—» 4= allow at least 1/4’ for expansion
figure 23 '

at least 1-1/2" overlap
in successive courses

Emm

These are nailed no more than 3/4 in. from the edges, and above
the butt line of the next course (row)} they should be nailed na more
than 2 in. [1 1/2 in., preferably) and no less than 3/4 in. {fig. 24},

| %! |
L J o' (

|
l ° .
3/4" 10 3" | = 1r‘f—-no greater than 3/4"
J figure 24

Nails should be driven flush with the surface of the shingle but
shouid not crush the wood (fig. 25}.
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figure 256
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not this l

A study done on old shingled farm structures {in the central U.S.}
found that:
{a) exposures greater than .5 inches contributed greatly to the
number of leaks . . . so be conservative an your exposures.
(b) edge grain shingies significantly reduced the percentage of roofs
with warped and loose shingles.
(c} more leaks occured with 16 inch shingles as opposed tc 18 inch
shingles.
(d) six inches to eight inches in width appeared to be the best as
shingles greater than eight inches showed more warpage. breakage.
and a slight increase in leaks.

Handsplit Cedar Shakes

Handsplit shakes can be made as well as installed by you do-it-
yourselfers, All that is needed is a saw to cut the logs the proper
length, a heavy steel blade called a ‘froe’ and a wooden mallet of some
sort.

Shakes are great looking and have the same good qualities as
shingles; that being to keep the weather where it's supposed to be.
The overlapping technigue of covering seems to be the best way of
covering a curved surface such as the Personal Dome. Table b shows
the most optimal usage possibilities for this sixteen foot diameter
dome ondy, The 18 inch shake is the best of the commercial shakes for
this dome because the shorter length will provide for smaller gaps at
the butts on the curved surface. Commercial shakes come in three
lengths: 18 inch, 24 inch and 32 inch. Table 6 indicates the correct
axposures as recommeanded by the Red Cedar Shingle and Handsplit
Shake Bureau.

Surface Araa Grade Langth Exposura Coverage Quantity
Sagmant ft.5) fin.) {in.} {ft.'/sq.) Shakes
{squares]

(a) 285 m 18 7.6 80 3.8

n 24 10.0 100 29

(b} {c} 172 m 18 5.0 58 3.1

n 24 7.0 70 25

table 5

m- 18" handsplit and resawn

Note: 6d nails should be adequate. "'~ 24’ handsplit and resawn

For roofs For walls Best 3-ply
Maximum Maximum Raoof
Exposura Exposure {in.}
(in.) {in.}
18 in shakes 8.6 85 5.5
24 inch shakes 10.0 116 7.5
32 inch shakes 13.0 15.0 10.0

table &

Other possibilities for the skin are asphalt shingles, wire mesh anc
stucco or perhaps ferro-cement. With the ferro-cement it might even
be possible to omit the plywood sheathing.

Ventilation

Ventilation can very nicely be obtained by means other than
installing opening windows, This is one advantage with domes. in that
one can regulate the flow of air to a fine tolerance, unlike conventicna
dwellings. However, this is not a pure science, and ane cannot provide
a universal solution to ventilation problems.

shingled cupola

air exhaust

to protect vents from
weather construct
at leasta b’
overﬁang; don't
forget the flash 2
around the
perimeter

joins the dome

air intake

figure 26 flashing sheathing

You must provide for air entering the dwelling and for used air to
leave the dwelling. We may be way off base on this concept. but it
appears good theory to us. Cut 5 vent siots about 6 inches by 18
inches in the floor, equally spaced around the perimeter. Make the sio*
openings adjustable by installing a sliding cover operating an a simple
wooden track. These floor vents are for air intake. To provide for
exhaust, or through ventifation, erect a cupola on top of the dome

where the cupo 3



>eginning fram the hubs surrounding the center pentagonal hub. Do
~ot remove any struts or the dome will be substantially weakened.
~stail B vents of equal area to those in the floor. The top of the cupola
—ay gither be shingled or domed with ¢lear plastic or glass and used
‘zr penta-star gazing. Whatever you do, be liberal with the caulking
ompound, The cupola serves the purpose of shedding rain which
—:zht work under shingles which would normally lie almost parailel to
<~e ground, thus inviting sister rain to enter. Screen all vents, both
~take and exhaust. We hope that necessity will enable you to arrive at
s.npler solutions which we have not imagined.

Heating and insulation

Any kind of wood burning stove is OK. You can insulate between
+~e struts with fibreglass batting which comes equipped with
2 urninum foil pasted to one side. Cut the insulation, which comes in
z4-inch rolls, into triangles which are slightly larger than the dome
1 angtes. Then, when you push the cut insulation into the opening
~etween struts, (with the aluminum side towards the inside of the
zome] friction will hold the insulation in place.

Two inches of fibreglass will suit the requirement for heating in
zreas where up to 8000 degree-days * are encountered. For up to 12,
230 degree-days, 3 in. of fibreglass is required.

When installing the chimney for the stove remember that the
z~imney pipe can get red hot. If you don't insulate the pipe from the
Zzme structure you stand a good chance of having your hard-earned
zbors go up in smoke. Any hardware store should have the insulating
«~:mbie” and roof-flashing which is required to afford protection and
zssure a8 watertight seal around the pipe.

To avoid downdrafts the chimney pipe should extend 3 feet above
=~g roof surface or structure within a horizontal distance of 10 feet
from the chimney. This means that you should make the chimney so
<~a1 it extends 2 feet above the highest point of the dome, which
~cludes the cupola. should you have one.

Lining the Inside of the Dome

Gyprock (drywall) 3/8 inch thick is cheap and easy to work with. It
s also fire resistent. Natural material can be used as well: cedar

planks, burlap, used weathered planks, drift wood, woven reeds and
bullrushes. Just keep the combustible areas away from the stove by at
least four feet.
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Listen you dome-heads and you shall hear
how to support a three-quarter sphere

with posts in the ground. and how to be sure
they meet the angles of a pentagonal floor.

Here's a system that's simple, but unigue,

that's bound to impress the smartest dome-freak.

It eliminates problems with discannected decks

by supporting the sphere direct at the vertex:

It joins the floor to the shell with ease

and supports them both at the five vertices

which the lower pentagen-centers define

where the sphere is cut off at the three-quarter line.

Your dame’s radius is what's used to start

to determine exactly how far apart

the five support posts will have to be,

and it's done by pretending it’s ane-frequency!
‘Cause the lcosa points are always the same
no matter what frequency breaks up the frame.
In other words demes of equal radii

have pentagon centers that must coincide,

no matter the class: It's one of the tricks

used to figure out geodesics!

Trigonometry of the Pentagon

vertices of a 3/4 dome)

d=0/2
r=d/sin 36° h=r{cos 36°)
z=r-h

{or how to figure out where to place
support posts to meet the lower pent

D radius of dome x 1.051 {the chord
factor for a one frequency icosa)

Note Diagram A. As explained
LOSt 7o . above, distance D (between support

Lonny Brown

So use the chord factor and this law to discover

the one-frequency side-length: It's really none other
then the distance in straight-line separation
between the pent centers (the post locations!)

Now the unique feature of this design

is: the posts meet the hubs at an incline.

Of course they stand straight - (it's pot that new fangled!)
It’s just that their top ends are angled.

This is so that there’ll be a good fit

on the points at which the dome must sit

Examine your model and you'll soan see,

the base hubs slanting at some degrees

‘Cause since it's three-quarter and not hemisphere
ne pergendicular hub meets here.

So get cut your tables and I'll give you the key:

of course it involves trigopnometry!

But first. {and |I'm begging your pardon here)

| must switch to prose, since it's getting quite clear
that while it's not too hard just to show'em,

It's impossible to fit these formulas

into a pogm!

Whew!

posts) can be determined using the radius of the dome and the one-
frequency chord factor. “h” is a perpendicular from D to the center o*
the floor, bisecting D into d + d. Then a right triangle is formed with
“r", the radius of the pent-floor as the hypotenuse (i.e. the distance
from the center support post to any outside one). All the angles of this
triangle are known since it is 1/5 of a pentagon. For example, the
angle at the center {a) must be half of one-fifth of 360°, or 36°. The
other angle {b) must then be 54° sincea + b + 90° - 180° (It is alsc
possible to determine b using the formula for the sum of the angles ¢f
a ragular polygon.) With all this info. you are then in a position to de-
termine r using the taws of trig: Just remember the magic words -

SOH CAH TOA, or

ol



Sine - Opposite over Hypotenuse
Cosine - Adjacent over Hypotenuse
Tanget - Opposite over Adjacent
Once you've found r, you're well an your way to discovering the
z~zle {01 at which to cut the post tops (diagram B).

= glass slky-lites

true center
of sphere
— — = — - — — ¢ hemisphere

trap door

easy access
to firewood

note angled support
posts

zstic bag
‘ed with crecsote to prevent rotting

=

“r'gonometry of the 3/4 Sphere and Support Posts

= =radius of dome

- =the length of the side of a simple icosahedron of equal radus
divided by twice the sine of 367

cos &° =R/

A= R}
5~ = A/r = the angle of the top of the support posts

¢ =00 €
The hubs of this dome are made from 2-7/8"" 0.D. electricat con-
=_1t pipe cut into 80 3’ sections. It was purchased at an electricians
1~d plumbers supply. The cost was $20 pius $10 to have the pipe cut
-~ a power hack-saw. The burred edges were smoothed off en a smali
z-1nding wheel, to prevent cutting of the strapping. Plastic plumbing
- pe was considered {polyvinyl-chioride} but it seemed too squashable.
Nate it is impartant to subtract the hub diameter from the “ideal”
z:rut lengths {vertex to vertex) computed from the chord factors, to ar-
- e at the actual strut fength.
For securing struts to hubs we used 5/8" crate banding of the
r.oe used by freight shippers (described in Domebook 2}. The two
- zessary tools were rented at $4.00 per day from a rental place. They
z ¢ supplied the metal strapping on a wheel, from which 1 paid only
‘o what ) used at 4¢ / 1. The buckles were free.

. '

Carey Smoot

80  vertices (hubs)
x 6  straps per hub
=480  straps at
x 2.5 ft/strap
= 1200 ftof strapping in dome
x $.04  at$.04perft
=% 48.00 worth of strapping
+% 20.00 for 5 days rental of tools

=% 68.00 total cost of hub-to-strut
strapping system

\\
SHouls
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Stainless steel strapping was not used due to cost ang ~2--
availablity. so Rust-Oleum was sprayed over the metal strapc 25 252
it was in place. | have also seen plastic (nylon?) banding usec -
packing crates, but | don't know about its applicability to do~es
{stretch factors? costs?). It certainly wouidn't rust.

Enough 1/2" diameter half-round steel rods were purz~
a machine shop to place @ 3"’ section behind each strap wnea
through the strut. The purpose of these is to prevent crush:
woed fibres when the strapping is tightened, and to preve-
with time from the weight of the dome itself. The face of :~& -
round pin meets the strap surface, while the round side fris 172 2+ =<
hole wall. The half-round cost $15.

We cut the pins from 20 ft. rods with large bolt-cutiers =2, -z =
very sharp pinched edge on both sides of every pin, which
hours of grinding on an electric bench grinder to insure & <.
surface against which the strapping would bend at a srmczz- 220
angle

The struts were made from kiln-dried Canadian sprocz 222 2
{actually “dressed” to 1-1/27 x 3-1/2"). Green lumber s - :
use due to shrinkage. The 2x4's cost $108.

Three different strut sizes are needed for a 3-frec geozzs 2 2 2 2
sphere calis for 5Q short struts, 70 mediums, and 80 ic .
lengths were determined by multiplying the chord factc
of the dome (in this case. 12 fi.), and subtracting the <:3
hub.

Lumber should be ordered and cut in such & way 23 -
minimum waste. With this hub system, only axial ang =5




| decided it was not necessary to either bevel rip the struts at the
dihedral angles for receiving the plywood skin, or to round off the ends
to fit up against the hubs. (see diagram E and the “over-engineered”

D Beveled

E Unbevelled

3/4 dome in Domebook 2, p. 51.) | used a radial arm saw and a jig. A
jig was also made for the drill press to drill holes in the struts. The
distance fram the end was determined by how the strapping tools
worked. | strongly advise dome-buildars to make a life-size mock-up of
the hub junction before proceeding to tear into their actual building
materiats. Check measurements often while cutting. Remember that
some struts have different angles at different ends. Don't compromise
or approximate on measurements! Cut all struts of one size at one
time. Stack and color-code them by spray-painting the ends,
preferably the same colors as in your model Stack the struts flat and
even to prevent warping. Protect them from exposure to rain and
direct sunlight.

For the skin, | used 1/2"", "shop-grade” {cheapo} plywood
triangles covered with canvas saturated with boat deck latex polymer.
| figured the canvas would allow me to get by using the junkiest
nlywood available, which it did, but working with it was a drag
because a lot of the ends were not square, and often the plys had big
gaps. Also, after they were up. some of the panels started to peel and
buckle before | had a chance to protect them from rain, which made
for a couple of extra days work, The plywood cost $220.

| made scale templates of the triangular areas ! needed to cover (a
three freguency gecdesic is made up of two different triangles) and
also of the 4x8 ft. plywood sheets. Maneuvering these little templates
about. [ came up with the arrangement below, which enabled me to
cut three trzangular panels’ worth of skin (2 wholes and 2 halves) from
each sheet of plywood.

| made a jig on a barn floor, similar to the ones described in the

waste 3a 1 2 3b

Note: larger size doesn’t quite make it. Points were cut and installed
sgparately.

Domebooks. and cut all the panels in one day with a skill saw. The
-alf-pieces were reserved for the bottom first course of the dome,
saving the whole ones for higher areas where more strength was
desirable. | decided that no extra backing strut was needed where the
-alf-panels met, but joined them with corrugated joint fasteners.

The first step in placing the support posts is to mark where the

center of dome will be. | staked out the post holes distance r from the
center with a string. and distance D from each other with another
string. If you have some kind of protractor with which you can take on-
site readings, you can determine post-hole locations by angles
(diagram C} or double check one measurement system against the
other. We dug the post holes oversize to allow shifting for final check
and placement. Measurements are made from center to center. The
posts should be deep enough to reach below your frost point {ask the
natives), and tall enough to describe a level plane after they are angle
cut on top. Obviously, if you are building on a slope the posts will be
varying lengths.

- | saturated the buried parts of my posts with anti-rot creosote and
wrapped the battoms in plastic bags. If yau're not using concrete
footings. jam large rocks in between the posts and the hole wall. | tock
the extra precaution of leaving the posts stightly loose until the entire
shell was up, just in case they needed some shifting.

1 cut the post tops with a chain saw at anglee, facing up and in
towards where the center of the dome was to be. Remember that all 5
perimeter post tops must end exactly in the same plane (use a line
level) The center post was cut later, at a height determined by the
floor beams.

By naw you have probably realized that, unlike most domes, this
one was erected befors the floor was canstructed. | had
several reasons for doing it this way. First of all | was still toying with
the idea of using a suspended floor (supported by the shell, rather thar
the other way around}. Secondly, as was just mentioned, | wanted to
leave the dome as flexible as possible in case some margin of error
required it to be “pulled inta shape™. As it turned out, this was not
necessary.

But actually my main reason for not building the floor first was
that | was anxious to see the geodesic take shape! Everybody said |
was crazy but it worked out just fine by building the fioor under the
shell which it joined at the bottom horizontal struts. The first step in
building the shell was to tie a hub onto a post with a heavy duty 2"’
metel band of crate-strapping salvaged from a lumber company. The
hand goes through the hub and wraps down over the top of the post. it
was too thick ta drive nails through so holes were drilled to allow me
to spike the whole assembly to the post. For easier
positioning of dome members, the hub was allowed its back and forth
play until the whole structure was up. Then cross-straps were nailed in
front and back of each suppart hub, fixing its positian.

To start the dome. the bottom rim of struts was set up around the
5 posts {photo). Even at this early stage they began to assume thair
proper positions. When the first ring of struts was completed, |
experienced that gratifying on-site confirmation that my calculations
were correct,

Various shapes and sizes of strut sets were prefabbed on the
ground and brought up ta the first perimeter to compose the first
course of triangles. At first they had to be held up with ropes, but by
the time we got once around and completed a full circle of triangles, it
was already a self-supporting bowl.

Here's a simple but useful tool to help you construct the proper
face angles: make one plywood triangular corner for each face angle ir
the dome (3 for 3 frequency). Lable them by degrees or code, or better
still, color the sides to correspond to the color codes on the adjacent
struts. Then when you want to put together struts. strap them loasely
to the hub, close them down to meet the angle-template, and tighten
in place (see diagram F).
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By the time the third course of triangles was on my dome, it was
-eady strong enough to act as its own scaffolding, allowing us to
~1b an one level to build the next. After a couple of hours of building
-d referring to the model one becomes quite familar with the
cezometry of the dome, and assembly goes even faster. The one or two
~ stakes we made were easily spotted and corrected by breaking the
3t-ang with tin-snips.

morom

It took four days to complete the shell. Nothing was so satisfying
as finding that last top strut fitting in so snugly that it sat in its place
even without straps! | had done it! No forcing of the dome into
contortions was necessary; not one strut had to be altered! And this
by an absclute navice who hadn't previously built anything more
ambitious than a tree-house! It was a thrilling experience stepping
eack and beholding that amazing weoden webbed sphere in the fores:
To this day, | think the dome never looked as beautifuf as it did then,
transparent, like a bubble, with the sky and trees showing through its
triangles and pents and hexagons, graceful yet rigid. modern yet
cellularly natural. As | sat up on top and watched the sun go down
over the trees | thought about how beautiful mathematics could be. |
also said a silent thanks to Bucky Fuller.

Being built-in under and after the dome itself. the floor was
designed so that its top surface exactly met the plane defined by the
lowest harizantal strut members of the 3/4 sphere. | used a
pentagonal-radial support system that tied into the same five posts
that held up the dome. but the floor beams are supported about 15
inches down the sides of the posts with joist hangers, rather than
resting on the tops. This difference compensates for the vertical rise
between the floar-plane at the lowest extent of the sphere and the fiue
higher hubs on which the dome is supported. The center post was cuz
B inches iower than the floor plane so that the 2x8's radiating from it
out to the perimeter could rest on it with a two inch notch and come
out level.

For the longer spans, between the outside posts, 2x10's were
used. This created 5 large triangles in the floor plane, which were the™
sub-divided with 2x6's (at two ft. intervals) into the final pattern {see
pictures and diagram). The 2x6 spokes towards the outside of the
pattern were double-notched with the 2x10's and extended past therr
1o meet the dome line.

At this point the 2 heavy {6x6) vertical support beams for the
second fleor were placed in holes in the ground and secused to the
floor system. These were salvaged from an old barn and were alsc
crecsoted and sealed in plastic bags to prevent rot.

Next, a large sheet of plastic vapor barrier was laid over the whe 2
floor area, and then covered with the first Jayer of roughcut pine




c¢a-ds {ieaving open the space for the trap door}. Over this first sub-
fcor was then placed a layer of double-faced aluminum reflective foil,
-z keep in radiant heat. Heat loss by conduction was minimized by
creating a complete layer of one-inch deep, 2 ft. square air pockets
' 77 a grid pattern of 1x1 woad strips nailed to the subfloor. Over this
w271t the next layer of one-inch pine boards, which at this writing
se-ves as the first floor. Eventually this should be covered with a
‘ righed floor for the following reasons. the pine is too soft and rough,
zgiching dirt in its grain as weil as between the planks. Also it was
~s1alied green and is slowly reacting to differences in moisture and
~emperature conditions by warping and popping some nails. The
zcvantage of the pine was that it was local and cheap {6¢ 7 bd. ft.},

Here's an idea | got after it was too late ta do it on this dome:
¥ 'th a radial type floor, you can drop one of the triangular sections a
‘30t or s0 below the others and create a split level floor.

Galvanized plywood nails were used to put up the triangles. | tried
2 go easy on these, but waund up going over the whole deme again,
c_Tting In twice as many nails to get all the waves out of the plywood.
2 2 throughly the first time. The galvanized nails cost $7.00.

If you have followed me this far, you should have in your mind's
2. £ 3 picture of a huge plywood ball. Various triangular holes indicate
‘.n.re skylights, windows., and a door. Nothing is in the seams, and the
= wood itself, being cheap shop-grade plyscore held together with
-z ~-gxterior glue, is tending to bubbie in places due to exposure to the
=ments. In short, the application of the waterproofing system is the
£x7 step. Here then are the details of how to cover a 24 ft. dome with
zz-uvas, Theoretically, this system should eliminate any need for
zz. m:ng in the seams. This sounded too good to be true to this

1o

~g up 8l the seams with a black gock called Plastic Roof Cement
~alt base} It looked quite waterproof, promised to remain elastic,
= zravided a backing where the canvas woulid have to span the

& at the seams. With this precaution under a canvas boat-decking
2~ | had satisfied myself that | had done everything possivle to

t "the dreaded leak”. It is quite possible that the canvas alone

-s2ai a dome.

Tre canvas sealer | used is called Easy-Deck, made by Thorpe Co.,

- Zz formia One coat goes over the plywood and two or three over
oot~ Since tis fast drying, the instructions recommend weorking

2z~ 3-ga not greater than 3 ft. x 3 ft. at a time.

Lonny Brown

The canvas sheets | worked with were much bigger in area than
that lroughly 5x10). and since | was starting from a near vertical
surface. | had to devise a way to hold up the sheets while appiying the
glue. | did this by stapling them in place along the top edge and letti~¢
them hang free while | went under and smeared glue on the plyweooc
Then the cloth was pulled taut across the glued surface and spread
down tight with a yard-stick. Knowing that it might take a few tries 1
get the flat canvas down an a curved surface without any creases, |
started on the back side of the dome. One soon learns to stretch
around and away from crease points. A stapie gun comes in handy.

Working from the bottom up. a water-shed system was created b,
making 2 inch overlaps at the seams. Window frames and skylites
were leak proofed by putting the cloth sheets over them and then
cutting out holes from the centers, bringing the excess around the
frames and inside as one centinuous skin. It took 6 five gallon pails of
Easy-Deck and 2 weeks' work to cover the dome. The canvas and
Easy-Deck for 1350 sq. ft. cost $120 and $180 respectively.

