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three subdivisions-three frequency, etc,

Start calling this
a face of the icosa.

Two subdivisions along each edge means
this is two frequency

~
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Take 20 equilateral triangles

Join them together, five triangles around each vertex to make an Icosahedron

which is structurally stable,
even with rubber connectors

at vertices.

We'll use 31requency as an example, since it's a good frequency for 24-39' domes.

All faces of the spherical i<:osahedron are equal; thus, if we know the measurements
of edge members of one face, we can make a sphere by repeating the pattern 20 times.

Start calling
these shU ts.

Geodesics here gives you a set of constants for each stl\lt length so that using these
constants, and some multiplication, you can calculate any diameter sphere.

The constants are called cbord faclol'S.

••_._._._....._.-.._._.._._•• CIIORO FACTORS ••_._._._._._ _._._ ~~..... . .. .. .. .. .. .. . "
A ch~d factor is a pure number which. when multiplied by a radius, gives a
strut length. There are three different strut lengths, A. B, C.

The chord factors for this dome are:

Removing the five triangles makes the structure unstable, but once it is firmly
fastened to the ground, it is again stable.

However, if you made a dome this way. the 15 individual tri(lngles would be
large. heavy and difficult to lift into place.

We can sutxlivide the large triangles 01 the spherical ico~edron to
make small triangles:

59 31ff'58 3/32"50 3/16"

A. .3486 B. .4035 c. .4124
-ill 144 -ill
13944 16140 16496

13944 16140 16496
;MBL "llJL ~

50.1984 58.1040 59.3856

Chord factor lime;; desired radius equals strut lellgUI (in some unit of measure).
If you want to get the strut length in inches, use iocl\es of radius. For a 24'
diameter dome,

Radius is 12'. Convert to inches: 144"

A .3486
B .4035
C .4124

These are strut lengths for a 24' diameter sphere.

If you use hubs. you must subtract for the diameter of the hub.

If you make the mooel of a three frC<fJency sphere (See p. 6), you will discover
thai it can be cut off in three ways, depending upon its orientation in space:

Convert decimals 10 fractions of an inch. (See useful math, p. 52. When you convert
decimals to 32nds of an inch, you realize the beauty of the metri<: system.)

Dome

Spherical
Icosahedron

Project the icosa ooto a sphere and we h;jl\/e

We could make a structure from the icosahedron by removing the
bottom five triangles and placing it on the ground. It sits flat.
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Models

Tetrahedron
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Cube (Hexahedron)

Octahedron

and the dowels~they're5-1Oi each for 3' sections.

Co, ,h'm 0" ,wood bo"d, wi,h X·,olo '"ilo. Sot cp, ,m"

Lthat you cut each to exaclty the right length.

Press X-acto blade on dowel, roll dowel,
then snap off.

Color code different lengths, put them in glasses.

STRUT MODELS

These are models of the structural framework of a dome, made with 1/8"
dowels and "O·Stix" rubber connectors. You can get the connectors from
EdmL:nd Scientific Co., 100 Edscorp Building, Barrington, N. J. 08007.
Oowtlls can be obtained at a hobby shop (they are used by model airplane
hobbyists) or you can buy one of the D-Stix kits from Edmund, with colored
dowels.

To slart, get connectors

Models are essential. Don't try to build a dome without first making and
studying models. However, don't get so involved with models that you
never try a real structure.

You can make many decisions by studying the model, and often save
yourself full-scale mistakes by trying it first in miniature.

There are two types of models you can easily make:

l} Strut models
2} Membrane models

One of the most instructive things you can do when beginning to learn about
structure is to assemble the five regular solids. These are the only five poly­
hedra (a polyhedron is a solid bounded by planes) with all edges of equal
length, all faces (planes) exactly the same, all face angles equal, all vertices
identical, and all dihedral angles equal.

When you assemble these with D·Stix, you are in effect hollowing out each
solid, and since you are using flexible connectors you will learn some
interesting structural facts.

In the following sketches, the net is the two-dimensional pattern that
may be folded to form the polyhedron. Length of strut doesn't matter
as long as they are all the same. A=Angle.

Pul them together. Notice that the tetrahedron, octahedron, and icosa·
hedron are perfectly stable, even though put together with flexible
rubber connectors. Note that the cube and dodecahedron are completely
floppy. To stabilize the cube, you must put a diagonal stick across each
square; to get it completely stable YOlJ find that you have inserted a
tetrahedron inside the cube. To stabilize the dodecahedron you must
put 5 spokes into the center of each pentagon.

The cube is the basis for 99% of the buildings today. Remove one of
the diagonals and see what happens.

Geodesics utilizes the icosa, acta and tetra. The icosa is the basis for
most of the domes we have made-you'll see this clearly when you make
the models.

Dodecahedron

Icosahedron

Not

•

• •

•
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Thrt:,../req"cmy sphere with K:osahedrcm $"spentkd inside.

Another type connector is to take piece5 of flexible clear vinyl tube,
cut in sections, shove dowels in, then put a screw with washers and
bolt through the tube.

You get tubing that fits
tightly over the dowel.
This can be used for bigger
than 1/8" dowers, and
makes handsome hubs.

•

Then add another;

••

Strut Chord Factor Length of Simt Color Code Make this Many

A .3486 3 23/32" Red 60

B .4035 4 13/32" Blue 90

C .4124 4 1/2" Yellow 120

Making a 3.F'requency Spllere

Your first model should be a sphere, since a dome is a portion of a
sphere. You can then determine where to cut it off, how to orient it
to the earth, and see the relationship of a geodesic sphere to the
icosahedron.

Important note: when figuring the length of model struts, be sure you
subtract for the length of the connector. In the following table, this
has been done.

Here are calculations for a 3-frequency sphere. Check these out yourself
before cutting, using chord factors below. For ease in multiplying chord
factors, the metric system is preferable. Remember to adjust for connector,

Putting it Together

You are actually making a spherical icosahedron, with its 20 fOCe5 subdivided
into smaller triangles. Red struts outline vertices of icosa faces.

Put together one face:

and continue until you have 20 of these subdivided triangles. It will be
clearer with colors than it looks above..

Compare the sph'ere with the icosahedron. Note that the vertex of the
icosahedron is the same as the center hub of the red A struts.

Now suspend an icosahedron inside the sphere, using 5" long plain
colored struts through the center of the red struts to the vertices
of the icosa. You can also put a tetrahedron inside the icosa. What
does this tell you?

Study it, remove struts to make different domes. Note that neither the 3/8 sphere
nor the 5/8 will sit flat,

Also notice that by positioning it with an edge on top instead of a
pentagon YOU can cut it in half-a hemisphere. Run a thread along
the hemisphere. To make a dome this way. you will cut small triangles
in half, 4 small triangles in half along the bottom edge.

MEMBRANE MODELS
These are models of the dome with skin on. This way you get an idea
of interior qualitie5 (by holding the model over your head), outward
appearance, and where to put windows, doors, etc.

Use a good quality white cardboard. Use a compass to make templates
(a template is amaster pattern used to mark components}.

Us'ing template draw as many components as you need, Cut on a paper
cutter jf you have one, scissors if not. Put together with masking tape on
the inside. Paint with acrylic polymer or white lacquer. Leave openings
for doors, use clear plastic (Saran Wrap) for windows. Hold it over your
head to see what it's like inside. Take it to the building site and watch
the sun's pattern through the windows-this will help you in proper
dome orientation.

We made a beautiful model this way using chord factors from Fuller's
patent on laminar geode5ic domes (see p. 44), creasing diamonds inward
along the long axis.

Other models:
-you can string straws together with sewing thread. Difficult, but it

makes delicate models
-hot melt glue is useful-it sets up in 30 seconds.

Model supplies:
-styrene sheets, clear rods: Kemtron Corp/P.O. Box 1952/Fresno, CA 93718
-colored rods (ruby, amethyst, robins' egg blue, etc.). double·bubble solution-

you can blow bubbles with this that last an hour, for photo and study pur·
poses: Techno Scientific Supply/P.O. Box 191/Baldwin, N. Y. 11510

-Free Dymaxion Maps that fold into icosahedron from Honeywell, Inc'!
International Division/6620 Telegraph Road/Los Angeles, CA 90022

~Large amounts D·Stix dowels and connectors (service is very slow): Geodestix/
P.O. Box 5179/Spokane, Washington 99205
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by Jonathan Kanter

V-Vertex
F-Face
E-Edge

icosahedron
vt2 F20 E30

octahedron
V6 F8 El2

telrar.edron
V4 F4 E6

Sl)hericalletrahedron

Alternate
The face is divided by lines (arcs, 00 a spherel from each edge to the opposite edge.
For any breakdown, as the frequency increases the number of chords and the number
of faceu increases so the dome becomes mOf"e spherical. Frequency is the same as the
!'lUmber of divisions of the edge. In alternate, the divisions are unequal.

All repeating patterns in alternate can be shown in one face 1.01.
Henceforth, v = frequency.

A sphere is used as the shape tOf" structures because it encloses the most volume
with the least surface area, and doesn't rely 00 internal structure. The tetrahedron,
the simplest polyhedron, encloses the least volume with the most surface area. The
sphere is the strongest shape against internal and radial pressure; the tetrahedron
against external and tan[lential pressure. The grid is developed from a basic grid of
spherical polyhedra (a polyhedron projected onto a sphere). Regular polyhedra are
the best shapes to generate a grid from because they have the most symmetry and
regularitY. Reg.Jlar polyhedra are the shapes possible when: all face angles are
equal, all edges are equal, all vertices are the same, all faces are the same, and all
dihedral angles are equal. A grid with polyhedra composed of triangles is best
because a triangle is the simplest polygon, simplest subdivision of surface. An
equilateral triangle is the simplest triangle, all edges and angles equal and the only
trian!JIe reg...l"r l"'nough 10 be a face of a regular polyhedron.

•

The tetrahedron, octahedron, and icosahedron are three of the five regular poly·
hedra, whose faces are equilateral triangles. Domes can be developed from all
three, with the same frequency, the most spherical from the icosa since it's the
most spherical. The grid is developed by breaking down the faces of the
tet, oct, or icosa. If the face is broken down SO that all triangles are produced and
to retain the symmetry of the equilateral triangle, two methods are possible: the
alternate and the triacon.

one face
one frequency (1 vI

The structure of geodesic domes is chords of a grid system of approximate great
circle arcs 00 the surface of a sphere.
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One d;llmond

I

6 identical squares which com·
prise a spherical cube from an
octahedron.

I ~---_Ii'_._---7
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one penl

12 identical pents which com­
prise a spherical dodeca from
an icosa.
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The lines which outline the diamond are the lines which go
from the center of the tet, oct, or icosa face to the vertex.

I

•

The sphere has 4 identical
triangles which comprise a
spherical tet when generated
from a tet.

The lines which outline the tet, cube or dodeca face are the lines which go from
the center of the tet, oct, or icosa face to the edge.

,"' '" '

The triacon breakdown has three repeating palterns. It is symmetrical, so for 2,:

A whole sphere (any frequency) has 6 identical diamonds (squares) which compriSe!
spherical cube when generated from a tetrahedron; 12 identical diamonds which
comprise a spherical rhombic dodecahedron from an octahedron; 30 identical
diamonds which comprise a spherical rhombic triacontahedron from an icosahedron.

,,,,,

,,,,
•,

,,,
I,

spher;cal dodecahll'dron and
rriacontahedron combined

,,,,
I

spherkal kOSllhedron and
dodecahlldron combined

A, ,, ,
I '

I '

~ \-
I ,, ', '

I ', '..._-----+------~

spheriCl1 icosahedron and
triaconlahedron cOn'bined

Two spherical tetrahedra and spherical cube combined are nine intersecting great
circle al~S; the spherical cube, rhombic dodeca and oct 12; and spherical dodeca,
rhombic triaconta and icosa 15.

Top view of 2v ;coso ,,,4con. !coso foce dOlled.

The triacon only works on even frequencies because the divisions must be from the
midpoint of the edge to the opposite vertex. The same grid (2vl is produced by a
combination of either a spherical tetrahedron and cube when the grid is developed
from a tetrahedron; a cube and rhombic dodecahedron from an octahedron; or a
dodecahedron and rhombic triacontahedron from an icosahedron.

B

GEODESIC GEOMETRY continued

Triacoll

The edge of the tet, oct, or icosa is not part of the grid, so is not a structural member
in the triaeon breakdown. The division of the face is made from the edge to the
opposite vertex. T~le edge is subdivided inlo equal parts. (Henceforth, edge of face
will be dotted.) .

A, ," ,, ', ., ,, ,
,,' \
I " '. [)
ll.'~-----------~,
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For 4" the edge is divided into 4 equal parts.

D

o

D

D

c

c

~_--'.BlE--f'--jf.!--7 Do

•
ooe triangle

•
•

c

CD"'__-,;,--__-", D
B

•
one diamond

D

•

•

4" has 4 different lengths, AB=BC.

It is symmetrical so:

c, ,
B
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•

Top view of 4" ,cosa triacmL !com fMe dolled.

,,
~ <, \

• iL_,_ .1\.

,
", ,, ,, ,, ." ,, ,

, ', ', ,, ,, ,, ,, ,, ,, ,
, ', \"---_ ------- -- --. •

•
", ,

;-.. ~, ,
;t. ~, ,

;<. ><, .
..:. ~, \, ,

• <, ,, .
~--~--'~---1----i---"'- ...

,
~,

,
~,,

,,,
,

,

",

,,

",,,

,,,
,..

,,
,, • ,,

,,

,,
,,

,,

,,
,,

,,
,,

/1-".1/-1\
,,,

For 6". the edge is divided inlo 6 equal parts

B

t C
B

B

B
one peOi

B
C

• D

• B

D
B
one square

9

B

B

B•

face zenith

•

c

D

One triangle

o

•"V' 1

B

o

c

ooge ze",jth

One diamond

Orientations of Domes

•

•

A

B•

6" has 6 different lengths, AB=BC.

It is symmetrical so:

•

•
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gettingand rip

Important: When you later cut the end angles on these, remember that with A's and
C's there will be a right and left side to each triangle. Look at the plans and drawings
of right and left triangles to see this clearly. With B's, where both tip angles are the
same, it doesn't matter.

Tip angles: These should be cut with a jig (see page16). Jigs should be marked so that
you can see if they move while you are using them. Cut struts to length first, then cut
tip angle:s, Remember that if you bevel, there are rights and lefts for A 's and C·s.

Reiuforccmcnls: For greater strength-and especially if the dome will be put up and down
often-add triangular braces in the corners: eithef light metal or 1/8" tempered Masonite
glued and stapled to triangle edges. (The circular braces shown in the Sun Dome plans

don't work too well.)

These will also prevent the dome
from falling apart due to wind

Fasteners: fatiguing the staples at vertices,

al For easy portability: bolt dome together with wingnuts, rather than staples: three
bolts per strut with washers at both ends, Try to get the end bolts as close to vertices
as possible. If you use bolts, bevelled strut ed!jes are essential. .d::2{.Z.

~
bj Pneumatic sraples: Jay made a dome this way, renting a Bostitch staple gun that
shot 3/4" xl" rustproof staples. A backup man outside the dome holding a long
stick with p~dded brick tied to the end is necessary for opposing the kick. Panels ~re

held together with welders' clamps, especially useful if skin has tightened, bowing in
the struts. This makes a Sun Dome much more wind·resistant, as the strong lifting
forces generated by high winds tend to pull out staples, Small rustproof staples are
still used for putting skin on frames; the big gun is used only for assembly, Be care·
ful-the gun is lethal. Bevelled struts are not essential with this method. It is almost
impossible to remove these staples, so the dome becomes more or less permanent
until demolished.

Siaples: Use only rustproof staples. If you use a Duofast gun, get their Monel
staples.

For other than polyethylene skins, see page 53.

F1oor: If you do not have a water·impervious floor, the interior of the dome will
have a heavy layer of condensation. Since the dome diameters given in Sun Dome
plans are not precise, don't make a floor until after the dome is assembled.

Color code sticks as you make them, same colors as the model. A's redlB's bluel
C's yellow, Color at tips with a board across struts to get a straight line. Spray
paint works well.

Make extra parts in case of breakage, also because you may have to custom·make
the last triangle if there has been accumulated error.
Staking: Stake down dome securely as soon as first course is completed. The most
common catastrophe with sun domes is to see them sailing across a field. You can
bend over a piece of reinforcing steel into a J·shape or drive two pieces of pipe in
at cross angles. Or for more permanent grounding:

(See opposite page: "Ripping")

If you want struts to fit together tightly,~
rip to a 70 bevel on a table saw. Purchase wood twice the depth of the strut size
desired. If you want struts 3/4" x 1", get

Do the staking on the inside to prevent wind from kicking in tower end.

Jay recommends painting struts black with fire·retardant paint, Black protects the skin
from double dose of sunlight as it does not reflect, and the sun does not bounce back
into the clear plastic. It also doesn't show water stains.

Putting it lip: Better than the central pole shown in plans is to have a few friends hold
long sticks with forked ends to support the panels as they are being fastened together,
After you finish the second course, the dome will start supporting itself. The dome must
be on flat ground or it will be difficult to assemble.

Stapling skin to frames: Staple every 3". Wrap skin around three sides of strut, then
staple. If you staple skin on in w~rm weather it will contract (tighten) in the cold. If
it is very warm, don't stretch the skin too tightly as it may pull things apart when it is
cold.

Walerproofing sealllS: Vulkem sealant might work (see page34 ) or tape with "silo
tape", available in farm slores, or vinyl electrical tape. Black lasts longest. Tape should
be at least 2" wide. Tape will greatly increase the dome's ability to resist wind lift
forces pulling out staples.

Vellls: Make some at top, into and away from prevailing winds; and some at floor
level. You can do this by unstapling a panel, hinging one edge, and taping over the
edge for waterproofing. Waterproof two other edges by stapling thin aluminum
flashing strip that overlaps neighboring panels several inches, bent to fit. Do not
make vents or doors in a way that leaves two adjacent triangles open, or you will
weaken dome. See living hinge, page 53 .

Following is part of a letter I received from Jay last year on sun domes:

"Our 25·footer was constructed from scratch by 20 untrained people in 14 hours,
weighed 1121bs, cost $52. Dur 35·footer with double skin was fabricated in 7
hours and erected in p~rtial darkness by a varying crew of drunks in about 18
hours. I think there is an easily worked out ratio between the skin area and cost of
materials.;a.;:1..- _

~ Strut shape: If you build the dome according to plans, with regular rectangular wood
strips: ~

you will have a gap when you put it~
together:

-t'~

,..~",• • ,
The next thing' tried was this 4-meter vinyl-skinned dome. It diffElfs from the Sun Dome
ptan in that it has an extra course of triangles at bottom, making it a 5/8 sphere rather
than 3/8; and it is bolted rather than stapled together. We used it for a greenhouse, for
guests, and for watching stars on clear nights. It was on Our hillside in Big Sur. When
you climbed to the top of the ridge. about 1/2 mile, it looked like a soap bubble.

Order the plans and then consider the foHowing modifications which we have worked
out over the past year. A good reason to get the plans is for the clear diagram of putting
together a 3·frequency dome. Also, if you do not want to get involved figuring chord
factors, sizes are given for making 16 1/2'.25' and 30' domes.

~I;lking 3/8 sphere or 5/8 sphere

Make the model described on page 6 and decide if you want to make a 5/8 sphere
rather than the 3/8 sphere specified in Sun Dome plans. If you make a 5/8 sphere, the
dome will be much more spacious, you will use 40% more materials, and must make 30
additional large triangles which will make up the bottom course. Neither a 3/8 nor a
5/8 sphere will sit flat (see page19).

Simi si·t.e: The 1/2" x 3/4" strips (actual measure) as recommended may be too light,
espedally with the 30' dome. Jay recommends 3/4" xl" Irue measure. (A "two by
four" actually measures 1 1/2" x 3 1/2" Use knot·free wood. Douglas fir has high
tensile strength. The deeper dimension is perpendicular to the interior·exterior of the
dome, and the smallest dimension is parallel to the dome membrane.

~

""''',,"'~'ICiil
Then I made this B' dome, again of redwood scraps put together with staples. It didn't
take too long, and I learned a great deal by being able to get inside it. 1covered dif­
ferent triangles with cardboard, testing different window patterns.

