











57

7. : 7
I , N N
:f &
NG 1 W R
AN e N\
f&@&w&§ 74 EN
KN 3
il AR .
(I,J_si\\\\\ 3
7, E Tl
o o | \\ 1t
s iy
afe

CTION Sruabisarrir-avm cof

LINTELS AND SOFFITS>
VAROYVS METHORS OF
SVPPORT AND ANCHORAGE”

, .—
2

penes
I

Pes

Figure 2. Lintels and Soffits

(National Terra Cotta Society, 1927, plate 35)
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Terra cotta that poses a hazard to safety must be
permanently or temporarily removed or stabilized in place
(Berryman and Tindall, 1984, p. 14). A nylon netting held
in place with metal straps can be used to hold pieces until
a permanent solution is determined. If there are openings
where terra cotta units are missing, these openihgs must be
made weathertight to prevent further deterioration to

adjacent units.

Inspection

Inspection of terra cotta in buildings is very
important. Most problems can be prevented if noticed and
rectified early. An eyeball inspection can easily be
accomplished with binoculars from the ground or an adjacent
building. Some items to look for: (1) missing units, (2)
deteriorated or missing mortar, (3) large cracks running
through multiple units, (4) material failures, (5) presence
(or absence) of water-shedding devices, (6) bulges in the
terra cotta, (7) rust stains from anchors, (8)
efflorescence from excessive moisture. If any of these
symptoms are present, a more through, hands-on
investigation of the terra cotta is necessary.

A close up inspection of terra cotta will help reveal
what is causing the problem. In the Preservation Briefs

#7, six methods of inspection are listed: prima facie
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analysis, tapping; infrared scanning, sonic testing, metal
detection, and 1laboratory analysis. These inspection
methods are described in the section Building Maintenance
in the chapter Deterioration and Maintenance.

Analyzing the test data, decisions can be made for
correction of causes of present deterioration and

prevention of any further problems.

Cleaning

Cleaning and testing are usually done simultaneously.
Cleaning will uncover many defects which were previously
hidden by dirt. As an area is cleaned, a detail analysis
should be conducted using the methods described above.

Cleaning . will visually enhance a building by
uncovering fine details lost under years of accumulated
dirt. It may reveal previously unknown colors or materials
and facilitate matching of mortar, bricks, and replacemént
units and afford the opportunity to preform a hands-on
inspection of damaged units (Berryman and Tindall, 1984,
P. 15).

The benefits of proper cleaning can be great if done
correctly. There is also the potential for irreparable
damage if done incorrectly.

Cleaning should not take place when either the air

temperature or building surface temperature is less than
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40 degrees F. or on windy days (Berryman and Tindall, 1984,
p. 16). Many chemicals will not be as effective in cold
weather, and with the addition of high concentratibns of
water during cleaning, damage from freezing can occur.

| A reasqnable goal is to aim for 85% clean. Most of
the damage associated with cleaning - bleaching (burning)
of the masonry, etching of glazes, dissolution of colors,
etc.- occurs while removing the last 15% of dirt (Tindall,
1987b, p. 51). The idea of making it look "good as new"
will cause damage which will create new problems.

Test panels should be cleaned first to determine the
effect of cleaning procedures on terra cotta. Toxic
chemicals can be released during cleaning. Polychromatic
terra cotta is extremely sensitive to acid attack, which
will etch the glaze, removing most of the surface color.
Because of potential damage caused by cleaning, a small
area should be cleaned and then analyzed to determine the
effect of the cleaning and extent of the damage.

There are three accepted methods of cleaning terra
cotta: (1) mechanically with water, (2) plain water, (3)
chemical cleaning (Tindall, 1987b, p. 51). Mechanically
uses high-pressure water to blast away the dirt particles.
Water pressure around 500 psi is recommended to remove dirt
without removing the terra cotta surface. The plain water

system includes steam cleaning and sprinkler hoses to
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soften the dirt, which is then scrubbed or flushed away.
This system is successful on watertight, mildly dirty
buildings, and especially on glazed terra cotta. Chemical
cleaning is wusually a blend of acidic ingredients and
wetting agents. Chemical solutions, if mishandled, can do
extensive damage to the terra cotta and surrounding
building materials.

There are certain cleaning techniques not recommended
which will damage the surface of the terra cotta. These
include: all abrasive cleaning measures (especially sand
blasting), the use of strong acids (particularly fluoride-
based acids), high-pressﬁre water cleaning and the use of
metal bristle brushes. These methods of cleaning will
remove the protective glaze and expose the porous tile body
to the damages of water infiltration.

It is important to remember that terra cotta was
designed to be cleaned easily. This was a major selling
point of terra cotta and should be remembered when cleaning

a building.

Tuckpointing
Tuckpointing of mortar that has deteriorated is one
of the most useful preservation methods. Tuckpointing not
only improves the buildings appearance but seals areas of

water penetration (Fig. 4).
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Wide feather edge
susceptible to spalling

Joints slightly recessed

Incorrect

Mortar joint cleaned out to
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wider joint

Correct

Mortar cleaned out to a
uniform depth - about 1"

Undamaged edges of brick

Repointing Mortar Joints
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Tuckpointing should be done with a mortar that matches
the original physically and has a compressive strength
lower than the adjacent masonry unit. Portland cement or
coarsely screened mortars can cause point loading and also
prevent the outward migration of water through the joints,
thus damaging the terra cotta.

The mortar joint should be raked out by hand to a
minimum depth of one inch. It is recommended that it be
done by hand because mechanical drinders will damage
adjacent edges of terra cotta. After the joint is raked
out, new mortar is built up in layers. The final layer is
flush with the terra cotta and tooled to compact the mortar

and provide a suitable joint profile.

Waterproofing

One of the primary agents of deterioration in terra
cotta is water. Therefore, water-related damage can be
repaired only when the sources of water have been
eliminated.

In an effort to stem water-related deterioration,
architects and building owners often erroneously attribute
water-related damage to glaze crazing when the source of
the deterioration 1is, in fact, elsewhere: deteriorated
caulking, flashing, etc.

The prime sources of exterior infiltration are
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failures in water shedding design elements: gutters,
downspouts, flashing, and mortar joints. If these elements
have failed, or are working improperly, they need to be
replaced or repaired.

