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PREFACE

Architectural precast concrete is a child of the 20th
century and modern technology, but it can trace
its lineage back to ancient history. As such, it is a
building material almost without precedent. Concrete
in its cruder forms was used by the Romans in the
construction of their aqueducts. Europe refined the
time-tested formula in the 19th century, developing
reinforced concrete that combined the compressive
properties of concrete and the tensile strength of steel.
Continuing technological growth and industrialization
created a genuine need for new techniques and mate-
rials that could be used in prefabricated construction.
Architectural precast concrete was developed to fulfill
this need.

The first documented modern use of precast concrete was
in the cathedral Notre Dame du Raincy in Raincy, France, by
Auguste Perret in 1922. It was used as screen walls and
infill in an otherwise in-situ concrete solution. In 1932 work
began on producing the white concrete exposed aggre-
gate ornamental elements for the Baha'i House of Worship
(frontispiece and Fig. 1.2.1). The Depression years followed
soon after, and then World War Il. Following the end of
the world conflict, when labor and material costs began to
increase, the use of architectural precast concrete began
to flourish. The development and introduction of improved
transportation equipment and large tower cranes on ma-
jor projects provided a ready means of hauling and lifting
large precast concrete panels into place. By the mid-1960s,
architectural precast concrete as cladding and loadbearing
elements had gained widespread acceptance by architects
and owners.

Improvements in fabricating processes allow architectural
precast concrete to be produced in almost any color, form,
or texture, making it an eminently practical and aesthetically
pleasing building material. The term architectural precast
concrete encompasses all precast concrete units employed
as elements of architectural design whether defined to stand
alone as an architectural statement or to complement other
building materials. Concrete’s moldability offers the free-
dom to sculpt the structure’s facade in imaginative ways.
It is difficult to imagine an architectural style that cannot
be expressed with this material. Precast concrete is not only
compatible with all structural systems, it can be designed to
harmonize with, and complement, all other materials.

Throughout the formative years, the architect, the engi-
neer, and the builder, as well as the precaster, lacked any
definitive reference volume that defined and illustrated
this interesting material. This lacking was both world- and
language-wide.

The Precast/Prestressed Concrete Institute (PCI), a non-
profit corporation founded in 1954 to advance the design,
manufacture, and use of precast and prestressed concrete,

ARCHITECTURAL PRECAST CONCRETE

had long recognized the need for a manual to provide
guidelines and recommendations pertinent to the design,
detailing, and specification of architectural precast concrete.
In 1973, PCl published the first edition of Architectural
Precast Concrete and for the first time there was a com-
prehensive design manual on the subject of architectural
precast concrete. Compiled, edited, and published by PCI,
this manual presented a single authoritative reference for
the architectural decision-maker.

New developments in materials, manufacturing, and erec-
tion procedures have expanded the role of architectural
precast concrete in the construction industry since the first
manual was written. In keeping with its policy of being a
leader in the concrete industry, PCl is publishing this third
edition of Architectural Precast Concrete in order to make
state-of-the-art technology available to the architects and
engineers who design and build with this versatile material.

The third edition of the manual is a major revision incor-
porating much of this new technology. The sections deal-
ing with color, texture, and finishes; weathering; tolerances;
connections; and thermal properties have been extensively
revised. Information on sustainability and design for blast
has been added. Detailed guide specifications have been
modified to meet today’s construction needs. In addi-
tion, the photographs used to illustrate pertinent points
throughout the manual have been selected to represent
the potential design opportunities for architectural precast
concrete.

Numerous manufacturing and erection techniques are
included in the text to provide a better understanding of
design concepts and elements requiring design decisions.
Design, contract drawings, and specifications are all vitally
important, and should be combined with an assessment of
the capability and experience of the precasters who bid on
the project.

The guidelines and recommendations presented show
current practices in the industry. These practices should not,
however, act in any way as barriers to either architectur-
al creativity or to potential innovations on the part of the
precaster.

The practices described in this manual may be used as a
basis by both architect and precaster in the development of
exciting new concepts using advances in technology. This
initiative will undoubtedly lead to deviations from some of
the stated recommendations in the text.

The editor of the manual worked closely with the PCI
Architectural Precast Concrete Committee and with the
professional members of the Institute. Technical accuracy
has been reviewed by architects, engineers, precast con-
crete producers, material and equipment suppliers, and af-
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filiated industry organizations. This unique combination of
various disciplines and viewpoints provides an interaction
that ensures knowledge of all aspects in design, engineer-
ing, production, and erection of architectural precast con-
crete. Since conditions affecting the use of this material are
beyond the control of the Institute, the suggestions and
recommendations presented are provided without guaran-
tee or responsibility on the part of PCI. It is assumed that
each project and architect is unique, and requires different
solutions for different problems. For this reason, all exam-
ples shown must be considered as suggestions rather than
definitive solutions.

Architectural precast concrete combines maximum free-
dom of architectural expression with the economy of mass
production of repetitive precast concrete elements. For this
concept to function most effectively, it is strongly recom-
mended that the architect seek counsel from local PCI and
Canadian Prestressed Concrete Institute (CPCI) architec-
tural precast concrete producers in the early design stages
and throughout further development of the contract docu-
ments (see PCl website www.pci.org for local producers
and resources). Many consulting engineering firms special-
izing in the development and design of precast concrete
are also available to the project architect.

With precaster/consultant assistance, proper aesthetic,
functional, structural, mechanical features and objectives
may be rendered with economical detailing. Their assistance
may more accurately reflect local material characteristics,
manufacturing and erection efficiencies, cost factors, qual-
ity control standards, and local trade practices. A continuing
dialogue between designer and precaster will ensure opti-
mum product quality at a minimum installed construction
cost.

This manual is arranged in a sequence that corresponds
to the steps that an architectural/engineering firm might
employ when evaluating, selecting, and incorporating ma-
terials into a construction project. Other publications of
interest to the design team include PCI Design Handbook
— Precast and Prestressed Concrete (MNL-120); PCI Manual
for Quality Control for Plants and Production of Architectural
Precast Concrete Products (MNL-117); PCI Erector’s Manual
— Standards and Guidelines for the Erection of Precast
Concrete Products (MNL-127); and PCl Erection Safety for
Precast and Prestressed Concrete (MNL-132).

Chapter 1 provides a general background concerning
the State-of-the-Art of architectural precast concrete and
covers the applications and benefits of architectural precast
concrete along with definitions.

Chapter 2 considers Design Concepts Related to
Usage and Economics for the initial evaluation and se-
lection of architectural precast concrete for a project. The
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architect would primarily use this information during con-
ceptual wall analysis. Repetition and the master mold con-
cept portions of Chapter 2 would be of most interest to the
architect’s staff concerned with production and detailing.

Chapter 3 contains Surface Aesthetics design consid-
erations and is concerned with the critical decisions the
designer must make among the many available options as
to color, shape, and texture. This chapter covers everything
from initial samples and concrete mixture design to accept-
ability of appearance and weathering. Weathering should
be reviewed during conceptual wall analysis.

Chapter 4 presents Design. This chapter covers design
responsibilities, impact of structural framing considerations,
contract documents, reinforcement, connections, toler-
ances, and joints. The job captain, draftsman, and detailer
members of the architect’s staff must carefully consider
these factors. They should also be familiar with the design
considerations included in Chapters 2 and 3 if a sound,
economical finished product is to result.

Chapter 5 reviews Other Architectural Design Con-
siderations and covers interfacing with other materials
including windows, energy conservation and condensation
control, sustainability, acoustical properties, blast consid-
erations, fire resistance, and roofing. Each requires careful
consideration in developing the design criteria and working
details for the architectural precast concrete systems and
assemblies adjacent to the precast concrete.

Chapter 6 Guide Specifications is intended as an aid
to specification writers. The information contained in this
chapter should be evaluated in close coordination with the
project designer and detailer to avoid creating unnecessary
pitfalls in the project by providing the best possible contract
documents. Specifications should be neither open to inter-
pretation nor unnecessarily restrictive.

An Index is provided at the end of the manual for easy
reference.

A design manual by its very concept can only illustrate
what has been accomplished, not what can be. Any at-
tempt to categorize and define architectural precast con-
crete with its myriad expressions and possibilities is not fully
possible. Precast concrete is a versatile material that offers
the designer the opportunity to be innovative and obtain
desired design objectives that cannot be accomplished with
other materials. This manual will help architects define their
own potential and will provide a basis for reaching it, not
by giving design alternatives, but by pointing out state-of-
the-art options in using architectural precast concrete. The
significance of precast concrete as a building material lies
not in its ability to do new things, but in its inherent quality
of being flexible enough to make a design concept become
a reality.

ARCHITECTURAL PRECAST CONCRETE
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1.1 MANUAL CONTENT AND CONCEPTS

In order for the reader to derive maximum benefit
from this manual, the concepts that guided its prepa-
ration are briefly outlined in this section.

Concrete is material that has been used for centuries
but its present qualities and usages characterize it as
modern and versatile. The color and texture possibili-
ties along with the infinite variety of forms and shapes
possible with architectural precast concrete, as a re-
sult of its plasticity, allows the designer to customize
elements and overcome the monotony of many pro-
prietary systems, the confining regularity of masonry
units, and the design limitations of materials subject
to the shortcomings of dies, brakes, and rollers. With
precast concrete, the designer is in complete control
of the ultimate form of the facade and is free of any
compromise that might be traceable to a manufactur-
ing process. Also, precast concrete has excellent inher-
ent thermal, acoustical, fire resistive and blast resistant
characteristics.

Research and quality control of concrete components
has led to a better understanding of the unique poten-
tials for precast concrete. Improvements in proportion-
ing, mixing, placing, finishing, and curing techniques
have advanced concrete qualities. These improve-
ments have allowed design strength to be substantially
increased in the last few decades. Durability, appear-
ance, and other important aspects, such as trans-
portation and erection, have kept pace with these
developments.

By continuing to provide the designer with design
freedom, the precast concrete industry has experienced
steady growth since the 1960s, particularly in the ever-
widening range of precast concrete applications. The
widespread availability of architectural precast con-
crete, the nearly universal geographic distribution of
the necessary raw materials, and the high construction
efficiency of prefabricated components all add to the
appeal of architectural precast concrete construction.
Precast concrete design engineers and precasters have
a high level of craftsmanship and ingenuity along with
a thorough knowledge of the material and its poten-
tial in converting the designer’s vision into a finished
structure. Related to this knowledge must be an un-
derstanding by the designer of the important design
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CHAPTER ONE
STATE-OF-THE-

considerations dictated by:
1. Material characteristics;
2. Wall analysis — interrelationship with other materials;
3. Weathering effects;
4. Colors, finishes, and textures; and

5. Manufacturing and erection efficiencies including
cost factors, quality-control standards, and local
trade practices.

These design considerations are described in consid-
erable detail throughout this manual. It is important
that the designer carefully evaluate the applicable de-
sign considerations when choosing the shape, color,
and texture that will be emphasized on a project.
Design considerations based upon manufacturing and
erection factors are complex and varied. Because of
the limitless expressions of precast concrete, such de-
sign considerations can rarely be stated in unqualified
terms. It is important for the designer to know which
considerations are valid and to assess their influence
on a specific application. The design considerations for
architectural precast concrete are not any more nu-
merous or difficult than the ones associated with other
materials. Optimum utilization of precast concrete will
result from a thorough understanding of the applica-
ble design considerations. Consider, for example, the
interplay between the configuration of a precast con-
crete unit and its structural capacity, and between its
shape and available finishes. Add to this the available
options in reinforcement, including the possibility of
prestressing the unit to offset tensile stresses caused by
handling or service conditions, and the importance of
understanding these design considerations becomes
clear.

The architect, with or without prior experience with
precast concrete, will benefit from a detailed study of
the entire manual in order to obtain an understanding
of interrelated design considerations. Subsequent to
such a study, the manual will be a valuable reference
for the future design of architectural precast concrete.

Structural precast concrete products comprise an im-
portant segment of the precast concrete market. These
units are normally produced in standard shapes such
as double or single tees, and channel, solid, or hol-
low slabs with many different finishes that are often

ARCHITECTURAL PRECAST CONCRETE
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machine applied. Although many of the design consid-
erations discussed in this manual apply to these prod-
ucts, additional design considerations may also govern.
These design considerations are thoroughly covered in
the companion PCl Design Handbook—~Precast and
Prestressed Concrete. Similarly, information concern-
ing regional availability of products and product varia-
tion between individual plants is readily available from
local producers. Thus, structural precast concrete prod-
ucts are not specifically discussed in this manual. This
manual concentrates on the architectural precast con-
crete applications that are custom designed in shapes
and finishes for each individual project.

The manual contains some recommendations with re-
spect to job requirements and contract conditions relating
to precast concrete. These procedural recommendations

will help to minimize complications and facilitate commu-
nications during the bidding and construction stages.

The design considerations, together with the pro-
cedural recommendations, should be geared to local
practices. The importance of coordinating the develop-
ment of architectural precast concrete projects with lo-
cal precasters cannot be overemphasized. The ultimate
aim of this manual is to encourage this communication
and forming of relationships.

1.2 APPLICATIONS OF ARCHITECTURAL
PRECAST CONCRETE

Architectural precast concrete has been used for many
decades in North America. Its full potential in terms of

Fig. 1.2.1 Interior of Baha'i House of Worship, Wilmette, Illinois; Architect: Louis Bourgeois.

-
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Fig. 1.2.2 Jefferson County Government Center, Golden, Colorado; Architect: C.W. Fentress and J.H. Bradburn Associates.

economy, versatility, appearance, structural strength,
quality, and performance continues to expand as wit-
nessed by the new projects changing the skylines of
many cities throughout the North American continent.

Even today, buildings with precast concrete cladding
dating back to the 1920s and 1930s attest to the fine
craftsmanship of those periods and the permanence of
the material. A classic example is the Baha'i House of
Worship, Wilmette, lllinois (frontispiece and Fig. 1.2.1),
designed by Canadian architect Louis Bourgeois. This
structure, started in 1920 with final completion in
1953, is one of the most beautiful and delicately de-
tailed structures ever constructed in the United States.
It is a nine-sided structure built with white architec-
tural precast concrete panels with exposed quartz
aggregate over a steel superstructure. Each side has
the form of a circular arc, with a large doorway in the
center. Pylons 45 ft (13.7 m) in height stand at the cor-
ners of the first story. Above the gallery, the clerestory
and the dome are also nine-sided but with the ribs ris-
ing from midway of the sides of the first story. On the
dome is inscribed the orbits of the stars and planets in
a pattern of ovals, circles, and flowing curves. Symbols
representing life, tendrils, flowers, leaves, and fruit are
woven into the design. The interior (Fig. 1.2.1) is a lofty
cylindrical room topped with a hemispherical dome of
75 ft (22.9 m) interior diameter and extending to a
height of 135 ft (41.1 m) in the center. Wire glass is
supported by a steel framework concealed within the
intricately patterned precast concrete exterior and in-
terior surface. These act as perforated screens through
which light passes.
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Today, architectural precast concrete demands equal
craftsmanship in the design and tooling aspects of the
manufacturing process. Production has progressed
from reliance on individual craftsmanship to a well con-
trolled and coordinated production line method with
corresponding economic and physical improvements.
These state-of-the-art manufacturing technigues do
not sacrifice the plastic qualities of concrete, nor do
they limit the freedom of three-dimensional design. In
knowledgeable, sympathetic hands, these techniques
can be adapted to fit specific performance and aes-
thetic requirements of the contemporary designer.

Treatment of texture and color can be rich, extract-
ing the best qualities of the raw materials. Coarse ag-
gregates are selected for their size, shape, and color.
Fine aggregates and cement are selected according to
the desired texture and color of the finished element.
The mixing of aggregates and cement is similar to the
artist’s mixing of colors on a palette.

The photographs in this chapter afford a glimpse of
the variety of expressions possible with precast con-
crete; bold yet simple to emphasize strength and du-
rability; intricate as well as delicate to mirror elegance;
and three-dimensional sculpturing to display individu-
ality. Other photographs or drawings throughout the
manual illustrate these varieties of expressions along
with specific concepts and details.

Complex molds with 30 different radii were con-
structed to produce more than 4000 precast concrete
components that form the shell for the structure in Fig.
1.2.2. Two colors of precast concrete were used—a tan

ARCHITECTURAL PRECAST CONCRETE
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and an earth-tone burnt orange. Both were selected
for the compatibility in color and hue with the sur-
rounding landscape and terrain.

oy -t

The building in Fig. 1.2.3 features a unique profile, with
a two-sided curved penthouse descending to a top floor
curved only on one side, which is juxtaposed with the ro-
tated square tower footprint below. The design creates
the impression that a curving, modern structure is blend-
ing with a traditional rectangular one. Both architectural
precast concrete panels and granite are used to clad the
30-story office building. The first three floors are clad with
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Fig. 1.2.4(a) Police
Administration Building
Philadelphia, Pennsylvania;
Architect: Cubellis GBQC for-
merly Geddes Brecher Qualls
Cunningham, Architects; Photos:
Portland Cement Association.

Fig. 1.2.4(b)
Loadbearing wall construction.
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The Police Administration
Building in Philadelphia made
history in 1961 as one of the
first major buildings to use
the inherent structural char-
acteristics of  architectural
precast concrete (Fig. 1.2.4[a] and [b]). The 5-ft-wide (1.5
m), 35-ft-high (10.7 m), three-story exterior panels carry
two upper floors and the roof. The building is unusual in
its plan configuration, consisting of two circles connected

[ = S—

Fig. 1.2.3 IJL Financial Center, Charlotte, North Carolina; Architect: _by a curving central section, demonStratin_g the adaptabil-
Smallwood, Reynolds, Stewart, Stewart & Associates, Inc. ity of concrete to unusual floor plans. This structure was
ram
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Fig. 1.2.5 U.S. Department of Housing and Urban Development
Headquarters, Washington, D.C.; Architect: Marcel Breuer

and Herbert Beckhard Design Architects; Nolen-Swinburne &
Associates, Associate Architects; Photo: ©®Images are courtesy
of the Marcel Breuer papers, 1920-1986, in the Archives of
American Art, Smithsonian Institution.

an early model for the blending of multiple systems into
one building. Precast concrete and post-tensioning were
the relatively new techniques that were then successfully
combined.

The headquarters building for the Department of
Housing and Urban Development in Washington, D.C.,
completed in 1968, has loadbearing panels that house
air-conditioning units below sloping sills and form vertical
chases for mechanical services (Fig. 1.2.5). The windows
are recessed in the deeply sculptured panels for solar con-
trol. The panels lend remarkable plasticity to the facade.

A building’s exterior can make a strong impression
on a visitor and enhance a company’s image. Take
the familiar landmark, the TransAmerica Building in
San Francisco, California. Clad entirely in architec-

-

tural precast concrete (Fig. 1.2.6),
the building is 48 stories tall and is
capped by a 212 ft (64.6 m) spire,
for a total height of 853 ft (260 m).
Floor-height double-window units,
weighing 3.5 ton (3.2 t) each, make
up half of the total precast pieces
used, with two variations for all cor-
ner units. It is just one of thousands
of buildings with a unique, distinc-
tive facade that has been created
with architectural precast concrete.

The exterior precast concrete por-
tion of the building in Fig. 1.2.7(a)
is over 900 ft (274.3 m) long. The
158 architectural precast concrete
panels are designed as an elliptical
curve, featuring a discontinuous

fig. 1.2.6 TransAmerica Tower

San Francisco, California;

Architect: Johnson Fain and Pereira
Associates (formerly William L. Pereira
& Associates); Photo: Wayne Thom
photographer.

LTI
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Fig. 1.2.7(a) & (b) Center of Science & Industry, Columbus,
Ohio; Architect: Arata Isozaki & Associates, Design Architects:
NBBJ Architects Inc.; and Moody/Nolan, Architects of Record.
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Fig. 1.2.8(a) & (b)
Merrill Lynch Facility

Englewood, Colorado;

Architect: Thompson, Ventulett Stainback &
Associates; Photos: Brian Gassel/TVS.

clothoid curve, which is a segment of a
spiral that curves in two directions. Each
quadrant of panels making up the facade
was placed along segments of six curves
to produce the elliptical shape. The wall
panels lean nearly 8 ft (2.4 m) into the ;
building along segments of two other cir- =
cular curves (Fig. 1.2.7[b]). The architect L3
desired a smooth exterior surface. The re-

sult was a 20-in. (500 mm) deep wall panel comprised
of a 5-in. (125 mm) thick flange creating the exterior
shell and appearance. Each panel also contains two
vertical interior ribs to serve as panel stiffners. The 62-
ft-tall (18.9 m) curved panels not only clad the building
but also act as loadbearing members to support the
steel roof framing members and metal deck.

Two similar loadbearing total precast concrete office
buildings comprise a corporate campus. With their
long horizontal lines, strong vertical columns, and win-
dow frame details, the buildings are reminiscent of the
Prairie School style of architecture (Fig. 1.2.8[a]). The
rectangular forms maximize space planning efficiency
and accommodate the loadbearing precast concrete
structural system. Detailed with horizontal reveals, the
large, 30 ft wide x 40 ft high (9.1 x 12.2 m) red portals
replicate native Colorado red sandstone (Fig. 1.2.8[b]).
Buff-colored precast concrete tracery accents window
openings and forms pilasters at the third level, rising
into columns supporting the roof with its deep trel-
lised sunshade. The buff precast concrete beneath the
windows features two finishes: a ribbed central section

ARCHITECTURAL PRECAST CONCRETE

(b)

between two acid-etched raised edges. The total pre-
cast concrete system also produces a single source of
responsibility for the structural system. This approach
lowered risk, streamlined communication, and made
on-site coordination easier for the design team, provid-
ing a significant value.

With its three parallel horizontally and vertically post-
tensioned curving walls constructed from three hun-
dred forty-six 30-in.-thick (760 mm) off-white panels of
precast concrete that rise 57 to 88 ft (17.4 to 26.8 m)
above the nave, the church in Fig. 1.2.9(a) is a dramatic
and defining presence amid the suburb’s large, nonde-
script apartment buildings. The almost toppling walls
cantilever from the ground and all three walls are per-
fect segments of circles with the same radius. The shells
delineate three distinct spaces—the main sanctuary, the
weekday chapel, and the baptistery, each with its own
entrance. The secular community center is a concrete
structure with a rigidly rectilinear form (Fig. 1.2.9[b]).
The concrete is made with a white cement containing
photocatalytic particles of titanium dioxide that oxidize
organic and inorganic pollutants, so that the brightness
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Fig. 1.2.9(a) & (b) (b)

Jubilee Church (Dives in Misericordia); Rome, Italy;
Architect: Richard Meier & Partners, Architects LLP; Italcementi,
Technical Sponsor; Photos: Gabriele Basilico. A
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Fig. 1.2.10 Bannockburn Centre,
Bannockburn, Illinois;
Architect: Wright Architects, Ltd.;
Photos: Wright Heerema Architects.

8 ’ ARCHITECTURAL PRECAST CONCRETE

and color will not degrade over time—resulting in self-
cleaning concrete. In addition, the thermal mass of the
exposed interior concrete walls keep heat inside in the
winter and outside in the summer, reducing the energy
loads on the building system.

Various colors and textures of architectural precast
concrete are used to articulate the facade of the of-
fice building in Fig. 1.2.10. A rusticated stone-faced
first course is topped by exposed red granite aggregate
concrete forming the base of the building. The recessed
half-round columns, spandrels, and cornices are finished
in an acid-etched buff color simulating the appearance
of limestone. The repetition of precast concrete units
afforded the opportunity to make them more intricate
and created an elegant yet economical skin.

The combination of color, shape, and texture show-
cases the ability of architectural precast concrete in Fig.
1.2.11(a) to meet the designer’s imaginative demands.
A large passageway frames the main entrance, involv-
ing architectural precast concrete that forms the col-
umns and fascia beams. The project consists of four
main parts, namely a detention facility, the courthouse,
an addition to an existing police station, and the rotun-
da. Sixteen thin precast concrete shell units form the
rotunda’s 72 ft (22 m) diameter dome, bearing on a

fig. 1.2.11(a) Boldly detailed loadbearing window-wall units.

Fig. 1.2.11(b)
Aurora Municipal Justice Center, Aurora, Colorado;
Architect: Skidmore, Owings & Merrill.
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cast-in-place tension ring and a precast concrete com-
pression ring. The rotunda is believed to be the first ; re
. . W Hotel, San Francisco, California;
precast concrete dome structure built in the United 1
o Architect: Hornberger + Worstel
States. The majority of the wall panels are loadbear- Photo: Hornberger + Worstell
ing window-wall units, which are two stories high and : :
weigh 20,000 Ib (9.1 t) each. They are boldly detailed
with bullnoses, cornices, and friezes, with a cream-col-
ored appearance. Similarly, beveled reveals up to 10 in.
(250 mm) wide vertically score the centerline of each
panel to emphasize the play of sunlight and shadow
on the building’s monumental facade (Fig. 1.2.11[b]).

Fig. 1.2.12

The hotel in Fig. 1.2.12 was designed for a promi-
nent downtown corner site. It is flanked on one side
by boldly massed brick-faced precast concrete panels
on the Museum of Modern Art and has, as a nearby
neighbor, an art-deco designed, 1920s-style high-rise
building. To complement these prominent neighbors,
the architects generated a podium and tower design
with boldly massed pure forms articulated to reflect a
latent classical appearance. The tower was given deep
V-shaped scoring to emphasize its verticality. The 6-
in.-thick (150 mm) precast concrete panels (finished
in white concrete with black gray and buff aggregate)
were formed to look like blocks of granite used in
many of San Francisco’s civic structures. The appear-
ance of stone detailing was enhanced by treating the
surface of the panels with two depths of sandblasting.
A medium sandblasting of the typical surface created
the look of a thermal finish, while a light sandblasting
of the back face of the reveals (3 in. wide x 2 in. deep
[75 x 50 mm]) at the lower levels was used to give the
impression of oversized mortar joints.

E—— L
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The art museum in Fig. 1.2.13 has become a landmark
symbol. The patterned facade has 1-in.-thick (25 mm)
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Fig. 1.2.13 Museum of Modern Art
San Francisco, California;

Architect: Mario Botta, Design
Architect; Hellmuth, Obata &
Kassabaum, P.C., Architect of Record;
Photo: San Francisco Museum of
.._,_-————""""'_" Modern Art/HOK/Perretti & Park

L
[T e e e Pictures.
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Fig. 1.2.14 University of Illinois Molecular Biology Research Building, Chicago, Illinois; Architect: Goettsch Partners formerly Lohan

Associates; Photo: Jon Miller ©Hedrich Blessing.

brick on 9-in.-thick (225 mm) precast concrete panels.
Most panels measure 10 x 28.5 ft (3.0 x 8.7 m) and
contain between 1500 to 2300 bricks per panel.

The design challenge for the medical research build-
ing in Fig. 1.2.14 was based on the area’s extremely
eclectic architectural styles. Most of the buildings date
back to the 1920s and 1930s and feature a variety of
brick and precast concrete design motifs. There is no
dominant image to play off. The architects’ goal was
to create something that would be compatible with
this diverse group of buildings yet project a distinctive
campus image to visitors. The architects created a lot of
design interest in the articulation of the facade. In addi-
tion, by adding varying colors and finishes to the panels
based on their location, the designers were able to pick
up themes in nearby buildings without detracting from
the overall look. The result is that each facade is com-
patible with its surroundings and looks like it belongs in
the area. The base, a sandblasted granite aggregate fin-
ish, invites visual interest for pedestrians. The mid-levels
feature an acid-etched granite aggregate that provides
subtle, rich, red tones to integrate with the masonry
on existing buildings. The top features an acid-etched
white sand with a mild pink cast that is used primarily

ARCHITECTURAL PRECAST CONCRETE

on laboratory sections, conveying a crisp look. Amber-
tinted windows reinforce the color scheme.

The design challenge in Fig. 1.2.15 was to integrate
the multi-use complex into the small-scale principal re-
tail district at the block’s edges and the adjacent art
deco building. The precast concrete and detailing at
the corner entrance speak to the tradition of the grand
era of late 19th-century department stores. From the
decorative urns at the roof, to the incised lettering, to
the terra cotta colored brackets and the strong cornic-
es at the top of the second floor, this fineness of detail
was economically viable with precast concrete.

The project in Fig. 1.2.16(a) includes a 3-story shop-
ping mall and an 11-story office building in the heart of
a major business district. The use of architectural precast
concrete panels to clad the buildings creates a distinctive
look, resembling rough-hewn stones. The panels also
comprise the creative geometric shapes that make the
complex stand out. The stone texture of the panels was
achieved by using rubber form liners, taken from natural
rocks in a basalt rock quarry (Fig. 1.2.16[b]). Detailed
engineering and intricate forms were needed to pro-
duce panels with deep reveals in false joints and inter-
locking lateral ends that eliminated any visible vertical
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) Fig. 1.2.15
\ [T Saks Majestic Square Complex

d Charleston, South Carolina;
A JESTICS

VARE Architect: LS3P Associates, Ltd.;
LA §

Photo: LS3P Associates, Ltd.

Fig. 1.2.16(a) & (b)

Plaza Moliere Dos 22
Mexico City, Mexico;
Architect: Sordo Madaleno y
Asociados, S.C.;

Photo: Paul Citrén.
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Fig. 1.2.17(a) & (b)
University Center of Chicago, Chicago, Illinois; Architect: Antunovich Associates and VOA Associates, Inc., Associate Architects;
Photos: Antunovich Associates.
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Fig. 1.2.18 University of Iowa, Pappajohn Business Administration Building, Iowa City, Iowa;
Architect: Architecture Resources Cambridge, Inc., Design Architect; Neumann Monson, P.C., Architect of Record;

Photo: Nick Wheeler © Frances Loeb Library, Harvard Design School.

joints. The horizontal, vertical, and slanted corner panels
were cast in one piece, producing a true “corner stone”
appearance. The building is located within a high-risk
earthquake zone. The connections used a 1.25 in. (32
mm) slot as a provision for differential movement be-
tween any two adjacent stories and this was accom-
plished with 8-in.-long (200 mm) galvanized steel rods
that attached the precast concrete panels’ top inserts to
embedded plates in the structure.

About 1400 architectural precast concrete panels were
used to clad the 18-story, multi-university dormitory
project in Fig. 1.2.17(a). The design features rounded
corners and a detailed cornice, adding interest to the
massive structure. The panels feature an acid-etched fin-
ish on the upper levels and a retarded finish on the first
two floors, creating an appearance along the street that
fits with its neighbors (Fig. 1.2.17[b]). The extensive use
of the precast concrete allowed the exterior envelope to
be constructed during winter and inclement weather.

The facades of the four-story, block-long university
administration building in Fig. 1.2.18 are articulated by
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a harmonious rhythm of pilasters and windows, sym-
metry, and classical detail. The scale and feeling of the
exterior reflect the grace and serene neo-classicism of
nearby early 19th-century structures. The architectur-
al precast concrete components for this project were
manufactured with a blend of white and gray cement,
a small amount of buff pigment, a light-colored lime-
stone aggregate, and a natural buff sand. All of the
precast concrete panels were lightly acid-washed. The
precast concrete material’s extraordinary flexibility al-
lowed considerable design freedom in the detailing of
the elements and the development of an aesthetic that
is sympathetic to the neighboring buildings. The precast
concrete creates a stepped, animated facade rather than
an unrelenting flat surface. Many of the precast con-
crete components required multiple casting sequences
due to the deep overhangs and multiple returns. The
precast concrete has an especially strong expression in
the rusticated base of the building, which conveys the
strength, solidity, and mass of the structure.

For 85 years Oklahoma’s Capitol building remained
unfinished, its dome never built. The architect designed

ARCHITECTURAL PRECAST CONCRETE
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Fig. 1.2.19 Oklahoma State Capitol Dome, Oklahoma City, Oklahoma; Architect: Frankfurt-Short-Bruza Associates, P.C.;

Photo: Frankfurt-Short-Bruza Associates.
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Fig. 1.2.20(a) & (b)
840 N. Lake Shore Drive, Chicago, Illinois;
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e
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Architect: Lucien Lagrange Architects;
Photos: Steinkamp Photography.
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both an external and inner dome based on the original
intent of the 1914 plans. The new outer dome features
architectural precast concrete and cast stone. The dome
is 80 ft (24.4 m) in diameter and rises 140 ft (42.7 m)
above the existing roof (Fig. 1.2.19[a] and [b]). The
greatest challenge for the precast concrete was to emu-
late the ornate detailing of the Capitol, which included
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Corinthian columns and capitals, Greek pediments, or-
nate scrolled brackets, and highly detailed cupola. To
address concerns regarding the required maintenance
of the sealed precast concrete panel joints, precast
concrete ribs were placed over the vertical joints of the
dome panels. As an added precaution, all inside faces
of the precast concrete panels are accessible to help
prevent damage to the inner dome from undetectable
leaks.

In a city renowned for its architectural heritage,
the distinctive 26-story condominium tower in Fig.
1.2.20(a), rising from a prominent lakefront site, is a
welcome addition to the skyline. Architectural precast
concrete panels clad the tower’s facade and help the
project integrate seamlessly into the neighborhood
through the articulation and warm buff color of the
material. The goal was to achieve the appearance of
an all-limestone-clad building, and this was enhanced
by the use of natural stone at the base, with precast
concrete panels used above the second floor. Typical
panels on the front elevation are 23 ft 3 in. long x 10
ft 8 in. high (7.10 x 3.28 m). Panels are 7 in. (175 mm)
thick with 11 in. (275 mm) returns at the windows (Fig.
1.2.20[b]). The cladding was designed for a 127 mile
per hour (203 km/hr) lateral wind load. The building’s
deep-punched windows, jointing, and cornice line
were achieved with precast concrete’s flexibility and
low cost. The designers also took advantage of precast
concrete’s fluidity in producing an elegantly curved
rotunda transition at the building’s most prominent
corner. The use of precast concrete panels minimized
both construction time and the staging area required
for installation, a key factor in an urban environment.

ARCHITECTURAL PRECAST CONCRETE
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The precaster scheduled timely deliveries that could
be unloaded and transported via tower crane to their
connection location without stockpiling any pieces at
the site. The use of precast concrete also allowed the
window units to be anchored easily into the precast
concrete, eliminating the need for a metal strongback
system that would have been required to attach them
to stone.