~ 12



IT,,,ngl, ";om,

With wooden domes, depth should be
greater than width, as plywood is
girdled around the dome, providing
lateral support, while Ihe depth of
Ihe strut provide'S the strength for in
and out forces.

~~~5.'S::~~~~~ Theil plywood is cut, and attached to triangle

CUlling Struts

Size: A strut has depth and width. Depth is perpendicular to interior·exterior
of dome; width is parallel to dome membrane.

width

~--1'~-- ""'"

Fuller has stated that wood frame dome'S should have a ratio of 24/1, strut
length/strut depth. Since the longest strut in an 8 meier dome is 165.0 cm
(65"). this ratio would produce a Slrut about.68 cm (2 718"1. Therefore,
the lumber you buy (before ripping-see below} should be-actual measure­
ment-at smallest 1 112" x 2 1/2", at largest 2" x 3". Actualmeasuremenr
is what it reads on your tape measure, not what the lumber company calls
it. What is known as a "2 x 3" is actually 1 5/8" x 2 5/8", etc.

In Big Sur I had some 16" x 16" redwood bridge timbers ripped into 3" x
3" at a local lumber yard. This was my first mistake, as I should have had
them milled to precise measurements. When lumber is merely ripped, and
not run through a planer, there are sometimes 1/4" discrepancies in width.
This will give you frightful headaches when trying to cut to length. as each
piece is at a slightly different distance from- the fence on the ripsaw table.
Use lumber for struts that is of precise measuremenl.

8uy your lumber SO Ihat it can be cut up with litlle wastage. Calculate the
correct lengths to order (lumber come'S in even numbered 2·foot increments),
decide whether to get two or three lengths from one piece. Douglas fir has
very high tensile strength and makes good strut material.

Firsr step: Ripping

So that panels wtten assembled fit together tightly, struts are ripped to 7" bevel

so they fit like this~

Then panel frames are bolted together to make dome.

bolled logether
on underside

If you don't bevel they'll be like this

I discovered this wtten I put together a little 8' dome with staples--I hadn't
thought of it before. An example of wtty model making is invaluable, and
can prevent full scale errors.

You'll need a table saw. Set it at 70 and rip all strut material. Sharpen the
blade frequently. Don't overwork the saw's motor. This is a lot of ripping.
Wear goggles and make sure each piece is tig-,tly against the fence. Have a
helper pull the wood through. Make sure you rip exoctly in the middle.

end v.ew
of 5trut

BUILDER'S INSTRUCfIONS
First, struts are cut, then put together

In desaibing how it was built t'lluse the same strut designation as do the
Sun Dome plans lA, B1, B2, C) to avoid confusion. If you are going to
build this type of dome, you shO\Jld buy the Sun Dome plans (see page l12 )
as the blueprint may answer some points not covered here. Be sure you
make a model first.

Concrete noor

-5 yards sand & gravel
-20 sacks cement
-30 8 lIZ' anchor bolts
-500' 6" x 6" steel mesh

-500 sq ft polyethylene
-about 90 lineal feet 1/2" reinforcing steel

Weight: large triangles: 28 Ibs each
small triangles: 10 Ibs each
total: 2400 Ibs

DO"IE INGREDIENTS
Frame & Skin

-30 pieces 3/8" "Duraply" plywoO<f-4' x S' sheets
-about 1700 lineal feet strut material (afrer ripping to bevel)
-3 rolls 48" x 50' vinyl. The 4S" just makes it as covering for small triangles.
-30 Ibs hot dipped galvaniZed 4d or 6d nails
-20 tubes waterproof construction adhesive
-1 box 5000 Monel (rustproof) 1/4" Duo Fast staples
-enough caulk and/or tape for about 800 lineal feet joints
-500 114" diameter galvanized bolts. length of bolt depends upon

total width of bolted·together struts. I used 3 1/2" bolts for 3" struts

These are details of an el\tlt meter (26' 3") diameter dome I built in Big
Sur in 1969. Skin is plywood, with clear vinyl pentagons. making five large
pentagonal windows around the sides. and one clear pentagon at top center
for stargazing.

II is a panel frame dome; two diHerent size triangles and four different struts
make the entire structure. Using bigger struts and thicker plywood, you could
probably build up to a 40' dome using this J.frequency geodesic pattern.

The greatest advantage of a bolt-together dome such as this. as compared to
the hub system wooden dome, is portabilitY. When we left Big Sur, I sold
the dome-it was disassembled and mOIled. The dome weighs less than 3,000
100 and can be transported in a flat bed truck.

By designing and fabricating a portable structure you will realize a great degree
of freedom, not possible for the permanent, stay·in-one-place house builder.
It may mean that you do not have to buy land. With the prospect of pocking
up your house and leaving, you might be able to lease land f()l'" a two year
period, or get permission to put your dome on someone's land in exchange
for caretaking. We generally think in terms of a shelter being permanent and
immovable, because houses are too heavy, and made of many thousands of
different components. Howll'tler if you do build a dome, and it sits lig,tly
00 the land, and if it can travel, you can leave the land as you found it.

VITAL STATISTICS
Geometry: J-frequency geodesic, 5/8 sphere, icosa·alternale breakdown,

vertex zenith
Diameter: 8 meters (about 26' 3")

Floor area: 530 Square feet. (Even though struts are measured metrically,
other"dimensions ar-e still in feet as comparisons with other
structures are inevitable.)

Surfoce area: 1371 SQ ft

Volume: about 6100 cu It

Lineal feet struts: 1638'

Big StI' Dome
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BIG SUR DOME continued

Table of Siruts

Cut struts in this order, after they are bevelled; for working in meters,
get a metric tape measure from a drafting store.

Drilling Struts for Bolts; You can drill struts now by making a jig. Or
you can drill as you put up the dome. If you jig drill, make holes 1/16"
oversize to allow for errors.

or you should fiberglass the inside of the seam. and waterproof the outside
in the same way as you waterproof other joints. The halves are put together
with 3/B" corrugated fasteners:

B2

A
small

A

-Nailing is done on a hard surface like concrete. If you fiberglass the
inside (a 4" wide piece of fiberglass man-cheaper than cloth-will
do). do it before fastening plywood to frame.
This is an important step in plywood dome making. You must utilize halves,
and the halves are usually the trouble spots.

With the large triangles of an B meter dome the..e is a 4" opening here:

Fastening Skin to Franlcs

Plywood: Be sure to use galvanized fasteners-either nails or staples. A good
staple gun-if staples have holding power-will save time. I used 6d hot dip
galvanized nails, one every 6" or so and a bead of waterproof construction
glue between strut and plywood.

Where you have half pieces you should either run a strip of wood down the
inside so that both halves can be nailed to it and seal outside seam

CUlting Plywood: See p. 18'on jigs. There are 30 small triangles, 75 large
triangles in the 5/8 sphe..e. If you want the bottom course triangles to
extend over the floor's edge (highly advisable) for water ru",off, you will
have 45 large triangles, and 30 extra-large triangles. See p. 17 on the extra­
large triangles. The principle here is the same. Plot on graph paper to
maximize use of plywood. If you use entire triangles for windows, subtract
from number of pieces of plywood you cut.

Putting Frames Together: I used glue at the tip ends, and 16d threaded
nails, which have five times the holding power of ordinary nails. Hot
dipped galvanized nails work well too, as they have a rough barbed·like
surface. If your struts have been cut correctly, each frame will be exact.

A - 62 1/20 - first cut

Set saw for 62 1/20 • Cut 50% of A's broad side up, 50% narrow side up,
trimming a little off the end. Stack in two piles.

81 - 62 1/20 - first & second cuts

Cut one end of all 8's.
Set stop for B'sat 161.4 em (63 9/16"1, turn over and cut other end to
length.

All the Stnlts and plywood for the Big Sur Dome.

Shop Yoga
If your radial arm saw guage is such that a cut at 900 to the piece of
wood you're cutting reads 00 on the guage, the angle you set should
be the complement of the tip angle. Since our saw's guage was like
this, here is how we cut struts.

second step: Cutting to Length

Important: 80th small and large triangles have a right and left side
(A's and C's) if you bevel struts. Therefore when cutting A's and C's
to length, you will cut 50% wide side up, 50% narrow side up.

Start with sticks stacked in three piles. Cut each strut an inch or two longer
than final length so that they are easy to maneuver. Allow yourself more
margin if you wish.

Once the angle is set. cut all pieces you have to that angle.

Cot enough extras to make up for mistakes.

You'll need a radial arm saw. This tool is designed for cutting many pieces
of wood to the same length. This is about the most important step in
building this dome. A very small error in strut length will throw the
eotire triangle hopelessly off. Have a helper check each piece against a
master piece as you cut, so stop does not creep.

'1m. Number to Cut Length Rip 10 Tip Angles
Bevel of

A 15 rights 139.4 cm ,0 \350 27Y,0715 lefts (54 15/16")

., 30 161.4 cm ,0
\271~0 27Y,Y'(63 9/16")

C 80 rights 165.0 cm ,0
\30Y,0 30';'0780 lefts (65")

.2 80 161.4 cm ,0 \ ,,0 30'/,°7
(639/16")

Color code B's-one blue stripe in middle-narrow side.
Stack in two piles.

A-55° - second cut

Set saw for 550 . Set up stop for A'sat 139.4 cm (54 15/16"). Cut 50%
wide up, 50% narrow up.

Color code 550 tips 01 A's red.
Stack in two piles.

C-61o-firstcut

Set saw at 61 0
• Cut 50% wide up, 50% narrow up. Stack in two piles.

C - 59 1/20 - second cut

Set saw for 59 1120. Set stop forC's at 165.0cm (65")
Cut to length. 50% wide up. 50% narrow up.
Color code 61 0 ends of C's yellow.
Stack in two piles.

82 - 59 \120 - first and second cuts

Cut 59 1/20 end of 62's.
Set stop for 161.4 cm (63 9/16").
Cut other end. Be sure to flip for second cut.
Color code B2's-two blue stripes middle.
Stack in two piles.
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This can either be patched with plywood or colored glass. I used amber glass;
it made a beautiful hexagonal pattern around the hex hubs.

Leave the plywood off at least one large triangle, for entrance into dome. Seal
edges by painting so if water leaks in it won't delaminate plywood.

Fastening Window Material 10 Frames

Whatever you use for windows-vinyl, mylar, fiberglass. glass, etc.-be sure
to put a strip underneath it on strut so that when dome is assembled the
window will be flush with the plywood. See p. 36

If there's a gap you'll have waterproofing problems.

Vinyl: I think of vinyl, even with ultra-violet resistants, as a temporary material.
Mylar, fiberglass, or glass have much longer life. However, if you can only afford
vinyl (or polyethylene), here is how to adhere it to frames:

Clear your working table of everything but the roll of vinyl. Roll vinyl out.
Put triangle on, face down. Staple one edge. every 4" or so. Cut vil,yl. Then
staple second or third edges. Make fairly taut. but not too tight. When dome
is put up, it will stretch tighter when struts are pulled together. In warm
weather, vinyl will loosen; in cold weather it will tighten. Thus put it on the
frames at a medium temperature. If you put it on in hot weather, and stretch
too tightly it might rip apart when it gets cold.



We used plywood, and it may be necessary for you to do
the same, because it is readily available, has a good
strengthlcost ratio, and can be cut out and assembled
with hand tools.

However, there are several serious objections to the use
of plywood:

1-Trees are Critically needed for photosynthesis, and It
is obvious that the lumber industry replants very little
of the land that is logged.

2-Plywood is not a good dome membrane in that it does
not seem to be good skin material. It moves around a
great deal in expansion and contraction, and leakage is
a problem unless you take the greatest care. If there is
leakage, moisture sooner or later delaminates plywood.
Moreover, a lot of paint, or fiberglass must be used to
protect the vulnerable surface of plywood lrom the
sun's rays. The entire skin of a dome is roof; and
plastics, metals, ferracement, etc. obviously are more
suitable for shedding water.

In spite of these drawbacks, you may well find that ply­
wood is all that will be available, or within your price or
technological range.

Please don't follow these plans for Big Sur or Pacific
Domes step-for·step. We were I'\Ished, in both building
and writing, and you should check all measurements and
methods carefully for yourself. Design your dome, using
our experience and description as a guide, and pick up
where we left off.

The domes are easy to build, but you must exercise great
care and take your time, as a dome won't tolerate funk.
The pictures of our domes don't show our errors and
mistakes. We have had leakage problems with domes not
carefully sealed. Because the caulk was Vety difficult to
apply evenly, the exterior seams are quite rough. We
have not yet worked out completely satisfactory window
details, or door and ventilation openings.

Our designs are far from perfected (perfection is a
direction). but we've made a start. You may find that
these plans can be adapted to use of other materials,
such as wood framework with fiberglass, cardboard,
vinyl, etc.

Let us know what happens-we need it for the ne)(t book.

Good luck!

ABOUT PLVWOOD DOMES:
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continued

Put a mast on the top for climbing.

/See Table of Contents for Doon!: Window!; Vents; Seali~ joints­
don't use fiberglass tape on this dome; it moves around a lot, and
will a-adi: tape.)...

Three is a good crew. MMe can be helpful. if you have good ()(der and control.

One person should direct wnat goes where. For this purpose, your mode/­
color coded the same as the $trots-is placed in the center for quick reference.
See pp. 5-6.

A scaffold with wheels and wheel-brakes is highly advisable here, with a
4' It: 8' sheet of plywood to stand on. Don't leave tools lying on scaffold,
as you'll kick them off and onto someone's head.

Start with bottom cou~. If YOoJ Me drilling bolt holes as you go, drill
one in the middle, one as close as you can get to each vertex. Clamp
struts together as you go if it helps. Drill holes the same diameter as
bolt as it makes a tight fit. Use washers, both sides. Pound bolts in
with hammer.
Two of you can tighten as you go. using ratchet wrenches. A pneumatic
wrench would be ideal, like ones used for changing tires. We tightened
bolts fairly tightly. but waited until the entire dome was up before the
final tightening. This gives more flexibility as you go.

We had no need of braces. The dome held itself up as we went. With
each course, the dome gets stronger.

You may have to custom fit the final triangle. After everything is in
place, work from top down and give bolts a final tightening. This is a
very exciting phase. You'll feel the dome creaking into tighter tension,
becoming stronger, the membrane uniting.

Calculating for interior membrane: if dome diameter is 40'. it is 20'
from center of dome to A. To calculate lor interior membrane, subtract
distance between A&B from radius, and multiply times chord factor. If
AB is 3". you multiply 19' 9" times chord factor.

Note that you use the same measurements for strut length (unless there is

'OO"""'to,) "d mom"'",',",". ~

center 01 dome

PU1TING IT VP

BIG SUR DOME
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CUTTING A's
Firlrt cut: (in half)

Set stop at 4S"
Set angle at 1()O
Cut first one and check for length and angle. Make adjustments if
necessary and go ahead on the rest.

Follow general instruction~'~':b:~=':'===:..:~.::'.::~=====~'Stack neatly.. :< 46 tt/16" '>1
~ond cut: (to Ie:ngth) 1\ ~.:'

set stop at 46 11/16" : \c, A ~.,
Leave angle at 1()O hoo-
Cut first one. Check very carefully for length and angle.
Continue as above.

Color code: Stack them in a neat pile; spray-paint tips of each end red.

CUTTING B',
First cut: (in half)

Set stop at 60"
Set angle at 120
Cut first one and check for length and angle. If o.k., cut the rest.
Stack neatly.

Second cut: (to length)
Set stop at 54 5/S"
Leave angle at 120
Cut the first one. Check carefully for length. If o.k., cut the rest.

Color code: Spray-paint tips of both ends blue.

CUTIING C's
First cut: (in half)

Set stop at 60"
Leave angle at 120
Cut first one and check for length. If o.k., cut the rest.
Stack neatly.

Second cut: (to length)
Set stop at 55 7/S"
Leave angle at 120
Cut first one. Check length carefully. If o.k., cut the rest.

Color code: Spray·paint tips of both ends yellow.

Shop Yoga
Our radial arm saw's gauge was such that a right angle cut across a strut reads 00 on
the gauge. Therefore, the settings for the cuts were 100 and 120. If your saw's gauge
reads 900 for a right angle cut, angle you cut will be complement of 900. That is,
SOO instead of l()O, etc.

•

'Strut lengths hete are based upon 3 1/2" diameter hubs. Later
we reali~ed it would be best to use hubs of a size that would
allow 6 struts to pack tightly around the hub. If
you do, this will mean a smaller diameter
hub, and you must calculate strut
length from chord factors on page
51 and subtract hub diameter.

Strut NUlnber 10 cut Length, using 314" Axial Angle
diameter huhs" hath ends

A 30 46 11/16" 80°
8 55 54 5/8" 78°
C 80 55 7/S" 78°

Radial saw

Angle: use an adjustable protractor to double check th'e saw's gauge. Hold it against
fence, pull blade out and check to see that blade parallels protractor.

Length: tape measures are made to hook over a piece of wood. For greater accuracy,
use the 1" line on the tape measure and line it up with inside of saw blade. Add 1"
to total measurement when setting stop. V·mark stop and table and check the stop
for slipping periodically while sawing.

Make sure table and fence are made of clear straight wood..Close one eye and si'ilt
down the fence.

BUILDER'S INSTRUCTIONS

Cutting Struts: You need either a radial arm saw or much patience and care. A
radial arm saw allows you to cut all pieces exactly the same length.

General instructions on cutting

l-First cut boards in half for easier handling.

2-Check carefully the first one you cut at a new setting; the length with a tape
measure, the angle with a protractor. If it is perfect, then cut the rest.

3-About every 10 cuts, check stop-table mark. The stop tends to creep along
the table as the wood bumps it.

4-Sweep sawdust off table frequently. It tends to collect along fence and against
stop.

5-Make some extras of each length just in case.
6-Saw smoothly and slowly.
7-Wear goggles.

Table of struts: make a large, clear copy of this and post by the saw.

, /

VITAL STATISTICS

Geometry: 3·frequency geodesic, 5/8 sphere, icosa·alternate breakdown, vertex
zenith

Diameter: 24'

Weight: (not including floorl 2050 lbs

Volume: about 4400 cubic feet

Floor area: (not including lofts) 452 SCI ft

Note: volume is a far better measure of living space, especially in a dome, as you'll
not be confined to the floor area.

Wel1iiVe built seven domes like this in about three months' time. Most of those
on our building crew were 15·17 years old.

We used pipe-section hubs and stainless steel straps for the framework-a method
first used by Fletcher Pence in the Virgin Islands about ten years ago. The skeleton
framework is first strapped into place, a membrane is then attached, and joints are
waterproofed.

We used 2 x 3's for the skeleton, 3/8" Duraply plywood for skin, clear ultra·violet
resistant vinyl in geometric patterns for light, polyurethane caulk for sealing ioints,
and other ingredients listed below. The entire dome-struts and skin-will fit in a
3/4 ton pickup truck.

Much of what we have done with these domes was dictated by economy and local
weather conditions (no snow, no strong winds, but a rush to beat oncoming rains,
etc.) Your own particular site, climate and personal requirements will determine
just how much of this will be useful to you. If your dome will be loaded with
snow, you can't use flexible vinyl windows; if there are strong winds, as on the
desert plains, you'll have to anchor the dome more securely, etc.

Use this as a guide, and design your own dome. There's room for improvement.

DOME INGREDIENTS
-12 pieces 4' x 7' plywood for small triangles ~ subtract for windows.
-24 pieces 4' x 8' plywood for large triangles You can also use galvanized
-6 pieces 4' x 9' plywood for extra·large triangles steel or aluminum.
-about 750 lineal feet 2 x 3's for.struts (of 8' and 10' lengths). Figure the proper

number of each to order.
-61 hubs, cut from sections of pipe
-about 500' stainless steel strap, about 400 stainless steel buckles
-about 20 Ibs 4d or 6d hot dip galvanized nails
-quantity of window material up to you
-12 tubes of. caulk
-2 1/2 gallons primer, 2 1/2 gallons finis~ coat paint
-misc. materials for vent, door, etc.
-floor materials not included
Type of materials we used

Struts: kiln dried 2" x 3" douglas fir without large knots. You don't need clear
lumber, but there should not be knots that will be structurally weak. Kiln dried
wood is about twice the cost of green wood. We used it because it will not shrink
once in place. However, reasonably dry lumber.will do. The difficulty here is
shrinkage causing distortion causing leaks.
Plvwood: U. S. Plywood "Duraply" is the only plywood I know of that has a life·
time (of the building) guarantee to not de·laminate, etc. It is impregnated with resin
and surfaced with a waterproof paper designed for paint application and waterproofing.
Any other plywood will not hold up to direct sun exposure for any length of time, so
this type should be used unless you are going to cover the exterior with something
other than paint-such as sprayed·on fiberglass, or shingles.
Hubs: we got some 10' lengths of 3 1/2" (outside diameter) 1/2" wall aluminum
pipe from a surplus yard, cut it on a band saw into 2 1/4" lengths, filed down the
edges so pipe wouldn't cut into strap or hands. .
Straps and Strapping Device: If you can get the strapping tools, and .have access to
a drill press for drilling struts, this is a simple and quick way to frame. The 1/2"
straps and buckles are stainless steel which does not corrode. If you get a strapper,
there will be instructions on strapping technique with it.

16 Nails: use hot dip galvanized nails. Electro-galvanized nails rust badly.



3

4' x S'

, , 3, , , , ,
"- ,

"
,

2
/

~
~

~

/
~

'" /
/+---4 /

~,
~ 1" <, ,

"- ,
"-

"3 "- , , ,
3

, , , , , ,
"

2

I
...... 3 I •

............. I"
.................. 1

...........J/

--­/
/

/////

.....',
I
I
I

, I
I
I

4' x 7'

Therefore, by flipping every other sheet ypu get:

Plywood triangles layout: with graph paper we .determined that this was the best
utilization of plywood:

Note that yoo cut two whole triangles and two halves from each sheet. The halves
are patched so that you get three full triangles per sheet.

If you are using "Duraply" or any other type of good·one·face plywood, you will
have to flip over every other piece you cut. That is, you will cut one good side up,
the next good side down. If you cut all pieces good side up, you would end up with
all left side triangle halves:

Slop block

5
extra
large

58 1/8"

, ,
, 3" ,__D

about 4 feet lon9

triangle
would normally
end here

\'3" ,

\\

extra
large

5" extension

A ~trulS ~ ~. .-
~r- ." ~;

~;. ~ ~. ,
B ~lrulS = .. •

U ~. ~

C struts

~IrUI

floor

Using a paddle type blade, drill all the way through strut. Disregard minor splintering
wtlere bit breaks through.

Have a big enough block under bit so you don't drill holes in drill table.

Sweep shavings out of jig after each hole; otherwise the next strut will be out of position.

V-mark jig & table and check for slipping periodically while drilling.

There are three different kinds of extra large triangles because their orientation
towards the base of the dome (and therefore the side which is extended) varies.

Cutting plywood

The number of triangles shown above are for covering the entire dome with plywood.
Adjust accordingly (subtract) for windows, doors.

Plot on graph paper how best to utilize plywood for the size dome you are making
before ordering. Find most economical way to get triangles out of rectangles. For
our domes we found 4' x 8' sheets good for the large triangles, 4' x 7' sheets good
for small triangles, 4' x 9' for extra large triangles. Draw the plywood sheet on
graph paper, cut out small triangles, move them around to find the most economical
arrangement.

The 15 extra large triangles are for the base course-so that water will run off the
dome past the floor.

Jig:

Clamp this to table of drill press

PACIFIC DOME continued

DriUillg Slrutli
It is essential that the hole be drilled very accurately, so use a drill press. The hole
must be centered, and if you have a radial drill press, drilled at the same angle as
the strut end. Drill at 900 if you have a regular drill press.
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ex tra laver of
318" plywood
under hinges

actual cutting

line, Bllowing-~;i~~for distance "d'"

4' x l'

'- --' Turn it around and cut again:I-_L -"-__

To cut the extra large triangles that have extensions on the side, nail a 5" wide strip
along one edge of one of the templates. (Fig.6) Using this template cut 5 triangles
face up and 5 face down. As you cut. mark the extended edge as a right edge or a
left edge,

To cut the extra large triangles with extended bases, unbolt the other template, turn
it a third of a turn and bolt one of the side edges back on to the hinges. Then fasten
a 5" wide strip along that base edge and cut and mark five triangles. (Fig. 71

The tips for the extra large triangles must be made from pieces bigger man the 4" x
4" pieces. Don't forget to prime.

2 4 x S'1O. 1 l/S" thick

wear ear guards and goggles while cutting

2 sheets ptywoOd
4' x 8' x 1 118"

Stops are tile same thickness as the plywood you are cutting and are nailed on. There
must be an extra thickness under the hinges so that the template can lie on top of
the sheet you are cutting. Screw the hinges to the stop and base beneath and bolt
them to the template.

Lay in a sheet of plywood to be cut, making sure it's tight against the stop and the
ends are lined up. Cut out the first triangle, which leaves a piece like this:

3

•
large triangles

8reaks in stops allow for tips needed on large triangles.
Lay a piece of plywood in the jig with tips attached (see large plywood triangles fayout).
Make the tips out of the scrap (section 4) from the small triangles, and prime the
edges before yoo attach them. Lay one template down on plywood, make two cuts,
being sure saw guard is against template. Fold template back, lay other template
down and cut, Take pieces out and stack. Repeat operation, making sure that you
cut half of the sheets face down. Prime the inside edges of triangle halves and tops
and fasten them together. Then cut to size in the jig.

extra large triangles

Wayne's jigs: Small triangles

Remember to flip every other sheet over. Cut the piece 4 section off the halves
(fig.4). then paint primer on the edges where they will fit together to discourage
(je.laminatin~. Fasten the halves together with corrugated fasteners the same size as
the plywood (3/8"). Longer ones will come through the plywood and make leak
problems. Hammer them in on a firm surface (concrete floor is best) with good side
of plywood down. Then put the triangles back in the jig and cut to size.

remove for
extra large
triangles

Skilsaw

"...

spacing StOP

stop

2 sheeti plVwood
4' x 8' x 1 tiS"

"

."

Fig. 3

Hg. 2

It---f--.,I---+--~,-_'corrugatedflllStenen

.,

AA

Wear ear guards and goggles while cutting.

hoi.. <we<
nail peg A

aluminum strip '"
318" thick, 8 in. x 12 ft.
l'Jide for sewing
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Ktual cutting
tine. alt.-ing

lor distance ,.If'

•,+--- edge of triaogle
I being cut

BiWsjig:

This jig works best on a concrete floor. The stops hold the plywood snug for cutting.
Make them of the same thickness as the plywood you are cutting and nail them on.

The aluminum strip has holes in it so it can be held in place by pegs 116d nails
with heads cut off) which are pounded into the stops. Carefully draw a master
triangle on the jig and then position the 31uminum and nails, not forgetting distance
"d".

After cutting one edge, aluminum on nails A and AA (fig. 2), flip the metal onto
nails Band BB and cut the other side of the triangle. {Fig. 3)

, ~'!l'>--- width 01 cut

PACI Fie DOME continued
Cu cring jigs

Setting up a jig makes $lire you cut all pieces of plywood exactly alike. You can't be
accurate eoou!tl trying to follow a pencil line with a skilsaw. The first type of jig here
was desi~ed by Bill Woods, and is perhaps best for making one or two domes. The
second type of jig, mOfe complicated to make, was designed by Wayne Cartwright and

I was used for our seven plywood domes. It is quicker to use in mass production.

Following are descriptions of both types of jigs-briefly of the first, in more detail
(including usage) of the second. If you use the first, adapt the instructions according
to what you are doing.

Before constructing either jig, study fig. 1. "d" indicates the distance from edge of
template and saw guard to inside of blade, which must be considered in determining
the placement of the aluminum strip or tile size of the template triangle. Also set the
blade depth so it won't cut through the jig.

1cutting
direction
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If you use plastic hubs there should be blocks
inside base course hubs so weight of dome is
not resting on pieces of plastic.

Drill holes in floor and strap each hub to floor, Strap it securely, so dome won't blow
off. If you don't strap, work out a means of bolting down.

Cut floor off to fit dome.

bent strap wilh buckle,
ready 10 slip Ihroogh r.ub

PUTTING IT UP
Women bake bread and prepare food for when it's completed. You'll want to spend
some time sitting inside the skeleton. Pick a nice day. Invite a lot of friends.

A scaffold is essential. Rent one, with wheels and wheel steadiers, that will go up to
about 7'.

Set model in center. Start al bottom course. It is best to have one person who just
designates what goes where. Work around, and up. Temporarily tie it down if
there's 8 wind. It will start holding itself up during the second course.

Strap as you go. One man on strapper, another working the crimper.

When it is finished, climb on it, hang upside down, swing around, then rest and eat.

Next, attach to floor. Take an average from center of floor, Place each strut an equal
distance from center. We strapped ours down like this:

This is then slipped through strut and hub like this:

blocks

Strapper is engaged:

line up strut with mark on hub.
Crank until it IS tight. Crimp buckle.
Break off end of strap.

Prefabrication

Using color·coded model, pre-assemble struts into units like this:

Slrapping: Here the cost of the strapper and crimper (about $70) was justified for
us as we built several domes. Here's how to use them;

Learn to use the strapper with instructions that come with it.

Assemble prefab components on a big table with a few people helping you hold struts.

Once you determine the proper length strap you can cut a number of them,

We doubled strap where it grips the hub so the metal wouldn't cut into the strap.

While one person is strapping, another can cut straps, put on buckles, and bend.
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fiberglass tape inside,
use either fiberglass or

other type tape outside,
after painting.

,

c

A

A
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There are 60 regular hubs in this dome, and one mast hub.

insert wood strips to nail
edges to. Leave enough

space for struts. Tape out·
side, after painting.

Cut in approximately 2 114" sections.

To make a jig you might get three sections of pipe that will fit inside the hubs (outside
diameter of jig pipe is same as inside diameter of hub pipe). Using protractor, mark
jig pipe at appropriate intervals; notch with hacksaw, and use it to scribe marks on hubs.

A