Water that migrates from the interior of a building
must be allowed to pass through the wall to the exterior
where it can evaporate. Normal terra cotta induces a
capillarity action to remove interior water. The addition
of sound mortar joints and weepholes will permit adequate
evaporation. Nonporous coatings, and hard portland cement
mortars prevent essential migration of water.

A building should not be treated with a waterproofing
compound unless the surface of the terra cotta is so
damaged there is no alternative. Cementitious paints are
expensive to apply, need regular maintenance and are
difficult to remove. Usually, they are unacceptable
aesthetically. Silicones are damp proofers since they
change the size of the pores of the terra cotta and create
negative capillarity (Berryman and Tindall, 1984, p. 19).
Silicones are not completely effective and contribute to
the addition of soluble salts.

Holes caused by structural cracking, sign anchors, or
slots for steel need to be sealed. There are two types of
holes, static (nonmoving), and dynamic (moving and active).

Static cracks should be caulked with butyl sealants
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or acrylic latex caulks. . Dynamic cracks need a caulking

that will allow movement and still remain watertight.
Usually a polysulfide caulking is employed. These caulks
are available in a number of commercially available
waterproof caulking compounds. These'caulking compounds
should be used only to repair holes within the terra cotta

unit and not as a repointing material.

Anchor Replacement

Where water problems have existed for some time,
corrosion of the metal anchoring system has probably taken
place. In severe cases, terra cotta pieces can be removed
by pulling on the piece.

New metal anchors should be of a rust-proof material.
Stainless steel is the most durable, but high cost often
prohibits its use. Hot-dipped galvanized and epoxy-coated
steel are more economical materials. Sizes and shapes of
anchors depend upon the original design and when possible
should be the same as the original. Existing anchors
should never be reused.

When possible and where applicable, replacement units
should be anchored in a manner similar to the original
(Fig. 5). Both structural and visual compatibility are
major considerations when choosing replacement materials.

Reanchoring can be a very difficult task. The
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Figure 5. Anchor, Hanger, and Strap Details
(National Terra Cotta Society, 1927, plate 67)
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complexity of the interlocking system of masonry units,

backfill, and metal anchoring often cause damage to the
piece to be reanchored or to adjacent pieces. If care is
not taken during reanchoring, the terra cotta piece as well

as the metal anchoring will need to be replaced.

Damaged Piece Replacement

Replacement of severely damaged or missing terra cotta
elements is difficult. If the original material is
available it should be used. Terra cotta is the best
replacement for terra cotta when considering color,
texture, durability, and uniformity over the 1long run.
Sound terra cotta units from the back of the building can
be relocated to the front. New terra cotta units can be
manufactured to replace the damaged pieces and with an
increase in manufacturers of terra cotta, it has becone
easier to find someone with the skills required to produce
terra cotta.

Terra cotta produced today is often superior to terra
cotta produced at the turn of the century. The clay bodies
used in the past often failed to meet what are known today
as standard tests of rates of absorption, freeze/thaw
cycles, compressive strengths, thermal expansion, and
saturation coefficients (Kruse, 1989, p. 53). Today's clay

bodies have developed with less absorption, a higher



69

compressive strength, and a lower saturation coefficient.
The terra cotta bodies of today are often run through a
series of tests to assure quality before manufacturing.

Higher quality standards produce a material that is
permanent and will continue to match the surrounding terra
cotta. Other replacement materials weather differently
from the original terra cotta and after time will no longer
match the originals.

Although terra cotta is the ideal replacement, the
decision of replacement materials depends on cost,
availability, and compatibility of materials. Another
major consideration is the question of delivery time. The
time required to manufacture replacement terra cotta is
often quite lengthy.

There are many alternatives available to the architect
faced with replacing deteriorated terra cotta. If a
material other than terra cotta is used, it should be
physically and visually compatible with the existing terra
cotta. Physically the strength of the substitute material
needs to be equal to or less than the surrounding terra
cotta. If it is significantly stronger it can cause
excessive pressure on surrounding pieces causing them to
fail.

The composition of the substitute material should be

chemically compatible with terra cotta. The presence of
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minute quantities of some acids, salts, and alkaline
materials can cause corrosion or decomposition of adjacent
materials (Berryman and Tindall, 1984, pp. 23 and 24).

Visually substitute materials need to match the
original terra cotta in color, texture, profile, and size.
Substitute materials should not detract from or add to the
overall design of the building, they need to become an
integral part of the whole building and not individual
pieces.

In Progressive Architecture, November, 1977, John
Morris Dixon lists six options available to architects: (1)
stucco-like material, (2) precast concrete, (3) fiberglassj
reinforced plastic, (4) fiberglass-reinforced concrete, (5)
cut stone, (6) new terra cotta units (Dixon, 1977, p. 101)

A stucco-like material is used to patch a piece that
has suffered surface damage such as spalling. The texture
and color of the original terra cotta is difficult to match
which often leads to painting of the patch. The patch and
paint weather differently from the terra cotta causing an
incompatibility between the two materials.

Precast concrete shows promise as a replacement for
terra cotta. Concrete has no significant shrinkage,
therefore molds can be made from existing pieces. The
concrete can be cast as hollow units to reduce weight, but

there is a greater unit weight with concrete than with
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terra cotta that can cause unwanted stresses. Matching of
color and texture is often difficult. As concrete weathers
the aggregate becomes exposed discoloring the surface.
There are acrylic finishes that can be applied to match
terra cotta, but these surfaces require periodic recoating.

Fiberglass-reinforced plastic wunits, 1like precast
concrete, can be easily molded from existing pieces. It is
also very light, weighing less than terra cotta, so it
requires simpler anchoring techniques. Fiberglass must be
painted to avoid ultraviolet and weathering deterioration,
as well as to match the existing terra cotta. The color
coating must be reapplied often to protect the fiberglass.
Fiberglass-reinforced plastic is not sufficiently fire-
resistant and violates fire codes in many cities and is
therefore unacceptable.

Fiberglass-reinforced concrete units can be cast using
molds from existing pieces. The castings can be made
hollow thus reducing the weight, making it comparable to
terra cotta. As with other replacement materials it is
difficult to match the original color and texture of terra
cotta, and questions of cost and long-term performance in
such situations are still being investigated.