The corporate center in Fig. 1.2.21 is a focal point
for a new development area. It is integrated into the
landscape with the use of architectural precast con-
crete panels in an innovative form and expression. The
pyramid-shaped building holds exhibition areas, show-
rooms, and a multiple-use auditorium. The cube-shaped
building is eight stories high, topped with a penthouse,
and is used as corporate office space. Waterfalls cas-
cade onto the floor inside the circular openings of the
four walls, then flow into reflecting pools in the main
plaza. To match the surrounding landscape and the de-
sign concept of natural stone, a combination of white
and gray crushed marble coarse aggregate and sand
with white and gray cement was crucial in giving the
buildings the right color blend. The architect sought
texture and brightness for the desired reflection of light
by using a medium-deep surface texture achieved with
pneumatic chisel tools. The marble chips shone when
the skin was broken off the precast concrete panels.

Fig. 1.2.21 Calakmul Corporate Center, Mexico, D.F., Mexico;
Architect: Agustin Herndndez Navarro; Photo: Agustin Herndndez.

ARCHITECTURAL PRECAST CONCRETE

Fig. 1.2.22 The Bushnell Center for the Performing Arts
Hartford, Connecticut;

Architect: Wilson Butler Lodge Inc.;

Photo: Robert Benson Photography.

The architect also requested that slight color
variation be randomly added to the panels
in order to attain the natural pyramid stone
effect.

Figure 1.2.22 is a performing arts center
used for the presentation of Broadway shows,
ballet, opera, symphony concerts, and pro-
ductions by regional arts groups as well as cul-
tural arts—related educational programs. The
project, a 90,000 ft? (8370 m?) addition to
an existing historic theater, owes much of its
aesthetic success to the use of contemporary
precast concrete elements that complement
the historic Georgian limestone facade of the
1929 building. The design of the entry pavilion
centered on the use of carefully detailed and
molded precast concrete columns and span-
drels. The precast concrete panels allowed the
architects to create a light, open design with
spans impossible to create in stone.
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With no courtroom construction in the area for more
than 40 years, new courts were needed to meet the
justice requirements of a large urban area with an
architectural design that reflects the look, character,
fundamental strength of the institution, environmental
characteristics of the site, and the progressive judicial
body. A 295,000 ft? (27,406 m?), 10-story courthouse
was conceived with a rooftop helipad on an irregu-
lar site (Fig. 1.2.23). The courthouse contains eight
courtrooms, with space for six future courtrooms,
and judicial support departments. The court building
was massed with a blend of design elements by using
curved precast concrete panels that form the judicial
court block opposed by a contemporary insulated glass
curtain wall for the administrative and public areas.
The precast concrete panels with sandblast finishes
were selected for their substantial, low-maintenance,
and timeless appearance, along with the security char-
acteristics. The main public entrance is enhanced by
a two-story atrium. The building is secure through
vehicle barriers provided by stepped hardscape.
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A highly visible, sloping site directly adjacent to a
small lake was the impetus for creating a classical style
office building that would use the water as a giant re-
flecting pool (Fig. 1.2.24). A high level of detail was -
achieved through the use of sharply articulated panels :'L | -
that create strong shadow effects. Two precast con- u li.l
crete finishes were chosen. Lightly sandblasted surfac-
es give the appearance of a buff-color limestone when
viewed from a distance. Heavy sandblasted portions of

1'__.1__;

Fig. 1.2.24 Four Lakepointe
Charlotte, North Carolina; Architegt: Urban Design Group Inc.; Photo: Urban Design Group.
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Fig. 1.2.25 Logistical Systems Operations Center, Wright-Patterson Air Force Base, Dayton, Ohio; Architect: KZF Inc.;

Photo: KZF Design Inc.

the panels simulate thermal finish granite to comple-
ment polished, pink granite insets. Granite and marble
insets are separated from the precast concrete finishes
by a 3/, in. (19 mm) reveal at all locations. This also pro-
vided a way to disquise panel joints and create more
shadows and surface detail. False joints are added at
mid-spandrel and mid-column heights to give the illu-
sion of smaller pieces.

18 | ARCHITECTURAL PRECAST CONCRETE

The facade of the building in Fig. 1.2.25 is construct-
ed of lightly sandblasted architectural precast concrete
panels with a design that is a direct synthesis of the
simplified art deco style of the adjacent 1940s and
1960s buildings clad in precast concrete. Precast con-
crete planters with low ground cover serve as crash-re-
sistant vehicle barriers for the windowless, single-story,
data processing area.

Fig. 1.2.26

One Balmoral Avenue

Toronto, Ontario, Canada;

Architect: Rafael + Bigauskas Architects;
Photo: Rafael + Bigauskas Architects.
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The nine-story, mid-rise, U-shaped condominium
project accommodates a total of 137 units (Fig. 4
1.2.26). The building terraces downward to a
height of three stories, thus addressing the low-
rise residential enclave behind. The nine-story
facade is broken down by a one-story rhythmic
sequence of repeated cladded columns, which
are capped by a continuous, heavily articulated
cornice band at the second floor. The columns *=
connect to this cornice band, emphasizing its sup-
port of the facade above. The elevation above the
cornice band is broken up by the integration of
punched windows and curved French balconies
that are framed through the use of detailed precast
concrete lintels and sills.

The boomerang-shaped, 236,000 ft? (21,924 m?) ath-
letic center is not only a fantastic work of art, but also
an amazing logistical accomplishment made possible
by architectural precast concrete (Fig. 1.2.27[a]). The
diagrid exoskeleton was conceived as a stiff structural
skin that could minimize the number of exterior col-
umns while efficiently supporting clear spans over an
existing arena, mechanical room, service tunnel, and
loading dock. What resulted is an artfully conceived and
carefully executed integration of form and structure:
an extremely complex steel truss frame clad with 567
compound-curved, light gray, light sandblasted precast
concrete panels that actually wrap the individual steel
structural elements to provide deep window recesses
echoing the steel superstructure (Fig. 1.2.27 [b]). The
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Fig. 1.2.27(a) & (b)
Richard E. Lindner Athletics Center,
. University of Cincinnati, Ohio;

" Architect: Bernard Tschumi Architects,
Design Architect; Glaserworks, Architect
of Record; Photos: Bernard Tschumi
Architects.

only straight lines in the precast concrete panels are in
the vertical plane or along the sides of the windows.
In the horizontal plane, there are six convex, two con-
cave, and eight compound transition curves cast using
eight custom-constructed, all-steel forms—including
a one-of-a-kind adjustable form—that provided both
consistency and production efficiencies. In addition,
the structure appears perched atop several V-shaped
“pilotis” column covers that feature a helical warped
surface and vary in width throughout their height. The
helical steel frame and precast concrete panels with
recessed triangular window returns that penetrate into
and through the steel frame could only be designed
using data-laden 3-D software models and would have
been considered an almost unworkable design just a
few short years ago.

The dramatic, three-building library clad in architec-
tural precast concrete is a functional work of art (Fig.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 1.2.28(a), (b) & (c)
Salt Lake City Public Library, Salt Lake City, Utah;

Architect: Moshe Safdie and Associates Inc., Design Architect;
VCBO Architecture, Architect of Record; Photos: Timothy Hursley.

1.2.28[a]). The largest and most demanding portion in-
volved the 400-ft-long (120 m) sloping crescent building,
which used precast concrete to create the appearance
of a flowing, curved, leaning, and warping structure.
The crescent building climbs to a height of more than
90 ft (27 m) and at the midpoint of the inclined arc, the
inclination is 15 degrees from vertical (Fig. 1.2.28[b]).
It moves to embrace the main triangular library struc-
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Fig. 1.2.29 Thomson Consumer Electronics Headquarters, Indianapolis, Indiana;

Architect: Boka Powell formerly. Haldeman, Powell + Partners Consortium for Architecture:Inc.; Michael Graves, Architect, Associate
Architect; Photo: BOKA Powell. Wi T
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ture. Flowing through the skylit
space created by the triangle and
crescent buildings, the airy urban
room offers easy access to public
amenities (Fig. 1.2.28[c]). The six-
story rectangular structure contains
the administrative offices. All three
buildings are enclosed with, or in-
corporate the use of, acid-etched 'E
architectural  precast  concrete i
panels. -
o A
The administrative building in -
Fig. 1.2.29 is organized as two of- |
fice wings flanking a cubic central |
pavilion housing a skylit cylindrical
atrium and grand stair. The design-
er modified the large scale of the
building’s long facades through the
use of a giant pattern. Integrally
colored green, gray, and terra cotta
precast concrete panels assembled
in a checkerboard pattern recall the
orderly landscape of the surround-
ing farm fields. The earth-colored
precast concrete central pavilion
provides a rich background against
which the bright yellow—glazed
brick portico reflects the brilliant
light. The choice of concrete pan-
els was cost effective in addition to
providing a durable, low-mainte-
nance material. Two other benefits
of precast concrete that helped
the construction schedule were its
ability to be installed in all types of
weather and the ease and speed
with which a precast concrete clad
building can be enclosed.
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Architectural precast concrete panels, articulated in
an ashlar pattern, provide the design of the medical fa-
cility in Fig. 1.2.30 with the solidity and strength envi-
sioned by the client. Precast concrete panels provided
an ideal solution to obtaining the warm buff coloration
produced from the process of chat-sawing limestone.
Precast concrete gave the designers control over color
and texture and provided flexibility in the sculptural ex-
pression. Half inch by half inch (13 mm x 13 mm) deep
reveals provided the necessary relief to create the ashlar
stone pattern used to reduce the scale of the large pan-
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Fig. 1.2.30

Northwestern Memorial Hospital, Chicago, Illinois;

Architect: Ellerbe Becket Inc.; Hellmuth, Obata & Kassabaum,
P.C.; and VOA Associates Inc., Architects of Record;

Photo: Scott McDonald ©Hedrich Blessing.

els and simulate the texture of a natural stone surface.
A delicate, nearly smooth finish was produced by us-
ing a light sandblast that expressed almost no coarse
aggregate. A strong pilaster expression, enhancing the
vertical planes of the building, is also achieved through
the use of the precast concrete.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 1.2.31
Navy League Building, Arlington, Virginia; Architect: Page Southerland Page, L.L.P.; Photo: Doug Flory.

Architectural precast concrete was chosen for the
building cladding material in Fig. 1.2.31 for its inherent
design flexibility and sense of dignity and permanence.
It offered the ability to create a rich architectural vocab-
ulary of facade elements establishing the appropriate
scale and image sought. Due to the extreme prominence
of this facility within a very active, energized community,
it was necessary to give the seven-story office building
a great deal of architectural detail and character. The
design team was admonished to avoid “flat” facades;
hence, the final design incorporates a significant level
of three-dimensionality with heavy vertical projections.

ARCHITECTURAL PRECAST CONCRETE

| NAVY LEAGUE i

Three mixture designs were used with two finishes—
white precast concrete with embedded granite panels
and a light acid wash finish at the lower levels, and two
buff-colored mixtures with medium acid washes above.
Four spandrel panels have molded lettering showing the
building name and address. The building was designed
to achieve a Silver Rating from the U.S. Green Building
Council’s LEED Rating System.

Architectural precast concrete was selected to achieve
the classical look that the architect desired for the main
library in Fig. 1.2.32(a), which was a unique finish to
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Fig. 1.2.32(a) & (b)
Jacksonville Public Library

Jacksonville, Florida;

Architects: Robert A.M. Stern Architects; and
Rolland DelValle and Bradley;

Photos: Brian Griffis.

approximate the surface of coquina stone (appearance
is similar to travertine), a coarse-textured whitish lime-
stone formed of broken shells and corals cemented to-
gether. In order to acquire this look, baking soda was
sprinkled in the bottom of the mold before the panel
was cast. Each rusticated panel has its own personality
with a wide variation in texture, veinage, and color,
but an average depth of surface voids was set to the
architect’s requirements (Fig. 1.2.32[b]). The resulting
appearance gives the building uniqueness.

Improvements in fabricating processes allow archi-
tectural precast concrete to be created in almost any
color, form, or texture—whatever is most aesthetically
pleasing. In addition, concrete’s moldability offers the
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freedom to sculpt the structure’s facade in very imagi-
native ways. This ability to achieve totally customized
elements makes precast concrete different from any
other exterior cladding material. Precast concrete also
can be faced creatively with a wide variety of other
cladding materials. Architects are incorporating the
pleasing appearances of traditional cladding materials
such as dimensional stone, brick, tile, and even terra
cotta with the strength, versatility, and economy of
precast concrete.

ARCHITECTURAL PRECAST CONCRETE
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1.3 MISCELLANEOUS USES OF
PRECAST CONCRETE

In addition to functioning as exterior and interior
wall units, architectural precast concrete finds expres-
sion in a wide variety of aesthetic and functional uses,
including:

e Art and sculpture

e Columns, bollards, lighting standards, and fountains
e Planters, curbs, and paving slabs

* Towers

* Balconies

e Sound barriers and retaining walls

e Screens, fences, and handrails

e Street furniture and obelisks

e Ornamental work

e Signage

Artists have found precast concrete well suited for
expressions of boldness and strength in a variety of
shapes, forms, and textures, as illustrated in Fig. 1.3.1.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 1.3.1
Purdue University Water Sculpture, West 1

Lafayette, Indiana; Robert Youngman, Sculptor;
Photo: Purdue University.

The site design of a hospital includes three intaglio
art panels totaling 65 ft (19.8 m) in length (Fig. 1.3.2).
Set in a pebble garden sitting at ground level, the pan-
els frame the entry plaza and provide a background
for the tide pool garden located behind the panel. A
prominent artist from California was commissioned for
the project and spent a week in the precaster’s plant

fig. 1.3.2

Hoag Hospital Sue and Bill Gross Pavilion

Newport Beach, California; Architect: TAYLOR

Tom Van Sant, Sculptor; Photo: Michael McLane and Courtesy of
TAYLOR.
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Fig. 1.3.3(a), (b) & (c)

Metronome, One Union Square South, New York, New York;
Architect: Fredenburgh Wegierska-Mutin Architects; Kristin
Jones and Andrew Ginzel, Art Wall Designers; Photos: David
Sunberg/ESTO.

placing custom-designed foam impressions in the mold
to create the art. The foam was sandblasted away to
reveal a stunning California coastal shoreline-inspired
artwork within the sand-colored panels. The panels de-
pict shorebirds along the water’s edge, which can be
seen from the site's spectacular coastal bluff location
that overlooks the Pacific Ocean.

ARCHITECTURAL PRECAST CONCRETE
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L . Ty Fig. 1.3.4(a) & (b)
e z - Kohl Center, University of Wisconsin, Nichols-Johnson Pavilion
= Madison, Wisconsin;
-3 Architect: Hellmuth, Obata & Kassabaum, P.C. and
Heinlein and Schrock (joint venture); Photos: Steve Brock.
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The art wall sculpture serves as the main facade of bricks to those used in the art wall sculpture were used
a 27-story, mixed-use residential-retail building (Fig. for the rest of the building. The intent was to give the

1.3.3[a]). The art wall is 50 ft (15.2 m) wide by 100 appearance of the building being in motion.
ft (30.5 m) high with 36 concentric rings, with wave
spacing varying from 15 to 36 in. (380 to 910 mm),
and trough depths from 14 to 9 in. (355 to 225 mm).
The molds were handmade from full-sized, 3-D com-
puter-generated patterns to ensure compliance with
the exacting requirements (Fig. 1.3.3[b]). Over 50,000
bricks in 8 different shapes were laid concentrically in
29 unique panels weighing from 8 to 22 tons (7.2 to 20
1). Precast concrete panels proved to be the best can- Early 20th-century neoclassical commercial buildings
didate by far for the design of the undulating pattern and mass-produced cast iron office buildings inspired
of waves and rippling fluidity (Fig. 1.3.3[c]). Identical the design of the office building in Fig. 1.3.5. This

The images of basketball players were incised into the
panel surface by placing a wooden pattern in the mold
(Fig. 1.3.4[a]). The master mold concept was used; the
bulkheads and side rails were moved to give the ap-
pearance of the players coming out of the ground (Fig.
1.3.4[b]). The outer surface was sandblasted and the
incised surface was left with a smooth as-cast finish.

ra=
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1 Fig. 1.3.5
] 1501 M Street, Washington, D.C.;

Architect: Hartman-Cox Architects;
Photo: Alan Karchmer.
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fig. 1.3.6

Orlando International Air Traffic Control Tower, Orlando, Florida;
Architect: URS Corporation (Radian International);

Photo: Hensel Phelps Construction Co.

building’s exterior consists of two layers: a freestanding
screen of 175 two-story-high Doric columns and cor-
nices placed in front of a finely detailed, painted metal

ARCHITECTURAL PRECAST CONCRETE

curtain wall. The acid-washed
architectural precast concrete
column wall is self-supporting
and is tied back to the building’s
concrete structure with lateral
ties.

The aesthetic and functional
uses of precast concrete have
greatly expanded with the in-
creased development of pedes-
trian malls and plazas. Precast
concrete artwork and func-
tional sculpture, lighting stan-
dards, bollards, signage, and
fountains are frequently seen in
these areas. Planters and street
furniture are another applica-
tion of precast concrete that
has gained importance with the
proliferation of malls and pla-
zas. Street furniture can benefit
from the clean lines and variety
of textures possible with precast
concrete.

The design development of
air traffic control towers contin-
ues to evolve as taller facilities
are required to view the airport
surfaces of the nation’s larger
airports. Figure 1.3.6 is one of
the tallest towers in the United
States at 310 ft (94.5 m) from
cab floor to the first level. The
precast concrete panels of the
shaft are joined vertically with
grouted splice sleeves located on
each face of the panels. All pan-
els were shimmed and grouted
at the horizontal panel-to-panel
joint. Panel-to-panel horizon-
tal connections were also accomplished through the
use of mechanical splice sleeves. The entire exterior of
the tower (and both support buildings) were stained
with a two-color system to give the tower its signature
identity.

The structure in Fig. 1.3.7 serves as both a church bell
steeple and a cellular communications tower. Because
of the aesthetic requirements of the church, it was
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Fig. 1.3.7

All Saints Catholic Church Bell Steeple
Dunwoody, Georgia;

Architect: Slater-Paull & Associates Inc.;
Photo: Slater-Paull & Associates Inc.

PCI ARCHITECTURAL PRECAST CONCRETE 29



|

STATE-OF-THE-ART

1.3 Miscellaneous Uses of Precast Concrete

30

Fig. 1.3.8

Millennium Carillon, Naperville, Illinois; Architect: Charles
Vincent George Design Group Inc.; Photo: Charles Vincent George
Design Group Inc.

important to hide the structure’s dual function. This
concern became the prime motivation for choosing
precast concrete. All transmission cables and lightning
protection grounding systems are concealed inside of
PVC conduit, which is cast into the steeple legs. The 40
ft (12.2 m) radius curve defining the precast concrete

ARCHITECTURAL PRECAST CONCRETE

legs gives the steeple a dramatic
and monumental appearance. The
three-sided arched members that
connect the steeple legs together
are cast as one unit. Each of these
three legs consists of five precast
concrete members with a base
spread of 65 ft (19.8 m). Two hori-
zontal pieces and two arched seg-
ments are placed at intermediate
heights, for a total height of 129
ft (39.3 m).

Some major advantages of using
precast concrete for the bell tower
in Fig. 1.3.8 were ease of construc-
tion of the complex structural de-
sign and availability of complex
shapes and finish selection. Another
major advantage is that the precast
concrete walls carry the weight of
the tower down into the concrete
foundation, which rests directly
on bedrock, making it possible to
have a 160 ft (48.8 m) freestanding
carillon tower. The structural frame
is made up of three structural el-
ements working simultaneously in
conjunction with one another. The
structural steel frame, eight large
steel compression rings, and post-
tensioned precast concrete panels
are each tied to one another in al-
ternating connection sequences.

The two most dramatic features
of the garden crypt complex are the
50-ft-tall (15.2 m) precast concrete
entrance tower, with its striking
terra cotta artwork (Fig. 1.3.9[a]),
and the 75-ft-long (22.9 m) black
granite fountain which serves as a central axis through
the building and delivers the sound of falling water
throughout the entire complex (Fig. 1.3.9[b]). The
tower consists of 16 precast concrete pieces, including
concave and convex radius pieces and gable-roofed,
pediment-shaped pieces. The project also includes
thirty-four 1 ft 8 in. (0.5 m) diameter cylindrical col-
umns with curved spandrels in the central courtyard.
The finishes of the architectural precast concrete are a
medium sandblast and acid-etched finish.
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Fig. 1.3.9(a) & (b) P
All Saints Cemetery — Immaculate Heart of
Mary Mausoleum

Des Plaines, Illinois;

Architect: Mehus Studio, Ltd.;

Photos: Craig Dugan ©Hedrich Blessing.
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Most of the balustrades in Fig. 1.3.10
were cast in two-piece fiberglass forms
that opened to allow stripping of the pre-
cast concrete. Some balusters were cast
individually and then joined with the top
and bottom rails in the field to form the
desired length of balustrade. The stairs
are also precast concrete.

oz = rww s,

The main feature of the parking struc- [ e T e Db bbbk bbrre bl
ture in Fig. 1.3.11 is a 50-ft-tall (15.2 m) ; j
bookshelf on one side. The wall panels
are curved on the outside face to resem-
ble book spines sitting on a library shelf.
A photographic vinyl film is attached to
a light gauge metal sheet, which in turn
is attached to the precast concrete. The
structure’s grand stairs are also made of
precast concrete designed to look like a

Fig. 1.3.10
Millennium Park, Chicago, Illinois;
Architect: Skidmore, Owings & Merrill.

stack of books. Form liners were used to create the
look of book pages.

Sunscreens may be loadbearing, wall-supporting, or
part of cladding. They may also be freestanding when
used as dividers or fencing. Architectural sunscreens
and large solid wall panels may be used to reinforce
a strong design statement. Screens are often used to
decoratively shield the space from sunlight or to block
specific areas from public view, see page 397. They
may also serve to renovate older buildings.

Barrier walls have become popular in recent years be-
cause of the growing need to control excessive noise
pollution generated by busy airports and highways.
Using a variety of finishes and textures on the outer
surface, the barriers may be designed to blend in with
the adjacent neighborhood.

More than 200 sculptured precast concrete sound
barriers, Fig. 1.3.12, depicting wild life images from
the surrounding landscape, were installed along a

Fig. 1.3.11

Library District Parking Garage

Kansas City, Missouri;

Architect: BNIM and 360 Architecture (joint venture);
Photo: BNIM/360.
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Fig. 1.3.12

Maryland Interstate Highway 216

Howard County, Maryland;

Sculptor: Creative Design Resolutions, Inc.;
Photos: Creative Design Resolutions, Inc.
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Fig. 1.3.13

Rotunda at Carnegie Center, Charlotte, North Carolina;
Architect: LS3P Associates Ltd. formerly Clark Tribble Harris and
Li Architects, P.A.;

Photo: Rick Alexander & Associates, Inc.
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busy, one mile (1.6 km) stretch of interstate highway. In Fig. 1.3.13, a 500-ft-long (152 m) and 20-ft-high
The modular sound barriers were designed to repre- (6.1 m) precast concrete waterwall conceals the two-
sent indigenous flora and fauna, including trees, birds, level parking structure below the building. This feature
water, and landscapes. wall consists of 32 panels of gray precast concrete

vam
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Fig. 1.3.14
Millennium Park, Chicago, Illinois;
Architect: Skidmore, Owings & Merrill.

between vertical columns of cream precast concrete.
Each gray panel has a decorative relief design cast in
the abstract form of a tree with the stylized “limbs”
on each side of the “trunk” continuously sprayed by
individual horizontal water jets concealed in the cream
columns.

As a replacement for terra cotta or stone ornamenta-
tion, precast concrete is an ideal material. Impressions
can be taken of the ornaments and molds made to cast
the replacements in concrete with highly refined, intri-
cately detailed relief patterns. With sufficient repetition
to amortize initial mold-making costs, ornamental pre-
cast concrete can be economically feasible.

Precast concrete with incised lettering can be used to
produce identifying signs for parks or office develop-
ment (Fig. 1.3.14).

1.4 BENEFITS AND ADVANTAGES OF
ARCHITECTURAL PRECAST CONCRETE

When the design team works with the precaster from
the outset of a project, it is more likely that the full ben-
efits of precast concrete will be realized. As the proj-
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ect develops, the design team and
precaster can discuss panelization,
types of finishes, shapes, repetitive
use of efficient and economical build-
ing modules, structural systems, de-
livery schedule, erection procedures,
and sequencing. This time spent in
development will pay off in acceler-
ated construction time and significant
cost savings. As a result, it is essential
that the designer work with the local
architectural precast concrete pro-
ducer in the early design stages and
throughout the development of con-
tract documents. Properly implement-
ed, an early and continuing dialogue
between the designers and the pre-
caster will ensure optimum product
quality and appearance at a minimum
| installed-construction cost.

As the first and often longest-lasting impression, the
exterior of a building is its signature. But a building
envelope’s materials are more than a visual application.
Aesthetics, function, and cost play a role in achieving
a successful project. Architectural precast concrete not
only offers design freedom of architectural expression
with visually interesting shapes that are functional in
application, it contributes to durability, sustainability,
energy efficiency, and improved occupant comfort and
safety. At the same time, the plasticity of concrete al-
lows the designer to achieve a high level of detail in the
profile, scale, and character of a building that cannot be
matched by other materials due to costs.

Durability: Architectural precast concrete panels pro-
vides proven long-term durability. It provides a facade
thatis exceptionally resistant toimpact, corrosion, weath-
ering, abrasion, and other ravages of time, making it
virtually maintenance-free and resulting in preservation
of the building’s original look. The high cement contents
and low water-cement ratios used in the precasting pro-
cess, combined with proper compaction and curing in a
controlled factory environment, ensure a dense, highly
durable concrete. A low water-cement ratio concrete
has been proven to resist weathering and corrosion. Air-
entrainment is used to improve freezing and thawing
resistance, particularly in severe environments.

Aesthetics: Architects find that precast concrete pan-
els provide an unlimited vocabulary that allows design
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concepts to be executed in a broad range of architectur-
al styles, shapes, and sizes. The material offers limitless
potential for developing and manipulating mass, color,
form, texture, and detail to obtain simple, clean shapes
that enhance an image of strength with aesthetic beau-
ty. Different aggregates, color tones, textures, and pat-
terns can be designed for each building in a complex
to differentiate them. The initial plasticity of precast
concrete makes it responsive to the designer’s creative
needs. Precast concrete mold-building techniques allow
designers to enhance a building’s visual interest through
elements such as ribs, bullnoses, reveals, chamfers, or
textures. Designers can economically incorporate details
such as cornices, quoins, arches, and decorative relief
panels. In addition to these benefits, the ability to ma-
nipulate color, form, and texture make precast concrete
an excellent material to consider in situations where
the relationship of a building to its existing context is
an important design consideration. Precast concrete can
be designed to harmonize with and complement other
materials. Natural stone, brick, tile, or terra cotta can be
cast into panels allowing designers even more choices
for panel finishes. Precast concrete can also replicate
the color and finish of a wide variety of costly facing
materials.

Commitment to Quality: Architectural precast con-
crete units produced by PCI-Certified plants are manu-
factured under strict, factory-controlled conditions to
an agreed production schedule ensuring a uniformly
high-quality facade in the desired shapes, colors, and
textures. To become PCl Certified, producers must sat-
isfy an array of production, administrative, and organi-
zational procedures along with close tolerances unique

to precast concrete. To maintain certification, every PCl
member must undergo stringent unannounced inspec-
tions each year by independent auditors. It is strongly
recommended that PCI Certification be a requirement
for the award of the precast contract to help maximize
the quality of the finished product. This requirement
may minimize the need for continuous inspections by
the owner.

Life Cycle Cost: The life cycle cost of the structure is
another area where architectural precast concrete ex-
hibits superior performance. A precast concrete facade
can be designed to match the intended life of a building
with minimal maintenance, providing substantial long-
term savings. Precast concrete panels present a durable,
aesthetically pleasing exterior surface that is virtually air
and watertight and does not require painting. This helps
the building remain in first-class condition ensuring its
desirability for future tenants or owners.

Initial Cost: Precast concrete’s speed of erection and
ability to be cast and erected year-round aids the entire
construction team. Because the casting process does not
rely on other critical-path activities to begin, units can be
produced as soon as drawings are approved, ensuring
units are ready for erection as soon as foundation work
or supporting structure is completed (Fig. 1.4.1). These
advantages allow the building’s shell, whether loadbear-
ing or cladding, to be enclosed quickly. This in turn al-
lows interior trades to begin work earlier and compresses
the overall building schedule. Faster completion reduces
interim financing and construction management costs,
results in earlier cash flows, and produces other eco-
nomic benefits. This ultimately lowers the building’s

SCHEDULE

Commitment to Precaster

Fig. 1.4.1 Architectural Precast Concrete Cladding Project Schedule
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Event/Task
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Sample Approval

Design Development

Shop Drawings
Shape & Layout Drawings
Approval

Erection Drawings

Approval

Production Drawings

Mold Fabrication

Panel Fabrication

Panel Installation

Note: Schedule durations are for illustration only.
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long-term overall cost and can make the use of precast
concrete more economical than other facade materials.
Loadbearing panels can further reduce framing costs
by providing a column-free perimeter. Depending on
the floor plan, there also is a potential for reducing the
number and/or size of interior columns, thereby aiding
layout flexibility. This results in a more efficient and less
costly construction. Cost savings of loadbearing panels
are greatest for low to mid-rise structures of three to ten
stories with a large ratio of wall-to-floor area.

Energy Efficiency: Precast concrete panels can be de-
signed to provide a high degree of energy efficiency for
the buildings they enclose. Recessed window walls, ver-
tical fins, and various other sculptured shapes facilitate
the design of many types of shading devices for window
areas to reduce glare and solar gain. This provides econ-
omies in the cost of the air-conditioning system by re-
ducing thermal load. Specific thermal characteristics of
the wall can be designed for each face of the structure
to suit its sun orientation. To reduce heating and cool-
ing costs, precast concrete walls may either have insula-
tion field applied to their backs, or incorporated at the
plant to create sandwich wall panels. The thermal mass
inertia of concrete, which is recognized in American
Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE) standards, also reduces peak heat-
ing and cooling loads, thus saving energy year-round
by reducing large daily temperature swings. In addition,
precast concrete construction allows minimal air infiltra-
tion or exfiltration, reducing the potential for moisture
problems due to moist air migrating into a wall and
building.

Other Inherent Benefits: Architectural precast con-
crete is non-combustible with inherent fire resistant ca-
pabilities, creating a safe building envelope that helps
protect personnel, equipment, and the building itself.
That in turn reduces insurance rates. It also eliminates
the need and cost of additional fireproofing mea-
sures, except when used as cladding on structural steel
frames.

Environmental Impact: The inherent sound attenua-
tion properties, due to precast concrete’s mass, provide
an economical acoustical barrier to exterior and interior
noise penetration. These precast concrete panel attri-
butes enhance their inherent cost effectiveness. The life-
safety and tenant benefits provide a potent marketing
asset when attracting long-term occupants.

Precast concrete is an environmentally sound material,
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produced from natural materials. No toxic substances
are generated in use. Precast concrete uses by-products
from other industries that previously were landfill items.
Steel reinforcing bars are made from recycled automo-
bile bodies and other recycled steel parts. Admixtures
used to control flowability and increase durability use
by-products from paper, aluminum, coal, and steel
plants in their manufacture. Also, the production en-
ergy consumption of the concrete is quite small. Precast
concrete construction allows minimal air infiltration;
thermal mass of concrete delays internal temperature
changes and reduces peak heating and cooling loads;
and sculptured shapes facilitate the design of shading
devices for window areas.

Precast concrete has the added quality of reflecting
heat as well as light, thus reducing the “heat island”
effect and higher temperatures common in urban ar-
eas. The resulting lower overall temperatures can make
a difference in the amount of electricity consumed in air
conditioning and can reduce smog formation, poten-
tially improving air quality in urban areas.

Precast concrete wall panels can be reused when build-
ings are expanded. Non-loadbearing panels on the end
are simply disconnected from the framing and addition-
al panels and framing are added on each side. With the
new addition in place, the end panels can be replaced.
Concrete measures up well in regard to sustainabil-
ity. Precast concrete strikes a perfect balance between
meeting today’s needs and preserving natural resources
for tomorrow.

Single-Source Provider: Precast concrete cladding
panels provide a one-source solution for supplying the
exterior wall system. When precast concrete structural
floors along with loadbearing panels are specified, the
complete building shell can be supplied by one certi-
fied producer. This single-source solution ensures that
the complete responsibility and accuracy for satisfy-
ing the design specifications rests with only one sup-
plier. The precaster also is responsible for coordinating
manufacturing and constructability issues, reducing the
number of subcontractors, and minimizing cost. Also,
the producer’s staff of engineers are available to assist
the design team from design conception through com-
pleted project.

Supplier Assistance: PC| Certified precasters can of-
fer detailed expertise that allows the development of
design techniques, engineering innovations, and sched-
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uling improvements that save time and money from con-
ceptual design to project completion. To maximize these
benefits, the design team should interact and partner
with the precaster early in the project’s development
stage. This ensures that each element is as cost effective
as possible, taking full advantage of precast concrete’s
inherent performance characteristics. The result will be a
functionally efficient and aesthetically pleasing structure
that meets or exceeds the project’s needs.

1.5 QUALITY ASSURANCE AND
CERTIFICATION PROGRAMS

Quality assurance and plant certification are impor-
tant items in the prefabrication process. This program
responds to an ever-increasing demand from the mar-
ketplace for quality products and services.

The owner or architect must be confident that materi-
als, methods, products, and the producer’s quality con-
trol prodedures meet the requirements of the project.
This assurance is available by requiring in the project
specification that:

1. The precaster facility be certified by the PCI Plant
Certification Program;

2. The precaster have personnel certified in the ap-
propriate levels of the PCI Plant Quality Personnel
Certification Program; and

3. The precast concrete erector be certified by the PCl
Field Certification Program or the precaster have a
qualified person to oversee the work of the erector.

Certification of precast concrete production facilities
means that an independent inspection body has con-
firmed the plant has the capability to produce quality
products and the in-house quality control system func-
tions efficiently.