Exactly two triangle courses up fram the floor of a 3 frequency, 3 ¢
sphere (vertex zenith, icosa alternate) geodesic are located the
bottoms of the five main pentagoens around the sides of the dome. It
was here that | decided to tie in the 4 horizontal 2x10's from the two
large barn beams | had erected in the center of the dome to support
the second floor. On the wall side they were simply set into the
vertices. At the posts they were double lag-screwed through the side
The rest was a repeat of the first floor procedures: a breakdown of the
area with 2x8 headers, and then finally 2x6's at 2 foot intervals. The
second floor is shaped like a pie slice with the “point” jutting out 1nta
the center of the dome. Still ancther over-lapping slice will eventual’y
create a third level,

Four high triangular gtass windows were installed at the bottom
of four sun-facing pents. Another was put in point-down at flacr leve
It makes a beautiful picture window to watch the seasons grow by
These glass triangles were custom cut against a plywood template
which { took into a local window works: 3716 in. thick, $10 each. The
same glass man insisted that | use 1/4 in. plate glass for the five mini-
triangle skylights. These are in the down painting tips of the triangies
just below the zenith pent and must take a near vertical snow load |
saved $25 by buying the remains of a broken glass door (supermarke?
variety} and doing the cutting myself. After a little practice, | got four
whole triangles and one busted one, which | repaired with epoxy. The
window frames are made from 2x4’s. The glass is glued with epoxy



>Ix 22 -a2sting on a rubber strip seat. They can be propped open or

=~ .22 entrely. Next spring. we will have to screen underneath them
=t gton without mosquitoes Would like to hear ideas for

- sms to open them from the inside. Same problem with our

= szuare side windows. These are salvaged small pane types. We
3 = : . *amed inside the triangles to fit the available windows. They

# T~ sticks. When needed, more ventilation can be had through
.- -2z door, which also allows us to get firewood stored under the
z~e# thout having to wade thraugh snow.
2 zouple of skylights cracked after they were put in. At first |

1-z .zt 't was from expansion-contraction of the dome members, but
e~ f21nd that they were loose fitting all the time. The reason the
=-cke was because it was framed in green wood, which then
= 200 much pressure when it began drying out.

Mre meat with an Ashly automatic which is more than adequate.
& -1 ~glly had the heater located in the center of the floor, byt the
- T ~; stove pipe was so lang that it was distilling turpentine and
w - 2-¢~Zws-what all over the dome. The original intention was 1o run
traight up out the top, but a few talks with some veterans
.+ e search for cheap water shedding caps led to my punching
¢ . the side about 10 feet above floor level. The Ashly is now on
o4t this still gives plenty of inside heat. | have since been told
.ers:ng the pipes to run female to male would solve the leaking
— by dropping all liquids back down to the fire-box for more
=*¢ purning and/or evaporation. Next spring!
~z-¢'s something neat about domes in snow country: they build
-cdind themselves! Every once in a while we hear a beautiful
w2237 thump! when some snow slides off. We're waiting for
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someane to go out, shut the door behind them, and get buried i :re
resulting avalanche!

Insulating the dome was the draggiest part of the whole orejes:
would suggest to anyone working with fiberglass to use a cheap
breathing mask. Also long sleeves if your skin is sensitive. Foil-facez
15 in. wide, 4 in. thick roll insulation was used here. Three
appropriately cut pieces were s1apled together on the flocr to make 3
prefab triangular blanket, which was then carried up into place anc
gun-tacked in. | used only one aluminum extension ladder. but it wzo =
have been a lot safer and faster with some kind of scaffolding.

The snow flew and money ran aut before we could do interic-
walls so right now we are living in what seems like a cross betweer =
space capsule and a silver womb. From the outside, because of <re
window placement, our home looks like a giant jack-a-lantern,
especially at night, with candtelight shining through.

More thoughts: old church pew cushions ga well around the
inside perimeter . . . have been told that sawdust piled up aroura
the posts will give added protection against frost-heave tots
costs s¢ far {no second level) $1150. We used scme recycled lumcz-
in the floor . unlevel doors are dangerous on the backswing 1* -z~
countersprung . . . We would like to know if anyene around tnis
carner of New Hampshire would tike us to build them a dome We z-2
near Keene, N.H.)

Hope | have been of some help

Like a brother,

Lonny J. Brown

Yellow House

Hidden Springs Community Land Trust
South Acworth, New Hampshire 03607

Lonm, 3-za-



| am happy to tell you about our dome, how we decided on it,
designed it and built it. It is built in the rainy coastal mountains of
Oregon where temperatures are mild and insulation is sarmewhat
optional - or so we thought, but as you'll see, we thought wrong. We
were two constructional illiterates when we began but we've {earned a
lot, which | wiil try to pass on to you in intelligible form.

Our dome is a 2V triacon 3/4 sphere, about 22 in diameter. 8’ on
each triangle side. Including the mezzanine we have about 500 square
feet of floor. This structure was chosen for personal {aesthetic and
practicall reasons and | don’t think it's necessarily the best geometry
for everyone. For instance, it's wasteful of plywood skin material (but
of course we have plans for the scraps) or would require large joins
across each face and more framing. [t was nat the most ecanomical
way to build, but even so it has cost only about $1300, exclusive of
the very large and therefore very expensive windows.

{Or How We Built 2 Dome for Love
and Money and Found Pieces}

Kathe Welles

Qur “foundation™ is of pilings set in deep (hand dug) holes and
surrounded with gravel. Concrete impresses people more, and in many
places a cantinuous concrete footing is required by law, but we're
convinced gravel is fine (See Rex Reed’s Your Engineered House for 8
good discussion of the good points of gravel. That’s what convinced
us.}

QOur windows are not symmetrical. They consist of a huge
hexagonal window on the east (1/6 of the whole skin), a large
diamond window on the northwest, a small diamond window cn the
west and a large fan-shaped window on the north. The doors are on
the south. There are also a dormer window and a 4/5 circle “skylight”
window.

A. Skylight 8. Dormer Window C. The morning window D. The
evening window E. The west window F. The fan window
G.  The door.




As you can see there are additional struts inserted along the

2 1 1.ces of the triangles in the big windows. We found to our delight
<-=7 1g extra struts in the morning window outline a face of the
z ~2 'cesahedron. The marning window gets us up in the morning
- = 7 serves ta light the whale place most of the time as it faces the
-=27 an in which the sky is most open (fewest trees).

“sither of us was ever in a dome until we began work on ours. We
~egd with a D-Stix model and then built a “final” model of scale
=2z .umber. We worked out the window placement on the modei
-z t~gr began to cut out the real pieces. We precut all struts and skin
s7es i tawn and assembled them in the woods, taking only 8 fairly
c3vs (2 of us) for the dome proper (the foundation and deck were
v in place}. We assembled the dome frame loose on the deck
g bolted it down at premeasured locations. For work on the
.2~ 1op we rented a scaffold.

/e used steel pipe hubs and stainless steel strap, as described in

Z -mebpok 2. We also used their chord factors (after checking them
- .-s2 ves). Domebook 2 is good for a} pictures of many nice domes
=~z z zhord factor 1ables and accompanying diagrams. But a iot of
+-=z - oractical advice is less than practical. For instance: it is not
2285537y 10 be finicky about how far the strap holes are from the ends
:7+-a struts, and they need not, in fact, should not, be drilled parallel

3~z 2 Wit it matters a whole lot that the steel hubs should be 2 1/27
Z 237 0D} for use with 2 x 4 struts, so that six of them will just

<-gr around until the skin is on. | don't recall that Domebook
=~+oned this point at all. It is also not necessary to be too finicky
.t exact angles on the ends of the struts. On the other hand it /s
sssary to be finicky about the lengths of the struts - outside length
ezially. | realize these comments wouldn’d make much sense to
~acne who hasn't read Domebook, but | assume anyone seriously
~:zzvested in building a dome wilf read Domebook.

Jur dome is a two story structure, in which the upper story is
— .zn smaller than the lower story and is entirely surrounded by the
=z=e which rests independently on the lower story. We arranged the

pow

rectangular array of pilings in such a way that every hub and pseucsa-
hub is located directly over a piling or near a piling and directly over a
joist. (A “pseudo-hub” is a flat footing at the point where the half
struts around the bottom of the dome meet the deck.) Since the decx
and the dome structure are campletely separate, there’s no reason the
mezzanine frame couldn’t pass right through the dome frame. The
frame is of 2 x4’s and 2 x 3's and the skin 15 1/2" exterior grade A-C
plywoed. The C side is exposed inside (the knot holes make nice
patterns - and so do the struts, which are stained dark broawn).

Some people apparently think it's esthetically ‘'wrong’ to mix
domes with rectangular structure. We don’t feel that way (although
there are some awful examples in brochures of prefab dome makers
who propose to squash & suburban rancho into a dome). Besides there
are practical reasons for our choice, We tried at every step to make
things as easy and foolproof as possible. We'd rather spend a little
mare money or work a little harder or longer, rather than attempt
something tricky or something that would require cabinet-maker’s
skills.

| can’t overemphasize the impartance of a scale model. Ours was
buiit to a scale of 1/16" per inch or 374" per foot, which is very
convenient because inches count in domes, as you know, and this wa,
you can read scale inches right off the ruler. It was the scale mode!
which really sold us on the dome and on the particular geometry we
chose. Those big, beautiful, gem-like facets! That lifting-off-into-space
look! And it was easy to wark out placement of the windows and
orientation. Eventually our model came to have furniture, and
inhabitants all to scale. Right now, I'm taking the dear cld medel apar:
(we really don't need it. now we’ve gat a real one) and preparing to
reassemble it into a model of aur next project

One of the greatest moments in my life was when | looked at my
pile of handmade struts and they icoked exactly like the ones | had ca:
for the model. That was when | knew it would work.

As | have said, we tailored our design 1o our limitations.
Everything had to be assembled by two inexperienced people. witho:
power tools, as quickly as possibie. It also had to be completely
enclosed when the first layer of skin was up although we planned ic
add insulation and shingles later. And because we liked the look cf 1-¢




- ¢ “zze*s we planned to cut the pieces as large as we possibly could
.5 —z stendard sheets of plywood & 2 x 4 struts. We ended up with
<~e .ery largest pieces we could handle alone.

A g settled for a good deal of waste in cutting the plywood in
z-=z- to avoid large seams across the faces of the panels. The way the
2237 of piywood has risen, we might very well not use it if we were
=. d.ng now. Qur alternative plan was to use lapped siding but we
z-=‘erred plywood because prefabbing the triangles of siding would be
z =t more trouble and so would sealing the dome.

Anyone who has to precut a dome and assemble it without
2 ¢ 1ric power available should assemble trial triangies in advance to
zm~azx skin size and fit. Strap together the sides and hubs of one
o~ angle. drive nails down the mid line of each strut and cut the panels
s3 tney will just drop into place between the nails. No matter how
=a-eful you are about this, when you get out in the woods some of the
1~angles will appear not to fit! This is due to shiftiness of the struts
and can be corrected by banging the strut into correct alignment with
3 ~ammer.

While putting up the foundation and deck we learned about truss
= #tes, which look like slabs of incomplete nails, and that's just what
+rey are. They're invaluable for joining pieces of wood firmly without
—uch effort - just lay them on the joint and pound the points in - and!
<hey can be bent to go on or into corners. We also learned about
ca vanized nails - that there are two kinds: smooth classy looking ones
glectroplated) and lumpy. funny locking ones {hot dip). The lumpy,
‘.rny looking ones look like they were made by hand in somecne’s
ozsement, where the light was bad, but they are the right kind. The
32 vanized coating slips right off the others under the slightest stress

ke being hit with a hammer).
Later, while working on the frame, we learned that there are twoe
ways to make steel hubs. One is by using a pipe vise and pipe cutter
z~3 spending hours filing and grinding the sharp edges. The other is by
~ir ng someone to cut them with a power hacksaw, and then filing and
zr~ding the rough edges. This is more expensive. | don't know which
s ogtter. We did it the cheap way. We had the five bottom hubs
we.ded to angled iron supports which were drilled for bolting to the
dezx. Our topmost hub extends about a foot above the skin and is
topped by a flat plate welded on.

incidentally. speaking of hubs, | visited a dome with polyvinyl
2~ oride plastic hubs, and they looked terrible to me. They were
atached to the struts with lag screws into the end grain of the wood
=n2 appeared to have neither the tensile strength to resist the pull of
+1e struts nor the compressive strength to support the weight of the
dcme. The cnes | saw were failing after only a few months {and think
sf tne work Involved in tightening all those bolts inside the hubs!)

We also learned to cut compound angies by hand for the various
i~tgrnal parts of the framing, around windows and doors and between
==g wanes of the big windows, in which each B x 8" x B" triangle was
d% cded intotwo 4’ x 6" x 8 triangles by a 2 x 3 pseudo-strut, or
ce--aps you could call it a mullion {?!}. An aid to cutting and fitting all
s~zze fancy little pieces is the use of scraps of rigid insulation board (if
2. re using it). A piece can be cut out of styrofoam quicker and easier
=~z~ out of wood, can be set in place. corrected if necessary, and
zoz ed finally in wood when it's just right. for a perfect fit.

To make our floor we laid silvered paper over the deck {which is of
Z = ©'s with spaces between) and styrofoam boards over that.
Zezzween every styrofoam board and the next we nailed a 2 x 4 {used
© = :ot of scraps this way) and to these boards we attached 1 x 4 fir
= zr =g, which unexpectedly cost more than oak (but was less
- _z e We used styrofoam insulation because it's cheaper than
ce-g ass for the same insulating value, and besides fiberglass is
erous if you get it in your skin or eyes or lungs. | got some
gss in my finger once and my hand was disabled for months. I'd

= same size. We wished we had bought all of the flooring at
zz~e time and place. For ventilation we placed heater grids in our
aund the edges. To clear the deck they had to be aninch

e *~an the ardinary ones. We found the skinny ones at a trailer

=~ _*zzturer’s place. This is a goed place to look for all sorts of odd

:z oreathe any. While making the floor we learned that not all 1x4's

hardware and so are boating supply places.

Back to the frame again: we used stainless steel strapping
because Domebook recommended it, and because it is lots stronger.
Here's a hint about stainless strap, given us by our sympathetic
stainless strap dealer: it's fairly stretchy-thus you may have more
spring in the structure than you anticipated until the skin is on. This
doesn’t mean it's weak - on the contrary. It's stronger because it will
give and spring back. But it can be unnerving. When it starts to stretch
it visibly changes texture, so we tightened each strap until it began to
stretch, then let off slightly and fastened it. Tell Lonny Brown that the
reasan for using stainless steel strap isn’t to prevent rust, but because
it's stronger. Rustoleum probably won't help. The skin should protect
the strap anyway.

Also as recommended in Domebook and because it sounded right
we used half round pegs in the strap holes to provide a flat bearing
surface. We used soft wood because we had already bought the strap
and drilled the holes when we discovered we couldn’t get half round
hardwood 5/8"" wide. But because they were soft they squashed up
something awful and with other factors contributed to a general
looseness of the structure that we would rather have done without
(another factor, we think, was the shrinkage of the struts, which were
mostly new lumber). | have since visited a dome in which half round
was not used but the holes were drilled oversize.

We suspected that contrary to Domebook the strapholes need
not be uniformly distant from the ends of the struts, and time seems to
have proved us right. We really like the irregular sunburst effect of the
varied lengths of strapping around each hub.

The buckles ¢n the straps should be on the inside as much as
possibie to avoid fitting problems with the skin, but some places just
can’t be reached from inside.

When we got to the skin we learned that careful fit in town is a
little different from exact fit in the woods. Luckily this method of
assembly is tolerant of smail mistakes. And we found out a very
interesting thing about leaks. People who have mysterious leaks that
look tike they are in the seams may have another problem altogether
People seem to think plywood is solid. Actually, there are all kinds of
large and small voids in the inner layers. We found several leaks where
water entered through a tack or staple hole, ran between layers to an
edge and appeared alongside a strut looking for all the world ke a
leak in the seam. We might have believed it if we didn’'t know how
tight the seams were. Even so we looked for pinholes in the seam
sealing. These leaks were cured by rubbing Tuff Kote into the tack
holes when we found them. We knew it was them because we could
see the water running into some of them.
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Z7-g-1han that, putting on the skin was uneventful until we got to
-z2w#s. Time and money considerations prevented us from

.7 "¢ - -.gid windows right away, but our original plan to use roll

-« ¢ ~dows the first year or two until we could afford plexiglass

z. te work out. We had assumed that it would be a simple

= staple vinyl across the openings and seal the edges with

: was not. The stapling went well (we used pieces of folded

= et

= ander each staple for padding} but the taping was another
g2z~ < seems there are very few tapes that will stick well to either
-. z-w~cod and only one that will stick to both. It took us quite a
#- 23 find it it is Mystik Tape #5803, made by Borden, comes in 8
Z-TET za'crst
- ~farwnately for the vinyl windows it was by that timme nearly
:.——z- and wa found ourselves able {barely} to afford plexiglass. We

~z ey can't make diagonal cuts.

- »e quickly called some other places. And what do you think
-~=? Weli, we found that acrylic sheet is made in the U.S. by big
= exiglass, Lucite, Acrylite} and elsewhere by not-so-big-

* ot 50 big in the U.S. that is. We ended up buying **Shinkolite”
- Yitsubishi {a pretty big name actually) for a price including
zz:.1 15% below the price for plexiglass material only. A bonus
o= &e zan’t make use of now is that Shinkolite comes in over 30
:7 2z —cst of which are described as fluorescent in the brochure - as
< B or so for plexiglass.
< it into aluminum channels using silicon caulk as per
~stallation manual {we weren’t able to get Shinkolite's
z-_z Z2.ying aiuminum extrusions is a whole ‘nother trip which |
-0 yet, except to say that it appears that Colo-Trym makes

- when | look through their cataleg.)

«2 & 2 word about fitting. We did it wrong because we couldn’'t
right. Right would have been ta do it all at one time,

=g plastic panels together. Our windows with one exception
~t to be simply transparent panels or parts of panels and
ome had been up a while and settled some, the spaces for
tnat weare meant to be transparent had also changed shape
~ad tc measure for each window separately. We think if we
: 2gain we’'d buy a roll of cheap thin linoleum type stuff and
=r~s for the windows by nailing it up as if it were plywood

'
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=-:- e zecause it would have to be safety glass for such large
v.~dows, and because due to its weight it would require
nstallation. People always ask why | didn't “just use
s g good thing | didn't. Picture raising a 4 x 6 triangle of
- . our head to set it on an ethereal looking framework of
Jmg carrying it 20 feet up an extension ladder and sliding it
* in*o the waiting hands of a helper hanging by a rope. No no
2: ¢ 2ss 1s dangerous enough!
:- o ooks safe compared to glass. but sand the edges anyway
=z-2 ~z-2 ng it at all. | didn't untit after 1 cut my hands all to shreds
-z = *r¢m the car to the dome. [t has to be smoothed on the
~way to increase its resistance to breakage. Ideally it should
y~e2 Bt we let the jeweler's-rouge step go by, Acrylic is pretty
« 72 zrazk which makes it hard to cut. Having everything cut in the
. o-cfessionals wauld be better but we found we had to make
s z.irselves. | tried a scriber but | could not make it work. So |
~tly go back to sawing. The thing about sawing acrylic is,
+ will crack, so it has to be clamped firmly, right along the
ssed giant C-clamps and 2 x 4 or 2 x 3 scraps, clamped
ae:x and sawed in the spaces between the deck boards.
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Acrylic comes covered on both sides with masking paper. The
instructions say to take it off before installation but you'il prevent a lo:
of finger prints and scratches if you just turn it back from the edge
only, and that just before you put it up. Then when 1t's finally in place
you can peel it and admire it.

This masking paper has a tendency to peel back during
transporting and handling and then it won't stick back down. The fire
along which it still adheres will be visible after the paper’s removed
and is hard to take off. So, next time ! will cover all the edges with
masking tape to hold the paper in place.

Our method of instaliation is pretty unwieldy although it locks
nice when done. | like it as well as any others I've seen,

As we progressed with the windows we learned about 1. climbing
on the dome with ropes; 2. aluminum moldings; and 3. silicane caulk

In order to ¢climb up and down the dome on ropes | purchasead
rope and webbing as recommended on page 117 of Domebook 2
Luckily [ bought extra. Following Domeboaok’s instructions exactly
using 2 yards of webbing for the big harness, | constructed a harness
too small for me to wear {I'm skinny). | made another, trying it on firs: -
it turned out to take 8 feet of webbing, forming a loop, when tied,
about 7 feet long. I'd advise people whao try it not to position the strac
around their waist. After a few minutes of hanging by it | got pretty
nauseated. Pressure on the kidneys or something | guess, because
when | slid the strap down to bear across my hipbones | feit fine
immediately. Otherwise, like it says in Domebook 2, it's easy to get i-¢
hang of it. There's no need for me to duplicate their getting-around
instructions. It is best to wear many-pocket overalls or a tool apro-
because you'll find there’s nowhere up there to lay your hammer
down.

There never seems to be ideal weather for working on top Ithis
probably applies to all roofs). If the sun shines it’s hot and the glare s
terrible. If it's cool, it's cold,

We used a lot of aluminum extrusions, of 2 types - H-bar, alsc
called mullion strip, and bar edging. We're very pleased with ou~
decision to treat the windows as part of the skin. There are no
windows that don't touch an edge. Otherwise we'd be faced wi»
some tricky framing. At the point where the skin changes from
plywood to plexiglass we use 1/2' H-bar - we laid a bead of i z2-=
caulk down the bottom of the trough on one side and forced it 2-72 1-2
edge of the plywood. Then we lzid a bead on the inside lip of tns
remaining trough and let it harden. Then we inserted the windcw 2=z
laid a bead between the window and the outside lip to serve as
sealant, tooling it to form a concave surface.
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Where window panes meet edges (struts) we did 12 — =
differently, but not much. We laid a bead along the strutw gz 1~z
window would touch, let it harden, placed the window.ne = 7 - =



with a few nails driven in next to the edge. Then we caulked between
the exposed edge of the acrylic and the strut and clamped the bar
edge over the acrylic window and the edge of the neighboring panel
(either wood or acrylic) and screwed it tight. Later we added a tiny line
of caulk beside the edge of the aluminum extrusion, on the window.