Stone can be carved into virtually any size or shape
and with any detail available in terra cotta (after all,

terra cotta was often used to simulate stone) (Tindall,
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1987b, p. 51). Stone is an extremely durable material and
aesthetically is compatible with terra cotta. The
disadvantage of stone is cost. Complex stone carving is
labor-intensive, and 1like terra cotta  work, very few
craftsmen exist today. Stone also is heavier which creates
problems of weight and anchoring.

The object of restoring a terra cotta building must be
to preserve as much of the original fabric as feasible,
then replace what cannot be save by the best means for the
situation. There is a tendency today to replace damaged
ornamental work with simpler and cheaper materials. It is
the job of the architect to make sure that the integrity of
the building is not diminished by the removal of the

ornament.
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OWATONNA AND GRINNELL

Louis H. Sullivan designed and built eight banks
between 1906 and his death in 1924. Of these banks, the
National Farmers Bank, Owatonna, Minnesota, and the
Merchants National Bank, Grinnell, Iowa, aré the best
examples of terra cotta, brick, stone, and stained glass
being integrated to satisfy both the functionalist and
decorative conditions of the project.

In both banks Sullivan was able to fuse a
functional, structural, and artistic solution because of
his mastery in the relationship among art, technology, and
nature.

Owatonna and Grinnell will both be examined to under-
stand how various building materials are combined with
terra cotta to achieve an overall harmonious effect. The
bank's terra cotta will also be studied to show that the
terra cotta was not used as a decorative element but as an
expressive element, conveying Sullivan's metaphysical
beliefs.

At the time that Sullivan was designing his banks, many
of the banks being built were in a Greek or Roman style
with big columns and a feeling of mystery, reserve,
dullness and frigidity. Sullivan's banks were attractive

and inviting and brought into prominence that banking is a



74

function of sociefy and not a secluded mystery. Sullivan
was also able to suggest the qualities of strength and
security and thus inspire confidence in the bank users and
directors.

The National Farmers' Bank (see Appendix A) and the
Merchants National Bank (see Appendix B) both were designed
around a "democratic" floor plan (Figs. 6 and 7). The plan
can be called "democratic" in that it is open and the
officers are in plain view and easily approached. This is
the modern "human" element of the plan as it tends to
promote a feeling of ease, confidence and friendship
between officers, employees, and customers. The vault
location was situated at the end of the room on direct axis
with the bank's entrance. The large open door of the vault
inspired confidence in the strength and security of the
bank.

Sullivan used a basic floor plan in all his banks,
making only minor changes as required by the program. 1In
Grinnell, the bank is entered through a vestibule into a
central public space.

On the left side were the special facilities: the
women's room, a special room for women to do their banking,
savings department and men's room. In the center of the
bank was the vault and deposit boxes with a customers room

and teller space in fronf. To the right of the public
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Figure 6. Farmers' National Bank, Floor Plan
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space, from front to back, the directors room, officers
platform, space for two tellers, and a bookkeepers work
area. As in all of Sullivan's banks, the interior had a
very open feeling, a feeling of friendship between bankers
and patrons.
The exterior of the Owatonna bank is richly decorated.
The facades are divided into three horizontal layers: a
base of pink Portwing sandstone; a central layer of brick
and terra cotta around a large, semi-circular window; and
a brick and terra cotta cornice (de Wit, 1986, p. 180).
Sullivan suggests an organic source that is making the
building grow, while at the same time creating a tension
between upward movement and downward pressure (Fig. 9).
The sandstone base has small punched windows that suggest
a solid, strong base, on top of which are the earth tones
of the brick, the green terra cotta, and blue mosaic, which
represent the colors of the surrounding framing community
which supports the bank.
The bank in Grinnell is a pristine brick box featuring
a terra cotta frieze and a massive ornamented entrance
(Fig. 10). The entrance ornament in the form of
superimposed circles, squares, and diamonds surrounds a
large circular window; such a synthesis between geometry
and natural forms is the essence of Sullivan's objective -

subjective symbolism of ornament and architecture.
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Figure 9. National Farmers' Bank. Relationship of terra
cotta to building mass.
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Figure 10. Merchants National Bank. Relationship of terra
cotta to building mass.
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The long brick east wall has two openings, both are cut
sharply into the surface, a large window above the tellers,
and a small window in the directors room. The plainness of
the exterior at Grinnell is contrasted with the elaborate
ornament placed at the entrance and the cornice line.

The exterior material of both banks is predominantly
what Sullivan called a "tapestry brick". These bricks as
they came from the kiln showed a veritable gamut of colors
from the softest pinks through reds, yellows, browns,
purples, and blacks. When laid up promiscuously, the
general tone is one of an oriental rug.

A wall of "tapestry brick" lended itself admirably to
associate with other materials susceptible to color
selection because of its broad, supporting neutrality.

In Sullivan's banks the brick became background
material, allowing the other materials, mainly terra cotta,
to rise from and stand out of the building plane.

The Owatonna bank exterior is dominated by the reddish
tapestry bricks which give a feeling of autumn, while on
the inside a more springlike bluish green predominates.

The interior has more than 240 shades of contrasting
and analogous hues of yellow, red/orange, and green. These
colors are used on the fresco patterns, terra cotta, and
in the stained glass windows. The natural light coming in

the stained glass windows affects and changes the interior
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colors from day to day and season to season. Sullivan
conceived the bank as a "color symphony" which could bring
the outdoor and indoor environment together.

The bank in Grinnell does not have the same color
effect of Owatonna. Fewer colors were used but the general
feeling is still the same. The exterior is predominately
tapestry brick with a reddish brown terra cotta cornice
and base band. The rose window and entrance~are surrounded
with a buff-toned terra cotta. The large stained glass
window opening is divided by very slender gilded columns
that reflect the early morning sun. Once in the interior,
the light is, as in Owatonna,‘changed by large expanses of
stained glass. The interior colors are reduced to tapestry
brick, natural wood and terra cotta in earth tones. The
contrasting colors come from the stained glass and rose
windows.