The mast hub goes at the top, in center of pentagon, and is used for throwing your
climbing rope over. See page 27 on climbing.

Drill holes for straps.

One thing that should be done, and that we didn't do, is to mark the hubs for proper
positioning of the struts. Otherwise you're just guessing when strapping on struts,
and you'll have trouble getting plywood evenly spaced around hubs.

There are three different hub conditions in the dome:

Makin, Hubs

Hubs made from metal pipe will be better cut on a power hacksaw. The burr should
be filed off to prevent the strap from being cut by the sharp edge. Plastic hubs have
been used, but they will not take high loads such as suspended decks, snow, or high
winds, particularly if there are large window areas which prevent the plywood skin
from acting as a structural member in that area.
We used 3 112" outside diameter pipe.

If you use different sized pipe for hubs, adjust strut size accordingly.

PACIFIC DOME continued
Trealinl; Patched Pieces and Plywood Edl;eli

Vou should also prime the edges of plywood triangles before nailing onto dome. This
will prevent moisture from delaminating plywood.

The patched pieces are the worst potential trouble spots. When the dome expands and
contracts, they tend to open, and consequently leak. You can do two things:



PACIFIC DOME conrinued
SKINNING DOME
You should wait a while, sleeping under framework, seeing where the morning sun
riSe5 and planning carefully where to admit light. This will vary according to season.
When this is decided you can start with the plywood Skinning. Make sure struts are
equally spaced around hubs. You can do this as you go, lining up struts with marks
on hubs. Be careful, as errors will accumulate.

If you caulk, staple strips of polyethylene to struts with rustproof staples. Best 10
start from top, as it leaves room underneath to stand on struts.

Nail triangle5 on with hot dip galvanized nails. Electro·galvanized nails will rust. One
nail about every 4" or 6". Or rent a pneumatic staple gun that shoots rustPfoof staples
and be carefuJ of people below.
Have a helper handing triangles up to you.

The struts must be accurately positioned around hubs.

Nailing should be done very carefully. Don't leave any hammer marks on surface,
as they will complicate the sealing of joints. Go slowly hwe. Everyone wants to nail
00 triangles. Two or three nailers is about right, but check eilCh one out to make sure
he is hammering well, and placing triangles carefully. We had a careless nailer on one
dome and later had to custom fit some triangles.
At bottom course, where large triangles overlap, first nail on one, then a few nails to
hold the overlapping one, and saw down the middle.

Calculating for interior membrane: see note on this in Big Sur dome. You will use a
different radius times the chord factor for calcUlating interior paneling.

(See table of contents for next steps.: sealin,joints; doors & windows: inlerlors.1
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Cutting
The tubes should be cut according to the chord factorsplu$ 1 1/2". The chord
factor gives the "center·of·hole to center·of·hole" length. and there must be about
3/4" beyond the holes. Conduit comes in ten foot lengths. Vou get two struts
from each length for making domes up to about 24 feet diameter. If you are
making a smaller dome, try to size the dome to minimize waste. Perhaps you can
get three struts from a length if you combine two A and a B or something like that.
Think before cuning. Make the cuts with a hacksaw or a tube cutter. We find that
conduit cutting blades for a table saw are actually slower than a hand hacksaw. Use
a 16 or 18 tooth hacksaw blade. Hold the tube in a vise with a stop on the bench
positioned so that a cut made right against the jaw of the vise will be the correct
length. Keep the tubes in separate piles. Garbage cans make halldy holders.

Squashin:;
Flauen the tube tips 2 1/4" from the ends, by squeezing them in a vise. A big vise.
Small "home workshop" vises will break. (BABCO makes big cheap vises). Squeeze
the tubes horizontally in the vise. 'f the jaws are not big enough, stick 00 small ~

pieces of angle iron (1 1/2" wide) with puny to enlarge the squeezing are~ of the
jaws. (Fig. 2A) Make a mark on the jaws 2 1/4" in from the edge as a guide for
depth of squeeze. (Fig.2B) Insert the tube, holding it perfectly horizontal and
cenlered in the jaws vertically so that all 01 the tube will gel squashed. Oil the vise
screw threads 10 make the turning easier. It will probably be necessary to use a
"persuader" pipe on the vise handle about 2 feet long. but be careful not to over·
strain the vise. EMT tube has a weld running the entire length of it. If the tube is
positioned in the vise so that this weld comes at the very edge 01 the squashed tube,
it will split. To prevent this, the tube should be positioned in the vise with the weld
at 2 o'clock. (Fig 2A) Splits along the edge of the flattened tube are rejects. Splits
in the middle of the flat are undesirable but usable. To squash the opposite end,
eyeball the flat you have just made and insert the other end in the vise as nearly in
the same plane as you can. This end will automatically have the weld positioned
correctly, SO you don't have to worry about it. The tubes should be S(IUashed as
flat as you can manage with your vise, but a small amount of "lips" is acceptable.
(Fig. 3) You can flatten these with a hammer later. If the dome is to be skinned
with plastic film or fabric that touches the frame, file or grind off the sharp corners
of the tips at this time. These lips will rust, so they should be painted silver with
rust· preventing paint. The vise·squeezing bit is tiresome. Try and wangle someone
into doing them on a press in a machine shop. Hammering tips flat without a vise
results in poor fit and a generally crappy appearance.

\

'UJe Frame Dome

Drilling

To drill the first hole in each strut, cut a Vee groove in a 2 I( 4 six inches longer than
the C strut, and clamp it to the drill press table with C<lamps. (Fig.4A) Nail a stop
block across the groove so that the drill hits dead center on the flattened tube tip and
the edge of the hole nearest to the tip is about 3/4" from the tip. (Fig. 481 For 314"
conduit a 3/8" bolt should be used. To facilitate assembly and absorb errors, the
hole you drill should be 7/16 or 15/32".

To drill the secood hole in each strut, measure exactly the correct hole-to.hole
distance (that the chord faclor has shown to be correct! along Ihe 2 I( 4 and drill
a 3/8" hole there. There will be a hofe for A, B and C. In the A hole screw in a
7/16" boh that has had its head cut off with a hacksaw (Use a Vise'grip or pipe
wrench). File the cut·off stump to a sort of point so that the first hole already
drilled in the tips of the struts can easily fit over it. Again clamp the 2 x 4 to the
table so that when the tube has its first hole impaled over the cut-off bolt pin at the

Tube framed domes have many advantages over wood for certain uses. They use
mineral materials instead of killing trees, and when obsoleted their scrilp can be
largely recycled. Tube frames are well suiled to flexible nOll-load-bearing skins
and are the simplest way to make a "sky break" with no skin at all. They CC1fl be
skinned in several ways: iI fabric lent suspended inside the frame by rubber bands;
a fabric tent applied to the outside of the frame and resined; fiberglass Of metal
sheets; Plexiglas; or even plywood. Transparent or translucent panels can be made
from vinyl and inflated. The frame can be covered with a net or mesh and foamed
Of ferrocemented. Many other skins could be tried using the basic principles
outlined below.
VITAL STATISTICS (for Bubble Dome)

Geometry: 3-frequency geodesic, 518 sphere, icosa-alternate breakdown, lIertex
zenith

Diameter: 20'

Weight (not including floor): 600 lbs

Volume: about 2600 cu ft

Floor afea: 314 SQ ft

THE FRAME

Any suitably strong tUbing can be used, but the cheapest and easiest to get is "EMT"
electrical conduit. It is easy to work with and is plated, so painting isn't necessary.
1/2" is not suitable for any domes that will be subjected to heavy weather conditions,
but it is useful for indoor structures and small (up to 14 feet diameter) domes. 1/2"
cOllduit will bend if climbed on. 3/4" is best for most uses. It wholesales for about
ge/ft. Using the chord factors, you can use 3/4" conduit in triangles whose sides are
up to 4 1/2 feet long. 4 feet is maximum where there will be snow loads. This will
result in about a 24 foot maximum diameter in 3·frequency. For larger domes you
will need bigger tubes or a higher frequency. Bigger tubes are hard to squash!
Think first. (See ''What Size?" p. 491 Fig.4A
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Assemble the frame starting at the bottom or top (and lift it as you go), as you prefer.
For larger domes start at the bottom. Bolt the bottom course tightly, but only stick a
bolt throu!tl the next layer so that it will be easy to add to. If you have drilled accurately
the dome will go together very quickly using two stepladders or a scaffold. Up to about
30 feet, no supports will be needed. Remember that the removal of any strur seriously
weakens the dome! Removed struts, as for doors, etc., MUST be compensated for with
extra bracing that maintains the anglesl

Before addint: any $in orany dCK;ription. it is ABSOLUTELY NECESSARY to futen
tlle dome .securely to the pound. or it will take orr and fly remarkably well.

A lightning ground rod is also ABSOLUTELY NECESSARY! Connect to any hub bolt.

sew 2 rOWI

A three-frequency dome doesn't sit flat on the ground, but rather sits on five points.
You can either block up the other ten points or lower the dome on the floor so that
the five low points are below platform level. In any case, it will be nec(!SSil(y to support
ALL the points if the dome is to be really strong. Remember that wind lift is the largest
load your dome will take, other than heavy snow.

SKINS

Suspended Skin

The tube dome can be skinned with fabric by sewing together trian!J.llar panels that are
somewhat smaller than the chords of the tubes but are in the same ratios. If the cloth
is wide enough, several panels can be made together rather than making all the triangles.
The pieces should be sewn together using a double needle industrial machine and Dacron
thread made specifically for tent making. Materials such as muslin and carwas can be
used. For ~manence,Hypalon Of Acrilan are best but expensive. The seams can be
"fin seamed" if they're hemmed firsl. This is a drag, and the best seam is the "welt
scam" unless a special tenlmaking machine is available. (Fig. BAl A home sewing
machine will not work well unless the dome is small or the fabric very light. A para­
chute will fit over a geodesic frame, but will be difficult to waterproof and will not
fit pedectly. DK for summer shade. These skins can be attached to the ringbolts
with innertube bands cut with tin snips, from truck tubes. Car tubes are too weak.
Attach with #3 grommets at vertices and short knotted ropes Ihrou!tl the rubber
bands. (Fig. B8) -

drill

movable
pin ..",.,

"PPtv pressure
towards pin
while drilling

Fig. 5

other end of the 2 x 4, the second tip will be under the drill at precisely the correct
place. (Fig. 5) Start the drill and lightly touch it to the tube. Stop the drill and
measure from the center of the first hole over the bolt to the drill scratch to check
if it is the correct hol~to-holedistauce. If it's o.k., you can quickly drill all the
second holes accurately in the A struts. Repeat for the Band C struts (moving the
pin), checking each time for !lccuracy before drilling the whole batch. Mark the
table and the 2 x 4 so you can check if the jig is moving as you work (which is
disaster). Hold the strut with pressure against the pin to take up any slack. This
eliminates most error. Careless drilling will result in maddening misaligned holes
during assemblyl

Bending Tip~

The tips can now be bent to approximately the angle that they will have in the finished
dome frame. Do this in the vise by inserting the flattened tip in the vise and bending
the tube to a stop block nailed to the table. Allow for "springback" by bending a bit
further than seems right. A few tries will show the proper place. For a 3-frequency
dome, bend the A struts to 10 1/10 and the B and C struts 10 110. Accuracy in this
bend is not important. IFig.6) Accuracy in drilling the holes is very important unless
you like lumpy domes assembled by beating them with a sledgehammer. If flattened
tips have split across the hole, they should be bent towards the split side so split will
be inside the dome.

Bolts

The bolts should be long enough to go through six flat1ened tips (remember that they
probably vary in flatness. Assume they are all as thick as the worst one you can find)
and two washers lone on each side of the stack), plus enough to easily gel the nut onto.
It is well to have them an inch longer than that, or even longer-which is handy for
attaching things to the dome later. The bolt heads will be inside the dome and the
nuts outside. We use ringbolts (with Ihe ring inside) so that we can easily hang things
from the inside of the dome. Be sure to get them with enough thread near the neck to
tighten the stack of tips properly. Tips should be stacked in an order that makes any
given triangle as level as possible. (Fig. 7) This will vary with the type of skin that will
be used, but in any case, make each stack of a given type lhex, pent, irregular hex) the
same K9y. This will make re-stacking easier if that should prove necessary, and will make
the dome symmetric. Different types of skin will require different stacking. Think it
out, and make a test section before charging.

TUBE FRAME DOME. continued
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TUBE FRAME DOME continued

Innated panel !kin

A way to get a transparent dome that is insulated to an extent is to make the panels
from inflated vinyl "pillows". Use 20 mil transparent or translucent sun resistant
vinyl, and have the pillows sealed by a pro in a big city. They'll be about $3.00 a
panel which compares well with Filon and even plywood after you p<ly for the
paint. These panels will last about three yt:<IIS, out mi\tlt last more or less depending
on sun conditions where you live. They are cut to have the seam weld along the in5lde
of each tube edge, and must have a 7' border outboard of the weld for clamping.
These pillows are fastened to the tube frame by imp<lling them (shingled) over the
vertex bolt tips and then clamping them to the frame with half·round 5trips made
from 3/4" PVC irrigation pipe split lengthways in half. Have a sheet metal screw
tvery 6". (A #8 screw is good) This will mean a lot of screwdriver work aM drilling.
wt the result is nice. Blow them up with dry air or nitrogen to prevent coodenation.
(Fig. 12) see Bubble Dome chapter.

Fig. 10

Plexigle£

Fig. 9
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P1exiglu skill

Domes can be skinned with transparent Plexiglas. This cannot be insulated, remember,
and still be transparent. It is very expensive, and it requires an extra strip of sheet
metal to rivet it to, as you can't overlap Plexiglas like you can fiberglass or metal.
The strips are about 1 1/2" wide 20 gauge and are POP-riveted to the tubes first
and bent into a shallow V about 140 lengthwise. These strips must be "shingled"
at the hubs, and puttied. Then rivet the Plexiglas to the strips. Make the holes in
the Plexiglas oversized (e.g., 1/4" for a 1/8" rivet). This will allow for the huge
expansion and contraction of Plexiglas which would otherwise break the panels.
A second strip, also shingled at the hubs, goes over each joint with caulk or Dum-
Dum 00 both strip surfaces. (Fig. 10)

Plywood skin,

Plywood panels can be attached with "one hole clips" and 1/4" bolts. Cut the ply·
woods with their edges exactly aa:ording to the chord factors of the tubes. Paint
the plywood p<lnels and let them dry thorou!tlly. Paint must be free of rough
dirt. Then tape the joints with 2" wide weatherproof electrical tape (black lasts
longest), shingling it at the hubs and dum-dumming around the bolts. You will
have to carefully think out how you stack the tubes if you are using plywood,
as it can take just so much bending. (Fig. 11) Try to avoid large "stair·steps"
from panel to panel that would make taping difficult.

",wood

External skill

An exte.rnal skin can be made from triangles the same size as the outside ot the
tube frame as measured in several sample places. Be sure and allow for shrinkagel
The skin can be sewn to the frame here and there. These skins will leak unless
resined. Apply a heavy coat of flexible resin or foam. Resin can be applied with
a wei!tlted paint rolter with a hinge in the stick to get you ov~ the hump. This
will result in a translucent wat~ti!tlt dome. It will "boom" if thumped in a way
that might drive you crazy if wind conditions were wrong.

One of the easiest skins to apply is a single layer of vinyl with half·plastic
pipes and sheet metal screws. You can follow the instructions given in
"Inflated Panel Skin", but use just one layer. Good for a greenhouse.
Thin Sheet Stock Skin

The frame can be skinned with fiberglass sheets such as "Filon". This method
will also apply to sheet metal. Cut the sheets into triangles about 3/8" larger than
the tube frames. (With a 3/4" tube frame, cut the sheets as large as the outside
'!dge of the tubes in all cases.) Drill through the sheet triangles while they are in
,>osition, and rivet them on with POP rivets, overlapping the trianl]Jlar sheets at
the edges and particularly at the hub bolts in a shingled manner so as to shed
water. Putty around bolts with DUM-DUM (see below). This means that you
start at the bottom and apply the "point up" triangles first, then the "point down"
triangles of each course. Yt'here the struts are vertical it doesn't matt~ which edge
is over which. If the panels have been cut the right size, the overlap along each
edge wHl be about 3/4" and in most cases this will be enough waterproofing.
(Fig. 9) If a test panel shows that there will be a gap that witt admit wind exces­
sively, a caulk could be applied between the panels before riveting. Use a caulk
that is flexible and sun resistant and that will not attack the panel material. If
the panels buzz against the tube frame, get a box of "strip-caulk" at an auto
supply store (also referred to as Dum·Dum) and roll it into little balls and stick it
to the tube frame between each rivet. This will dampen vibrations.. It could also
be rolled out into long thin snakes and used as caulk between the panels. (It's
cheap.) Domes skinned this way can be insulated by applying one inch or thicker
styrofoam panels with mastic to the inside surface, for metal domes, or clips for
translucent Filon. Use fire retardant foam. This will still let a bit of light throu\tl
fiberglass panels, but it won't be really very bright. It's about the only practical
way to insulate such domes, because you won't have to make another skin for the
interior, and this ends up costing less in the long run.

Fig. /2

before es.sembly
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In any of these domes, there are many small details that you must work out for
yourself as you go, as there is not a great deal of collected experienca to guide you.
This information has been proven to work basically. Try new ideas with test
sections first.
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Anyway, we decided to use a tube frame. We made 8 radial floor, as it was more
economical for this size dome. We chose the 20 foot size because it was the largest
dome we could make in three frequency, due to the maximum size of vinyl available.
We decided to limit our design to three frequency, because a four frequency would
use much more tube than was needed for strength. In the photographs you will see
that the bottom course is skinned with Filon fiberglas riveted on. This was done
because we intended to have a second floor at the level of the top edge of the Filon,
and store all our stuff underneath the floor, accessible throug, a variety of trap
doors. The translucent Filon would hide the stuff from people outside the dome,
but would let in light. The idea WIIS that when you came into the dome the entire
thing would appear to be empty and you could call into being any trip desired, such
as a bed, that was stored underneath. This way, the character of the place could be
instantly changeable rather than the usual home thing of having'your house a sort
of museum of mementos from your Mexican trip or funky old immobile and ulti·
mately boring relics. Sadly, the dome proved too small for this play, but we store
everything under the bed and can still have a relatively useful changeabilitY in die
space. Certainly you notice people more in our dome, at least once the unfamiliar·
ity 01 the dome itself has worn off, which it does right away because we made the
shell purposely bare of all special character. The dome itself is only a within·ness
inside which we do our thing of that hour. We would never use the Filon again in
this way. It booms in wind, and condensation forms on the inside in certain weather
conditions. We also don't like the way it looks.

Assembly was easy up to a point. As a test, we did the entire thing ourselves to make
sure two pel'"sons could do it alone. The floor took one day. The frame went up in
three hours. HOWever, the bubbles, installed flat, took some 1300 sheet metal screws
and three days. Doing it wrecked our arms and we had no feeling in our fingers for
weeks afterwards. Next time POP rivets. We had some leaks, particularly in the top
pent opening. Five tries and two weeks later we finally achieved complete water·
proofness even in violent storms. The waterproofness is not dependent on caulk,
and the flexibility of the bubbles allows for expansion and contraction. We pumped
them up from a tank of nitrogen in about an hour of delicate hissing and one near
explosion. We finished it off with an insulated rug and a water bed on hig, enough
legs so that we can store all the stuff we aren't using under it. There is a fenced off
area near the "door" for taking off shoes so the dome won't be indistinguishable from
the muddy fields around it.

It is really nifty to lie there bobbing in our body·temperature water bed and be able to
see stars, trees, moonlig,t, birds, frost forming, snow, rain pelting, and, occasionally,
spectators. The many vents keep it reasonable in hot weather. As with all domes it's
easy to heat. The main thing is the super feeling of being almost outdoors. No roof,
no womb, no hiding place. Just weather out there and you inside. For country living,
this islT. The thing just feels super good to be in. It's hard to imagine getting mad
in one.

Next we plan to try an all·opening one, and it may well be a complete sphere while we
are at it. We are also working on a production version with many improvements including
pop together assembly without rivets Of screws. And it's just the beginning ...

,nflated

Fig. I

flat

By Jay & Kathleen

How would you make a dome that was completely transparent and still insulated?
Glass and other transparent sheet material would have to be used in a double layer
to get an insulation effect. That would be expensive, hard to accomplish, and
trapped moisture would condense between the layers. There would also be severe
sealing problems and possibly even damage to the skin arising from expansion and
contraction.

About the 5ilme time we were thinking about these problems, we visited Philo
Farnsworth and saw models of his proposed spherical dwelling on a pedestal, which
featured circular inflated plastic windows. We looked up Vinyl Fabricators in the
Yellow Pages. Pacific Vinyl Products in San Francisco made us a test triangular
inflated panel from 20 mil sun resistant vinyl electronically sealed at the edges and
equipped with an air valve. We tortured this panel with thrown bricks and sharp
heavy sticks, but it didn't pop. We exposed it to heat and cold with no serious
effects. Fire, however, did damage the vinyl even though it will not support
burning. For this reason we decided to inflate the Ilanels with inert nitrogen; it
would tend to extinguish any lIame puncturing the skin. Dry nitrogen also will not
permit condensation inside the bubble.

As we worked with the test panel we discovered that though it was a perfect triangle
when flat, it became involuted into the shape seen in Fig. 1 when inflated. This
"tendency" turned out to be somewhat more than 200 Ibs. at a mer~ Jibs. pressure!
This ruled out any possibility of stapling or baltening them to wooden frame members.
We thought that wood was oot appropriate anyway. As we worked on the design it
became apparent that the bubble panels trying to deform the frame could be a great
advantage. Each bubble would be balancing the other bubbles alongside so there
would be no distortion of the struts. But there would be a huge force trying to
squeeze the dome in; that is, the struts would be under a great compression load. We
thoU!tH that this would nicely balance the lift generalf~d by wind, lIS this load is about
2 1/2 times the wind force push load. This turlled out to be the case. Our dome
weighs 600 Ibs. but is absolutely solid in high buffeting winds.

We worked out a clamping strip to hold the bubbles to the tubular struts (see photo,
page 22). and also a method of opening the entire top pent by means of springs. We
plan to make a dome with all the panels opening in this manner. Imagine being able
to open the whole thing by releasing a few ropes! A dome made this way would sacri·
fice the pre-compressing feature that we just discussed, but this could be COmpen5ilted
for by using heavier tubes.



Martin Bartlett
The pod is a dome built out of sheets of fairly thin plywood utilizing the bendy
qualities of the material. (Not geodesic) It is very light and economical of material,
and should be quite easy to build if you are prepared to cope with the rather
unsual problems such a structure presents. It was designed by Bob McElroy and
Paul Wingate, and 1built mine with no mlXe in the way of plans than some advice
from Lloyd who had seen one,

Long pieces of plywood are used. Standard width is 4 feet, and lengths of ten or
twelve feet are obtainable in marine grade or occasionally in ordinary ex tcriar grade
if you do a lot of phoning around. Yau are going to have a polygonal floor plan
with each side lour feet wide. You will need as many plywood panels as there ilre
sides. Needless to say, the size of the structure depends on the number 01 sides; I
used twelve sheets of 1/4" plywood, each sheet 12'lon9. This g;;Jve a dome 15' 5 1/2"
in diameter, with a height of about 9 feel. II is a roomy and pleasant space for one
or possibly two people. Larger or smaller pods can be buill by using fewer or more
panels. The formula for working out the diameter of the dome from a given number
of 4' sides is

DONE

D~ 4
sin Y.. Q

wherefj- 360
, no. of panels,

As opposed to geodesics, in which the larger the better, poos seem best suited to
sizes up to about 20 feet in diameter. To achieve a larger space one would need very
long sheets of plywood in order to achieve a decent ceiling height within.

Having decided on the size of the structure it is best to build a platform that exact
size. Then the plywood can be nailed to the edge of the platform and the rain has
no chance of infiltrating itself between the bottom 01 the sides and the platform. The
platform was built in the same manner as those for the geodesic domes with the exception
that a strong edge of 2 x 4's was provided beneath the plywooo for the skin to nail to.
This frame was nailed to the girders and joists which were cut off at the proper angle,
and also nailed to the plywood deck. A hole lor a trapdoor was left in the platform.

PO~l

4" 6 girder

2" 4ed~ framing 5P;:~:~;;l~4" 6 girder

Hoor framin, ptan.

1/8"'
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If your panels are cut accurately (how often I return to that themel) a variety of
finishes could be used for the outside. lOne day we came to see Martin as he_
trying to make the plywood meet and he greeted us; "Welcome to the temple of
accumulated error:'} I ended up with these embarrassing gaps and so decided to
cover the seams with vinyl (on the outside). swath the whole structure with roof
paper, and shingle it. I used abolltthree squares of #3 cedar shingles (approx. $1
per $quare), and stapled them on in eccentric patterns using 1/2" monel staples,
which only occasionally came through to the inside, I have lived in the dome
during December, January and February in the mountains. and have lost only 0l1f

shingle. The appearance of the dome has been compared variously to pine cones
and owl fealhers, and I am delighted to have such a sltell to protect the seed of my
developing consciousness.

lNhen all is fastened together is the
best time to cut out windows. This was
enjoyable as I had no rigid idea of wheR
to put them, and so would cut out one
with the saber saw, enjoy the way it
let the outside in and then decide where
to cut another, My windows are all
rounded shapes, circles, ellipses, ell::.,
which seem to suit the nature of the
structure better than anything rectang­
ular. I cut Plexiglas windows and in·
stalled them in a rubber extrusion
similar to that used to put in car wind·
shields. It is called lock and Key
moulding, and is available from Alasco
Rubber and Plastics Corp., 839 Malcolm
Road, Burlingame, CA (OX 7·14201. It
is not cheap and not particularly easy
to install (It seems to have a mind of
its own as to which way it wants to
bendl, but is the best solution I hilYe
come across, I am sure it is available
elsewhere in the country-get out the
yellow pages and let your fingers do
the walking.
As you may have gathered, there is a
hole at the top of the dome. The
answer for this seemed to be a
Plexiglas dome skylight, This was also
expensive (mine, 42" in diameter. cost
about S55), b4t is so beautiful that I
thought it worth it, especially since
the rest of the structure had cost so
little. I got it from Western Mac­
Arthur Co" 3150 Jrd Street, San Frart­
cisco, and Ihey get them from some
place in the eastern U.S. and delivery
time is 4 to 6 weeks, so foresight is
needed.
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Having cut the plywood sections to shape, they can be nailed to the frame around the
circumference of the platform. I also passed a steel strap around the whole structure
at the base, expecting that when the sides started to bend down they would have a
tendency to spring out at the bottom, but a lot of good nails, especially ilthey are
of the holdlast type, should do the job, AI this stage the pod resembles a crown, with
the panels sticking vertically into the air. I used the small steel straps known as mending
straps to hold the sections to each other. They were held in place by bollS and washers.
There was much debate on whether to bend the sections together before fastening
or to bend them a little, and then install a ring of straps, thet. bend more and install
another ring, etc., etc. I started out with the latter plan, but found that the straps
prevenled the dome from assuming a fair and natural curve (this was partly due to
the inaccuracy in cutting the panels). so I ended up removing almost all of them,
after which things went much beller. Jay invented an effective primitive expedient
for bending the straps to the proper angle:

POD DOME continued

Pulling the sides of the pod into shape is the mosl interesting and problematic part
of the business. Some means of holding them together at the top is also needed. I
decided to use a ring of heavy plywood which would rest on small wooden blocks
screwed and glued to the outside of each side panel at the top and would act as a
support for the plexiglass bubble skylight.

These wooden blocks were installed before the sides were nailed to the platform.
Around each one was placed a loop of nylon rope, the other end of which, also
tied in a loop, hung into Ihe dome. A strong hook was screwed into the floor at
the center of the dome into which one end of a come·along was hooked. The other