The numbers of these extrusions are: mullion strip #5W-2162
and edging # 1993BMC, both from Trymtex which is a dealer for Colo-
Trym, a division of Futura Industries Corp., Seattle, Washington
98134.

The extrusions situation is funny. Apparently there are many local
fabricators - often outlets for some manufacturer of aluminum. They
make some shapes that they keep in stock and some they make to
order (they have the dies on hand but you have to order some
minimum weight of aluminum} and some are exclusive for certain
customers. You may locate a lot of interesting shapes but if you have
something specific in mind you probably won't find it. Trym-Tex, on
the other hand. has a catalog the size of Monkey Ward's, and can
order anything therein in under a week. Unfortunately they don't sell
retail. The trick is to find out exactly what you want and order it
through a cabinet shop, or hardware, or building supply store. A
cheaper but not entirely honest trick is to temporarily become XY2
contractors, buy everything at one time and then drop out of sight
before they're on to you.

Cutting and smoathing aluminum is easy. but making the corners
of the strips meet nicely is impossible for such as us. We did our best,
filled the gaps with caulk and covered most of them anyway (sigh of
relief) with Tuff Kote, like the seams.

Silicone caulk is recommended in the Plexiglass instailation
manual - specifically GE Construction Sealant or Dow Corning 720. )
looked all over for DC 790 and couldnt find anyone who'd ever heard
of it. But 1 kept running into DC 780, so maybe it's a misprint. | also
kept running into people who wanted to sell us stuff plainly labeled
“for interior use only™. Couldn’t get any explanation anywhere of the
difference, but | felt better not buying it. So 1 got GE clear construction
sealant and was happy ever after. Until | ran out. This kind of thing
{triangular joints and poor fitting) takes 3 - 4 times as much as anyone
imagines you'll need. When we ran out of GE, we couldn’t find it
locally so we bought DC 781 (just like DC 780 only for non-porous
surfaces - or something - no one seems to know exactly anything
about what they're selling). Compared to GE, it's so milky it's actually
white, takes much longer to harden and is harder to wipe up. The slow
hardening might be useful in some applications but maostly it was a
drag.

A couple of practical hints from one "thumb” to others. 1} It's vital
to “tool” it immediately and then leave it strictly alone tilt it's hard
{tough). The easiest ""toal” to use is the finger. 2) It's vital to use
masking tape on joints that are to be tooled. A couple of times we
didn't (it was down there and we were up here} and boy, are we sorry!
It gets very, very tough and is very hard to remove from wrong places.
3] It's a good idea to wear a pair of jeans you can spare because you
are always wiping your hands and no kind of rag or towe! is as good
and as handy as a pair of jeans - but it never comes out. This silicone
caulk by the way is excruciatingly expensive. But obviously, nothing
else will do what it does. | guess there’s a Japanese source, but |
couldn’t locate any (probably Mitsubishi again and it would probably
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be worth one’s while to look for it.)

After we had been working on the windows for some time ~“ -z -
got some MEK (methyl ethyi ketone). it is mentioned in all the sii
caulk brochures and on the tubes as the correct solvent for clean
up, but no place that carried the cauik had the faintest notion cf wre-=
to get it. | finally asked at a paint store and there it was along wit~
untold numbers of other weird solvents. MEK is powerful stuff, ver,
volatile and very toxic. But it really cleans up silicone caulk - it does- <
dissolve it, but after patient rubbing it sort of separates the caulk “re—
whatever it was stuck to and it can be just slipped off. It also turms -
to be very good for removing a lot of different kinds of ick from acr, =
which because of its soft surface has to be handled gently. | usec
some to remove the peel marks from the masking paper. A little MEX
on cheese cloth cleans the acrylic without much effort or scratch.rg
but | don't know whether in the tong run it will weaken it, so I'm go.~z
very light with it.

The effect of the big windows from inside is indescribably
delicious. Especially at night. First while the lantern is lit, each of tre
huge radiating panes of the large window reflects a slightly differe~:
view of the interior - it's like being inside a kaleidoscope. Then, turr o=
the lantern and watch the moon rise - | - '

Aot of factors | won't bore you with brought work on the dore
to a halt last fall when it was habitable but not really comfortabie Tre
last thing we did was paint it with gray porch and deck paint whic~ -
no way interferes with its fairy bubble-spaceship appearance but
makes it less conspicuous and more water repellent,

During the winter an unprecedented cold spell (temperature
dropped to 11 degrees below zero!) drove the sole inhabitant into
town and while it was empty, one of the skylight windows crackec 2-z
leaks appeared at the corners of some of the windows. The acute
corners were a real sealing problem - we never were sure we'd gotte-
caulk everywhere it was needed. We didn’t have time to do anytiing
but wrap it all in black plastic {(we nearly froze doing it). We used Eizz«
because we've found that transparent polyethylene degrades in me-z
weeks. [t becomes very, very thin and brittle and just flakes away |
believe it is the ultraviolet that causes this - anyway, biack lasts large-

Qur future plans include fitting a regular door (regular as to
function, not shape} and other similar details. Later we may shingie -
if we can work out a method that satisfies us. As always, work stogs
while we think about it. We also plan an improved water supply
system, more domes, etc., etc.

Here's another possibility for ventilating that | wanted tc try b
couldn’t talk my friend into {actually | like our roof with skylight fine
Raise the top ring of triangles “above” the rest by using five extra c-g
hubs drilled for straps at top and bottom and set louvers, screens. c-
windows in between. It was suggested by someone who, after seei~¢
an item about fireman'’s poles (seems they aren't too expensive)
proposed that the central hub of a dome could be a fireman’s poie
extending to the ground. | like that idea too. but | can't quite fit it i~z
any of my projects/plans/dreams.

EXTRALONG HOBRS



Here's a brief summary of costs. Remember that most of these
1= ngs zost more now than they did when we bought them.

iz:ndation {railroad ties, gravel) $ 6820

zesx ‘'umber (2 x 8 joists, 2 x 6 stringers, 308.25
2 x B decking)

zeck hardware {bolts, nails, trusspiates) 62.39

zome frame (hubs, welding, strapping 2 x 4's 159.95
2 x 3's, stain)

zome skin {1/27 exterior plywood, butyl caulk, 335,42
Tuff Kote, resin sealer, nails, paint)

~terfor {upper story framing, floor framing, 234.06

insulation, ventilators, 1 x 4
flooring, nails, stain, sealer)

windows {acrylic sheet, aluminum extrusions, 694.17
door screws & washers, silicone caulk

TOTAL $1,969.78

Actually we spent saomewhat over $2,000.00, including little
ext-as that just don't fall into any of these categories, and | have not
¢ uded the cost of tools which can be used again, ropes and plastic
rarpaulins, and gross mistakes,

Among the tools we used are hammers, saws (coarse and fine),
~acksaws, brace and bit, wood rasps (Surform} and files, Weldwood
resin glue, nailsets, screwdrivers, strapping tool, single edge razor
slades, straight edge, bevel gauge, C-clamps, wirebrushes, paint

brushes & rollers, masking tape, tape measures, lots of sandpace*
sanding block, extension ladder, stepladder, scaffolding, and ‘es: .2
never least, vise grips. In town we used a circular saw and glect- = =
but we did not use a radial arm saw and we didn’t do anything 1~z

of most tools, or ended up buying extras so we could all nail a: <-e
same time, or saw, if that's what was happening.

A really striking thing about this project is how much stuff we
have left over. Actually | don't believe we have any more left over - -
and pieces than the buitder of a conventional structure {in fact sc—
cur dome parts came from the discard bins of conventional bu- de-s
but it looks a lot different when you know you bought it {or scrou-g
it) than it does when you're scooping someone else’s scraps inta :
van to use for firewood.

This dome is really only a small cabin in which we propose ©
crouch while planning our ultimate home. Unfortunately it impre
the local tax collector as being a veritable palace - and we can't
protest because our fand is underassessed and it will be jacked .= 1z
par if we open our mouths - Boehoo and all. | guess everyone has c::z
government problems of some sort.

I've been visiting other local domes, So far | haven't seen ax
beautiful and airy-light as ours and | haven't seen anything real.v ¢
in the way of window solutions. Ours I'm not satisfied with, buz .
haven't seen anything better.

rowm

Kathe Welles
Central Oregon Coast Range




Care must be taken to avoid excessive proselytizing of dome
construction, The day will soon come when the landscape will be
polluted with little plastic domes, stamped out of machines and
poured into endless rows of geodesic ticky tacky. Domes are even

more inflexible in design than the eyesores of slurban tract homes. Yet,

life in a dome has an excitement that is unattainable in a rectilinear
structure. But the enduring reward of 3 dome is the seff-built dome,
(although possibly any self-built home might be comparably exciting,
especially with the use of scrounged and/ar native materials).

| built a 30 foot, 3 frequency dome, which is more than adequate
for two but would be a cauldron with young ‘uns around. Through
ingenious scrounging. | have been able to hold the cost to $1300, and
it is nearing completion after a year and a half of spare time work. This
cost includes complete wiring, indoor plumbing, carpet. cabinets, and
a generally decent, modern interior with basic amenities for
comfortable living.

However, there is a myth that has been perpetuated about the
time and expense of dome construction. As in most any construction,
the interior consumes much more time and money than the structure.
The shell of my dome cost me $54 . . . the rest going to the interior.
As promised, the framework went up quickly . . . two weeks in my
case, After it was covered, painted and sealed, we moved in only two
months after starting.

It is exhilarating to raise a framework or one with mintmal cover in
&5 minutes at Whiz Bang Quick City or in two weeks by oneself. But
when you set out to provide a hassle-free, liveable environment, only
thern does the work and expense begin . . . and the unusual shape of
camaes only complicates matters further.

Cabinet work is a nightmarish frustration. Fitting cabinets to a
zurved floer is hard enough. But trying te make them conform to
1 anqular panels which alternately siope inward and ocutward provokes
szrzeching curses. And with cabinet locations unpredictable with
r230ect to a wail whose 5/8 level locations likewise cannot be
zedicted, the plumbing rough-in riser dimensions are generally

~k~awn when the floar is buit—not exactly the most desirable
*-ztion. Our semicircular bathroom with sieeping ioft on top would
z.e driven a carpenter mad. In general since workers react rather
=~z 1~ink, |abor costs would have been prohibitive, which is exactly
&y g seif-built dome is virtually essential.

o
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The shell consisted of 2 x 4's, covered by 3/8" exterior grade
piywood—not the most desirabie covering—but the plywood was

scrounged and was at least of natural corigin. The half sheet plywooc

was cut as shown in Fig. 1.

The excess pieces were flipped over and spliced to the main body of

the trianguiar panel by nailing to 1 x 3 backing (Fig. 2).

¢
e < J2

Surely there are better ways, but there was virtually no waste. ang
considering the inevitability of splicing whenever any standard size
pieces are fit to triangles, these were probably the optimum sized
sheets. Overall, it was a time consuming process, but it was the
cheapest possible method | could conceive under the frenzied
conditions at the time.

| used the ply hub method for joining the
which is shown in  Fig. 3.



e ~.zs were cut from pieces of 1/2° plywood into hexes and pents
»~ 2~ were 3 inches from the center to a point at the tip of the hub.
Zz-= —._s be taken to allow enough clearance on the slot in the strut
< tc gvoid spiitting the end of the strut while fitting the hub into
> Tne strut will also tend to split if there is any inward or
c_tegt2 movemert of the hub.

SLOT
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-2 zuts on the beveled ends of the struts require skill, especially
« += z 3¢ . saw. Due to the comgplexities of the compound angles (Fig.
iz _r oots were necessary on each end. even with a weird jig,
+~e blade wouldn't cut through the depth of the 2 x 4. A radial
v would have greatly simplified this procedure.
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.2- Tight be devised. a skill saw, cutting perpendicular to the

s would have the adjacent struts as a surface to stabilize the
zz ¢ The compound angles are therefore cut simultaneously by
<~ saw blade to one half the axial angie to allow for the axial

=- the strut and cutting along the two planes shown 1o allow for
2ral angle.

empted to predrill the hubs and struts in prefabbed hexes and
“are erecting the framework, but the beveled points didn’t pul!
satisfacterily during the actual fabrication. Instead., | drilled

= ace after using & 1/2” wood bit as a counter sink for the nut
~3z-e- jused $32 worth of 3/8'" x 3 1/2” carriage bolts. Itis

* —andatory to have a socket wrench to tighten the nuts since
-z ~zzessed. Since tha 2 x 4's are not always 3 1/2” deep, some
: & revitably protrude beyond the outside surface of the strut.

‘1 does not interfare with the plywood panel. Just bang on
z-e.with @ hammer at the protrusion and the plywood will lie flat

LT

3

~: —. <nowledge there have been no comparative studies made
. == —ez3l hubs vs. pipe-strap hubs, although the overwhelming
¢ sz:f-ouiit domes have utilized the pipe-strap hubs.
chose the ply hubs because they ware made very cheaply
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in only 30 minutes by stacking six pieces of plywood and cutting little
pents and hexes from patterns drawn on the top. | had an inescapab &
feeling that a ply hub in conjunction with strut ends was stronger and
sturdier than a pipe hub. | woulid rather have bolts supporting my
dome than skinny little bands of steel.

Of course, bolts are expensive since 360 carriage bolts are hard :o
scrounge. But then again, pipe hubs require pipe cutting and an
expensive banding tool, Metal hubs would have been the strongest of
all, but the cutting and drilling would reguire expensive tools and o
labor, even if made by laminating several pieces of sheet metal, whick
I tried and abandoned. Perhaps one alternative method tc the time
consuming cutting of beveled struts is shown in Fig. 7 and Fig. 8,
whereby the ends of the struts are cut only once. The savings in time
hawever, would be at the expense of sturdiness. Perhaps it wouid
evenh be possible to have a hub with no cuts at all on the end.

1 8

My framework fabrication was rather curious. | chose to build
from the top down and raise each successive layer as | went, which
would have been fine had a centerpole been used to suspend the
framework. But in my usual revulsion at spending money when a
cheaper method might be available, | elected to avoid the cost of the
pole, cables, block-and-tackle and do it the hard way.

| started by prefabricating the top pent on the floor and then
supporting it on five piers. The support at the pier is shown in Fig 8
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The piers were slightly taller than the altitude of the largest tria~z &
{about 6 feet in my case) with holes drilled at approximately ¢~z
intervals.’| started at one pier and raised the framework at tha: z¢
above the 1st hole and stuck the 3/4” pipe through the two Fo s -
the pier. The same procedure was followed at each pier all the &z,
around, raising the framework one foot at that point each time .-
the entire dome was high encugh to install a new layer of triarg =z 2-
the bottom.

This method is clumsy at best. But it did, nevertheless 2. - =z
to go as far as the 3/8 level entirely by myself, and only tweo ©- =-
were necessary for the final two levels. Perhaps the use of 2 ca-
might have eliminated the need for any suppiementary labor 7~
distinct advantages of top-down erection are that it elim:nstiez -2
custom cuts normally needed at the top in bottom-up erest 2~ Z_= 1z
accumulated errors; and more importantly, all the fittings 312 - _z:
were performed at greund level. Since my goal was to lea.e 1~z
beautiful framework exposed to the interior, obviously “c- -
reasons, it was imperative that the beveled ends of the st-.:
hub come as closely to g point as possible. Therefare |

oTIE



‘ourteen foot 2 x 12 at various pressure points for the required
.everage to push or pull the six 2 x 4's to a point at each hub. and this
would have been virtually impossible on a scaffold 15 feet off the
ground.

A word of caution: Don't skimp on the supporting piers. Use at
‘east 10 or more piers and brace them well with at least two 2 x 4's at
each pier. My dome fe!l twice with great drama each time. It fell once
while the entire dome was 8 feet off the ground befare the final layer
of trrangles was in place. | thought it was going to rol} off into the
woods Perhaps as an extreme testimony to the dome’s strength, the
only damage was to four hubs whose bottom halves broke off, having
absorbed the entire impact of the fall. How many FHA homes could
match that?

After the usual frustration with leaky seams, by trial and much
error | finally settled with a combination of aluminum duct tape
imainly because it was free), caulk and paint. Evidently. the secret with
the tape is to crease it as shown in Fig. 10, and therefore allow the
crease to absorb the thermal expansion and contraction of the panels
without splitting the tape.
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I caulked the joint, applied the tape, caulked the edge of the tape, and
painted the entire surface with a white vinyl roofing compound. | used
a caulk called Acryl R by Schnee Morehead ladvertised in The Whole
Earth Catalogue). The roofing compound was called Permaseal.
Perhaps there are better materials, but they worked. The type of caulk
is probably not too important. | also used a duct sealer {rubber glue),
silicone, and three types of Schnee Morehead's caulks with apparently
no appreciable difference in performance. The Permaseal may be a
|lecal trade name, but I'm sure similar materials coutd be found locally
almost anywhere by {ooking under “Roofing Contractors” in the
Yellow Pages. Two coats cost $70. Most of the caulk was available
free as samples from a friend. The long-term effects of my method
may make a fool of me, but at least I'm dry now. There’'s always
shingles.

For insulation | taped up triangles from scrounged pieces of
fiberglass duct board used in air conditioning. | used two layers with
the foit on the inside layer facing in and the outside layer facing out,
This eliminates thermal transfer by radiation as well as conduction;
kowever, | have since learned that three layers of aluminum builder’s
foil is about the best for the money. Evidently my method is quite ef-
fective because a small 15,000 BTU gas fleor heater keeps us warm in
20° weather, It would have definitely been more effective had t known
to 'nsert spacers between the foil and the surfaces they faced because
the dead air space would have provided more resistance to heat flow.

t also botched the interior wall. | chose to recess the 1/4”
sheetrock panels 172" inside the 2 x 4 cavities to accentuate the
framework and eliminate the visual monotony of a monolithic innar
surface. It took me all summer to cut the panels, which were then
fitted into place, resting on small nails tacked 1/2'" back from the inner
surface of the 2 x 4.

My naive hopes were to have a suspended ceiling with easy
removal and avoid the expense of backing or trim. Unfortunately, the
sheetrock settled around the nails and bowed terribly at the middie of
the panel. Thus, | was forced to remove ail the panels (amidst curses
and thrown hammers) and install a 1 x 2 backing at the edges and a
2 x 3 strip in the middie to provide stiffening support. After painting, |
hope the effect will justify my anguish. In retrospect the best method
would have been to iap the sheetrock over the framework as the
plywood was dane and simply nail a suitable trim down: the seam,
such as a rough cedar strip.

Perhaps my worst mistake was using viny! to cover my window
openings—which is what | get for relying on a plastic. Vinyl should at
hest be thought of as temporary. | used $10 of vinyl to cover 15
triangles, mainly to give me time to complete the dome and
contemplate a permanent window covering. | read that vinyt gets
brown and brittle after approximately one year of exposure. After a
year it was milky but not brown, and like a fool, | tried to get as much
mileage as possible out of it. Lying in bed one night, | knew the time
had come when | casually stuck my finger through the window while
flipping at & raindrop. My fears were confirmed one week later when a

.moderate hailstorm blew out five windows and thoroughly drenched

everything inside. Avoid this trauma.

Plastic does have its limited place, however, hut heavy reliance on
it is a no-no. The plexiglass | now use for windows is doing fine, but it
still bears the plastic stigma and has to prove itself to me. Plexiglass is
difficult to control at best. mainly due to the tremendous thermal
expansion and contraction. | attempted to use my tape-cautk method,
but it pulled apart and leaked. 1 have no remedy as of yet, but
eventually it will be resclved. Plexiglass scratches easily, collects dust
and is expensive.

Either due to my incompetence or the extreme Texas heat,
Bucky’s upfiow method of natural air conditioning was a dismal failure
despite a 1/2 HP forced draft. Perhaps my four 16 x 5 supply ducts in
the floor and five 16 x § exhaust grilles at the top failed to meet
Bucky's description of large openings at the top and bottom. It did cool
to 105° inside one day, but somehow | can’t imagine that bringing
109° air inside will ever cool the dome to a liveable temperature
inside, regardless of the methed. Regretfully, Il have to scrounge up &
small window air conditioner.

The most persistent and perhaps unresolvable problem with a
dome manufactured by my methed (without resorting to gross foam
sprays) has been winter condensation. With only one layer of window
material, it literally sprinkies inside if a window is overhead. It is 2
nuisance trying to find a dry place to sit while dodging large dropiets of
water.

Ohviously. a second layer of glass or plexiglass will remedy this
problem, but the dilemma of condensation removal inside the walls is

4 e SARCE




oerp-exing. Standard houses trap condensation on a vapor barrier just down stream or rots the strut or soaks through the sheetrock o -7 &

~s-0e the outer wall. which is then free to fall unimpeded by the the strut and stains the wall paint as it drys below. Does anyors -z =2
ve7tica studs to the bottom of the cavity and to the outside. However, a cheap solution?

s~e rorizontal struts in domes become a barrier for any such motion. Despite all these difficulties, if one is Flirting with the idea of

As a consequence, moisture condenses on the duct board foil {and rots building a dome, he should. The methoeds | have described allowez ~=
=~g inner layer of plywood since ) failed to provide an airspace), travels to do about 97% of the work with no need of help, but a larger craw
zown the foil, and accumulates on the horizontal struts (Fig. 12). From would have been fun and much more efficient. Although | cou’d

t~gre it gither passes by the strut at the seam to do further damage probably build & conventional house, | doubt that | would have

attempted it. Boredom and lethargy would have frozen me. The s< =
for building a dome are rather basic. Almost any question regard:~z
plumbing, wiring, nailing, etc. on a dome can with a little inteilige~zs
be extrapolated from books about standard houses.

The dome dweller must prepare himself for attracting all tynes =7
peopie especially if he is located near a large city. Unfortunately te =g
located on a well-traveled road near Dallas, we draw the foolisr zs
weli as the fascinating. Our visitors have ranged from touristers i~
ranch wagaons, wanting to show the kids the weird jack-o-lanter-- :=
hucksters, trying to sell ice machines; to hippies in Cadillacs, whe sz _-
our ears with “Far Out! Outasite! This is really groovy!” Put you- az—=
in the trees, folks.