In both banks, terra cotta was an important material
on the interior and exterior. As explained in the chapter
on Louis Sullivan, he combined the objective (geometric)
with the "subjective" (organic) in his terra cotta designs
and used this as an expressive element. In the banks,
Sullivan subordinated his organic mode of ornament to the
simple geometric contours of the mass composition. At the
same time, he increased the scale of the ornament so that

the organic imagery begins to compete with the geometric
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simplicity of the cube (Weingarden, 1987, p. 59). Sullivan
exploited this contrast and composed a complementary
relationship that produced surface tension and dynamic
balance between the primary elements of his symbolic
representation. Thus in the banks, this combination of the
objective and the subjective was not limited to just within
the terra cotta but also between the terra cotta and the
building itself.

The primary terra cotta on the exterior at Owatonna is
a band plantlike green in color that enframes the two big
arched windows. This green band could have been intended
by Sullivan to symbolize the agrarian wealth upon which
the bank depended. There are also four monumental
medallions that visually anchor the upper four corners of
the elevations.

On the interior terra cotta is used in two ways. A
very ornamental, green (teco green) band runs along the
top of the brick walls. This band sits on top of reddish
brick and acts as transition between the lower bank volumes
and the great upper space. In the upper space there are
four large chandeliers. These chandeliers provide the
artificial light and resemble stylized plants growing down
from the ceiling.

Like the terra cotta at the Owatonna bank, that at

Grinnell conveys a sense of upward movement, suggesting the
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organic growth of the building. The entrance is located
between two blossoming terra cotta columns joined by a
cornice. Above this opening and spreading outward around
a rose window are intertwined circles and squares of terra
cotta through which natural forms are allowed to burst
forth. The rose window medallion is predominantly buff-
toned with green added to receding planes and gildin§ to
high relief surfaces. This combination brings life to the
medallion by using complementary color contrast and adds a
chromatic richness to the whole building. Visually the
medallion also moves upward from the ground and outward
from the wall surface to create a tension with the flat
wall surface.

The entrance medallion is the dominant theme for the
exterior and interior reliefs. Thus, throughout the entire
design, Sullivan used the concave, hexagonal, shield-like
form that results from overlapping circles and squares
(Weingarden, 1987, p. 92).

A reddish brown cornice with finials is the other major
use of exterior terra cotta. The cornice creates a solid
band that caps the building and the finials subtly
breakdown the geometric cube of the bank.

on the interior, terra cotta is used as a decorative
band above the vault area towards the back of the bank.

This terra cotta is set against the blank back wall and
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echoes the cornice on the exterior.

The terra cotta at Owatonna and that at Grinnell are
very similar. The company that produced it, The American
Terra Cotta Company, and the man that made the pieces,
Kristian Schneider, were the same. To better understand
terra cotta use, the next chapter will detail my process of
examining the Grinnell bank and the remaking of pieces that

were hypothetically damaged.
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TERRA COTTA PROJECT

To better understand the process of manufacturing
terra cotta and the problems that can arise, I decided as
the project portion of my thesis to remake some terra cotta
pieces froﬁ an existing building. The building chosen was
the Merchants National Bank in Grinnell, Iowa (see
preceding chapter and Appendix B).

The manufacturing process was very similar to the
steps outlined in the Chapter on Manufacturing. The steps
required +to produce terra cotta have not changed
significantly during the past century, but instead the
changes have occurred within the steps. Clays are no
longer used directly from the ground but instead are mixed
according to an exact formula. Various clays are combined
with other ingredients to form a clay body suitable for a
specific need. The firing process is more exact with kilns
that burn more efficiently and have better temperature
controls. These improvements and others will be discussed
as references to them arise.

The first step was to decide upon a clay body formula
which meets the piece requirements. The piece needed to be
made of an exterior grade, load-bearing clay that resisted
warping, and had minimal shrinkage. The clay body decided

upon met these requirements (Fig. 11) and had a shrinkage
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TERRA COTTA BODY FORMULA

ORIGINAL FORMULA REVISED FORMULA
AP Green 30 30
OM4 Ball Clay 10 10
Goldart ;0 -
Redart 25 35
Wollastonite 10 10
Talc 10 10
Frit #3819 5 5 or #3124, #3110
Grog
Calamo 35 12 12
Calamo 50 8 8
Red Iron Oxide 8 4
Barium Carboniate 1/2 1/2
Bentonite 2 2

Nylon Fibers (Handful)

5 gallons of water/vinegar mix
(Numbers represent percentage of total mixture)

Start with water/vinegar mix and add bentonite and
nylon fibers first. Follow with materials by adding

largest amount first working down to the smallest.

Figure 11. Terra cotta formula
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factor of approximately 10%.

The second step was to mix the wvarious ingredients
together. In a sonar mixer, the water, bentonite, and
nylon fibers were mixed together. The nylon fibers are an
additive that has gained popularity in the past few years.
The nylon, about 1/4" long, adds strength when the clay is
in a plastic state, when fired the fibers melt and become
a flux that aids in the firing process. The rest of the
materials are added starting with the ingredient of largest
volume. The clay is removed from the mixer and stored in
an air tight container. I had the best results if the clay
was allowed to age before use. Even if the ageing process
was only for a week, the clay became more uniform and was
much easier to work with. While the clay is ageing, the
next steps can take place.

The project was to remake some existing pieces instead
of making ones of new design. Because of this the process
is slightly different than designing a new piece. Instead
of working with an architect to make a new design, the
piece must be made to match an existing one.

At the 1initial stages of the project, careful
measurements were made of the existing piece. Since no
pieces were available to removable from the building,
measurements, field sketches, notes, and photographs were

made (Fig. 12). Also the discovery of the original terra



89

Figure 12. Terra cotta piece sketches
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cotta setting drawings aided in obtaining exact
measurements (Fig. 13 and 14).

These drawings and photos were then taken back to the
studio where full-scale drawings of - all sides were
produced. To counteract the 10% shrinkage in the clay
body, the drawings were increased in size by 11%. Instead
of using the scale rulers used at the turn of the century,
a photocopier easily enlarged the drawings the required
percentage. The enlérged drawings were then used to
produce a model of the final piece.

To aid in making the original model, I transferred all
scale drawings to chipboard. The chipboard became a
template (Figs. 15 and 16) with which I transferred the
design to the clay.