1.5.1 Plant Certification Program

Producers registered under the PCl Plant Certification
Program in Product Group A have demonstrated that
their processes for production and quality assurance
meet or exceed industry-wide standards based on the
PCl Manual for Quality Control for Plants and Production
of Architectural Precast Concrete Products (MNL-117).
Product Group A has two categories: A1 for major,
primary architectural panels and products; and AT for
miscellaneous architectural trim elements. Plants must
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maintain a comprehensive, documented, and approved
quality system that is present in every aspect of their busi-
ness. Each certified plant conducts a formal quality con-
trol program with a trained, permanent quality control
staff. The staff must meet the current requirements of
the PCI Quality Control Personnel Certification Program.
Conformance to the nationally accepted requirements
is determined by a minimum of two audits per year.
All audits are unannounced and most are two days in
length. The audits are conducted by specially trained
personnel employed by a national structural consulting
engineering firm under contract to PCl and accredited
by International Accreditation Service Inc. (IAS).

Audits cover all phases of production including shop
drawings, materials, production methods, product han-
dling and storage, appearance, testing, record keeping,
quality control, personnel training, and safety practices.
Failure to maintain a production plant at or above re-
quired standards results in loss of certification. A cur-
rent listing of plants holding certification is published a
minimum of four times each year and may be obtained
by calling PCl or by visiting the PCI website at www.pci.
org.

Care should be exercised in evaluating the effective-
ness of other certification programs. Criteria should
include:

1. Unannounced audits. They are fundamental to the
program.

2. The auditor should be recognized as experienced in
the field of precast and prestressed concrete.

3. The auditor should have particular experience with
the products and production methods involved.

4. The auditor should be independent and not hired
by the general contractor/construction manager or
precaster.

5. The program should be based on the industry-ap-
proved and nationally recognized quality standards.

6. The auditor should view the entire fabrication
cycle.

7. The program should be executed by a single audit-
ing agency that ensures uniformity for all-size com-
panies throughout the United States.

8. The program and auditing agency should be rec-
ognized by major public and private agencies and
organizations.
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1.5.2 Plant Quality Personnel
Certification

Conducting an effective quality control program re-
quires knowledgeable and motivated testing and in-
spection personnel. Each must understand quality ba-
sics, the necessity for quality control, how products are
manufactured, and precisely how to conduct tests and
inspections. PCl has been training quality control per-
sonnel since 1974. There are three levels of Plant Quality
Personnel Certification.

Plant Quality Personnel Certification, Level I
requires a basic level of understanding of the many qual-
ity control issues normally encountered in a precast con-
crete plant. It also requires current certification by the
American Concrete Institute (ACI) Concrete Field Testing
Technician Program, Grade 1. A candidate must have at
least six months of industry experience.

Plant Quality Personnel Certification, Level I
requires Level | as a prerequisite. Other requirements for
Level llinclude demonstration of a greater level of knowl-
edge of the topics for Level |, as well as at least one year
of industry experience. Certification at Levels | and Il is
accomplished by passing a written examination.

Plant Quality Personnel Certification, Level Il pro-
vides significant instruction in concrete materials and
technology. Certification at this level requires Level Il as
a prerequisite. The candidate must have two years of
industry experience or equivalent.

1.5.3 Field Certification Program

The Field Certification Program extends PCI quality assur-
ance from fabrication (plant certification) to field installa-
tion. It has been found that participation in the program is
highly beneficial in improving the quality of the installation
and the safety and efficiency of the installation crews.

The PCI Field Certification Program confirms the capability
of producer-erectors and independent erectors of precast
concrete structures to handle and install precast concrete
units in compliance with established industry standards.
Specifying a PCI Qualified or Certified Erector or precaster
with Certified Field Auditors (CFA) ensures the project speci-
fier and owner that the erector has met the rigorous re-
quirements of the PCl Field Certification Program.

An erector may be qualified or certified in up to three
categories:

A — Architectural Systems (non-loadbearing cladding)
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S1-Simple Structural Systems (horizontal decking
members, single-lift walls)

$2 — Complex Structural Systems (category S1 plus all
other structural products, including loadbearing ar-
chitectural units)

Under the PCI Field Certification Program, field audits
of erecting crews are conducted by PCl-Certified Field
Auditors (CFAs) and audits of organizational administra-
tive controls related to erection projects are conducted
by PCl-Certified Company Auditors. The auditing crite-
ria are based on the industry’s quality, procedural, and
safety standards as presented in PC/ Erectors Manual
— Standards and Guidelines for the Erection of Precast
Concrete Products (MNL-127); and PCl Erection Safety
for Precast and Prestressed Concrete (MNL-132). Audits
are conducted semi-annually on all of the erector’s pri-
mary crews and cover all phases of the erection pro-
cess including pre-construction planning, practices and
procedures, equipment, safety, erection tolerances, and
quality control. At least one of the two annual field au-
dits for each crew must be performed by a CFA who
works for a company independent of the erectors. In
addition, an annual company audit must be passed
certifying the company’s managerial and administrative
ability to meet the required standards. Failure to main-
tain work at or above required standards results in man-
datory loss of PCl Qualified or Certified Erector status.
A current list of PCI Qualified and Certified Erectors is
published a minimum of four times each year or may be
obtained by visiting the PCl website at www.pci.org.

1.6 DEFINITIONS

Admixture is a material other than water, aggregates,
or cement used as an ingredient of concrete or grout
to impart special characteristics. These are usually em-
ployed in very small amounts.

Air-Entraining admixture is a chemical added to the
concrete for the purpose of providing minute bubbles of
air to the concrete during mixing to improve the durabil-
ity of concrete exposed to cyclical freezing and thawing
in the presence of moisture.

Approval is an action with respect to shop drawings,
samples, and other data that the general contractor
or construction manager is required to submit. When
used in this context, approval is only for general confor-
mance with the design requirements and compliance
with the information given in the contract documents.
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Such action does not extend to means, methods, tech-
nigues, sequences, or procedures of construction, or
to safety precautions and programs incident thereto,
unless specifically required in the contract documents.

Architectural precast concrete refers to any precast
concrete unit with a specified standard of uniform ap-
pearance, surface details, color, and texture. It is either
a special or occasionally standard shape that through
application or finish, shape, color, or texture contrib-
utes to the architectural form and finished effect of
the structure; units may be part of the structural frame
or non-structural cladding and may be conventionally
reinforced or prestressed.

Backup mixture is the concrete mixture cast into the
mold after the face mixture has been placed and con-
solidated. It is a less expensive mixture than the face
mixture.

Bond breaker is a substance placed on a material to
prevent it from bonding to the concrete, or between a
face material, such as natural stone, and the concrete
backup.

Bugholes are small holes on formed concrete surfaces
created by entrapped air or water bubbles.

Bulkhead is a partition in formwork blocking fresh
concrete from a section of the mold or the end of a
mold that establishes the length of a precast concrete
unit.

Cladding (non-loadbearing panel) is a wall unit that
resists wind, seismic, or blast loads and its own weight
and is attached to the structural frame. In many appli-
cations, it supports glazing systems.

Clearance is the interface space (distance) between two
items. Normally, it is specified to allow for product and
erection tolerances and for anticipated movement.

Connections are a structural assembly or component
that transfers forces from one precast concrete mem-
ber to another, or from one precast concrete member
to another type of structural member.

Construction Manager (CM) is a person or firm en-
gaged by the owner to manage and administer the
construction.

Contract documents are the design drawings and speci-
fications, as well as general and supplementary conditions
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and addenda, that define the construction and the terms
and conditions for performing the work. These docu-
ments are incorporated by reference into the contract.

Cover is the distance between the surface of the rein-
forcement and the nearest concrete surface.

Crazing is a network of fine cracks in random direc-
tions breaking the exposed face of a panel into areas
from '/, to 3'in. (6 to 75 mm) across.

Creep (or plastic flow) is the time-dependent deforma-
tion of steel or concrete due to sustained load.

Dap is the blocked out section at the support end of a
beam or floor and roof member.

Design (as a transitive verb) The process of apply-
ing the principles of structural mechanics and materi-
als science, and interpreting code regulations to deter-
mine the geometry, composition, and arrangement of
members and their connections in order to establish
the composition and configuration of a structure.

Design team is persons or firms engaged by the owner
or owner’s representative to perform the architectural
and structural design for the structure and/or to provide
services during the construction process.

Designer (prime consultant) is the architect, engineer,
or other professional responsible for the design of the
building or structure of which the precast concrete
forms a part.

Draft is the slope of concrete surface in relation to
the direction in which the precast concrete element is
withdrawn from the mold; it is provided to facilitate
stripping with a minimum of mold breakdown.

Drift is the lateral deflection of one level at its center
of mass at and above that level. It is the difference
in predicted movement of the structure between two
adjacent stories under lateral loads.

Engineer of record (EOR) is the registered profes-
sional engineer (or architect) who is responsible for
developing the design drawings and specifications
in such a manner as to meet the applicable require-
ments of governing state laws and of local building
authorties. The EOR is commonly identified by the pro-
fessional engineer’s seal on the design drawings and
specifications.

Envelope mold is a box mold where all sides remain
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in place during the entire casting and stripping cycle.

Erector is usually the subcontractor who erects the
precast concrete components at the site. The general
contractor may also be the erector.

Exposed aggregate concrete is concrete with the
aggregates exposed by surface treatment. Different
degrees of exposure are defined as follows:

Light exposure — Only the surface skin of cement
and sand is removed, just sufficiently to expose the
edges of the closest coarse aggregate.

Medium exposure — A further removal of cement
and sand to cause the coarse aggregate to visually
appear approximately equal in area to the matrix.

Deep exposure — Cement and sand have been
removed from the surface so that the coarse aggre-
gate becomes the major surface feature.

Face mixture is the concrete at the exposed face of
a precast concrete unit used for specific appearance
reasons.

False joint is scoring on the face of a precast concrete
unit; it is used for aesthetic or weathering purposes
and normally made to simulate an actual joint (see also
Reveal).

Form see Mold.

Gap-graded aggregate is a mixture with one or more
normal aggregate sizes eliminated and/or with a heavi-
er concentration of certain aggregate sizes over and
above standard gradation limits. It is used to obtain a
specific, more uniform exposed aggregate finish.

General Contractor (GC) is a person or firm engaged
by the owner to construct all or part of the project.
The general contractor supervises the work of its
subcontractors and coordinates the work with other
contractors.

Hardware is a collective term applied to items used in
connecting precast concrete units or attaching or ac-
commodating adjacent materials or equipment. Hard-
ware is normally divided into five categories:

Field or contractor's hardware—Iltems to be
placed on or in the structure in order to receive the
precast concrete units, such as anchor bolts, angles,
or plates with suitable anchors.
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Plant hardware—Items to be embedded in the
precast concrete units themselves, either for con-
nections and precast concrete erector’s work, or for
other trades.

Field installed pre-erection hardware—Miscel-
laneous loose steel pre-welded or pre-bolted to the
structure.

Erection hardware—All loose hardware necessary
for the installation of the precast concrete units.

Accessory hardware—Items to be cast into the
precast concrete units, designed and supplied by
the trade requiring them.

Homogeneous mixture is a uniform concrete mix-
ture used throughout a precast concrete element.

Inserts are connecting or handling devices cast into
precast concrete units.

Loadbearing precast concrete units are those pre-
cast concrete units that form an integral part of the
structure and resist and transfer loads applied from
other elements. Therefore, a loadbearing member
cannot be removed without affecting the strength or
stability of the structure.

Master mold is a mold that allows a maximum num-
ber of casts per project. Units cast in such molds need
not be identical provided the changes in the units
can be accomplished simply as pre-engineered mold
modifications.

Matrix is the portion of the concrete mixture contain-
ing only the cement and fine aggregate (sand); it binds
the coarse aggregate.

Mold is the container or surface against which fresh
concrete is cast to give it a desired shape; it is some-
times used interchangeably with “form.” (The term is
used in this manual for custom-made forms for specific
projects while the term “form” is associated with stan-
dard forms or forms of standard cross-section.)

Optimum quality is the level of quality (in terms of
appearance, strength, and durability) that is appropri-
ate for the specific product, its particular application,
and its expected performance requirements. Quality
also refers to the totality of features and characteristics
of a product that bear on its ability to satisfy stated
needs. Realistic cost estimates for producing the pre-
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cast concrete units within stated tolerances are factors
which must be considered in determining this level.

Non-Loadbearing precast concrete units see
Cladding.

Precaster is the firm that manufactures the precast
concrete components.

Precast engineer is the person or firm who designs
precast concrete members for specified loads and who
may also direct the preparation of the shop drawings.
The precast engineer may be employed by the precast-
er or be an independent person or firm to whom the
precaster subcontracts the work.

Prestressed concrete is concrete in which permanent
internal stresses have been induced by forces caused
by tensioned steel. This may be accomplished by:

Pretensioning—The method of prestressing in
which the tendons (prestressing steel) are tensioned
(elongated) and then anchored while the concrete
in the member is cast around the tendons, and re-
leased when the concrete is strong enough to re-
ceive the forces from the tendon through bond.

Post-tensioning—The method of prestressing in
which the tendons (prestressing steel) are kept from
bonding to the fresh (wet) concrete, then elongated
and anchored directly against the hardened con-
crete, imparting stresses through end bearing.

Quality assurance (QA) is all those planned or sys-
tematic actions necessary to ensure that the final prod-
uct or service will satisfy given requirements for quality
and performance of the intended function. Typically,
the quality assurance effort will focus on the require-
ments of the overall project, thus identifying the qual-
ity control requirements for member fabrication.

Quality control (QC) is those planned actions that
provide a means to measure and control the charac-
teristics of members and materials to predetermined
quantitative criteria.

Quirk miter s a corner formed by two chamfered mem-
bers to eliminate sharp corners and ease alignment.

Retarder, surface is a chemical applied to the mold
surface, used to retard or delay the hardening of the
cement paste on a concrete surface within a time peri-
od and to a depth to facilitate removal of this paste af-
ter the concrete element is otherwise cured (a method
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for producing exposed aggregate finish).

Return is a projection of like cross-section that is 90
degrees to, or splayed from, the main face or plane
of view.

Reveal is a groove (rustication) in a panel face general-
ly used to create a desired architectural effect. It is also
the projection of the coarse aggregate in an exposed
aggregate finish from the matrix after exposure.

Rustication see Reveal.

Samples are a group of units, or portion of material,
taken from a larger collection of units or quantity of
material, which serves to provide information that can
be used as a basis for action on the larger quantity or
on the production process; the term is also used in the
sense of a sample of observations.

Design reference samples are usually small speci-
mens, 12 x 12 in. (300 x 300 mm), made by the
precast concrete plant laboratory to provide the
designer with early conceptual ideas of color and
texture.

Bid reference samples are normally small speci-
mens, 12 x 12 in. (300 x 300 mm), made by a pro-
ducer to show the designer what can be made lo-
cally and is used as a basis for the producer’s bid.

Selection samples are larger than bid reference
samples and are made by the successful producer
before casting any units; they become the basis
for accepting the appearance of finishes. (Full-size
production run elements are then approved and be-
come the final standard for acceptance.)

Sandwich wall panel is a wall panel consisting of two
layers (wythes) of concrete fully or partly separated by
a layer of insulation.

Sealants are flexible materials used to seal joints be-
tween precast concrete units and between such units
and adjacent materials.

Sealers or protective coatings are clear chemical
compounds applied to the surface of precast concrete
units for the purpose of improving weathering quali-
ties or reducing water absorption.

Set-up is the process of preparing molds for casting
including installation of materials (reinforcement and
hardware) prior to the actual placing of concrete.

ram
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1.6 Definitions

Sequential casting see Two-stage precasting.

Shear wall is a wall designed to transfer lateral forces
acting parallel to the face of the wall, from the super-
structure to the foundation.

Shop drawings are graphic diagrams of precast con-
crete units and their connecting hardware, developed
from information in the contract documents. They
show information needed for both field assembly
(erection) and manufacture (production) of the precast
concrete. They are normally divided into:

Erection drawings—All drawings used to define
the shape, location, connections, joint treatment,
and interfacing with other materials for all precast
concrete units within a given project. Special han-
dling instructions and information for other trades
and the general contractor are also shown.

Anchor setting or contractor’s setting drawings
—Giving the location of all anchoring hardware cast
into or fastened to the building or structure.

Production drawings—The actual detail drawings
necessary for production of the precast concrete
units. Such drawings may be set-up drawings or re-
inforcement and hardware drawings. They should
completely define all finish requirements and include
details of all materials used in the finished precast
concrete units. They are normally not submitted for
approval.

Shrinkage is the volume change in precast concrete
units caused by drying that normally occurs during the
curing and initial life of concrete members.

Side rail is the removable side of a mold.

Strongback is a temporary structural beam or truss
attached to the back of a precast concrete member
to stiffen or reinforce it during shipping and handling
operations.

Structural precast concrete products are units nor-
mally produced in standard shapes that carry dead and

PCI

live load or another units weight. Architectural treat-
ments may be provided on the surfaces of these struc-
tural elements, and these should be specially listed in
Contract Documents. Quality assurance for structural
precast and structural precast with an architectural
finish is defined in PCI Manual for Quality Control for
Plants and Production of Structural Precast Concrete
Products (MNL-116).

Thermal movement is the volume change in precast
concrete units caused by temperature variations.

Tolerances are (a) the permitted variation from a ba-
sic dimension or quantity, as in the length or width
of a member; (b) the range of variation permitted in
maintaining a basic dimension, as in an alignment
tolerance; and (c) a permitted variation from location
or alignment. There is no intent to split tolerances be-
tween structural and architectural tolerances on the
basis of finish or color. Finish and color are separate
issues related to project aesthetic requirements.

Tooling refers to most of the manufacturing and ser-
vice processes preceding the actual set-up and casting
operations.

Two-stage precasting is the casting of large or steep
returns as separate pieces to achieve matching high-
quality finishes on all exposed faces and then joining
the separate pieces with dry joints to allow the sepa-
rate castings to appear and perform as one homoge-
neous unit.

Unit (member, element) in this document, a precast
concrete piece, or component.

Weatherproofing is the process of protecting all
joints and openings from the penetration of moisture
and wind.

Weather sealing is the process of treating wall areas
for improved weathering properties; see also Sealers.

Wythe is a continuous vertical section of wall tied to its
adjacent vertical element (part of a composite wall).

ARCHITECTURAL PRECAST CONCRETE
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Juarez Complex

Mexico, D.F., Mexico;

Architect: Legorreta + Legorreta;

Photo: José Ignacio Gonzdlez Manterola.



2.1 GENERAL COST FACTORS

The structures reviewed in Section 1.2 illustrate the
wide range of projects utilizing architectural precast
concrete. During the conceptual stage the designer
must consider the cost implications of material selec-
tions, textures, surface geometries, cross-sections, piece
sizes, unit repetition, and erection methods. The varia-
tions in scope, complexity, and detailing make it dif-
ficult to provide accurate cost information for a project
in terms of price per square foot (m?) of wall area prior
to completion of the design concept.

After a design has advanced to the schematic stage,
and the general shapes, colors, and finishes have
been defined, more accurate cost estimates can be
provided. Until this stage is reached, architects are
encouraged to seek the advice of precasters and
consultants. Selected guidelines regarding cost of
architectural precast concrete are included in this chap-
ter for further assistance.

The architect who desires a more detailed under-
standing of the cost factors involved in precast con-
crete construction is advised to study both Surface
Aesthetics in Chapter 3 and Design in Chapter 4.
Many of the recommendations in these chapters are, in
the final analysis, based upon considerations of econ-
omy. Chapter 6, dealing with Guide Specifications,
will highlight the items that should be included in the
specifications in order to define the optimum quality
for a specific project. This in turn should
help in obtaining accurate proposals from
potential bidders.

The nature of precast concrete is such
that nearly anything that can be drawn,
structurally designed, and readily trans-
ported can be constructed. To do this
within reasonable and stated cost limits
requires careful consideration of design
and detailing. Several cost factors influ-
encing architectural precast concrete are

Fig. 2.1.1

Olin Library, Kenyon College, Gambier, Ohio;
Architect: Shepley Bulfinch Richardson and Abbott;
Photo: Nick Wheeler/Wheeler Photographics.
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interdependent on each other. For example, a cost-ef-
ficient sculptured or intricate design may be achieved
within a limited budget by selecting economical con-
crete mixtures and finishes combined with repetitive
units and efficient production and erection details.

The small college library shown in Fig. 2.1.1 is clad in
exposed aggregate architectural precast concrete. The
smooth horizontal banding and window trim detailing
contrasts with the rough texture of the exposed ag-
gregate facing. The effect achieved is similar to that of
the molded stone banding contrasting with the rough
cut stone on many of the surrounding older campus
buildings. Use of repetition made the precast concrete
panels more cost effective than cut stone.

Repetition in panel design is also the key to achieving
quality and economy in the design of walls. During the
design stage, the exterior walls of a typical office build-
ing can be analyzed at three basic locations:

(1) At lower level floors, normally the ground floor
and mezzanine are where significant architectural
expression and detailing will occur;

(2) At all typical floors where repetition of panel size,
shape, and finish occur; and

(3) At the top floor, parapet, mechanical floors,
and penthouse, where there is a likelihood of
increased panel length and often absence of win-
dow openings.

O
D
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A cost breakdown of these three locations will usu-
ally illustrate that the lowest wall square foot cost is for
those on the typical floors because of the volume and
repetition. If the unit cost of either location 1 or 3 ap-
pears expensive in relation to location 2, a review may
be useful, unless the areas involved are insignificant in
relation to the overall area of the building. The elements
which may be considered in such a review of locations
1 and 3 follows:

Walls for lower level floor(s)

The optimum solution for a ground floor would be a
design that allows the precast concrete units to be cast
in the same master mold as contemplated for the typi-
cal floors. This holds true even with the larger openings,
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doors, or entrance areas normally required for such a
floor. The illustration in Fig. 2.1.2 is a good example of
this. This convention hotel has a 7-story podium and a
27-story hotel tower. An important design criteria was
to create an image for the building compatible with
the highly textured and detailed finishes on adjacent
landmark buildings. Panel configuration varied from
column/lintel “stick” construction and framed flat
panels at the building podium public spaces to single
and double flat panels with openings for field-installed
windows. Typical window panels are horizontal, dou-
ble openings at the flat tower face and vertical, double
openings at the curved turrets with false joints in each
panel to create the appearance of stone construction
and uniformity of panel sizes. Panels were configured
to the maximum size that could be transported by
semi-trailer and to the maximum weight that could be
hoisted by crane.

If the ground floor design does not lend itself to the
master mold concept in relation to typical floors, it is of-
ten the simplest solution to use precast concrete solely
as cladding consisting of flat sections with returns only
as necessary. One flat mold can be the master mold
and modifications can be obtained by relatively simple
adjustment of bulkheads. Flat panels may also be eco-
nomical because the layout of a ground floor often
precludes much repetition.

A cladding solution with flat panels and minimum re-
turns may lead to numerous, and fairly small, panels
contradicting later recommendations in this manual.
Smaller flat units in large numbers may still be more
economical than larger units with little repetition
and high tooling costs. Erection of the larger num-
ber of units may be partially offset by the use of small
cranes or forklifts, which are often adequate for lower
elevations.

A cladding solution for a ground-floor level design
often allows the choice of more expensive finishes for
this area only. Consideration should be given at the
ground-floor to the proximity of the units to pedestri-
an traffic. In some cases accumulation of snow or dirt
against ground-floor panels may influence choice of
finish such as natural stone veneer-faced precast con-
crete, because ease of cleaning becomes an important
factor. The finish requirements for the typical floors

Fig. 2.1.2 Sheraton Chicago Hotel & Towers, Chicago, Illinois;
Architect: Solomon Cordwell Buenz & Associates Inc.;
Photo: Jim Hedrich ©Hedrich Blessing.
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Mechanical Floors

Typical Floors

—

Mechanical Floors

Typical Floors

Ground/mezzanine
floors

| Fig. 2.1.3
Colony Square
Atlanta, Georgia;
Architect: Jova/Daniels/Busby Inc.;
Photo: Jova/Daniels/Busby Inc.
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may be less demanding, suggesting a different finish, utilization of molds being used on the rest of the proj-
provided the combination is aesthetically pleasing or ect. The top floor is not the place to use excessively

has a logical separation.

Walls for top floor(s)

The architect should balance the shape and size re-

large units unless the design and budget warrant the
additional crane cost. Figure 2.1.3 illustrates the use
of units that are narrower in width than those of the
lower floors.

quirements for the top floor panels with a reasonable
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Fig. 2.1.4(a), (b) & (c)

Crescent VIII Office Building
Denver, Colorado;

Architect: Barber Architecture;
Photos (b&c) LaCasse Photography.

The project in Fig. 2.1.4 shows an application of
some of the major points made in this chapter. The
center bay of the building contains stairs, special ser-
vice areas, and an elevator core (Fig. 2.1.4[a]). The core
was designed to transmit all horizontal loads to the
foundation. The use of integrated, loadbearing archi-
tectural precast spandrels and a precast concrete core
facilitated a tight construction schedule. The total pre-
cast concrete structure was erected in only eight weeks
with two cranes. The horizontal mass of the building
is broken by expressed vertical pilasters (Fig. 2.1.4[b]),
which break the building into a series of regular bays,
highlighted by granite and concrete accent medallions.
Details such as reveals and medallions also help to re-
duce the building’s scale and offer visual interest at the
pedestrian level (Fig. 2.1.4[c]). The architect wanted to
maximize the window space while also maintaining a
heavier, substantial wall form. This was achieved with
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the detailing and implication of the beam-column look The architect’s challenge for the projectin Fig. 2.1.5(a)
of the precast concrete panels. was to come up with an exterior building skin for a
vam
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the architect and own-
er to develop a very
detailed, typical self-
supporting wall panel
10 ft 3 m) wide x
34 ft (10.4 m) high.
Great care was taken
to build a mold that
could be used over
and over again, but
would give the proj-
ect a wonderful sense
of detail and richness
(Fig. 2.1.5[b] and [c]).
Because of the repeti-
tive nature of the pan-

_ g els and their ease of
Fig. 2.1.5(a), (b), (c) installation, the pre-
Shannon Oaks

cast concrete system
ended up costing less
than brick and steel

Cary, North Carolina;
Architect: Cline Davis Architects PA; Photos: Cline Design Associates.
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new two-story, 50,000 ft? (4600 m?) commercial of-

I
fice building that captured the essence of Neo-French
Classical architecture while staying within a fixed mar- Typical Full Width Panel Half Width Panel  Typical Corner
ket rate cost for this type of structure. The precaster
was brought in at an early design stage to work with

[
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Fig. 2.1.5(c) Precast panel elevations and plan details.
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construction. The result of using this architectural pre-
cast concrete system was a beautifully detailed Class
A office building that was 90% leased within four
months.

Coordinated design, complete dimensioning, and clear
specifications (see Chapter 6) are also important factors in
obtaining optimum quality and economy using architec-
tural precast concrete. In the preparation of the contract
documents, the selection and description of materials
and performance requirements should be clearly stated.
They should not be left open to variable interpretations,
however nor should they be overly restrictive.

The contract documents should make reference
to the PCl Manual for Quality Control for Plants and
Production of Architectural Precast Concrete Products
(MNL-117), which includes Category A-1 certification
of the production facility, as the industry guideline for
production of architectural precast concrete elements.
Exceptions to this standard or specific requirements
should be clearly set forth in the contract documents.

2.2 DESIGN ECONOMY

Understanding architectural precast costs is essen-
tial to designing affordable facades that enhance the
overall building design while meeting the owner’s bud-
get. Understanding the architectural precast concrete
manufacturing process can help achieve design goals
and control costs.

During a project’s conceptual stage, the designer has
many variables to consider that affect precast concrete
cost. A local precaster can assist with preliminary de-
sign and budget estimating early in the project’s design
phase. Piece size and repetition typically have the most
significant cost impacts. In addition, material selection,
textures, surface geometry, cross-section, erection de-
tails, jobsite access conditions, and connections can
affect cost. The custom, sculptured designs that are
possible with precast concrete may be achieved within
a limited budget by selecting appropriate aggregates
and textures combined with repetitive units and effi-
cient production and erection details. Input from the
precaster can be beneficial in developing options for
creating an economical design that also satisfies the
designer’s aesthetic requirements.

During preliminary design, a precast concrete project
can be preliminarly budgeted on a square-foot (m?) ba-
sis. Although this provides a starting point, it is recom-

ARCHITECTURAL PRECAST CONCRETE

mended that the designer seek additional estimating
assistance from a precaster. Working with a precaster
on a specific project will help determine a final budget
that is more accurate than a ballpark price per square
foot (m?). A cost per square foot (m?) can be mislead-
ing to general contractors and architects because
square foot (m?) quantities are calculated differently
from precaster to precaster depending on the take-off
procedures. Also, total work scope requirements such
as site restrictions, work scope inclusions, and detail
manufacturing requirements are initially unknown.

Budget pricing from local precasters, submitted in
writing and including assumptions, will aid design ef-
forts from schematic design through final contract doc-
uments. As a project evolves from preliminary sketches
through working drawings, the precaster(s) should be
informed of all changes.

Pricing accuracy depends on the information provided
to the precaster’s estimator. This discussion on design
economy uses square foot (m?) prices to describe a de-
signer’s precast concrete options. All prices are for rela-
tive comparison only and should not be used to make
decisions for individual projects.

The design and detailing of the precast concrete units
should reflect good production concepts. Consultation
with a precaster at an early stage will be helpful. The
designer needs to define the shape of the units and
their appearance.

2.2.1 Repetition

A key element to cost-effective production is minimiz-
ing the number of molds and mold changes, and maxi-
mizing the number of castings from each mold, partic-
ularly if the molds have shape. Efficiency and economy
are achieved by making it possible for similar, if not
identical, shapes to be produced from the same basic
(master) mold, and by minimizing the time required to
disassemble a mold and reassemble it for the manufac-
ture of the next piece. Figure 2.2.1(a) shows the master
mold for the production of the arch member panels for
the project in Fig. 3.3.18(a), page 121. The largest seg-
ment of the arch is shown in Fig. 2.2.1(b).

Careful planning is necessary to achieve good repeti-
tion in the design without sacrificing design freedom.
For example, many design variations may be devel-
oped by incorporating two basic architectural panel
types (spandrel panels and floor-to-floor panels with
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openings) on the same structure. These panel types
may also be varied with different architectural finishes
and textures. Attention should be focused on the over-
all geometry of the structure, not only on the shape
of the panel. The cost of complex shapes becomes
economical through repetitive precasting as the invest-

PCI

ment made in fabricating a complex mold is amortized
over a greater number of pieces. Occasionally, due to
production schedule compliance, a precaster may need
to construct multiple molds to produce the required
number of panels within a certain time period.

fig. 2.2.1(a) & (b)

The master mold for the production of the arch member panels
for Fig. 3.3.18(a) page 121.

Jefferson Pilot

Greensboro, North Carolina; Architect: Smallwood, Reynolds,
Stewart, Stewart & Associates; Photos: Dean Gwin.
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pecially on the tower portion of the building. This re-
sulted in more-pronounced shadow lines, providing
enhanced visual definition on the tower portion of
the building. A strong pilaster expression, enhancing
the vertical planes of the building, is also achieved
through the use of precast concrete. Combined with
the deeply recessed windows, the articulation of the
pilaster forms provides a dimensional texture to the
entire building.

It is often the case that, in the initial design stage,
a high degree of repetition appears possible.
However, as the details are finalized, considerable
discipline is required on the part of the designer if
the creation of a large number of non-repetitive
units is to be avoided. Budget costs used at the ini-
tial design stage should take into account the possi-
bility that the number of different units will increase
as the design progresses. If non-repetitive units are
unavoidable, costs can be minimized if the units can
be cast from a “master mold” with simple modifi-
cations without the need for completely different
molds. However, even relatively minor variations,
such as a dimensional change of a rail, blockout lo-
cation, connection hardware position, or a different
number of blockouts of any kind, are mold changes
that increase costs.
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Architect: CBT/Childs Bertman Tseckares, Inc:; Photos: Edward Jacoby.
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The multifamily residential condominium with street-level
retail space is situated at the opening of a major thorough-
fare between the two distinct city districts (Fig. 2.2.2[a)).
The building’s precast concrete fagade was chosen as a
means of integrating this building with the surrounding
neighborhood. The ability to control the color and texture
of the finish, and the ability to break up the facade into
smaller elements with rustication joints, allows the precast
concrete to relate comfortably to both the 19th- and 21st-
century buildings that surround it. The use of precast con-
crete provided the ability to create a prefabricated window
anchor system throughout the building, which enabled the
creation of multiple visual elements. On the lower floors,
window boxes protrude from the facade, bringing the
building to life for pedestrians (Fig. 2.2.2[b]). Elsewhere, the
designers were able to achieve deep window recesses, es-
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Fig. 2.2.3(a) & (b)

111 Huntington Avenue/Belvedere Residential

Boston, Massachusetts; Architect:CBT/Childs Bertman Tseckares,
Inc.; Photos: Jonathan Hillyer.

The project in Fig. 2.2.3(a) is an integral part of a sub-
stantial redevelopment of an outdated 1960s urban com-
plex. The major elements include a 36-story office tower;
an 11-story, 61-unit residential building; and an enclosed
winter garden pedestrian arcade. The residential building
follows the curving street edge, taking a graceful crescent
shape. The precast concrete lends itself to the fluidity of
such a design, as the convex base of the building gently
turns inward to form a concave surface. The consistency
of the precast concrete was a necessity in the construc-
tion of the circular design, which requires repetition in
form to achieve its desired look (Fig. 2.2.3[b]). The precast
concrete takes on a columnar form around the entrance
to the winter garden, and continues along the garden’s
entire 480 ft (146 m) length, providing a rhythmic pattern
both internally and externally on the adjacent park. The
precast concrete base to the office tower skillfully blends
with the steel and glass construction. The base integrates
vertically with the tower that soars above it, as precast
concrete “fingers” reach upward into the highrise portion
of the structure as the material transitions. The precast
concrete forms a delicate frame for the window walls and
incorporates scale, dimension, and shadow to the wall.
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If unfamiliar with architectural precast concrete, prior to
designing wall panels, the architect should visit an archi-
tectural precast concrete manufacturing plant, as well as
any projects that are under way. This way the designer can
become familiar with the manufacturing processes and
installation procedures and, most importantly, establish
realistic expectations for the finished product. Elements
such as the fabrication of molds, challenges to casting and
finishing specific designs or shapes, relative material costs,
handling methods at the plant and jobsite, approaches
for connecting panels to a structure, and establishing ac-
ceptable color ranges are important to fully understand
precast concrete and maximize its potential.