hook of the come·along held the ends of all twelve nylon ropes, which it seems
important to cut to exactly the same length. As the come·along was winched down,
the tops of the panels bent over and the hole dosed like the petals of a 101us. Or,
since I was learning how by doing, it should work perfectly for you!

When the dome is closed down, the plywood ring can be screwed to tlte blocks at
the top, and this will hold everything in place while you install fastenings up the
seams. Not too many of these are needed: I used one every three feet or so and
the structure seems quite rigid. It turns out to be quite strong-even though with·
out a frame and built of such light material, it is possible to climb about on top.

Each ~eet of plywood must be cut to shape before installation. This must be done
accurately or there will be gaps up the seams which will cause much heartache, as t
can testify from experience, I attempted to calculate the curve at which the plywood
was to be cut by a method more ingenious than successful, which led to my having to
recut the shape with a sabre saw after I had installed the sides and attempted unsuc·
cessfully to bring them together. The best plan seems to make a model firsl of as
large a scale as possible out of cardboard, and then scale up the pattern for cutting each
sheet from that. By all means calculate, by any means your mathematical ingenuity can
devise, but confirm your calculations with a model before starting to cut the plywood.

I used 1/4" plywood for the skin. This seems light, and 3/8" would probably be
preferable, althouflh harder to bend. The shape of each panel is roughly shown
opposite, Needless to say, they must all be identical.



Costs fler square foot are deceptive, especially since in domes you usually build
I,fts, and are not confined to the floor. Costs per cubic foot are a far better
measure of value.

Total cubic feet in a dome depends upon what portion of a sphere you build:

48.00
35.00
5.25

84.00
75.00
14.00
18.00
9.00

42.00
say, -.2Il..OO

350.25

$160.00

65.00
225.00

5.00
20.00
96.00
30.00
26.00

5.00
20.00
12.00

5664.00Total cost

.bout

1 1/8" tongue and groove plywood for lIoor, 6 sheelS@$8
misc. 2 x 6 and 4 x 6 joists and girders, 4 x 4 redwood posts, approx
seven concrete piers@ .75
12 sheets 1/4" x 4' x 12' ext. grade plywood til $7
one bubble skylight and one bubble window
Plexiglas for windows
rubber moulding for ditto
3 rolls building paper
3 squares #3 red cedar shingles~ $14
nails, staples, bolts. mending straps and misc. hantware,

Pod I)ome

15' 5 1/2" diameter, bent·over plywood dome
Floor area: 185 sq ft
Volume: ?

conduit
vinyl pillows
inflation (nitrogen}
springs, bolts, nuts, etc.
Filon panels
alum angle
PVC pipe for clamps
lightning rod
misc.
Fig Newtons

Bubble Dome

20' diameter 5/8 sphere vinyl pillow dome
Floor area: 314 sq ft
Volume: about 2600 cu ft

F1~

$110.00
124.00

$234.00
160.00
240.00

25.00
15.00
35.00
20.00
35.00
25.00
20.00
30.00
00.00

$929.00

Floor cost
struts: total about BOO lin ft til $38011000 Bd. ft
plywood: total about 30 sheets@$8
nails
h'M
straps, buckles
vinyl
caulk
paint
wood for window batts
misc.
insulation

Pacific Dome

24' diameter 5/8 sphere plywood dome
Floor area: 452 sq ft
Volume: about 4500 cubic It

F1~

frame
plywood

Total cost

Simple, cheap, quick to build, plydomes are made of bolted·together sheets of 1/4" or
3/B" plywood. As with the Pod Dome, there is no separate internal framework. Ply·
wood is shingled so water will run off.

I ohen think of a dome as a boat hauled ashore and turned upside down.

like a ship, a dome has a mast.

The mast goes at top center, projects 6" or more above the dome, and gives you some­
thing to throw a rope over when climbing on the exterior {which will be often).

Bill Woods taught us this method. He has SHXl invested in climbing equipment-it's a
long w.y d~". Q~u -- -

We made our masts like this: : 6" or more
5hol~ !
lonlr>n$ -~~ 0 -""-- _·t..... 2 518"----_ ...
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When you lean back, the knot holds.
To move, you take weight off the knot.
When you get to desired position, lean
back, and you can work with both hands
free. It's a'strange sensation-you'lt
gradually learn to trust the rig. It
works best to start at top, and work
your way down: you get so you learn
the amount of relief needed to descend,
and soon you're walking up and down
on the domeskin. Have care not to slip
feet up·head down; you'll fall out of the
harness.

The 6" or more part is what you throw the rope over. Look in mountain climbing catalogs
for the equ ipment: a good 112" nylon rope-Goldline is o.k.; Edelreid Perlon is better.
About one yard ot a sli!tltly smaller diameter rope lor nylon strapl. Tie ends together to
form loop like this:

(~~~~:~~Ef~<~ It's best to take loop one around again and come(.__ ,';> through loop two again-for double protection.
This knOI will slide when no pressure (weight) is
placed on it, but will tighten, and hold you as

~ )) soon as you pot your weight on it.~

loop 1 Carabinier with safety lock: ~

Harness: You can buy a ready-mooe harness or make one out of about two yards of
nylon strap from a mountain climbing shop. The ends are tied to make a continuous
loop. To get into it, hold the entire loop horizontally behind your ass and bring the
loop ends together in front of your crotch. Hold them with one hand and reach back
between your legs with your other hand to grab the lower line. Pull this tine between
your legs to meet with the other loops in front. Hook the carabinier through all
three loops and wiggle the whole business up to waist level.

'-=--:::-::~~~;;-~ --3{.' ..C ~--,<:--~- <I
P<YOoI't€ :
VI Pr... II. PT. "'J

.. I

.'
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We've never built one, but it looks
as if leakage would be a major
problem. You should prime
and paint plywood carefully
before assembly, including
edges and bolt holes, and
either caulk or use a neo­
prene washer where bolting
together. Window details
should be carefully consid·

~"'.
Try it in model form first.
See also Fuller's patent on
p1ydomes.

People from Canyon, Calif.
sent us these plans: ~

PlydomeS





-nan is going to be a physical success
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roof skin....

__________.::. It' WIll edge

To assemble, slip the tubes onto the hub and thread the cable throultt the holes ~
slots at the tips. The cable should have an eye called a "thimble" at one end, and a
turnbuckle with a hook at the other. The turnbuckle will allow adjustment. (Rope
will not work; it stretches.l On larger domes, you will have to use a fence tightenl!l",
a "come-along", or a small block and tackle to draw up the cable. Insert tips into
wall panels as you unfold (see photos).

When they are all into grommets, fasten the wall ends together. If there is any wind,
you will need lots of help for this. Stake it down from the inside at this time with
fittings bent from heavy wire, {Fig. 4) The stakes prevent both lift and kicking in
at each wall joint.

The roof skin can be canvas, vinyl. Of polyethylene (if you don't care about long life).
For permanent use, make the skin from a premium coated fabric such as Hypalon or
Acrilan, Fabrics and vinyl will be cut into gores patterned on the actual assembled roof
struts. Fabric should be sewn on an industrial sewing machine using dacron tent thread,
Vinyl should be 20 mil sun resistant grade electronically sealed by a professional shop.
It might have to be sealed in short straight lines. but this will work out all right because
the curve is not really very curved. All skins should be patterned so that they overlap
the top edge 01 the wall panels at least four inches. The skin can be fastened to the roof
tube tips in several ways. One is to have a drawstring running in a tunnel all the way
around the skin. (Fig. 2&31 Another way is to have large grommets in the $kin that
will fit over the tips. The area around the grommets should be reinforced. Smaller
grommets C;)fl be used if the tube tip is first m~e :smaller by plugging it with .. oJ...-.I,
screwing a lag bolt into the dowel, and then cutting the bolt head off, leaving a small
diameter tip protruding from the tip of the tube. (Fig. 1) In any case, the roof should
be a tight fit. Remember that many skin materials will shrink, expand and contract as
the weather changes. For this reason, the roof $kin should be fitted at the temperature
most likely to be encountered by the structure. If the Pararlome will be used under a
wide variety of conditions, the drawstring is probably best. A polyethylene roof can
be made in one piece by cutting a circle and then cutting a pie out of it sufficient to
make it nearly conform to the tube contour. Then cut another smaller bit out near the
hub to make it lie down there. Poly can be taped together at the seam. It is best to
use grommets with poly. Apply them through a tape reinforcement. Poly can al$O be
held down with little ball·and-chokl!l" doo-dads available at the lumber 'lards that sell it.

To prevent condensation inside the dome, you will have to use a ground sheet such as
heavy polyethylene. Vents and door details will have to be worked out according to
what makes sense with the materials you have used f~ the walls and the use expected.
You probably won't need windows because the translucent roof lets in plenty of li!tlt
Flaps made from Filon make good vents. They can be taped on, as can plastic screens
if necessary. Paradomes fit together in groups too, by fitting them door to door to make
multi-room structures. The basic idea of the Paradome hasn't been fully explored, $(I

thl!l"e is good opportunity for experimenting.

Fig. 4

I

./
The following applies mainly to Paradomes up to 15' diameter. L¥ger ones use the
same principles but will require the custom development of construction details.

The paradome consists of three main assemblies: the wall, the roof struts, and the roof
skin. Walls of production Paradomes have been made from FomeC~ sandwich and other
plastic boards. Any reasonably rigid panel material can be used. even heavy plywood.
Panels can be any convenient size. As a rough guide, a 15' diameter Paradome has been
nicely made from sixteen 36" wide by 5 1/2' high boards. They are hinged to fold
"flip·flop" by conventional hinges, "living hinge" polypropylene strips, tape, sheet metal
"stovepipe" joints, and in the case of cardboard or FomeCor, scored lines in the material.
Hinges can be made waterproof with wide electrical tape. Near the upper left corner of
each panel is a #4 brass grommet to accept the roof strut, It is placed about 3" down
from the upper edge and as close to the hinge as is reasonable for strength. In a similar
location at the bottom of each panel is another grommet for staking down the dome.
Remember when choosing a grommet size that the roof tube goes through it at an angle.
The tools are available for about S6.00 from a tent and awning shop if you can't borrow
them. The free ends of the wan strip will have to have a way of being fastened together.
Easiest is to allow a 3" O'IIerlap there and boh every foot through matching grommets
with 1/4" bolts, large washer5, and wingnuts.

The roof strut assembly consists of a hub. radial tubes, a tube tip detail that accepts a
cable and the edge of the roof skin, and a perimetl!l" cable. Unless you have casting
facilities available (a sculpture studio will dol. the easiest way to make a hub is to weld
round stock steel pieces together into a regular rigid star of the required number of
points. If you are using tube of an .058 to .060 wall thickness (about 1/16"), make
the hub projections from stock 1/8 less than the outside diameter of the tube (e.g..
a 5/8 tube would use a 1/2" hub projections.). The hub projections should be about
2 1/2" long for smaller domes. For larger domes, the proi.ections or even the basic
design of the hub wll have to be experimental. An automobile wheel makes a good
base for a large hub.

The best material for the roof tubes is aluminum alloy 6061T6. Electrical collduit
will not work. For domes up to 12 feet. use 5/8 outside diameter tube with .060
wall. larger domes need larger tubes. Our 40 footer used 20 pieces of 1 1/2" tube
with about a 1/8" walL Tubes should be cut somewhat longer than the proposed
diameter of the dome so that they will bulge up into a dome shape when squeezed
by the cable to the diameter of the wall circle. The amount of bulge should be
sufficient to shed snow and not pop inwards under wind load, but should not be so
!Teat as to "jello" back and forth. Trim a little ilt iI time off the tubes until the
desired bulge is reached. A little trimming makes a great difference. so go easy.
The tubes are drilled or slotted at the tips to receive a 1/8 aircraft cable. The cable
is indoors resting on the wall. The tube tips project through the walls about one
inch. Though there are other ways to do it, the one shown in the illustration works
well and is easy to do. Two tip details are shown in fig. 1 & 2. Small domes with
stiff walls don't need a cable and can use a tip detail as in fig. 1.

The Paradome@isapatented lightweight dome structure developed in Ann Arbor,
Michigan by Bill Moss, who also developed the O'Come and the PopTent. (The Pop·
Tent is a two-man car camping tent sold by Th~mos that can be put up in one minute
without ropes, poles or stakes.) This dome is particularly well suited for conditions
calling for a light shelter with rapid ~ection and takedown, but where the floppiness
of a tent would not be good. The Paradome can be set up or taken down by two
people in about a half hour. It will withstand hurricane velocity winds and heavy snow
loads if designed to do so. Weight depends on the materials used; strong 15 footers
have been built that weighed less than 100 lbs. The largest attempted so far is 400 100,
40 foot diamet~.
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Mix Proportions

n'm~'lll s.md gran·1 tolall11ix of these ,'oltslanl

2 3 1:5 4

2 4 16 3 1/2
3 4 1:7 3
3 5 1:8 2 1/2

Rent a mixer and a contractor's wheelbarrow with pneumatic tire for transporting
concrete from mixer to floor.

Have a hose and two buckets and while shoveling into mix'cr let water fill buckets,
You'll soon learn proper amounl for dumping into mixer. The less water the stronger
the concrete. -

A regular size mixer will take about 18 shovels of sand and gravel, 3 cement, and that's
about the right amount for a wheelbarrow load,

I':slimating materials

You can either mix yourself or order a ready-mix truck. The sand·gravel mix, or the
concrete comes either by the cubic yard or by the ton.

-to change cubic feet to cubic yards, divide by 27
-to change cubic feet to tons, divide by 20
-to find cubic feet of floor volume: multiply .7854 times diameter squared (,7854 d2) and

multiply by the depth in feet (4/12 if 4" deep floor)
-to figure content of footings (ditch around perimeter) multiply width of trench in feet (as

8/12 for form 8" wide) by depth of trench in feet {as 16/12 for a form 16" deep) by the
length of the trench {circumference of dome)

-perimeter of circle: 2«(r (2 x 3.14 x radius)
add total for floor to total for footings to get total cubic feet of cement. Convert to tons or
yards,

I'otlring

Three is a good size crew. One on mixer or guiding chute from truck, two working with
concrete, alternating on wheelbarrow and leveling. Have at leilst two finishing trowels
ready. If weather is hot, concrete will set fast. Rub some lemon juice on your hands
before starting; it'll help protect your hands from crilcking from cement.

Dump concrete in place, screed off level.

Keep checking anchor boltssu they're upright, and at proper height to grab ground
struts. After concrete is dumped, rc..ch in with your hands ..nd pull mesh up so it's
not just lying on the ground, but is in the middle of the slab.

When yo~' stop for Il'nch, clean all tools off.

Take a stick and puddle the footings ... poke concrete up and down to fill any voids
in the trench.

Ilome mixing

If you mix yourself, convert to tons and use the following table to determine how many
sacks of cement to order, depending on how rich a mix you use. (1 :2:4 is common for
floors-that means 1 part cement/2 parts sand/4 parts gravel)

Joi'g. 2

bolt
1/2" .. 10" or longer

)~.~~j~~'~~.l gravel

-_..-: ,.':~.' t!2",rebar- .., '..-

gusset -::

form

Fig. 1

T)'pical COl1crete floor

-typical concrete floor is 4" thick, reinforced with 6" x 6" x 1/4" steel mesh. 3"
thick floor is strong enou'gh, however.

-perimeter of floor is thicker, as dome weight is there.
-1/2" reinforcing steel goes around footing: it should be suspended above ground

(tie it with wire to rocks). (See fig. 2)
-gravel underneath for drainage, and to provide solid,level place for concrete slab

to rest on.
-plastic sheet important as vapor barrier. Put it over the gravel and under everything

else.
-hooked end of anchor bolt is imbedded in the concrete. Use two or three 1/2" x

10" bolts for each strut along bottom of dome.

Remember that if you are making a 3-freQuency. 5/8 sphere dome, the bottom
course is not level.

G}~CRI':TE FLOORS
Coocrete seems to be the most practical floor for domes. It's cheaper than wood,
lIW'ides agood anchor for the dome, and with proper precautions doesn't have to be
icy cold. You need level ground for concrete, and if you're on a hillside, it is usually
tletter to build a wood floor, rather than cut into the hillside with a bulldozer. However,
~YI>U decide upon concrete, here are some simple basic instructions that will be help·
ful, I have r'lever been able to find anything written on how to pour a concrete floor.
If possible, find someone to help who has been through the process.

•

j

I

~

,

Therefore you will have to adjust the height (and length) of your bolts accordingly.
Hook end should go at least 8" into concrete. Distance between edge of concrete
and bolt should bear least 2 liT.

The floor of a dome should be carefully considered. We will describe concrete, wood,
and some experimental floors.

screeding

Fig. :;

Scrcedillg

This is a very important part of pouring a concrete floor and you should be prepared
in advance. I've never seen it mentioned in a book. The problem: once you start
pouring concrete,.you must have a quick means of bringing it to an approximately
uniform level. The solution: you use a 2 x 4 and at least two stationary boards, fixed
at finished floor level. As the concrete is poured, two men move the 2 x 4 back and
forth-wading through the concrete with rubber knee boots on-and it levels the
concrete, ready for finill troweling later. See fig. 3.
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Another way to do it is with a center post.

Ready.mix

If you order ready·mix, you must be prepared to work fast. especially if the weather is hot.
If the truck cannot back to within about 20 feet of the site {he has chutes that long) you
either have to build additional chutes, or wheelbarrow it from the truck, and you may need
ramps. Wittl heavy wheelbarrows-fu II, have a helper running backwards, holding the front.
Main thing is to be prepared before the truck arrives. Have the driver check the site before·
hand. You usually get about 45 minutes per truckload, before they start charging for over·
time. Let the driver run the pour-he'll inevitably give the best directions for concrete
placement.

Preparation for pour

The ground must be level. If possible, rent a transit-it will S<lve much time. The
transit is a level on a tripod with a small telescope. (See Wood Floors, fig. 2)
It is placed in a central location, firmly fixed, leveled, and then each point you shoot
through the telescope, going in any direction, is at the same level. Once it's leveled
be careful not to bump it. One man holds a measuring rod or tape measure, another
shoots, and you,find out differences in elevation.

Find the low spot, then drive many stakes indicating how far down you must dig to
bring the rest of the ground down to the S£lmc level £IS the low .pot. Throw the
dirt you dig outside the floor perimeter-you don't want to pour concrete on loose
till.

r Try to get ground to within an inch or so of being level. Gravel will help level it out
even more precisely.

If form starts to give when pouring, pack dirt behind it.

If it is your first dome, it is somewhat risky to pour the floor before the first course
of the dome is erected-once the concrete sets, with bolts in it to tie the dome to,
you can't make any adjustments. Therefore, if you're not sure of the precise diameter,
you may want to erect the first course to get the exact floor diameter.

An alternative method to building forms, although I haven't tried it yet, is to use the
boHom edge of the extra large base triangles as forms. Erect first course of dome,
arrange it so that cer'lter of each ground strut is an average equal distance from center,
get each of the five hu bs touching the ground to be at the same approximate level,
and stake it in place so that it can't move back and forth, or up and down. Leave an
opening to wheel concrete in. Drill holes in the struts, put anchor bolts in place, and
prepare floor as above.

Positioning furms

Still using transit, position form (or bottom course if you do it that way) so that it's
level. With form, top of wood is floor level, and concrete is poured up to that level.
With bottom course as form, run a strip of wood level with bottom-resting hubs
along plywood (see fig. 1), and pour concrete to that strip. (A pencil line doesn't
work as it gets splashed with wet concrete and you can't see it.l

Once you have a level to pour concrete against, anchor bolts in place, plastic on
yruUIIU, Ylavel tJUWII, sLeelllll;sli Uri (up, rl:1illlurcing sLeel in lrellch, elc., yuu'r!::!
ready to pour.

You can rent steel stakes for forms-very useful. In soft ground stake like this:

Fonns



FLOORS continued 4x6beam

•

2x6joiSt

plumb
line

taPe measure

Fig. 2

and dangles the bob (steadily) at the distance from the transit determined by the tape
measure men. The transit man lines up the string from the plumb bob in his inSlfu,
ment's cross hairs. When it is aligned, drop the bob and mark the spot locating the
pier. Unlock the transit and swing it 450 and repeat the same process, You will
alternate between the long and short distances. Shoot the location for the two extra
piers at the same time as you shoot the others in that line.

At fNery marker, dig down to hard dirt, Make plenty of space so you can shih lhe
pier around a bit. If you live in cold country, the pier will have to be made in a~
that works for your climate. Ask MOUnd. Place piers, except the centet" one, and
re-check with transit. Take care to do this right or you will be extremely sorry alter

Framin:: platroml

Remove the transit and put it away to prevent damage. "Toenail" post to piers,
leaving nails out a little in case you have to shift things around a bit later. Install
beams on top of the posts and toenail them on. You might have to have helpers
hold them to keep them from falling over. When the center beam is placed, you
can measure for the center post, cut, and install it. As you nail on the beams, use
two levels on the posts to make sure they're straight up and down, Seams should
be installed with any warp humped upwards so that the weight of the flOOl" will
tend to straighten them.

Joists should be pre-cut to the proper length-allowing for the thickness of the beam5,
remember. Install the joist hangers on the joists using the special naits that come
with the hangers. Mark the beams for joist location, keeping in mind that you want
a joist to support the edges of two plywoods: that is, two plywoods will share a
joist and meet halfway across its thickness. Jt's easy to goof this up. Think it out
carefully and double check measurements. Nail joists in place. Get onlook~s to
help. (Bring extra hammers.) See, Fig. 3

Culling posu

The transit, still in place. is used to determine the hei!tlt of each pier. Aim at the pier
and have a man hold a tape measure vertically up from the center of the pier. Write
down the measurement, which is the number that you see at the cross hairs. Unless yw
want the floor extra high, assume the highest pier to be zero-you'll rest a beam directly
on it without a post. By subtracting, you can easily determine the necessary height of
each post, with the exception of the center one.

_.

Clean all your tools, the mixer, the wheelbarrow with a strong hose stream. Get concrete
off your shoes, and hands and put a lotion or oil on hands. You'll probably be so tired
you won't be able to sleep.

WOOD FLOORS

The first flool'5 we built were square. We used prefabricated concrete piers every 8' on
center, The floors were simple to construct, and students with no previous building
skills were able to build floors with almost no experienced supervision. Prime disad·
vantage of a square floor is that the dome is round and the floor corners protrude from
underneath the dome. We had trouble with drooping areas in the floor where we had
the dome stick out beyond the main braced part of the platform and then tried to
bridge the resulting gap with unbraced plywood flooring. The general floor plan shown
includes piers and beams to prevent this.

Jay worked out a radial floor for his 20' dome-a far better approach, described in
another section. It might pay to work one out for your dome.

I" concretc nCKH": this floor and othEn are described in Ken Kern's The Owner Built
Home (see bibliography). I tried a' 1/2" floor, and it worked well. The unique
feature here are long 3' concrete spikes (like ladies high heelsl that go into the ground
every 3', and an air space that develops between floor and ground, providing insulation.

Once all concrete is poured and floor is screeded, you remove the 2 x 4's and stakes or
post and fill in with concrete. Floor is now ready for troweling.

Bill Woods has designed and patented a motorized concrete screed machine (U .5.
Patent No. 3,367,083) that looks Iike this:

If you're going to pour a number of floors,
see Dyna Domes about getting a license to
use this machine.

When the flOOI" is all poured and screeded, finish with trowels. I never learned to do this
too well. I believe masons sprinkle a little cement on the top if there's too much water,
and to get a smooth hard surface-they then trowel it in. Keep working with the trowels
until it looks O.k.

Installing Plywood

Start with the middle piece and move out, Use 8d hot dip galvanized nails spaced about
every 6". Sash the tongue into the groove using a sledgehammer with a block of wood
between it and the fragile plywood edge.

Anchors
Rectilinear houses are often built on piers, with no footing, and no connection 10
the gl"ound olher than the tremendous weight of the structure: gl"avity does the
rest. However, domes are so light that they should be anchored securely to the
gl"ound. This can be done by substituting poured concrete footings for the piers
described above, or screw-in type anchors and cabl8$. (See Wards or Sears Farm
Catalogs)

Diacollal brxes

While a man checks each post for verticality, hold a 2 x 4 as shown in fig. 3, and mar1l;
the angle at which it must be cut. Install with toenails.
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For the 24' dome, piers are placed as shown in Fig. 1 on S' centers except for the two
extras at the sides. The posts, cut to whatever length is necessary to make the floor
level, support 4 x 6" beams to which 2 x 6" joists are attached (flush) with joist hangers.
The flooring is 1 '/S" tongue and groove plywood with exterior glue called "2·4·'''.
It can span four feet and is the only flooring used. We'll describe the square floor, as
the building steps mi!tlt prove helpful. Remember that this is the minimum floor, and
it mi!tlt not meet local building codes. It must be diagonally braced, and it should be
securely anchored to the piers with metal brackets if you live where there are high winds

Instructions

Start by setting up the transit (it can be rented) where you want the center of the floor
to be. Drop the plumb line from the center of the underneath of the transit. This will
m8f"k the center of the center pier. The transit has a 3600 dial. Lock it at 00 with it
pointed in the general direction of the next pier. One man si!tlts through the transit,
two othel'5 hold a long measuring tape to locate the proper distances from the center
pier, and a fourth man drops another plumb line at that proper distance to mark the
location of other piers, (Fig. 2) For the floor shown these distances will either be S'
or 11' 3 3/4". The plumb line man stands at about the right place for the next pier

EXPERIMENTAL FLOORS

Fuller has made floors by grading the site, applying a layer of gravel for drainage, and
then laying a floor membrane consisting of (starting at the ground) a layer of corrugated
aluminum, a layer of Celotex or similar soft board for insulation, and topped with l{S"
tempered Masonile. This material should be layered so that no joints between panels
come right over one another. The layc..s should be cut to fit inside the dome so that
the finished floor is above gl"ade; that is, above Ihe level of the surrounding land. This
floor has the advantage of being reuseable. Under some conditions, a heavy polyethyl
sheet can be substituted for the corrugated aluminum.

A recent conversation between Jay and Fuller generated this idea: Dig a shallow round
pond, line it with polyethylene, and float a floor milde from thick styrofoam plankslikt
a floating dock. If the dome were li!tlt enough, it would be possible to easily rotale the
dome to face the sun. It would automatically be level.

In any case, it is necessary to have a waterproof membrane under the dome or you
will get sevc..e condensation inside the dome even with large vents.



FLOORS continued

Measure with your wire from the main beam halfway center point out on your new
beam, and drive a nail in the loop, centered on the beam surface. If you're making a
hex, the distance from this nail to the nail on the tip of the main beam will also be the
same. (The distance in a re!Jllar hexagon from tip to tip is the same as from center to
tip.) Now you are ready to make a perimeter joist from 2 x 6. Because of the thick­
ness of the radial beams, the perimeter joists are not exactly the length of the wires.
With a wire stretched from tip to tip CNer the position that the perimetEll'" joisl will
occupy, measure the distance (a) in fig. 5 and subtract twice this (once for each end)
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from the wire length (M) to get the "true length" at the center fine of your perimeter
joist. 1M minus 2A) Because of the angle cut, the perimeter joist will actually have to be
CUT longer than this. Take the 2 x 6 and draw a line on it at 6QO near one tip. AIS9
draw a short line dividing the joist in half lengthways as if you were going to split it
into 1 x 61. (See Fig. 6) Where this line intersects the angle line, make a mark. Measure
from the mark down the joist to the other end the distance you have already found to
be the true joist length (M minus 2Al and make another mark in the center of the joist.
Using the triangle again, make a 600 angle line (the opposite way than at the other end,
please) so it intersects this mark. Check again. Cut the joist and six more like it. set
the other piers and beams, marking the true beam lengths with the wire and marking
them so that you can tell where to install the perimeter joists accurately.

The perimeter joists are altached to the radial beams with straight joist hangers first
bent at the 5 1/2" line at 900 and nailed to the radials. The perimeter joists are then
rested (l(l the bent hangers and the hangers are beaten with a heavy hammer until they
wrap around the perimeter joists. They are Ihen nailed in place there, too. When all
the beams and joists are in place, start at the center with the plywood and begin to
nail them down as you have planned on the graph paper. Where non·ton!Jle and
groove edges meet in air, install more 2 x 6 underneath. 00 this also where the
span seems to make the floor too bouncy. Don't span more than about ten feet
with a 2 x 6 used this way.

When the floor plywood is all nailed down, slrike a circle the size of your dome on it