The clay used in the modeling process is the same clay
that will be used in making the final pieces. Terra cotta
clay is used because it has a character of its own that is
unobtainable in modelling clay.

When the modeled piece was finished, it was allowed to
become slightly stiff, so it would not deform from handling
or from pressure of the plaster.

The form is usually made in 5 pieces, one.for each
face, that interlock to form the piece and break apart to
release from the piece. I just made a mold for the

detailed front face, and hand built the other sides. The
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Original terra cotta setting drawings



92

Figure 14. Original terra cotta setting drawings
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Figure 15. Terra cotta piece templates
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IR

Terra cotta piece templates

Figure 16.
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disadvantage of this method is the many joints where
problems with cracking and separation will occur during
drying and firing.

To make the mold of the model, which is the negative
of the model, plaster of paris or artists modeling plaster
is used. I made a wooden form box out of 1" x 4" lumber,
slightly larger than the model. The model is placed face-
up on a flat surface with the box placed around it. All
cracks between the joints in the box, the box and table,
and the model and table are filled with clay. A form
release soap was brushed on all surfaces to ease in
separation and reduce absorption of water by the model from
the plaster. |

The pléster is mixed and poured into the mold, while
. the mold is tapped, to release any trapped air bubbles.
The plaster gives off heat while it is hardening, so when
the plaster cooled I rémoved the form work and turned the
mold over. I removed the modeled piece a couple of hours
later. The model should not remain in the mold until it
becomes dry because it will damage detail in the plaster
when being removed. I removed it when the clay was still
leather hard and cracks were just starting to form between
the clay and plaster. Because it is the mold that is
wanted and not the model, I broke the clay in pieces so the

mold would remain undamaged.
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The mold was then cleaned and any minor damage
repaired. The mold is cured by setting it aside for a few
days to let any remaining water in the plaster escape.

When the mold has cured, the making of an actual piece
can begin. A terra cotta clay slightly stiffer (less
water) than what was used to make the model is used. The
clay is hand pressed into the molds to insure complete
filling of all the detail. I used fist-sized balls of clay
that were pressed into the molds using the ball of my hand.

After the mold was filled, I used a rolling pin to smooth
the back, and ensure a uniform thickness in the piece. The
élay and mold are then set aside to start the drying
process.

The plaster mold absorbs water from the clay causing
- the clay to become stiff. The time period of this step
varied greatly depending upon the conditions of the room.
When the molds were placed in the kiln room, the piece
could be removed in as little as two hours. If the molds
were covered with plastic the piece could remain in the
molds for up to a day without becoming to dry.

I found it was best to remove the piece when there was
still some flexibility in the clay, but has enough strength
to support its own weight. I took a knife and ran the edge
between the piece and the mold before removing to break any

existing bonds between the clay and plaster.
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When the piece came from the mold, there were 6ften
slight imperfections. These blemishes were removed by
smoothing the edges, removing any plaster particles, and
patching small holes. The piece was then given a smooth
surface by rubbing with either a piece of wood or leather.
The terra cotta block was now ready for its final drying.

Historically drying usually took place in a drying
room where the terra cotta could be dried with steam heat.
I did not have a drying room so a process to ensure even
drying throughout the piece was required. I placed the
blocks on a piece of canvas and covered them with plastic.
The canvas allowed the terra cotta pieces to move as they
shrunk, and the plastic slowed the drying process so the
interior and exterior dried at a uniform rate.

After the piece has dried it is known as greenware and
is ready to be either glazed or fired.

In my process, the piece was fired, glazed, and then
fired again. In most terra cotta companies, the piece was
glazed and then fired only once.

The firing process has a few very critical steps that
must be carefully monitored to ensure a successful firing.
The first occurs after the kiln has been loaded and the
firing started. The first firing is known as a bisque
firing and is usually fired to cone 010-08. The first

critical temperature in a bisque firing is from the start
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of the kiln‘until it reaches 200 degrees F.. Water that
remains in the clay, when heated, turns to steam and
releases from the piece. If the steam is not allowed to
exit the piece, pressure builds up and the piece will
explode. To allow the steam the oppoftunity tq escape, 1
left the door slightly open for the first few hours of
firing. The kiln was slowly allowed to reach a temperature
of 200 degrees F. at which point the kiln was closed and
the temperature within the kiln allowed to rise gradually
at the rate of 100 degrees F. an hour. The second critical
temperature is 1064 degrees F., known as quartz inversion.
During quartz inversion the terra cotta pieces rapidly
expand in size causing great pressure on not only the
joints, but the whole piece. Quartz inversion is detected
by the color that begins to show in the kiln. After the
kiln has passed Quartz inversion, the temperature in the
kiln can be raised at a rate of 150 degrees F. an hour.
The final temperature reached was approximately 2200
degrees F. To insure the temperature was reached, Orton
Pyrometric Cones were used. These cones are made to melt
at a certain temperature depending on the cone.
Temperature gauges located on the kiln were used to give an
approximate temperature. The approximation was close
enough until the kiln reached the 1800 degrees F.-1900

degrees F. range, then the cone needed to be watched to
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guarantee that the proper temperature was reached. When
the cone started to fall, the kiln was shut down and
allowed to slowly cool.

It is very important that the kiln be allowed to cool
slowly, especially during quartz inversion when the piece
rapidly shrinks. Both the piece and the glaze will crack
if the kiln is opened to quickly. When the temperature has
dropped to below 200 degrees F., the door is cracked open.
A couple hours later the pieces can be removed, although
still quite warm, without much problem.

The kilns I used were not large, and I did not load
them fully. Thus the firing time required was greatly
reduced. A typical firing schedule usually lasted about a
day. The kiln would be loaded and fired slowly for a
couple of hours, to remove any trapped water. The gas
would then be turned up to increase the temperature to 2200
degrees F. This would take somewhere around 6-8 hours to
reach. The kiln was then shut off and allowed to slowly
cool for about 10 hours. The door would then be cracked
open for a couple of hours and the pieces removed.

After the pieces had cooled, they were ready to be
glazed. The oxide washes (stains) were applied using an
air-sprayer to insure a more uniform covering of the piece.

Sample pieces were made to test different combinations

of stains. The test terra cotta was divided into eights
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with slight variations from section to section. Using a
combination of stains and underglazes, I was able to obtain
a close match to the existing. I also combined red iron-
oxide and iron-chromate on other pieces to produce a dark
red surface that gave the pieces an aged affect.