Reveals and rustications must be placed in a repetitive
pattern in order to minimize modification throughout a
mold’s life. Reveals, like all form features, must be designed
with draft (by creating bevels) so the panel can be stripped
from the mold without damaging the mold feature.

Cost premiums are introduced to a project when the
panel cross-section becomes more complex or intri-

ARCHITECTURAL PRECAST CONCRETE
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cate surface features are added. Projecting cornices,
bullnoses, form liners, bottom and/or top returns, and
curves are the most typical features to be added. The
exact sizes, shapes, and locations are the designer’s op-
tions. Cost will be added if the location of these features
within a mold will be changed frequently. On the other
hand, these intricate features can be added at a minimal
cost if they are used repetitively in the overall design.

The point behind designing repetitive pieces is to am-
ortize engineering and mold costs effectively. As many
pieces as possible should be designed to be cast in the
same mold and produced from a single shop drawing.

2.2.2 Mold Costs

Mold cost depends on size, complexity, and materi-
als used. The mold material selected and number of
molds depend on a project’s schedule. A project with a
long precast concrete production period should permit
fewer molds to be built.

The architect can make a significant contribution to eco-
nomic production by designing precast concrete panels
with knowledge of the master mold concept and by pro-
viding the precaster with sufficient production lead-time,
making the duplication of molds to meet project schedule
requirements unnecessary. The concept is simply to design
the largest possible mold for a particular unit, whereby
several variations from the same mold can be produced
by varying mold component accessories. Units cast in this
mold need not be identical, provided the changes in the
units can be accomplished through pre-engineered mold
modifications. These modifications should be achieved
with @ minimum change-over time and without jeopardiz-
ing the usefulness or quality of the original mold. Typical
applications are shown in Fig. 2.2.4. When using a master
mold, individual castings do not have to be the same color
or texture.

It is relatively easy to alter the panel size if the varia-
tions can be contained within the total master mold
envelope. This strategy eliminates the need (and cost)
of constructing a mold for every panel change. The
use of bulkheads, blockouts or reveals placed on top
of the mold surface is less expensive than cutting into
the mold surface for a projecting detail.

When a large number of precast concrete units can be
produced in each mold, the cost per square foot will be
more economical (Table 2.2.1 [mold cost is for illustration
only]). The master mold concept is illustrated in Fig. 2.2.4.

ARCHITECTURAL PRECAST CONCRETE

Removable bulkheads — _#*

Master mold #~,

Panel with left
hand return

Panel with right
hand return

Intermediate panel

Top floor + parapet panel

Typical floor panel

First floor panel

Typical panel
Corner panel ‘

Fig. 2.2.4 Views of master mold.

Number of | Panel size, Mold Cost
uses ft? per ft?
1 200

$5000 $25.00
10 200 $5000 $2.50
20 200 $5000 $1.25
30 200 $5000 $0.83

Table 2.2.1. Effect of repetition on panel mold square foot cost.
(Mold cost is for illustration only.)

In these examples, a large number of panels can be pro-
duced from a single mold, built to accommodate the larg-
est piece and then subdivided as needed to produce the
other required sizes. Whenever possible, the largest pieces
should be produced first to avoid casting on areas that have
become worn and damaged by placing and fastening side-
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form bulkheads. Although every project will have some
atypical conditions, the most successful and cost-effective
projects maximize the repetition of elements. The more of-
ten a mold is re-used, the lower the unit cost of the piece.
This means that careful planning is necessary to achieve
good repetition without sacrificing design freedom.

The premium cost for complex shapes can be con-
trolled by adding details to specific forms only. Examples
include designing a cornice at parapet panels, a sill de-
tail at intermediate floors, or one elevation as a radius.

An example of pre-engineered mold changes is shown in
the models for a loadbearing panel in Fig. 2.2.5. The forms
were made in two pieces that bolt together. The head sec-
tion was removable and
could be replaced with a
modified upper fascia to
achieve design variations.
The process is illustrated
starting with the two basic
panels joined at the jobsite
with the addition of a cor-
ner unit (Fig. 2.2.5[a]). By
redesigning the upper fas-
cia only, the panel takes on
a new look, while keeping
costs substantially lower,
rather than if a complete
new mold were needed
(Fig. 2.2.5[b]). Al of the
engineering of the load-
bearing section remains
unchanged. Even though
the panel in (a) is essentially
the same as (b), the slight
change in height and the
deletion of fins creates a
different appearance. Fig.
2.2.5(c) shows the same
panels with no fins and
varying fascia heights.

The wide flat center sec-
tion of the panel can be
blocked out for full win-
dows, window frames, or
doorways. Also, different
types of concrete finishes
and textures are pos-
sible in the center area.

Fig. 2.2.5 Pre-engineered mold
changes.
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A demarcation groove makes casting of the different
finishes a simple operation. By having the flexibility of
varying expressed material usage, it is possible to relate
the basic tone of the design to the existing surround-
ing structures.

Present bidding practices often result in late award of
precast concrete subcontracts. The number of molds of
a given type required for a project often is determined
by time allowed for completing the project. In many
cases, this time factor to meet the project’s schedule is
what creates the demand for duplicate molds, overrid-
ing the desire for mold economy. The necessity for extra
molds increases costs and partially offsets the intent of
designing for high repetition. The designer should dis-
cuss realistic precast concrete engineering and produc-
tion lead times for the project with a precaster. It is vital
to promptly respond to requests for information (RFls) to
ensure that shop drawings or, at least, shape drawings
are approved and mold manufacture begins on sched-
ule. Precast concrete production lead time is an activ-
ity that cannot be effectively compressed. Overrunning
lead time will impair production, delivery, and, hence,
construction.

It is vital to include precast concrete scheduling in-
formation with the bid documents. This will ensure all
bidders understand the project time frames that are
required. Ample lead time also will allow the manu-
facture of larger pieces first, followed by smaller ones,
thus minimizing the cost of form repairs.

If the precaster is not provided with the full lead time
given to the general contractor, the cost of the precast
concrete job invariably rises or the project schedule
must often be lengthened. It is desirable to specify that
major subcontracts, including precast concrete, be let
within a short, defined time period after the general
contract is awarded.

Pre-bidding and awarding contracts authorizing en-
gineering and drafting costs (subject to stated project
cancellation fees) can result in both production sched-
ule time savings and savings in production costs and
are recommended. Part of this savings can be passed
on to the owner directly. Pre-awarding precast concrete
subcontracts also benefits the owner by decreasing the
start-up time required after award of the general con-
tract. Such pre-awarded subcontracts may then be as-
signed to the successful general contractor.

ARCHITECTURAL PRECAST CONCRETE
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2.2.3 Other Forming Considerations

In addition to considering maximum form reuse, the
final design should take into account ease of removal
from forms. This allows the precaster to efficiently meet
schedules and budgets without impacting the design
aesthetics.

Optimum economy in production is attained if the
panel can be separated from the mold without dis-
assembling the mold. This is done by providing draft
(slope) on the sides of all openings and edges and by
eliminating or minimizing forming the panel’s back
face (upside in the form). Drafts are a function both of
shape and production techniques (see Section 3.3.2).

Molds. The complete envelope mold is a box mold
where all sides remain in place during the entire casting
and stripping cycle. Figure 2.2.6 shows a generic enve-
lope mold designed with the minimum workable drafts. A
complete envelope mold is shown in Fig. 2.2.7(a) and the
corresponding panel in Fig. 2.2.7(b). The quality of joints
produced from such molds is shown in Fig. 2.2.7(c). Figure
2.2.8 illustrates a mold without edge draft requiring re-
movable side and end bulkheads for stripping.

Ribs, reveals —— Side

or false joints forms 12
|
6

Panel projections 8

——

Fig. 2.2.6 Total envelope mold—minimum positive draft.
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The configuration of the envelope mold requires that
panels be stripped flat from the mold and rotated to a
vertical position later. The slightly wider joint between
panels caused by the draft required on the side forms
is a potential disadvantage of envelope molds.

Several modified versions of the complete envelope
mold that will accommodate precast concrete units with-
out drafts along one or more edges are illustrated in Fig.
2.2.9. Because the loose side rails or back forming are
stripped with the unit, the mold allows 90 degree returns
or returns with negative drafts to be cast using an enve-
lope mold. The modified envelope molds are much easier
to reassemble than loose bulkhead forms, because daily
measuring and aligning of the side rails is not necessary.
When properly designed, a modified envelope mold will
provide the same good corner details and high-quality fin-
ish found on units cast from a complete envelope mold.
Thought must be given to preventing leakage of fresh
concrete paste especially where removable side or end
rails attach to forms. A point of leakage can mar the fin-
ish. A return as indicated in Fig. 2.2.9(c) and (d) will cause
any potential leakage to take place where it will not be
seen in the finished product.

(a) Spandrel panel f (b) Column cover f

Examples of face and back forming
for deeply sculptured panels

Lift panel Lift panel
Removable bulkhead ‘ Removable side rail
Q' — ORI ¢
i, . N
L 3 s,
min. min.
15"
- 1/3“
(c) Flat panel (d) Sculptured panel

Fig. 2.2.9 Modified-envelope molds.
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Architectural precast concrete units normally are cast
in a horizontal or flat position with the exposed, tex-
tured, or sculptured face down to give the maximum
aggregate consolidation at the panel surface. Two-
sided precast concrete pieces (front and back) requir-
ing identical appearances should be avoided, as facing
aggregate will need to be seeded on the top surface
resulting in likely texture variations.

Where the shape requires it, the form may be made
in parts with removable sections (such as side rails and
top forms) that must be assembled and disassembled
with each day’s concrete placement (Fig. 2.2.10[a] and
[b]). This has the effect of increasing panel cost.

Fig. 2.2.10(a) An envelope mold with haunches on back.

il il

Wood side rail Adjustable clamps

X

Wood block
Wood end gate

Wood side rail

Wood wedges
Wood wedge rail

Fig. 2.2.10(b) Removable sections within a mold.

Back forming is used to create returns that give the
appearance of thick, massive panels that add signifi-
cant shadow features to the facade. These returns also
can allow windows to be set back away from the build-
ing’s face. To achieve these shapes, special forms must
be constructed and then suspended over the primary
mold to create the desired panel depth.

A common production method to make large returns is a
two-stage concrete placement (see Section 3.3.9). The re-
turn piece is produced on Production Day 1. On Day 2, the
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return piece is removed from its form and is connected to a
master mold. The return is cast monolithically to the mas-
ter piece. Two-stage concrete placements create a more
uniform texture on all sides of the panel. A quirk should
be provided in the corner so the return is not formed to a
sharp edge that is easily chipped.

The details for casting individual panels should always
be left to the precaster. Elevations, wall sections, and
details of each different type of wall panel should be
drawn by the architect. When using large elements,
if the appearance of smaller panels is desired for aes-
thetic reasons, false joints (rustications) can be used to
achieve this effect.

At times a compromise may be required between
the finish and the shape of a precast concrete panel.
Wherever possible, the designer should avoid fragile
edge details. Chamfered or eased edges reduce edge
damage and mask minor irregularities in alignment.

2.2.4 Panel Size and Panelization

Precast concrete pricing is determined primarily by
the size of the pieces and repetition. Pricing is more
dependent on large pieces than on a large project. For
example, a 100-piece project of large panels can be
less expensive per square foot (m?) than a 1000-piece
project using much smaller panels.

The reason piece size is so important is because most
labor functions performed by an architectural precaster
and erector are required because of the existence of a
piece. The more pieces the project has, the more labor
hours it will take to engineer, cast, strip, finish, load,
deliver, and install the panels. Therefore, it is more eco-
nomical to enclose a larger portion of the building’s
exterior with fewer precast concrete panels (see also
Section 3.3.10).

For maximum economy, minimize the number of
pieces by making them as large as possible within nor-
mal manufacturing and shipping limitations. Handling
and erecting precast concrete components constitutes
a significant portion of the total precast concrete ex-
pense. The cost difference in handling and erecting a
large rather than a small unit is insignificant compared
to the increased square footage of a large unit, Table
2.2.2. To be economical, a project’s average piece size
should be at least 100 to 150 ft? (9 to 14 m?) and, ide-
ally, larger than that.

ARCHITECTURAL PRECAST CONCRETE

There is no exact optimum panel size. Usually the
optimum panel size is dictated by size and weight
limitations imposed by transport (for example, weight
restrictions and bridge or power line clearances), site
access, or crane capacity. The panel size is also a func-
tion of the design loads and support locations for con-
nections. Close collaboration between the designer
and a precaster is required during the early stages of a
building’s design to determine the optimum panel size
or panelization scheme. Piece sizes that require high-
way permits for over height, width, length, or weight
generally should be avoided.

There is a balance between maximizing potential
economy of the facade elements and maintaining the
economy of the supporting structural system. The key
is to recognize where localized loads will occur. Often
the added cost of local reinforcing of the supporting
structure that may be required to accommodate larger
precast concrete panels will be more than offset by
savings that result from erecting fewer panels.

The designer can ensure a good average piece size by
spanning a full bay with spandrels, and designing mul-
tistory column covers and large wall panels. Designing
larger panels, even though they may carry a hauling
premium, may be the most cost efficient. For example,
an office building with 30 x 30 ft (9.1 x 9.1 m) column
spacing requires fewer columns and concrete panels
and yields a more wide-open interior than the same
building with a 20 or 25 ft (6.1 or 7.6 m) column spac-
ing. The cost premium (if any) to haul two 30-ft-long
(9.1 m) panels versus three 20-ft-long (6.1 m) panels
usually can be more than overcome by cost savings in
other manufacturing areas like engineering, produc-
tion, and installation. The typical parking structure
may have perimeter panels that are 60 ft (18.3 m) long

Panel size, Erection cost per piece,
ft? dollar amount per ft?
$500
50 10.00 20.00 30.00 40.00
100 5.00 10.00 15.00 20.00
150 3.33 6.67 10.00 13.33
200 2.50 5.00 7.50 10.00
250 2.00 4.00 6.00 8.00
300 1.67 3.33 5.00 6.67

Table 2.2.2. Effect of panel size on erection cost per square foot.
(Erection costs are for illustration only.)
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or more running parallel to the 60-ft-long double-tee
floor system. The double tees cannot carry the perim-
eter panel weight. These panels must be designed to
span column to column. Therefore, the added cost to
haul a 60-ft-long panel is offset by the omission of a
supporting structural beam.

In addition to providing cost savings during erection,
larger panels provide secondary benefits by shortening
a project’s schedule, reducing the joints to be sealed,
and requiring fewer connections. Using fewer lineal
feet of joint sealant translates directly into less prob-
ability of joint sealant failure, which could allow both
air and moisture infiltration into the wall cavity. Thus,
large units are usuably preferable unless they lack ad-
equate repetition or incur significant cost premiums for
transporting and erecting.

If design of an elevation requires the appearance of
smaller units that are not economic, the inclusion of
false joints (rustications or reveals) cast into the face
of larger elements can give the illusion of smaller el-
ements and provide a solution that improves overall
economy. These false joints can be caulked to match
the appearance of actual panel joints to increase the
illusion of small panels.

2.2.5 Material and Labor Costs and
Uniformity of Appearance

Table 2.2.3 lists material factors and labor processes
that affect both cost and the uniformity of appearance.

It is difficult to provide representative cost figures for
different precast concrete surface finishes, because in-
dividual plants may price them somewhat differently.
Some plants, for instance, consider an acid-etched
surface an expensive finish, particularly if they infre-
quently use this method of finishing. Some precasters
discourage its use, while others may prefer its use to
sandblasted or retarded (exposed aggregate) finishes
to obtain a similar appearance.

The cost of cement in the finished, erected product
will normally vary between 3 and 6% of the total cost
per square foot of wall, depending upon the concrete
volume per square foot of wall and whether gray or
white cement is required. The premium for white ce-
ment is not a great percentage of the overall cost,
although white cement is from 2 to 2.5 times more
expensive than gray. In addition to specifying white ce-
ment for color effect, the architect will also obtain bet-
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ter uniformity in color than is possible with gray (see
Section 3.2.1).

Pigments have a small impact on the overall cost of
a project. For an architectural precast concrete panel
with a 3 in. (75 mm) face mix, pigments will generally
add $0.10 or less per square foot for most light, earth-
tone colors and $0.40 or less for intense or dark colors
such as charcoal, chocolate, bright red, or orange. The
exceptions are green and blue, which need to be inves-
tigated on an individual basis, because their cost may
impact a project substantially.

Aggregate selection. For reasons of appearance and
cost, aggregate choice is an important factor. Aggregate
cost is determined primarily by the transportation charg-
es from the quarry to the precast concrete plant. Most
aggregates cost about the same to remove from the
earth and to crush to the appropriate size. The truck-
ing cost from the quarry to the plant is the principal
cost variable. In order to minimize mix cost, a designer
should discuss aesthetic requirements such as aggregate
color options and their associated costs with a local pre-
caster. Local aggregates, such as gravels, should not be
overlooked. They will be more economical and may look
very attractive with the proper matrix and finish. The
cost of aggregates should be presented on the basis of
both per cubic yard (m3) and per square foot (m?). Even
the most expensive aggregates are often practical in
exposed aggregate concrete, especially when they are
used only in the thin face mix. For example, a 2 in.(50
mm) thick layer of face mix will use approximately 15
Ib (6.8 kg) of coarse aggregate per square foot. Cost of
aggregate will be approximately $0.20 per square foot
for each $25 per ton of delivered aggregate cost to the
precast concrete plant.

A particular aggregate’s cost should be calculated
only for the amount of face mix used. If a gray back-
up mix is used, do not calculate this material cost for
pricing comparisons. Most precast concrete panels are
produced with face mix thicknesses of 2 to 3 in. (50
to 75 mm) and a gray backup mix. Panels with large
projections and returns will increase the face mix quan-
tity required. Window setbacks may dictate the thick-
ness of the face mix. As the set back increases, so does
the amount of the more costly face mix. If the panel
configuration is such that little or no backup concrete
can be used, then the cost of the facing aggregate can
have a significant effect on the cost of the panel.

Because the selection of aggregates (and, to a smaller
degree, that of cement) has a substantial influence on
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Table 2.2.3. Factors related to cost and perceived color uniformity.

Costs will generally decrease as panel sizes increase. The most cost effective panels are
generally larger than 100 to 150 ft? (9 to 14 m?).

Flat panels without recessed windows can use less face mix. Panels with recessed windows,

General . .
shape, or returns require more face mix.
Form costs should be amortized over the number of castings that are made within the form.
Always attempt to use the master mold concept.
Gray cement is sold for structural applications. The cement manufacturers do not attempt
to control the color of gray cements. They do actively try to control white cement color and
Cement brightness.
content _ _ _ _
Gray and white cements can be blended to achieve reasonable color uniformity at lower cost.
Color uniformity normally increases as the percentage of white cement increases.
Aggregates | More- and less-expensive local aggregates sometimes are blended to reduce costs.
Piament Lower dosages of pigments often are used to create subtle shades, but very low dosages will
dgsage not yield good color consistency. High dosages are used to create strong colors. Often white

cement must also be used to increase pigment effectiveness and, thus, color consistency.

1. Often partial bands of form liners are used to create texture differences within a panel. This
is generally less expensive than covering the entire form surface with a liner.

Form surface Remember that a form liner is a manufactured product and often has size and module

limitations that must be considered during design.

2. Smaller, less complex projections will greatly reduce the cost.

1. Acid-etched or lightly sandblasted surfaces should normally be created by using a white
cement base for color uniformity.

Surface finish | 7 Because of the fine, flat surface resulting from an acid-etched or light sandblast finish, the
panel surface should be broken up with details or rustications to break up the surface mass.
Doing so will result in a more uniform color appearance.

Mix/Finish
complexity

Details must be provided at mix/finish changes within a panel in order to provide a termination
line for a mix/finish change.
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final cost, the architect may obtain estimates or bids
with a base price corresponding to the lowest cost
combination suitable for the project, and with quoted
premiums for upgrading of materials. This should not,
however, include more than one or two alternatives,
as the interaction between the costs of the materials,
finishes, shape, and production technigues may com-
plicate evaluation of such premiums.

Precasters can modify concrete ingredients, depending
on the selected finish, in order to lower material costs.
For example, most acid-etched finishes will not expose
the coarse aggregate. Thus, the cost of special coarse
aggregates can be minimized or eliminated since they

ARCHITECTURAL PRECAST CONCRETE

will not be seen. Since sandblasting dulls the coarse ag-
gregates, less expensive aggregates may be selected.
Local, less expensive aggregates may look very similar to
expensive special aggregates after they are sandblasted.
A bushhammered finish will give a similar appearance to
sandblasting without dulling the aggregates. Exposed ag-
gregate or retarded finishes tend to be more expensive
because they require colorful, premium cost coarse ag-
gregates. This procedure exposes the coarse aggregate
and reveals its natural beauty.

By incorporating demarcation features, multiple mixtures
can be incorporated in a single panel. A designer can also
achieve different colors and textures from a single precast
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concrete mixture simply by varying the finish treatment.
This multiple-finish technique offers an economical yet
effective way to heighten aesthetic interest.

Mix Design. It is desirable to develop the mixture
proportions before the project goes out for final pric-
ing. Most precasters are eager to assist the architect in
developing a design reference sample as early as possi-
ble. The best method in selecting a sample is to visit the
precast concrete plant to view a multitude of samples
and finished panels stored in the yard. Alternatively, a
designer can refer the precaster to a selection from the
PCl Architectural Precast Concrete — Color and Texture
Selection Guide, to an existing project, or provide a
piece of natural stone (or other material) to match or
refer to.

Often a required panel finish will require a new, one-of-
a-kind concrete mix. When visiting a plant, the designer
can select the cement color, aggregate type and size, and
surface finish method/depth. Asking a precaster to make
several different samples for a project is common and en-
couraged. Once a project’s 12 x 12 in. (300 x 300 mm)
sample for each color and texture has been finalized, the
designer should make the sample available to all inter-
ested precast concrete bidders to view and photograph.
In some cases, multiple samples are made so that each
precast concrete bidder can have a sample. Listing the
exact concrete ingredients in the specification is not nec-
essary but encouraged.

Reinforcement and Connection Hardware. The
cost of reinforcement is typically not a significant vari-
able in architectural precast concrete. The amount of
reinforcement is mainly determined by load require-
ments, such as handling, loadbearing, or other struc-
tural functions. An exception is the choice of finish
of the reinforcement and connection hardware. The
cost of galvanized or epoxy-coated reinforcement is
substantial, and is not normally required (see Section
4.4.7). Additionally, it is not a substitute for adequate
concrete cover or concrete quality.

Connection hardware cost is governed mainly by
structural load requirements (including special struc-
tural functions, possible earthquake considerations and
weather exposure) and the building’s structural system.
Hardware costs may be minimized by making the pre-
cast concrete units as large as is consistent with the size
limitations discussed in Sections 3.3.10 and 4.5.3.

On structural steel buildings, preweld connection
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hardware can either be attached to the structure in the
field or in the structural steel fabricator’s facility using
precasters drawings. Structural steel bracing to resist
torsion of the structural frame members should be pro-
vided and installed by the structural steel fabricator.

Four lateral and two gravity connections are the mini-
mum required for most precast concrete units, regard-
less of panel size. The labor cost of producing and
handling small individual pieces of hardware normally
exceeds the material costs, thus increasing the relative
cost of hardware for small units.

On steel frame structures, gravity and lateral support
brackets (for precast concrete connections) should be
in the structural steel fabricator’s scope of work and
should be shop welded to the structural steel columns
using precaster’s drawings rather than field welded. It
is much less expensive to shop fabricate and shop weld
them than to hoist and field weld heavy support brack-
ets. Also, the structural steel bracing to resist torsion of
the structural frame members should be provided and
installed by the structural steel fabricator.

2.2.6 Design Options

Design options for precast concrete panels are literally
endless. Employing these options intelligently adds a great
deal of design interest to a project with only minimal cost
increases. The following design strategies can cost from
pennies per square foot to a few dollars per square foot.

1. Incorporate multiple colors throughout a building
facade.

a. Panels can contain more than one concrete face
Mmix.

b. Panels can be produced with multiple finishes.
The combination of finish methods will deter-
mine the cost impact.

2. Add a special shape to one distinct building area.

a. Design an appendage to an existing form. Doing
so will cost less than adding a full form, yet will
create a unique building detail.

b. Set windows back from the building’s face at one
or two column bays, or at certain levels.

¢. Add a few small ornate pieces at the entrance or as
site walls. The small panels will be more expensive
per square foot, but a few of them amortized over
the entire project will add minimal additional cost.
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3. Incorporate brick, tile, terra cotta, or natural stone
accents into the precast concrete.

In most cases, design interest can be enhanced with-
out increasing cost by using more complex precast con-
Crete pieces in one area and offsetting the cost premium
by economizing in another area.

2.3 TOTAL WALL ANALYSIS

The total cost of an architectural precast concrete wall
may be lowered by taking full advantage of the precast
concrete portion. In addition to acting as exterior walls,
the precast concrete panels may perform other functions:
they may be loadbearing, wall-supporting, serve as form-
work or shear walls or be used as grade beams; they may
be insulated or may provide the interior finish; they may
serve partly or fully as containers of mechanical/electrical
services; or they may combine several of these functions
to become a wall sub-system. Precast concrete panels
may also be cast compositely with other materials to pro-
vide an entirely different finished surface. Clay products
(brick, tile, and terra cotta) and natural stones (granite,
marble, limestone, and sandstone) have all been used as
veneer facing.

2.4 PRECAST CONCRETE PANELS USED
AS CLADDING
2.4.1 General

The use of non-loadbearing precast concrete cladding
has been the most common application of architectural
precast concrete. Cladding panels are those precast con-
crete elements that resist and transfer negligible load
from other elements of the structure. Generally, they are
normally used only to enclose space and are designed
to resist wind, seismic forces generated from their self-
weight, and forces required to transfer the weight of the
panel to the support structure. Cladding units include
solid wall panels, window wall units, spandrels, mullions,
and column covers. Their largest dimension may be verti-
cal or horizontal. These units generally may be removed
from the wall individually without affecting the stability
of other units or the structure itself. Precast concrete clad-
ding panels can be made in a wide range of shapes and
sizes. For the purpose of discussion, cladding wall units
do not extend in height beyond a typical floor-to-floor
dimension, so floor levels can be defined by horizontal
joints. They are normally limited in width to less than or
eqgual to the bay width of the structure. The width of the
panel is usually dictated by architectural considerations
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or the building’s structural grid design. Typical wall panel
system cross-sections are shown in Fig. 2.4.1.

The use of precast concrete cladding is a practical and
economical way to provide the desired architectural ex-
pression, special shapes, and uniform finishes. When
used over steel columns and beams, cladding can pro-
vide the required fire-resistance rating without resorting
to further protection of the steel, under certain condi-
tions. When used over cast-in-place concrete columns
and beams, it will often permit the achievement of a
uniformity of finish in combination with a special ar-
chitectural shape, all in the most economical manner.
Cladding can be multifunctional, for example, by pro-
viding space behind for services and exterior grooves or
buttons for vertical window-washing machinery.

The extent of repetition and the choice of sizes, shapes,
and finishes are the major design and cost considerations
for cladding units. Panel size and weight for transport-
ing and crane capacity constitute the major dimensional
(panelization) criteria. Economy in the use of precast
concrete cladding is achieved by paying close attention

Fig. 2.4.1 Typical wall systems.

“Z" furring or metal framing to

T create 1-in. minimum air space (not
(a) N7 required if no gypsum wallboard)
Precast —".. 74 "
concrete 7 >/g-in. thick gypsum wallboard, painted
panel WAL :
: }4\ (optional)

Extruded or expanded polystyrene
insulation, continuous

WNOR
RN

R M
Precast concrete
sandwich panel

"Z" furring or metal framing to
create 1-in. minimum air space

oo
A

(b) i Z (optional)
Precast % Sg-in. thick gypsum wallboard,
concrete  |..- % painted
anel w8 N2 . .
P L - Extruded polystyrene insulation,
" §% continuous, and taped at joints
o i 1
Precast concrete with
rigid insulation
1-in. minimum air space
() d it el
Precast —| - /;ilr:]t.et:lck gypsum wallboard,
concrete |- P
panel Batt insulation with kraft paper on
inside face, in zones 3, 4 and 5
(see page 419), in metal framing

Precast concrete with batt insulation
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Fig. 2.4.2
Las Olas City Centre, Fort Lauderdale, Florida;
Architect: Cooper Carry Inc.; Photo; Ed Zealy.

to the design and detailing of the precast concrete units.
This is a basic requirement of all precast concrete, but
particularly so for units that function only as cladding.

In high-rise buildings, three characteristic facade pat-
terns can be identified that considerably impact the
panel design. The first is cladding that plates the struc-
tural framing, vertically and horizontally; the large open-
ing then being infilled with glass (Fig. 2.4.2).

The second pattern eliminates the column covers,
and the facade then becomes alternating horizontal
bands of spandrel panels and glazing (Fig. 2.4.3). In
this pattern, the panels and glazing are placed in front
of the columns.

The third pattern is a return to the traditional facade
design of rectangular window openings “punched”
into a plane surface (Fig. 2.4.4[a] and [b]). This pattern
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originated for the requirement of loadbearing walls,
that an area must be provided between glazing to car-
ry vertical loads, and so windows were relatively small.
The reappearance of this pattern derives some ratio-
nale from the needs of energy conservation that miti-
gates against large areas of poorly insulated glazing.
Although today, more energy-efficient fenestration
products allow more freedom in matching daylighting
requirements with the inherent energy efficiency of the
precast concrete units. A much stronger impetus comes
from the dictates of architectural fashion and the de-
sire to return to molded facades and the visual interest
that can be obtained by the traditional manipulation of

Fig. 2.4.3

Nashville City Center

Nashville, Tennessee;

Architect: The Stubbins Associates Inc.;
Photo: Jonathan Hillyer.
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Fig. 2.4.4(a) & (b)
Sybase Information Connect Division
Boulder, Colorado;
Architect: 0Z Architecture; Photos: 0Z Architecture.

64 ARCHITECTURAL PRECAST CONCRETE

voids and solids. This trend has resulted in some inge-
nious precast concrete configurations with the use of
L- and T-shaped panels to reduce the number of cost
increasing joints. These panel shapes also allow effi-
cient erection and thus reduce installation cost. Some
typical panel arrangements are shown in Fig. 2.4.5.

2.4.2 Solid Wall Panels

Solid wall panels use finish, shape, size, and repeti-
tion as the major design and cost considerations. The
high level of design flexibility possible with custom wall

Fig. 2.4.5 Typical arrangement of precast concrete panels.
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2.4.2 Solid Wall Panels / 2.4.3 Window Wall Panels

panels allows for a wide variety of architectural appear- They are either one story in height and made as wide as
ances. The precast concrete cladding in Fig. 2.4.6 was possible, or cast narrower to span vertically for two to
articulated by the use of horizontal and vertical rustica- three floors, except in high seismic areas where story drift
tions to reduce the scale of the massive, windowless may control design. Window openings placed within the
walls of a courthouse. body of the panel provide closer tolerances for window
. Fig. 2.4.6
2.4.3 Window Wall Panels Charles Evans Whittaker Courthouse, Kansas City, Missouri;
Window wall panels may be flat or heavily sculptured. Architect: Ellerbe Becket/Abend Singleton Associated Architects;

They may contain a single opening or series of windows. Photo: Timothy Hursley.
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installation than when the window is de-
fined by the edges of separate spandrels
and mullions. The project in Fig. 2.4.7(a)
and (b) uses mostly window box units that
typically span column to column. The large
panel size is disquised by the use of both
horizontal and vertical reveals.

2.4.4 Spandrel Panels

Spandrel panels are horizontal units
that separate adjacent strips of glass.
They may be cast flat, have returns at the
top and/or bottom, or be heavily sculpt-
ed. A designer will sometimes require
that the structural frame of a building
be expressed in the building’s facade. In

Fig. 2.4.7(a) & (b)

116 Huntington Avenue

Boston, Massachusetts;

Architect: CBT/Childs Bertman Tseckares Inc.;
Photos: Wayne Soverns Jr.

ARCHITECTURAL PRECAST CONCRETE

such cases, the use of precast concrete spandrel ele-
ments, made up either as a series of individual units or
as one unit extending between columns with support
located on the floor or on the column, is an aestheti-
cally appropriate solution. Emphasizing the linearity or
horizontality of the design (Fig. 2.4.8), white spandrel
panels wrap the building at each floor interrupted at
the middle by the four-story entry. The deep-ribbed
spandrels in Fig. 2.4.9(a) have a unique profile that
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2.4.4 Spandrel Panels

Fig. 2.4.8
Liberty Property at Huntington Square, Miramar, Florida;

Architect: Retzsch Lanao Caycedo Architects;
Photo: RLC Architects, P.A.
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Fig. 2.4.9(a) & (b)
Oak Brook Pointe Office Center
Oak Brook, Illinois;
ich Blessing.
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cants outward five degrees from vertical (Fig. 2.4.9[b]).
Each panel has two finishes of a light gray concrete,
acid-etched at the flutes and lightly sandblasted at the
top, creating the look of honed and flamed salt-and-
pepper granite. At the stepped end walls, the windows
follow the same tilt as the spandrels, creating a contin-
uous projection. Tilting the windows required creation
of a spandrel panel that was hung on an angle. In con-
trast, the typical spandrel rests normally on the slab
but has a canted face. These two sections join grace-
fully and seamlessly at each of the building’s twelve
corners. Special corner pieces, formed with sequential
casts rather than in a V-mold, provided total continu-
ity between elevations. The result is that the deep rib
reveals are in perfect alignment along the entire perim-
eter of each floor.
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2.4.5 Column Covers and Mullions

Fig. 2.4.10(a) & (b)
901 New York Avenue

Office Building; Washington, DC;
Architect: Davis, Carter, Scott;
Photos: Eric Taylor Photography,
© Eric Taylor Photo.com. =

2.4.5 Column Covers and Mullions

Column covers and mullions are usually a major focal
point in a structure. These units may be broad or barely
wider than the column itself and run vertically up a
structure. They are often used to conceal the struc-
tural columns and may completely surround them at
the ground level. Column covers are usually manufac-
tured in single-story units and extend either from floor
to floor or between spandrels; however, units two or
more stories in height may be used. In order to mini-
mize erection costs and horizontal joints, it is desirable
to make mullions as long as possible, subject to limita-
tions imposed by weight and handling. Also, in many
cases it may be desirable to combine the column cover
or mullion with adjacent spandrel to minimize joints.