using one of your wires from a center nail. Cut off the corners with a Skilsaw or
chainsaw (carefully) and take the pieces to the right places to fill in the gaps. Trim
the whole thing off neatly. NOTE: The legs will have to be braced for side-to·side
motions AND a screw-it·imo·the·ground radial rotation motion called "torque".

Fig. I

RADIAl, FLOOR CONSTRUCTION
Radial floor construction is in many ways easier than regular construction, and for
C'¥tain sizes of dome it saves lumber. It has the added advantage of being buildable
by one person, and does not require the use of a transit. Yoo will need a heavy hammElI'",
,saw, a level, two pieces of wire and a small 30/60 triangle. Y00 will also need a couple
01 fislloads each of 16d and 8d nails, and flat joist hangers fOf" as many beam ends as
yw are going to use. The number of beams and other parts that yoo will need can be
deten'nined as follows:

To find out if a radial floor is useful for your dome, get some 1/4" graph paper and
call each square 3". This makes every four squares a foot. If yoo will be making a
dome that will run off the paper, carefully tape some pieces together. In the center
of tile paper strike off a circle of the size of the intended dome. Use the intersection
01 "fOOl" squares as a center so counting will be easier. If possible, a hexagon frame
ihould be used, as it is the easiest to make and measure. You could make as many
radial beams (the beams coming to the center poii'll) as there are sides in the dome,
wt Ihat will mean 15 piers fOf a 3-frequency dome-too many? The hexagon points
will protrude out from beyond the dome. We recommend that the dome be ON the
platform rather than hanging down over it, as the sealing is easier.

Lay out 4 x 8 panels on the floor plan of your intended dome in a pattern that makes
sense. Remember if you are using 1 1/8" plywood to keep the tongue and grooves
meshing properly. See if you can do it in a way that the cut off plywood ends can be
overturned and used upside down at the other side of the dome to fill in the empty
spaces. Also, if possible, arrange things so a whole 4 x 8 will bridge the beam nest over
the center pier, as shown. Scrap A is turned over and used at B, locating edge P as
lhown in Fig. 1. For a 20' dome this can mean that yoo can make the platform from
only 11 sheetsl (see drawing). Also, space the plywood so that the edges arrive over
beams in the strongest manner. If it all works oot well, you will save wood and piers.

Inslmclions for Ilcxagonal-Frame Floor

HI you use an octagon or other shape, it will be the same except for the angles.1
Determine the highest point on the building site and install a pier th9f"e. Use what·
/Ner method of footing that is useful in your climate. Take a 4 x 6 beam that is as
long as your floor span and rest its tip (l(l Ihis pier with the other end out in the air
""er the lowest part of yoor site. Install another pier near that tip. You can put the
piers as far as two feet inboard from the beam tips if you Wilnt to. Now put a level on
top of the beam and raise it up at the lower end until it is level. Dangle a ruler down
to the lower pier with one hand and note the distance. Set the beam down; cut a post
that length; install it with toenails. Also toenail the first end of the beam to the lirst
pier. Make very sure that this beam is level as installed. If necessary, prop it so it
doesn't fall CNer. Now. Make a mark at one end of the beam and measure to the
other end exactly the si2e that you want the floor to be (diameter). Make these
marks in thecenrer of the beam, and drive nails in them. Now make a mark at
the very middle of the beam at the halfway point. Drive a nail in it. Right under
this mark, install the central pier and anchor il well, either by digging deep, or with
concrete. If the ground is soft, make this a big one. This post should be large enough
to accept all the other radial beams. Toenail it well and make sure surface is level.
See fig. 2.
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The easiest way to do this is to install three diagonal braces from the top of the
center post to the piers of Ihree outer posts like a Mercedes Star. To combal
torque, run two more braces from the top of the tallest outer post to the piers
of the posts on either side. You have to do this or there will be trouble unless
your dome is on very short posts. (Fig. 1) II high winds are expected, you will
have to make some positive anchoring 01 the platform assembly, such as poured
footings and iron brackets on the ends of the posts. You could also use screw-in
anchors Of other fence anchoring devices.

Take a piece of floppy wire that won't stretch and make two pieces with a little loop
at each end so that when the loops are put CNer nails the piece is exacrly the distance
from the halfway center point on the main beam to the nail driven in at the tip on the
distance mark you made there (distance M in Fig. 3). Loop one end of a wire CNer the
halfway center point nail, and one end of the other over the nail near the beam tip.
Stretch these wires out in the general direction of the next leg of the he)(ilgon you are
making. When both wires are tight and the loops in your hand are together, this is the
place for the next pier. Put one there, or sli!f1t1y inboard, according to where you put
the piers for the main beam. Take a 1/2 beam and draw a short line on it exactly in
the middle lengthways as if you were going to split the beam into a 2 x 6 from the
4 x 6 it is. Line this line up with the main beam halfway center point nail with the
1/2 beam resting on the center post and up against the main beam (see Fig. 4). Go to
the far end, put on the level and measure how long a post you'll need, make it, etc., etc. 33
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When you live in a dome, you lJ"adually become aware that what you've built resembles
a living organi$rTI. It is a mathematically derived.membrane containing life inside. One
unfortunate aspect of this symmetrical shell (for plywood domes especially) is that it
breathes: expands and contracts. It loosens up in the sun, ti!tltens when it's cold. What·
ever it is that seals the domes at the seams must either be flexible and resilient, or extremely
strong.

Thi Ik carefully about sealing your dome. If you don't do it properly at first, you'll end
up spending four times as much energy (and money) in getting a watertight seal.

Because I was in too much of a hurry in sealing. it rained inside our dome in the first
rainstorm. The three of us ended up huddled in a dry spot on the floor in the least
wei sleeping bag. Later I remedied the leaks, but the hassle was frig-.tful. Everything
else in the dome can work beautifully, but it you have bad leaks, you'll probably be
contemplating suicide.

Get the best advice obtainable, decide upon a method, or several methods, and make
tests. Try to simulate the stresses that the dome will actually undergo in the tests.
The best source of information on sealing joints we have found is the Harold A. Price
Co., Inc., P. O. Box 1389, Richmond, CA 94802. Once you have a design, write
them, giving specifics, and they'll tell you what type sealant would be best. I
suggested to them that if they get enoug-. inquiries they might mimeo a sheet 00
sealing domes. They said o.k.

We'll describe what we have learned.

Important to remember: windows and vents are the worst potential leak areas, as they
break the dome membrane, and invite water in.

We have tried two methods of sealing joints: tapes and caulks. Tapes span the gap,
gripping the membrane on either side; caulks fill the joint.

TAPt:

I-Ri~d: fiberglass tape or mat has been used with varying success by different dome
builders. At this point I'm not sure as to its long-range sealing abilities. It's extremely
strong, somewhat difficult to apply, and there is a danger in developing hair-line cracks
due to dome movement. It probably works best in areas where temperature changes
are not too great or frequent. You should consult with fiberglass companies as to
these aspects:

al flexibility: there are flexible resins. Are they weaker?
b) tape or mat? Tape is much more expensive but stronger than mat, and

easier to apply.
c) ultra-violet resistance of the resin. Look into surfboard resin.
d) check into polypropylene cloth, supposed to be much more flexible than fiber·

glass, and it can be used with polyester resin. Write the National Fisherman
(see bibliography) for current information.

e) pigment or paint. You'll have to use one or the other, as clear fiberglass
deteriorates and darkens, getting a mottled appearance.

Bill Woods of Dyna Domes caulks seams with a mixture of Cabot·sil (thickening powder)
and resin, using a rubber squeegee, available from fiberglass dealers. Then a 4"
wide strip of fiberglass mat is applied over that with a 4" roller. He is presently
contemplating changing to an all-silicone covering and joint filler, which would
replace the fiberglass presently used as membrane protection and seam sealer.
Note: the seam must be filled, and it must be smooth for subsequent application of tape
or mat. Even small bumps will cause air pockets and trouble.

2-""exible: what seems to be the best flexible tape available is Fab·Dek.
It is reportedly used successfully by Pease domes in the east. It costs
about lot per ft., plus the adhesive. The company also makes other
roofing materials which might be adaptable to dome seams, and it might
be possible to save on the Fab-Dek tape by buying a large sheet of it
(it comes in rollsl and cuning it into strips. See materials sections for
address.

3-Pressure-scnsilive tape!!: this would be the answer: an easy-to·apply tape, no sticky
adhesive needed, no need even to caulk. If il deterioraled after a few years, you'd just
peel it off (unlike trying to remove non-functioning caulk, or tightly·adhered tape).
Jay has built an aluminum sailboat, sealing seams with electrician's tape 3" wide. We
are trying some tests on this tape, but don't know enough yet to recommend it. Jay
says that paint will destroy it, so the dome should be painted before application.

I

It is absolutely necessary that the edges of the joinl to be taped are dry, smooth, freI
of dust and little pieces of dirt or sawdust in the paint. The tape should be at leas!
two inches wide and at least 6 mils thick. Vinyl electrical tape made to military
standards is available in larger cities in any width you might need, at supply t\ouse$
specializing in tapes for electrical things. The only economically practical tape a... .
at this time is vinyl. Be sure that its specifications will allow it to live with your cl"
"Shingle" it at intersections. After applying (it takes a person at each end of the .
roll it down hard with a hard rubber roller. If your joint edges are too rough {he!allll
will be cut by them. Do not stretch the tape as you apply it; and avoid making wri
Black tape lasts longest. The hotter the day of installation, the better.

4-Airball: not actually a tape, but it works the same way. Bud Lindsay, a boatbuil
told us about it. It's a liquid that is used in conjunction with canvas or muslin to seiiI
boat decks. You put the liquid on, press the cloth over, paint on more liquid. The
I saw was called Easy Deck; it is about S5 per galton, and if it works, would be abo.lt
cheapest way to seal a dome. It's water soluble (until hardl so easy to work with. II
you test it, let us know if it works.

CAULKS

Caulk spans the gap between dome seams. It must be flexible enough to allow for
dome movement, yet not pull away from edges it is adhered to. If caulk is used in
conjunction with paint, or tape, you must check the chemical properties of the
caulk to make sure it is compatible. Also, a good caulk is not enough: you also
need a properly designed joint, and good application technique.

Edges of plywood are bad fOf caulk adhesion. There are often bits of sawdust, and
the caulk does not grip well. Be sure to make tests, flexing the seam many times and
exposing it to temperature extremes.

From Dean Fleming or Libre

40 ft 4 plIQU I!r~qUf!ncy I dom~ lun bun up 18 moJ. $etJlI':d 4 limes wilh "f!OpreM bolt ,.~
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This spri"g I'll add a"other &probobly so"'. c"lor (e"o"'el). "l'he 'i/tle dome is doing"try ..tO­
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m,,'t sll)' I ...·QJ influm.cl':d by the nic~ rMd. "'I')' till': foil /<lid 0 ... Lib"" is still d;'·idtd: Ptt..
by Gaeo, Tony hatl':' p"""allI",e ONly 0 lillk ku til." CdC'" Iwo $te""s ..sed III"m,... tioll (16"
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mai"tenon", is IiI<" a b()<lt but Ir.:ss ofu... We "ud mor" ti",e to rl':<Jlly tclL
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Joint design

Expansion and contraction difficulties are minimized by designing joints that are wide
and shallow. The depth of the sealant should never exceed one-half its width and
preferably should be less than one-half tile width.

Minimum width of joints: 1/16"

Maximum depth: 1/2" for joints greater than 1". Anything deeper than 1/2" is toosl
to cure. A joint filler can be used to lessen depth of joint. ~.

A concave shaped bead is best for minimizing expansion.contraction.~

___t:::lL-__
Caulk appliulion

Caulk is difficult to apply to dome seams with a standard hand gun. The worst aspect
of our plywood domes is the unevenness of the exterior seams. Since building the
we have learned of three things that we could have done to produce better seams:

t-You can get an air gun, for $30·40 that will run off a nitrogen tank. The caulk comes
out under pressure and is forced into the seam. We'd have done this if we'd known,
with a small nitrogen tank in a back pack or harness.

2-You can get special putty knives for seams. After the caulk is applied (with hand
gun) you dip knife in soapy water and run along seam. Note: this only applie'5
to moisture-curing caulks.

3-We had trouble with cartridges bursting in cold weather (caulk gets rigid). A
closed cartridge type caulk gun, with metal cylinder that completely encloses
tube might remedy this.

These instructions are for Vulkem. Other caulks may have different requirements.

Remove aU moisture, dust, dirt, grease, etc. with brush or air blast. Use a joint
filler, or piece of polyethylene so caulk does not stick to strut.

Method: start from the bottom of the joint. Push the caulk in, with pressure. Don't
just lay it in. Force it against the sides of the joint. Press out any air bubbles. Use
soapy water as a lubricant and a special caulk putty knife to $rTIooth out the caulk.
You can paint over the caulk in about 24 hours. It cures on down (from top to bottom

of seaml at the rate of about 1/16" per day.

Estimating sealin;:; reljuircmenls LINEAR FEET PER GALLON
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SEALING continued

Knowing what we know now ~tioll: If it's a plywood dome, if you're going to live
in it, I'd try a combination of Silicone caulk and a compatible tape as double protection.
However, you'll have to get the caulk on completely smoothly, with no bumps, or
you'll have air pockets in tape.

Remember-the dome is all roof. Water runs over the entire surface. If you have
window batts, or other things {vents, doors} that protrude beyond the surface
membrane, do they make little catch-basins where water will collect? If they do,
there'll be erosion, or rotting problems.

We used Vulkem 230 one'part polyurethane caulk. with no tape. After about
six months' exposure, it cracked because of the dome's expansion-contraction.
arid we are currently trying several different remedial measures. One is per
Dean Fleming's letter on page 34, using M45 Mastic Caulk over seams, then
the BC Chrome liquid foil over it with strips of fabric. Another solution we're
trying is Acrylar 5004 and 5005, from Schnee·Morehead, 825 South Dice Road,
Santa Fe Springs, CA 90670. This is an extremely flexible caulk that looks
good in tests

PAINT
It is far better to paint before assembly. Best ana smootnest coverage can be
obtained by spray·painting. Avoid dust and dirt particles, as this will complicate
sealing problems.

On our plywood domes we used De Voe paints, a marine grade primer, and Mirolac
Enamel finish coat.

As with caulking, the paint you apply is extremely important, and you should do some
research on the subject. Marine paints tend to be best, as they are directly concerned
with preventing leakage. Some marine paints are f~exible (See Materials section). but very
expensive. Fiberglass sprayed (or hand layed·up mattl on the triangles before assembly
is excellent weather·proofing. It must then be painted or a final coat with white pigment
added. (You might be able to fabricate triangles of exterior plywood, then have them
sprayed at a fiberglass place.) The plywood must be protected from the sun's rays and
sealed from the winter rains (3/8" thick plywood will easily delaminate if not protected
from the elements.

As with caulk, don't try to save money on paint. Cheap paint will end up costing more
in the long run. Try to match colors of caulk or tape with the paint-white, preferably,
as it reflects the sun's rays.

INSULATION

Three important factors affect temperature control: placement and orientation of the
dome (if windows admit southern sun in the summer, the dome will be hot); ventilation;
and insulation.

We used 1" polystyrene (Pelafoam) for insulation, put in with three small nails per
triangle. It was about 90t per square foot, obtained from Relco Insulation, 519F Marine
View Avenue, Belmont, CA 94002. This is the white you see in the interiors of the domes.

Standard insulating practice is to use fiberglass with alum inurn back ing; however, this
requires an interior membrane to cover up the ugly insulation. If you are able to find a
type of insulation that is aesthetically acceptable, you don't need the interior membrane,
at least above the ten·foot level.

The polystyrene is white, granular, and combined with the wood struts, gives the dome a
half-timbered look. It feels more wooden than plaGtic. It is rated as fire retardant;
however, it is not as resistant to flame as polyurethane foam. Be sure to test any plastic
insulation for fire resistance before using it.

In using rigid foam, you should staple aluminum foil on the back before putting it in place.
Even a thin layer of aluminum insulates against radiation; this is important, as it is
estimated that from 50·80% of the heat transfer across air spaces of ordinary sizes takes
place by radiation, rather than by convection.

The best insulation known is polyurethane foam (See pp. 40·42). Currently the best
foam is Pittsburgh Plate Glass No. 65058, which has a flame spread rating of 25 or less.
Some foams will burn like gasoline once ignited, but in testing, we found that this
foam is highly resistant to flame; it merely chars.

Sprayed foam will cost between 20·300i per square foot. applied ," thick. It will also
aid in insuring waterproofing. You may need more than '" in cold winter areas.

Following is a reprint of a portion of an article by Harold A. Price & Co., Inc.,
describing properties of different sealants.

We are frequently a,ked to determine why sealants
fail. Whenever adhesion is lost or the malarial splits
apart, it ha~ failed. The cause is frequently a com­
bination of factor~. Here ara some of tha principal
reasons:
1. Improper joinl design

a) excassi"e mwement: too narrow or tOo few
joinls

bl inadequate bonding surface
c) failure to provide balance between adhe~;ve

and cohesive factors when determining shape
of the applied sealant

dl three sided adhesion joints: sealant should
adhere only to sides of the joint-never to
the back.

el improper selection of backing material.
2. Loose or inadequate specifications

a) improper seaian! selection
b) improper substitution
c) accepted ",>-called equivalents which are

not trulv equal to specified sealant
3. Improper sealant formulation

a) defective Or old stock
bl poor quality
c) ine><perience with uncommon metallic

surfaces
dl inadequate sealant manufacturing facilities
e) lack of quality control

4. Improper application
al improper cleaning or surface contamination
b) ine'lperienced or untrained applicalors
cl failure to use correct primer
d) unauthorized substitution
el inattention to detail-sealant configuratiOJl­

non·uniform installation or omission 0/
backing material and/or bond breaker

f) lack of inspection
gl non·compatibility with associated building

material.

Reprinted from Con<lrnction Management. a special
publishing service by DAILY PAC IFie BUILDER. 35
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-5 mil Mylar was used on a large hillside dome in L.A., according to architect Bernard
Judge lasted for five years, then became yellow and brittle and had to be replaced.

-polyethylene seems unsatisfactory, won't hold up for 6 months in sunli!tlt.

-Glass is expensive, but still the clearest window material. Dangerous when used
OIIerhead if not safety glass.

-plexiglas:; is expensive, but a good solution especially if you don't have a great
deal of window space. The plexiglass skylights (see Materials Section I may be a good
solution. Plexiglas may actually work out to be cheaper than professionally cut glass
triangles.

We have also tried some Plexiglas with "lock and key" rubber extrusion. With this,
the window is put inside the plywood. Installation is relatively simple and leakproof.

The rubber key is slipped
into the slot with a special
tool, which tightens the rub·
ber on both plywood and
Plexiglas.

fSl\:A,

Over the struts nail 3/8" strips-to bring the strut up to the same level as surrounding
plywood. -

We stMted out by cutting out the individual triangles (See Sun Dome for how to cut),
2·3 inches larger on each side thiln the actuill Iriilnglc to be covered. Vinyl was then
stapled on in this order with 1/4" rust proof staples. First panels 1,2,3 and then 4.5.
This "shingles" seams for water run·off; always staple on "point up" triangles first.

It takes two people-one to stretch the plastic while the other staples. It works best
to put a few staples in a vertex, then alternate back and forth betWi!eO the two sides,
stapling eYery 4" with the third edge done last.

On edges of triangles 1,2,3 the edges that
were stapled to the strips were trimmed
with a knife, cutting through the pla5tic
against wood. On 4, 5 the pl<lstic was
held up and cut so none W<lS <lgainst the
next window.

windows
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In this case, battens are put along the perimeter, but are not necessary on the diagonal
struts, which are not stapled.

One of the unsatisfactory details of using flexible plastic like this is that the battens
stick up above the skin, and catch water. This is especially a problem for windows
at the top of the dome. Also, the vinyl is not perfectly clear, has minor wave distortions,
and we're not sure how long it will last. An important thing to remember is that where
there are large window sections, the dome is much weaker, without plywood for
structural strength. You may want to work out a detail for compensation here, such
as this:

There are many choices in pattern, construClion, and materials with windows. A useful
thing to remember is that a small amount of light coming in ilt the top wil( illuminate
the dome surprisingly well, especially if the inside is white. If you want to minimize
leakage problems, design and build windows very carefully.

Vinyl windows: We used flexible 15 mil vinyl, with an ultra-violet stabilizer. It comes
in 54" wide rolls, just wide eflougl1 for the large triangle. It's cheap-about Wsq. ft.
and easy to apply. 1t wouldn'! do in snow country. and we regard it as a temporary
measure. Here is how it is done:

Next we ripped 1/2" x 2" b<ltlen strips on <I t<lble S<lW, painted them, and n<liled them
around all edges that had been stapled. The plastic was trimmed, and the outside edges
of the balten were caulked with Vulkem sealant. Vulkem does not have a solvent in
it, and does not eat away the plastic, a5 will many other sealants.
With later domes, we got into farther-out patterns, like equalori<!1 arcs, diamond
stars, and 12·triangle clear sections. We began to cut the windows in diamonds,
and then discOllered that to cover the long arcs, we could unroll <I long section of
the 54"·wide plastic, and staple it only on the edges where it met plywood.
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b,ace

Nail the t""o triangles together along common OOge. puttne doo, in the doo'way, nail cross
b,ace on, put on hinges, and add a spring to keep gravIty from crushing the doo, against
Ihe side of the dome ""hen It's open. You can make a doo, latch lIS shown. To Slap Ihe rod
from wea,ing a hole in the ply""ood, add a seClion of metal tube 10 where rod passes through
plywood.

Set the saw at the bevel and rip a
piece to fit inside along the peak.

NexI, make Iwo 1 x 2 pieces la,
the doo, to rest against, Set
them back 1/2>0 from plywood
edge .

Then nail everything togethe' and
onto the dome

To make the door, hold two full triangles (or iour scrap halves) against door opening and
ma,k from inside. In CUlling allow for 1/4" gap between dome and doo, ply""ood, Ahar
trimming, place the triangles bock intO lha door""ay and measure the angle for the piece that
connects triangles along Iheir common edge. A brace connects the twO tips of the door.
Mark for this the same way as the brace inside dome,

Use t""o scrap triangle halves for Ihe hood. Place them on Ihe dome so that their
right anglesa,e away from the dome, One of Ihe pieces should fit perfeclly along
its strul, the other an inch 0' lwO too large. Also, one piece will be too large at Ihe
,ight angle. Mark accordingly, and ""ilh an angle marker meaSU,e Ihe angle beneath
the peak.

urace

RemQlle a horizontal "tutuetween t""o of the large triangles in the first and second
courS<!. Because this ""eakens the dome's Slructural integrity, you must brace bulh
.,id,·., of the door on Ihe inside of Ihe dome to hold thc angle. Adiust any discrepancies
with a plane, and glue-nail hrace in place.

And if tha!"s not clear. wrile Wayne.

Diamond door: Wayne Cartwright designOO and built a unique diamond door. It', hard
10 explain, and some details still have to be worked out, but this will got you started:

gIllar door: practical, and ugly. The easiest thing to do is to frame door opening
ard and put in a flat door,

r"!,, :::::::~~:~~;:~:~:::::::::~::::~::;;~:~:::::::~:::::~:::~:::::i~::~::~:i~:~~::::::::::::::::::::::::i"I"
famous Japanese lea·masler} inviled a few af his fTiends 10 a lea cer..mony
for Ihe house-warming. Knowing Ihe great"ess of Rikyu, Ihe guesls natuTally

i.i, expected 10 fi"d some i"genious desix" for his garden whu:h would make Ihe ;.~
besl use of Ihe sea, Ihe ho"se being on Ihe <lope of a hill. BUI when they
amiJed, they were amaud 10 find Ihal a "umbeT oflarge evergreen ITees had
been planted 0" Ihe side of the g...den, evidently to obslruel Ihe view of Ilw ••
sea. They were al a loss 10 understand Ihe meaning of Ihis. Later when Ihe lime
came for Ihe g"e.ls 10 enler Ihe lea room, they proceeded one-by-one ,wer the
stepping .Ione. in Ihe garden 10 Ihe .Ione waler basin 10 rin.e their mouth. and
wash Iheir hands, a geslure of symboli~ eleansings, physically M,d m~nlally,

before entering lhe lea-room, Then il was found Ihal when a guesl sloo/Ied 10

.~oop 0"1 a dip/'CTful ofwaler. from lhe waler basin, only in thaI humble
/'oslure was he suddenly able 10 gel a ~Iimpu ofrhe shimmering Sea in Ihe
distance by way of an openi"g in the ITees, lhus making him realize II,e relalion·

:!: .hip between Ihe dipperful of waler in his hand and Ihe greal oC..an beyond, and

l"",~,:",: also enabling him to recognize his own po.ilion in Ihe u,liverse; he was Ihu. ""
broughl inlo a ~orreel Telalion.hip wilh Ihe infinile. ...

FTom Japane", House & Garden
by Dr, firo Ifamda ..........................................................................................................................................................................................................................................

Triangle dour: merely hinge one of the triangles-work <;Jut a detail for. shedding water.
This is the simplest door, and causes one to stoop each time the dome IS entered,

are two basic problems with dome doors, windows and vents:

'nee the dome is all roof, water pours over the entire surface when it rains. Openings
llI'ite leaks, .

Tools, materials and principles for door·window·vent installation are mostly applicable
IOloctangular, 900 ·to·earth installation. When you depart from this, there are many
design problems to be considered.

you start cutting openings in the dome shell, you suddenly realize how ellicient the
lar building is with respect to waterproofing: the roof, which takes most of the

lall, iswvered with tar, or roofing paper-which is leakproof-and water merely runs
and off. You don't even have to be very careful in application of roofing material.

with a dome, a pinhole in the surface brings moisture inside.

flip door: If the dome is on a hillside, this is a solution, and one which we have used
10 .;\hsix domes. The advantage is that you don't have to cut into the shell. Disadvan·

llgesare

-it uses up floor space (when open);
-it tends to be dangerous, unless you build handrails and some kind of guard around

hole to stop people from falling when door is open, and the door can fall on you
when you're descending the stairs. We Skil·sawed section out of the 1 1/8" plywood
floor then made doors out of the sawed·out section. Section was cut in half, so door
wouldn't be too heavy to lift, hinged, and handles attached for opening and closing.

IIydoor is 3' x 5'; I can fit a 4' x 8' sheet of plywood through this door, If I did it again,
l'dlfY to make it of a lightweight matedal-like a sandwich fiberglass panel-so it wouldn't
teso heavy to lift.
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If you use a six-meter radius and a 5/8 sphere, your structure will look about as below­
and, as you have learned. the seemingly empty space is full of invisible energy operations
in your favor. Trees may also live inside, to mutual advantage of man and tree.

This space should be treated as a controllable outdoor garden, with the concept
of a "house" as 8 "fortress" completely dismissed.

Think of the structure as the masts and spars of a sailing ship wefe thought of, i.e.,
as a mobile system of overhead "vantage" (as with shipyard "cranes") for mounting
any kind of local "circuses" of atmospheric and energetic events. Send skins aloft
like sails on a ship.

r
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ventilating umbrella and parasol

Living area or controlled
gltl'den .rea-approJt. 110
square meters.

MobileShading Device
in svmmer-reflects sun
outward; in the .... inle.­
reflecls sun in....ard.

screening

screening

ventilator "hat"

""- I ;>1"'hingMf' lor Other m.,;h.l
. ---r . YWllil.tor ba5e "flIPI" or sr• ., 'f<::. i _

'. .~

A partial sphere seems ideal for a nalural cooting and circulation system.

E:l:lrxl from Item "M", Boston Iliut Print Dala Arehiwl. R. B. Fuller:

Be sure to design your building with large ventilating and reflecting areas both top and
bottom with screens, etc.

t
)

JJ .l~\
low pressure cone above dome J .2 a8 \. Atmospheric movement when sun,
draws down a central cold;1f [-Y.k.. ~" as heating element is outside
air core c.ountering //~ >f' \"'\. - structure, Le. on the reflective
major rising thermal """ convex side of system which
spiral column /f diffuses energy outwardly,

td \/'.." ()~ ~<'o~~ ~ / ./7

! € ~ 0 VT ~;, ,.---. ~
~ "I' .. / '\.E r ~

ii til '1 \8t 1\'
! tfl ( t· ,~.~
II \ J~ 1 t \'
~ "-- ~/r~--:)1 \

Atmospheric motion when little 1001
"sun" i.e. heating and lighting

elements are near top inside
of system, Le. on concave side
of system which concentrates
energy inwardly.

Interior motion is an involuting torus (doughnut shapel
Interior motion is an evoluting torus (doughnut shape)

Maior Almospharic Drill_,m
Barometric Lows
suc:k winds co~trklllly

Total atmospheric sky patterning moves in respect to hot. low, focii suctions

-<
'0,"
Barometric H iflhl
yield IICcemncally

~~W''''''dO"O''''oW''''''''''~~ *