The pieces were now ready to be fired again. When a
stain was used, care needed to be taken when loading the
kiln to make sure that the stain was not accidentally
brushed off. The stains tended to be much more fragile,
when being handled, than other surface treatments.

The final firing is very similar to that described
before. Since the piece had.already been fired once, all
the free water in the terra cotta had been driven off, the
kiln could be closed and fired at a quicker rate.

The making of the pieces gave me an in-depth
knowledge of terra cotta that I would never have gotten by
just writing about it. Many questions that arose during
researching and writing, were answered when I started to

actually work with the material.
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TERRA COTTA TODAY

Today, over 100 years after the birth of America's
terra cotta industry, the large factories have vanished and
only a handful of experienced terra cotta artists remain to
pass the knowledge onto the next generation. Yet thousands
of structures serve as testimony to the significant
contributions of architectural terra cotta.

The 1940s and 1950s were very hard on terra cotta
manufacturers. Only one company, Gladding, McBean and Co.
of Lincoln, California, continued to be active during these
years.... The outlook for Gladding, McBean and Co. began
to brighten in the late 1970s, and over the last ten years
they have produced various types of architectural terra
cotta to fill nearly six hundred job orders (Tunick, 1989,
p. 47). In recent years several new companies, along with
individuals, have started to produce architectural terra
cotta.

The renewed interest can be attributed to two factors.
First, the recognition of an architectural heritage through
historic preservation. People want to save the o0ld, when
possible, instead of always tearing it down. Terra cotta
was a popular building material, and many of these old
structures use it for cladding along with brick. The vast

majority of architectural terra cotta presently
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manufactured is for replacement pieces used in the
restoration of historic structures (Tunick, 1987, p. 47).

A second factor leading to the growing popularity of
terra cotta 1is the reintroduction of color, surface
pattern, and ornamentation in today's architecture. This
has led to a "rediscovery" of terra cotta as a building
material for new buildings. One particularly innovétive
example by Hardy Holzman Pfeiffer, a firm that has used
terra cotta in a number of projects, is the Ohio Theatre
Expansion and Arts Pavilion in Columbus, Ohio. The
decision was made to use plum-colored glazed terra cotta
for a three story high interior lobby (Tunick, 1989, p.
48). Since terra cotta is historically thought of as an
exterior building material, although it was used in
interiors, this application helps open new territory for
terra cotta in contemporary design.

Today with technical advances, terra cotta is being
experimented with as a cladding material for tall
buildings. Terra cotta has typically been made in blocks
that use a metal anchoring system that attaches the terra
cotta - to the building frame. The cladding being
experimented with today is similar to the ashlar veneer
produced after the turn of the century, except today's
veneer is much thinner and mixed with air to reduce the

weight. The terra cotta is attached to a backing that is
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attached to the building frame similar to stone veneer.
Terra cotta as a cladding material has advaﬁtages over
stone. First, with the infiltration of air, the terra
cotta weighs 1less, reducing the size of the anchoring
system required. Second, terra cotta can be produced in
any shape and with any degree of ornamentation desired.
Third, the color spectrum of terra cotta is unlimited and
a single piece can have multiple colors. Fourth, today's
acid rain disintegrates granite and marble. Spalling,
which normally took a thousand years to occur, now happens
in sixty vyears. Scanning electron-microscopic studies
clearly show decalcification of crystalline structure in
stone due to acid (Kruse, 1989, p. 55). The glaze on terra
cotta can make it impervious to the effects of acid rain.
The future for terra cotta is on an upswing. After 50
years of falling into disfavor, terra cotta is starting to
make a come back. The biggest demand is for terra cotta to
replace existing terra cotta, but the research that is
taking place could open up new uses for the material.
Terra cotta can be made cheaper and faster than stone, and,

with our technology, can be made to last longer.
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CONCLUSION

The purpose of this thesis was to investigate
architectural ornamentation as it pertained to terra cotta.
I started with a deep interest in the material, not a lot
of Xknowledge, and many gquestions. As I conclude this
thesis I have a greater interest in the material, some
knowledge, and still many questions.

The historic overview of terra cotta until 1870 made
me realize that terra cotta existed, and at times was used
extensively before the Chicago Fire. In architectural
history terra cotta has had periods of used followed by
periods of little use. This made me realize that when the
last, and probably greatest, period of use ended in the
1930's, terra cotta can return again as a building
material.

The period between 1870 and 1930 is when terra cotta
was used extensively and the period I was most familiar
with. This was also the time period when experimentation
with glazes was great. In 1870 most terra cotta was
unglazed and came in earth tones, by 1900 almost all terra
cotta was glazed and most colors were available.

The research into the history of terra cotta gave me
an understanding of how terra cotta developed prior to

1870, and why it advanced so quickly in Chicago after 1870.
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Terra cotta was indeed "the right material at the right
time".

I chose next to look at Louis Sullivan's use of terra
cotta because in his hands the material reached a unique
level of creativity and expressive synthesis with
construction. Sullivan was one of the pioneers in the use
of terra cotta and one of the few to understand its full
potential as a material. Sullivan's work showed that terra
cotta, besides being fireproofing for steel structures,
could at the same time be a beautiful element giving life
and meaning to the building.

The research portion in manufacturing explained what
happened during the various stages. I then took this
information and applied it in the studio. I feel that this
was the most important part of my thesis. Terra cotta is
a three-dimensional material and to understand it you need
to work with it ih that form, and while working with it
many questions brought about by the research were answered.

The manufacturing of terra cotta pieces gave me an
insight into and a better understanding of terra cotta.
The steps used a hundred years ago were basically the same
that I used today. Technological advances have improved
some of the steps and made them more exact and easier to
control.