Fred Barger
Rt. 1,Box 60A
Coppell, Texas 750189

Photo: Geodesic Structures, Inc.; Hightstown,
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A few thoughts, suggestions, a little peinting}

Dome interiors are a problem for most people who are used to
dealing with four-walled rooms. all variants on the cube. Yet the
spherical shape is the essence of what a dome gives; low cost,
completely unobstructed volume.

Since a number of people who want to build domes seem
genuinely puzzled about how to arrange and furnish a dome’s interior,
| decided to put down some basics, They are not hard and fast ruies,
just possibilities and directions. The basic difference in furnishing a
dome is not the need for new or different furnishings. but the need for
your own attitudes to change to consider integrating famihar objects
with a spherical shape.

A house is an expensive structure, both financially and in terms of
*he time and effort (or yourself) invested in it. As well, you have to live
with your creation. Don't rush it. Plan carefully in terms of money,
space usage, your own tastes and interests. Collect all the information
vou can. Buy books and magazines, clip articles and pictures, note

deas, leaf through catalogs, take brochures. Use the library for back
ssues of magazines—and please don't rip’em off—libraries aren’t
rich—and someone else may want to use them after you do.

The first and fundamental fact you’ll have to work with is all that
Jnobstructed volume. The second. and often more confusing aspect of
dome interiors is the circle. If you are used to living in a cube, thinking
‘'square” {I'm sorry) is a mental bind—things don’t seem to work: a
cube doesn't fit a sphere—leading to visions of all sorts of wierd
~accessible nooks and crannies, buying new furniture, acquiring a
sermanent crook in your back from huddling under sloping walis—
~eedlessly.

Since you are not seriously restricted by arbitrary heights in a
aa2me, try split-level living in all the floor plans you can develop. I'li
v e a quick, incomplete rundown of some ideas for a dome, each of
rich represents an entire spectrum of ideas and treatments of floor
¢ zms This is just to start you thinking—then go ahead, fantasize—

. oar fantasy may work—and well. Your imagination, your ingenuity.
. oar Arain is your best and cheapest tool—get all you can out of it.

A two story living room is a natural. |t could eccupy from 1/4 to

2 3 of the ground floer space. | say living room—living area is better.

3
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encompassing the dining area, the traditional ltving room, and a
private or sermni-private library, along with a sizable amount of open
space if you just crave room (I do).

Depending on the size of the area and your own needs and
finances, this could be all one level, undivided, or go the route: a dir:—z
area at one end of a semicircle, a free form sunken pit or entire lower
floor far your living room, a raised library. Or would movabie
bookcase/partitions suit you hetter?

Fireplaces can be in the middle of the floor, accessibie from al’
sides—a dome has enough height so a fireplace will draw weil

The upstairs would be bedrooms and a bath, perhaps a studio A
balcony can go inside and/or outside. An observatory? A solarium?
Don't forget: stairways can be pretty original if you desire.

The second aspect of a dome is its circularity. Learn to work wiz-
windows. because your circle is upward as well as around, especia: ~
in the living room. See Domebook 2 for some fine window treatmer:s
Great fantasy seeds.

Built-ins are a part of any modern, efficient house, and non-
rectangular furniture arrangements also will be a basic feature of 2
dome {more on furniture later).

The circular shapes of rooms such as kitchen and bedrooms
(actually pie slice shapes, but the word fits) can produce both urusuz
effects and aid efficiency if you think with the shape. In the kitchen “z-
exarnple, the work area traffic pattern will be smaller yet keep all
available surfaces and cabinets much closer than in a rectangle. Plaz=
tall appliances on inside walls, to avoid any conflict with the wal!
slope.

Bedrooms can be lightly personal in shape and will take meze--
or traditional furniture with ease. Remember-—contrast in furnitu-e
and interiors is as valid a concept as matching. The dome's ange =
could be softened by color, and met with deeply toned wood tc zcz
warmth. Any antique of good design will go well. Skip Victoria~
baroque or rococo type stuff in most cases (this is my opinion: 8-¢f
thoughts: murals, not pictures. Texture or pattern walls, using :r.a-g =
motif. Skylights are easy in bedroom window treatments.

Sound in a dome: domes reflect sound with incredible eff cie--.
So contemplate the use of textured or soft materials, enriching . 2.~
visual experience and at the same time helping the acoustics Tr. z2-x



~npamted are best); carpet—do an abstract design with
ccmmercial egg box liners {waffled cardboard—spray paint
Z.r&p, you name it. Both stereo and guad sound systems should
:1.7z zensational and require less power: try hanging speakers on the
Ve gye level.
- 3750 a dome should be modern. Fixed lights can be sunken
21z~ the ceiling or wall mounted swivel spots, Lightolier, among
~—zkes a light bar mounting several movable units for store use

:=2t 4 3..d go well in a dome. More on lights under furnishing.

2. t-ins are a natural part of any efficient house. By providing
: 27 g~ ounts of storage space without the attendant expense and
f chests and shelves, they allow carefree low maintenance
: &~¢ petter aesthetics.
“& most important butt-ins are the kitchen cabinets. | find the

al
w

g7t to male chauvinism. They are designed by six-foot tall men

1-“zot tall men. The uppers are too high and too deep to be

. accessible and lower ones are too deep also. Large accessible

< zreas do not exist, and at the same time the kitchen’s layout

zez any added table to solve the problem. Good conventional

s shown in the home and workshop magazines solve same of
biems. For a dome, | would recommend shallow {18" or s0)

counter edge

—— zabinet face

© -z arger dome, a table is desired, no bulge need be used or a pair

- Drer cabinets are generally too high and too deep, rendering

-- of their space useless, as it is out of reach. Try 6-8" depth

¢ of 12”7, Lower the bottom to within a foot of the counter. Use
1= zza- spice sheif to avoid opening cabinets at all. You shouldn®t, and
:-z_ d7't have to store large items above. You still may need a foot-
2o it less often, and it should be easier to use.

S_il*-ins can be used elsewhere to deepen walls for

:_~zproofing, while giving storage, and are conventional in all
£ 218 on interior walls. Again, think shallow. How often do you put
s:~g:-.ng away deeper than 87 Hang things from pegboard. Should

"

~ - == ~ouse design books and magazines for ideas here. They've got
‘ 3o0d ones and so many variations they may actually have just

T Suwant,

Eookcases can be builtin or add on. Movable ones used as

=an define room space in accordance with your desires. They
{sc be suspended from the dome frame. Abstracta makes a nice
wwable display frame in staintess tubing. I1t's modern, spare and
.coking. A real minimal structure and maintenance free.
tagether, from the look of it {address below).

sck into the better grades of office furniture. Doesn’t loak

is rugged and generally simple in design, well upholstered,
:~c.37 expensive, cheap compared to a “name”’ designer’s stuff

. - may not practical. Steelcase, Hon, Cole, Oxford, Lyon, and
s njust chairs, All-Steel and Cosco are big names. Others
=10 an office supply and browse. Cities are the place to go
~g Yellow Pages. Small towns can't give you a deal. If it's
g, take ideas. You may find the same thing someplace

z- or you can make your own. Sears’ selection is limited, but
sacer than usuai list.

w
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In desks and tables borrow ideas. For example, Oxford meax
cluster 120 series of desks meant to be modules in a three na~
work station. Each moduie is a fine 120° desk with all tha* arez z2-=
because of being wrapped around you, 95% efficient, they cla — .-
cheap. Build your own.

an approximation - desk can be asymmetrical left or rignt

Tables: again the circle-square conflict. Table corners ju: c.-
making you move the table into the rcom center before it can
gotten around. To boot, the table center is too small for servirg = ¢
Answer: an oval, or—

make your own. These are commoniy $500-$700. Sears $30C-822°

Chairs, sofas, etc. Except at unreasonably high new prices -~
seem to be only three ways to get well made furniture of any ces
used, kits, and made from scratch.

Used furniture includes second hand stores. dumps furiiks .
auctions, and newspaper ads. Luck enters here—read up or a.
and learn a bit about furniture construction before you buy. Tr, ~27 2
buy damaged stuff unless you are a middling successful hand, —z-
are sure you can learn fast. Be fussy about materials and
construction—if you buy cardboard and staple furniture, arnd *'s
damaged, it won't even make good firewood.

Kits: a number of firms will sell you knockdown furniture < -
specific good itemn are considerably rarer. In all cases, you ust

ir ot
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assemble and finish. Actual work varies with the quality ofc_2 -z 2-:

the wood used. Ask guestions, order brochures. Perhaps fre-2
done this, and can inform you-—and give leads on where to ..
Magazines of the mechanic, handyman, and home sort carry
kits. Yankee, too. The only reproduction outfit | know of is Co

Colonials; good materials and fit, finishing supplies inciudez Cz: o

authentic pieces. Savings 50% 60% over store bought. Tre-z —z. ==
other reproduction firms around. Tell me—I'd like ta know

From scratch: The Whole Earth Catalog Craft Sectio~ -2 -2o:x
for sale in museums. A favorite of mine: The American Sharcs s
Their Furniture. Beautiful, functional. Bucky would probaz .
stuff——very efficient.

Lamps—I'm death on most table lamps and the 0’2 ¢
floor lamps. Inefficient, clumsy. expensive and lots of ¢ «
pole lamp fixtures, tensors and well-chosen spots are © B
cheaper. While you're at it, your fixed lighting shoule =2 _z2 =
It's cheaper to design in when you're building from sz-a22-

An excellent discussion of lighting appears in Tomzorom £ - 232




1see befow) and | am sure in other layman’s books on design. It was
said then and is probably true now as well, that the single most
rieglected area of house design is lighting. Another area where so little
expense can mean so much to your living conditions.

Shop on price: often the identical item is soid in gift shops at a
real rip off, furniture stores for too much, and discounted in chains or
available through electrical firms or builder’s supply stores at a fair
price.

I'm at a loss on interior finish and color, carpets, and nifty
decorating ideas. Play the sponge. House and garden magazines are
good for this. Better Homes and Gardens has an annual feature, 100
ideas under $100—A how-to approach, using a lot of ingenuity. A
good source. House Beautiful is 8, good taste. House and Garden is
girmnmicky to me, that is, more than the others. Suit yourself. Paint
companies sell, and often give away free brochures. Keep looking. A
list of things referred to in this article appears below.

Magazines:

House Beautiful

Better Homes and Gardens
House and Garden

Popular Mechanics
Mechanix lllustrated
Popular Science

The Home Handyman

Boaoks:

The American Shakers and Their Furniture
Jehn G. Shea
Van Nostrand-Reinbold, NY, NY, 1971

Tomarrow’s House 1945 Simon & Schuster
George Mellon
Henry Wright
of Architectural Forum
{OId, but it seems to be a basic hook. Look for newer on same :Zez

Office supply firms

Abstracta Structures, Inc.
101 Park Avenue
New York, New York 10017

A few last words: take your time. ~"Act in haste, repent at leisure
Time invested in understanding and exploring will not anly make [ife
hetter at home, but could save you a bundle. Taste doesn’t mean
money. Good Luck!

Andrew Ralph
86 Maple St.
White River Jct.
Vermoant 05007

Care Smoot
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All figures and thoughts in this material are mine and no rule
z3ys anyone has to go along. Most figures are based on the building of
324" 3/8 dome used for a garage and the present construction of a
24' 5.8 dome to be used for my mother as her home. All other figures
are from drawings of mine far two dome and three dome dreams right
-aw, but I'm haping to start construction someday. | feel like anyone
g se that's into domes—that they are the strongest, cheapest and
‘gstest homes to build. 1 won't go into chord factors or too much into
‘oandations to use, as anyone into domes just about knows what sort
cffoundation he wants, plus where to find the chord factors for the
s ze dome wanted. All | can throw at you now are some floor plans and
z2sts and ideas of mine.

We'll start with the 24’ 3/8 dome my brother and | and a few

=~ds built in Missouri, on his 20 acres where he moved last June.
“e Lsed T x 2's for struts and plywood hubs all belted with carriage
-2 75 We built it mainly as a model to gain information for bigger and
e~ ones. We did use it as a garage and tool shed after finishing. We
w8 30" x 50 circus tent over it for a skin. Took us about 7 hours
= ~c.rs work—4 hours goofing off). Total costs were $30 for the old
<=2-: $40 for lumber and bolts. The height is 9 ft, but it seems three
—=3 .arger when you first walk inside, a really far out feeling of space
-z room.

e

W.E.Wright

The dome I'm going into now is the 24’ 5/8 3 freq. now being
canstructed in Missouri far my mother, It will have a concrete
foundation only around the circumference. A wood flooring will oe .z 2
on this, and the dome built on top. This will give her dome abouta 2 =-
3 foot crawl space if she ever wants to add anything under the floc-
The struts are 2 x 4's with 1’’ thick hubs. They will be covered witr *
4" to 1/2" plywood, then with roofing paper and then with shing es
We feel that to stop leaks from happening shingles is the cheapes: 2~z
easiest way. |t will take approximately 44 sheets for the outside
plywood covering and approximately 1200 sq. ft. of shingles tc cove-
the outside. Inside walls will be insulated and then covered with
plywood or pasteboard or maybe even cardboard which can be
painted. All interior work can be done at a later date if money is ‘ow
and time is too valuable. The dome will have a bath, kitchen ang :» -2
room, and master bedroom on the lower level. This gives a total of
about 450 sq. ft. The upper level or loft is above the bedroom arz
kitchen and bath, and gives extra room for more sleeping space =~
storage. There will be a skylight in the top pentagon for Jots of lig=7 =:
the loft could be used for a reading or sewing room also. Asimp.g
ladder is used to reach the loft. All doors and window glass are 12 -z

bought second hand and as cheaply as we can. The approximate ©212
cost for the dome is $750. The interior costs would run about $° 23
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depending on how much of the counter space we buiid and how cheap
the bath fixtures are. To be on the safe side, we're figuring on $1000
for all. Of course my mother already has a lot of furniture and inside
additions, so the costs for that will be about nil. This price of $1000 is
for a well constructed dome and we expect it to last “forever”. Now on
to other domes.

The domes Judi and I are planning te butld for our future home
11! be two domes at least and maybe three, all connected by
raiways. They will include solar heating to save costs of fuel, and to
cut pollution. A back up heating system of oil or gas stoves will provide
heat for really cold days when the sun is clouded over.

The solar cotlector will be built to provide approx. 200,000 8TU's
vith a storage capacity of about three or four days. A rough estimate
for building the solar heater is $2 per square foot, doing all the labor
surselves. We'll use all the cheapest materials we can dig up, wood for
e framing, and plastic for the collector windows. The collector will be

zcated between two domes and the hallway will serve as the heat
z_ct The wall between the collector and the hallway will have vents
‘z- adjusting the rate of heat entering the domes. A system of shutters
W .. close at night to prevent loss of heat and in the summer to cut
zown heat not needed. A door will lead from the hallway into the

o= ‘gctor 50 that it can also be used as a greenhause in the winter.

2 _ ding the collector into the domes will cut down on heat loss and
czets of materials will be less. V'm figuring on 600 sq. ft. for two
=:z—es, and will have to figure for a bigger collector for three domes or
w2 zrger ones. Enough of that, and | wen't go inte using windmills
*z- ¢ gctric power, another plan of mine. After the domes are built, the
~zg~crlayout is going to be a big argument between Judi and |, but F'll
z~zv some of the plans | have made up. The darkroom in the main
-z p.us water heater will probably turn out to be a storage room if |
=z~ ~ watzh out. With a three dome system the darkroom could be

#3272 0ipes as short as possibie. The bathroom could be located in the
~3z = zome to further cut costs and shorten pipes. | haven't really

L Ty mind yet on this paint, but all pipes and wiring should be
ot as possible.

n

The main dome will house the living room and kitchen plus
darkroom and will have a loft over the darkroom and kitcher: area A!
the counters will be built by me {(as much as [ can, anyway?). | plan ¢
have eight foot ceilings to make buying Jumber. etc. simple. To save
costs, a iadder will be used instead of stairs to all lofts. The lofts have
about seven feet of ceiling height at the center and three feet at the
roof, or outside diameter of the loft. A sky light at the center of the
dome will provide extra light for the lofts and main floors. The lofts ca-
be used for extra bedrooms for guests, or for storage, or reading-
sewing raom. A four-channel system would sound wild in the loft too
Right?

Room dividers would be studs covered with fiberboard, plywood,
or whatever, with doors or folding doors. Everything would be as
cenveniently placed as possible, including cutlets, doors, windows.
speaker switches, stoves, shelves and closets. In the kitchen the stove
pipe can be run out the wall at the 7'-8" level and one of the windows
can be changed to a vent. For two domes, the total floor area just on
the main floors would be 900 ft. for 24’ domes. The loft areas would
give another 400 ft., pius the storage areas which would give iots of
hiding space. Everything would be out of the way. The bathroom wili
have two doors, one from the hallway and the other connected to the
master bedroom. The closet space in the main bedroom is 12 feet long
and 18 inches wide; plenty of room for the wife and her gear. There
will be a small furnace in the living room and in the second dome as
back up heating. The second dome will house the master bedroom,
bathroom, and den or recreation room. If a three dome system is used
the third dome wil! be a work shop and possibly a darkroom and extra
guest bedrooms. What we plan on doing is building the two domes
first and adding the third as we save the money and as room is
needed. The third dome can be joined to any hexagon on either of the
first two doemes when needed. All the domes now planned are 24’ 5 8
3 frequency covered with plywood and then with shingles. The
foundation is to be cement around the circumference with woed flocrs
on that. | will try to have a three or four foot craw! space under at!
floors. If ever in the future we want a big furnace instead of the wai!
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for=aces, it can be put in the crawl space. Could also be used for hiding
~tie things you don't ever want found by anyone, ya know?

Right now the plans for our domes are waiting while we're saving
c~a money for them. As of now, we're not sure where we want to
tu: d, but it wil! be either Missouri or Illinois. If we get lucky, we'll
miove to the western states and build there. Anyway everything is
ready to start building except money and location. All we need are
t-ose two things and it'll start. The costs are figured at about $1000
1a £1500 for each dome plus the cost of the land. It seems like
everyone | tatk to about domes first comes to the idea that I'm half
ruts for wanting such a far out weird house. Then they can't believe
tnas it can be built for such a cheap price. | guess everyone is used to
scoare rooms and houses, but if they want to spend $20.000 te 700,
ZC0C for a house that they could build for $15,000, then let them—I'm
s--ough talking and trying to make them see that the dome is the best

type of house for ANYONE. These are the same peopie that leg.z 1~
lights on all day and night and turn the heat up till it's 9C or 1227
inside and think nothing of throwing trash out the car window -
taking 30 minute baths to use all the water they can. They ca~
to understand that a dome uses the least amount of the cheacss-
materials. But some people act as if they have ali the money - 1-=

world to throw away, even if they only make $80 to $100 & wez<

m

do it, not them, is what's tearing this planet to hell. If they coL =
imagine themselves the only ones on earth and see how the, 2=
polluting the earth, maybe people would watch things a littie —2-=
OK. enough of that—I got carried away. At least to give the cezc =
some ideas will accomplish what | started out to do.

W.E. Wright

5706 Main St.

Dawners Grove, lll. 60515




“Zome" is a word popularized by Steve Baer, meaning a structure The zome Dave Mielke describes is based on the rhombic

based on a zonohedron. Zonohedra are solids that have one or more dodecahedron. It's called an expfoded rhombic dodecahedron because

bands of parallel edges circling them. You've seen some in this book the original faces are expanded radially outward, producing new faces

already—the cube, the rhombic dodecahedron, and the rhombic between the old vertices and edges.

triacontahedron are all zonohedra. The new solid is aiso a zonohedron. This treatment can be app.1ez
Because the edges in a zone are parallel, a zonohedron can be to many other solids with interesting results.

stretched or compressed by stretching or shrinking a whaele zone, Several of the Archimedean solids are zenchedra. Among these

without changing any angles. are the truncated octahedron and the small rhombicuboctahedron,
This feature makes zomes more fiexible than domes. On the other which Doug Lais uses in his structures.

hand, zomes are not triangulated, so stresses must be resisted by a
rigid skin, rigid joints, or extra bracing.

Rhombic dodecahedron

A rhombic triacontahedron

Exploded
rhombic dodecahedron

One zone stretched

A second zone compressed

13



We started building domes as part of a schooi project, but split off
+z ‘zrm Great Lakes Domes and experiment with domes and zomes on

Ly

-7 OWIL
|'d say our zome is our most successful project. The shape is an
xz oded rhombic dodecahedron 19 feet long, 14 feet wide and 11
‘za7 mugh. It was designed with a slide rule and ideas picked up from
eeng Steve Baer's work in New Mexico. For more on zome design,
&7 a2 copy of the Dome Cookbook and the Zome Primer, both by Baer.
All the panels were pre-fabbed using beveled 2 x 4's and 1/2"

¢ wwooed. The panels were fastened together with metal plates and
rz, 5. This method seems to work pretty well, since the completed
s-2 was dragged by a jeep about 150 feet to the site without any
:c ~ts separating. Since we never did develop a cheap and efficient
—egtned of sealing. caulking the joints was a constant job,

Cost—About $300 for the shell material including about 20%
szrcunged lumber—mostly wood packing crates used for the flooring.

frection Time— Prefabrication took three weeks and the actual
g-z:tion time was about ten hours with five people helping. People
=& needed to keep the panels propped up while they were nailed
1>zether.

Foundation—=Since this was supposed to be a “"temporary,
sxgem.mental” building, the zome did not have a real foundation. The
- was placed on a layer of gravel topped with a vapor barrier. Frost
ve was a problem. We ended up caulking each spring.

T~e interior was insukated with plastic-backed aluminum foil. The
‘c zzvered interior was pretty wild. especially with candlelight, but
¢ eventually panelled the lower caurse with 2 x 4 ft. acoustic tiles.
- 5 “rished off the interior nicely, but it was mostly done because the
~z*e-ais were free and we wanted to make the structure more
=3 ing to the straight folks who were constantly dropping in for a
- .ook. Allin all, I'd definitely use sprayed foam next time. |t was
=22 . 3 big hassle piecing 90° materials into our wierd geometry.