Ene'llE'tocal atrl'lolMpherlc pauern"'l1
sometImes made VISIble bv dust,
smoke. or water In tornadOS,
explosives and clouds, .......ater
spouts" respectively

constant UlY,slble mlllor
thermals of .....orld atmospherIC
p8Herns

) The scheme is 10 induce thermo
evolutions and involutions to take
a natural reciprocal cou!w th,ouf!l
geodesic environments, thus employ·
ing the ViJQlUffl drags of the pat·
terning and its obstructions to pull
the interior airs over preferred pat·
terns. This is accomplished through
convex..concave shapes and dimen·
sions of openings and reflectors.
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As you may know, polyurethane foam is one of the most exciting new
building materials. Since it can be shot from a gun, the builder is not
limited to puning together pr~cut components. This allows great fluidity
in form, as evidenced by early work done by Douglas Deeds (San Diego)
and Felix Drury (Yale).

Foam is the best insulating material known, and with fiberglass or other
membrane as sandwich covering. can be structural.

Bill Woods of Dyna Domes has done some important one-man foam experi­
mentation, has built several 100% foam buildings using a specially designed
foam gun and foam panel machine...---

The Futuro house, designed by Finns, is the first successful looking foam·
fiberglass house to be offered for sale in the U. S.

My intuition tells me that plastics are the building materials of the future.
Trees are being cut down at an alarming rate and there is obviously not
enouoj1 wood to take care of the housing needs of any but the wealthiest
citizens on Earth. Early World Game reports indicate that at the present
rate, the use of metals in housing will be insufficient, and" ... metaphysically·
engendered materials such as plastics will hllYe to be developed if we are to
solve mankind's housing needs."

There is a great need for someone to make a thorough study of the prospective
uses of plastics in housing. Those of us now arguing pro and can don't really
know what we're talking about. Which plastics are made of r.oy beans, which
plastics can only be made from non-renewable resources like oil? Are they
actually non-disintegratable? (Polyurethane foam disintegrates 1/16" per
year if expc»ed to sunlight.) 1IVhat will be the effect on planet oxygen
supply if we keep cuning down trees at the present rate? (You know that
very little timber land is being replanted) How much pollution is released
into the atmosphere as a result of the plastics manufacturing process? With
a plastic·insulated house, three times as efficient as normal. how much
heating fuel do you save and how much less air pollution do you cause over
a 2G-year period? Can plastics be recycled and reused? And etc. Help us
answer these questions, not with opinions, but with comprehensive facts.
tn the next issue of this book we hope to compile answers to these and
similar questions so that dome builders will be able to think in compre-
hensive terms of the materials they use.

Following are articles prepared by two men who hllYe worked with poly·
urethane foam for some time: designer Douglas Deeds. and experimental
builder Ron Swenr.on.

Foamed PlaMic for Sheltcr!!
Douglas Deeds

The introduction of foamed plastics into the technical melting pot has
generated a great deal of interest in foams as a possible solution to housing
problems. HlIYing had a reasonable amount of e)(perience with these
materials, I feel that they may hold the key to future housing or shelter
construction breakthroughs.

Basically, foamed plastic is a thermoplastic or thermoset plastic resin into
which, chemically or thermally, bubbles or cells have been introduced. It's
much the S<lme as a loaf of bread rising due to the action of heat and yeast.
The curing of the foam creates a rigid cellular substance. The thermoplastic
foams may be formed with the application of heat; this is not so for the
thermoset foams.

One of the most important aspects of foam technology is the totally organic
nature of the material. This would also apply to some of the reinforced
plastic materials as well. For the first time in the history of mass produced
materials we have components capable of being made into any conceivable
shape and form. The use of the material has not been limited to some pre­
formed industry-issue shape such as an "I" beam I)( four by eight sheet. No
longer are we given limits based on what is convenient for the machine that
makes the materials with which we build.

This, of course, leads to an aesthetic dilemma. We have developed a taste and
fashion sense around the strai!tlt line. Suddenly, all stops have been removed.
This is sort of scary for those trained in the dogma of triangle and strai!tlt
edge. It is also uncomfortable for consumers who have been raised on the
gruel of equating straight lines with man's dominance over materials and nature,
N'ow we have materials that, at least in form and configuration, can be in
harmony with nature.

1. What advantages does foam offer in the construction of a shelter?

The use of foamed plastics fl)( shelters, as stated above, completely frees the
form and shape of the end product. This is much more important in its
ramifications than simply allowing the constructor free reign in exploring his
whims. The structure can be completely site-adjustable; it does not require
the leveling of the terrain to make it convenient for someone to pour a coo­
crete slab. The structure can be in complete harmony with the site-not all
eyesore on the landscape or, worse, a cause for scarring the landscape.

Foams and other reinforcing materials (such as fiQerglass reinforced plastic)
allow total fabrication of the shelter on the job site. The key concept here is
that the factory is, in essence, brou!tlt to the job in the form of a small mobile
unit capable of applying foam and reinforced plastic. The molecules jumping
around in the barrels still haven't been told what shape to be. Also. they are
not in pre-shaped sheets, tubes, etc., which are bulky to transport. Foamed
plastic e)(pands to many times its liquid bulk upon application, providing
economy of material. Two gallons of material thrown together suddenly
e)(pand to become several cubic feet of rigid material. The equipment needed
to erect the basic shell of such a structure can easily be contained in the back
of a small truck. Because there are only. at most, two or three materials used
(all transported in drums or condensed state) there isn't the bulk transpor·
tation problem encountered with conventional building methods.

Mistakes are mendable with the use of foam. The error can be carved away and
new foam "grown" in its place. Small details can alr.o be introduced by car'lilJ!l
into the cured foam. As an added benefit, coree; foam proves to be a moisture
and vermin resistant material.

The materials involved in constructing a foam structure lire costly, on a per
pound basis, compared to conventional materials. However, other factors
need to be considered to give an accurate OIIerali cost performance picture.
The speed and ease with which a foam structure can be erected greatly
reduces raw labor costs. Also, in dealing with only one basic set of trades
people, the problems involved in multi·contractor construction are minimized.
The insulation qualities of foamed plastics are widely known to be far superior
to any other materials available. The reductions of basic heating/cooling unit
cost plus long term heating/cooling cost savings must be considered as a distinct
advantage.

The creation of the raw materials. from which a synthetic house is created, cause
a resource depletion. However, if a synthetic shelter performs more efficiently.
and does not generate further resource depletions, it is surely a step in the f91t
direction. Conventional building techniques drain resources from the outset.wl
their sieve-like inefficiency demands further consumption in the form of great
quantities of gas and oil to heat and cool them, to say nothing of the e)(cess
pollution caused by the inefficient traospoft of large, bulky materials to the
job site. These factors are, obviously, reduced by the low bulk. site-adjustability,
insulation quality of foam structures.

It is no longer practical, economically or ecologically, to chop down trees, saw
them up into 2 x 4's and reassemble them in the form of houses. This simply
will not meet the needs of the future for sheltering the earth's exploding pop.
ulation.

2. What are the disadvantages of foams for shelter construction?

One of the prime deterrents to the widespread use of foams for shelter building
is the relatively higll cost aod complexity of the application equipment needed
to gain the maximum benefits from foam's properties. A $5000 investment is
not within the reach of the average e)(perimental building enthusiast. Also,
there is a good deal of skill required to apply the material properly and keep
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Although most
polyurethane foam

is rated as "fire resistant",
there are many different types.

Most grades if heated to a high enou!tl
temperature will burn. Pittsburgh Plate

Glass foam No. 65058 however, with a flame
spread rating of 25, does not burn. but chars. Try

a fire test before using any foam.

continued



','his article was prepared by designer Douglas Deeds. 1706 W. Arbor Drive, '
San Diego, Calif. 92103. The first aesthetically pleasing use of foam I saw
was the grotto he created in a New York office building in early 1969.

IILASTIC FOAM

the spray equipment functioning. It should be noted that" th,is cost and com­
plexity is infinitely less than that required for any of the low cost housing
schemes that are currently being proposed as solutions to the mass housing
problem. These foam techniques present fewer limiting factors than the
industrial approach. Mass production may have worked in the auto and trailer
industries but it won't solve the needs of the shelter shortage. If. still stick
building technique, no matter how automated.

At present, sprayed and poured foams, uncontained by molds, hiNe a rather
pebbly surface texture which might be unsatisfactory from a cOn'/entional
aesthetic point of view.

The fO(lms used to build most structures have very little skin strength and,
thus, a shelter could be picked apart with the fingers. Ultra-violet light
will degrade the surface of exposed foam, making it soft and crunbly. Both
of these disadvantages could be overcome by coating the foam with reinforced
plastic or other types of permanent skinning material.

Hazardous, toxic fumes that are given off by foams, when they are sprayed or
poured, are a problem that must be realized. With proper breathing apparatus
this is not a great danger, but, extreme care should be taken when working
with any of these materials. Yes, this might be considered air pollution.
However, to expand my earlier thesis, isn't it better to have a small amount
of pollution to create something that is a thermally efficient shelter, thus
eliminating the need to chop down trees or diminish resources and burn
these products to create warmth? A little seive in the woods is very nice.
But, eventually you will have to decimate the very woods you came to
enjoy just to keep warm.

Another disadvantage with foam construction, though not inherent in the
material, is the resistance that building codes put forth. This is, obviously,
a problem that has many interrelated causes and effects much too tangled
to delve into here. Suffice to say, that as long as the power structure in
this country dictates the building codes and requirements, on a non·per­
formance basis, there is little hope of new building technologies emerging
on a wide scale.

3. What are some of the construction techniques available for foam shelters?

There have been a number of foam structures erected, during the past couple
of years, using the inflated technique. Basically, one simply inflates a large
balloon-like form with air and sprays urethane foam over it. The foam
rigidifies, the air pressure is removed and a structurally sound building
remains. The cutting of window and door apertures creates a "house," and
some of these structures have been quite large. However, I find that the
inflated structures have been limited in form and just scratched the surface
of what might be achieved.

A method of construction which I used for the fabrication of a foam interior,
in the Museum of Contemporary Crafts in New York, proved successful. Using
spray equipment, the urethane foam was sprayed and "grown" on the floor
surface and gradually built up to form the shape desired. The furniture and
cabinetry were "grown" into the interior in this manner. The accuracy with ­
which designs are formed, using this process, depends a great deal upon the
spray gun operator. I was fortunate to work with an exceedingly adept gun
operator on this project. There is virtually no limit to what could be done
using this technique. However, it is somewhat wasteful of foam and time
consuming.

Last September, I was privileged to design and construct an exhibit structure
at the Smithsonian Institution in Washington, D.C. For this structuro:, I used
a proprietary technique-stretchable fabric spread over tubular plastic arches.
This formed the matrix over which the urethane foam was sprayed. There is
great freedom of form possible with this method and it is very easy and
inexpensive to construct such a matrix. The fabric surface makes the spray
application of foam very simple and minimizes the labor involved.
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PLASTIC FOAM continued
The Use or Polyurethane Foam in Constroction
Ron Swenson

Polyurethane foam is one of the most exciting new materials available to
designers and builders of housing today. All of us have become familiar with
foam rubber in furniture-this is actually the flexible form of polyurethane
foam in most instances. In addition, though, urethane can also be formulated
to create a rigid cellular structure which has fantastic insulation characteristics
and can be molded or sprayed to take on virtually any shape. The cost of
urethane in liquid form is about 30i-50!i/lb, depending upon quality and
fire-retardant additives, but when the two oily substances are mixed, a catalyst
causes the foam to rise up to thirty times its liqu id volume. The cost then
becomes roughly 10!i/bd. ft. (a board·foot is l' x l' x 1" thick) which isa
very economical price in the proper application. Of course, this is only the
material cost-labor costs depend upon the complexity of the job and upon
.who is doing the work.

TECHNIQUES

There are three basic techniques for the application of polyurethane foam:
pouring, frothing, and spraying.

The spraY·lJp technique is much like spray-painting. A machine pumps the
two liquid chemical components into a heated hose, and the operator
operates a gun which mixes and sprays the material in a fan·pattern. Foam
can be appl ied to walls and roofs for insulation, or it can be sprayed on
membranes to provide both structural rigidity and insulation. This tech·
nique was successfully demonstrated by Prof. Felix Drury, School of
Architecture, Yale University, when he and a class of students sprayed
urethane on several large inflated bags. The results can be seen at the
Yale golf course or in any of a number of design magazines or in June
1969 Esquire (which shows a number of other plastic houses as well).
Other membranes possible are stretched fabrics, or mesh over wooden,
steel or plastic electrical conduit (pVC pipe) frames.

The most common application of poured urethane is for sandwich panels
created by pouring foam in between two flat sheets a few inches apart.
These sheets may be plywood, fiberglas or aluminum. The result is a
structural panel without the customary 2X4 studs in between. Also,
this foam may be cast or poured like concrete.

Frothing of urethane is similar to pouring, but the material is mixed in,a
chamber and has already risen 30% when it comes out of the hose.

BIODEGRADING

Many people are justifiably concerned about what happens to plastic when
it becomes garbage. Of course the first question should be: how can we
re-use plastics once a given piece of it is no longer desirable? Well, thermo­
plastics can be melted down econom ically, but urethane is a thermosetting
plastic, not a thermoplastic which is molten and cools into a shape in a mold.

The answer is that urethane decomposes in the Ultra·violet rays of the sun.
This means that an exposed surface must be protected with any opaque
paint or a fine orange dust will form on the surface and eventually wear it
down. Another possibility is to use scraps of rigid urethane as a filler or
aggregate in other materials when it no longer is needed in a particular
application.

SAFETY

No one would think of handling molten steel during the fabrication process,
or working in concrete with bare feef. Urethane should be treated with the
same respect, and caution taken, even though it is not necessarily required
all the time. Polyurethane contains tolylene di-isocyanate, which is a highly
toxic substance that can irritate skin or cause congestion in the lungs if
inhaled. All manufacturers supply safety information which should be read
carefully, and where air supply equipment is needed, the added expense is
cheap in comparison to the cost of temporarily or permanently impaired
health. Generally, goggles should be used to protect the eyes, and when
doing work indoors, fresh air supply equipment is a must, as well as com·
plete covering of skin. For outdoor applications, spectators should not get
down·wind of the spray, and if there is not a gentle breele, it is probably
desirable for the applicator to use a fresh'air supply or at least a respirator.
Some people seem to have an immunity to the material, others can't stand
the stuff, so a division of labor may be the solution in some cases.

SOURCES OF INFORMATION

The best source of information on urethane foam is Mobay Chemical
Company, Pittsburgh, Pa. 15205. They have a series of articles called
"Urethane in Building" which are available by writing. They also have
a number of pamphlets, notably ''The Use of Rigid Urethane Foam as
a Structural Insulant".

Modern Plastics Magaline, P.O. Box 430, Hightstown, N.J. 08520.
$12/yr. A monthly magazine with latest plastic news, and a yearly
"Modern Plastics Encyclopedia", a bargain, and the best current plastic
information source available.

"They Built Their Home With Foam" by Lora Lee Watson, Home and
Recreation Section, The Minneapolis Tribune, Sunday, Nov. 2, 1969,
describes an interesting approach to urethane bullding, the "Ensculptic
House". The house is being built by Ensculptic, Inc., a corporation formed
by James L. Littlejohn, Winslow Wedin and John Hartwell. Wedin is a
professor of architecture at Auburn (Ala.) University and th'house is in
Minnetrista, Minn. The basic shell is foam sprayed over burlap, which was
draped tentwise from a tall central mast. over nylon cables. The foam is
then covered with an organic-colored fiberglas surface.

Plastics in Building, by Irving Skeist ($la from Van Nostrand·Reinhold,
450 East 33rd St., NY, NY 10001) is also a valuable source of information.

This article was prepared by Ron Swenson, 777 North First Street, San
Jose, Calif 95112. He is president of S6T, Inc., a company which is
prototyping an all· plastic house using thermoplastic and fiberglas
skins over rigid urethane insulation (sandwich panels). It consists of modules
which can be arranged in a variety of ways to produce a home of 500
square feet up to 2000 or 3000 square feet. He also has a spray application
organization, Polyurethane Applicators, which does urethane roofing,
insulation and experimental buildings.ParsOIlS School of DesiK"

New York. N. Y.
Organics
William Katavolos

New distoveries in d,emulry htlve led to the prodt.<,tion of powdered and liquid IntIteriaIs whkh when
suitably treated with artain activating agents expand to great size, and then cataIyu and become rigid.
We are rapidly gaining necessary knowledge of the molecular S/r1.ltlure of these theml'tals, together with
the neassary tethniques that will lead to production of materials whith will have a specific program of
behaviour huilt into Ihem, while stm in the submitrostopic stage. Accordingly it will be possible 10 lake
minute quantities of powder and make Ihem expand inlo predetermined shape. such as spheres, tubes,
tOnlses • •. double waUl are windowed in new ways containing themico.ls 10 hea~ cool, clean, ceiling
patterns created like cryslal., floors formed like corals, surfaces stnltrurally "rnamented with visible
stress patterns that leap weightlessly abooe us. .••
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With this process, it would be possible to ship the supporting tubular arches,
rolled in sufficient fabric, to the job site, The arches could then be erected,
the fabric stretched over them and the entire matrix sprayed with foam. The
sprayed foam rigidifies and completes the structure.

~<

In these methods described, reference is made only to the use of foam. I
feel that, to achieve a truly lasting and permanent structure, it is necessary,
at least for the present, to skin the foam with some sort of coating. There
are high density foams available for such purposes, as well as vinyl and rubber
coatings. However, fiberglass reinforced plastic seems to offer certain
advantages. The addition of tensile skins to both sides of a foam core yields
an extremely rigid, lightweight, load bearing structure. To achieve the same
load carrying ability, with foam alone, would require a much greater thickness
of foam. The point of diminishing return is reached quite soon, at which time
it is better to cease adding thickness and add thin skins.

Another construction method, which might prove feasible, is the use of thermo­
plastic foams. The sheets of foam are heated and formed over a simple jig
(bent steel rod or tree limbs, a mound of dirt). When the foam is cooled, it
becomes rigid again. Fiberglass reinforced plastic is applied to the outside of
the foam and the jig removed. The interior is glassed and the structure stands
as a complete shell. A similar method is currently being used on a wide scale
for the construction of boats, some of which are quite large.

There is also the possibility of constructing a matrix of steel rod and wire mesh,
over which foam could be applied. Then skinning the whole sandwich with FRP.
The advantage that this might offer is a means of complying with the building
codes. If the steel structure were self supporting and demonstrably load bearing,
it might be possible to get approval on it. The foam is insulation and the glass
roofing and interior coating.

At the present time, there are firms in the country who are experimenting with
molding large foam building modules. using self-skinning foam. They hope to be
able to produce a high volume of low cost housing. These modules may
prove feasible for this need. Obviously, the costs of capitalizing such an operation,
and the research necessary, put it beyond the reach of the one-of-a-kind, single
family dwelling market. However, as urban crowding continues. the on8"of·a-kind
market will logically dwindle and the mass produced dwelling will find an ever
broadening market.

As for the future of foam. it rests mainly with the expansion of existing
trends in the materials development. We are sure to see self·skinning foams
that will not require the use of exotic molds. Resistance to ultra·violet
light degradations will be improved. Greater control of the surface finish
will be possible, and certainly, simplified techniques of foam construction,
without exotic equipment. It may even be possible to pre·program the
molecules of the raw components so that the foam itself will know what
snape and variety of densities to form without any outside help. One
thing is certain: these new organic materials offer the broadest spectrum
of potential for aiding the world's shelter shortage.



rro·cement
ltle pelican pond at the Amsterdam zoo is a ferro cement sloop built in 1887­
floating.

islow.cost, easy-to-work-with material has recently come into widespread use With
lbuilders in Canada and U.S. It is composed of basically the same ingredients as

reinforced concrete, but is mixed in different proportions. Whereas reinforced concrete
agenerally 4" thick or more, with relatively small amounts of steel, ferro cement is a
'lflVthin (1/2-3/4"1 membrane with a good deal of steel reinforcing. A rich mixture
oIrement and sand, applled over a steel mesh framework, with no forms: this charac­
ltIistic makes ferro cement immediately desirable for curved surfaces, such as boat hulls
III hemispherical land shelters.

Boat builders have always been far better craftsmen than land builders; hulls must be
watertight, strong, lightweight, and finely crafted-or you sink. Imagine the men who
fitst~entured from land onto the seas: they not only had the desire to explore, but
needed the ingenu ity and talent to build seaworthy vessels. When they arrived in a
rew land, they could haul their boats up on the shore, turn them over, and have
wealherproof shelters. And if they didn't do that in fact, they at least had the tech·
oollJ9Y to build strong, tight structures.

Unfortunately. boatbuilder's skills have scarcely been applied to land shelters. Instead.
81trepreneurs and politicians have restricted innovations, perpetuating the unequal
distribution of goods which ensures their own continu ity. As a result land shelters
I"ecrude. and wasteful of resources as compared to sea (and air) structures. A boat
must withstand pounding waves, yet carry a complete life-support system for its crew.
An airplane is precisely designed and engineered, and the weight of each component
~ amajor consideration.

It's well to look over the shoulders of the boat and airplane builders; and a technique
well·suited to housing seems to be ferro cement. We have not yet built a ferro cement
dome. but experiments are now under way in New Mexico. and we intend to try the
technique soon.

Following are details gathered from reading, and talking to boat builders about the
rlI!I~material.

Advantages
Strength: one builder, when questioned as to the strength of his f.c. hull, picked up
I sJedge hammer and hit the bilge full force. There was a ringing noise as the hammer
rounced back, and there was no mark on the hull. In another case, a ferro cement
roat with 1/2" thick hull hit a submerged rock at 12 knots, smashing the rock, and
00 damage to the hull. Also, it's flexible.

Fireproof: In 1964 the f.c. cruiser Mars exploded, throwing the cabin top 50' in the
iii and the mast 200' away. The contents of the boat burned completely. The only
damage to the hull was a minor cracking at transom corners.

DurabilitY: it grows stronger, rather than weaker with age.

Insulation: thermal conductivity is 1/6 that of steel.

Exterior: no paint or other surfacing material required.

Abundance of ingredients: principal ingredient is silicon, earth·surface's most abundant
element.

Tools: can be done by hand, without expensive tools.

Cheap: it is.

Monolithic: Your shell is all one piece, without seams to seal. The fact that you are
working with a liquid, which later hardens, gives much greater freedom and ease of
design. Building with wood or metal you must assemble flat sheets like a jig saw
puzzle. With reinforced concrete, you must build complicated forms. With ferro
you can curve, involute, convolute, sculpt.

One of the disadvantages of ferro is that it's heavy. 3/4" boat hulls weigh almost 11
Ihs per sq ft, although a land structure, using less steel, would be lighter. Also, once
built it's permanent and nothing short of a big bulldozer will move it.

HOW TO DO IT

If you are going to try ferro cement construction, two good sources of information:

Concrete Boarbuilding, Its Technique and Its Furwe
by Gainor W. Jackson & W. Morley Sutherland
$7.95 from Whole Earth Catalog or John de GraH, Inc.

558 Santa Cruz Avenue 34 Oak Street
Menlo Park, CA 94025 Tuckahoe, N. Y. 10707

Special ferro cement reprint issue, $1, from
National Fisherman
22 Main Street
Camden, Maine 04843

Limiled 11l~lrucliolls

Pour a concrete floor and leave reinforcing steel sticking up at proper intervals to tie
struts into. Construct framework of pipe, 1/2" steel, or possibly conduit. (If conduit
is strong enough, it is the easiest to assemble.) Boat hulls are framed of 3/4"·1" pipe,
spaced between 2'·3', as required to maintain the shape of the hull.

liB" or 1/4" spacer wire is then wired to the frame at about 3" intervals. Boat builders
then lay three or four layers of mesh, both on the inside and outside of the spacer wire,
well tied to the spacer wire and frame. Laps in the layers of mesh should be staggered
and loose ends well tied down. 1/2" chicken wire or 16 gauge hardware cloth can be
used for mesh.
In this, and in other aspects of Lc. construction, you should be able to use less steel, as
the land structure is not subject to the stresses of the sea. You'll have to experiment­
make test panels, hit them with a hammer, etc.

Note: at this point, you must make sure that the framework which you are about to
apply tc. to, is adequately braced. Martin lorns of Fibersteel in Sacramento told me
of a boat hull that deflected after it was completely plastered, and the builder didn't
notice it until the next morning. A hole was dug with a dozer and the hull pushed in.
Mistakes of this sort are irremediable.

Once it is framed and covered with mesh, you are ready to apply f.c., a mixture of

-2 parts sharp fine silica sand that passes through #8 sieve.

-1 part No.5 Portland Cement. Replace 15-20% of the cement with a PQZZQLAN
(not "Pozzolith," or any brand containing calcium chloride). The pozzolan reacts
with free I ime in concrete to form an insoluble silica gel, strengthening the concrete
and reducing permeability. Various types of pozzolan: fly ash, diatomaceous earth,
others.

Use as fittle water as possible and mix in mortar mixer, which mixes more thoroughly
than a concrete mixer. It must be completely mixed, no lumps. The drier the mix
the stronger the shell.

Put on gloves to slap on mortar from outside. Helper on the inside checks carefully to
make sure there are no voids. This is important, and you should take care to have a
thoroughly plastered frame. If there are openings, inside man shoves wire through,
indicating to plasterer where more need be applied. Put plastic sheet on ground to
catch drop-surplus for re-use. When you've completed (either entire structure or a
section), trowel. Use white cement {R iverside or Ideal-Medllsal for a smooth white
finish-sprinkled on when troweling. Use plastic or wood finishing trowel. Cover
with plastic or burlap bags and keep it moist for at least 7 days. If it sets too fast,
it will crack and you will lose strength.

If you do it in sections, you will be applying new mortar to that which is set. This
can be done, and a firm bind obtained at the cold joint, if you clean and roughen
joint with wire brush and wisk broom (or vacuum cleaner) and use a wet-to·dry
epoxy resin to insure good bonding.

The thinner the shell, the more steel is needed.

Synergy: MIT ferro cement tests with 6 layers of galvanized hardware cloth~16
gauge wire, 1/2" mesh sustained loads of 1.5·1.8 that of the sum of 2 components
(steel and concrete).

::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~.. ..
~~ Ferro ideas !!
:: Try to build a framework where there are no hubs. For example, a geodesic dome could be ::

,
1,1 framed with steel following the great circle arcs, bent at proper intervals, and wired together ,1,1

at vertices.
" ,.
:: Flowing tubular structures should be easy-gentle curve.s. ::

••"
,~ ••,;,~ A ferro cement sphere on a pedestal. Maybe octet truss floors inside. Find some ferro •••,!,·..,1,

boat builders and get their advice. Domes should be easy compared to boats. The ocean is
the testing ground for sturdy vessels.

ii::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:::~~

From a Boal Builder to the Whole Earth Catalog

A 5I.Jccessfulel<periment where we placed a sheet
of polyethylene over an existing 16', F.C.
Whitehall boat, covered it with 4 layers of
loow. %., chickan wire (left over from a 24·ed,