Clay bodies today are much better than what was used
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fifty or a hundred years ago. Manufacturers often failed
to meet what are known as today's standard tests of rates
of absorption, freeze/thaw cycles, compressive strengths,
thermal expansion, and saturation coefficients. 1In today's
clay bodies, various clays and other materials are.mixed
together to form a clay that meets a specific requirement.
This clay body can then be remade as required exactly like
the original since each batch is rigidly controlled.
Working in the studio making terra cotta pieces gave
me a knowledge and respect for terra cotta that I would not
have obtained otherwise. Working with terra cotta made me
realize that it is a very fragile mate;ial that if handled
wrong will crack, warp, or explode when fired leaving a
worthless piece. I also learned that if the manufacturing
process is done correctly, and with care, you are rewarded
with a beautiful piece éf terra cotta that will last
indefinitely. I experienced feelings of both frustration
and joy when making the pieces. Frustration happened when
the mold broke because I wasn't careful removing a piece;
spending days trying to mold the leaves of a piece; opening
the kiln and finding out the glaze didn't turn out as
expected, or the piece had cracked or blown-up during
firing. The frustration was easily overcome by the joy of
a successful piece. The greatest feeling was when the kiln

was opened and the piece turned out as planned.
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I looked at this thesis as the opportunity to study
and investigate architectural ornamentation as it pertained
to terra cotta. Terra cotta, a building material, whose

time, I hope, has come again.
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APPENDIX A

NATIONAL FARMERS' BANK, OWATONNA, MINNESOTA

DATES

Final Plans: 15 January 1907

Interior Decoration: 1 April 1908

Official Opening: 16 July 1908

National Register of Historic Landmarks: 1976
DIMENSTONS

68 x 68 feet (main bank block)

COST

$125,000

(Weingarden, 1987, p. 48)

"My whole spring is wrapped up just now in the study
of color and out of doors for the sake of your bank
decorations.... I want a color symphony and I am pretty
sure I am going to get it.... There has never been in my
entire career such an opportunity for a color tone poem as
your bank interior plainly puts before me."

Louis Sullivan

Architect Louis Sullivan in these excerpts from a
letter written to banker Carl Bennett, reveals the depth
and intensity of feeling behind his design for the National
Farmers' Bank.

Sullivan saw the function of a bank not merely as a
place to store money or to gain financing for other

ventures. He saw the bank as the financial heart and soul
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of the community. The bank, as a symbol of security and
prosperity, should celebrate the good things in the life of
this small, but prosperous Midwest farming community.

The striking beauty of the Owatonna bank is a
combination of many elements. The terra cotta, iron work,
stained glass, and other ornament were the fineét available
at the time. A time when American craftsmanship excelled.
Sullivan along with men like George Elmslie, his chief
assistant; Louis Millet, a Chicago artist and colorist, who
designed the great 1leaded glass windows and assisted
Sullivan with the arch stencils and the interior color
work; and Kristian Schneider, who sculpted all of the
bank's ornament in clay from which were made molds for
casting all of the terra cotta, cast iron and ornamental
plaster in the building. These were the men responsible
for the creation of this bank.

The bank stands today in celebration as a tribute to

Sullivan's creativity.
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Figure 17. National Farmers' Bank.

Photo: Henry Fuermann, Chicago Architectural
Photographing Co.
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Figure 19. National Farmers' Bank. Banking room.
Photo: Henry Fuermann, Chicago Architectural
Photographing Co.
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APPENDIX B

MERCHANTS NATIONAL BANK, GRINNELL, IOWA

DATES

Preliminary Sketches: November 1913
Working Drawings: February 1914
Official Opening: 1 January 1915
National Historic Landmark: 1976
DIMENSIONS

42 x 75 x 35 feet

COST

$60,000

(Weingarden, 1987, p. 84)

The building, nearly cubical, is a pure suggestion of
all the favorable connotations a bank could wish. Its
monolithic solidity coﬁnotes security and stability; the
tapestry brickwork, friendly warmth. The terra cotta
ornament modifies any sense of the austere that the
severely rectangular basic shape creates.

The center of visual interest, on the exterior, is a
great circular stained glass window over the entrance with
a startling design in buff and gilt terra cotta. The
design around the window is in five layers, a circle,

square, circle, diamond, and a third circle bound by square
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. bars. Other embellishing elements include heraldic
griffins guarding the door and a decorative frieze.

The cornice along the top of the building is of rich
brown terra cotta. Small finials rise against the skyline
and give contrast to the otherwise clean~cut geometry of
the building mass.

Sullivan carried the embellishing detail throughout
the whole interior. The same pattern used for the building
cornice is repeated at the rear of the bank in the form of
a golden frieze.

The east wall is dominate in the interior with its
great row of soaring stained glass windows, recessed behind
heavy oak colunns. The inserts in the center of each
section are in peacock blue and green colors.

Sullivan used a subordinate color scheme that relied
on natural materials that enhance the ambience of golden
tones; verde antique marble counter tops; hickory stained
wood; specked buff salt-glazed Roman brick; and pinkish-
gray Tennessee marble floors.

Although not as ornamented as some of Sullivan's
buildings, the effect is still the same. 1In this case, a

bank that is simply efficient and beautiful.
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Figure 20. Merchants National Bank. Detail of Entrance.
Photo: Henry Fuermann, Chicago Architectural
Photographing Co.
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Figure 21. Merchants National Bank. View towards vault.
Photo: Henry Fuermann, Chicago Architectural
Photographing Co.



117

T P LR

. t5

Fmmni

e
2l

UAEA
Mn
¥

il

i

Mﬂw
{

i towards
Henry Fuermann,

View

Photo
Chicago Architectural Photographing Co.

Merchants National Bank.

director's room.

Figure 22.



118

APPENDIX C

'STEP BY STEP PROCESS

STEP 1)

Careful measurements of the
existing piece are made. I made
field drawings and notes, and
photographed the piece.

STEP 2)

Choosing a clay body
formula. The formula contains
various clays to produce a terra
cotta body meeting the specific
needs of the piece. These
ingredients are mixed together to
form a workable clay.

AP GREEN

OM4 BALLCLAY
REDART
WOLLASTONITE
TALC

FRIT #3819
GROG

RED IRON OXIDE
BENTONITE

30
10
35
10
10

20
4

STEP 3)

Using the measurements from
step 1, a model of the piece is
made at a scale slightly larger
than the original to allow for
shrinkage in the clay.
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STEP 4)

I then made a wooden form
work, slightly larger than the
modeled piece, in which to set
the model. Plaster of paris is
poured covering the piece to a
depth of 1". The modeled piece
is then removed, and the finished
mold is cleaned.