Y& put small triangular windows into the two triangular panels, at
-~z 7w end of the zome and the triangular panel above eye level at the
- z- &~d We used 1 ft. triangular pieces of thin acrylic with caulk and
ps to hold them on. We had no leakage problem. Even this
z—aunt of glazing made the zome less cave-like and let us see

L0
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Dave Mielke

out without sacrificing inner privacy.

' Ventilation is accomplished by opening panels on both sides =°
the base course and a hole covered by a 1 ft. triangle on top We -2z =
triangular chimney on top, but the wind would cause the joints < -
and leak profusely. There were some condensation problems, bu:
given the experimental nature of the structure, we didn't try toccc 122
much to prevent this. The ventilation system kept the interior pretr.
fresh. The top vent was always open and one bottom vent was ce”
even in winter. The ventilation and insulation is adequats, since e
zome isn't intended as a permanent living structure.

One thing worth mentioning about the zome and other demes
we've been in is the illusion of great interior volume enclosed by z
shell that doesn't seem big enough to hold it. Almost everyone
mentions this no matter whether the interior is bare or loaded "-=
place looks much bigger inside than outside.

As far as building codes go, we have our zome classified as &~
“experimental structure.” We don't even have the damn thing ¢~ =
foundation, which causes no end of hassles in the spring, when :-=
stove end sinks faster than the other end, but it hasn't caused 2.
trouble with the Man. The inspector did pay a visit when it was ce 2
constructed: we had five stout American males jumpingup arc zza -
on the top to show him that it would stand (a crude but effectve
structural test, but he bought it). Our only restriction is that it cg~ 1 o=
used as a permanent living quarters or office. The lack of plumz -3 2~
permanent electricity had a lot to do with that, however. It's nge~ _z=
mostly for discussion groups and weekend parties. The bigges:
objection that can be used around here is the "appearance’ ¢
the codes. A dome just doesn’t blend in harmoniously with =
houses and split-levels in our suburban area.

We've put Great Lakes Domes on the shelf for the time
Personal hassles scattered our energy. The land the zome wz
been sold, so right now all our building is done in cur heads

Dave Mieike

520 Lakeview

Box 3

So. Mitwaukee, Wisc, 537172



The following is a concise summary of my dome building
axperience.

ti My first dome was a 2V 6 foot diameter cardboard dome
=odel, with stapled seams.

2} My next dome was a 2V 11 foot diameter cardboard dome
with the seams taped with masking tape and the whole dome covered
w thtar, It stood up to 3 days of rain before it collapsed. Then the
~eighborhood kids used it as a crawling snail shell, a tank tread, and an
snarmous bowl, and the soggy thing stood up to it all without ripping
zpart. It was iust stapled with regular small stapies too. Fantastic.

31 Sonext | built a 2V 11 foot diameter carboard egy dome, with
11e nanels bolted together. | had no purpose other than
exoerimentation, so its final resting place was the county dump -
—-~us the bolts.

4: | decided to try something more ambitious, sc | built an 11
‘2t dizameter icosa greenhouse dome, made of 8 foot long 1 x 3's, and
s~eet metal hubs, bolted together. The plastic was stapled onto the
- .ts'des of the struts and left temporarily until siats could be stapled
z.ar the easily torn plastic. The dome was not staked to the ground
z~1 sc became airborne late one night. My wife ran outside in a
-z71~robe and western boots, armed with a pitchfork, and slew the
z -3 beastie before it could fly into the road, exposing to public view
¢ tning” we had harbored in our back yard.

Doug Lais

5) After the disaster, | built a truncated octahedron tent zome
10" diameter, with 1 x 3 struts, plywood hubs, and an interlocking
netch system of assembly {John Prenis” idea). Being 2 mathematical
idiot, | computed all the angles wrong, but it fit together anyway. The
tent was made from extra bedsheets sewn on a home machine. | just
tied rocks into the apexes and strung it up. The day | cut it down | went
out with a knife and started whacking away at the strings. | had two
left right at the tap. | cut one of them and all the weight of the tent was
hanging from one apex. Amid crackings, creakings, snappings and
groanings | wildly slashed at that stubborn rope, When | had finally
felled the hanging destroyer my frame was cocked at a jaunty angle on
the lay of the land. | stood in the sunset trying to swallow that, with
my trembling knife gleaming in the sun, but finally relaxed. bundled
everything up and carried it home. Praise the Lord that it was just a

prototype.
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8} The next project was a smalt Rhombi-cubo-cctahedron
greenhouse zome 13 feet in diameter. The 2 x 4's were all free for the
-smaval of the fence they constituted. The construction techingue was
sun-dome type with the plastic stapled on before construction. There
were actuaily 3 shapes instead of two in my dome. | used 5 squares &
x 6. four triangles, anrd eight rectangles around the base, 4’ x 6°. The
_~ t was bolted together. The top square had a 2 x 4 set across it to

~ake a pitched roof for the plastic. The door was quite nice and easy
+a ouild. | built the door frame into a base rectangle and stretched a
=z2~opy of plastic from the door frame to the upper square. | goofed up
==e dihedral angles and axial angles, so | won't bother writing them
zcwn. | almost hate to tell you the same disaster story again, but . . .
3¢ heavy as that dome was, sixty-four two by fours, mostly all six feet

tong, and soaked with condensation, you wouldn't expect it to blow
away. Well, it didn't . . . at first. First it exploded {eyewitness
account) and then it blew away, We were having gustsuptc 45 m p -
that day. and Bernouli's Principle was proven again in an unusual w e,
About twenty feet from the original site | was shown a pile of
splintered wood and plastic by my wife. | investigated. It was a smai
pile for a dome of that size. Yes, some of it was missing. Haff of it. ta
he exact. Where? | looked in front of the house, behind the garage,
behind our neighbor’s house. in all the nearby fields and pastures from
a high hill - | even locked on tap of my house! Nowhere - gone with
the wind. | can see it now; some poor farmers wife running out into
the night with a pitchfork to valiantly slay the evil flapping beastie
chicken-eater. | salvaged encugh parts to build . . .

71 An A-frame, 6 square greenhouse, now in use. [t's set up on
two 40 |b. logs with plastic side walls - the whole A-frame unit is
therefore elevated about one foot. That's all the space we ever needed
in the first place. So far, the total spent on these domes is about $75
at the utter maximum; we never kept close track though. The next one
I finish {I'm in the process of building it now) should cost me about
$25-$35. the most expensive yet, but neither is it another prototype

8) It's going to be a weather proof, functionat playhouse for my
daughter. | have a 1/2" conduit frame. an icosa 5’9" diameter, which |
plan to cover either with plywood or sealed triple-layered cardbeard
painted with aluminum-abestos trailer roof coating. I'll use fiberglass
cloth strips sealed with some special gook they've got for the purpose
to seal the edges. I'll attach the skin to the conduit with either U-boits
or rope {maybe wire. smaller holes to seal). With a door, a flcor, and
some windows it should be fantastic. A slightly larger version could be
nice for adults. With a little wood burning stove it would be really cozy
and light to transport. Ul fill you in when |'ve finished.

Know anybody who has experimented with resin {or whatever)
impregnated paper mache? The reason I'm spending {(some peopie call
it wasting) time on such non-permanent materials is because [ have
never made enough money to lavishly buy the best pro-model unit. My
conduit came from a dump; so did most of my cardboard. I'm just an
amateur scrounger, though. | have heard it said that the way to
success is 1o risk everything, te go in over your head and keep a ‘goir
If you have a good product, you'll probably survive. But, anyway, pape-
mache should be a good permanent material if handled properly.
Doug Lais
Rt. #2, Box 3222
Sacramenta, Cal. 95826




Ferro-cement is made by plastering a mortar consisting of a mixture
of ordinary portland cement, clean masonry sand, and water into a
thick wire mesh. The components are much the same as in ordinary
reinforced concrete. The main difference is that a wire mesh is used al-
most exclusively instead of just steel reinforcing bars and there is no
gravel, crushed rock or other aggregate in the mixture. There are no
exotic ingredients in ferro-cement. Ferro means iron; in this case refer-
ring to the thick wire mesh.

The resulting shells are both light, strong and thin, rarely exceeding
374 of an inch. To use this medium properly to gain its maximum
potential strength, it is necessary tc make the shells curved. The prin-
ciple that applies here is that curved surfaces are stronger than flat
surfaces.

The ferro cement shells must be constructed over a framework of
some kind. We have used a variety of flexible materials to form the
curved frameworks of our domes. We have used 1/2"/ x 3" select
white pine, saplings, and 1/2"/ steel reinforcing rods, as well as scraps
of wood and even old tv. antennas scavenged from dumps for addi-
t1icnal bracing. The framewaork can be considered a temporary ar-
mature which will have little if any structural value after the ferro-
zement shell has cured. Its chief function is to serve as a fairly strong
a~d rigid frame to walk and work on, and of course to support the wire

Thad Matras

mesh and the wet concrete during the cureing and hardening process
The framework could theoretically be removed after the concrete nas
hardened. However, a framework could be usefu! in the interior as a
convenient support for electrical wiring, for attaching insulation. or ‘c-
plastering. To make our frames more rigid we strengthened them wi-
as many supporting posts in the interior as we thought necessary.
Our experience in building with ferro-cement demonstrated the
practical advantages of certain materials over others. We tried alwa, s
to be conscious of costs but considered first the practicability of the
materials to be used. Selecting a film of some kind to cover the frame-
work as a retainer for the wet mortar presented some problems whiz-
we eventually solved by trial and error. While the applied wet cemer:
is supported to a great extent by the wire mesh covering the film. it
does press down with the force of its own weight plus the pressure
exerted in the plastering process. With these pressures many of the
films we tried would belly down and sag or even rip and tear away

Pl AMdareay



- zne frame members. Without the retaining film, the mortar
z :hrough the wire mesh. We tried 4 mil polyethylene plastic,
zz ‘“-aomr old feed bags) and metal screen. Metal screen was the

- self but too expensive unless scavenged from discarded

-zt one layer of 1 inch chicken wire stapled to the frame would
zecuate support to any film. Here we aiso discovered that the

: «as the best in combination with the chicken wire underneath
s& 1 was transparent, making voids and air spaces visible from
ce while the plastering was being done.

2- 7=e mortar-retaining film is stapled to the framework, the wire
1 ch is to serve as a body of the ferro-cement can be applied.
=2+ galvanized chicken wire seems 1o be adequate. This wire can
o= *=20 v purchased in almost any lumber vard, hardware store or ag-
© 7. .2 supply store. It comes in rolls of from 25 to 150 feet and in
m 2173 of 4, B, and 6 feet. We found that the best width was 4 ft. Qur

=~ away as to make a fine tight mesh was adequate for most

aemes not exceeding 30 feet in diameter. It will be assumed
oezzuse of some overlapping in applying the wire there will be
~a sections that will have five layers. The wire should be
ssed and stapled with considerable force to make it as fiat as
= & and of uniform thickness. An ordinary Bostitch stapler or
orand can be used. They can be bought or rented from lumber
o~ rardware stores as they are used quite generally in stapling
= ovztoas.

S -:e*erro-cement dome designs have almost infinite possible di-
--z-35 2~ and shapes, each builder will have to use some ingenuity in
z.&" =g the best way to apply the chicken wire. In general we
-2 1~e wirge must be applied one layer at a time starting from the
~orking downward and outward. Where there are ends or
-minating with no frame member underneath to which to
T-e wire can be tied to wire underneath or to succeeding layers
» Zare should also be taken to tie down any laose strands of
T-zge will stick up through the cement and rust, causing dis-
o~ of the surface and also leaks at a later time. In making the
- =-g ratio that we used successfully was about 2-1/2 parts
1z z-e part cement. The mixture should be kept as dry as
- & & general rule is that the drier the mix the stronger the cured

4 good test is to form a ball in the hands; if the mortar holds
wrzroLt collapsing or splitting apart the mixture is about right
= . = e plastic enough to be nicely workable. We mixed all of
- ~z=z- - ar ordinary cement mixer. We mixed 2-1/2 shovels of
-z 2 -z of zement. then 2-1/2 more to ong more, cantinuing in
-l the full capacity of the mixer was reached. This
~Cr2.gh mixture.
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The plastering started from the top of the structure and fannec z_x-
ward and downward with more people joining in as the space w -
dened. Cement was conveyed to the plasterers in a bucket brigzze =~
ladders leaning against the structure. The plasterers all ware heaw,
vinyl gloves (available at most hardware stores) as cement Is qu'te
caustic and sharp wire in the mesh can cause severe cuts. The mc—z-
was rubbed into the wire mesh by hand. This is a very importart pz—
of the process and is hard work. The mortar must be very thoroug- .
rubbed into the mesh leaving no voids or air spaces. Coveringt~g » -z
and leaving no strands exposed is very important.

The curing process is another vital part of ferro-cement canstr.c:
A minimum of seven days damp curing is advisable. Up to a mcr:»
ideal. The dome should be covered with a plastic film tc retain the -
moisture or covered with burlap, rags, etc. and kept wet.

(IS

The first ferro-cement dome we built was on a lumber frame
generally using select 1/2” x 3’/ lumber, making sure there were -2
knots or splits that would give under the stress of bending while

forming the arcs. Cross members and braces were made of sc-az
lumber, old t.v. antennas, and miscellanecus articles scavengez -2~
the local dump. The window and door arcs were built first. by ce-2 -2
the good 1/2" x 3" lumber and securing them with straight c--s3
pieces of 1 x 3 lumber tacked from the cuter edges of these a-zs 72 =
center support. This center ring or “yoke" served as an axis fo- 1-¢
“stringers” or "arched ribs”. The old t.v. antennas and scrap *..~ ==-
were used to stiffen the shaky frame by tacking them transvarss .
across the ribs. The completed frame was supported by ma~, -:z- --
posts using one and two inch diameter saplings and avarap s 2« = 2
We used mostly screen wire, but also some plastic, cloth a~- ¢
from old sacks to retain the wet mortar. These were stapiec as
as possible to the wooden frame. Then, one layer at a time wg
4 layers of 1 in. mesh chicken wire over that. At seams we =22
layers, but we tried to stay within a 1/2 in_thickness by us -
staples and by wire-tying the chicken wire where there w23
stapling surface.

Unlike the next two domes we were to build, we hacz =
work from on this one. Using one mixer and a crew of ac
finished most of the cementing in one day. Plasterng s 2~z 27 -z
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most important steps in ferro-cement dome building. Much care
should be taken to work the cement into the wire and to keep any wire
from surfacing. The quality of the work done in this step directly af-
facts the gutcome of the finished shell.

To seal the shell, we first washed it with a muriatic acid solution,
then painted on a clear silicone sealer, and finally a masonry paint.
About a vear after the cementing we had it sprayed inside with
urethane foam, for insulation and a finished interior. Windows and
doars were scavenged from the local dump. and with a little ingenuity
fitted very nicely into the arcs.

The dome has weathered two winters, having been completed in
QOctober 197 1. It has no defects such as cracking or flaking, and it has
not leaked. Recently a section of cowling was struck accidentally by
the bucket of a 7 ton front-end loader. The damage was minimal with
only a localized wedge shaped break. approximately 2 feet on each
edge, developing. This experience checks with that of ferro-cement
boats.

Qur second ferro-cement structure was buiit over a frame of 1/2
inch steel reinforcement bars. The frame was tacked to a conventional
cement block basement, 30" x 5Q’, and spot welded in various areas to
make the re-bars more rigid. The semi-rigid frame was supported by 1
to 2 in. diameter saplings. Four mil. polyethylene plastic was stretched
over the frame to retain the cement mixture while setting. A layer of
{arge mesh hog wire {2-4 in.} was used on the inside to assist shaping,
give the plastic a base to which it could be stapled. and support it
while retaining the wet maortar, as it had a tendency to belly down from
the weight.

Qur first step in constructing the frame was to form the arcs, which
were to define the basic exterior shape and serve as window openings
and cowlings over the windows and doors. These were first set in
piace, then attached by long arched re-bars to a very crude "yoke' or
center ring atop a 14 ft. pale in the center of the floor. Basically. the
frame construction was a matter of supporting the preformed window
arcs by running the long re-bars to the center ring, which gave form to

the arched roof. A great deal of improvising and logical placement,
together with a general idea of the desired shape led us to the finished
product.

The large mesh hog wire was attached by “wire tying” it to the in-
terior of the frame. The plastic was taid over the top of the frame and
stapled from underneath to thin slats of masonite and plywood. These
slats were also used to tighten the chicken wire and keep it within 1 2
in. thickness. Many spots had to be hand tied to re-bars with 5-6 in.
fong wire loops (utility wire} to bring down the bumps.

The cementing was done in one day, with the exception of ridges
and areas under the cowlings. Two cement mixers were used and a
crew of about twenty. We have a very unigue free form ferro-cement
“dome”, although we can’t recommend this particular frame of steel
reinfarcing bars. as it required too much labor. The cost of this house
was 1/3 less than a conventional house of the same size, even though
all other aspects of building (electricity, plumbing, heat, etc.) were
done in a conventional manner.

Qur third ferro-cement dome was built in the same manner as the
first two except for the frame. A desire for economy and a readily
available supply of saplings suggested their use as a framework. We
selected long and slender saplings and bent them within their breaking
limits to form a unigue free-form shape. The saplings formed an
extremely rigid framewaork that was suggestive of a primitive native
hut. All other construction techniques were the same as in the first
two domes.

The advantages of ferro-cement over conventional structures are
numerous: they are less expensive, more durabie. and fire procf. They
have no gutters as the roof and wall sections are molded as one. They
are technologically simple, putting them within the building skills of
the average craftsman. Last, but not least, they are more pleasing to
the eye than the average house being built today.

Thad Matras
Box 307, RD. #1
Mighland, N. Y.

Thad Mar-as



“oday because of our dwindling resources anyone working with
—stz71als and/cr energy justifies their use by throwing in with one or
=~z other of the extreme views of man’s future. We have our choice

ween the optimism of the Bucky Fuller who sees the world in a
szzte of surplus or the pessimistic Club of Rome report which reveals a
« orid soon to break down through aver population, aver production,
a~d exhausted resources, not to mention possible social

= sintegration. One tends either to embrace technology. expecting it

w . 10 time solve all problems, or, seeing the handwriting on the wall,
2-op out to found a new culture based on natural power and materials.
~ fact most of us must operate somewhere in between such blind

zechnolgical faith and nostalgic yearning for utopian clan cultures.

A. The Theory

Man is now technological: We do not believe that returning to

~z:ural life styles based on pre-technological cultures can begin to
2z ve the living problems of the four or more billions of people
zcted on this planet by the year 2000. Nor do we expect that
ss:ve doses of power applied to discarded and renewable resources
# appreciably reduce the problem. The natural energy sources are
s1  couring into our planet at a rate that we have not as yet begun to
sz As we begin to understand in more detail how plants and trees
== = ently trap energy new technologies will develop which will
=z~ ~cingly mimic nature. The history of technology traces our
z.g°ness in improvising on nature’'s themes. Technology is with us
~z:" us. It dies with us and we with it. It is not reversible. We scream

-guse technology let us down or led us astray. Yet nature ts
stantly erring. Species prove impractical, too heavy, too small, too
oo that. We tend to think in terms of technology versus nature as
< -zture were the perfect model. We have overstepped the bounds of
-z7_-e¢ wae say. But is that possible? Are we and our products not part
;re? If man succeeds in blowing up this speck of dust in the sky
# ~even be noticed more than a few light years away in space?
Zz—c&ed to a super novae the exploding earth wouid be no maore
+=-z- zn insignificant spark. Can we, knowing the infinite extent and
:2—plexity of the universe, truly believe that we can overstep the
oo _~ds of nature? We pride ourselves on our consciousness and
== 2ve we are perfectable. Many would say that nature is not
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consciously motivated, it being in a sense super-conscious. Nature e~

without consciousness; we with seif-consciousness. Why the corsiz=:

separation of man from nature or man’s products for that matter?
Technology is natural. After all, one could in high spirits say that
nature has made more disastrous mistakes without technology tha~
man has with the help of all his artificial hardware. Is our technoicg.
part of ancther universe? The unnatural universe? A world that ca-
never be reconciled with nature’s? That is what many would have .s
believe, or is it that we outrageously exaggerate our
accomplishments? We must continue to examine nature closely 372
hope to make fewer mistakes.

B. Theoretical Solution

Technelogical mega-cultures must be decentralized.
All the inputs to mega-technologies must be broken down ir:z
packets to fit minimum group size.
That is, mega-capital into micro-capital
mega-power sources into micro-power
mega-resources into Micro-resources
mega-organizational structures into micro-organizationa.
structures
mega-structure personnel and technologists drop out to fo-—
technological micro-structures
This can be accomplished in the following possible ways o
least probable to the most probable)
1 mega-structures decentralizing of their own valition
2 slow metamorphosis from a few stagnating mega-cu™.
a proliferation of small micro-cultures loosely intercor
{several centuries)
3 after total violent, disintegration of present mega-syst=—3
This can be accomplished only in conjunction with some 7zss .=
cathartic political change.
Big Foot Foam is presently interested in energy/shelter tech~c -z 2=
Qur interest in building is not with object architecture, but w.="
process architecture. To us hard architecture, stone, wooc. a~2
concrete buildings are too inflexible, too unwieldy, too exps~= .
solutions to world building problems. Lightweight semi-cer—
membrane structures enveloping areas the size of Los Arce

on




replace our present monument oriented structures. In the past the skin
of a building has had only two major functions, strength and
impermeatblility. A closer fook at natural membranes like plant leaves
reveals the necessary strength as well as an ability ta absorb energy
from the sun, air, and earth to suppy its life functions. We are at the
threshold of discoveries which will make it possible for us to literally
soak up the earth’s energy through the skins of our houses and convert
them to heat, chemical and electrical outputs, much as plants
photosynthesize life functions from CO?, sunlight. and water.

C. The Practice

At present we are working with lightweight membrane structures
using urethane, paper, stretch cloth. teflon coated fibregiass, and
flexible coatings. Urethane has been our major material to date
because it's readily available, it's reasonably inexpensive, and the
urethane molecule

[R-NH-C-0-R’|

o

is extremely flexible. it is formulated as flexible, semi-rigid, and rigid. It
can be as soft as cotton candy or as hard as slate. It adhers to most
materials, stone, glass, metal, cloth, wood, paper, and many plastics.
And of course it is an excellent thermal insulator. It can be tailor-made
to almost any specifications, structural, thermal, acoustical and
flexiple. It can be sprayed on the spot even in areas with no power, Big
Foot Foam now designs and produces chairs, lamps, beds, play
houses, camper tops, boats, floating houses. and large domes.