camented it, and removed it alter a 6 day cure.
was inspirl!'d by the sand castle boat in this
New Zealand publication. It is real rough, but
I have been using it hard fo'r a week with II 3%
H.P. Seagull with no sign of weakness, although
it should have floatation or a deck.
We built the boats upside down over plywood
Or plank molds (ribs, framesl that conform to
the station lines in the profile view. Thelofting
is nothing mOre than graphing llike in school)
where you make a series of measured cross
points and connect them with a smooth line
using II flexible piece of wood called a batten.
You 09tain the graph coordinates hhe points
On the samelinel from the table of offsets.
Cover the set up molds with chicken wire
(1)''-0/.''1,4 layers, a layer of lengthwise steel
rods, and a layer of crosswise steel rods. We
use high tensile spring steel..85% carbon, full
oil temper, because it comes in rolls. springs
straight lif not coiled too tightl, and makes the

boat smooth. Cover with another 4 layels of
chicken wire, and lace lsewl together wiM wire
of about 22 to 16 ga; with lines of stitches
r to 6" apart
,Although cementing can be done without
special tools. a rented pencil vibrator. used
with a box as shown speeds things up. Don't
hang on directly to ~;bralOr a, it breaks up
cellsr Get plenty of materials. 50 bags of
cement. for 36'ers. Penetrate, Penetrate,
Penetratel Use gloves. Leave openings for
thru-hull fittings. Glass can be cemented in
later for port lights. F.C. can be drilled
with h.(. rod made into bits. Steer around
rods In hull. Perhaps radiant heating pipe
could be incorporated in F.C. shell. We ore
using variations of the above techniques.
This material is not tedious to work in as
most of the operations require no critical
measuring or skill. It seems suitable for
th.e humanistically, but not too technically,
mInded.

Derek Van Loan
Sausalito, California

"-"'< ,x.., Sam Presley's Vibrator 80". Vibrating cover
. {on::es cement thra mesh like Ilypodennic

needJe. Starl bOl< at top "nd move down.
Men inside Slop cement with trowels and
check penetration.

4
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U. S. Dept. of Commerce
Patent Office
Washington, D.C. 20231

Obtain from:

Special air mail handling, 50i each patent.

Patent No. 2,682,235, filed Dec. 12, 1951. "Bu ilding Construction." The basic geodesic
patent. Very thorough and in the kind of Fuller language that makes you hold your
breath until you reach the period at sentence's end. Explanation of geodesics, drawings
of a 16-frequency triacon dome, hubs, trusses, and domes built of interlocking diamond
sheets.

Patent No. 3,203,144, Filed May 27, 1960, "Laminar Geodesic Dome." In this patent
on making domes of paper or light plastic parts, there are chord factors for a 3 & 4
frequency diamond dome, detailed drawings on Weavin9 panels together to form
structural membrane and details on making caterpillar geodesics.

Patent No. 2,905,113, Filed April 22, 1957, "Self-strutted Geodesic Plydome." How to
overlap 4' x 8' sheets of plywood to form structural domes.

Patent No. 2,914,074, Filed March 1, 1957, "Geodesic Tent." Details on structural exo·
skeleton, with canvas membrane suspended from vertices. Portable rock theaters?

Patent No. 3,197,927, Filed Dec. 19, 1961, "Geodesic Structures." How to frame domes in
pentagons and hexagons, rather than triangles or diamonds, built·in tensioning rods, more.

Patent No. 2,881,717, Filed Jan. 24, 1955, .. Building Construction." Paperboard domes,
strut and membrane made of folded paper.

Patent No. 2,986,241, Filed Feb. 7, 1956, "Synergetic Bu ilding Construction." Octet
truss~both hubs and folded plates. Details on hubs.

Patent No. 3,063,521, Filed Aug. 31, 1959, "Tensile-Integrity Structures." 13 pages of
drawings of tensegrity structures.

Patent No.3,139,957, Filed Jan. 24, 1961, "Suspension Building." A dome based upon
the principles of a suspension bridge. Not geodesic.

Patent No. 3,354,591, Filed Dec. 7, 1964, "Octahedral Building Truss."

Fuller Patents

No<. 13, 1962 It. "-!'<JUDI

""'''".,~'''''''''''''''

R. Buckminster Fuller
Box 909
Carbondale, Illinois 62901

Attn: Dale Klaus

GEODESIC LICENSE AGREEMENT

There are 20·30 geodesic license holders in the U. S. If you are going to build domes for
re-sale, you pay $.05 per square foot of exterior dome surface area to Fuller's office. This
would amount to about $50 for a 24' dome.

If you are just going to build one dome for yourself, or as an experimental project, write
Fuller's office. They generally charge $1. in such cases.

You can also obtain, upon request, a list of 'all franchise holders.

Write:



First, there is a need for building codes. Don't be so bitter that you fail to recognize
this. If not for the codes, and building inspectors, slipshod contractors would be
building far worse (it's hard to believe) than at present. Yet although the codes were
designed with some justifiable purpose, they do tend to discourage individual initiative
ana almost prohibit innovations. This is because they are based upon compression
type (beam on posH structures, and the structural strength of domes cannot be
explained in these terms.

I have always assumed that building inspectors are human and have much greater luck
in explaining things to them, rather than fighting them. The farthCl" you are from a
citY, the fewCl" problems you will encountet", but if your site does fall within the
jurisdiction of local codes, these are some obsefVations and experiences that may be
h~lpful:

Building codes do not covet" domes. There's nothing in the book about tension (the
top of the dome, although rock solid, does not hCllle a post under it). You don't
need nuds every 16", and the entire structure is both walls and roof.
In building your own dome you sh~t·circuit the entire team that makes buildings,
"""ich includes:

1) architects and engineers. You may consult with them, but both the architecture
and the engineering of a dome are simple and you don't have to pay 10 or 15%
of the building costs to these two.

21 Union help. Not needed, as the customary handskHls are not necessary.

3) Banks. You can build the shell, move in, then add to it as money becomes available.
No mortgage enslavement. I was astounded to learn recently that interest on a
typical mortgage loan doubles the cost of a building. If you borrow $15,000, you
pay back, over the years, over $30,000.

41 Contractors. You are on your own, and this saves 10%.

When you bypass these interests, you're in trouble, as they are the team-alo"g with
building inspectors and matet"ials dealers-in charge of construction in America. You
have the choice of several altematives.

1) You may be in an area not subject to inspectors. No problem here.

2) 11 you do come under the codes, seYet"al possibilities:
al exemprion: sometimes the codes, or local county ordinances allow you to

build a barn, greenhouse, studio, temporary building, tent, a sculpture, etc.,
without a pet"mit. Check codes and talk to inspectors-be vague until you
find out how to classify it. Start by using telephone.

b} summer camp: in California (perhaps also in other states). tents intended f~
use at a $Ummet" camp do not fall under jurisdiction of the building inspeclor.
Get Calif. Organized Camps pamphlet:

"Laws and R~lationsRelat,,'g 10 Organlled Camps-Excerpt$ Irom Ihe
Cahlornla Health and Safety Code and the California Admin;$I.at ....e Codes­
1968". Can be obtained from Stala 01 Califorma. Depl_ 01 Public Heallh,
2151 Berkeley Way. Berkeley. CA 94704.

The heallh de'partment i$ in charge of camps. and will use the b,"ldlng
i"spector for advice. HOWl,!Ver. "te"l platforms" uooer 25' anyone dImension
can be built without usual permi15 or lees. Perhaps your dome Quelifies as a
lent:
"Whenever the term te"t or tent structure is used. it shall mean any sheller
01 which 25% Or mOre 01 the wells. or rool, Or both are constructed of Or
covered by or protected by, CenvaS or any other fabric malerials.

Be coolon this one, as a rush of hastily·concocted summer camps could rescind
the law.

c) strength resr: Section 107, Uniform Building Gode says that when a structure does
not come within the code, the building inspector shall devise a test for structural
strength:

Whenever lhere is insufficienl 8\I;dence In complience with the provisions of thIS
code or evideflCB thai any material or any construction dOB$ OOt conform to Ihe
requlremenu of thIS code. or in order 10 wbUantlllle claims for alternate meterials
or melhods of construction, the &lIlding Official may require teStS as proof of
compliance 10 be made al the expeflSl ollhe owner or hi$ agent by an approved
agency...• If Ihere.e flO approprlllte tnl melhods lpBC;fied in this Code, the
Buildirog Official shall delermine the tnt procedure.

The inspector may interpret this as meaning that you have to hire a structural
engineer, but it looks as if it is up to him to devise a tesL A simple strength
test is to load a top section of the dome with sandbags. Since the dome is
spherical, and more or less equally strong throughout the entire skin, whatever
load you place on the top is equivalent to the same force wind blowing from
the side. Perhaps easier than sandbags would be some kind of containers you'd
fill with water-easier than lugging sandbags.

Some extensive structural tests of plywood domes were made by The H. C. Nutting
Co., 4120 Airport Road, Cincinnitti, Ohio 45226, in 1958·59.

Two Pease domes were tested-similar in construction to the Big Sur dome, p.13 .
One was 26' di<Jmetcr with 2 x 4 strut space·frames, the other was 39' diameter,'
with 2 x 2 strut space·frames. Both were sheathed with 5/16" plywood.

The domes sustained loads of 100·120 Ibs per sq. It., sand loaded onto the apex
of the dome and its six converging triangles. In another test. a North American
AT-6 Army trainer with 650 hp Pratt·Whitney engine was used to produce a
wind of hurricane force (in excess of 70 mph). The airplane was backed up to
the dome, and tried from different angles. The reports include detailed tabU:
lations 01 deflections. The wind machine didn't faze the dome.

The Uniform Building Code requires any horizonral projecrioll in a dwelling
to support a live load 01 40 Ibs per sq. ft. The structure must also supp~t

"dead load"-weigtu of the structure itself. So this type dome. with only
5/16" plywood skin, is Oller twice as strong as required by Ihe codes.

dl mobile home: pul wheels on your dome. Regulalions on mobile homes are much
more lenient, and a dome more closely resembles a mobile home than a typical
heavy house: It's 1/10 the weight. and with propet" design. you Citn easily move it.
I don't think it even has to roll on the wheels: just putting them on may qualify for
Ihe classificalion.

3) See a lawyer. It seems that it ought 10 be o.k. for a man 10 build whalevet" he wants
on his own properly as long as he does not intend to rent or sell. You'd pet"haps write
Ihe building inspeclor a letter absolving his department of any liitbility. and work out
details with a lawver.

Whatever you do: fry to make it possible for more domes to be built in your area.

Te~t on plywood Pe~se dome by H. C. Nutting Co., Testing Engineers, Cincinnati,
OhiO. Test data available from Pease Woodwork Co., Hamilton. Ohio. These domes

have approval of the International Congress of Building Officials. Dyna Domes of
Phoenix has also made extensive structural tests, and has FHA approval of domes.



Before moving into our dome (the design and construction
is described in Bubble Dome, p. 24), we lived in a 16'
Sioux Tipi. I spent many weeks hunting down the poles
in the woods surrounding our area. The tipi sold us on
the idea of an undivided circular room with a symmetrical
open ceiling coming together at the top. Along with the
igloo and yurt, the tipi is an original shape. The mobile
Plains Indians perfected its desig~. It is the architecture
of motion. It is made up of triangles that can be col·
lapsed and dragged on its struts (poles) behind a hor$8.
The greatest advantage of a tipi is its portability. As we
get farther along with domes, we find more avenues to
increase the portability (if one so desires it) of domes.

Swami Kriyananda lives in a 26', 2-frequency hemisphere
plywood "Pea$8" dome, s,et up on a 3 foot wall.

When Kriyananda was in India, a number of yean ago,
he was thinking about various structures and which
would be best suited for meditation.

A rectilinear structure is too confining and can give
one the feeling of being boxed in.

An arched ceiling is better but still confining and
heavy.

A dome ceiling like in the great cathedrals, he thought, is
still better but still there is the heaviness and great 'Walls
and size. A geodesic dome is by far the best. It is truly
an extension of the mind and resembles the Saha5fara or
Lotus of a Thousand Petals, our seventh chakra located
at the top of our heads.

by Alan and Haath

The question of the choice of materials in our present
day comes up in many contexts. In choosing materials
you should respect them. The materials should be
treated as something sacred, something we have been
given to be transformed into something else. The more
sacred we make our materials the more interesting become
the ways we find to U$8 any leftovers. By treating our
materials with reverence we treat ourselves with respect
and necessarily build good vibrations into our dwelling.

Maybe someday all our buildings will become temples.46



our dome we used a lot of plastic and learned to treat
15 asacred substance. Some people feel that plastics
offensive, but this is mainly because sometimes we
th~ terms "plastic society" or "plastic people".

lIStics do represent a trend of our contemporary world.
may be a contributing factor, but they don't account

the alienation and gross materialism of our age, nor
they be condemned to be used only by the people

wIloconsider nothing, not even the air or soil or water,
l15aCred.

It is certain that plastics are a better use for petroleum
lIlan fuel for internal combustion engines. In our dome
we used the same vinyl as all our other domes and found
t!lat its practical virtues are many. It is lightweight,
economical, flexible, easy to work with, transparent,
ckJrable, and children can't cut themselves on it or
tmkit.

The frame of our dome is metal. It is important for
both the obvious physical reasons and also for the
more subtle metaphysical reasons that domes be
grounded. This importance also extends to people
w!10 sleep in their trucks and campers: they should
ground them at night. You will notice that you will
sleep more peacefully and have fewer dreams relating
to what goes on in the dome or to driving and the
road.

Windows and ventilation are two more basic questions.
Fuller says it's good to have a window or so at ground
level. We reserved this spot for our altar. It's good
when designing a dome to plan to have an altar or
special place along one section of the side, preferably
in the east. Also, make sure you plan to have sufficient
openings for adequate ventilation. It's easy to figure
out a way to have at least one top triangle hinged and
have it open via a big spring.

Besides the main entrance in the floor we have two side
triangles that open onto the platform (our balconyl and
two small openings in the back that are just above the
ground for the dog to enter and for us to pour out our
biodegradable soap water and leftover tea.

A few of the questions concerning plastics are that
we have to consider the pollution caused by their man­
ufacture and presently plastics are only produced by
larger industry_ There is, however, much room for
the small craftsman on many levels. A hidden advan­
tage of the use of plastics is that since internal com­
bustion engines must be phased out, the big industry
and investment behind petroleum will still have a
place to work before a whole other phase takes over
when the earth runs out of petroleum. A few more
general considerations concerning petroleum:
obviously we shouldn't pollute our ocean in trying
to obtain it; also, sucking it out from under the
earth's crust may contribute to future earthquakes.

We planned the layout of our dome in correlation with
its intended use. Our bed is up about 5 1/2', with
storage underneath and the stove and kitchen are up
against the sides. The floor is left open-a large open
area for work, play and yoga classes. Our classes are
incredible. Domes are such a centering trip. One's
eyes can easily center on any of the mandalas formed
by the struts.

Even our conversations are more centered because we
sit in a circle and stay in closer touch with each other.
All vibrations-sound, light, heat and all our awareness
-begin in the center and radiate outward and rebound
back and forth from the center. Consequently, chanting
is mind-expanding and all·encompassing.

Living in a spherical single unit home makes us wholer
people. We feel more whole and have our whole trip
around us. We stay more in touch with each other and
our friends and also this wholeness has a healthy effect
on our possessions, our wants and desires. Feeling
whole and centered is crucially important, and domes
surely can contribute to this. 47



The above lwo hubs from Space Grid Sln.octures.
by John Borrego. See bibliography. A beaoutil~1

book for hubl, trusses, geometric palle,os.

Maro-Triagonal Hub

spring loaded retractable bolt

Hubs

Fisheye of sky end clouds shot through pipe hub

section 01 EXPO '67 double grid dome

Send us your hub ideas.

•

Tony Magar's hub for $pace grids

ije.....:.=____.=___,
Dyna Domes hub for wood U'O!S

Drill holes in number 3 dog
food cans with a sharp rock
or stick, insert old car anten­
nas and glue with wetted
Kilpatrick's. Coot bread with
grease when sot, to waterproof,

l!!::::::::::::::::::::::::::::::::::::::::::::::::::::::1m:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::ill:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;~~
~ :::::: DIAGRAM FOR ASSEMBLY J.freQUency 5/8 dome icos.a-ahernllle :::
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what
The si~e you want your dome to be is not the only factor to be considered when
deciding the exact size and frequency. Your choice will also depend upon the
materials and sizes of materials available, as well as the tools you can utilize. You
should also consider waste. An these factors are interrelated. It will save you time
and money if you carefully untangle them before you begin building.

Start with an approximate dome size that you think will meet your space needs, and
make a decision as to the probable materials to be used. It has been found that
3·frequency often makes sense in the size range from 15 to 40 feet. Arbitrarily start
with that. Using the chord factors ("LENGTH" in the tables) tor 3·frequency. deter­
mine what size the largest triangle will be for your proposed dome. Then layout a
scale drawing of this triangle superimposed on a scale drawing of your proposed
material accurately on graph paper. See if it can be made from the materials you
have chosen without excessive waste or complex piecing, and without overstressing
me materials. It will often be found that a"larger dome can be made at no increase
in cost by adjusting the diameter to a size that will more efficiently use the materials.
In fact, there is usually an optimum size dome for a given material and frequency.
Example: Because of the standard 4 x 8 size of plywood, 24' is the maximum size
dome you can economically make from plywood in 3-frequency without waste or
very complicated assembly of small plywood parts to make the triangles. (See
Pacific Dome) There will be no advantage at all to mak ing a 22 or 23 foot dome;
you'd just waste plywood. A 27' dome, for instance, would be very difficult to
make and would also waste wood, unless you use hub windows (See Big Sur Domel.
This means that the exact size of a dome is usuaffy dictated by rhe size of mareria/.
You can try things on graph paper and then see what size dome you will get by a
I ittle algebra:

strut (triangl\ed~e~length (in inches} 0= dome radius {in inchesl
c or actor

It sometimes happens that to make the dome a good size for one material will
waste another because of size limitations. In this case, waste the least of the more
expensive material. As an example, the Bubble Dome frame is conduit which comes
only in 10' lengths. Obviously it is most economical to get two struts from one
10' length. There are three different strut lengths in a 3-frequency dome, so the
maximum strut you can get from a conduit length is a combination of one longest
strut and one shortest strut. This results in a dome of about 27 feet. However, at
the time that the Bubble Dome was made, vinyl was only available in a size that
permitted a 20' dome in 3·frequency. Making a dome less than 20' would result
in wasting both conduit and vinyl; the smaller dome would cost the same as the 20·
footer, and the waste would be of an unuseable sort. (The 20' size wastes conduit,
but condult is cheaper than vinyl.) If we had wanted a larger dome from these
materials, we would have had to raise the frequency, and compute the diameter
that would require the largest triangle in that frequency to be about the same size
as the large triangle in the 20' 3·frequency. If we had gone to 4-frequency, we would

size?
have found 26' to be the maximum size that could be made from vinyl and conduit with
a minimum waste of expensive vinyl. So we see that one reason to increase frequency is
ro ger a larger dome from marerials rhar are available only in small sizes.

Another reason to increase frequency is to be able to make a larger dome from materials
that have a strucwral limit on size. Structural considerations usually have to do with
the distance that a part must span. This distance depends upon the material and the
expected loads, but as a general ru Ie, the "slenderness ratio" (the length/thickness ratio
of a strut) should not exceed 24·to·1 for wood and 30·to·l for metal unless there is
additional structural strength coming from other parts of the dome. If the dome is not
to be skinned, these ratios can be much higher. An engineer should be consulted if you
aren't sure, particularly for larger or highly loaded domes. Anyway, you raise the fre­
quency to keep the component spans within allowable limits.

You might wish to use a higher frequency for esthetic reasons to get a smoother curve
or more visually delicate structure. The next paragraph will show what is involved.
Remember that if the frequency is raised beyond what is required structurally, you
should reduce the size of the structural members accordingly so as to avoid bulky­
looking overdesign.

As the frequency is raised, the curve of the dome gets smoother. The angles under the
hubs, however, get wider-closer to 900 (the "AXIAL" in the table)-making it easier
for a load to punch in a hub or vertex. For this reason, increased frequency requires
better workmanship,' a smaller and smaller error results in dangerous weakness as the
frequency rises. For this reason, it is well to stay within 6 frequency unless you can
do precise work and know what you are doing. II isn't practical to go above 12-frequency
with a strut dome: larger domes are actually double walled either with trussing systems
as in EXPO '67 dome, or an involuted surface giving greater thickness to the structure
as in the Laminar Geodesic (see Fuller Patents).

One more factor affects the size de<::ision: the cut-off line (where you slice the sphere),
For domes below 25 feet diameter, you'll have to choose a cut-off line resulting in more
than a hemisphere if you want to be able to stand up near the walls, For domes larger
than 25', a hemisphere or less will do. You can draw it on graph paper to check. Most
of the domes shown in this book are 24 foot diameter (or smaller) 5/8 spheres. Remember
that a 3/8 sphere uses 40% less material than a 5/8!

The "COMPLETE STRUCTURE" "LENGTH" factor in the tables is useful for finding
the increase in the total quantity of strut as you raise the frequency. Keep the dome
radius the same. Multiply the radius times the complete structure length factor for the
frequencies in question to see how much more strut the higher frequency will use. The
V(G), E(Gl, FIG) figures in the tables will show you the increase in number of struts,
hubs and faces. The skin area will be about the same from one frequency to the next,
but the sensible way of cuttlng it out may change drastically. You can check it out
on graph paper. Be accurate in your graph paper work. Use a sharp pencil and a ruler.
Careful thought figuring these things out will result in the most economical dome for
your intended use. It will feel right too.
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chord factors and angles

4-lrequenc:y.
faces the same
color are idenlicll
e~cept thlt white
fDen occur in
plirs IS "Iells"
elld "right~:'

3-f'ecruency.
faces Ihe SlOm"
color are idenhcal-

2·frequencv.
~haded faces
ere identical

Pig. 52 frequcocy
alternate
breakdown

DIHEDRAL
angle is total
included angle
between faces
sharing I. t 1.0

FACE angle
described by
1.1 0.0 1.0

Fig. I

Fig. 4

verle~ identification
dl8gnlm for "allernate
breakdown". D.agram
is one face of icosahedron.

NOTE: There is nothing in these figures that tells you where convenient cut·ol-f places
are for having your dome meet the ground. Nor will the figures tell you if a cut-off
line will be in one plane. A 2-frequency dome can easily be cut at the true equator.
but a 3·frequency can't. You have to make a model. Assume a pentagon to be at
the apex of the dome as a start until you see what you are doing in the model.

1,1 strut 1,0

AX':'.O,,,\/~
/

I
n,.2 I

I

'g.O cenl"r of
""'~.

2,~2 -;2'<-' 7
\ 2,1

'';':----~',":_---~'r'~· ----7"~'--_-C';;,2:_---_i',"'----7, ','

The figures V(G} '" 42, E(G)· 120, F(G) '" 80 are the number of vertices, edges, and
faces in an entire sphere based on the 2·frequency breakdown of the basic icoS<!.

LENGTH 1,1 1,0 This means we are talking about the strut that has vertex 1,1
at one end and vertex 1,0 at the other. This length number is also known as the
CHORD FACT.OR. and is called that in the rest of the chapters of this book. To use
it. multiply this chord factor by the radius of the dome you want to build. The
answer will be the length of that particular strut in the size dome you desire; it will
be in the same unit of measure as you measured the radius. In other words, if you
give the radius in inches. the strut length will be given in inches. NOTE: The dome
diameter that will result from using the chord factors might vary a few inches due
to rounding off the numbers in the calculations and inaccurate workmanship. For
this reason it is usually safer to make the foundation or the floor after you make
the dome. In making this calculation. do it to at feast the fourth decimal place,
and double check your work. It is essential that the workmanship be accurate.
And, remember ... this length is vertex to vertex. If you are using hubs, this
number will include the hubs, so the actual Cllt length of the struts will be less
than this number. It will be this number minus the diameter of a hub. It's
easy to make a mistake here. Think it out carefully. and again in the morning.

AX IAL 0.0 1,0 1,1 refers to the angle between a I ine drawn from the
center of the sphere 10.0) and vertex 1,0, and the strut 1.0 1,1 (Fig. 2). It
is the angle that a strut meets its hub from the side view. Note that it is not
the entire included allyl" UIltl"l illluu, \.luI only to the line from the hub to Ihe
sphere center. The first value is DEGREES. The second is RADIANS. 900
minus the axial angle equals angle you cut or bend struts.

FACE 1,1 0.0 1.0 refers to one angle of the triangle described by these
points. The angle given is the angle whose apex is at the second vertex identi­
fication shown; in this case. 0,0 (Fig. 31. Face anglC5 refer to angles of triangles
generated by chord factors, not spherical angles on a true sphere. Again, the
first number is given in degrees and the second in radians.

DIHEDRAL 1.1 1,0 refers to the angle between the two faces thai share
edge 1,1 1,0. It is the total included angfe and again is given first in degrees
and then in radians. see Fig. 4.

ONE FACE AREA gives the area of one complete icosa face in 2·frequency.
VOLUME gives the volume of that face between it and the Ilat

filC1! of the icosa. (In other '1'Ords, it shows how much more
"spherical" it is than the basic icosa.)

LENGTH gives Ihe total edge length in the 2-frequency facets of
one face in 2-frequency.

COMPLETE STRUCTURE is likewise for the entire "sphere" in 2-frequency.

These numbers are like the chord factors in that you multiply them times the
radius of the intended sphere to get the actual figures. The answer will be in
the same unit of measure as the radius is given.

All these figures are for icosahedron based "alternate bre<lkdown" (see page 7 )
geodesic spheres as discovered by R. Buckminster Fuller. The numbers are from
computer readout generated by a program written by J. D. Clinton for NASA.
"Structural Design Concepts fOf Future Space Missions," Progress Report, NASA
Contract NGR 14-008-002.

Figures given do nor refer to structural strength. If you aren't sure of strengths of
various milterials, you should get expert help. Generally speaking, amateurs shouldn'l
attempt domes larger than 40'. The higher the frequency, the flatter the angle of the
dome's faces (the "dihedral" below) and the more critical is accurate workmanship
to prevent "popping in" of a verte)( under load. Big domes usually are made from
folded plates which give the skin a large cross section, or they are made from two
domes of the same or different frequencies but different size, one inside the other
and laced together with additional struts, as at EXPO '67.

An icosahedron has twenty identical equilateral triangle faces and twelve pentagonal
vertices. The diagram here is one fac~ of the basic icosahedron, divided into the
number of additional faces as required by the desired frequency. The various lengths
of edges of these additional faces cause the icosa face 10 bulge into a mOfe spherical
shape. FOf" a given diameter, the higher the frequency, the mOf"e sphefe--like the
icosahedron becomes. The little numbers on the diagram are vertex identifications,
and are referred to in the tables starting with 0,0. The following is an explanation
of the tables, and all examples given are for a "two frequency" breakdown. Note
that the diagram, regardless of what portion of it is used. does not imply size at
all. Starting at the top 01 a section in the tables:

FREOUENCY 2 Icosahedron-means (obviously) a 2-frequency breakdown of a
basic icosa.
Looking at the diagram we see that fOf" a 2·frequency breakdown we use only that part
of the diagram outlined by 0,0 2,0 2,2. because that area represents one icosa face
broken into two parts at the edge. Remember that just because this area on the diagram
is a small corner of the diagram, this does not mean that 2·frequency breakdown is in
any way "small". The diagram is just that: a diagram. So we will ignOf"e the rest of the
dia'7am. and work from the part of it that defines "2·frequency·· (see Fig. 1).

V(L)"'6 means that the number of vertices in one icosa face of this particular
breakdown is 6.

E(L1=9 means that the number of edges in one icosa face is 9.

F(1I=4 means that there are 4 faces in one icosa face when broken into 2·frequency.

The various "paragraphs" in the tablC5 will yield all the necessary infOfmation if
you keep in mind that, just as the face in the original basic icosahedron was an
equilateral triangle, the 2·lrequency face 0,0 2,0 2.2 is also equilateral and
thus symmetric. This means that the three triangles shaded in Fig. 5 are exactly
the same. It also means that the center triangle is equilateral. 3-. &. 9·frequencies
(multiples of three) have a point at the center of the face instead of a triangle as
in this case. Fig. 6 shows the 3- and 4-frequency breakdowns. The triangles of
the same shading are the same in all respects except left and right orientation.
Note that the pattern of sameness is symmetric about the center of the triangular
array of whatever breakdown frequency you are using.