STEP 5)

The clay is then pressed _Plaster
into the molds. The clay is left T mold
in the molds until it stiffens,
usually a few hours. When the o —|_|_ Pressed
clay can support its own weight clay
the mold is removed.
STEP 6)

The cast is then finished to
remove imperfections and add PLASTER
detail. This is done with
various ceramic tools and
smoothing the piece with pieces ———_ROUGH

of wood and sponge.

EDGES
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STEP 7)

After the piece is finished,
it is allowed to dry. Placing
the piece in the kiln room caused
a quicker and better drying.

Wet Piece Dry Piece
(lighter color)

STEP 8)
Glazing can be done either GLAZE
before or after firing (step 9)
depending on the stain or glaze
used. I used a combination of
stains applied after the first STAIN

firing and then refired to fuse
the stain to the piece.

BRUSHED OR SPRAYED

ON SURFACE
STEP 9) R e
3
The final step is to fire |} A
the piece. It is loaded into the B
kiln and heated to between 100 F. _ 711
and 200 F. for a few hours to | |3 13
drive off any existing water. | |: ' §
The kiln is then closed and fired | i | (]|, Tl {4
to a temperature of 2200 F. The | R¥f—r—— 8
flame is then shut-off and the |
kiln allowed to cool. The
finished piece is then removed TERRA COTTA 'KILN

from the kiln.




121

APPENDIX D

GLOSSARY

ASHLAR FACING. Solid units of clay, usually rectangular,
which are larger than brick size. Terra cotta ashlars are
plain pieces with no ornament. They are typically open in
the back with "egg crate" webbing.

BISQUE FIRING. Preliminary firing to harden the body prior
to glazing and subsequent glaze firings.

CERAMICS. Made of or pertaining to fired clay.

CLADDING. An external covering or sheathing applied to a
structure for aesthetic or protective reasons which does
not form an intrinsic supporting function for the wall.

cLaY. A hydrated silicate of alumina formed from the
decomposition of granite into particles which are compact
and brittle when dry, but become plastic and sticky when
wet. They are classified into various types such as ball
clays, fire clays, and slip clays.

CLAY BODY. A mixture of clays and other earthly mineral
substances which are blended to achieve a specific ceramic
purpose. A single clay may not have all the properties
necessary for a specific need; it may lack plasticity,
shrink to an excessive degree or warp too readily.

CRAWLING. Contraction of glaze coating on the surface of
a clay body causing areas of exposed unglazed clay. This
condition is caused by a too-heavy application of glaze or
dirt, grease, etc., on the clay body.

CRAZING. An undesirable excessive crackle in the glaze
which penetrates through the glaze to the clay body. These
cracks may be present when the ware is taken from the kiln
or may develop days or months later. Crazing is caused
when the glaze has contracted more than the clay, thus
placing the glaze in tension.

Another type is moisture crazing. This is caused by
exposure to the elements after firing. If a clay body is
slightly porous moisture can enter causing a slight
increase in size. This can cause the glaze to crack.
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DUNTING. Cracking of ceramic forms caused by stresses
which occur due to the cooling of the forms more rapidly
than the material can accommodate.

EFFLORESCENCE. White powdery coating produced on masonry
by the soluble salts of soda and magnesia rising to the
surface as a result of water being absorbed by the masonry.

ENGOBE. A prepared slip that is between a glaze and a clay
slip. It contains clay, feldspar, flint, a £flux and
colorants. It is usually applied to damp ware although may
be used on bisque.

FAIENCE. In architectural ceramics, this is an alternative
term for glazed terra cotta.

FLUX. A substance which causes or promotes melting.

FRIT. A partial or complete glaze that is melted and then
reground for the purpose of eliminating the toxic effects
of lead or the solubility of such compounds as borax or
soda ash.

GREENWARE. Unfired ceramic ware.

GLAZE. A liquid suspension of finely ground minerals that
is applied by brushing, dipping, or spraying on the surface
of greenware or bisque-fire ceramic ware.

GROG. Hard-fired clay which has been fired and then ground
into granules of more or less fineness. It can also be
pulverized refractory materials such as broken ceramic
forms, fire bricks, etc. It is used to open up clay bodies
and/or reduce the shrinkage in ceramic products which,
because of their thickness, have drying and shrinkage
problems.

KILN. A furnace made of refractory materials for the
firing of ceramic products.

LEATHER HARD. The condition of the raw ware when most of
the moisture has left the body but is still soft enough to
be carved.

MOLD. A form or box, usually made of plaster of paris,
containing a hollow negative shape. A positive form is
made by pressing moist clay into this hollow.
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PLASTICITY. The quality of clay that allows it to be.
manipulated and still maintain its shape without cracking
or sagging.

POLYCHROMED TERRA COTTA. Glazed with several or many
colors. This term, when referring to colored terra cotta,
is often used interchangeably with the term "faience."

SHIVERING. The cracking, buckling and separation of glaze
from the body. It occurs when the glaze is under too great
compression, the opposite of the cause of crazing.

SHRINKAGE. Contraction of the clay in either drying or
firing.

SLIP GLAZE. A glaze which is made wholly or largely from
clays of low fusion point. Since the glaze is largely made
up of clay, making it prone to high shrinkage, the ware is
usually glazed while it is still leather hard. Thus the
ware and glaze shrink together and the tendency to crack
may be avoided.

SPALLING. A term applied to the fracture or disintegration

of a material. It can be caused by:

1. Rapid changes in temperatures during manufacture

2. Water damage occurring after the piece has been in use

3. Uneven temperatures caused by the sun which produces
different expansion and contraction of the material in
the same piece.

The types of spalling due to water-related problems are

those of glaze spalling and material spalling. When the

water builds up sufficient pressure to cause expansion of

the clay body or expansion of its own volume in freeze-thaw

cycles, the glaze will blister or separate from the clay

surface (glaze spalling) or the clay body itself may

fracture or disintegrate (material spalling).

VITREOUS. Pertaining to the hard, glasslike and
nonabsorbent quality of a body or a glaze.

VITRIFICATION. The hardening, tightening and finally the

partial glassification of clay achieved through firing at
high temperatures.

(Berryman, 1984, p.26-29)
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