The column covers in Fig. 2.4.10(a) and (b) are the
major focal areas of the building. The buff precast
concrete units were given an acid-etched finish. In Fig.
2.4.11, the precast concrete units are used as beam
and column covers in the interior to visually integrate
the exterior and the atrium. In Fig. 2.4.12, the precast

Fig. 2.4.11
Newton Pavilion at Boston Medical Center, Boston;
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Fig. 2.4.12
Palisades Office Complex
Atlanta, Georgia;

Architect: Cooper Carry and
Associates;
Photo: Cooper Carry Inc.

concrete column covers provide an appealing accent to
the entrance. In Fig. 2.4.13, the precast concrete mul-
lions spaced 5 ft (1.5 m) on center lend verticality to
the 20-story tower surfaces and emphasize the desired
delicacy of scale and finish.

2.4.6 Wall-Supporting Units

Wall-supporting units are precast concrete cladding
units that support a portion of the wall, but carry no
loads from floors or roof slabs. These units cannot
be removed from a wall without affecting the stabil-
ity of other units and are normally designed so that
their largest dimension is vertical, although they may
be horizontal.

Where possible, the lower two to three stories of
panels should be “stacked” to support the wall above

Fig. 2.4.13

Eagle Gate Plaza & Office Towers

Salt Lake City, Utah;

Architect: Cooper Carlson Duy Ritchie, Inc.;

Photo: Rodriguez & Associates, LC.
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them up to the roof level, or any portion of this height,
and supported directly on the foundation wall to elimi-
nate load support connections and speed erection (Fig.
2.4.14). These units may be quite slender and support
considerable wall height if they can be tied into the
structure as required for lateral stability. Panels have
been successfully stacked higher than three stories, but
these cases require engineering considerations regard-
ing the impact of thermal movements, lateral building
drift, and structure deflections.

Wall-supporting units can be made in one piece
through several stories. The building frame carries
only lateral loads from the precast concrete panels, as
all axial loads from the wall panels, are supported by
the foundation. This reduces the need for larger steel
members around the perimeter of the building, result-
ing in @ more economical steel superstructure. The
weight of a group of stacked units should all be car-
ried by a single designated floor. Erection techniques
to accommodate predetermined partial load distribu-
tion between floors are not economically feasible. It
has proven to be impractical

concrete panel with 2 in. (50 mm) of German lime-
stone. There is 60,000 ft? (5600 m?) of cladding with
a 2 ft (0.6 m) return. This profile would have made
the connection system very complex if the panels were
individually gravity-load-supported in lieu of stackload-
ed. The simplicity of the stacked system allowed the
use of a slotted insert and strap type tieback connec-
tion throughout.

Precast concrete units designed to carry their own
weight over a considerable width are also considered
wall-supporting units. This width may be equal to the
column spacing for the exterior wall or a multiple there-
of. Where such units are bearing at, or in close proxim-
ity to, the columns, edge beams may be eliminated. If
edge beams are needed for other structural reasons
they may afford savings in size and/or reinforcement in
the panels. Because of size or weight limitations, such
units are normally made only one story high so that
the width is the largest dimension. When the panel
spans across several columns, the potential for deflec-
tion (or rotation) of the edge beams caused by the

to support adjacent units on
alternate floors. The recom-
mended practice is that a
specific floor be designated
and designed to take the
load of all precast concrete
units passing it.

__J\/,__

Wall-supporting units may
answer a particular design
consideration for structures
where the exterior columns
are set back from the edge
of the floor slab. A cantile-
vered floor will deflect to a

certain degree over a period ’ .,\ / -

of time due to the weight \\

of the wall units. By using el il

stacked units for this con-

dition, the designer can re- s [N False joint__—"T [ 7= T ™ Falsejoint _—T [
spond to this consideration. T -+

The art institute in Fig.
2.4.15 is a four-story, stack-
loaded cladding project with A
a very pronounced profile.
The cladding consists of a 6
in. (150 mm) thick precast

(a)

Fig. 2.4.14(a) & (b) Stacked and individually supported panels.

v v |, Real joint\ J

False joint— =t
(if required)
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Stacked panels
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Individually supported panels

(b)
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wall, any long term deflection in
the unit will normally have taken
place by the time of erection.

The Phillies wanted the exterior
of its ballpark to be consistent with
the city's dominant architectural
elements, so brick was the natural
choice for the cladding. To meet
the budget and schedule, the de-
sign and construction teams used
architectural precast concrete with
inset brick (Fig. 2.4.16). The precast
concrete panels were designed to
be self-supporting elements, along
the ramps and at the arcades at the
south and west faces of the office
buildings (along the pedestrian en-
trances). The piers that frame the
arcade were shipped as U-shaped
column sections and support the
weight of the infill spandrel pan-
els located above the windows
and arcade openings. This reduced
the amount of weight to be sup-
ported by the steel structure and

Fig. 2.4.15

Target Wing — Minneapolis Institute
of Arts

Minneapolis, Minnesota;

Architect: RSP Architects.

weight of wall units is reduced. Where
several units are carried by one beam,
resulting deflection may create tapered
joints and the possible touching of units
at their tops. Designing the panel to span
the distance between the columns with
one unit provides a deep beam and, con-
sequently, much less deflection. By stor-
ing and supporting such units in a way
similar to their ultimate position in the

Fig. 2.4.16

Phillies Ballpark

Philadelphia, Pennsylvania;

Architect: HOK Sports Facilities Group, LLC; Ewing
Cole/Cherry Brott, joint venture.

riam
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Fig. 2.4.17

Franklin High-Tech Center, Franklin Township, New Jersey; Architect: Herbert Beckhard Frank Richlan
& Associates; and Brandt-Kuybida, joint venture; Photo: 0. Baitz Inc. Photography of Architecture.
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eliminated the need for supplemental steel members
to support and brace hand-laid masonry. These panels
were constructed with articulations, brick patterns, and
granite accent bands that hark back to older ballparks
and complement the city’s architecture.

The five buildings of the
industrial/office  complex
in Fig. 2.4.17 have strong-
ly horizontal, acid-etched,
light gray, ribbed precast
concrete panels. The ma-
jority of the panels are 8 ft
(2.4 m) high, 20 ft (6.1 m)
wide, and 8 in. (200 mm)
thick. The ribs provide the
necessary structural stiff-
ening, making the panels
self-supporting and stack-
able. By stacking each
panel on the panel below,
the gravity loads from the
panels are carried directly

Having a self-supporting (stacked) precast concrete sys-
tem saved engineering time and helped meet a very
tight schedule (Fig. 2.4.18). The project had over 1100
panels and 113,000 ft? (10,500 m?) of 6 in. (150 mm)
thick cladding. A gray color was used with four differ-

-lﬂ-_\_\'-?ilg \

|

to the foundation and do
not introduce additional
load to the superstructure.
The ribs also act as stiffen-
ers for the stresses during
handling and erection.

ARCHITECTURAL PRECAST CONCRETE

ELT N

PCI



DESIGN CONCEPTS RELATED TO USAGE AND ECONOMICS
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ent finishes. Additionally, buff-colored precast concrete
inlays accent the gray.

The three-story structural steel office building in Fig.
2.4.19(a) is supported on the exterior by low profile
precast concrete spandrels and column units that allow
for large windows offering views of Pike's Peak. The
walls are stackable and the precast concrete was erect-
ed in two phases (Fig. 2.4.19[b]). The two-story exte-
rior walls and spandrels were erected first and braced
to the first-floor steel structure. Then the second-floor
steel was placed on the walls and spandrels. After the
topping was placed and cured on the second floor, the
third-floor columns and spandrels were erected and
the braced to the second floor. The architectural walls
and spandrels consist of a two-color, acid-etched fin-
ish with a form liner used to create a chiseled stone
band, while reveals give a human scale to the project
(Fig. 2.4.19[c)).
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Fig. 2.4.19(a), (b) & (c)
Four Gateway Plaza
Colorado Springs,
Colorado;

Architect: DCA Architects.

2.5 LOADBEARING WALL PANELS
OR SPANDRELS

2.5.1 General

Loadbearing facades have both an aesthetic and a
structural function. In building practice, the most eco-
nomical application of architectural precast concrete is
as loadbearing structural elements. Loadbearing units
become an integral part of the structure, taking the
vertical and horizontal floor and roof loads and/or
transferring horizontal loads into shear walls or service
cores. Such an arrangement can be economical, not
only from a structural design standpoint, but also from
the viewpoint of overall construction. In some cases,
the loadbearing elements also can contribute to the
horizontal stability of the building. Each loadbearing
element plays an essential role in the structural integ-
rity or stability of the building.

ARCHITECTURAL PRECAST CONCRETE
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Architectural precast concrete cladding is noted for
its diversity of expression, as well as its desirable ther-
mal, acoustic, and fire-resistant properties. Commonly
overlooked is the fact that concrete elements normally
used for cladding applications, such as solid wall pan-
els, window wall, or spandrel panels, have consider-
able inherent structural capabilities.

In the case of low- or mid-rise structures, the amount
of reinforcement required to handle and erect a precast
concrete component is often more than that necessary
for carrying design imposed loads. Thus, with relatively
few modifications, many cladding panels can function
as loadbearing members. For taller buildings, additional
reinforcement may be necessary for lower-level panels.

The slight increases in loadbearing wall panel cost (due
to reinforcement and connection requirements) can
usually be more than offset by the elimination of a sep-
arate perimeter structural frame. Depending upon the
application, the loadbearing panels also may reduce or
eliminate a structural core or interior shear walls, partic-
ularly in buildings with a large ratio of wall-to-floor area.
The increase in interior floor space gained by eliminating

Fig. 2.5.1 Exterior wall-to-floor ratio.

columns can be substantial and, depending on the floor
plan, partition layout flexibility can be enhanced. Also,
unlike a steel frame, a loadbearing precast concrete sys-
tem eliminates the need for cementitious fireproofing
and the associated costs and schedule impact of tenting
and temporary heat required for applicaton and curing
of fireproofing material.

Structural Depth. One of the perceived disadvantages
of a loadbearing precast concrete system, compared to
a steel structure, is the potential larger structural depth
required for a given span and the resulting increase in
floor-to-floor height. Taller floors increase the amount of
exterior wall area required to enclose a given floor plate,
which translates directly into increased construction
costs for a structure’s skin. However, an understanding
by the designer of the scope of such increases and strat-
egies to minimize their impact through efficient floor
plate design can mitigate this disadvantage.

A typical floor-to-floor dimension for a 45 ft (13.7 m)
clear-span steel structure with an 18-in.-wide (460 mm)
flange beam averages about 13 ft 4 in. (4 m). This dis-
tance accounts for a 9 ft (2.7 m) finished ceiling height

Perimeter Walklng Distance
- Number Floor Wall Gross /AL Corridor
Sl of Floors | Plate Area | —— Area LB Gross Area Area Corner to Core | Diagonal
Floor Area
A 4 40,000 0.32 160,000 | 150,200 93.40% 5900
B 4 41,300 0.34 165,400 | 165,400 94.00% 7200 255 510
C 4 40,100 0.32 160,600 | 160,600 95.00% 5700 235 455
D 4 39,300 0.33 159,200 | 159,200 95.00% 7200 175 330
E 4 40,000 0.32 160,000 | 154,300 96.00% 5700 180 330
F 2 80,500 0.27 161,000 | 155,300 96.50% 7900 330 620
G 3 52,100 0.29 156,400 | 149,000 95.50% 9000 250 400
H 4 40,000 0.31 160,100 | 152,500 95.30% 9200 270 315
| 4 39,900 0.33 156,800 | 147,700 94.20% 5100 170 240
: : — —
7 AL J]]\ i
CEARE 5 6 man | =
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Fig. 2.5.2 Schedule for loadbearing precast concrete project.

eck #l 1 [ 25 a5 e 7 e o ol urefis]valis JreirTie fro T 2ol aifaefas] aefs s ar]as Joo o] s1]s2 [ss ] a]ss [so s se  soleo [ Tz s Jaa [as aoer Jas Jas [sof sa]sa sa saf ss[ s

SCHEMATIC DESIGN - SD

OWNER REVIEW h

DESIGN DEVELOPMENT - DD

'CONSTUCTION DOCUMENT - CD

CONSTRUCTION ADMIN - CA

RFP / CM / GC SELECTION

PRE-CONSTRUCTION

CONSTRUCTION PHASE
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C i to Precaster
Precast Design Assist
Precast Design and Detailing

Plant Fabrication

Erection

Note: Schedule durations are for illustration only.

and the required clearances for fireproofing, lighting, and
ductwork. For a similar span in a loadbearing precast con-
crete system using 24-in.-deep (0.6 m) double tees, the
required floor-to-floor dimension is 14 ft 0 in. (4.3 m).

The extra 8 in. (200 mm) of exterior wall required for a
mid- to high-rise structure represents a 5% increase in
wall area over the steel system. But that increase must
be putinto perspective with other aspects of the design,
especially floor-plate geometry and floor vibration.

In some areas of the country 20 in. (500 mm) deep
double tees are used for a 45 ft (13.7 m) span, while
steel designers may use, a 24 in. (600 mm) wide flange
beam ito minimize floor vibrations. Precast concrete
has a much stiffer floor system than steel. When this
construction configuration is used the floor-to-floor
dimensional difference between precast concrete and
steel is eliminated.

Exterior Wall-to-Floor Ratio. An important consid-
eration when determining the efficiency of a particular
structure is the ratio of exterior wall to floor area. The
lower this ratio, the more efficiently a particular floor
plan shape encloses interior space and reduces the re-
quired amount of exterior wall.

As we know, a circular shape provides the most efficient
perimeter defining a given area. Floor plan shapes that
most closely resemble a circle (such as a square as opposed
to long and thin rectangles, T-or L shapes) offer better
floor-to-wall area ratios. Also, for buildings of a given total
square footage those that have fewer floors have better
wall to floor area ratios than those that have more floors.
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The difference between these building shapes with varying
numbers of floors for a program of 160,000 ft? (14,860 m?)
is shown in Fig. 2.5.1, and it amounts to a 26% swing in
the wall area required to enclose identical areas.

The lesson to be learned from this is that floor-plate
geometry and building height have much more of an
impact on exterior wall area than a potential 5% pen-
alty due to the increased floor-to-floor height required
for a total precast concrete system.

To realize the full potential of loadbearing unit us-
age with no sacrifice in aesthetic advantages, both the
engineer of record and precast design engineer should
be involved from the initial concept stage of the proj-
ect. Considerations should include the load effects on
member dimensions, coordination of temporary brac-
ing, connections, and erection sequencing.

To take maximum advantage of loadbearing and wall-
supporting units, the decisions as to their functions
should be made before structural design of the building
frame has progressed to a stage where revisions become
costly for a given project schedule. An earlier award of
the precast concrete contract will be necessary when us-
ing loadbearing units than for non-loadbearing facades
(Fig. 2.5.2). Cost savings tend to be greatest in low- to
mid-rise structures of three to ten stories. As with all
precast concrete applications, further economies can be
realized if the panels are repetitive. Besides minimizing
the number of molds necessary, repetitive panel designs
enable repetitive connections.

The use of a loadbearing precast concrete system can

ARCHITECTURAL PRECAST CONCRETE
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Fig. 2.5.3(a) & (b)
NBSC Headquarters Building
Greenville, South Carolina;
Architect: Neal + Prince & Partners;
Photo: (a) Fred Martin Jr./Fred

trim two-and-a-half to three months off the typical con-
struction schedule for a mid-sized, 100,000 ft2 (9300
m?) structure. An example of the speed of construc-
tion is shown for the office building in Fig. 2.5.3(a).
The erection phase of this four-story, 75,000 ft? (7000
m?) Class A office building was completed in 44 days
(Fig. 2.5.3[b] and [c]. The project incorporates many
precast concrete components from exterior bearing
walls with integrally cast thin brick, columns, inverted
tee beams, double-tee floor and roof members, and
interior shear walls.

ARCHITECTURAL PRECAST CONCRETE

Architectural loadbearing panels can be used effec-
tively torenovate and rehabilitate old deteriorated struc-
tures. These panels can be used not only in all precast
concrete structures but also in structural steel-framed
structures and cast-in-place concrete structures.

Design guidance for using loadbearing architectural
precast concrete wall panels can be found in Sections
4.2.5 and 4.2.7, as well as the PCI Design Handbook
— Precast and Prestressed Concrete, MNL-120.
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Fig. 2.5.3(c) Construction sequence.

1l |

Precast Day 25 — Shear structure.

Precast Day 44 — Structurally and archltecturally completed.
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2.5.2 Shapes and Sizes

Architectural loadbearing components can be pro-
vided in a variety of custom-designed or standard sec-
tion shapes. A wall system can be comprised of flat
or curved panels (solid or insulated) (Figs. 2.5.4[a] and
[e]), window or mullion panels (Figs. 2.5.4[b] and [c]),
or ribbed panels (Fig. 2.5.4[d]). Each type of panel will
readily accommodate openings for doors and windows.
Figures 2.5.4(b), (c), and (d) illustrate various types of
ribbed panels. The panel shown in Fig. 2.5.4(c) is a hor-
izontal Vierendeel truss window mullion panel, while
the other panels are vertical window mullion panels.
Figure 2.5.4(e) shows an exterior horizontal spandrel
that would be used as part of a column-wall system.

In the interest of both economy and function, precast
concrete panels should be as large as practical, while
considering production efficiency and transportation
and erection limitations. By making panels as large as
possible, numerous economies are realized: the num-
ber of panels needed is reduced, fewer joints (water-
proofing requirements) and connections are required,
and the erection cost is lower.

Panels may be designed for use in either vertical or
horizontal positions. For low-rise buildings, complex
connection details can be minimized by spanning load-
bearing panels vertically through several stories; conse-
guently, the economic advantages of loadbearing wall
panels are increased. For high-rise buildings, it is nor-
mally more practical to work with single-story horizon-
tal panels connected at each floor level. The elements
can be more slender, simplifying the erection.

The 16-story, 249,000 ft? (23,200 m?) office building is
topped out at 248 ft (75.6 m) above grade (Fig. 2.5.5[a]).
It has single-story, horizontal loadbearing panels that are

- ¢ il
Fig. 2.5.5(a) & (b)

United Bank Tower, Colorado Springs, Colorado;
Architect: Klipp Partnership, P.C.

typically 14 ft 6 in. x 16 ft (4.4 x 4.9 m) by 8 in. (200
mm) thick. Vertical load transfer at the exterior of the
building was accomplished by spanning from the build-
ing core to the exterior walls horizontally to monolithi-
cally cast 13 x 30 in. (330 x 760 mm) column elements

N

(b) Vertical window or
mullion panel

(a) Flat or
insulated panel

Fig. 2.5.4 Various types of architectural loadbearing wall panels.

(c) Horizontal window
or mullion panel

(d) Ribbed panel (e) Horizontal spandrel as

part of a column-wall system
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within the wall panels. The monolithic columns re-
duced the number of components to be erected and
the subsequent connections. Also, 11 x 15.5 in. (280 x
390 mm) precast concrete mullions, integral with the
panels, allowed incorporation of four windows in each
panel. A column free interior allows for flexible use of
office space (Fig. 2.5.5[b]).

The maximum panel size that can be transported
is impacted by local conditions, such as bridge and
overhead utility clearances, site access, and regula-
tory agencies such as State and Federal Departments
of Transportation. In general, a panel up to 12 ft (3.7
m) tall and 30 ft (9.1 m) long is a manageable size;

although, multistory panels 45 ft (13.7 m)
in height have been fabricated and deliv-
ered. Panels should be designed in specific
widths to suit the building’s modular plan-
ning. When such a building is designed to
take the best advantage of modularity, the
economic advantages of loadbearing wall
panels are significantly increased.

Load uniformity is one of the important
advantages for high-rise, loadbearing pan-
el structures. This approach can produce
evenly distributed loads on the perimeter
foundations and reduces the tendency for
differential settlement. The jointed nature of
the facade also makes it more tolerant of
any differential settlement that may occur.

Curves are easily created with precast concrete. On
curved panels, a continuous supporting ledge cast on
the inside face is preferred to provide bearing for floor
and roof members and to stiffen the panels to mini-
mize warping. Figure 2.5.6 shows the skeleton of vari-
ous components at the right, and an ever-more finished
look of the structure to the left. At far left is how the
finished structure will appear.

Flat and curved molds, each 13 ft (4.0 m) high and
30 ft (9.1 m) wide, produced the loadbearing pan-
els for the eight-story office building in Fig. 2.5.7(a).
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Individual, non-repetitive stone
textures comprise the horizontal
moldings that encircle the build-
ing at every level. To produce
these textures, the architects
chose stone from a local quarry
and worked with stone cutters
to develop 70 different profiles.
A urethane mold was then fab-
ricated from each stone. The
flexible urethane casts of the
individually chiseled limestone
blocks were then placed within
the larger panel molds in a va-
riety of patterns, adding depth,
detail, and a non-repetitive
quality. The process of casting a
highly articulated, buff-colored,
stone-textured loadbearing wall
solved structural and cost con-
straints and avoided the process

Fig. 2.5.7(a) & (b)
198 Inverness Drive West
Englewood, Colorado;

Architect: Pouw & Associates, Inc.;
Photos: Pouw & Associates, Inc.

ARCHITECTURAL PRECAST CONCRETE
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of attaching the stone to the precast concrete panels
(Fig. 2.5.7[b]).

Wall panel size and shape can be affected by the de-
tails and locations of the vertical and horizontal panel-
to-panel connections. Gravity load transfer between
panels, gravity and axial load combinations caused by
lateral loadings, or size of window openings can be-
come major factors influencing panel structural dimen-
sions and connection design. For most precast concrete

ram

PCI



DESIGN CONCEPTS RELATED TO USAGE AND ECONOMICS
2.5.2 Shapes and Sizes / 2.5.3 Design Considerations

exterior bearing wall structures, the gravity dead and
live load condition will control structural dimensions.

When stemmed floor members, such as double tees,
are used, the width of loadbearing walls or spandrels
should module with the double-tee width. For exam-
ple, for 12 ft (3.6 m) double tees, walls should be 12,
24, or 36 ft (3.7, 7.3, or 11 m) wide. Local precast
concrete producers should be contacted to determine
their particular module.

Inverted tee beams typically are used on interior
spans. To minimize floor-to-floor dimensions, double
tees are frequently dapped at interior beam lines and
at exterior spandrels. Dapping is generally not neces-
sary on vertical wall panels.

2.5.3 Design Considerations
(See Sections 4.2.5 and 4.2.7 also)

In recent years, tremendous advances have been made
in precast concrete structural engineering technology.
Greater knowledge regarding connections and wall
panel design has made it possible to use architectural
loadbearing precast concrete wall panels more cost ef-
fectively. Solid panels, or panels with small openings,
constitute true bearing walls because they are primarily
stressed in compression. With solid flat panels, load
path locations can be determined easily.

As openings in the wall become larger, loadbearing
concrete panels may approach frames in appearance
and the concentration of load in the narrower verti-
cal sections increases. In multistory structures this load
accumulates, generally requiring reinforcement of the
wall section as a column (at panel ends and at mullions
between windows) designed for biaxial bending due
to load eccentricities.

Loadbearing panels and shear walls, generally, will
be supported continuously along their lower surface.
Continuous footings, isolated piers, and grade beams
or transfer girders may support them. Lower floors can
be framed with beams and columns, to allow for more
open space on these levels, while the structural system
on the upper floors can consist of bearing walls.

When this is done, careful attention must be paid to
the effective transfer of the lateral forces to the foun-
dation. As with a vertical irregularity in any building in
a seismic zone, the structural engineer should make
a careful assessment of the behavior and detailing. In
multistory bearing walls, design forces are transmitted
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through tension connections and high-strength grout
in horizontal joints.

As in all precast concrete construction, the transfer of
vertical load from element to element is a major con-
sideration. Differences in section shape, architectural
feature, and unit stress result in a variety of solutions
and types of connections.

Depending on wall section and foundation condi-
tions, a loadbearing wall panel can be fixed at the base
(shear walls for lateral forces) with the roof elements
freely supported on the panel. Alternately, depending
on the shape of the building, wall element flexural
stresses can be reduced by providing pin connections
at the foundation and shear wall bracings at the ends
or across the building to ensure lateral stability.

Loadbearing or shear wall units should be the primary
design consideration if one or more of the following
three conditions exist:

1. There is inherent structural capability of the units
due to either their configuration or to sufficient pan-
el thickness. The sculptural configuration of units
often enables them to carry vertical loads with only
a slight increase in reinforcement. For example, the
precast concrete units may have ribs or projections
that enable them to function as column elements
for the structure. Ribs may be part of the architec-
tural expression or, where flat exposed surfaces are
required, may be added to the back of panels for
additional stiffness. Projections do not have to be
continuous or straight, as long as no weak point
is created within the units. Generally, there is little
cost premium for sculptured panels when there is
adequate repetition. Similarly, some flat panels (in-
cluding sandwich wall panels) may be sufficiently
thick to carry loads with only minor increases in re-
inforcement. Structural design of panels with insu-
lation between layers of concrete (sandwich panels)
usually ignores the loadbearing capacity of the non-
bearing wythe,unless designed as composite panels.
If possible, the structural wythe of a sandwich wall
panel should be kept on the temperature-stabilized
side of the building to reduce thermal stresses due
to temperature variation.

2. A uniform structural layout of the building facilitates
favorable distribution of lateral forces from wind or
earthquake loads. Plus, this uniformity lends itself to
repetitive, economic castings (Fig. 2.5.8). This concept
is difficult to employ if the load paths are continually
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changing from floor to floor. Cast-in-place topping on
precast concrete floor units enables the floors to act
as diaphragms, distributing lateral forces and reducing
both individual wall unit and connection loads.

3. The building has a central core or bay designed to

resist lateral forces and transfer them to the foun-
dation (Fig. 2.5.9). When the core creates a tor-

sional irregularity, it should be supplemented with
other lateral-force resisting elements either in the
interior or on the exterior. Plan irregularities cre-
ated by the extended wings of a C or Z shape, are
particularly problematic in moderate or high seis-
mic risk areas. Because the core or bay provides
structural rigidity, panel-to-floor connections can

ARCHITECTURAL PRECAST CONCRETE

PCI



DESIGN CONCEPTS RELATED TO USAGE AND ECONOMICS

2.5.3 Design Considerations

remain relatively simple. A typical building core
may contain an elevator lobby, elevators, stair-
ways, mechanical and electrical equipment, and
space for air ducts. While the core is being erected
or cast, the precaster can proceed with the fabrica-
tion of the exterior wall units and install them as
the shear wall or core is being constructed, often
saving construction time.

Loadbearing wall panels used to construct the
building core are connected after erection to form
composite T-, L-, U-, or boxed-shaped sections in
plans. The main advantages of precast concrete
cores versus cast-in-place cores are surface finish
quality, faster construction, and greater flexibility
of the precast concrete erection sequencing.

Loadbearing spandrel panels are essentially perimeter
beams that may extend both above and below the floor
surface, and which transfer vertical loads from the floor
or roof to the columns. Loadbearing spandrels are either
ledged, pocketed, or have individual or button haunches
(also known as spot corbels) to support floor and/or roof
members. Steel shapes and plates may be cast into the
panels to reduce haunch height and, therefore, floor-to-
floor height. Non-loadbearing (closure) spandrel panels
may have much the same cross-section as loadbearing
spandrels without ledges, pockets, or haunches.

Precast concrete building elements are commonly re-
inforced with welded wire reinforcement, mild steel
reinforcement, or prestressing steel. Unless analysis or
experience indicates otherwise, both loadbearing and
non-loadbearing panels should be reinforced with the
amount of steel reinforcement specified in the appropri-
ate building code.

Lateral loads applied perpendicular to the wall are the
result of wind or seismic forces, and are usually trans-
mitted to vertical stiffening cores, shear walls, struc-
tural frames, or other stabilizing components by roof
and floor members acting as horizontal diaphragms.
This reduces the load on individual wall units and their
connections (Fig. 2.5.10). The connections between
facade elements and floor members are normally de-
signed as hinges in the direction perpendicular to their
plane.

Vertical continuity is achieved by providing connec-
tions at horizontal joints of vertical members. Columns
should be braced at each level through a continuous
load path to the diaphragm.
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Fig. 2.5.9 Plan view of possible locations of vertical cores with
respect to loadbearing walls. (Note: Although the building core
is an important element of the lateral force resisting system, it
may be insufficient to handle the torsional effects of eccentri-
cally applied loads in some of these plans. Also some plans
have re-entrant corners that create plan irregularties.)

The all-precast concrete structure with architec-
tural precast concrete loadbearing wall panels and
precast concrete core walls, beams, and double
tees provided the neoclassic look of traditional ma-
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Fig. 2.5.10 Principle of diaphragm action in precast
concrete floors and roofs.
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Fig. 2.5.11(a), (b) & (c)
Aurora Municipal Center
Aurora, Colorado;

Architect: Barber Architecture;
Photo: (a) Michael Peck.
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sonry used by many historic city halls (Fig. 2.5.11[al).
Two five-story office wings feature acid-etched pre-
cast concrete panels with punched windows and
deep reveals. The building’s wings are connected
by a central, six-story curving section to provide
a 56,000 ft? (5200 m?) floor plate(Fig. 2.5.11[b]). The
massive architectural columns and spandrels at the sec-
ond level support all the loadbearing, two-story architec-
tural walls above. Three cranes working simultaneously
erected the building as separate sections or “towers”
because of an accelerated schedule—this allowed 55
pieces to be erected in a single day (Fig. 2.5.11[c]). The
result was significant schedule advan-
tages over a steel frame structure with
brick or stone cladding.

The 20,000 ft2 (1900 m?) bank build-
ing integrates structural clarity with the
classical form of traditional bank archi-
tecture (Fig. 2.5.12[a]). The building is
rendered in modular loadbearing pre-
cast concrete panels. The main body of
the building is constructed of 18 typical
bays, each 15 ft (4.6 m) wide and 30 ft
(9.1 m) high. Two loadbearing column

components and one spanning arch element comprise
each of these typical bays (Fig. 2.5.12[b]). The entry
drum is comprised of five bays, each 19 ft (5.8 m)
wide, constructed in a similar manner.

A modern interpretation of a neo-classical

Mediterranean style, the mixed-use structure in Fig.
2.5.13(a) combines retail on the first floor with four
floors of parking above. The remaining four floors
consist of office spaces and luxury condominiums.
Floridian colors helped to anchor the project to its lo-
cale. The structural concept was originally designed

ordogan, Clark & Associates;
)s: :fbfé_‘gﬁ'ﬁn; “Clark-& Associates.
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to use cast-in-place concrete and was con-
verted to loadbearing precast concrete to ac-
celerate the schedule (Fig. 2.5.13[b]). Precast
concrete also made sense because of an ex-
tremely restrictive building site. The building
footprint is 120 x 240 ft (37 x 73 m) and the
lot size is 125 x 300 ft (38 x 91 m).

Two-story, loadbearing, punched window
wall units, 14 x 31 ft (4.3 x 0.95 m) in section
and 9, in. (240 mm) thick, were stacked
and engineered to become an integral part
of the structure taking the vertical and hori-
zontal floor and roof loads (Fig. 2.5.14 [a]
and [b]). The developer was able to eliminate

86 ARCHITECTURAL PRECAST CONCRETE PCI



DESIGN CONCEPTS RELATED TO USAGE AND ECONOMICS

2.5.3 Design Considerations

the perimeter structural steel columns. Also, the pre- tenance-free exterior finish. The precast concrete sys-
cast concrete elevator shaft was designed as a lateral tem for the 4-story, 117,000 ft? (10,900 m?) Class A
load resisting frame. From an architectural viewpoint, office building saved more than $250,000 over a con-
the flexibility of the precast concrete system offered ventional precast concrete and structural steel building
the owner unlimited colors and textures, deep reveals, of similar size.

custom designed cornice details, and a virtually main-

Photo:
Brian Griffis.
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Fig. 2.5.14(a) & (b)
Deerwood North 300, Jacksonville, Florida; Architect: Rolland Delvalle & Bradley; Photo: Dennis O0’Kane.
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Fig. 2.5.15(a), (b) & (c) ()
Arapahoe County Centrepoint Plaza, Aurora, Colorado; Architect: Barker Rinker Seacat Architecture, P.C.;
Photos: Barker Rinker Seacat Architecture.

band also has a feather feature created with a form
liner. The exterior columns are colored concrete with
an acid-etch finish and the top of the columns has a
medallion of feathers cast with a form liner. The en-
trance of the building features large wall panels with a
form liner finish of large feathers. The feather theme is
to honor and respect the Arapahoe Native Americans
(Fig. 2.5.15[c)).

Aesthetics were the driving force behind the innova-
tive precast concrete techniques used for the head-
quarters building in Fig. 2.5.16(a). For while the use
of an all-precast concrete structural system with load-
bearing exterior panels saved time and money and pro-
vided a variety of design advantages, the most striking
aspect of the project was the dramatic image created
The four-story total precast concrete structure in by the precast concrete panels, which include a ran-

Fig. 2.5.15(a) has 175,000 ft* (16,300 m?) of double dom cut-stone design on the lower levels. Some of the
tees supported by precast concrete

beams, architectural precast con-
crete walls, and one-piece, four-
story columns. The erection of the
precast concrete was completed in
nine weeks (Fig. 2.5.15[b]). A de-
sign feature of the structure is that
the second floor extends out from
the basic line of the building. This
required a large transfer beam to
support the upper exterior wall back
at the building line. The spandrels
use thin inset brick framed top and
bottom with colored concrete that
has an acid-etched finish. The top
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base panels are 22 in. (560 mm) thick and weigh up to
58,000 Ib (26,300 kg) each. The building’s heavily rus-
ticated base needed to match the rough texture and
color tone of the thermal granite finish on the adjacent
headquarters building. Because repetition becomes
obvious when panels are placed next to each other,
nearly 280 different stone patterns were sculpted in
clay. A negative rubber liner was then produced from
the clay molds that could be moved and rotated within
each panel to avoid repetition on the final panels. To
hide the normally vertical joints of the precast concrete
panel system, small, shallow connecting pieces were
grouted into place to span the joint space and simulate
the appearance of stone masonry work. The structure
is three bays wide, framed with 10 ft (3 m) wide dou-
ble tees and precast concrete core walls. The core walls
serve as lateral support, with inverted tee beams and
columns picking up the center span’s load. Two five-
story wings are united by a central glazed rotunda that

Fig. 2.5.16(a), (b) & (c)
Starz Encore Headquarters, Englewood, Colorado; Architect: Barber Architecture;
Photos: (a & b) David Cornwell Photography, (c) The Weitz Company.

b ITL I ' ooty et L LR s

IIIIIl1I...