My partner will explain some of the common questions asked
about foam.

Formwork for foundation of 35 ft. diameter dome. Flexible plastic pipe
is in ptace for use as canduits after slab is poured. The entire form was
made in less than two hours of masonite and cable, covered with
foam. Underneath the concrete slab is 1-1/2" of foam plus a pol-
yethylene vapor barrier.

A%er the slab was completed, this vinyl bag was inflated.
Ao all electrical conduits in position, 687 of 2 Ib. foam was applied.

~ aver of 30 Ib, foam was sprayed on the outside. Finally the vinyl bag
« 25 pulled down and the inside was painted.




_rethane foams are relatively new; in many ways they are a
w experience. Their properties rarely fail to arouse curiosity, if
v wy1en seen for the first time. Consequently, as a foamer, |

v
mn =

* ~any pecple, each with a whole list of questions about the
Needless to say, the questions have often been asked before.
-2 z2:.bt will be asked again. In an attempt to simplify the whole
zrd perhaps clarify it a little, there follows a list of the most
tions {and. hopefully, their answers} geared to the needs of
ners and builders.

Ze 2~ ~ar structure for foam dome {section through wail)
so—e-zcoating 2. High density foam 3. 2 Ib. density feam

-ze"-23 ea fexible foam 5. 2 lb. foam 6. Plaster or flame retardant
paint.
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Q1 WHATISIT?

Basically, polyurethane foam is a two-component plastic matze-ia
which, when mixed under the proper conditions, froths up into a lic. =
foam (much like fine textured soap suds) that cures before the bubz ez
can burst. Poiyurethane foams have been around for many years ‘o~
instance in cushions where it is mistakenly referred to as "foam
rubber”. In the early sixties, sprayable urethenes were developed Tr =
meant that for the first time, it was not necessary to have a plastics
factory at your disposal in order to experiment with polyurethare
faams. The eguipment needed is portable, and the actual spraying
technigues can be quickly and easily learned.

Q2 ARE ALLPOLYURETHANE FOAMS SOFT AND FLEXIBLE”

Not at all. A given foam’s properties are determined primarily by s
chemical make-up, which is formulated by the chemical compan, t-za:
sells the raw material. You can get rigid closed-cell foams in al—z23°
any density, from 2 Ibs./ft.’ (standard, insulation-type foamiup 12 £2
ths./ft.* lvery hard and tough; essentially solid, resinous materiz.

not like a foam at all). There are rigid foams of this type (closed-
made specifically for use in cold weather. Or you can get oper
rigid and flexible foam. (There are no sprayable closed-ceil flex'c =
urethane foams yet. EN-SOLITE is a trade name for closed-ce
polyethylene foam which is strictly factory production}. The
characteristics of a given foam cannot be altered by the foame- z_7 =
foamns can be sprayed through the same equipment.

Q3 IS IT EXPENSIVE?

The main savings are in time and labor costs. Materiat costs a~=
usually about $.50/1b. ($1/ft.* for 2 Ib. density foam!, depe~z ~2 =~
which type, which company you buy from, how much vou oo,
The tiquid foam is usually purchased in two 55 gallon drums =
“system.” One drum contains the resin, liguified flucroca-
gas kept just below its boiling paint), and a minute quar:
The other drum contains the butk of the catalyst lisccya
to complete the reaction.

i




G4 WHY USE ITAS ABUILDING MATERIAL?

Lots of reasons. It's light in weight, strong, waterproof, and it has five
times the insulation efficiency of fiberglass batts of the same
thickness. It doesn't rot, and it is not affected by mildew or termites,
Mast appealing is the fact that it allows total freedom of form, When
you're working with a fiquid, the restrictions of rigid, rectilinear
materials such as plywood are meaningless. Due to foam's light
weight. you don’t need the efaborate (and heavy) form-wark necessary
with concrete. Aside from the technical reasons, there are of course
esthetic and ethical reasons. Esthetics do not stand up well in the
presence of justifications, but in a book on domes [ can expect to find
readers who appreciate curvilinear spaces. If we must use wood in
building, let's not waste it. Use it where it can be seen; trees are too
valuable to hide inside walls. At least equally important, personally as
well as generally, is the fact that foam is the most efficient insulator
available. This means, that in a time when most people are using ever-
increasing amounts of energy. it is possible to use less and be just as
comfortable as everyone else. America grew up on the idea that there
was an infinite supply of wealth (ENERGY) available to everyone. The
habits developed while under that misconception are hard to break,
and we still use too much to do too little. A house insulated with six
inches of foam would have one eighteenth the energy requirements of
a conventional house of the same size and standard of living.

05 HOW LONG DOES IT TAKE TO HARDEN?

Within seconds the foam rises to its full volume. With most foams, it is
dry and firm in less than two minutes. Fin  uring is complete in about
& day, One of the reasons it can cure so gquickly s the small amount of
isocyanate in the resin componant. This allows the resin molecules
{monomers} to start forming Tong chains immediately (cross-linking or
pelymerizing). It is similar to adding a “seed” crystal to a super-
saturated solution of sugar to grow rock candy crystals. Also the two
components are heated to 140°F. to accelerate the process.

Q6 ISN'T THERE ANY WAY TO GET AROUND THE HIGH
EQUIPMENT COSTS?

i only know of three ways. Unfortunately, they aren't ideally suited to
the building of domes. There are: 1} Slab stock. This is factory-made
boards or sheets of foam, with or without paper skins. Either way.
you're back to rectilinear materials. It is, however, an inexpensive and
efficient way to insulate a geodesic dome. 2) Pour foams. These are
essentially the old style foams, in which excess isocyanate reacts with
water to liberate COF (instead of freon]. This forms a foam that has an
uneven texture. It has large gas bubbles scattered through it, spoiting
the foam’s structural properties. Also, CO” filled cells are not as
efficient as freon filled cells in terms of thermal insulation, although
pour foams are still better than fiberglass in this respect. The pour
foams are used at room temperature, thus they cure rathar slowly.
They flow in the form of a frothy liquid, which is good if you are filling
in between 2x4’s or under floors. Using pour foams on curved or
overhead surfaces can be very tricky. They are best suited far
insulation and casting. 3) Froth-packs. These are essentially pour
foams in a more convenient package. The components come in two
oressurized cans and are extruded through plastic hoses, then mixed in
a somewhat clumsy nozzle. This allows you to spray onto vertical
surfaces. As insulation, or for touch-ups and repairs, they have some
value

Q7 1S ITDANGEROUS TO WORK WITH?

—:xg any other building material, certain precautions must be observed.
T~e most important of these is the avoidance of vapors. All you have
T2 4215 wear a mask bearing the labet "FOR USE WITH ORGANIC
‘AFPQORS” Ifyou don't you'll soon develop a dry sore throat and

z~er mes a headache. The fumes linger for about a day (depending
cerature and ventilation}, so plan on sleeping somewhere else
frst night. If you work with foam repeatedly without a mask, in
2f years you'll have an irreversible respiratory condition. Wear
zsx Same people complain that the foam gives off fumes for

ol Lt

iong periods, causing headaches. This is an exception, but a coat of
any kind of paint will seat the surface {unlike styrofoam. paint sclverts
have no effect on polyurethane foam). | would also recommend a hat
and overalls; foam can be quite unpleasant in hair and on skin.

Q8 DOESN'T ANYTHING ATTACK POLYURETHANE FOAM?

Just two things: 1) foam stripper—this is a liquid available from
UNITED PAINTS MFG., Spokane, Wash. It will soften and remove
foam from anything, but be careful . . . it will also remove all paints
and attack almost every plastic. It costs about $10/gallon and is
reusable. 2) Ultraviolet light—when foam is exposed to the UV in
sunlight, the surface is broken down to a fine brownish orange dust
This will eventually be washed or blown away, thus exposing the fresn
foam underneath to the UV, etc. En sixty years or so, a five inch thick
dome will have crumbled to dust. However, any opaque material wi'l
screen the foam from UV, making it very durable indeed. As a screen
you can use any house paint, roofing compound, asphalt, ferro-
concrete (if you want the extra strength and weight), even sod! There
are a number of elastomeric coatings on the market that remain
flexible and waterproof down to very low temperatures, for up to
twenty years. To last outdoors, foam has to be protected, and it seems
worthwhile to spend the extra money at the beginning and eliminate
the job of painting the house every three years.

a9 WHATABOUT DOORS AND WINDOWS?

This can be as simple or sophisticated as you wish to make it. You car
merely cut a hole in the wall, hold a piece of glass or plexiglass in place
and foam it on. We've considered foaming old car doars in place, to
have roll-down windows. For doors, a conventional doorway can be
framed out, foamed in place. Esthetically speaking, doors have always
been a problem with domes in general. It's an area that needs some
serious attention, as standard doors {and windows) have been
designed for flat walls.
Q10 ISITSTRONG ENOUGH TO SUPPORT
SNOW LOADS, ETC.?

Architect Stan Nord Connolly of Boulder, Colo. has designed and buiit
several large foar domes, mostly multiple dome structures. They were
al} designed with large snow loads and winds of 125 mph. in mind.
They are six inches thick {2 ib. density, with the outer surfaces covered
with higher density foam; inner surfaces are covered with plaster}.
There is no other supporting structure, just foam. Chartes Haertling
(also of Boulder} on the other hand, originally worked in reinforced
concrete, but switched over to foam on steel {re-bars) and wire meash
Foam can be sprayed on inflated plastic forms {don't use polyethylene
it deforms from the heat generated by the foam’s curing) or gov't.
surplus parachutes. Forty feet seems to be the limit for an unsupportec
clear span. with parabelic cross-sections being stronger than
hemispheres, If all the radii of curvature are kept small {ie. by building
clusters of small domes, as opposed to single large spans) the strengt™
is increased, while wall thickness doesn’t have to be as thick as in
large spans. This is basically what Felix Drury of Yale did when he buiit
his first experimental building on the Yale golf course. Drury was one
of the first architects to realize foam'’s potential as a building material

Q11 WHAT CAN GO WRONG?

The two'things most often at fault when something goes wrong are
dirt and moisture, usually moisture. The isocyanate will react with
maisture and clog spray equipment, resulting in improper mixture ard
foam that won't cure. Foam is sensitive to water at all stages of the
process. One drop of sweat or rain will eat right through uncured foar
Foam that has been sprayed on damp surfaces wil! rise and cure
beautifully, then pop off. Among the reasons the foam rig is so
expensive are the elaborate defenses built in to keep water away fro™
the chemicals. Primers are sometimes necessary when spraying or.
smooth metal, such as sheet steel, aluminum, or zinc, as in galvanized
steel.



=2 CANYOU USEFOAMFOR SOUND-PROOFING?

=:r 22~z -2ason, many people think that foam must be a barrier to
-*srunately, rigid foams transmit sound well. To stap sound
=7. you need heavy, massive walls (such as stone or
sa that the wall itself is not vibrated by the sound wave,
caming & sound source. Alternatively, you can use walls
- me “dead’’ {inelastic) material such as lead, which damps
~ternally . . . by absorbing them. To cut down reflected
= can use g material with a maze-like structure, so that
zves are bounced around in these baffles, gradually losing
=~ 5 1s the principle behind “acoustic tile”). Rigid foams
. especially) can never meet these requirements. Open-cell
‘azms in the higher densities seem 1o be exactly what is
ot there has not been encugh testing in this area. Also,
‘zams are hot yet available with the flame retardent qualities
‘3¢ habitable foam structures. Perhaps a layer of flexible foam
= szndwiched between layers of rigid foam. Smooth, curved
= are typical of all dome structures. This fact, more than any
s ~ssponsible for the terrible acoustics in domes. The larger the
sver the longer it takes for sound to reach the wall and bounce
1= 11e listener, exaggerating the effect {“reverb”). The smaliler the
z—zter the shorter the reverberation time. So, by keeping domes
~3% ,oucan minimize perceived echoes. The main problem is that
--= -s ze of the dome acts as an acoustic lens focusing sound in the
=z-t=- -einforcing or amplifying it. This can he prevented by breaking
sme 5t 2T symmetry of the single dome structure, or by including some
z ' cbstacles” to the sound (many small echoes tend to even out.

Suppliers of foam

Stephan Chemica Co.
Nopco Division

175 Shuyler Ave.

North Arlington, N.J. 07032
Reichold Chemicals, Inc.
RCI Building

White Plains, NY 10602
Witco Chemical Co.
Isocyanate Products Division
P.O. Box 1681

Wilmington, Del. 189839

Coatings

United Paint Mfg., Inc.
1130 £. Sprague Ave.
Spokane, Wash, 99202

Equipment

Gusmer Corp.
P.O.Box 164

Designers & Contractors
Big Foot Foam, Ltd.

Box 198 RD#2

Highland, N.Y. 12528
Stan Connolly Architects
F.0. Box 1255

Boulder, Colo. 80302
Felix Drury

Dept. of Architecture

Yale University

New Haven, Conn. 065620

George Beggs

School of Architecture

Oklahoma State Univ.

Stiftwater, Oklahoma 74074
Upper Ptarmigan Creek Design Co
P.O. Box 3202

Aspen, Colorado 81611

Deeds Design Association

1706 W. Arbor

414 Rt. 18 & Spring Valley Rd. San Diego, California 92103

Old Bridge, N.J. 08857

WARNING: Even “fire resistant” foams are flammable.
Exposed foam on interior surfaces should be covered

with plaster or intumescent paint.
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Don Butler

In 1970 a group of students at the School of Architecture in
Copenhagen started working under the theme " Practical Building Ex-
oeriments”. This group was got together at the instigation of a teacher
who had become rather disillusioned with the “normal’ type of
education at the school which was very theoretical and seemed to give
ceople a very strange view of what building actually involves, both
-echnically and soctally. This is, of course, a widespread malady at
schools of architecture,

We're trying in this group to work out alternatives to the ever
zxpanding. indestructable, reinforced concrete flip and all that it en-
z2:is in social and economical problems. Through this work we're
-sping te find out how to build cheap “environment shields”"—basic
o. .ding shells or parts of such, which people wou!d be able to buy {(or
scavenge! for a reasonable cash price without having to get involved in
<~z banking and loan jungle.

e hope we can perhaps make a little positive inroad in the growing
c=~t-anzation of building and all things material. We hope to evolve
zneap, practical materials and methods which can be put
-~er according to individual motivation and with a maximum of in-
= . <Jus participation.

=

M e beieve that you can learn a great deal about the technical and
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social compiexities of buiiding by doing it with your own hands as
much as possible—everyone should have the opportunity to build the -
own home or "“base’ or influence their immediate envirenment in a
meaningful way. Why don’t children learn about building like they
learn other subjects at school?

We learned a int from this dome we built—about building and abou:
us. We made a lot of mistakes too. Here's what we did supported by
the drawings we used and some photographs. We've unfortunately
not got rﬁany black and white photographs aithough we took lots of
color slides and color films of the whole process. This left us in a bad
situation when we needed to reproduce the material for this book Sc
take /ots of black and white photos of all your work. You may want t¢
communicate without A-V media sametime.

| happen to be writing the story of this dome, but if we are naming
names, then | think it’s important that everybody involved is men-
tioned. The regular group when we built the dome consisted of: John
Risgard Johansen, Flemming and Sten-Ove ¢sterg§rd Nielsen,
Carsten Hoff, Per Boelskifte, Barry Rimm-Smith, and myself, helped .
numerous other people whose help was immeasurable at crucial mo-
ments,
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This dome’s geometrical and structural principle is such that forces
*rom wind, snow and its own weight theoretically run down to the
nase via tines on the dome surface which accumulate to 15 points of
contact at the base. There are the centers of the half hexagons and
pentagons forming the bottom row of elements.
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We constructed a base consisting of 15 posts joined together by
boargs to form a continuous ring on which the dome could be built.
See Fig. 2.3.4) We tried to place the posts very accurately according
to these 15 points of contact. The holes were marked out with boards
as shown in Fig. 2. These were then “dug out” with a motorized drill
1the type used for collecting earth samples for analysis), but this leapt
sbout on stones and such so much that we ended up by digging them
aut again by hand.

't was impossible to ptace the holes with the accuracy we thought
necessary—the posts had to be plumb too. We eventually got them
down with a tolerance of +/-1' from the center and each other. We
tren cut them off at the required height according to the domes base-

~& which in this case is irregular (see 5/8 sphere, 3v}
+ quickly became evident that this base principle was wrong.
~stead of this we should have built a strengthened p/atform of posts
=~d boards—a kind of circular “bench” about 1’ wide. On this we
zz.id then have marked out the form of the dome’s bottom line easily
-1 wrth more accuracy. We wouldn't have needed to be so accurate
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in placing and plumbing the posts either. We could also have better
used this platform for adjusting the domes irregular base line, as the
posts we had cut off were wrongly cut anyway—it was almost im-
possible ta work out the correct height for this line relative to the heri-
zontal, This platform would have also given us a shelf inside on which
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r1z.,5, sectlon In beee construction
we could have built up a first floor. Maybe we could have built
something into the cardboard shelf for a floor support—it was very
strong in its original form before it was damaged—but we didn’t get
that far.

Calculations on the possible loading of the base construction due t¢
wind, snow and the dome’s own weight showed that the most dan-
gerous loading would come from wind suction on the leeward side.
We therefore secured the base boards to the posts with a “tie down”
as shown in fig. 4. The ground we built on was calculated to give
enough resistance around the posts that they wouldn't be wrenched
out by this wind force on the dome. Around the base we made a.
drainage ditch with a gravel drain to take the run-off from the dome
sphere. (fig. 5}

The triangles were cut out of cardbeoard, rolled along the edges to
give a “bend” for the flanges and drilled for boits at the saw mill which
provided the material. On site we taped all the open edges with &
nylon-reinforced gummed paper tape. We were skeptical about the
claims made by the manufacturer as to the material’s water resistance
50 wa brushed them all with one coat of a 2-compenent thermo-
plastic laquer. |After the dome was erected we brushed it once more
on the outside with this laquer). This laquer is quite nasty to work with
and a carbon filter mask is to be strongly recommended, although it
makes hot work. When the elements were finished we bent the
flanges on the edges by putting them down between two strong
planks—a kind of big vise—and bending them over to 90 degrees
along the lines we had rolied earlier.

The work with the second coat of laquer showed that the shel! coule
easily stand the weight of a man working on it as long as he kept
himself spread out. We made |adders of plank with short blocks nailed
on, just leaned up against the dome.

We're not too happy about the use of this thermo-plastic laguer
now, as we consider it to have been an exaggeration both from a
technical and an economic point of view. We could perhaps have used
a fluid that’s normally used in Denmark as a water protection for
concrete, and also used as a fire-retarding agent on theatre scenery
This might have suited us better as we also had the problem of fire-
proofing our dome. The fluid is called “Vandglas” in Danish—{ don't
know the English. It's very cheap and can be bought at any hardware
store here.

Qver the base construction we draped and nailed a reinforced piast«<
skirt which hung down in the drainage ditch and also inside the base
The first row of elements was then bolted down with & ring of boards
on top of the flanges so that these were sandwiched between the Tw:
tayers of boards. The plastic skirt should have been trimmed off i~sxce
the dome but we failed to do this, with the resuit that adense p a~:
growth rapidly grew up in this “greenhouse” and subsequenty ca—ez
dampness up to the lowest elements. Several of these were severs ,
damaged in this way.
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~~& e ements were bolted together using 5/16" x 2’ hex head bolts
-7 4" washers—4 bolts per flange. The whaole shell was
=== ed using small adjustable spanners and some C-clamps for
=.~g while boiting. We used two light scaffold towers with planks
=55 .nside the dome for fixing the two topmost rows of elements.
were rented for the occasion and are included in the price
- for the whole dome.
~g seams between the elements on the outside of the dome we
z-.ered with various types of self-adhesive plastic and nylon tape.
~-zze were of several widths and colors. the latter being quite im-
-z—&~t when using dark colored tapes as these absorb a lot of heet
==~ the sun, causing them to “slide” as the adhesive melts. We had
-:ended this outside taping to have two functions. Apart from being a
~2aTnerproofing of the seams it also acted as a “"net” of restraining
-z-gs o tie the structure together. There was no way of calculating
1~ strength of this “net” but loading tests previous to the actual
=-z2*10n showed that the taping increased the strength of the structure
zcrsiderably.
~ane of the tapes we used. however, could stand the changing

-z—perature and humidity during the summer. On the most exposed
z-23 of the surface (facing south-west) and on the top, the tape lost its

- 1 and aliowed water to seep into the corrugations via the bolt holes.

S=me of the elements in these areas were subsequently pressed in-
& 3-ds by wind pressure, In those areas where the tape held and no
«wzter had seeped into the material, the elements retained theirr
=-.gnal strength and position.

selv-sanerive plastic tepe

- nylen-relnforced
gummed paper tape

‘ .- flexitle plestic nastic

T sy ventllstien

eelvendlesive
butyl strip

,LT verntllation

_Later experience showed that we should have used a more refined
_ointing method—for example elastic butyl strip pushed down into the
seams as shown on fig. 6. The buty! strip we experimented with af-
-a-wards had an elasticity of 50% and when we “stuck” two element
* znges together with it they could not be separated without ripping
-~a surface off the cardboard sheeting. The strip would have had the
zzme function as our “tape net” but with less sticking area on the
z-eeting—it wouldn't have came unstuck either.

The strength of this jointing lies of course in the surface strength of
-~& dome elements. The cardboard was therefore primed first with a si-

-one primer, where the strip was to be stuck. This made, all in all. a
.27y tight seam. but for maximum security against water this joint
224ld be supplemented with a silicone mastic {elasticity of 300%). This
~auld therefore be able to take any movements whatsoever in the
szz and still stay “tight”. The one disadvarntage with this type of
¢ ~ting Is the price—it would have cost about a 1/4 of the total price
27 -~e dome! But as one of the biggest problems with domes is the
seams—maybe it's well spent.