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I·FREQUENCY ICOSAIIEDRON. ALTERNATE 4-FREQUENCY ICOSAHEDRON. AI.TERNATE 6-FREQUENCY ICOSAHEDRON. ALTERNATE

VILI = 3 EILI = 3 Fill = 1 V{LI" 15 Eell = 30 Fell" 16 VIL)" 28 ElL) = 63 Fill = 36
VlG) = 12 E(G) = 30 F(G) .. 20 VIG) = 162 EIG) =480 FIGI" 320

LENGTH
V(Gl = 362 E{G) = 1080 FIG)- 720

LENGTH 1,1 1,0 1.05146222 1,1 1,0 0.29524181
AXIAL 0,0 1,0 1,1 58.282525 1.017222 AXIAL 0.0 1,0 1,1 81.510921 1.422634 LENGTH 1,1 1,0 0.19047686
FACE 1,1 0,0 1,0 59.999998 1.047198 FACE 1,1 0,0 1,0 71.331604 1.244971 AXIAL 0.0 1,0 1,1 84.534954 1.475413
DIHEDRAL 1,1 1,0 138.189684 2.411865 FACE 1,1 2,1 1,0 60.159766 1.049986 FACE 1,1 0,0 1,0 71.724745 1.251833

ONE FACE COMPLETE STRUCTURE
DIHEDRAL 1,1 1,0 172.197790 3.005419 FACE 1,1 2,1 1,0 63.141629 1,102029

AREA 0.478727 AREA 9.574541
DIHEDRAL 1,1 1,0 175.412319 3.061523

VOLUME 0.126808 VOLUME 2.536151
LENGTH 2,1 2,0 0.31286893

LENGTH 3.154387 LENGTH 31.543866
AXIAL 0.0 2,0 2,1 80.999996 1.413717 LENGTH 2,1 2,0 0.20281969

, FACE 2,1 1,0 2,0 63.668768 1.111230 AXIAL 0,0 2,0 2,1 84.179635 1.469212
FACE 2,1 3,1 2,0 58.717473 1.024813 FACE 2,1 1,0 2,0 66.606874 1.162509
DIHEDRAL 2,1 2,0 169.981901 2.966744 FACE 2,1 3,1 2,0 60.244049 1.051457

DIHEDRAL 2,1 2,0 174.131815 3.039174
LENGTH 3,1 3,0 0.29453084
AXIAL 0.0 3,0 3,1 81.531510 1.422993 LENGTH 3,1 3,0 0.20590774
FACE 3,1 2,0 3,0 57.534353 1.004164 AXIAL 0.0 3,0 3,1 84.090703 1.467660
FACE 3,1 4,1 3,0 59.920114 1.045803 FACE 3,1 2,0 3,0 61.807500 1.078744
DIHEDRAL 3,1 3,0 169.617161 2.960378 FACE 3,1 4,1 3,0 58.470501 1.020503

DIHEDRAL 3,1 3,0 173.178778 3.022540
LENGTH 3,2 3,1 0.32491969
AXIAL 0,0 3,1 3,2 80.650292 1.407613 LENGTH 3,2 3,1 0.21535373

~FREQUENCYICOSAHEORON,AI~ERNATE FACE 3,2 2,1 3,1 59.999999 1.047198 AXIAL 0.0 3,1 3,2 83.818582 1.462910
FACE 3,2 4,2 3,1 62.565048 1.091966 FACE 3,2 2,1 3,1 63.058991 1.100587

V(L) = 6 ElL) =9 Flll = 4 DIHEDRAL 3,2 3,1 169.642082 2.960813 FACE 3,2 4,2 3,1 59.611143 1.040411
DIHEDRAL 3,2 3,1 173.202995 3.022963

V(G) =42 EIG)" 120 F(GI" 80 LENGTH 4,1 4,0 0.25318459
AXIAL 0.0 4,0 4,1 82.727277 1.443863 LENGTH 4,1 4,0 0.19801258

LENGTH 1,1 1,0 0.61803399 FACE 4,1 3,0 4,0 54.334194 0.948311 AXIAL 0.0 4,0 4,1 84.318046 1.471628
AXIAL 0.0 1,0 1,1 71.999996 1.256637 DIHEDRAL 4,1 4,0 169.490046 2.958159 FACE 4,1 3,0 4,0 57.948445 "1.011391
FACE 1,1 0,0 1,0 68.861974 1.201868 FACE 4,1 5,1 4,0 57.948447 1.011391
FACE 1,1 2,1 1,0 59.999998 1.047198 LENGTH 4,2 4,1 0.29858813 DIHEDRAL 4,1 4,0 172.856775 3.016920
DIHEDRAL 1,1 1,0 161.970892 2.l:I20925 AXIAL 0.0 4,1 4,2 81.413979 1.420942

FACE 4,2 3,1 4,1 58.796873 1.026199 LENGTH 4,2 4,1 0.21662821
LENGTH' 2,1 2,0 0.54653306 DIHEDRAL 4,2 4,1 169.505737 2.958433 AXIAL 0.0 4,1 4,2 83.781857 1.462269
AXIAL 0.0 2,0 2,1 74.141260 1.294009 FACE 4,2 3,1 4,1 60.194424 1.050591
FACE 2,1 1,0 2,0 55.569010 0.969862 ONE FACE COMPLETE STRUCTURE FACE 4,2 5,2 4,1 60.194427 1.050591
DIHEDRAL 2,1 2,0 157.541075 2.749611 AREA 0.616453 AREA 12.329062 DIHEDRAL 4,2 4,1 172.843306 3.016685

VOLUME 0.202350 VOLUME 4.047005
ONE FACE COMPLETE STRUCTURE LENGTH 8.815519 LENGTH 143.204020 LENGTH 5.1 5,0 0.18190825

AREA 0.583297 Al:tEA 11.665931 AXIAL 0.0 5,0 5,1 84.781497 1.479716
VOLUME 0.182936 VOLUME 3.658712 ~FREQUENCYICOSAHEDRON,ALTERNATE FACE 5,1 4,0 5,0 55.403753 0.966978
LENGTH 5.133300 LENGTH 69.874022 FACE 5,1 6,1 5,0 58.429183 1.019782

V(L)" 21 EILI = 4" Fell = 25 DIHEDRAL 5,1 5,0 173.170748 3.022400
V(G) = 252 EIG) = 750 FIG}" 500
LENGTH 1,1 1,0 0.23179025

LENGTH 5,2 5,1 0.20590773

AXIAL 0.0 1,0 1,1 83.344741 1.454640
AXIAL 0.0 5,1 5,2 84.090701 1.467660

FACE 1,1 0,0 1,0 71.590918 1.249497
FACE 5,2 4,1 5,1 58.470502 1.020503

FACE 1,1 2,1 1,0 61.797728 1.078574
FACE 5,2 6,2 5,1 61.807496 1.078744

DIHEDRAL 1,1 1,0 174.186995 3.040137
DIHEDRAL 5,2 5,1 173.178770 3.022540

LENGTH 2,1 2,0 0.24724291 LENGTH 5,3 5,2 0.21535373
AXIAL 0.0 2,0 2,1 82.898845 1.446858 AXIAL 0.0 5,2 5,3 83.818583 1.462910
FACE 2,1 1,0 2,0 65.444659 1.142225 FACE 5,3 4,2 5,2 59.611144 1.040411
FACE 2,1 3,1 2,0 59.197807 1.033197 FACE 5,3 6,3 5,2 63.058989 1.100587
DIHEDRAL 2,1 2,0 172.477804 3.010306 DIHEDRAL 5,3 5,2 173.202999 3.022963

LENGTH 3,1 3,0 0.24508578 LENGTH 6,1 6,0 0.16256722

~fREQUENCY1COSAHEDRON,ALTERNATE AXIAL 0.0 3,0 3,1 82.961115 1.447945 AXIAL 0.0 6,0 6,1 85.337645 1.489423
FACE 3,1 2,0 3,0 59.964814 1.046583 FACE 6,1 5,0 6,0 54.137622 0.944880

vell = 10 E(L)" 18 FIL)" 9 FACE 3,1 4,1 3,0 58.369323 1.018737 DIHEDRAL 6,1 6,0 173.240530 3.023618
DIHEDRAL 3,1 3,0 171.544544 2.994017

V(GI = 92 E(G)" 270 F(G}" 180 LENGTH 6,2 6,1 0.18738340

LENGTH 1,1 1,0 0.40354821 LENGTH 3,2 3,1 0.26159810 AXIAL 0,0 6,1 6,2 84.623971 1.476967

AXIAL 0,0 1,0 1,1 78.359272 AXIAL 0.0 3,1 3,2 82.484227 1.439621 FACE 6,2 5,1 6,1 57.989368 1.012105
1.367627

FACE 3,2 DIHEDRAL 6,2 6,1 173.254913 3.023889FACE 1,1 0,0 1,0 70.730537 1.234481 2,1 3,1 61.674566 1.076424
FACE 1,1 2,1 1,0 58.583164 1.022469 FACE 3,2 4,2 3,1 59.999997 1.047198
DIHEDRAL 1,1 1,0 ' 168.641064 2.943342 DIHEDRAL 3,2 3,1 171.553503 2.994174 LENGTH 6,3 6,2 0.20281970

AXIAL 0.0 6,2 6,3 84.179636 1.469212

LENGTH 2,1 2,0 0.41241149 LENGTH 4,1 4,0 0.22568578 FACE 6,3 5,2 6,2 60.244049 T.051457

AXIAL 0.0 2,0 2,1 78.099906 1.363101 AXIAL 00 4,0 4,1 83.520774 1.457713 DIHEDRAL 6,3 6,2 173.318399 3.024977

FACE 2,1 1,0 2,0 60.708416 1.059562 FACE 4,1 3,0 4,0 56.125012 0.979566
FACE 2,1 3,1 2,0 60.708416 1.059562 FACE 4,1 5,1 4,0 59.101135 1.031509 ONE FACE COMPLETE STRUCTURE

DIHEDRAL 2,1 2,0 166.421442 2.904602 DIHEDRAL 4,1 4,0 171.730190 2.997257 AREA 0.6229881 AREA 12.459762
VOLUME 0.206246 VOLUME 4.124911

LENGTH 3,1 3,0 0.34861548 LENGTH 4,2 4,1 0.25516701 LENGTH 12.447279 LENGTH 215.779373

AXIAL 0.0 3,0 3,1 79.961621 1.395594 AXIAL 0.0 4,1 4,2 82.670021 1.442864
FACE 3,1 2,0 3,0 54.634727 0.953556 FACE 4,2 3,1 4,1 59.162712 1.032584
DIHEDRAL 3,1 3,0 165.564739 2.889650 FACE 4,2 5,2 4,1 62.432868 1.089659

DIHEDRAL 4,2 4,1 171.745039 2.997517
LENGTH 3,2 3,1 0.40354822 '~0
AXIAL 0,0 3,1 3,2 78.359272 1.367627 LENGTH 5,1 5,0 0.19814743

":FACE 3,2 2,1 3,1 58.583164 1.022469 AXIAL 00 5,0 5,1 84.314162 1.471560 -DIHEDRAL 3,2 3,1 165.542280 2.889258 FACE 5,1 4,0 5,0 54.204537 0.946048 ~,

DIHEDRAL 5,1 5,0 171./65753 2.997878
ONE FACE COMPLETE STRUCTURE

AREA 0.607532 AREA 12.150641 LENGTH 5,2 5,1 0.23159760
VOLUME 0.197070 VOLUME 3.941391 AXIAL 0.0 5,1 5,2 83.350295 1.454737

LENGTH 6.987451 LENGTH 106.725645 FACE 5,2 4,1 5,1 58.430325 1.019802
DIHEDRAL 5,2 5,1 171.783924 2.998195

LENGTH 5,3 5,2 0.24534642
AXIAL 0.0 5,2 5,3 82.953590 1.447813
FACE 5,3 4,2 5,2 60.070368 1.048426
DIHEDRAL 5,3 5,2 171.838518 2.999148

ONE FACE COMPLETE STRUCTURE
AREA 0.620672 AREA 12.413437
VOLUME 0.204862 VOLUME 4.097246
LENGTH 10.633763 LENGTH 179.530167 51



For triacon, to identify chords (struts) and angles you only have to use one of the
six identical ri!flt triangles:

The coordinates given are identical for fNefV ri!flt triangle. For a 2v right triangle
use up to line 1,0· 1,0; for 4v up to 2,0· 1,1; for 6y up to 3,0· 2,1. See diagrams
of symmetry in Geodesic Geometry. So, for a 2v face:

2-FREQUENCY ICOSAIlEDRON, TRIACON
LENGTH 0,0 1,0 0.64085182
LENGTH 1.0 1.0 0.71364418
AXIAL 0.0 0,0 1,0 71° 18' 41"
AXIAL 0.0 1,0 1,0 690 5' 42"
FACE 1,0 0,0 1,0 680
FACE 0,0 1.0 1,0 560

4-FREQUENCY ICOSAHEDRON. TRIACON
LENGTH 0,0 1,0 0.33607172
LENGTH 1,0 1,0 0.38941890
LENGTH 1,0 2,0 0.31338622
LENGTH 2,0 1,1 0.36284670
AXIAL 0.0 0,0 1,0 800 19' 35"
AXIAL 0.0 1,0 1,0 780 46' 21"
AXIAL 0.0 1,0 2,0 800 59' 6"
AXIAL 0.0 2,0 1,1 79032'51"
FACE 0,0 1,0 1,0 54°35' 23.1"
FACE 1,0 0,0 1,0 700 49'13.7"
FACE 1,0 2,0 1,1 5S053'56.4"
FACE 1,1 1,0 2,0 67°49'32.0"
FACE 1,0 1,1 2,0 530 6' 31.5"

~FREQUENCYICOSAHEDRON.TRIACON

LENGTH 0,0 1,0 0.22425228
LENGTH 1,0 1,0 0.26427250
LENGTH 1,0 2,0 0.21877470
LENGTH 2,0 1,1 0.25561988
LENGTH 2,0 3,0 0.20603838
LENGTH 3,0 2,1 0.23181986
AXIAL 0.0 0,0 1,0 sao 30' 16"
AXIAL 0.0 1,0 1,0 820 24' 25"
AXIAL 0.0 1,0 2,0 88043' 12"
AXIAL 0.0 2,0 1,1 82°39'25"
AXIAL 0.0 2,0 3,0 840 5' 13"
AXIAL 0.0 3,0 2,1 830 0' 39"
FACE 0,0 1,0 1,0 54° 16' 8"
FACE 1 a aa 1,0 71° 27' 58"
FACE 1:0 1:12,0 53034'53"
FACE 1,1 1,0 2,0 7()OOS'25"
FACE 1,1 2,0 2,1 56019'42"
FACE 2,0 2,1 3,0 540 27' 30'''
FACE 2,0 3,0 2,1 570 16' 29"
FACE 2,1 2,0 3,0 620 4' 56"
8-FREQUENCY ICOSAHEDRON. TRIACON
LENGTH 0,0 1,0 0.17026386
LENGTH 1,0 1,0 0.19937078
LENGTH 1,0 2,0 0.16701614
LENGTH 2,0 1,1 0.19563944
LENGTH 2,0 3,0 0.16103172
LENGTH 3,0 2,1 0.18493544
LENGTH 3,0 4,0 0.15533460
LENGTH 4,0 3,1 0.16871032
AXIAL 0.0 0,0 1,0 850 T A"
AXIAL 0.0 1,0 1,0 84° 16' 44"
AXIAL 0.0 1,0 2,0 85° 12' 36"
AXIAL 0.0 2,0 1,1 84°23'11"
AXIAL 0.0 2,0 3,0 850 22' sa"
AXIAL 0.0 3,0 2,1 840 41'40"
AXIAL 0.0 3,0 4,0 850 36' 11"
AXIAL 0.0 4,0 3,1 850 9' 41"

Face angles for 8.frequency not available.

3,1

2,2

<,0

2,1

3,0

2,0

0,0

1,0

,
\

1,0

,,,,,,,,,

,,,,

1,0

0,0

,,,,,,,,,

,,,,,,,,,

0,0

0,0

1,0

1,0

,,,,,,,,

:-----r---

~

0,0

The tables opposite for triacon breakdown follow the same format as
those for alternate breakdown, except thaI angles are given only in
degrees, minutes and seconds (0, " "); the vertices are identified as in
the diagram:

CHORD FACTORS AND ANGLES continued

1,0 2,1

Conversion of feet to meters/meters to feet:

1 It - 0.3048 meters
1 meter" 3.28084 It

r '" radius
b '" base
h '" altitude

In any convex polyhedron, the number of faces (F), vertices (VI and
edges (E) are related as follows:

F+V"E+2

This f()(mufa can be used in checking domes which are not complete
spheres: consider the open bottom as a single face polVgon; the
number of sides equals the number of members along the perimeter
of the dome's framework.

"'=3.14159265

Circumference of circle 2'ft r
Area of circle Tt r2

Area of sphere (skin) 4rtr2

Volume of sphere 4/311 r3
Area of triangle 1/2 btl
Note: by doubling the diameter of a sphere, the surface area is

increased by a fdctor of 4; the volume is increased by a
factor of 8.

useful mathOL'Cirnal E<{uivalenl8 of FracliolL'l
1/32 .03125
1/16 .06250
3132 .09375
1/8 .12500
5/32 ",15625
3/16 ,18750
7/32 .21875
1/4 .25000
9/32 .28125
5/16 .. .31250
11/32 .34375
318 ...37500
13/32 .. .40625
7/16 .43750
15/32 .46875
1/2 .50000
17/32 .53125
9/16 .56250
19/32 .59375
5/8 .62500
21/32 .65625
11/16 .. .68750
23/32 71875
3/4 75000
25/32 ~ .78125
13/16 .81250
27/32 '" .84375
7/8 .87500
29/32 .90625
15/16 .93750
31/32 .96875
1 .. 1.00000
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FIBERGLASS

RIgid Vinyl. FilSCIOaling brochure just .... ived ft-om Goodroch.
"Desi~ing "'ilh R,gtd V,nyl." CGmes in rods, extruded shapes. pipe.
sheelS and molded shapes. Sh""15 come in thocknesses from a few
mils [0 SoI!'Veral inches. many colors, and can be "t.,l-wrlded ""th hOI'
air 1J.lns. Vou mlgl'lt be able 10 _Id together a dome membrane at
Iriangles' edges..

from B. F. Goodrich Chemical Co.
3135 Euclid Avenue
CllI'Jeland, Ohio 44115

Ultra high·strenglh 81!fOspace fiberglass, much 51ronger Ihan
corwentional fiberglllS$. Technical Bolle"n Ferro S-1014

Irom Ferro Fibergless Corp_
Fibs< Gless Road
Nashville, Tenn. 37211

E"cell.nlllbs<g1",nformalion, polypropylene, dyne!
labrics, different resins. Marine Buyer's Guide. 75C ftom

Defender IndUSlries. Inc.
384 Broadway
NewVork,N. V.l0013

TAI'ES FOn DOME SEAMS
Fab-Dek: 35 mil Hypalon impregnaled wilh neoprene. 3·' ",ide
roil, 11;,/lin ft. Adhesive $4,501gallon. F.D,B. plant

Miracle Adhesive Corp.
27279 I"dUSlrial Boull!\lard
Hayward, CA 94545
~

250 Penil Avenue
Bellmore, L.I., N.V. 11710

FiberglilSS lllPl! Wllh isopmalic rl'$O". Brochure from

TAP
1710E.12IhSlreel
Oakland. CA 94606

Skylighls: clear or opaque, Ihese acrylic skylights are reasonably
prICed ,I you buy just the plastic pari ",ithoul the frame. A 30"
circular bubble is about $20. 8rOChure: "Wasco Skydomes'·

from Western MacArthur Co.
460 Park Avenue
San Jose, CA 95110

Besl plywood for domes: Duraply Iial panel siding is eKlerior
Douglas fIt ply",ood wllh phenolic resln-llber surlace, des'gned fOf
severe _elher eKpoSU<l!. GU..,leed 89ll1nsl delaminall()f'> for
life of buikhng. BrOChure Irom

u. S. Plywood Corp.
777 Th"d Avenue
New Vork, N. Y. 10017

Energy absorbIng mi.le..al: polymeric rubber loam lor damping
sound and vibes. Brochure from

NOrian Research Corp.
70 Memorial Drive
Cambridge. Mass. 02142

'·Living hinge·': lougl' polypropylene hinga, has b""n flexed
1.000,000 times Wilhoul breaking. You can U'e il for venlS
doors and it should make walerprooling the hinged edge si"';ple.
Aboul 3Ot/lh. comes in rolls,

Slokes Molded Products
75 Taylor Strem
Trenlon, N. J. 06604

Lock and Kev EXlru..on_ A SIMple way 10 inSUlIl glass Of plaslic
w,ndows in "'ood or metal panels. Inlormallon from

Alasco Rubber & PlasllCS Corp,
839 MalColm Road
Burhnllllme. CA

Lamlnlle Cardboard, unbel,evably lOUgh, f,re·ret...danl, and
IIg1>l. Samples from

Teflon, Ple"i;las, fiberglass, Mylar, vinyl, foam guns, etc.
A complele calalOll of pla"ic materials and prices.

Plasticraft, Inc.
2800 NOrth $peer
Oe""er, Colorado 80211

Faclory secono» of clear acrylic; complete line of plastics..
Abe makes deals..

Abe Schusler Fiberglass
6211 Telegraph Avenue
Oakland, CA 94609

Tedlar·coaled Fibergl_ Panel.

Oroyle FiberglessP_Is
711 Olympic BOUlevard
Senta Monica, CA

Lamin"e DIVision
T".Wall Con18lners, Inc.
One Duponl Streel
PlainVIew, N. Y. 11803

Sl"'p and $lrapping 1001.

A, J, Gerrard & Co,
400 Easl Touhy Avenue
Des Plaines, Illinois

Check yellO\oV pages (s/rappitlg) for closest location, or olher
companieS.

PLASTICS

MISCELLANEOUS

Reinlorced acrylic struclural $heelS, tenSIle strenglh 12,000 psi.
Inlormallon trom

AmerICan Acrylic Corp.
173 Ma"ne Streel
Farmingd,le, Long Island, N. V. 11735

Acrylic Plaslic sheet, KydeK, resis18nt 10 ullrll'Jiolet
Technical dala from

Rohm & H.,s Co.
Independence Mall Wesl
Philadelphia, PA 19015

Rust·proof MONE L stlDles. slllple IPJns:

Duo Fast Caillornia
1465 ThUd St,eel
San francISCO, CA

Nails. II YOOJ .... uSIng nails in domes. always gel hoi dip g;>hr....ized
na,ls.. Eleclrp.gaIvanized n.ils rust very quickly. Also, ttle hoi dip
h..,e much greater hold,ng po:I'Her. There are ,",,0 types of Sl!pe­
strong nails-annular grooved and Ihreaded n",1s thai h..,e much
greater holding pO'M!r man ordinary Nllis.

Foam Panel"

Dyna Domes
22226 NOrth 23rd Avenue
Phoenl" Arizona 85027

Aluminum Co. of America
1501 Aicoa Building
Piushurgh, Pa.

Apache Foam PrOducts
1005 Norlh McKinley Road
Belvedere, Illinois 61008

General Plastics Co.
3481 SoIJth 35th Slreel
TICOffiII, Wa$hinglon 98409

olherS: wrile

Mobav Chemocal Co.
Penn L,ncoln Parkw;oy West
Pl1Isburgh, PA 15205

E"lrusions: rubber lIOd synlhellC. about 4Ot!-S1ffl, making Itle
mold is StJrprisingly cheap, as low asS40. This means you can
desIgn an eXlrusion tailored 10 your ntad$, from

Weleo Rubber Manulacluring
1655 Euclid Avenue
Sanla Monica, CA 90404 53

N_ super·suong trensparent ",indO\oV plaslic: polycarbonate,
Tradenames Luan (GEL Monel {Mobay!. About 80l! per sq fl
.060" Ihickness. Inform.uon from

Transilwrap Wesl Corp.
1579 Cusler Avomue
San Francisco. CA 94124

., I
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2150 Franklin Street
Oakland, CA 94612
Alln: Keilh P. MItchell

Over 100 V..iOUSpr ....... re--Sl,'n.. tive tapes, 8.ochure:
"Tapes lor Industry" from

3MComr-y
320 Shaw Avenue
$oulh San Francisco, CA

Clear Vinyl. Aboul 6;'lsq. h. from

Wards Farm Catalog

Brochure: "Dial·A·Spec Coaled Fabrics" from

Flexifirm Producls
2300 NOrth Chico Avenue
EI Monle, CA 91733

COaled flbricl (rlpsiop nylon. vinyl coaled fiberglass, sificone
rubber coaled dacron, elc.1 Brochure: "COaled Fabrics for
Industry" from

3M Company
Film & Allied Products Division
1601 Soum Shamrock Avenue
Monn""i" CA 91016

Coaled Nylon Fabrics. Brochures: "PrOle<:tive Coyer Fabrics"
and "Engmeered Fabrics for Inwslry" from

Wesl POint Pepperell
Inwsl,ial fabrics Divi.ion
111 W.St 40lh Streel
New York, N. Y. 10018

ParachUles: 24 h. diameter canopie$, ",hile and in good condition.
$22,50 piUS postage and lax Irom

SecurilY Parachute Co.
P. O. Box 3096
San Leandro, CA 94578

Plexiglas inlormation. Beautiful color brochures. as "'ell as dala on
Plexigl;>s sheel forming. Solar control ser;es Ple"igl;>s is produced In
five denslues. From

R()hm &H_
Independenc:e Mall Wesl
Ph,ledelpflle. PA 19105

Korad acrylic I,tm, can be used to surface melal., ply",ood, etc.
Inlormalion from

Rohm & Hau I.ee above)

Acelate, Rayon, Nylon, Saran, Chromspun, elc. inlormalion.
List of manufacturers and basic principles of manufacturing and
use. Brochures. "Man.Made fIber fact Book" and "Guide to Man·
Made Fibers" from

Man.Made Fiber Producers Auoci'hOn
350 51h Avenue
New York, N. Y.lOOOI

MEMBR/\NES

Weather proof Myl..., "'ilh uhmviolet reslstanlS. Said 10 I..IIWO
10 live years oulside exposure. About 19c!/sq. IL lrom

Saarllarm cal.tog

"Spooky Myt"'''-llluminized on one surl..:e. II uted as a WIndow
you see your reUaclion and at Ihe SlIme lIme It>e Irees outSJde. NOl
ultr..,ielel resiSlanl.

trom Transparenl Products Corp,
P, 0, Box 15924
Los Angeles, CA 90015
Alln: A. Robert Suba

tt:

:t:

Backer Rod information

Foam Products Division
Havtog Industries Inc.
Moddletown Industrial Park
Middletown, Delaware 19709

Uniroval Rubber surfaces. Info from

Ma,ine & Construclion Producls
312 Nonh Hill Street
Mi$h.....aka, Indiana

Gacofle~ elastomeric walerprooling membrane and liquid rooling
syslems. Inlormalion lrom

Gaco WeSlern, Inc,
P. O. Bo" 698
Tukwila Slalion
Seattle, Washington 98168

SUtniodc Slructural neoprene lIllSkels. Catelog from

The Slandard Products Company
St....,ock Departmenl
Port Climon, Ohio 43452

Ci;talOll 01 pressure sensilive tllPfls.. Vinyl, polyemyfane, doubla
faced 18PI!S, electrical tape, eiC.

Irom Arno Adhesive Tapes, Inc.
MichiQlln Cily. fndla~ 46360

SPecific Foam systerm applicaiions, 10rmul'liOltS & lechniques

Williem R. While
Flintkole Company
Sealzil Division
4075 Main Street
Riverside. CA

Free brochur.: "The Use of Rigid Urelhane Foam as. StrUClural
Insulant"

from: Mobay Chemical Co.
Penn Lincoln P,rk""y WlISt
PiUsburgh, PA 15205
Attn: Mr. Byron E. Beard

Also: Vellow. o-ges for local foam eppliealors.

Foam guns:

Sealzit Division
Th, FlintkoleCo.
P. O. BoK 5347
Riverside, CA
Attn: W. R. White

Foam design

Deeds Design A.sociale1
1706 Wesl Arbor DrIVe
Sen Diego, CA 92103

FOAM

HIlXO Producll-c..... lks and Hypalon elastomeric .....Iant

hom P,ice

PrHltile Architectl./ral sealants

from Presnite Division, Interchemical Corp.
39lh & Chouleau
St, Louis, MD 63110

Brochure: "Seven Steps lO Sure Sealing", on Dow Corning
180 Building Sealenl

from Nearest Dow Or Price

Sonneborn Seal...,ts

f,om Sonneborn 6uildingProducts, Inc.
1700 South Mt. Prospect Road
DI!'s Plaines, Illinois 60018

$el1 1 18PI!S (u-' in EXPO dome) PTI 606 .chill!Clu..1
1IPI! 1

I,om ProlllClive TrealmenlS, Inc.
4401 West Norm Avenue
Chicago,llIinois60639

Wealherblon o,","part sealant, Scotch Seal Melal Seal.u. Olher I
inlormalion

f,om Adhesives, Coalings and Sealers Division
3M Company
2501 Hud'On Road
SI, Peul, Minnesota 55119

Vulkem 0,","p8rl polyurelhane sealants. Data lrom

MaSler Me<:hanics Co.
4475 Easl 1751h Sueel
CI""elanc!. Ohio 44128

SEAI,ANTS
Thiokol Joinls Design Digesl lor Polysullide Base Compounds

Irom Thiokol Chemical Corp.
Bo~ 1296
Trenlon, N. J. 08607

Technical dlI..: E~lrusion chari shows how much ClOUlk is needed
per lin ft of joint; COOler. ChW1 shows CO\Ier3gll per !IO'11on lor
ViOOUS film Ihicknesses.

from Harold A. Price Co.• Inc.
P. O. Bo~ IJ89
Richmond, CA 94802

Rigid lire relardant 2 pound polyurelhane foam can be poured by
mixing t"'o liquids. Best so,m:e lor 10'" cost foam and good edvice
On propar technique:

Lloyd Fo"
Douglas & Siurgess
730 Bryanl Streel
san Francisco, CA

Lots 01 Ctlrrenl and very good inlormelion On foam: The John A.
Harl$OCkP~ and Olin bulletins GOI 005,008,009.011, 012A,
013A lIOd 015.

from Richard W. Gaetjom
Ted'lnical !WIles Represenlaliv,
Olin Plastics
Btnic" Industrial Park
P. O. Box 847
Benic... CA 94510



Air building of vinyl by Ant Ferm-see p. 55.

We've found these publications to be especially good for dome design C1nd building.
The books marked with an • are available from the Whole EClrth Catalog, 558 Santa
Cruz Avenue, Menlo PClrk, CA 94025.

'Baer, S. The Dome Cookbook, Corrales, N. M.: The Lama Foundation, 1968.

Beard, Col. R. S., Patterns in Space, 1965. $7.50 from Fibonacci Quarterly,
St. MClry's College, CA 94575.

'BOfrego, J. Space Grid Structures, Camrn-idge, Mass: MIT Press, 1968

Clinton, J.D. Structural Design Concepts for Future Space Missions, Progress
Report~NASA Contract 606-607 (November 1965)

'Cundy, H.M. and Rollett, A.P. Mathematicaf Models, london: OxfOfd
University Press, 1961

'Fuller, R. 8. World Design Science Decade DocumenB 1965-1915, CClrbondale,
Illinois: WOfld Resources Inventory Office, 1965. Volume II has section
by Fuller-"WOfld Design Initiative"-with photos and explanations of
domes and tensegrity structures not available elsewhere. Vol. III contains
Omnidirectional Hafo.

Fuller, R. B. Geodesic Patents (see p. 44 I

Ghyka, M. The Geometry of Art and Life, New York: $heed C1nd Ward, 1946

Kern, K. The Owner·BuiltH~, Oakhurst, CA: Ken Kern Drafting, 1961

'Marks, R. W. The DymaJCion World of R. Buekminster Fuller, Carbondale,
Illinois: Southern Illinois University Press, 1960

-Marks, R. W. The New Mathematics Dictionary and Handbook, New York:
Bantam Books, Inc., 1964. Simple C1nd concise. Good if you know nothing
about math.

Nervi, P.l. Structures, N. Y.: McGraw·Hill,1956.

'Otto, F. Tensile Structures, Vols. I and II, Cambridge, Mass: MIT Press, 1967; 1969

'Popko, E. Geodesics, Detroit, Michigan: University of Detroit Press, 1968

'Skeist, I. Plastics in Building. New York: Van Nostrand·Reinhotd, 1966

'Steinhaus, H. Mathematical Snapshots, New York: Oxford University Press, 1960

StUClrt, D. "On the Orderly Subdivision of Spheres," Student Publication of the
School of Design, North Carolina State University (At RClleighl, 1955

54

Stuart, D. "Polyhedral and Mosaic Transformations," Student Publication of
the School of Design, North Carolina State University (At Raleigh), 1963

'Thompson, D. W. On Growth and Form, New Rochelle, N. Y.: Cambridge
University Press, 1917; 1952; 1961

Warring, R. and Lewis, G. Glass Fibre for Amateurs, Hemel Hempstead, Herts,
England: Model & Allied Publications.

'White, L. l. AspecB of Form, Bloomington, Indiana: Indiana University Press, 1951

Williams, R. E. Handbook of Structure. Part I: Polyhedra & Spheres, 1968.
Available from Douglas Aircraft Co., Advanced Research laboratOfies,
5251 Bolsa Avenue, Huntington Beach, CA 92647. This has been the
clearest and most useful publication I've seen on polyhedra and spheres.
You can learn a gr-eat deal from this book alone.

Conchoidal T.ensfonnation of Triangles. WhIllO all poinl$ in
sides of the thretl I.iangles mOtle in al the _ rale on their
lines th.ougll center, they will fonn the florll pattern when
midpoints Of ouler sides meet at the center.

From Pal/ems in Space



,.. - 1;.x.. .

Zomes, 50lar heating, lectures, de5ign.

ZOMEWORKS.
P. O. Box 712
Albuquerque, NM 87103

Large scale aluminum geodesic domes .

Temcor
2825 Toledo Street
Torrance, CA 90503

• • • • • • • •

Currently preparing book on modular architecture
based on design principles in nature.
Peter Pearce
SYNESTRUCTlCS, Inc.
7527 Coldwater Canyon Avenue
North Hollywood, CA 91605

• • • • • • • •

.......1

••-

Playground design & construction.

Playstroctures
432 Lakehouse Avenue
San Jose, CA 95110

• • • • • • • •

Foam·fiberglass pods, designed in Finland.
Futuro Corp.
1900 Rittenhouse Square
Philadelphia, PA 19103

• • • • • • • •

• • • • • • • •

Environmenta. oesigners, artists, lecturef'S, community
planners.

Libre
80x98
Gardiner, Colorado 81040

• • • • • • • •

Air buildings, nomadic visions.

ANT FARM
247 Gate Five Road
Sausalito, CA 94965

· . . . . -. .

· . .. . . . . .

. . . •. . . . -

Builders and designers working with new concepts;
let us know if you wish to be added; no charge.

Prefab kits and construction. Hubs for wood strut
domes, foam and fiberglass research and design.

Dyna Domes
22226 North 23rd Avenue
Phoenix, Arizona 85027

"RayLoom", a film by Don Symanski,

Film·makers Cooperative
175 Lexington Avenue
New York, N. Y. 10016

ss

0'

• • • • • • • •

"Lumine5ceflt sculpturesIWoven light as
shelter/... one fantasy into the ephemeral
protective home ..."

16mm/18 minutes/color
Reotal: $24.00

Available through;

Canyon Cinema Co-op
Room 220
Industrial Center Bldg.
Sausalito, CA 94965
(415) 332·1514

Inquire for sale of filnl via;

"RayLoom" cia Don Symanski
190 Opal Avenue
Redwood City, CA 94062
(415) 366·6547

Pod that can be erected in three hours.

O'Dome
Tension Structures, lne.
663 Fifth Avenue
New York, N. Y. 10022

Designer of domes and experimental structures.

Robt. Easton
Domebuilders Co.
975 Mariposa Lane
Santa Barbara, CA 93103



R. Bucklllillster Ful/er

Clear dome with sun screen on a track
that runs around the perimeter,
adjusting it to block the sun and create
privacy.

Alan Schmidt is building a dome for Kriyananda:
wood struts. fiberglass put on with aluminum
nails with neoprene washers, pop-in styrofoam
insulating panels.

A conduit frame, burlap or chicken wire stretched over, sprayeq with 2" foam,

With the dome around me, I feel like the pit
inside an apricot, butterfly inside cocoon...

Spray·up fiberglass panels with bolt-together edges, neoprene washer in between.

As man begins exploring space,
domes appear on earth.

Pour triangles of foam, put up a framework, lay triangles on it, foam the seams, fiber·
glass exterior into a monolithic membrane, remove the framework. Foam in windows
and vents. Use some old salvaged wood to frame door and windows. Use other small
pieces of wirebrushed wood for a mantle or altar.

There are a number of mathematicians and designers currently working on domes. Many
of them have evolved sophisticated designs for domical structures-they all acknowledge
that implementation of their ideas will take the best technology, and large amounts of
money. As an individual, unfettered by think ing about big finance, or grants, you have a
great degree of freedom in dome design. You can tryout your idea. Design, then try to
build your design, and then by all means live in it. How else can you know If it works?

I once stood in the rain by a puddle watching the rain drops hit and glimmering
transparent half-bubbles float on the water.

Last resort for leaking plywood domes: composition shingles.

A dome of diamonds folded inwardly along the vertical axis. See laminar patent, p. 44.
Make the diamonds of cardboard, spray exterior with resin, erect dome, spray inside
with foam.

-------------------;:----------------

last minute
Sphere on a pedestal, either hung from cables from five telephone poles or on a stem
like a flower. Different level lofts made by octet trusses. Don't close off any part of
the sphere by putting a floor all the way across.

Hang a swing in your dome for quick passage from one side to another.

Aluminum and galvanized steel can be used as skins for domes, Aluminum doesn't have
to be painted, will last about 25 years (near the ocean it should be anodized), and is
soft. Galvanized steel has to be painted and is stiff.

You can use thin metal if you spray the inside of the dome with foam. The panels
should be sprayed from the inside with automobile undercoating or something like it
to keep the dome from booming.

With a metal skin and a wood frame the panels can be shingled. Cut the panels an inch
or two larger than the actual size of the triangles (Then when the panels are attached to
the frame they overlap. See metal tube domes). For sealing you put a strip of vinyl foam
or tape caulk over the struts before attaching the panels. The panels can be stapled to the
frame. You should use a staple gun that makes the staples curve outward. For thick
metal you can rent an air stapler.

Completely transparent dome with pop·in insulating panels, Adjust dome to the
season, change light patterns to block or admit sunlight, view different parts of
landscape.

Historically people who have had control of special areas have huddled in groups, invented
complex-sometimes mystical-mazes for the uninitiated to struggle through. Like the
carpenters' union. You have to strip concrete forms for 6 months before they let you
learn how to frame. The old guys don't want the young ones to come along too fast.
I f you give kids access-don't weight them down with traditional static step·by·step
rituals-they'll amaze you by their speed. Perhaps it has something to do with their
familiarity and ease with communications-TV, etc. look what happened when kids
got ahold of guitars.

I remember seeing an old movie of the first hel icopters-they were of every conceivable
design. One had a giant parasol type thing that telescoped, causing the copter to hop
up and down, Each one looked entirely different. If we get 500 people building domes,
we'll have a marvelous array of prototypes.

Alice C. Fletcher,
The Hako: A Pawnee Ceremony

Dome Farm

Find a farm, with barn. Testing site for new structures. Tie it into
our high school, so students can help and tearn. Use the site as a
research and development center for development of low cost/light·
weight/easy to assemble/beautiful shelters.

Rock Dome

A large portable dome for rock festivals/with specially designed
speaker system/White interior for 360 degree light projection.

Traveling workshop

We've prepared a traveling workshop: slide show, movie of dome
building, models, structural skeleton, classes.

Build your own school

Get some land in the country. Get water, power, then build a large dome
as a meeting place!auditorium!shop!living quarters/combination of
these. This will give you a base of operations from which to build the
rest of the school.

But there is hope in sight. The very YOllng! The university
students are intuitively skeptical of the validity ofany and
all evolution-blockillg establishment; they are therefore
negatil'ely preoccupied. HoweJ!er, high school youth think
spontaneously and positillely ill astl'O- and electromagnetic
technology and Tlleir realistic IIses, Tile young ofall ages
abhor hypocrisy. They are bored with obsolete up and down
dallcing, with bureaucratic inertia, and willi allY kind of
fear-built gauges, Tiley are bored with the immobilization
of resources knowlI as security. They disdaill white, gray,
black and blue lies. The studellts and school children aroulld
the world hal'e idealistic compassioll for al/III/manity. There
is a good possibility that tlrey l1Iay take OI'CI' and successfully
operate spaceship tartli.

fantasies

Among the Pawnees of northem Kansas and SOli them Nebraska.
the priest, during the ceremonial of the Hako, draws a circle with
his toe. "The circle represents a nest," such (/ priesT is reported to
have said, "and it is drawn by the toe because the eagle bui/ds its
nest with iTs claws. AlThough we are imitating the bird makillg its
nest, there is another meaning to the action; we are tflinkillg of
Tirawa making the world for the people to live III. /fyoll go all a
high hill and look around, you will see The sky tal/ching tile earth
Oil every side. and within this cirwlar enclosure the people live. So
the circles we have made are not only nesls, bUI they also represent
tfle circle Tirawa-atills has made for the dwelling place oIal! the
pmple. The circles also stand for the kinship group. the clall, and
Ihe trihe. "

i6



... ALL PARTS WERE COLOR COOED SO THAT THE AFGHAN PEOPLE WOULD BE ABLE TO
ERECT IT BY PUTTING THE RED END TO THE RED HOLE ON THE HUB AND THE BLUE TO
BLUE ETC. THEY DIDN'T KNOW WHAT THEY WERE BUILDING AT ALL. THEY THOUGHT IT
WOULD BE A CONVENTIONAL RECTILINEAR STRUCTURE. BUT SUDDENLY FOUND THEY HAD
PRODUCED A HEMISPHERICAL STRUCTURE. THEY WERE BOGGLE EYED AND EXCITED. THE
WORKERS BEGAN TO SHOOT THE SHOOTS DOWN THE TAUT NYLON-GEON-SKIN OF THE DOME .
... WHEN THE AFGHAN PEOPLE SAW THAT THE AFGHAN WORKMEN HAD PUT UP A NEW DOME
STRUCTURE THEY ATTRIBUTED ITS SPHERICAL SUCCESS TO THE AFGHANS' CRAFT SKILL.
THEY SAID TO THE AFGHAN WORKMEN-SHOOTING THE SHOOTS DOWN THE DOME-"YOU
ARE GOOD DOME BUILDERS." THE WORKMEN REPLIED: "YES WE ARE."

Pacific Domes
Box 1692
Los Gatos, CA 95030
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