' JT TR

serves as the main visitor entry. The wings are basically
identical but are rotated 180 degrees from each other
so the building avoids redundancy with an alternating
convex/concave massing. The entablatures across the
front and back entries to the building consist of histori-
cally accurate, tapered precast concrete columns that
were cast vertically with horizontal joints to emulate
Roman/Tuscan columns. The columns align with the
belt course of the base panels (Fig. 2.5.16[b]). From ini-
tial design to full occupancy took only 22 months, with
the 308,000 ft2 (28,600 m?) office structure erected in
218 calendar days (Fig. 2.5.16[c]).
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T —————— The apartment complex in Fig. 2.5.17(a) was the first sig-
nificant application of the precast concrete hybrid mo-
ment resistant frame (PHMRF) system. The PHMRF is
a lateralforce resisting building structural system using
precast concrete beams and columns joined together with
both mild steel reinforcement and post-tensioned high-
strength steel strands. Compared to the common struc-
tural steel or cast-in-place concrete systems, this manner
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Fig. 2.5.17(a), (b) & (c)
The Paramount, San Francisco, California;

Architect: Elkus Manfredi Architects, Ltd., Design Architect;
Kwan Hemmi Architects and Planners, Architect of Record;
Photos: (a & c) David Wakely Photography, (b) Pankow.
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of resisting seismic forces significantly reduces the potential
for damage to the key elements of a building’s frame. The
perimeter precast concrete moment frame serves as both
the lateral-force resisting system and the architectural fa-
cade (Fig. 2.5.17[b]). The architect was able to use the high
quality and flexibility of precast concrete to create an articu-
lated and visually interesting facade design. Sandblasting,
reveals, and bullnoses all add to the complexity and interest
of the facade treatment (Fig. 2.5.17[c]). At 39 stories and
420 ft (128 m) high, the building was the tallest concrete
structure at the time it was constructed, in addition to be-
ing the tallest precast, prestressed concrete framed building
located in Seismic Zone 4. This building is the culmination
of the Precast Seismic Structural Systems (PRESSS) research
program that has been confirming the validity of advanced
precast concrete seismic concepts over the last decade.

The seven-story mixed-use residential project in Fig.
2.5.18(a) features 225 lofts perched above ground floor
retail and restaurant space and three levels of above-grade
and subterranean parking. The total precast concrete
building was built with a precast concrete hybrid mo-
ment-frame system. A well controlled structural testing
program confirmed that this frame system demonstrat-
ed superior performance to a conventional cast-in-place
concrete frame. The building will be able to handle large
seismic drifts while experiencing minimal damage because
the structural system was designed with a post-tensioned,
self-righting mechanism. The system’s prestress design has
enough pre-compression to assure recentering of the build-
ing to its original position after the ground stops shaking
from a major seismic event. The precast concrete columns

and beams feature various levels of sandblasting and re-
veals. One hallmark of the project was the speed of con-
struction, which is critical in a downtown area. Achieving
the completed look to the precast concrete structure took
only three-and-a-half months (Fig. 2.5.18[b]).

{ I'l .. l. l
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Fig. 2.5.18(a), (b) & (c)
800J Plaza Lofts; Sacramento,
California; Architect: LPA

l..' Sacramento Inc.;
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2.6 PRECAST CONCRETE PANELS USED
AS SHEAR WALLS

In many structures, it is economical to take advantage
of the inherent strength and in-plane rigidity of exte-
rior precast concrete wall panels by designing them to
serve as a part of the lateral-load resisting system. The
wall panels provide all or a portion of the lateral sta-
bility of a structure when combined with diaphragm
action of the floor construction. Walls taking in-plane
horizontal loads (lateral forces) from the effects of
wind or seismic forces are referred to as shear walls.
The shear walls may be, but do not need to be, bear-
ing walls. Shear walls are used as the most common
and economical lateral-force resisting system and have
been used widely in buildings up to 30 stories tall, al-
though more typically in low- to mid-rise structures.

Fig. 2.6.1(a) & (b)

Sarasota County Judicial Center, Sarasota, Florida;

Architect: BMK Architects Inc. and HLM Design, Joint Venture
Photos: Scott McDonald ©Hedrich Blessing.

A shear-wall system’s effectiveness is dependent
largely upon panel-to-panel connection design. A
significant advantage of jointed construction is in the
inherent ease of defining load paths through connec-
tions. As such, it is relatively easy to integrate a precast
concrete lateral—force resisting system’s performance
with that of the vertical loadbearing frame.

Shear walls are vertical members, which resist and
transfer lateral forces, in or parallel to the plane of the
wall, from the superstructure to the foundation. Thus,
shear walls act as vertical cantilever beams. Shear walls
are placed at appropriate locations within and around
the building perimeter according to the architectur-
al and functional design requirements. The 1 ft (0.3
m) thick panels on the judicial center in Fig. 2.6.1(a)
measure 21 x 15 ft (6.4 x 4.6 m). They serve as shear
walls at the corners of the building (Fig. 2.6.1[b]).
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Continuous steel plate connections were cast into the
corner panels to permit a welded connection at the
vertical corner joint.

Typically, a structure incorporates numerous walls, which
can be used to resist lateral forces, in both principal axes
of the building (Fig. 2.6.2). Connections can be designed
for specific directional resistances while maintaining flex-
ibility, which may be beneficial. Because of the impor-
tance of shear walls in the behavior of the building, the
engineer of record must collaborate with the precast con-
crete engineer in the implementation of the lateral force
resisting system design. If the structure includes architec-
tural precast concrete panels that could act as shear walls,
but are not intended to do so, the connections must be
designed so as not to attract unintended forces into the
panels. The portion of the total lateral forces that each
intended shear wall resists depends on the wall’s bend-
ing-and shear-resistance capacity, the participation of the
floor, and the characteristics of the foundation. For most
structures, lateral load distribution to the walls is based
on the properties of the walls (their relative stiffnesses).

The lateral forces the building must resist may be wind,
seismic or blast loads. The magnitude of these loads
varies according to a project’s purpose and geographic
location. Concrete panels have the inherent strength re-
quired to perform as shear walls. It is important that the
connections be designed to transfer lateral forces, and
also accommodate thermal movements and differential
deflections (or camber), as covered in Section 4.5.2. In
some cases, the ability to transfer lateral forces may be a
panel’s only structural purpose. But, it is more often com-
bined with loadbearing or wall-supporting capabilities.

Shear walls are economical because walls already re-
quired by the building layout (such as exterior walls, interior
walls, or walls of the elevator, stairway, mechanical shafts,
or cores) can be designed as structural shear walls. Load
transfer from horizontal diaphragm to shear walls, or to
elevator walls, stairway cores, or mechanical shafts, can be
accomplished either via connections or by direct bearing.
Whenever possible, it is desirable to design shear walls as
gravity loadbearing panels. The increased dead load acting
on the panel is an inherent advantage to its function as a
shear wall because it increases the panel’s resistance to up-
lift and overturning forces created by lateral forces.

The effect of cumulative loads on connections be-
tween panels must be considered since these loads
become a significant factor in determining minimum
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Fig. 2.6.2 Exterior shear walls.

panel dimensions. Shear walls in precast concrete build-
ings can be individual wall panels or wall panels that
are connected together to function as a single unit.
Connected panels greatly increase shear resistance ca-
pacity when compared to the same length of panels
acting independently as several narrower shear walls.

Connecting long lengths of wall panels together, how-
ever, can result in an undesirable build-up of volume
change forces. Hence, it is preferable to connect only as
many units as necessary to resist in-plane shear forces
and the associated overturning moment. Connecting as
few units as necessary near the mid-length of the wall
will minimize the volume change restraint forces.

In some structures, it may be desirable to provide shear
connections between non-loadbearing and loadbear-
ing shear walls in order to increase the dead load resis-
tance to moments caused by lateral loads. However, in
most cases, an exterior shear wall (or perimeter frame)
system provides more efficient and flexible floor plans
than an interior shear wall system because it may elimi-
nate the need for a structural core.

Furthermore, exterior shear walls do not affect the
interior traffic flow or sight lines. The exterior walls can
be designed to provide the vertical strength and hori-
zontal connections to allow the entire wall to function
as a single unit to mobilize dead load overturning re-
sistance. In addition, they may eliminate the need for
exterior columns and beams (Fig. 2.6.2).
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Fig. 2.6.3 Interior shear walls.

In an interior shear wall system, the lateral forces are
not transferred directly to the foundation. Instead,
the wall panels distribute the lateral forces to floor
diaphragms, which, in turn, transfer them to a struc-
tural core or to the interior shear walls (Fig. 2.6.3).
Frequently, shear wall panels are connected vertically
and at the corners to form a structural tube that can-
tilevers from the foundation, making the panels more
efficient at resisting lateral loads.

2.7 PRECAST CONCRETE AS FORMS FOR
CAST-IN-PLACE CONCRETE

Architectural precast concrete units also may serve
as forms for cast-in-place concrete. This application is
especially suitable for combining architectural (surface
aesthetics) and structural functions in loadbearing fa-
cades (it avoids the problems of matching the surface
finish of the cast-in-place concrete to architectural pre-
cast concrete), or for improving ductility in locations of
high seismic risk by using wet cast connections with
high levels of reinforcement at the joints. Continuity
and ductility are achieved by casting in place the beams
and columns using precast concrete loadbearing pan-
els as the exterior formwork.

The ductility of walls partially depends on reinforce-
ment locations. Ductile behavior is improved signifi-
cantly if the reinforcement is located at the ends of
the walls. This way, structurally inactive cladding can
be designed to become a major lateral load resisting
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element. Seismic and wind loads are resisted primar-
ily by the building central core and partly by the duc-
tile concrete exterior frame. Basically, floor slabs act as
diaphragms. Figure 2.7.1 illustrates the use of cast-in-
place concrete to tie the walls, beams, and floor to-
gether. This can be an efficient system for providing
lateral resistance in precast concrete buildings.

The use of precast concrete as forms can reduce con-
struction time since all of the formwork required for a
structure can be manufactured in advance of concrete
placement. This permits greater flexibility and continu-
ity in concrete placement activities. Delays in placing
the concrete due to the time required for preliminary
curing of concrete preceding form removal and re-erec-
tion of forms can be eliminated. The precast concrete
units may be erected quickly and the structure is com-
plete when the cast-in-place concrete is placed and has
achieved its design strength. The need for temporary
outside forms is eliminated.

The architectural precast concrete form can be non-
composite and serve only to achieve a desired archi-
tectural effect after the cast-in-place concrete has
achieved design strength. This is accomplished by
providing compressible joints between abutting pre-
cast concrete panels, and neglecting (or eliminating)
bond at the interface of the precast and cast-in-place
concrete. The architectural precast concrete element is
then non-composite with the cast-in-place concrete.
Reinforcing steel extending from the precast concrete
into the cast-in-place concrete only needs to be of suf-
ficient strength to support the formwork unit.

Realistic assumptions with regard to construction
techniques are required. It must be determined (or
specified) how and where the precast concrete panels
will be supported during concrete placement in order
to design the proper reinforcement within the pan-
els. A mockup section may be necessary to test the
construction procedures before the project gets under
way. Such a mockup will also assist in refining panel
shape, size, finish, joint locations, and connections.

Concrete stay-in-place form panels should be erected
and temporarily braced to proper elevation and align-
ment in such a way that the tolerances specified for the
finished structure can be met. Temporary bracing for
the panels generally consists of adjustable pipe bracing
from panel to floor slab. Supports, braces, and form ties
must be stiff enough so that their elastic deformation
will not significantly affect the assumed distribution of

ram

PCI



DESIGN CONCEPTS RELATED TO USAGE AND ECONOMICS

2.7 Precast Concrete As Forms For Cast-in-place Concrete

Fig. 2.7.1 Precast concrete as formwork.

Vertical section

e Cast-in-place portions
integrate with precast
to result in complete
lateral system.

e Wall panel and slab
shapes are planned
to create self-forming
elements.

o If precast concrete is
to be composite with
cast-in-place (C.I.P.)
concrete interior sur-
face must be clean and
could be roughened
and/or have inserts for
ties bolts.

Horizontal section

o Inserts to facilitate
formwork may be
provided.

o Reinforcing and inserts
must be thoroughly
planned to avoid
conflicts.

Variations

 Temporary shoring
and bracing may be
required.

/.71 Precast permanent formwork
o1 (one-piece spandrels may

I require support and restrict

i+ placement of concrete)

1
It

AT ,é C.LP. Slab
, 7 |
‘§= Temporary formwork

Bond ties screwed into
cast-in inserts

the load from the fresh concrete. Form ties may be at-
tached to embedded strap anchors or threaded inserts
provided in the panels for that purpose, or welded to
plates cast in the panels. Ties are then fastened in the
conventional manner with hardware on the outside of
the interior wood or steel forms. Column forms may
use column clamps or be wrapped with steel bands to
aid in resisting hydrostatic pressure. Care must be tak-
en to protect corners of precast concrete units when
wrapping forms.

The designer should specify surface finish and desired
minimum thickness of precast concrete, but design
and layout of the forms and supporting systems will
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normally be the responsibility of the contactor. The de-
signer should require that shop drawings be submitted
for review before the concrete is placed.

In other cases, it may be desirable to establish in-
teraction between the precast concrete form and the
cast-in-place concrete so that they act compositely in
the completed structure. It is then necessary to provide
shear transfer between the precast concrete and the
cast-in-place concrete. Shear transfer is accomplished
by bond and/or mechanical connections. The element
may then be treated as an integral unit for subsequent
applied loads, designed in accordance with the com-
posite concrete section of the ACI 318 Building Code.
If the precast concrete element is arranged vertically
(such as a column or wall form) and not otherwise sup-
ported, the reinforcement that passes across the inter-
face should be adequate to support the architectural
precast concrete unit. This reinforcement should be
adequate to restrain bowing in the precast concrete
element.

Deflection of stay-in-place precast concrete beam
forms, and warping of wall forms, may result from
differential shrinkage of precast and cast-in-place con-
crete, as well as from the dead load or lateral pres-
sure of the cast-in-place concrete. Stay-in-place forms
should be designed to limit form deflection to '/, of
the unsupported height or length. Cambering of ar-
chitectural precast concrete forms to compensate for
deflections is expensive and should be avoided. Where
the member is long enough to develop bonded strand,
pretensioning may be used in the precast concrete
form units.

Horizontal construction joints in the cast-in-place con-
crete should be made 3 in. (75 mm) below the top edge
of panels used as permanent forms rather than in line
with horizontal form joints. This reduces the possibility
of water leakage through the construction joints.

Design of composite flexural members using precast
concrete as forms requires locating form joints in areas
remote from points of high moment, any reinforce-
ment in the precast concrete must be discontinued at
the form joint location. With the joint so located, the
shear at that section can usually be adequately resisted
by the reinforcement designed for this purpose and
contained in the cast-in-place concrete.

To determine the feasibility of architectural precast
concrete form units and the economies they may ef-
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fect, the following aspects of a structural concept
should be considered:

1. The parts or elements of the structure that appear
to be most readily adapted to construction using
precast concrete forms.

2. The types of form units best suited for the various
parts of the structure.

3. Design and installation details for form units that
will fill their functional requirements with minimum
production and erection costs.

4. The minimum size of structure or the minimum
number of form units for economical form unit
production.

5. Reduction or elimination of special form han-
dling equipment not otherwise required for
construction.

6. Structure modifications (details and dimensions) to
reduce number of odd shapes and sizes of form
units.

The four-tiered elliptical freestanding colonnade in
Fig. 2.7.2(a) contains study areas and reading rooms,

vy 'IW'E%

'{.-‘-- Fig. 2.7.2(a), (b) & (c)

Library Square, Vancouver, BC, Canada;
Architect: Moshe Safdie and Associates;

Photos: (b & c) Downs/Archambault Partners.
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Downs/Archambault Partners, Associate Architect;

and is constructed of precast concrete panels that dou-
ble as formwork for cast-in-place concrete. The precast
concrete kit-of-parts includes twin column panels 16 to
28 ft (4.9 to 8.5 m) high, a U-shaped back piece, and
9-ft-high (2.7 m) spandrels (Fig. 2.7.2[b] and [c]). The
hybrid columns have a sandblasted face. The loadbear-
ing capacity of the integrated precast and cast-in-place
concrete frame resulted in a substantially stronger
wall, one that is structurally independent of the central
library core. The colonnade was used to evoke the clas-
sical language of traditional library architecture.

The 900,000 ft? (84,000 m?) office complex in Fig.
2.7.3(a) and (b) consists of two terraced towers, nine
and ten stories high, that used precast concrete wall
panels as forms for the cast-in-place concrete. The wall
panels were designed with their edges serving as forms
for the columns and spandrel beams, thus integrating
the panels into a tube to resist lateral forces.

The exterior architectural expression of the medical
facility, characterized by large window openings and
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Fig. 2.7.3(a) & (b)
thin precast concrete spandrel and column profiles, Marathon Plaza; San Francisco, California;

Architect: Whisler-Patri;

was established in the master plan phase of the proj-
Photos: Pankow.

ect in Fig. 2.7.4(a). Thin spandrel and column profiles
seem to conflict with the functional requirement for a
structure that satisfies stringent vibration characteris-
tics. However, both of these objectives were achieved
by using the 4'/,-in.-thick (110 mm) precast concrete
spandrel beams and columns as part of the formwork
for the cast-in-place concrete (Fig. 2.7.4[b] and [c]).
This allowed the use of thinner precast concrete facade
elements and eliminated the space normally required
for precast concrete connections and the associated tol-
erances needed to satisfy the vibration criteria.

&
=
Fig. 2.7.4(a), (b) & (c)

University of Texas Southwestern Medical Center,
Phase 1V

Dallas, Texas;

Architect: Omniplan Inc.;
Photos: Omniplan Inc.
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Energen Building, Birmingham, Alabama;
Architect: Smallwood, Reynolds, Stewart, Stewart & Associates, Inc.; Photo: Gabriel Benzur.



3.1

Many facets in the design of architectural precast
concrete are of vital importance to the architect. Two
significant design considerations described in Chapter
2 were total wall analysis and repetition and the master
mold concept. Chapter 3 discusses the surface aesthet-
ics of precast concrete panels, which require decisions
by the architect on considerations such as color, form
and texture, and weathering. Because of the versatility
of the material, the architectural focus can vary greatly
from project to project, changing the relative impor-
tance of each of these facets to the design.

Proper selections of color, form, and texture for a
building’s precast concrete exterior is critical to creat-
ing a successful aesthetic appearance. The decisions
depend not only on cost, delivery schedule, and client
satisfaction but on the local and regional context as
well. The desired colors and textures can be achieved
by varying aggregate selection, matrix color, finishing
processes, and depth of exposure of the aggregate.
The proper use of samples and mockups can ensure
the project’s success.

Precast concrete allows architects to be innovative
and create designs that cannot be accomplished with
other materials. It provides the freedom and flexibility
of shaping concrete into structure and architecture.
The Architectural Precast Concrete—Color and Texture
Selection Guide, published by PCl, helps architects de-
fine and achieve their aspirations. The guide’s photo-
graphs serve as a visual reference for initial selection
of color, texture, and finish and should be followed by
producing samples at a precaster’s plant to aid in the
final selection of color and texture.

However, because of different material sources and
manufacturing techniques, the guide’s photographic
samples and the final product may not be an exact
match. Samples must be made to ensure that the de-
sired colors and textures are satisfactorily matched.
Samples for architectural precast concrete are custom
produced to translate the architect’s specific design
concept into a standard for realistic and economic pro-
duction requirements.

In the schematic design stage, a schedule for creating
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CHAPTER THREE

samples and recognizing uniformity requirements should
be considered, and the designer should focus on select-
ing shapes, sizes, colors, textures, and finishes for the
samples well in advance of finalizing the bid documents.

The building’s appearance results from the architect’s
use of light, shadow, texture, and color. Color and,
consequently, color tone represent relative values. They
are affected by light and shadow, intensity, time of
day, and nearby colors. Thus, color selection should be
made in lighting that replicates the light and shadows
of the site’s natural daylight.

The architect should give sufficient details or descrip-
tions on the contract drawings to indicate clearly the
extent of all exposed surfaces of the units and their
respective finishes. This is particularly important for
returns and interior finishes. The location and dimen-
sions of reveals should also be shown. All of these
items should then be shown on the shop drawings.

3.2

Because acceptable color uniformity and shading in-
tensity are evaluated visually, they are generally a mat-
ter of an individual's subjective judgment and inter-
pretation. Acceptable variations in color, texture, and
uniformity should be determined at the time the sam-
ple, mockup, or initial production units are approved.
Accordingly, it is beyond the scope of this Manual to
establish precise or definitive rules for product accept-
ability on the basis of appearance. However, a suit-
able criteria for acceptability requires that the finished
concrete surface should have a pleasing appearance
with minimal color and texture variations from the ap-
proved samples. The finished face surface should show
no obvious imperfections other than minimal color and
texture variations from the approved samples or evi-
dence of repairs when viewed in typical lighting with
the unaided eye at a 20 ft (6.1 m) viewing distance.
Appearance of the surface also should not be evalu-
ated when light is illuminating the surface from an ex-
treme angle, as this tends to accentuate minor surface
irregularities (see Section 3.5.17).

The major factors affecting uniformity of architectural
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precast concrete units are described in Section 3.2.1.
These should be recognized through all stages neces-
sary to prepare, assess, and approve samples.

Samples of architectural precast concrete are intended
to represent the materials and finish used. The concrete’s
color or appearance likely will vary during production,
so samples showing that expected range should be re-
quired. Product appearance is influenced by factors such
as quality, complexity of the casting, and physical mass,
as well as the natural characteristics of the concrete in-
gredients. In short, a single 12 x 12 in. (300 x 300 mm)
sample may not accurately represent a production cast-
ing, so larger samples should be used.

3.2.1.

Concrete contains natural materials, and it is these
materials’ inherent beauty that is most often expressed
in architectural concrete. The limitations of these natu-
ral materials with respect to uniformity must be consid-
ered, and the requirements for uniformity of the precast
concrete product must be set within these limitations.

Some color difference between nominally identical
precast concrete units is inevitable, but color variation,
between and within panels, should be kept within an
agreed range. Therefore, it is important, at the sample
stage, to reconcile the expectations of the owner and
architect with the practical limits of color uniformity.
Some designers prefer to see color variation akin to
timber and natural stone, while others desire the con-
sistency and uniformity of paint. Where uniformity is
essential, the precaster can provide significant input in
balancing colors, textures, and shapes to achieve this
uniformity.

Color control is, thus, about ensuring that panels or
other precast concrete elements for a project have an
acceptable tonal range.

Uniformity of color and texture requires the precaster
to manage a complex set of variables, including raw
materials, mixture proportions, mixing, casting and
consolidation, curing, finishing, and weathering. When
fabrication continues over extended periods, color can
vary because of the changes in the physical character-
istics of cements, coarse aggregates, and sand, even
though they may be from the same sources.

The color of a concrete is dependent on, among other
factors, the cement and other materials used. Variation
in the color can occur from day to day in the product
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from a single cement plant, and color differences are
to be expected among cements obtained from differ-
ent plants. Cement color reflects chemical composition
and processing conditions. Usually, cement colors vary
from white to shades of gray and brown. Greater color
uniformity results can be expected when using white
cement than when using gray cement.

The type and brand of cement must also remain con-
sistent. Changing from Type | to Type Ill portland ce-
ment within one job will cause color variations because
Type lll portland cement is a finer grind of cement than
Type I. Even though the color changes of the cement
would be minimal, it is recommended that types of ce-
ment not be changed.

Because the largest portion of a concrete mixture is
aggregate, the color or gradation of aggregate can in-
fluence the color of concrete. A substantial change in
aggregate color can make a noticeable difference in
surface color, especially if an exposed finish is speci-
fied. Therefore, the precaster should stockpile, either
at the plant or quarry, the fine and coarse aggregates
for each type of exposed finishs.

Coarse aggregates should be reasonably uniform in
color. A mixture can have more than one aggregate
type to get the desired color. Light and dark coarse
aggregates require care in blending so that color uni-
formity is achieved within a single unit. Choosing ag-
gregates with a small color difference between the
light and dark aggregate will enhance uniformity. The
architect should specify that the matrix’s color or tone
match that of the coarse aggregate so that variations
in the depth of exposure and concentration of aggre-
gate will not be as noticeable. Panels containing ag-
gregates and matrices of contrasting colors will appear
less uniform. Also, as the size of the coarse aggregate
increases, less matrix is seen.

The fineness modulus (FM) of the fine aggregates and
the content of fines (particles passing a #200 [75 um]
mesh sieve) can have a significant impact on final ap-
pearance. Units made with a higher content of fines will
be lighter colored due to the increased surface area of
fine particles and their light-scattering characteristics.
Elimination of fines, or keeping them to a minimum,
will help to prevent color variations.

Chemical admixtures and pigments affect final color.
They need to be added in the same amounts and in
the same sequence throughout the job to avoid color
variations.
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Each factor discussed here affects color consistency,
but daily variations in moisture content are probably
the single most common cause of color consistency
problems. A change in the water-cement ratio can re-
sult in color inconsistency from batch to batch.

The water-cement ratio in a concrete batch is affected
by the moisture content of the raw materials, primarily
the sand, and the amount of mixing water. Automatic
moisture control of the sand and adjustment of the
mixing water volume for every batch help to minimize
such color fluctuations.

The mixing time required to achieve complete disper-
sion of all materials varies from plant to plant depend-
ing on the type of mixer and the aggregates used. If
pigmented concrete is not mixed long enough, the
color is less intense. Also, if the concrete batching se-
quence is varied, color uniformity will be affected.

The color of precast concrete can vary between ad-
jacent elements due to daily variations in the curing
conditions for the concrete. The concrete and mold
temperatures should remain as consistent as possible
throughout the job to minimize color variations.

If a sample is stored indoors, its color will vary from
a panel stored outdoors. A panel stored outdoors and
exposed to precipitation is cured differently than the
controlled enviornment of the sample. It is difficult to
exclude the influence of the climatic changes on color
over a year if the precast concrete units are placed in
storage for long periods of time, as may be dictated
by contractural conditions or by operations at the con-
struction site beyond the control of the precaster.

The last production process that affects panel aes-
thetics and needs to be controlled is the finishing. A
smooth-off-the-form finish is extremely difficult to pro-
duce consistently. Any type of finish that has some de-
gree of aggregate exposure will appear more uniform
than a smooth finish because the natural variations in
the aggregates will camouflage subtle differences in
the texture and color of the concrete. The degree of
uniformity normally improves with an increased depth
of exposure. Some variation is to be expected in color
and texture, even after finishing. Assessment of color
uniformity of the panels prior to finishing offers little
information. Dividing large surface areas into smaller
ones with reveals or rustications also helps to lessen
any variation in texture that might be visible.
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Many finishes cannot be achieved with equal visu-
al quality on all faces of the unit because of several
factors, such as mixture proportions, variable depths
(pressures) of concrete, and differences in consolida-
tion techniques, particularly in the case of intricate
shapes with complex flow of concrete.

During consolidation, the effect of gravity forces
the larger aggregates to the bottom and the smaller
aggregates, plus the sand and cement, upwards.
Consequently, the down-face in the mold will nearly
always be the most uniform and dense surface of the
unit. The final orientation of aggregates may also re-
sult in differences in exposure between the down
face and the returns in exposed-aggregate surfaces.
Emphasis should be placed on choosing suitable con-
crete mixtures with aggregates that are reasonably
spherical or cubical in shape to minimize differences.
For large returns, or situations where it is necessary to
minimize variations in appearance, concrete mixtures
should be selected where the aggregate gradation can
be uniformly controlled and preferably fully graded.
Exposures should be medium to deep, and color differ-
ences between the ingredients of the mixture should
be minimal.

The color of any concrete product can be expected to
change to some degree over time. Atmospheric pollu-
tion and any accumulated grime or soot will darken the
surface. These effects can be controlled by producing
well-detailed precast concrete units with high-quality
concrete. Just like all material surfaces left in the open,
precast concrete occasionally must be cleaned to re-
move pollutants and restore color. Efflorescence may
occur randomly on the product surface during its first
several years of exposure, which can cause it to look
faded or lighter in color if not cleaned off. After years of
exposure, the cement paste may erode from the surface
depending on environmental conditions, such as acid
rain. This will expose more fine aggregate and shift the
color of the concrete to the color of the aggregate.

The sample’s appearance should be assessed during
both wet and dry weather. White concrete usually pro-
duces less of a difference in tone between wet and
dry panels. In climates with intermittent dry and wet
conditions, drying-out periods may produce temporary
mottled appearances in all-gray cement facades, par-
ticularly on fine-textured surfaces. On the other hand,
dirt (or weathering) normally will be less objectionable
in gray panels.
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Some factors are outside the precaster’s control:

* Changes in cement color. This is more likely to be
associated with gray cements than with off-white
or white because the latter are manufactured to
very close color tolerances.

* Variations in curing as a result of changes in ambi-
ent temperature and humidity.

e Variations between horizontally and vertically cast
units.

Although material and production factors may cause
differences in color or texture, lack of uniformity will
be minimized if the recommendations of this section
are followed. These include creating pre-bid samples to
establish the general color and texture for the project,
producing approval samples after the contract award
to evaluate the same mixture under sample production
conditions, producing 4 x 4 ft (1.2 x 1.2 m) sample
panels to show the range of anticipated color and tex-
ture, and viewing initial production panels to see the
final outcome of the process based on bulk ordering of
currently quarried materials and full concrete batches.

3.2.2 Development of Samples

For the architect to develop and select the color and
texture for architectural precast concrete at the con-
ceptual stage requires a combination of art and skill.

The same is equally true of the precaster, which must
translate these requirements into workable concrete
mixtures and the proper finishing techniques. There
are numerous choices in textures and colors due to
the great range of coarse aggregates, sands, cements,
and pigments, combined with a variety of finishing
processes.

Achieving the desired textures and colors with fea-
sible production techniques is a process that requires
the precaster to produce samples that satisfy the ar-
chitect's design concepts. This can be accomplished
by producing a few samples, or it may require a se-
ries of samples and considerable investigation of cor-
responding production and finishing techniques or by
reference to the PC/ Color and Texture Selection Guide.
Figure 3.2.1 shows various samples to assist in select-
ing architectural finishes for shadowing and color. The
selected samples should be available for inspection and
examination by prospective bidders.

The importance of this process is not always recog-
nized by architects or precasters. To ensure success, all
research and development, including mixture propor-
tioning, should be completed prior to formal bidding
so that all precasters are estimating similar materials
and finishes. It is also recommended that all precasters
approved for a particular project develop samples for
approval as a prerequisite for bidding.
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Fig. 3.2.2 Appearance variations achieved with different finishes on the same concrete mixture.

At this stage of the procedure, the development of
samples may involve considerable expense in research
and investigation on the part of the precaster. The ar-
chitect can aid in sample development by visiting pre-
casting plants that have sample selections on hand to
assist in selecting limits for the desired finish. Because
the architect is responsible for the final decision, de-
sign judgment should be supplemented with an as-
sessment of the operating procedures and technical
personnel from all plants likely to bid on the project.
Watching plant operations and talking with plant per-
sonnel also help the architect obtain an understanding
of production considerations.

Samples should be at least 12 x 12 in. (300 x 300
mm) to provide information on face mixture proportions
(color tone) and finishes (texture) for the architect’s ini-
tial aesthetic evaluation (Fig. 3.2.2). Larger samples are
recommended, but they may be difficult to handle. The
size of the samples should relate to the maximum size
of aggregate to be used to allow for realistic placement
of the concrete and accurate expression of detail.

From the 12 in. (300 mm) square samples, a pre-
liminary evaluation should be made on the following
issues:

e Matrix color (cement, pigment, and sand color).

e Coarse aggregate type and source (where aggre-
gate exposure is planned).
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¢ Degree of surface texture or depth of aggregate
exposure.

Color selection should be made under lighting condi-
tions similar to those under which the precast concrete
will be used, such as the strong direct light or shadows
of natural daylight.

Both designers and owners should remember that
selection of a precast concrete sample represents only
the first step in the development of the actual produc-
tion of that element. It should not be considered a fi-
nal decision. Completing the sample process remains
extremely important and develops communication
among all parties.

Some precasters have small samples in stock to show
the colors, finishes, and textures used on previous proj-
ects (Fig. 3.2.3). Previous work of a similar nature can
serve as a useful visual standard and highlight potential
concerns. Even though an architect has seen the se-
lected aggregates used with a similar finish in existing
precast concrete units, it is important to develop spe-
cific project samples. These samples must reflect the
relationship between materials, finishes, shapes, and
casting techniques, such as mold types, orientation
of exposed surfaces during casting, and consolidation
procedures.

It is recommended that reference samples be used to
determine product characteristics and quality, rather than
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Samples showing color, finish and texture at precast concrete plant.

explicit specifications by the architect that might prohibit
the precasters from using a material or process that offers
the best solution for producing the desired results.

3.2.3 Pre-Bid Samples

Individual plant preferences, differences in sources
of supply, or different techniques developed in various
plants serving the same area mean that not all pre-
casters will be able to obtain an exact match of the
selected sample(s). Many architects select and approve
samples prior to bid closing. Then the approved pre-
casters’ names and corresponding sample code num-
bers are published in an addendum or the approval list
is given in writing to the general contractors.

This practice may result in slight variations in color,
aggregate, or texture but not necessarily in the qual-
ity supplied by different bidders. The individual pre-
caster, within specification limits, selects the materials
and employs the placing and finishing techniques best
suited to its plant operations. By making approval of
pre-bid samples a prerequisite for bidding, the archi-
tect and client are protected by requiring equivalent
optimum quality from all precasters. All involved then
know the result to be achieved in color and texture of
the finish. When making pre-bid approval of samples
part of the specifications, the architect should adhere
to the following requirements:
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1. Sufficient time must be al-
lowed for the bidder to sub-
mit samples or information
for approval. Time also must
be provided to allow the ap-
provals to be conveyed to the
precaster in writing so they
can estimate and submit an
accurate bid.