D -ing construction we made a temporary door opening by re-
~zv ng one of the elements in the bottom line. Later we removed a
»~t & hexagon at this point and built up a hexagonal timber frame
&~ =~ was intended ta function both as a (temporary!) door and
 —25w module with the door taking up the center “rectangle” and
=-= -ama:ning triangles 1 the sides forming windows when covered
w =~z astic. We intended later to experiment with various window

positions, materials, sizes, shapes, etc.. but never got around to tr's

We knew that we should have ventilated the shell better thar we
did-—the only ventilation was the door-triangle! But there was i -
culty getting people together at that time and it just didn't get dore
This [ack of ventilation undoubtably contributed to the great damage
the dome iater suffered.

Mast interesting structurally speaking and concerning the opt-m_~
use of the material, is the fact that there were no actual “'struts” —
these were replaced by two flanges bolted together. There were nc
hubs either! In fact there was just a hole where the hub should Fave
been and this state of affairs was much criticized by engineers whc
saw the construction. But this dome was perfectly stable in that
respect—the engineers are working on structural theories which z&--
tainly are appticable, but we've shown that the dome was working
satisfactorily even though the forces had to run around the non-
hubs—said in theory to be our biggest mistake. Domes are evident..
still difficult to erect and understand with theory alone.

The corrugated cardboard sheeting was quite expensive in itself z_:
when we considered we needed no strutting, it became very cheac
The price of the completed dome-shell including taped seams tciz
5000 Danish Kroner. The man-hours used are difficuit to calcuiate
the construction time was very spread out over about a year with
intensive days and non-productive weeks. But the actual erecticn 2°
the dome-shell was relatively shaort, whereas the preparation of tmz
elements themselves prior to erection was quite lengthy.

We had planned to live in this dome for short periods to “test” s
various qualities and to work on it according to the feeling it gave £_-
everybody in the group had something else going when the schos
year was over. So no one actually had time for this experience.

The dome had suffered a lot of damage during the summer but e
still surprisingly strong when autumn came around. We decided
therefore to try and repair it and continue the intended work with s
development.

The dome is based on a 5/8 sphere and the diameter of the sore-=
is around the height of the first horizontal element seam. By reman -2
a triangle as we did for the temporary door. we weakened the she -
the worst possible place because of its theoretical tendency to
“spread” at the diameter. The sides of the triangular opening we-e
thus overloaded. We checked some of this spreading by fasten:=g
thick wire to the diameter line inside the shell. This went all rounz
could be tightened with a tourniquet which puiled in any spreac ~z
This {too!) was regarded as a temporary measure until the door coo
be arranged in a better way. During this period and after more -
spection of the damage and fruitless attempts to repair failures -~ 7=z
joints, we could see that about 30 elements would have to be rez =
{of a total of 105]. We decided therefore to leave it and see jus: w -z =
could stand and how long it could remain standing in its “'naturs
state——it was still quite strong despite the damage. During the ~-
spection period we had made the mentioned hexagonal door-cze~ - ¢
but had not covered it sufficiently against the weather: subsez. et .
during a viclent early winter storm the wind got in under the wesez-&:
shell through this opening and tore the dome to pieces.

This report doesn’t do full justice to the feeling we got out cf
working with this type of building and the social complexities w2 "=~
into as we worked together. But even though the descriptior " .=
seems to indicate that this dome was a failure it was always r=23
by those involved as a howling success—we have realized sz —_z~
about social processes and domes in general.

This group is now continuing with other practical experir-e-:
cerning, for instance, small scale latrine/methane gas pla~:= =
cement: light weight building systems and general recyc inz 2% —=-
terials, the latter overlapping all these experiments where T3 -2 &,z2--
and possible.

We hope to pubiish something about these in 1974-7 2
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The motivation for building my first 40’ diameter dome was the
need for inexpensive shelter for a workshop. Also the novelty of the
idea impressed me. | had been spending a lot of time with metal
sculpture, and had been working in a nearly converted stable with a
slanting concrete floor. There didn’t seem to be anything to lose—but
a lot to gain. As [ evaluate my efforts at this point, however, | seriously
wonder whether the results are worth the effort. The consequences of
following a dream to the bitter end are sometimes hard to accept. First
of all, experimentation often is costly in a financial way, which in turn
in my case has jeopardized my happy home. But back to the dome
idea. The concept of the vaulting ceiling intrigues a person—aespe-
cially, | suppose, because we are so unused to large volumes of space
except in public buildings.

Buckminster Fuller has influenced my thinking for the last ten
years. | have carefully studied all the literature available about him and

his work, and U'll have te admit that | have been very impressed by him.

I thought about building a dome for several years before actually un-
dertaking the project. After beginning, the technicaf hurdles were han-
dled one at a time; basic dome design, size, material, structure, skin,
sealing. sky lights, door, Hoor, wiring and heating. When all was

" Stan Vandenbark

Stan Vandenbark

finished, | discovered that what | had discovered was what [ had
suspected all the time. The cost was only $.67 per square foot for —z-
terials in the shell, another approximately $.33 in the concrete ficc-
for a total of about $1200, plus 90 man hours in its construction,
including painting.

After the dome was completed and all seemed fine because of 1-&
low cost, the happy sightseers, the attention and discussion, it was
distressing to find that it was almost impossible to seal weather tig~:
Apparently others have had the same problem, but | didn't know t~z:
or how to profit from their experience, so it took at least three at-
tempts to get favorable results. Metal strips and caulking worked ¥z~
about a month, until the differences in expansion rates ailowed the
seams to pop open again. Resealing with heavier roofing compouras
had the same dismal effect. Aluminum sheets from the Twin Falis
newspaper printing department applied with staples worked muc*
better. The most positive way to roof a dome that | have found is s~ ~-
gling. Asphalt shingles are easier to appiy than cedar shingles. aisc 1=«
former cost less. On my second dome, a 28’ diameter vacation zatc -
near Sun Valley, | spent three weeks shingling with cedar shingles =_:
the finished building looked good and fit the environment, | thoug~t
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T~z +~.rd dome, for the Boy Scouts of America at Camp Roach on the First, the inspector and zoning commission had no we, <°
S-zx= River near Hagerman, Ydaho, was first coated with asphalt com- knowing the strength of the building, especially the rocf Sgz:-2 ==
=23 1 on material, applied with roofing brooms. When that failed in urethane foam on the roof required some scrutiny,
=27 s'x months because of a toa-thin coating, we re-roofed with No compromise was required on the external appeara~zz 279 1-2
z2sc -2 t shingles, which are still serviceable after five years, The fourth building. The engineer determined that a steel tension r.- ¢ =
c. 2 -g.a 1400 square feot home for the Ted Loveday family, Kim- required to meet the loading requirements—in this s-ea 2
zer . iZaho, was fabricated with a shallow-domed geometric roof per square foot live load and 15 pounds per square fccr 227072
- zzted with urethane foam and two coats of sealer. dead load. The steel is completely hidden.
Y4 experience in getting a building permit for this structure may Originally | had planned to have eighteen brick cc .~ -
=z ~z7*.ctive. The building was a compromise from the very begin- the roof, but the engineer pointed out that withoors- 22~
- -~z sz 1nere were very few problems with the building inspector, be- side they couldn’t support the lateral thrust that wo. = 2=
- zs7 of the house is quite conventignal. Only the roof structure the roof, so we then incorporated the tension ri-g

i

zc-oversial. There were two original objections:
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We went ahead with the brick work as planned, and I'm sure that
the columns do serve some structural purpose—maybe only a larger
safety factor, if nothing else. Incidentally it took five weeks for myself
and another fellow to lay the bricks.

As it turned out, it is much more difficult to find a sympathetic
engineer 10 do the work thar it was in this case to satisfy the in-
spector. Not any engineer will do—-he has to be & qualified structural
engineer and one licensed in your state. Very likely this could be true in
most states—that the engineer must be licensed for the state in which
the construction is planned. Also, if a second structure is planned it
wouid have to be identical to the first or additional engineering would
be required, even if only slight changes are made.
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Number five has asphalt shingles covering its two 600 sg

madulées and a layered shingle-over-hot buitt up roof on the 300 52 =
center section. Buildings six and seven are homes. They have spra. =z
on foam for roofing and insulation combined, and consist of 10-s 2
vertically walled units with shallow domed roofs, and connectirg
with built up camposition coverings. Building eight is my 500 sg =
shop, also 10-sided, topped with a shallow dome covered with ¥ ce--
glas cloth and asphalt coating. Number nine is an addition to &~ ¢ ze-
farm home near Jerome, Idaho; a basement and two stories abz:
ground totaling 1800 sq. ft. The tenth is the apparently ill-fazez
in Ketchum, Idaho {Sun Valley area). ltis 29 in diameter znc
planned as a four-level ski cabin with 1300 sq. ft, but rema.rs
only, a skeletal form. Probiems with financing and the Keww~.— . =

W e

Wi
%



=_ cing inspector have produced an impasse. Buildings sleven
1~-z.gh sixteen were short-lived, half-sized models (12’ to 20" dia.}
z-2 fair booths, but deserve mention because of the additional experi-
zation made possible through their construction.

When a project is of extended duration, | think it a natural
wa-dency far a philesophy to develop in conjunction. For example |
-~ -k that onf must be especially wary of aesthetic indigestion, com-
—oniy caused by compromise. In the name of economy, ruinous
s~oricuts may be allowed, or in an attempt to incorporate conven-

< onai ideas, the impact of the geometric structure may be greatly

2 yted, causing it to lose its effect.

The compromise that | specifically have in mind is that of at-
tampting to partition off too many rooms inside a gecdesic or
zeometric structure, with the result of very difficult carpentry in ad-
Zr'on to confining spaces. Another bit of philosophy pertains to the
sustomer-cantractor relationship. | have noticed that often appetites
‘cr finer and finer quality furnishings grow as the project nears com-
¢ etion, which of course can be a real thorn in the side of the
zontractor. Also, what about the possibility of creating a monster? A
ve~y real chance indeed, it turns out. Poor engineering encourages
nuit-in booby traps in the experimental structure. Just think how
<=rilling it is to become aware that your balcony just collapsed with 29
¢4 vour guests. Your legal department must now be prepared for

overtime. Or ponder this: The fantastic geometric house you soid ‘zz-
May is occupied by perfectionists who insist that the plumbing mus:
perform. In spite of objections, you decide that in order to avoid
nasty law suit, repairs must be made at your expense since this s c— .
March and the year warranty period will not expire for two monsrs .22
Goodby vacation money. And what about those windows that leax
every time the wind-driven rain zeros in from the east? Creaky ficcrs
sticking doors, gurgling johns, frozen pipes, family gripes.

Even though there are problems inherent in new concepts anc
methads, the overwhelming fact that assaults you is the minimurmr
amount of material required for domes and related goemetric struc-
tures. A pickup truck load of pieces will produce 500 square fee:
living space, or should | say hexagonal or octagonal feet of space?

In spite of the complications in my life stemming from this a*a -
with geometric volumes, | am still intrigued by the romance of the
exotic in architecture, and would probably go the same route again ¢
given the choice. It has occurred to me that a new system of
measurement could very well be instituted to deal with geometric
building; nhexagonal feet, triangular and tetragona! inches .

Write for a list of building plans from:
Vandenbark Geometric Construction, inc.
P. 0. Box 8907

Kimberly, Idaho 83341




Dome math is not difficult. All you need te know is how to add, sub- radius was in meters, and so forth. If you want to know the size of the
:-z2+. multiply and divide. That. plus the ability to think things through largest dome you can build with a certain length of material. the chord
a~d use your common sense, is all you need. All the hard work has factors can tell you that too:
been done far you and summarized in the following pages. Radius = strut length

For each type of dome there is a diagram and a table, The diagram chord factor
snows how the struts are assembled and gives face and dibedral an- Axial angles are useful in hub design. They are the angles the strut
gies The table beneath gives central angles, axial angles, and chord ends make with the center of the sphere.

‘actors. :
The central angles are the basis for all the other figures. Think of the \)?.ti—-—’* i al angles, M

-ome struts as curved arcs drawn on the surface of a sphere. The
sentral angle of a strut is the angle between the ends of the arc and

They are found hy the formula

180° - central angle

Axial angle 2
axial
ST T angles
N/ strut \ /
W Certral
angle

- zenter of the sphere. {In spherical trig, the central angle is used to
z&f ne the length of its associated arc—an arc of X degrees has a
zz-tal angle of X degrees.) The central angles are not of direct use to
~— 28 dome builders, but they are included here in case you want to
c-ezk or make further calculations from our figures.

T-e chord factors are the figures of interest to most dome builders.
~-=. are calculated from the central angles by means of this formula:
Z-z-2 factor = 2sin (M_)

2
Z-z20u have a table of chord factors for a particular dome, you
1= 23 zu ate strut lengths for any size dome you like.
T ength = radius x chord factor

-zz.1t will be in feet if your radius was in feet, meters if your

Face angles are the angles you should find at the tips of your skin
panels. Rather than clutter the diagrams by labeling every angle. sac-




e 's given only once, Since the triangle is symmetrical you can 2V ICOSA ALTERNATE
v find the other places it belongs by turning and flipping the )
ge
D redral angles are the angles between triangies, They are useful if
.. pian to bevel your skin panels or use beveled struts. B

45\1\
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One lcosa Fa:cs
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Calculating face and dihedrai angles requires fairly elaborate A A
- gonometry, and where we did not have the time for this, we made ©&o°
<ng measurements from moedels and indicated them as approximate. 68°52 55034 .

Tne icosahedron is not the only solid fram which domes may be :
ae-ved. We give here analogous breakdowns derived from the octahe- B
z-zn The tetrahedron can alse be used. In fact, any irregular network Centrak Angle Asial Angls Chord Facter
2% nes that can be drawn on a sphere can be used to design a dome,
a tnough no one has yet been wiiling 1o go that far.

Octa based breakdowns have the advantage of easy separation into B
-zmispheres without the need to cut any members, This is true in all
‘-equencies and both alternate and triacon breakdowns. Octa alternate
o-eakdowns have the additional advantage of being easy to attach to

arginary structures.

A 36° 00/ 72°00" 0.61803
31° 43" 74° 08’ 0.54653

3V ICOSA ALTERNATE
165° 3¢

A

To make a complete sphere from an icosa breakdown, you have to

repeat the basic triangle 20 times. For a octa-based breakdown, you Central Angle Axial Angle Chord Factor
repeat the basic triangle only 8 times. You will find that in order to get A 20° 05’ 79° 58’ 0.34862
an equa\lyismooth appearance with an octa breakdown, you will have B 930177 78722 0.40355
¢ use a higher frequency.

C 23°48° 78°06' C.41241

For still other variations, like elliptical domes and higher frequency

h

c-eskdowns, see Domebook 2.

4V ICOSA ALTERNATE , 169°29°

ICOSAHEDRON
A 138° 11
A
One Icosa Face
©o°
A
Cantral Angle Axial Angle Chord Factor
A 63" 26’ 5g8° 17/ 1.05148
Central Angle Axial Angle Chord Facze

A 14°33° 87° 44" Q25378
B 16° 59" 81°31'
c 16° 56" 81° 32’
D 18° 00’ 81° 00'
E 18° 42’ 80° 39’
F 17°10° 81° 28’




2V ICOSA TRIACON

One Sixth lcosa Face
Shown Enlarged

183047

1y

P
\al*sT!

G7040"

Central Angle Axial Angle Chord Factor
A 37°23° 71°19° 0.54085
8 41047/ 69° 06° 0.71364

4V ICOSA TRIACON

One Sixth lcosa Face
Shown Enlarged

e 03!

70°44"

Central Angle Axial Angle Chord Factor
-~ 19227 80° 19’ 0.33608
g 22027 78° 46° 0.38948
z 18°027 80° 59’ 031337
- 20754’ 79° 33" 0.36284
OCTAHEDRON

A

One Octa Face
}O‘:}"’ZBE

A
Central Angle Axial Angle Chord Factor
= 827 00" 45° Q0’ 141421

2V OCTA ALTERNATE

B 5

One Octa Face

156° v A

Dihedrai Angles

Are Approximate [Gsidele)
B A 1342
grag \ 4903
B B
Central Angle Axial Angle Chord Facter
A 60° 00’ B0O° 00" 1.00000
B 45° 00’ 67° 30" 0.76536
3V OCTA ALTERNATE
One Octa Face
iere

Dinhedral and 1 152°
Face Angleg o R B &
are Approximate 1&i

B\
® See
¢/ A L \e NN\
e G2° a7e
c c S

Central Angla Axial Angle Chard Factor
36°565° 71°33’ 0.63244
39°15’ 70°23 067152
26° 347 76°43" 0.45958

4V OCTA ALTERNATE

161°4.8'

Central Angle Axial Angle Chord Factor
A 18° 26" 80° 47" 0.32036
B 25° 50 77°05 0.44721
c 25° 217 77019 0.43887
D 30° 00’ 75° G0’ 051764
E 33°35° 73° 13’ 057735
F 26° 34/ 76°43' 0459581




2¥ OCTA TRIACON

N
N One Sixth Octa Triangle
\ Shown Enlarged

Cihedral and
Face Angles Approximate

{
BTN

4V OCTA TRIACON

One Sixth Octa Face
Shown Enlarged

Dihedral and
Face Angles
Approximate

Central Angla Axial Angle Chard Factor Central Angle Axial Angle Chord Factor
A 54° 44’ 62° 38’ 0.919386 A 30°17’ 74°517 0.52242
B 70° 327 54° 44’ 1.15470 B 41° 54/ 69° 03’ 0.71510
C 24227 77°47' 0.42350
D 35° 167 72°22' 0.60584
Manufacturers and their products
The following manufacturers all offer information and literature on their products.
Cadco of N.Y. State, Inc. Plywood dome kits Synapse Custom-made prefab domes
F.C.Box 874 Box 5654
Plattsburgh,N.Y. 12901 Lander. Wyo. 82520
(national Lid. Suspended skin domes Timberiine
Expodome International . c 2015% Biake St. Steel dome hubs
3737 Metropolitain . Suite Custom dome skins Berkeley, Cal. 94704 Dome kits
Mantreal, Quebec, Canada H1Z 2K4 ¥, Lal.
Dome East D del ki Domaine
$ ome model kits Box 55 dome design, kits
325 Duffy Ave. Large tent domes Mount Desert contracting
Hicksvifle, N.Y. 1 1801 Computer calculations Maine 04660

Domebuilders Co.
Box 48171
Santa Barbara, Cal. 93103

Dome Kits, hubs
Recycled materials optional

Dyna-Domes
22226 N. 23rd Ave.
Fhroenix, Ariz. 85027

Dome Kits. hubs
(Octahedral geometry)

‘rtgrgalactic Tool Co.
Y651 Haight St.
Szr Francisco, Cal. 94117

Portable tent domes

odesic Structures
ot 15, P. 0. Box 176
shtstown, NJ. 08520

Plywood dome kits

€
£

1 Lyt

ecwood Domes

= Dome Kits
Acios, Cal 95003
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Anyone who is sincerely interested in building a dome ought not
to begrudge a few dollars for some of the books listed below. The
expense will be only one or two percent of the cost of the dome
and the information gained will pay for itself many times over in
mistakes avoided and greater livability.

man as a special kind of builder, planning and working, perhaps
with his wife, to meet the unique neads of his growing famity.

At a recent American Institute of Architects convention, psychia-
trist Humphrey Osmond said that the most carefully designed
buildings today are zoos. An animal will dia if not properly provided
far. A human, however, learns to adjust. The emotional cost of this
adjustment can hardly be assessed. but it must be considerable.

GENERAL DESIGN AND BUILDING TECHNIQUES
THE OWNER-BUILT HOME

Ken Kern YOUR ENGINEERED HOUSE
Ken Kern Drafting Rex Roberts
Sierra Rt J. P. Lippincott Co.
Cakhurst, Ca. 93644 East Washington Sq.
300 pp £5 Phila., Pa. 19108

237 pp $895

This book is full of useful details on all phases of house building. It is
particularly good as a source of information on innovative and low cost
bu Iding technigues, information often difficult to find anywhere eise.
Extensive lists of references are provided.

The engineered house is built to make sense, and it can give twice
as much value for the money as an ordinary one. This book tells not
only how ta do things. but why, in a clear and graphic manner.

The urge for a dramatic architectural effect usually impels the
modern designer to place the structure on the most prominent
pesition of the site. Or, for ease of construction and access, the
housae is located on the most level portion of the site, irrespective of
asscciated outdoor functions. Actually, it is the outdoor functions
which require level ground; the house itself can be located on
precipitous topography often to great advantage. It is usually a mis-
take to build upon the maost beautiful, most level section of the site.
Once this area is coverad with massive structurae, its original charm
is destroyed.

About one percent of the cost of a wood house is for nails. If
threaded nails (which have twice the withdrawal resistance) were
used throughout, the cost of a $5000 house would be increased by
$20.

if nothing else is learned from the series of chapters in this
volume, it is hoped that the amateur home builder will at least be in
oosition to ridicute the main slogan of the organized trades:
‘Relax—Ilet an expert do it.” We should not think of an expert
ouidaer as a special kind of man. We should rather think of every
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There isn't any name or type for your engineered house, ne pi-
geonhole to put it in. For ona thing, it most emphatically is not
“modern”. The first modern architect was a man who fooked at his
family, his neads, his location, his available materials, his toois, his
strangth, his resources, then built accordingly. He lived a long time
ago.

The sun comeas up in the east and goes down in the west. Your
enginearing must bagin with this obvious but all-governing fact. If
bacon is to be friad by daylight, the kitchen will look southeast. If
shaving is to be by daylight, the bathroom will ba close by.

Two vital work areas have been located on your previously blank
pieca of paper. You spend crucial morning minutes at lavatery and
stove, and you have given the southeast sun a chance to make
those desperate minutes as warm and cheerful as your nature will
permit. The housa, at least, will bagin its day pleasantly,

A cry, “The eggs are boiling”, can be heard through the bathroom
wall. Your house, while pleasant is also efficient.

Since both kitchen and bathroom run on running water, the closer
together they are., the shorter the pipes. Your houss, already
pleasant ahd efficient, is on its way to being inexpensive.