2. Any pre-bid submittal should
be treated in confidence,
and the individual producer’s
solutions and/or techniques
should be protected both
before and after bidding.

All submitted samples should
be clearly identified with the pre-
caster’s name, date produced,
identifying code number, and
name of project for which it was
submitted. If the precast concrete
units are to have an exposed interior finish, samples
should also be provided for this purpose.

If the characteristics of submitted pre-bid samples
deviate from the project specifications, the precaster
must make this clear when submitting the samples and
other required information for approval. For proper
evaluation and approval of the samples, the precaster
should state the reasons for any deviations. These rea-
sons might include the precaster’s concern over con-
trolling variation in either color or texture within speci-
fied limits. In regard to adequacy of specified materials,
concerns about satisfying all conditions of the specifi-
cations must be based on practical plant production
requirements and the performance or weathering of
the product in its final location.

3.2.4 Production Approval Samples

After award of the contract but before producing any
units, the precast concrete manufacturer should pre-
pare and submit for approval a representative sample or
samples of the required color and texture. This doesn’t
need to be done if the pre-bid samples prepared by the
plant were the basis for the specifications or the pre-
bid approval method was used. Samples should be at
least 12 x 12 in. (300 x 300 mm).

Although 12 in. (300 mm) square samples provide
valuable information on texture and color tone for the
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architect’s initial aesthetic evaluation, these small sam-
ples are unlikely to give a true picture of the possible
variations of finish over a large area, demonstrate nor-
mal surface blemishes, or show the effects of the natu-
ral day-to-day variations of aggregates and cement.

Once the small samples are within an acceptable
range, larger samples should be made to confirm
that the mixture proportions, vibration, and finishing

Fig. 3.2.4(a), (b) & (c)
Mockups to assist in finish selection.

techniques necessary to make production-sized piec-
es could duplicate the aesthetic qualities of the small
sample pieces.

For non-planar, curved, or other complex shapes, a
flat-cast sample may not represent the anticipated ap-
pearance of the final product. Sample shapes should
be selected to offer a reasonable comparison to the
precast concrete units they represent. Also, the size
of the samples should reflect the relationship among
finishes, shapes, and casting and consolidation tech-
niques. These techniques include mold types, thickness
of concrete section, orientation of exposed surfaces
during casting, and consolidation procedures. If the
precast concrete units have an exposed interior finish,
samples of the finish, color, and texture should also be
shown for the back surface.

Any changes in material sources or in mixture pro-
portions to facilitate production require new reference
samples and approval review. Samples showing the ex-
pected range of variations should be supplied if speci-
fied or if the color or appearance of the cement or the
aggregate is likely to vary significantly.

Figures 3.2.4(a), (b), and (c) show that a 12 in. (300
mm) square sample with a 2 in. (50 mm) thickness may
bear little relationship to the appearance and physi-
cal characteristics of a production panel. Differences
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in mass, density, and curing rate between the sample
and the production panel may make direct comparison
difficult. This is particularly true for insulated sandwich
panels.

Mockups that include all project mixtures and finish-
es, as well as all major details and reveals, can be used
to evaluate the production methods and the finished
product. For example, if return elements are to be cast
with a major panel section, the samples should have
returns cast with them to represent how the finish will
be accomplished on such sections. During review, fea-
tures and problems unique to the project should be
discussed. General factors affecting any color and fin-
ish variations should also be discussed.

Range samples should be produced: (1) when re-
quired by specification, (2) past experience of the plant
with a mixture or finish, and (3) for large projects with
multiple approving entities with little apparent precast
concrete experience. At least three range samples of

Fig. 3.2.6 Production panel.

ARCHITECTURAL PRECAST CONCRETE

one size (full scale, but not necessarily full size) should
be produced to demonstrate actual planned produc-
tion conditions. These should establish the range of ac-
ceptability for color and texture variations; uniformity
of returns; frequency; size and uniformity of air-void
distribution; surface blemishes; and overall appear-
ance. During the range sample review, the precaster
will ask the architect or representative to inspect and
approve (sign and date) the range panels.

Samples or mockups should be viewed at a distance
consistent with their position on the structure but no
less than 20 ft (6.1 m). Overlooking this procedure can
result in demands for shapes, textures, and drafts that
are not only expensive but might not add value to the
final project. Approved 12 x 12 in. (300 x 300 mm)
samples should also be compared to the mockup to
ensure original intent has not been lost. During the
mockup review, the precaster will ask the architect or
representative to inspect and approve (sign and date)
mockup panel(s). Approved mockup panel(s) super-
sede the previously approved 12 x 12 in. (300 x 300
mm) samples. For panels to be properly evaluated, they
should be stored under conditions similar to those of
the actual work. Panels will be darker when damp than
when dry.

The approved range samples or mockup panel(s)
should be stored outdoors and positioned to allow
comparison with production units. They also should be
stored adjacent to each other to ensure similar light-
ing (sun and shade) for daily comparisons of finish and
exposure. Figures 3.2.5(a) to (d) show the acceptable
range of concrete samples made with 3/ in. (10 mm)
aggregate with retarded (left side) and acid-etched
(right side) finishes. Only two of the retarded finishes
were within the acceptable range on the three acid-
etched samples. Therefore, one additional sample was
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made to obtain an acceptable range for the retarded
finishes. Figure 3.2.6 shows the production panel made
after examining the samples shown in Fig. 3.2.5.

The acceptability of repair techniques for chips, spalls,
or other surface blemishes can also be established on
these samples. The face of each sample should con-
tain at least two areas of approved size and shape that

R e -
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have been chipped out and then patched and repaired.
The color, texture, and appearance of patched areas
should match that of the adjacent surface (see Section
3.5.17). In evaluating this experimentally repaired area,
the repair should be aged to give a true indication of
its color. Repairs to the mockup should be at least one
month old before acceptability is judged. Perfecting a
repair procedure can save both time and money in the
final outcome of the project.

If the project’s size warrants, the architect and owner
should authorize the expenditure for mockups, either
of a full-scale portion of a panel or the entire typical
unit. These may be several modules wide by one or
two stories high. Investing in such mockups removes
uncertainties held by both the architect and owner
and may lead to modifications that improve the ap-
pearance and possibly reduce the overall project cost
(Fig. 3.2.7[a] to [c]). The mockups allow the precaster
and designer to explore a series of options for particu-
larly challenging details prior to full-scale production.
Larger samples require considerable time to produce,
and they should not be specified unless sufficient lead
time exists. If mockups are implemented in a timely
manner, cost and schedule implications associated with
revisions to the design may be avoided and measures
adopted promptly to rectify problems, if any. Also, it
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(c)

may be desirable to separate the mockup costs from
the base bid so the cost can be evaluated separately.

The ability to satisfy building envelope performance
characteristics depends on the attention to detailing
at the interface of dissimilar materials. Because each
trade usually terminates its responsibility at the outer
boundary of the material, critical information can be
missed that affects the overall project. The mockup is
an ideal mechanism for coordination of all trades with
abutting materials.

ARCHITECTURAL PRECAST CONCRETE
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Mockups can evaluate the following factors:

1. Range of acceptable appearance of color, texture,
and details on the exposed face and uniformity of
returns.

. Orientation of casting (necessity of sequential casting).
. Erection and bracing techniques.

. Connection details.

u A W N

. Colors and finishes of adjacent materials (for ex-
ample, window frames, glass, and sealants).

6. Dimensional accuracy of the precast concrete work
and the constructibility of the specified tolerances.

7. Acceptability of the precast concrete unit's inside
surface finish (where exposed).

8. Suitability of the selected sealers, if applicable.

9. Weathering patterns or rain runoff on a typical sec-
tion of the precast concrete facade.

Mockups should be produced using standard produc-
tion equipment and techniques. Important variables
that should be controlled as close to actual cast con-
ditions include retarder coverage rate and method of
application, if used, mixture design and slump, admix-
tures, temperature of fresh and cured concrete, vibra-
tion, piece thickness, age at which finishing operations
are performed, and method of cleaning. This is espe-
cially important with light etches that are particularly
affected by changing conditions. Special details, such
as reveal patterns and intersections, corner joinery, drip
sections, patterns, colors, and textures, should be dem-
onstrated in the mockup units for approval. Changes
in aggregate orientation, color tone, and texture can
easily be noted on full-scale mockup panels.

The mockup sample also can demonstrate the more
detailed conditions that may be encountered in the
project, such as recesses, reveals, outside/inside cor-
ners, multiple finishes, textures, and veneers. Mockup
panels should contain all expected cast-in inserts, rein-
forcement, and plates.

When the mockups are manufactured and erected,
all interested parties should be present and ready to
discuss the approval for production of the panels. If
changes are desired, all information should be re-
corded. Depending on the changes, production should
not begin until the changes have been made and the
mockups are approved.

Where mockups are not used, the architect and/or
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owner should visit the precast concrete plant and ap-
prove (sign and date) the initial production units. This
approval should precede a release for production to
avoid potential controversies later. However, delays in
visiting plants for approvals will upset normal opera-
tions and the job schedule. The contract documents
should state clearly how long the production units or
the mockup structure will be kept in the plant or at the
jobsite for comparison purposes. If specifications re-
guire mockups to be kept at the project site, sufficient
additional samples should be maintained for quality
control at the plant.

The contract documents also should permit the ap-
proved full-sized mockup units to be used in the job
installation in the late stages of construction. The units
should remain identifiable even on the structure until
final project acceptance. The panels should be erected
adjacent to each other to allow continued comparison,
if necessary.

3.2.5

If 12 in. (300 mm) square samples are used to select
the aggregate color, the architect must remember that
the general appearance of large areas of a building wall
tend to be lighter than the samples. For example, ex-
posed gray granite (salt and pepper) may look good on
a small sample, but frequently comes out “mottled” in
an actual panel if the coarse aggregate is small. If the
predominant part of the granite is white, the mottling
will be made worse with a gray matrix and vice versa.
The finish may be made more acceptable if the face
is sandblasted because of the resulting dulling of the
colors, but it is still better to increase the maximum ag-
gregate size to eliminate visual merging of the colors.

Mockups are best assessed effectively when mounted
in their final orientation. Samples viewed from a distance
of a few feet will reveal details that will not be noticed
on a building when viewed from 50 to 100 ft (15 to 31
m). Details should be appraised from a distance typi-
cal for viewing the installed panel. Overlooking this may
lead to demands for shapes, textures, and drafts that
are not only expensive but may not even be identifiable
in the finished building.

Another good example is the fluted panel. When
viewed from a distance, the ribs should be reasonably
deep to read. They should also have a draft related
to the depth and spacing of ribs in order to facilitate
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stripping without damage (see Section 3.3.2). Some
precasters advocating increased draft have shown
that draft does not detract from appearance by mak-
ing panel samples with different drafts and by having
them evaluated by the architect from a distance typical
for viewing the installed panel.

The architect should observe the samples under the
climatic conditions to which precast concrete units will
be exposed, such as direct sun, rain, or shadows. The
samples should also be judged in relation to adjacent
buildings.

There is rarely enough time to allow weathering of
samples over an adequately long period, but it is par-
ticularly important where a project with precast con-
crete is contemplated for production in stages. The ar-
chitect is advised to limit the choice of aggregates and
finishes in such projects to those that are in common
use and are easy to duplicate in later stages. To counter
weathering effects, cleaning of an earlier stage upon
completion of the next one will often provide a reason-
able match.

To obtain a reasonable appearance uniformity, a bal-
ance may have to be struck between configuration of
the precast concrete unit and the choice of a concrete
mixture. Returns in some finishes will not appear ex-
actly like the front face (down face) due to casting
techniques and aggregate shapes (see Section 3.3.7).
This should be recognized and accepted within cer-
tain limits because it may well influence the architect’s
choice of shape, materials, and finishes.

Difficult mixtures and finishes with respect to unifor-
mity may be appropriate and economical in flat panels
cast face-down and without any appreciable return,
but not in highly sculptured panels.

The architect should look at the many existing precast
concrete applications and also recognize that added
variations and new design concepts are possible.

3.2.6

The architect should specify the parameters of con-
crete performance requirements, but the actual design
of the concrete mixture should be left to the precaster.

So that the architect may appraise the appearance
and the expected performance of precast concrete
units using a specific mixture, information should be
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obtained about the mixture to assess its anticipated
performance and appearance. Such an assessment
should be part of the pre-bid sample procedure de-
scribed in Section 3.2.3.

This section discusses concrete characteristics to help
the designer specify the proper concrete requirements
and evaluate the mixtures proposed for the project.
All concrete mixtures should be developed using the
brand and type of cement, the type and gradation of
aggregates, and the type of admixtures proposed for
use in production mixtures. If at any time these vari-
ables are changed, the mixture should be reevaluated.
This reevaluation may include one or more of the fol-
lowing concrete properties: (1) color, surface texture,
or aggregate exposure; (2) air content or durability; or
(3) strength (selected tests at appropriate ages).

Face and Backup Mixtures. The use of a sepa-
rate concrete face mixture and a subsequent backup
concrete or the use of a uniform concrete mixture
throughout a unit depends on the practice of the par-
ticular plant or the size and shape of the unit and the
type and extent of finish being produced as well as the
setback of the windows. For reasons of economy, face
mixtures are generally used, except in units of complex
shapes and deep, narrow sections or returns where the
procedures for separating the face and backup mix-
tures become too cumbersome. The choice should be
left to the precaster.

The face mixtures contain special decorative ag-
gregates, often in combination with white portland
cement and pigment and are specially designed to
achieve the desired surface appearance. Backup mix-
tures are composed of more conventional aggregates
and gray cement and are used to reduce material costs
in large units that have a decorative face mixture. If a
backup mixture is not used, costs will be higher unless
economical aggregates are used. However, a face mix-
ture will be used for the full thickness when the mate-
rial savings do not warrant the added costs of working
with two mixtures.

Where a precast concrete unit is manufactured with
an architectural concrete face mixture and a structural
concrete backup mixture, these mixtures should have
reasonably similar shrinkage and thermal coefficient of
expansion characteristics in order to avoid possible un-
due bowing or warping. Consequently, these two mix-
tures should have similar water-cement and cement-
aggregate ratios.

ARCHITECTURAL PRECAST CONCRETE

109



SURFACE AESTHETICS

3.2.6 Assessment of Concrete Mixtures

110

The combination of a normalweight face mixture and
a backup mixture with lightweight aggregates may
increase the possibility of bowing or warping. Before
accepting such a combination of mixtures, sample
units which are produced, cured, and stored under an-
ticipated production conditions are often desirable to
verify satisfactory performance.

If a separate face mixture is to be used, a minimum
thickness should be determined. The thickness of a face
mixture after consolidation should be at least 1 in. (25
mm) or a minimum of 1.5 times the maximum size of the
aggregate; whichever is the larger. If larger aggregates
are hand laid in the mold, these dimensions should ap-
ply to the concrete mixture used as the matrix.

The 1 in. (25 mm) dimension is chosen because the
consolidated face mixture is often used to support
the reinforcing steel cage and thus provide the proper
concrete cover over the reinforcement. For units not
exposed to weather or for face mixtures applied face-
up (seeded), this dimension may be reduced provided
the backup mixture does not bleed through the face
mixture.

A concrete design strength should be determined
by the design team based on in-service requirements,
not forgetting production and erection considerations.
Because precasting involves stripping of units from the
mold at an early age, rapid strength development is
of prime importance. Transportation and erection in-
volves the next strength requirement to which precast
concrete units are exposed. The precaster should es-
tablish minimum stripping and transportation strength
requirements. These strength levels will depend on the
shape of the unit, handling, shipping, and erection
techniques, and will normally result in a high 28-day
strength. A 5000 psi (34.5 MPa) compressive strength
at 28 days normally satisfies production requirements
and also ensures proper durability.

In cases where a 5000 psi (34.5 MPa) strength of the
face mixture is not structurally necessary, or is difficult to
attain due to special cements or aggregates, the archi-
tect may still achieve sufficient durability and weathering
qualities by stating proper air-entraining and absorption
limits at a strength level as low as 4000 psi (26.7 MPa).

The strength of face and backup concrete is usually
determined by using 6 x 12 in. (150 x 300 mm) or 4 x
8 in. (100 x 200 mm) standard cylinders. If fabrication
of cylinders is impractical, 4 in. (100 mm) cubes may be
used. The measured cube strength should be reduced
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20% unless strength correlation tests to 6 x 12 in.
(150 x 300 mm) cylinders have been made to obtain
an estimate of cylinder strength. It may be impractical
to prepare a standard test cylinder, for example, in the
case of a face mixture containing a high percentage of
coarse aggregate. The 4 in. (100 mm) cube will pro-
vide an adequate size for practically all face mixtures.
Such cubes may be prepared as individual specimens,
or they may be sawed from 4 in. (100 mm) thick slabs.
The slabs may be more convenient and are probably
more representative of the final product.

In assessing the strength of concrete, statistical prob-
abilities should be considered. Many variables can
influence the strength of concrete even under close
control. The strength level of the concrete should be
considered satisfactory if the average of each set of
any three consecutive cylinder strength tests equals or
exceeds the specified strength and no individual test
falls below the specified value by more than 500 psi
(3.4 MPa). Alternatively, compressive strength results
from a predetermined number of consecutive tests
may be processed statistically and the standard de-
viation established. This approach will measure the
overall uniformity in performance. See also ACI 214,
Recommended Practice for Evaluation of Compression
Test Results of Field Concrete.

It is advisable to specify air-entraining requirements
for face mixtures in precast concrete units exposed to
freeze and thaw cycles in the presence of moisture. An
air entrainment of 4% is normally desirable. Taking into
consideration the many special consolidation techniques
used for placing face mixtures, a fairly liberal variation
of this percentage, such as +2% and -1% should be
allowed. The amount of air specified as 4% is thus ac-
ceptable if it is measured between 3% and 6%.

Because precast concrete units are generally erected
in an above-grade vertical position, which is a mod-
erate environment, air contents as low as 3% to 5%
appear to provide the required durability. Low levels of
air entrainment are preferred because the compressive
strength of concrete is reduced by approximately 5%
for each 1% of entrained air (when the water-cement
ratio is held constant). Strength reductions due to air
entrainment tend to be greater in mixtures containing
more than 550 Ib (250 kg) of cement per cubic yard.
Because most architectural precast concrete mixtures
contain a high cement factor, relatively high reductions
in strength may be anticipated with high levels of air
entrainment.
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Apart from stating air-entraining requirements when
necessary, the choice of admixtures should be left en-
tirely to the precaster. However, the architect can re-
quest information about admixtures in the concrete
mixtures proposed for the project.

As a control measure for staining of concrete due to
weathering, it is recommended that maximum water
absorption limits be established. This subject is covered
in greater detail in Section 3.6.5.

A concrete mixture designed for purely structural rea-
sons, or for acid-etched finishes (light exposure of ag-
gregate), is normally fully (continuously) graded, which
means that it contains all aggregate sizes (below a
given maximum) in amounts that ensure an optimum
density of the mixture. However, where aggregates are
to be more deeply exposed by removing the cement/
sand matrix from exposed surfaces, coarse aggregate
in the middle size range may not be able to adhere to
the remaining surface. This may leave too much ma-
trix (sand and cement) exposed, or an uneven distribu-
tion of remaining coarse aggregate. To remedy this,
exposed-aggregate panels are commonly produced
using a gap-graded mixture, where one or more of
the intermediate sizes of coarse aggregate are left out.
This leads to a concentration of certain aggregate sizes
in excess of standard gradation limits, which are nor-
mally waived for architectural concrete face mixtures,
and improves the panel appearance.

While gap-grading is an established and well-proven
practice, it should not be carried to extremes. This may
cause separation of the paste and aggregates, creat-
ing uniformity problems, especially where the mixture
is not deposited close to its final location (Fig. 3.2.8).
The amount of fines, cement, and water should be
minimized to ensure that shrinkage remains within ac-
ceptable limits and that surface absorption will be low
enough to maintain good weathering qualities. The
durability of the concrete would normally not be af-
fected by any degree of gap-grading as long as proper
concrete cover is maintained over the reinforcement.
The degree of gap-grading should be based on ap-
pearance, but also related to production considerations
and the weathering qualities desired for the specific
exposure of the concrete.

In addition to sample approval and assessment of the
concrete mixture for expected performance, the archi-
tect should check the following requirements:

1. Documentation from the precaster that the con-
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Fig. 3.2.8 Different concrete placing conditions.

Concrete deposited directly in its ultimate location

Concrete flowing through mold before reaching its ultimate location

crete mixture is properly designed for appearance,
strength, durability, and weathering (absorption).
Also that it is suitable for the particular panel
configuration and the anticipated production
techniques.

2. Materials, particularly aggregates, are suitable and
available in sufficient quantities.

3. The precaster has facilities and procedures for uni-
form batching and proper mixing.

4. The precaster has the facilities, experienced per-
sonnel, and established quality control and record-
keeping procedures.

3.3
3.3.1

The shape of a precast concrete unit can be an impor-
tant cost consideration. A major factor is whether the
unit's shape can be characterized as open or closed.
Precast concrete units should be rigid, to allow for easy
handling; closed units afford this rigidity because of
their shape. Spandrel panels are normally as easy to
handle as closed shapes, although they may occasion-
ally have large returns that require special attention.
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Fig. 3;::1 Open an “closed dnits.

Fig. 3.3.2 Closed unit.

Fig. 3.3.3 Open and closed units.
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A window unit is a typical example of a closed shape;
the same window unit without the sill or jamb portion
is an open shape. Figures 3.3.1, 3.3.2, and 3.3.3 show
examples of both closed and open unit shapes.

Open units are normally more delicate and may re-
quire temporary stiffeners or strongbacks for safe
handling, which adds to cost. Also, some open panels
may be difficult to store without the risk of develop-
ing excessive bowing or warping. This does not mean
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that open shapes should not be used; their basic weak-
nesses can be overcome by proper unit proportioning
or by the use of stiffeners or strongbacks.

Combinations of closed and open shapes have better
rigidity, but the cantilevered sections should be propor-
tioned to minimize deflection and tolerance problems.
Close tolerances must be maintained during produc-
tion and curing to properly match units with open
shapes during installation. The architect may help by
choosing joint details that will minimize deviations (see
Section 4.7.8).

The interfacing of windows and precast concrete
panels is fairly simple in the case of closed shapes be-
cause connections and joint details are independent
of site conditions and tolerances, and governed only
by tolerances that relate to the manufacturing for the
two products. In the case of open units and spandrel
panels, the interfacing of windows in the facade will
have to allow for slightly larger and more uncertain
site-construction tolerances. Where window openings
occur between such units, glazing can only be accom-
modated by a window frame, which considers the ap-
propriate tolerances of the opening.

As described in Section 4.5.2, all panel connections
must allow for minor movements of the panels in rela-
tion to the supporting structure. In the case of open
units and spandrel panels, it is important that similar
allowance for movements be designed into the panel-
to-window connections and the joints between the
concrete and window frame. In the case of closed
panels, these movements are accommodated only in
the joints between the concrete units. Also, windows
in closed shapes can be installed and glazed on the
ground (most often in the precast concrete manufac-
turer's plant), which may result in overall cost savings
for the facade and reduce construction schedules.

3.3.2 Drafts

The optimum economy in production is attained if the
panel can be separated from the mold without disas-
sembling the mold. This is accomplished by providing a
draft on the sides of all openings and along the edges
of the panel. In establishing the shape of a panel, the
designer should consider the draft required to strip the
precast concrete unit from the mold, as well as the
draft required to facilitate a specific finish. Generally,
the minimum positive draft for ease of stripping the
unit from a mold is 1:8. This draft should be increased
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Fig. 3.3.4 Draft requirements.

) R

Minimum positive draft for very narrow faces
Larger positive draft for narrow member and repeated patterns such as ribbed surfaces Negative draft removable plug (slip block)

for narrow sections or delicate units where the suction
between the unit and the mold becomes a major fac-
tor in both strength requirements and reinforcement
of the unit. The draft should be increased to 1:6 for
screen units pierced with many openings, for narrow
ribbed panels, for smooth concrete, and for delicate
units (Fig. 3.3.4). Drafts for ribbed panels should be
related to the depth, width, and spacing of the ribs.

The drafts required for finish consideration are a
function of the shape of the panel, the specified strip-
ping strength of the concrete, the mold release agent
selected, the production techniques, and the desire for
long-term durability. The architect is urged to consult
local precasters for specific recommendations. At areas
where negative draft is required, it may be necessary
to incorporate slip blocks (removable plugs) to aid in
stripping the precast concrete panel from the mold
(Fig. 3.3.4). Vertical sides or reverse (negative) drafts
will create entrapped air voids, which, if exposed, may
be objectionable. Minimizing these surface blemishes
will incur extra cost. Without repetition, mold and pro-
duction costs increase with negative draft because a
slip block would have to be incorporated with the side
rail and removed with each panel during stripping or
the side rail removed in order to strip the panel. When
the side rail must be removed, dimensional tolerance
becomes a daily variable. Before requiring a negative
draft on the top of a parapet panel, consideration
needs to be given to the roofing or flashing details re-
quired for the parapet and the finish. In general, the
greater the draft the architect can allow, the more eco-
nomical and uniform the finish. A compromise may be
required between the finish and the shape of a precast
concrete unit. A precast concrete unit exposed all the
way around but with good draft for the use of a com-
plete envelope mold is shown in Fig. 3.3.5.
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3.3.3 Reveals and Demarcation Features

A reveal or demarcation feature is a groove or a step
in a panel face generally used to create a desired ar-
chitectural effect, such as separating finishes or mix-

Fig. 3.3.5

Woodrow Wilson School of Public and International
Affairs—Princeton University, Princeton, New Jersey;
Architect: Minoru Yamasaki.
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tures (Fig. 3.3.6[a]). Another name for it is rustication a building. They can be narrow and delicate or deep,
or false joint. Reveals can take vertical, horizontal, di- wide, and bold; they can offer a rectangular profile or
agonal, or curved forms, as well as any combination take on any sectional shape desired, such as concave
of these, and there may be several bands of them on or triangular.

Fig. 3.3.6 Reveals and demarcation feaures.
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3.3.3 Reveals and Demarcation Features

Reveals or demarcation features can add visual inter-
est to a building clad with architectural precast con-
crete panels while eliminating some of the aesthetic
concerns that develop when planning panel configura-
tions. Used effectively to create shadow lines, reveals
offer the simplest way to reduce the scale of large con-
crete panels or to keep the visual appearance from fo-
cusing on any differences that may occur in texture or
coloration between panels (Fig. 3.3.6[b]).

Reveals can be single (Fig. 3.3.6[c]), double (Fig.
3.3.6[d]), layered (Fig. 3.3.6[e]), or repeated (Fig.
3.3.6[c]). They also can run in patterns (Fig. 3.3.6[f]) or
feature various shapes (Fig. 3.3.6[g]). Deep-set reveals

Fig. 3.3.7
Ahold Information Services
Greenville, South Carolina;

Architect: Smallwood, Reynolds, Stewart, Stewart & Associates Inc.;

Photo: Kieran Reynolds Photography.

PCI

are incorporated in facades to give visual relief and may
require thickened sections (Fig. 3.3.6[h]). Reveals typi-
cally measure '/, to 3/, in. (13 to 19 mm) deep and 3/,
to 4 in. (19 to 100 mm) wide, with 45° to 60° beveled
surfaces allowing for ease of stripping, usually 6 in.
(1.6 mm) taper per '/, in. (6.3 mm). Designers can in-
crease the draft to articulate and manipulate the way
the reveal or panel joint is perceived.

Single horizontal and vertical rustications (Fig. 3.3.7)
tie the precast concrete to similar jointing in the cur-
tainwall system. They also help to reduce the mass of
the large radius precast concrete fascia. Single and
double vertical and horizontal reveals were combined

ARCHITECTURAL PRECAST CONCRETE
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3.3.3 Reveals and Demarcation Features

Fig. 3.3.8(a)

Adtran Corporate Headquarters, Phase IV
Huntsville, Alabama;

Architect: Coope

and

Fig. 3.3.9(a) & (b)
Cinedome Theater — The Children’s Museum of Indianapolis, Indianapolis, Indiana;
Architect: Browning Day Mullins Dierdorf.

116 ARCHITECTURAL PRECAST CONCRETE PCI



SURFACE AESTHETICS
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on the structure in Fig. 3.3.8(a). Figure
3.3.8(b) shows a close-up of the crisp re-
veal details.

A diagonal pattern of 3/, in. (19 mm) and
3 in. (75 mm) reveals were used to accent
the tipped conical surface (Fig. 3.3.9[a]).
In the 3 in. (75 mm) reveals, a coated alu-
minum accent strip was inserted at the
intersection of the accent pattern (Fig.
3.3.9[b]). The panels in Fig. 3.3.10(a) and
(b) were match-cast to ensure exact repli-
cation of the crossing “wave"” pattern cast
in the panels, which extends across the
facade. About 500 pieces, encompassing
90,000 ft? (8400 m?) of precast concrete,
were used on the project.

Fig. 3.3.10(a) & (b)

Nordstrom Michigan Avenue

Chicago, Illinois;

Architect: Callison Architecture;

Photo: (a) Chris Eden/Callison Architecture.

PCI
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The courtyard space in Fig. 3.3.11 indicates the inter-
play of both the boldly detailed vertical and horizontal
reveals with the building forms. Care had to be taken
when applying drafts for stripping, because many of
the architectural precast concrete loadbearing win-
dow-box wall panels have deep returns, and many of
the reveals had to line up around the entire perimeter
of the project. The facade of the 21-story office build-
ingin Fig. 3.3.12 consists of two precast concrete panel
types: (1) those at the lower floors with deep negative
grooves, and (2) those at the upper floors with three
horizontal ribs, triangular in section, with infill areas
where a striated pattern is used on a 45° angle.

It is important to remember that a reveal, regardless of
its depth, reduces the structural thickness of the panel.
As a result, when a deep reveal is required, its location
and effect on the panel’s structural performance must
be considered.

A longitudinal reveal has less impact on structural
design than a transverse reveal because the latter de-
creases the primary bending strength of the panel. A

Fig. 3.3.12

Cali International Financial Center, Jersey City, New Jersey;
Architect: Herbert Beckhard Frank Richlan & Associates;
Photo: Herbert Beckhard Frank Richlan & Associates.

ARCHITECTURAL PRECAST CONCRETE

P e e FIG. 3.3.11

" Aurora Municipal Justice
Center, Aurora, Colorado;
Architect: Skidmore,
Owings & Merrill.

horizontal reveal decreases the panel thickness across
the entire width of the panel, while a vertical reveal only
decreases a very small portion of the panel width.

A 3/, in. (19 mm) reveal has minor consequences on
panel design, and can often be accommodated by
small increases in reinforcement rather than arbitrarily
going to a thicker panel. Deeper reveals of 1 in. (25
mm) or more will generally require a thicker panel, re-
sulting in extra cost.

A good rule of thumb is to have a minimum of 5 in.
(125 mm) of concrete behind a reveal for large panels.
However, it is important to work with both the struc-
tural engineer and the precaster to determine how
deep a reveal can be before the panel thickness needs
to be increased. In some cases, reveals with slightly less
than the planned depth of the face mixture can be ex-
tremely economical.

Using horizontal reveals within a precast concrete
wall emphasizes floor lines, ceiling lines, or roof lines.
Vertical reveals can express the planning module on
the building’s exterior or its structural rhythm. Diagonal
reveals are almost always a part of a pattern of reveals
applied over the entire structure. Reveals can make
openings within a wall more pronounced or less no-
ticeable. Last but certainly not least, a combination of
techniques can reduce or change the building’s appar-
ent visual scale.

Precast concrete walls, by their very nature, are made
up of panels or component pieces that are assembled
to create the building’s structure or skin. Those piec-
es obviously have joints between them, and reveals’
most pragmatic uses come in articulating those fun-

ram
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3.3.3 Reveals and Demarcation Features

damental joints. These joints can be either emphasized
or minimized and hidden by the creative addition of
reveals. Real joints and reveals should have the same
profile. Reveals are generally not caulked. Reveals
other pragmatic uses come in providing drips and/or
small horizontal shelves to protect openings and con-
trol moisture movement along the exterior surface of
the precast concrete.

Reveals typically are designed where there are chang-
es in the precast concrete’s surface. For example, a
shift in the panel’s finish from smooth to textured can
be emphasized using a reveal at the point where the
surface texture changes. Reveals also work well where
fundamental materials change within a precast con-
crete panel, such as from an exposed-aggregate fin-
ish to a non-exposed-aggregate finish. Reveals allow a
crisp, clean transition between these different textures,
finishes, or colors.

When the surface of a precast concrete element has
two or more different mixtures or finishes, a demarca-
tion (reveal) feature is a necessary part of the design.
A deep demarcation separates the lightly sandblasted
concrete from the exposed-aggregate center section
of the panel (Fig. 3.3.13). The reveal or demarcation
feature is required to keep the retarder from spread-
ing to adjacent areas. The depth of the groove should
be at least 1.5 times the aggregate size and the width
should be in dimensional lumber increments such as 3/,
or 1.5in. (19 to 38 mm). The groove should generally
be wider than it is deep so the panel can be stripped
without damaging the mold. A single step in thickness
with a reveal is sometimes used to separate surfaces,
colors, and/or finishes (Fig. 3.3.6[al).

The importance of the separation provided by a de-
marcation feature depends on the configuration of the
unit on which the finishes are combined. For example,
a groove or offset is necessary when an exposed-aggre-
gate flat surface is located between widely spaced ribs
with a different surface finish, but not necessary when
a similar flat surface lies between closely spaced ribs.
Proper samples should be used to assess the problem.
The importance of the separation also depends on the
specific types of finishes involved. See Section 3.5.7
for a discussion of finish combinations or variations on
the same panel. Different face mixtures should have
relatively similar behaviors with respect to shrinkage,
to avoid cracking at the demarcation feature due to
differential shrinkage.
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If a demarcation groove occurs near a change of
section, it may create a plane of weakness (potential
crack) and counter any attempt to provide a gradual
transition from one mass to another. It may be nec-
essary to thicken the section to compensate for the
groove or provide a more rounded groove than would
normally be used. Reglets, window grooves, and false
joints (rustications) will similarly reduce the effective
section of the unit. In some cases, these features may
determine the minimum section thickness required for
the unit.

Lastly, reveals can be placed where there are direction-
al changes in the precast concrete surface, such as be-
tween a vertical surface and cornice or bullnose detail.
These elements within a wall design can be emphasized
or de-emphasized through the use of reveals.