SHELTER
Lloyd Kahn and QOthers
Shefter Publications
P Q. Box 278
Bolinas, Cal. 94824
S5

_loyd Kahn has been moving away from domes toward structures
<~ zt use old building techniques, hand labor, and natural materials.
w g minimum of flashy technology. Shefter will be a gigantic
za.lection of hand-built shelter ideas from cultures primitive and
smodern all over the world. Recent refinements in dome design will
a.s0 be included. Shefter is expected to appear in the fall of '73.

Here is a gquick summary of some things I've learned about
shalter:

1—Use of human hands is essential, at least in single-house
structures. Human energy is produced in a clean manner compared
to ail-burning machines. We are writing for people who want to use
hands to build.

2—It teok me a long time to realize the formula: Economy/
beauty/durability: time. You've got to take time to make a good
shelter. Manual human anergy. For example, used lumber looks
batter than new lumbaer, but you've got to puil the nails, clean it,
work with its irragularities. A rock wall takes far more time to build
than a sprayed foam walil.

3—The bast materials are those that coms from close by, with
the least processing possible. Wood is good in damp climates,
which is where trees grow. In the desert whara it is hot and you
need good insulation, there is no wood, but plenty of dirt, adobae.
Thatch can be obtained in many places, and the enly processing re-
quired is cutting it

4—Plastics and computers are way overrated in their possible
applications to housing.

5—There is a fantastic amount of information on building that
has almost been lost. We'll publish what we can, not out of nos-
talgia, but because many of the 100 year old ways of building are
mora sensible right now. There are 80 year olds who remember how
to build. and there are little-known books which wa’ll be consulting
in transmission of hand-owner-self-build shelter information,

Lloyd Kahn, from his booklet "Smart But Not Wise''

BOOKS ABOUT DOMES

DOMEBOOQOK 2
Lloyd Kahn and others
Shefrer Publications
Box 278
Boiinas, Cal 94924
128 pp. 34

Thes is an indispensable bock. It contains information on geadesic
zeometry, chord factors, models and the experience gained from the
bu.!lding of a dozen different kinds of domes, plus feedback and in-
‘ormation from dome builders all over the country. if you get only one
ook from this list, it should be this one.

The 38 ft. plywood "Pease” dome that was being used as a
temple burned down in lass than an hour in July 1970. It burned so
quickly that there was little chance to save it. The only thing
interesting to note is that domes cave in not out and thus contain
themselyas. Please take fire into account when designing domes.

Because | was in too much of a hurry in sealing our dome, it
rained inside during the first rain storm. It was a traumatic
experience to have our floor and belongings covered with water in
the middle of the night. Tha three of us ended up huddled in a dry
spot on the floor in the least wet sleeping bag.

Domes get built out of whatever is available, whatever you can
efford, or whatever you have the tools to work with.
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DOME COOKBOOK

Steve Baer
Cookbook Fund—Lama Foundation
Box 422
Corrales, N.M, 87048
40 pp. 37

This should be called “Zome Cockbook™. |t discusses zonahed =
geometry in a loose, informal way and includes expéerience wz~ g2
zome structures built with a variety of materials, including old oz~ <z
The side ideas are as much fun as the main work. Nowhere eise
vou find the practical aspects of zomes discussed so well Unfet.-
nately, Lama Foundation has allowed it to go out of print Bug t-e—
about it.

These are instructions on how to almaost break out of prison. The
prison is the paucity of shapes to which we have in the past
confined ourselves because of our technology—industry—
education—economy. There are no dramatic disclosures heare
those have already been made to us when as children we first drew
polygons, pattarns, and messes of straight and squiggly lines. At
anyone’s finger tips lie many more solutions to the architectura.
geometric problems of anclosing areas and volumes than a life time
of study of gaometric regularities and systems offer. But we have
sensible reasons for not breaking out into the huge freedom of ir-
regular shapes—once done we would no longer have the aid of cu-
machines, tools, and simple formulas. Our first move can bs to ex-
plore the territory we have confined ourselves to; it is far bigger
than we think. Eventually we must, aided by different kinds of tocis
and methods drawn from as yet unrelated branches of our sciences
go forward so that we find oursalves back with the man who works
with branches, reeds and mud and who needn’t worry about the
angle a saw blade was set at years ago in a mill in another town

GEODESICS
Edward Popko

University of Detroit Press
40071 West McNichols Road
Detroit. Mich. 48221

124 pp. 54

This was the first book to be devoted exclusively to geodes.
contains very clear drawings of dome geometry, showing d:
breakdowns, orientations, truncations. Most of the book :s tax
87 pages of photos of big industrial and exposition type dome
chiefly as a source of ideas and fantasies.

Although saomewhat basic, it is necessary in our developme~:
from polyhedra to spherical structures to point out that spher<az
bodies may orient themselves in an infinite number of positions -
space. In dealing with domes, however, only three basic conditic~s
arae considered: adge, face, and vertex zenith,

To this point our concern has primarily been with the bas«c
icosahedral forms and their related duals. We have chosen to [
ourselves to this category of geometry for this family offe~s i~e
greatest degreo of regularity when translated into the spher<sa
structures of which member length and joinery conditions becc—=
factors.

In dealing with the great range of conditions that the dome s
geometrically satisfy (span and height most commonly) it becc™es
readily apparent that the basic icosahedron cannot remain inao.*s
state. This brings us to the matter of a geometrical breakdow> Tr=
can best be described as an attempt to expand the icosahedra’ f=-—
to satisfy the space requirements and allow the comporents =z —
which it is made to remain within structural fabricatcr z-:z
ergction limits.

FULLER PATENTS

from U.S. Dept. of Commerce
Patent Oftice

Washington, D.C. 20231

50¢ each

If you can untangie the patent language, you'll firc 2w
interesting ideas in Fuller's original patents Espezz .
are the laminar dome and the tensile—integrity czt=




Building Construction 2,682,235
Fuller's first patent, which defines the geodesic dome concept.
lllustrates a 16V dome with hub and truss details.

Laminar Geodesic Dome 3.203.144
Shows how to make domes out of folded diamonds. Chord factors
for 3V and 4V domes are given. Also shows how a dome may be
stretched.

Geodesic Structures 3,197.927
Ideas on how to construct domes from hexagons and pantagons.
Geodesic Tent 2914,074
[Mlustrates a 6V dome with a suspended inner skin. Details on skin
construction.

Seff-Strutted Geodesic Plydome 25805113
Shows a 6V triacon dome made of overlapping plywood shasts.
Tensile-Integrity Structures 3,063,621
Contains many ideas for tensile-integrity domes and masts, with
instructions for making a 270 boom tensile-integrity spherse.
Octahedral Building Truss 3,354,591
Defines the concept of the octet truss and suggests its use in masts
and domes.

Synergetic Building Construction 2986,241
Shows how the octet truss may be used in buildings.
Building Construction 2,881,717

Suggests ways of making domes and other structures from folded
cardboard.
Other Interesting Patents

Pilywood Domes—A. E. Miller 3.114,176
Construction details of the Peasa plywood domae.
Method for Erecting Structures—Dante Bini 3,462,521

How to construct a farro-cement dome by plastering an expandable
mash stratched over an air-tight membrane and then inflating it.

THE BIOGRAPHY OF A DOME
Robert Harding Wright
P. 0. Box 1500

Salt Lake City. Utah 84110
84 pp. &4

This book is especially interesting because it describes the construc-
tion of a large (63 ft. diameter) high frequency {10V} dome with
vertical walls. Not many dome projects are this ambitious.

Like all things, building and living in a dome has some problems.
Assuming you will have to borrow some money for construction as
wa did, the first problem is the bank. Banks are in the business of
making monsy, which means protecting their investment.
Therefore, the banks loan money on safe risks, which means on
homes that could easily be sold if necessary. Therefors, conven-
tional mass-type housing is what appeals to tha banker. So it is
raally the banker who controls to a large extent the architecture of
our homes. They base their thinking on the here and now, and if
there is @ revolution in the architectural styles of housing, it will be
in spite of them, not because of them.

Sometimes problems crop up from completely unexpected
sources. Ours was with subdivision approval. This had nothing to
do with building a doms. The area. where we bought our lot had not
been subdivided before, and no building permit could be issued
without a subdivision approval. So we had to apply for a one Jot
subdivision, which involved getting approval from the flood control
department. Waell, it seems the county flood control department
was engaged in a lawsuit with an irrigation company, which hap-
pened to have an irrigation canal going along the low edga of our
property. This canal had been there since pionear days. The flood
control department, howaver, said they could not approve of our
vast subdivision because the water from our house would run off
into the canal and cause the canal to flood. After pointing out that
this water had been doing exactly that for many years and after
many other arguments, we finally got approval from the flood con-
trol department. Patience and persistence are great virtues when
vou get involved with this type of problem.

POPULAR SCIENCE DOME PLANS
Papular Science Plans Division

355 Laxington Ave.
New Yark, New York 10017

Sun Dome Plans #5519 $5
This was one of the first easily available sources of dome information.
It gives chord factors and dimensions for a 3V 3/8 wood and plastic
dome to be used as a greenhouse or swimming pool cover. See P.S.
May ‘686. The same information can also be found in Domebook 2.
Hexa-Pent Dome #5544 $15
This is Fuller's plan for a 3V plywood dome that will withstand a load
of 60 |bs. per sq. ft. For the price, you get complete plans, plus a
structural analysis with which to impress building inspectors. See P.5.
May & June "72.
Frame-Hung Dome #5556 $5
This plan is for a 3V 5/8 tube frare dome with a plywood inner shell.
The hub design puts the frame in tension, and the shell in
compression, thus increasing the strength of the dome. See P.S,
November '72.

THE MOTHER EARTH NEWS

P. 0. Box 38
Madison, Ohio 44057

issue no. 9 $1.35
subscriptions $6.00 (one year)

For those who would like to go a little deeper into dome math,
Mother na. @ contains an article on the subject by this editor {beware
of mistakes in the worked example). The pages of the Mother Earth
News frequently contain articles about novel shelter ideas that will be
of interest to the amateur builder,

DOME COOKBQOK OF GEODESIC GEOMETRY
David Kruschke
2135 West Juneau Av.
Milwaukee, Wisconsin 53233
46 pp $1.50

Here is a digest of basic dome math which demonstrates how to
find chord factors {etc.}, yourself if you're the sort who doesn’t iike
having to depend on a computer.

The purpose of this book is to show the actual derivation of the
chord factors and planar angles without the use of jargon, co-or-
dinates, and strange names. Also, thera has been an attempt to use
as few formulas and trig functions as possible.

Unlike Domebook One and Domebook Two, the chord factor
results here are in close agreament with those of Buckminster
Fullier, Oddly enough, this confusion and this book would have been
unnecessary if Fuller would have published his derivations.

During the winter of 1970, this writer met sorme people who were
writing Domebook One. These people refused to believe that there
could exist ¢chord factors that would determine a three fraguency
dome whare alf of the vertices at ground level would be in exactly
the sama plane |in spite of the fact that Buckminster Fuller has ac-
complished this years ago). As a resuit, both Domebook One & Two
have incorrect statements about three frequency domes.

BOOKS THAT GO BEYOND DOMES

NATURAL STRUCTURES: TOWARD AFORM LANGUAGE
Robert Williams
Eudaemon Press

Box 236
Moorpark, Cal. 93027
263 pp. $6.50

This book is an excellent compilation of information on regular
polyhedra, Archimedean polyhedra, and their duals. Alse covered are



o3 «32-s and planar tesselations, space filiing and sphere packing, and To make a model of this polyhedron, you will have to prepare 76

se-e~2 ‘echniques for generating forms, There is an abundance of ex- parts for each faceted decagram alone. not to mention the other
=z ==+ 2-awings. This book is invaluable as a general reference, parts which serve as connaectors. It may interest you to know that
r -¢ ~g Detween two covers material previously scattered among half the total number of individual small segmants of surface area

genarated by all the intersections of the three regular polygons
belonging to the facial planes of this polyhedron reaches the im-
posing figure of 1232.

22~ cther books. Williams® premise is that we are cramping
38 yes5 by using only a small fraction of the forms available to us.

Arn important manifastation of the lack of a Farm Language can

pe ssan in the complete awe of certain forms that are intuitively M fSCELLAN EOUS USEFUL BOOKS
rarated,

gi‘LC:@r:si:iar, for exampis, the form called the geodesic dome. QOrigi- IDEAS AND INTEGRITIES

maity designed as a solution to problems of space utilization, eco- Buckminster Fuller

momic congiderations, and mass production techniques, it is being Collier Books

repdicated in various sizes for various human environments by both The Macmilian Co.

amateur and professional builders under the assumption that it is Order Dept.

Front & Brown §t.
Riverside, N.J. 0BO75
378 pp. 5195

somehow the best solution to any problem. This fad thinking is. un-
tortunately, particularfy characteristic of many people who have
“dropped out” and consider that they are creatively seeking
enviched anviranments. Since they have little understanding of the This is probably the best overview of Fuller's thoughts and ideas
great variety of forms that may be appropriate for desired patterns, now available. Fuller is not easy reading. His use of the English lan-
#‘“ rely on a few a:-:isting forms ?ppearing to represent "w(."u' guage is not always conventional, and he has a way of packing sever
nenary concep?s and ideals, but which really reprasent only an im- ideas into a single sentence. However, it is well worth the effort. Fui-
poverished design vocabulary. ; o =

has some very interesting ideas on the origin and development of

domes, not to mention his ideas for the world of the future.

W om

SHAPES, SPACE AND SYMMETRY

Alan Holiden Class One of all history’s domes is comprised of the hundreds of
£ otumbia University Press milleniums—old upside-down baskets which inciude the later evo-
240 W 1 10th St. lution of baskets into boats and the re-upside-downing. once more,
hew York ALY. 10025 of boats to form the roofs of community meseting places and its
200 pp. 511 later derivative cathedral. The nave (mavy; Naga, the sea sarpent

god of the sea) is the upside-down boat. In Japan, the word for
“ceiling” or “roof” means also ““the bottom of the boat”. [n this
oldest category of upside-down basket domes, there exists a word
identification linking the earth’s extreme territaries which seems to

This s a fine source book of 3-D design, dealing with all the primary
‘c-ms and their evolution into more and more complex shapes. There
3-= 202 handsome photographs showing the inter-relation of various

s< ids. Just looking at the pictures is a stimulating experience. It's a tell us that men in their wooden basketry boats, rafts, catamarans,
—zdel maker’s delight. and cances had once indeed conquered the whole dominion of
earth. The once only oral words of South Africa and the Eskirmno,

Space provides no three-dimensional blackboard. We learn about designating their domical enclosures are now spelled respactively
space only by living in it. A child elimbing in his jungle-gym may INDLU and IGLOO. Only man’s later invention of phonstic spailing

imarn more about it than he will ever learn again, for his books will

and its interpretive application by geographically remote, diffarent
ba made of two-dimensional sheets of paper.

men, in the documentation of these extreme Northern and

Southern Hemisphere sound-words, must alone have occasioned
The ideas of duality and symmetry are powerful intellectual the ditference in spelling.

instruments, often providing quick routes to conclusions that may
otharwise seam hard to reach. Think again of the abservation that

sach of the Platonic solids can be inscribed in a sphere. Then recall
that each of them can also be inscribed in its dual, in such a way THE SENSUOUS GADGETEER

that its corners fall at the centers of its dual’s faces. Then the Bill Abler
sphere that inscribes it will touch the center of each of those dual Running Press
faces. But the dual solid is also a Platonic solid. In othar words, a 38 South 19th Street

Phifa., Pa. 19103

spherical soap bubble, expanding inside a Platonic solid, can touch 144 pp, £3.95

the centers of all its faces at the same time. Thus any of these solids
cannot only be /nscribed in a sphere but can also be circumscribed The progression from nail-bender to craftsman need notbe s ¢z
aff’b‘;’;da :mallier S‘f:”;“'_l“ft as a square can define both a circums- and difficult one. It's partly a process of acquiring a feel for the -& z-

e and an inseribad elrcle. tions between tools and materials, partly of getting into the prope-
frame of mind. This book tells how to go about building some*~ -z 1~z

POLYHEDRON MODELS feels right when it's done.

Magnus J. Wenninger

Cambridge University Prass
32 Fast 57th St
New York, N.Y. 10022

When you hit a nail with a hammer, keep your eye on the nail a~¢
hit hard. Press the nail into the wood with your fingars to set the

208 pp. £14.50 po?nt so that it will not skip.asit?e when the hz?mmer hrts Pre§s tha
nail into the woed as you hit. First tap the nail to start it, and afier

rere are instructions for making models of 119 different polyhedra. that, hit the nail HARD. Hitting a nail hard reduces the chances tha:
$ame of them are of fearsome complexity. but all of them can be built. it will bend and fold up. Hitting the nail hard reduces the charces =

injuring the work because the nail will accelerate too quick™y ==
drag the work along with it. If a nail is hit softly, the frictic- oo~
between the wood and the nail will not be broken, so that mme 2.

a~d have been built, as the author’s photographs testify. This shouid
xees even the most die-hard model builder busy for quite a while.

In any convex solid, a theorem of Euclid tells us that the angles at will pull the wood with it and break the wood. A slowly ~zv-g
a corner must add up to less than 360 degrees. AfHter making a few hammaer will easily be deflectad (onto your fingers} when i === e
models for himself, the reader will soon discover that the amount nail.
by which the angie-sum falls short of 360 degrees is quite Avoid driving nails parallei to the grain of the wood. espec.z ™
considerable when there are few corners {a.g. 90 degrees for the smali sticks of wood, and avoid driving nails parallel to the sursces
cube, which has sight corners) but much smaller when there are of plywood. Not only will this split the wood, but 7t wil v a2z e
many {8.g. 12 degrees for the snub dodecahedron, which has sixty weakest nailad joint. Nails hold in the wood because t~e wone
corners). This observation was fashioned into a theorem by Rene’ fibers grip the nail, and if the nail travels parailel to the “ters
Descartes {1596-1650), who proved that the angular defect, addad have no leverage to grip it. If you have to drive a nail para & 2z T

up for all the corners, always makes a total of 720 degrees. ]00 grain, you may want to use glue to strengthen the joim



CLOUDBURST
A Handbook of Rural Skills & Technology
Edited by Vic Marks

toudburst Press

Bax 78

Brackendale, B.C.
Canads

126 pp. $3.95

The peopte at Cloudburst have very kindly allowed us to reprint the
< -st chapter of their new book (The 16 ft. Personal Dome) but if you
are at all interested in home-built solutions to the probiems of country

rving, you'll want to see the rest of it.

The design of a waterwheel is done according to the following
steps. First the height of fall, and the volume of flow of the stream
are determined. The amount of power available can then be
computad. Next, the type of wheel should be selacted: ovarshot
wheels are easier to build, breast wheels can use lower falls; the se-
laction of wheel will determine its diameter. The form of bucket is
next determined. The computed edge speed of the wheel, and the
valume flow of the stream will determine the volume capacity of
the bucket necessary {Nota: the buckets should never be more than
1/3 to 1/2 filled). The volume capacity of the buckets will fix the
necessary breadth {width) of the wheal.

THE UNIVERSAL TRAVELER
Don Koberg and Jim Bagnal!
Williarm Kaufrman, Inc,
One First Street
Los Altos, Cal 94022
119 pp. $295

This is not a book about hitch-hiking. It is a bogk about creztve
problem-solving that uses the concept of the journey as a metasro-
contains tips. techniques, habit breakers, games and suggestios 7z-
finding new pathways through the process of design. It should ce
useful to anyone who finds himself with a new problem to solve

The desire for fame {social acceptance) and fortune (financial se-
curity) is a great human dream which sets up pride and fear barriers
to the solution of probiems. Acceptance of problem situations is
often deterred by such fears:; i.e,, we are afraid to accept a problem
because we think it will hold back our chances for social accep-
tance—someons will not like us if we get involved in this thing—or
that it will cost us too much money.

One way to attempt to break this habit is to imagine that you
have all the money you need and that your friends are liberal
enough to be tolerant of your decisions.

Example: Imagine you have just won the Nobel Prize for Archi-
tecture. This brings a large cash award and great respect from

professionals around the world. After you play this inflated role for
a while, see how easy it would be for such a secure person to tackle
the problem which faces you. Then realize that fears of losing
something you do not have should not stand in your way any longer.

LAST WORD

We hope that you have enjoyed this book. Now that it's done, we
have to admit that it has its faults. It's sort of lumpy. rather vaguely or-
ganized, and not at all compiete. Maybe a better name for it would
have been The Dome Builder's Scrapbook.

We want there to be a bigger and better second edition, and for that
we need your help. We'd appreciate your comments and suggestions.
And we’ll need contributions from a iot more people. If everyone who

built a dome stopped to write about it. there would be so much in-
formation in print that all of us could build perfectly functioning domes
the very first time. We hope that this book has inspired you to make
your own discoveries, and that you will add your experience to the
next book.

Stuart Teacher
Running Press
38 South 19th 5t
Phila., Pa. 13103

John Prenis
167 W. Penn St.
Phila., Pa, 19144
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<1 ¢ 5o the eye s confused, dazzied. Unfamifiar Figures fill space with an
<ra-, umble of fines. Stowly, a pattern takes shape. Lines and angles
& th perfect certainty, forming designs of rich symmetry. A basic

en~: s discovered, then repeated; thus complexity arises from sim-

- 1. Fram the repeated meeting of lines and angles the pattern grows,
 antglding space in its own logic of unity until it stands complete in
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=5 o en crystalline purity of form.
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Dome Builder’s
Handbook

STEREO VIEWER




3D VIEWER INSTRUCTICNS

While thurmbing through this bock, you may have noticed thar many of the pictures are dow
hecause they are intended (o be seen in three dimensions with the help of the viewer.
Remove the page and paste it to a piece of thin cardboard. Cut out the pieces and assembie :
| cording to the directions. When you are done, the two parts of the viewer should slide in arc =
To use the viewer, start by finding a place in front of & window where you will have a dffu
shadowless light. Put the viewer down on the page with the divider separating the two p
looking imto the viewer, you will see two overlapping images. Allow your eyes to drift out o7 7
tweo images will move tegether. Try 1o make them fuse into a single image. Put a finger on th
and move your head and the rest of the viewer slowly back while concentrating on a pror
such as the crossing of two struts. When your eyes are at normal reading distance, you s.
clear three dimensional image. With practice, you can run your eyes over it without losing the :

]
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