Reveals can be much more than a joint or line of de-
marcation between textures or finishes. Designing re-
veals in varying shapes, sizes, and depths for a precast
concrete wall can transform what initially might be
considered a mundane, solid surface into a rich texture
of shade and shadow, bringing visual interest to the
building’s facade.

Ll
1l
I

’,
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Fig. 3.3.13

The Westin Hotel, Copley Place

Boston, Massachusetts;

Architect: The Architects Collaborative Inc.;
Photo: The Architects Collaborative Inc.
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3.3.4 Sculpturing

Today, buildings are more sculptural in form, with
a trend toward more organic expressions. There is
greater freedom in the design of the facade. Volumes,
surfaces, lines, and difference in planes are becom-
ing increasingly important in providing architectural
interest. Designers are conceiving of form organically,
generating fluid surfaces in place of rigid structures.
Design focuses on space, structure, and proportion.
Architectural precast concrete provides the designer
with virtually complete sculptural freedom and flexibil-
ity in shaping concrete into an articulated structure.

Fig. 3.3.15

461 Fifth Avenue, New York, New York (1989);
Architect: Skidmore, Owings & Merrill;

Photo: Wolfgang Hoyt/Esto Photographics.

Taking advantage of precast concrete’s moldability in cre-
ating surface architecture can add considerable aesthetic
appeal to a project.

One of the most important properties of concrete is its
moldability. Concrete is really like sculptor's clay in an archi-
tect’s hands. A wide range of shapes is possible. Concrete
shapes are not limited to volumes enclosed within plane
surfaces: they may also be radiused or rounded.

Fig. 3.3.14

55 Park Place

Atlanta, Georgia;
Photos: George Spence.

Fig. 3.3.16

Moscone Convention Center Esplanade Ballroom

San Francisco, California; e

Architect: Gensler/DMJM, Associated Architects (joint venture). =
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Sculptured panels can produce building facades with
distinctive, strongly modeled elevations having flat in-
terior wall surfaces. High and low relief, straight-line
geometric patterns, and practically any free-form shapes
are possible. The light and shadow effect achieved by
sculpturing the exterior surface produces the major vi-
sual effect of precast concrete units. Textures and col-
ors are only of secondary importance when a building is
viewed in its entirety or from a distance (Fig. 3.3.14). The
intricacy and depth of articulation of the facade in Fig.
3.3.15 provides a feel similar to the terra cotta buildings
built at the turn of the century.

Precast concrete panels and precast concrete planter
walls are highly articulated with horizontal bullnose
bands, deep reveals, and strongly expressed horizon-
tal joints (Fig. 3.3.16). A large number of horizontal
setbacks was used in an attempt to de-emphasize the
building size, while still establishing a strong architectural
presence in the complex.

(a)

i

N Jefferson-Pilot te L
' North Carolina

Archite wood, Reynolds,
Stewart, Stewart & Associates
Photos: Gabriel Benzur.

Fig. 3.3.17 Molds-Sculpture, form liner, letering.

ODOS reversed

DA SilgE EilE (2046) Cost of letters and layout

to separate profiles, finishes

and colors w w
9 /\/\

AN \Y

Sculpture — additonal cost Form Liner — additional cost
varies depending on depth of of liner and minimal form
relief, type of lines, degree of work

difficulty and repetition

Considering the variety of precast concrete’s sculpt-
ing options ensures that its full advantages are used in
designing a facade. These options not only add visual
interest and visually reduce the building’s mass but they
also can customize the building to add personality and
personalization.

Complex shapes and configurations of precast concrete
units may not create a cost premium if sufficient repeti-
tion of the unit minimizes the mold costs and where the
sculpturing of the shape aids the unit’s structural capac-
ity. See Fig. 3.3.17 for the effects of sculpturing on mold
costs.

A new headquarters building was needed to comple-
ment an existing headquarters, a Romanesque revival-
style building constructed in 1924 that is adjacent to
the proposed site (Fig. 3.3.18[a]). The original building
was clad in terra cotta tile consisting of 40 to 50 unique
shapes, ornate decorations, and embellishments. The
components and design elements of the existing his-
torical building were analyzed and interpreted into a
system of components appropriate for fabrication into
precast concrete panels. The new 20-
story building has a traditionally styled
precast concrete facade with elabo-
rate detailing, colored and formed to
resemble the weathered terra cotta of
the original structure. Each piece was
designed with false joints, which gave
the illusion of hand-carved stone and
diminished the effect of color varia-
tions. By using precast concrete panels,
a more apparent degree of depth, detail, and richness of
the ornate designs was achieved (Fig. 3.3.18[b]).

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.3.19

Citicorp Tampa Campus

Tampa, Florida;

Architect: HKS Architects Inc.;
Photo: Michael Lowry Photography.

Sculpturing may increase structural strength of the
precast concrete units and, therefore, simplify han-
dling. The panels should be shaped for sufficient stiff-
ness in the direction of handling-induced stresses.
Precast concrete panels molded around windows are
often set forward of the glazing, adding stiffness and
giving sculptural form. Sculpturing also may increase
the depth-to-span ratio through ribs or projections in
either direction of a unit (Fig. 3.3.19 and 3.3.20). The
depth of panels is defined as the thickness and the
span would be either the height or width of a unit.
With sufficient panel repetition, and where the depth
and volume of the projections do not exceed the op-
timum required for handling, there should be no cost
premium beyond the cost of the added volume of
materials.

The projections do not have to be continuous or
straight, but may be overlapping or curved. Projection
design should avoid creating a weak section within the
units. Projections may not add to structural capacity
when they are interspersed between weaker sections.

Ribs may be part of the architectural expression or,
where flat exterior surfaces are required, ribs may be
added to the back of panels for additional stiffness.
Although backforming for the rib on the back of pan-

ARCHITECTURAL PRECAST CONCRETE

els is an added expense, it may be necessary to reduce
the weight of the panels. In certain light finishes, such
as acid-etched or light sandblast, a temporary shadow-
ing of ribs may be visible. In units with ribs in only one
direction, the dimension in the other direction might
either be shortened or strengthened by using ribs on
the back. A panel may have reasonable stiffness in the
vertical direction but be weak horizontally. The pre-
caster may choose to improve the structural strength
by incorporating a concrete rib.

In most cases, dimensions of ribs will be determined as
part of the architectural features of the units. Minimum
dimensions are determined by design; and practical
considerations are treated in detail in Section 4.2.9.

The visual impact made by the relief sculpture de-
pends mainly on two factors: profile and lighting. The
profile or cross-section should consist of strong ele-
ments with edges that produce well-defined highlights
and shadows. Surfaces that flow smoothly into each

Fig. 3.3.20

100 South Fifth Street
Minneapolis, Minnesota;
Architect: OPUS Corporation;
and Hellmuth, Obata &
Kassabaum, P.C.
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Fig. 3.3.21(a - g) Various patterns integrated into formwork.

Nimitz-MacArthur Pacific Command Center, Oahu, Hawaii; Architect: Wimberly Allison Tong & Goo Design; Photos: Gary Hofheimer Photography.

other should be avoided. A bold treatment is most ef-
fective with subtle or gradual changes in the profile.
These limitations are very important for the cross-sec-
tion, but do not apply to the front or elevation view
of the design. If it is possible to control lighting, make
sure it plays across the relief from the side rather than
straight from the front.

Relief sculpture can be enhanced by contrasting
surfaces on projecting elements with textures on the
background.

The viewing distance of the surface should be con-
sidered when deciding on the scale of the relief. As a
rough guide, design elements smaller than about /34
of the viewing distance are difficult to “read” and tend
to get visually lost in their surroundings.

The use of precast concrete in public art applications
is growing in popularity. A wall with creative images

ram
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reduces the visual scale of the panels and turns the
wall into a work of art.

An example of relief sculpture is shown in the pan-
els for the building in Fig. 3.3.21. The design intent
of the two-toned, colored precast concrete facade
was to capture the Hawaiian architectural style as it
relates to the natural elements, such as earth, water,
mountains, and sky. These elements are picked up in
the different levels of the facade in the form of stone
textures, waves, multi-level reveal patterns, three di-
mensional pineapple leaf patterns, fluted mullions,
heavy cornices, dentils, bullnoses, ribs, and the navy
globe symbol that was sculptured and integrated into
the formwork (Fig. 3.3.21[a] to [g]). All of these were
accomplished using various types of forming materials
best suited for a particular situation, including steel,
fiberglassed wood, urethane liners, milled plastic, and
sprayed fiberglass.
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Fig. 3.3.22

Level 3 Communications
Needham, Massachusetts;
Architect: HLW-Thomson Design;
Photo: Peter Paige.

Between thin brick—clad precast concrete
panels reside feature panels of architectural
precast concrete with the stylized design of
a computer circuit board (Fig. 3.3.22). It is re-
plete with stainless steel “chip” mounted at
the center of the panel and acts as an indirect
lighting fixture, which, at night, splays light
across the molded surface of the circuit board
panel, illuminating each raised feature. From
the “chip” emanates circuit details that flow
across the surface of the panel to align with
either the 4 ft (1.2 m) brick panel module
horizontally or vertically to stylized “transis-
tors” cast as entablatures above and below
the chip.

Fig. 3.3.24

The Parking Gallery, Reno, Nevada;
Vicki Scuri, Sculptor;

Photo: Vicki Scuri.
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Fig. 3.3.23
Tropicana Casino Addition

Atlantic City, New Jersey;

Architect: Ellerbe Becket formerly Welton Becket & Associates;
Photo: Ellerbe Becket.

Figurines for the murals were cast in five separate
molds 4 ft x 7 ft 6 in. (1.2 x 2.3 m) and set into an 8 ft
x 15 ft (2.4 x 4.5 m) wood mold before casting the final
panel (Fig. 3.3.23). Figurine panels are 6 in. (150 mm)
thick and the figures project up to 1'/; in. (38 mm) from
the flat areas.

The butterfly sign at the entrance to the parking
structure was replicated in the precast concrete span-
drel panels (Fig. 3.3.24).
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3.3.5

The bullnose offers a useful tool with which architects
can increase visual interest by adding dimensionality
and allowing the design to avoid simple flat surfaces.
Three-dimensional pieces that extend from a flat sur-
face change the reading and proportion of that sur-
face. The light and shadow variations achieved with a
bullnose produce a major visual impact and contrast
when a building is viewed from a distance. Also, shad-
ows cast by a horizontal bullnose profile create strong
lines that reduce the apparent height of the structure.

Bullnoses may be designed in a variety of sizes. As the
bullnose increases in size, it adds weight and cost to the
panel, primarily due to the expense of the mold. Here
are some key points to remember when designing bull-
nose components. For each item, the letter corresponds
to Fig. 3.3.25 that shows the discussed aspect:

(a) The basic bullnose is 180 degrees, or a half-circle.
(b) Multiple bullnoses can be used within a panel.

(c) The bullnose can be elliptical.
(

d) A reveal (rustication) may be placed at the inter-
section of the bullnose and the panel field to ac-
centuate the bullnose. The reveal may also be used
to separate dissimilar mixtures and/or finishes.

e) A partial bullnose may be designed.
f) A return may be incorporated with the bullnose.

(

(

(9) A half-circle cove.

(h) The convex bullnose may be partial.
(

i) The bullnose may feature a finish transition (similar
to [d]).

(j) Arrises (shapes) may be rectilinear or pointed. They may
protrude or be inverted similar to items (a) through (i).
They also may be combined with bullnoses.

The architectural features on the panels in Fig. 3.3.26
include bullnoses with three different radii (6'/,, 3, and
1/, in.) [163, 75, and 38 mm]. Also included are 3/, in.
(19 mm) deep horizontal reveals. Light and deep sand-
blast finishes gave the panels two complementary colors
and textures.

The panels in Fig. 3.3.27 use two finishes to create a
banded appearance that accentuates the horizontal ex-
pression. A heavy bullnose is incorporated into the span-
drel panels to create a window sill and reinforce the hori-
zontality of the wall, as well as add texture to the wall.
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Fig. 3.3.25 Bullnoses and Arrises.
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Fig. 3.3.26
Pioneer Place Block 50, Portland, Oregon;

Parkway Plaza, Greenville, South Carolina; Architect: E.L.S. Architecture and Urban Design.

Architect: Urban Design Group Inc.;

Photo:Urban Design Group Inc. ' '
The large and small diameter bullnoses over the win-

dows in Fig. 3.3.28 do not extend across the entire panels.
The profile of the upper-floor white concrete spandrels in
Fig. 3.3.29, however, includes a large diameter bullnose
running the length of the floor line. The bullnose provides
a graduation between light and shadow in the powerful
desert sunshine, where shadow-lines are extreme: a deep
darkness contrasted with bright sunshine.

Adding bullnoses along each window ledge added vari-

Fig. 3.3.28
Westwood Executive Center

Westwood, Massachusetts; Architect: Sasaki Associates Inc.;
Photo: Desroches Photography.
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Fig. 3.3.29 City CentetWest: Las Vegasmlievada:

Fig. 3.3.30(a) & (b)

Hyperion Wastewater Treatment Facility, Los Angeles, California;
Architect: Anthony J. Lumsden & Associates; Photos: Anthony
J. Lumsden, former, corporate director of design for DMIM.

ety to the design, improved the proportions of the fagade,
and created changing light patterns during the day (Fig.
3.3.30[a)). As part of the same project, large bullnose com-
ponents added to the parking structure provided a distinc-
tive visual element that tied it to the other buildings in the
project without mimicking their exact look (Fig. 3.3.30[b]).

The fundamental appeal of the bullnose form in precast
concrete design comes from its ability to visually repro-
portion an uninteresting, flat surface. The bullnose can
also be used to develop more complex forms in combi-
nation with bullnose shapes of different radii or in com-
bination with convex, concave, or flat sectional shapes.

Radiused shapes are generally more costly than flat
surfaces, because of the additional work required to
manufacture the mold and to place the reinforcement,
connection hardware, and concrete. See Fig. 3.3.31
for a discussion of factors affecting production costs
for radiused units and Fig. 3.3.32 for applications of
various radiused elements.

Some architectural forms that are not flat can be diffi-
cult to achieve. However, forms that are cylindrical in na-
ture, forms that have surfaces generated from a sectional
shape that are consistent throughout the length of the
mold, are simple to form. These forms that are consistent
sectionally allow multiple castings and are economical to
fabricate because attached pieces are identical and easy
to install. Molded shapes that have curvatures about both
axes are difficult to fabricate, difficult to install, and have
limited repetitive applications.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.3.31 Molds.

< &

A: Typical mold

A NNTNE

B: Bullnose — some additional form costs

Fig. 3.3.32 Examples of radiused units.

Soften a building return; partial Mold G

ﬂm\y\\l%
R &w

C: Inverted arrise — additional formwork
plus labor to daily remove and replace
back pans

T

D. Column cover — more complex

formwork plus additional labor daily to
remove and replace the back pan.

Enclose a structural
member; Mold D

E: & F: Gradual radius — additional forming
and additional labor to back finish

Wﬁ

Create a building
N N extension; Mold

Photo: Gabriel Benzur.

@ Form a circular window or opening

G: & H: Extreme radius — more complex
formwork with sequential back pans that
must be removed and replaced daily.
Also, casting time takes longer and some
back finishing is required

Photo: Gabriel Benzur.
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Create a combination
such as an arched roof
member including a
beam surround

Form a concave building corner;
Mold F & H

Create an undulating surface using a combination of
Molds E & G; Molds F & H

Form an inverted arrise;

Mold € Form arches

Photo: Rick Alexanger— & Associates, Inc.

Form convex building
corners; Molds E & G

Photo: ©Anton Grassel.

Create circular patterns with reveals
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Fig. 3.3.33 Examples of cornices and eyebrows.
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3.3.6

A cornice, as an element of the facade, has three pri-
mary functions:

e |t provides “the termination” of the vertical spread
of the building. It's the top, pure and simple.

e |t provides a balance and proportion to the entire
facade, acting as a counterweight to the aestheti-
cally heavier base of the building.

* \When cantilevered 12 to 24 in. (300 to 600 mm)
away from the plane of the main facade, the cor-
nice serves a function, acting as a rain shield for the
upper floors and helping to minimize dirt streaking
and water stains.

A cornice consists of a horizontally projecting over-
hang comprising multiple surfaces, planes, and profiles
with thousands of variations. It usually is located along
a parapet or at the top of a given plane. The cornice
crowns or finishes the part to which it is affixed.

When used as a horizontal projecting element that is
not situated at the building’s top, the traditional cor-
nice-shaped element becomes an “eyebrow” or “shelf”
offering additional aesthetic proportion and definition
to the entire facade. If one believes that buildings en-
compass the three basic parts of base, middle, and top,
these eyebrows can define the transition from one part
to another or provide the transition from one type of
building element to another, such as with articulated
column capitals.

Today’s architectural vocabulary also might employ
this device as a light shelf (reflecting light) or shadow
maker, as it can shade windows from sun and rain, re-
ducing energy costs and other internal shading needs.
Either will develop interesting and ever-changing light
and dark patterns on the surfaces below.

Whether used as the top piece or as an eyebrow, the
architectural precast concrete cornice shape offers ar-
chitects a multitude of design possibilities. For instance,
a cornice easily can cantilever past the structural roof
slab or project away from the facade’s plane without
needing complex additional support. When the design
emphasis articulates a “heavy, large expression at the
top of the building,” precast concrete pieces can ac-
complish both the aesthetic and the functional needs
of this concept.

Cornices can be used in a variety of styles and com-
bined with several different components to achieve
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different purposes. Options in Fig. 3.3.33 include cor-
nices that are:

* Made to look contemporary (a).

* Made to look traditional (b).

¢ Doubled to create even more design interest (c).
* Incorporated with a reveal (d).

¢ Cast with a void form to reduce weight or with cop-
ing on the crown ([e] and [q]).

¢ Created so large that it requires special support.
For instance, a steel structure may require bracing
to prevent rotation of structural members ([f] and

]2
¢ Incorporated with dentils (h).

Mold costs for either cornices or eyebrows will de-
pend on the degree of complexity and the size of the
projection (i). Both cornices and eyebrows (i) may be
continuous, interrupted, arched, or peaked. Dissimilar
finishes may be used on adjacent surfaces (a). When
detailing cornices attention needs to be paid to the
window washing system to avoid damage to the cor-
nice. A montage of various cornice styles is shown in
Fig. 3.3.34.

3.3.7

Each individual project requires special attention to
the design and detailing of its corners to create opti-
mum appearance, jointing, and economy. For this rea-
son, corner detailing should be decided early. Economy
results when the building elevations are designed from
the corners inward, using typical panels and avoiding
special-sized end or corner pieces. Typical corner treat-
ments, such as a mitered edge or a 12 in. (300 mm)
corner return, usually influence all corner pieces for the
project. Isometric sketches of the building that show
panel layout will help define areas where corner panels
are needed.

All edges of precast concrete units should be designed
with a reasonable radius, chamfer, or quirk, rather
than leaving them as sharp corners. This is particularly
important where the panels are close to pedestrian or
vehicular traffic. The size of the edge’s radius should
be discussed with the local precaster. Determining the
optimum size depends on the selected aggregate size,
mold materials, and production techniques. When the
edge is sharp, only fine aggregate collects in these
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N Fig. 3.3.34(a — h) Montage of various cornice styles.
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Photos: (a) Gabriel Benzur Photography; (b) Cathers & Associates, Inc.; (c & d) Brian Gassel/TVS; (e) Grodon Dilgore; (g) James Oesch
Photography/Donnally Vujcic Associates, L.L.C.; (h) Lambros Photography Inc.
vam

132 ARCHITECTURAL PRECAST CONCRETE PCI

i ] e




SURFACE AESTHETICS
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Fig. 3.3.34(a — h) Photo credits

Fig. 3.3.34(a) Douglas County Courthouse, Douglasville,
Georgia; Architect: Cooper Carry & Associates.

Fig. 3.3.34(b) 2201 Renaissance Corporate Center,
King of Prussia, Pennsylvania; Architect: Cathers & Associates
Inc.

Fig. 3.3.34(c) & (d) 2300 Lakeview Parkway Building,
Alpharetta, Georgia; Architect: Thompson, Ventulett and
Stainback Associates (TVS).

Fig. 3.3.34(e)
Resurgens Plaza, Atloanta, Georgia; Architect: Smallwood,
Reynolds, Stewart, Stewart & Associates, Inc.

Fig. 3.3.34(f) St. Charles County Courts Administrative
Building, St. Charles, Missouri; Architect: Sverdrup Facilities
Inc.

Fig. 3.3.34(g) Presidents Park, Hendon, Virginia; Architect:
Donnally, Lederes, Vujcic, L.L.C.

Fig. 3.3.34(h) Leaf North America Corporate Headquarters
Lake Forest, Illinois; Architect: Loebl Schlossman &
Hackl/Hague Richards.

locations and this weakens the edge. Voids also oc-
cur due to the interference of larger aggregate. Sharp
corners chip easily, both during handling and during
service on the finished building. Chamfered or radius
edges also mask minor alignment irregularities of the
precast concrete panels. For typical edge details, see
Fig. 3.3.35.

Fig. 3.3.35 Typical edge details.

Mitered corners without quirks are difficult to manu-
facture and erect within tolerances that are accept-
able from either an appearance or a jointing stand-
point. Concrete at mitered corners cannot be cast to a
sharp 45° point because of the size of the aggregates.
Therefore, this edge must have a cut-off or quirk (Fig.
3.3.36). A table showing the recommended size of the
quirk return for different panel-joint sizes is included in
Fig. 3.3.36. The size of the quirk return should never
be less than 3/, in. (19 mm), nor less than 1.5 times the

ram

PCI

Fig. 3.3.36 Quirk miter dimensions (in inches).

C—joint

oD

quirk

Quirk miter dimensions

90°
<
quirk
B C
1-1/4 | 3/4 3/4
1-1/2 1 3/4
1-3/4 | 1-1/4 | 3/4
1-1/2 | 3/4
1-1/2 | 1316 1
1-3/4 { 1-116 1
1-5/16 1
C— joint

Quirk miter dimensions
45°

3/4 | 1316 | 3/4
78 |1-116| 3/4
7/8 | 13116 1
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Fig. 3.3.37

Times Publishing Company, St. Petersburg, Florida;
Architect: TRO Jung/Brannen Associates, Inc.;
Photo: George Cott/Chroma Inc.

maximum size of the aggregate used in the concrete
mixture. Normally a 3/, to 1.5 in. (19 to 38 mm) quirk
will read as a well-defined edge on the corner of the
building. A well detailed and fabricated miter and a
quirk miter are shown in Fig. 3.3.37.

Even with good-sized quirk returns, a mitered corner
may cause the panels to converge at the top, bottom,
or center, depending on the vertical configuration of
the panels. If the building design demands corners
with mitered edges, the architect is urged to specify a
mockup of the two initial corner panels at the precast
concrete plant before approving the panels and releas-
ing the balance for production.

How the precast concrete is being used and the type
of panel that is turning the corner determines how the
building corners and major component edges will be
designed. Figure 3.3.38 shows typical corner and re-
turn details.

Flat panels, used either to visually define the dimen-
sioned mass of building-block elements or to create
flat or curvilinear planar surfaces, are treated differ-
ently than panels with heavily articulated horizontal
treatment using deep relief reveals or profiles. Visual
focus at the corners often is part of a design approach
where the wall plane is stopped or interrupted at the
building corner or the corner is emphasized to define
the building form.
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Fig. 3.3.38 Typical corner and return details.
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Quirk miter corners, channel shapes with returns, and
two-stage precasting all have achieved the desired result,
often with modifications contributed by the precaster
that benefit both the finished design and the budget.

The projects in Fig. 3.3.39(a) through (j) illustrate vari-
ous corner treatments. Providing a visible expression of
the building panel or unit width as it turns the corner
gives substance and thickness definition to the mate-
rial. The heavily rusticated panels in Fig. 3.3.39(a) are
thickened flat panels with a deep quirk return, in the
range of 3 in. (75 mm), to economically create a per-
ceived dimension in the panel as it turns the corner.
A similar deep-quirk miter is used in Fig. 3.3.39(h) for
both a return dimension and emphasis on the corner.

Fig. 3.3.39(a - j) Various corner treatments by Thompson, Ventulett, Stainback & Associates (TVS), Architects; Photos: Brian Gassel/TVS.

Chicago, Illinois

1335 Windward Concourse,
Atlanta, Georgia

Merrill Lynch Campus,
Denver, Colorado

McCormick Place Expansion,

55 Farmington,
Hartford, Connecticut

When the panel thickness itself is to be expressed, a
butt joint around the corner at the back of the panel is
sufficient without a return. In Fig. 3.3.39(b), one-piece,
channel-shaped covers with relatively shallow returns
were used to imply a thickness somewhat greater than
the actual panel thickness. In this case, well-executed
“sharp” corners in the casting add to the solid appear-
ance. In Fig. 3.3.39(c), two-stage cast covers with deep
returns were used for solid-block treatments of the
piers. The two-stage precasting allows a unigue cast-
in-surface texture to be carried around the corners of
the blocks to a much deeper dimension. Minimal cor-
ner dry joints without quirks complete the appearance
of a solid unit.

When the wall surface is treated as a planar surface,
smooth or articulated, the goal usually is to make the
transition around the corner as smooth and continu-
ous as possible. This often involves moving the joint
from the prominence of a corner location, especially
with smooth panel faces. Figures 3.3.39(d), (e), and
(f) illustrate situations where a solid-appearing corner
is preferred. This allows the smooth surface to carry
around the corner uninterrupted and without calling
attention to the corner.

The flat wall plane in Fig. 3.3.39(d) changes direction
without corner articulation by using a shallow angle re-
turn for single casting and placing the joints at the back
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McCormick Place
Expansion,
Chicago, Illinois

angles where they are de-emphasized. The shallow
corner angle allows a solid cast edge. In Fig. 3.3.39(e),
the returns on the column enclosures are not intended
to imply a material thickness of panels or blocks but to
provide a planar wrap of the surface forming the cor-
ner. The joint is located at the pier’s center to provide
a linear continuation of the element above the pier. A
two-stage casting and dry-joint corner in Fig. 3.3.39(f)
provide an abrupt but continuous return of the plane
of the curvilinear sweep to the building face.

On the other hand, horizontal spandrel panels with
deep rustication, or a contained sculptured profile,
such as that shown in Fig. 3.3.39(g), require a miter to
carry that panel profile accurately around the corner.
The minimal quirk-miter corner in the spandrel panels
provides an uninterrupted planar return of the profiled
wall-panel surface without corner articulation. A two-
stage casting at the cornice provides a similar planar
wrap around the top. These sharp corners at the top
emphasize the building corner’s large-scale articula-
tion. Details closer to pedestrians use the quirk corner
for more finished detail.

Special corner treatment often is used to emphasize
the corner to define the intersection of the wall planes
with detail as shown in Fig. 3.3.39(h) and (i). The degree
of detail complexity and richness, which relates to bud-
get, determines the casting technique. The depth and
shadowing of the facade on the parking structure, Fig.

Metropolitan Life Building, Atlanta, Georgia
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Glenridge Highlands One,
Atlanta, Georgia

Carrillon Building,
Charlotte, North Carolina

3.3.39(h) is continued in the detailing of the pier corners
by using deep quirk miters to accent the corners with
the shadow created by the larger quirk. Separate corner
pieces Fig. 3.3.39(i) are used to interrupt the wall plane
at the corner, emphasizing the corners by vertically ar-
ticulating the larger multistory lobby space at the base
from the typical floors above. The expense of using a
special corner mold to construct the elegant corner pan-
els on the granite veneer-faced precast concrete panel
building was justified based on a value engineering
study. It allowed a more intricate corner detail and the
flat areas of granite were able to be panelized.
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Figure 3.3.39(j) represents a stronger corner treat-
ment. Solid precast concrete corner elements are used
to define the corners and the transitions from curtain
wall to precast concrete panels at the corners. At the
macro scale, these solid pieces have their corners ar-
ticulated with quirks to add visual interest and to fa-
cilitate corner quality control. Originally planned as
returns and channel spandrel covers, they were cast
solid at the precaster’s suggestion for economy and
detailing simplification.
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An alternate to mitering is the use of a separate small
and simple corner panel to add interest to the facade.
Special corner pieces can be cast by using modified
standard unit molds, which are part of the master mold
concept discussed in Section 2.3.3. If the size of the
project or the available time constraints warrants mul-
tiple molds, a separate corner mold is recommended.
On a high-rise building, the cost of a corner mold and
the handling of an extra piece may offset the modifica-
tion costs of the master mold and/or be justified by the
additional flexibility in erection tolerances. Separate
corners also may be advantageous in providing similar
orientation of corner surfaces for matching finishes or
the corner pieces may economically be designed and
produced as part of one of the adjacent typical pan-
els. Matching finishes can be very difficult when one is
on a down-face and the other is on a return (vertical)
face.

The variations in the overall length of a building el-
evation, assuming that these stay within stated toler-
ances, may either be accommodated in the joints or in
the design of the corner pieces (see Section 4.6). Due
to the reduced size of the corner panels, they will nor-
mally undergo less thermal movement and can there-
fore tolerate greater joint width variation.

Fig. 3.3.40 Column covers with returns.

Figure 3.3.40 displays some of the various shapes of
column covers that can be made with butt or mitered
joints, including (a) two L-shaped units, (b) two L-
shaped units with miters, and (c) two U-shaped units.
There are, of course, many other combinations that
can be used to accommodate isolated columns, corner
columns, and columns in walls.

Sequential and monolithic corner (return) molds are
more costly than mitered molds (Fig. 3.3.41). A sepa-
rate corner panel often requires an additional mold.

The treatment of building corners, as well as smaller-
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Fig. 3.3.41 Corner - return molds.
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scale, building-component corners, is critical to the
final perception of the architecture. The corners are fo-
cal points where wall planes and materials change or
continue. The corners outline and define the form of
the building and the corners are where the light falling
on the surfaces of the facades transition dramatically.

3.3.8

The precast concrete unit's finish should be consid-
ered before its shape is finalized. Many finishes cannot
be achieved with equal visual quality on all faces of
the unit.

The reasons encompass factors such as mixture pro-
portions, variable depths (and pressures) of concrete,
and small differences in consolidation techniques, par-
ticularly in the case of intricate shapes with complex
flow of concrete. The affect of gravity during consolida-
tion forces the large aggregates to the bottom and the
smaller aggregates, sand, and cement content upward.
Consequently, the down-face in the mold nearly always
will be more uniform and denser than the returns or
upper radius of curved panels. This usually should be
dealt with during the sample-approval process.

Consolidation of the concrete results in a more or less
uniform orientation of the aggregate, with the flat,
long portion horizontal to the bottom of the mold.
On returns and the upper radius of curved panels, the
sharp angular points of the aggregate will show upon
exposure. This can give returns greater than 12 in. (300
mm) a finished texture distinctly different from that of
the down-face (Fig. 3.3.42).
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Fig. 3.3.42 Exposure variances caused by aggregate.

With deep returns, a more uniform finish is obtained
with an exposed-aggregate finish. When an exposed-
aggregate finish is specified, concrete mixtures with
aggregates that are reasonably spherical or cubical
should be chosen to minimize differences between
down-faces and returns. For panels with large returns,
or other situations where variations in appearance must
be minimized, the two-stage or sequential produc-
tion technique should be used if feasible (see Section
3.3.9). Otherwise, concrete mixtures should contain a
continuous-graded coarse aggregate and an ASTM C
33 sand. Exposure of aggregates should be medium to
deep with minimal color differences between mixture
ingredients.

If the units are cast so that surfaces with identical
orientation on the building are cast in similar positions,
small differences in finishes between areas cast face-
down and as a return should be acceptable. When this
mold and casting approach is taken, the choice of fin-
ish in relation to the configuration of the unit becomes
one of determining the acceptable differences in tex-
tures between down-face and varying return surfaces.
This is best judged by observing sample panels from
distances and positions simulating the viewing posi-
tions for the finished building.

Sculptured panels, channel panels, and panels with
deep returns may have visible air voids on the returns.
These air voids, or “bug/blow holes,” become accentu-
ated when the surface is smooth, acid-etched, or lightly
sandblasted. If the air holes are of a reasonable size, /g
to /4 in. (3.2 to 6.3 mm), it is recommended that they
be accepted as part of the texture. Filling and sack-rub-
bing could be used to eliminate the voids. However, this
procedure is expensive and may cause color differences.
Samples or the mockup panel should be used to estab-
lish acceptable air void frequency, size, and distribution.

The architect should accept a small difference between
molded and non-molded surfaces, but the orientation
of these surfaces should be determined on the draw-
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ings or specifications and be consistent throughout the
project. The architect should also limit the choice of
aggregates and finishes to those that lend themselves
to a reasonable matching of the molded surfaces with
a hand-finished open surface. Therefore, a smooth fin-
ish or one with a light exposure is not appropriate. The
open surface may have to be seeded with the larger
aggregates as part of the finishing process. When the
shape of the units precludes any logical demarcation of
formed and uniformed surfaces, closed molds cast in a
vertical position may be the only answer. This will nor-
mally require complicated and expensive molds and/or
deep castings.

3.3.9

Any portion of a panel cast in a vertical position will
not show the same concentration or positioning of ag-
gregate as the flat surface. Panels with large or steep
returns (such as channel column covers and some
spandrels) may be cast in separate pieces in order to
achieve matching high-quality finishes on all exposed
faces and then joined with dry joints (Fig. 3.3.43|a]
and [b] and 3.3.44[a] and [b]). This method of cast-
ing enables all faces to be cast face-down with the
same aggregate orientation and concrete density using

Fig. 3.3.43(a) Separate casting stages of large returns.
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Fig. 3.3.43(b) Fig. 3.3.45 -
Inter-Industry Conference on Auto Collision
World Headquarters

Hoffman Estates, Illinois; Architect: Loebl Schlossm
& Hackl; Photo: David Clifton/Loebl Schlossman & Hackl.

conventional precast concrete forming methods; back-
forming is not required. Also, a combination of face
mixture and backup mixture can be used, rather than
a 100% face mixture.

If this is the indicated production method, attention
should be paid to suitable corner details and reinforce-
ment at the dry joints. Reinforcement is left sticking

Fig. 3.3.44(a) Alternative casting approaches. out of the return piece to ensure that the two pieces
e S are adequately tied together. Although the dry joint
i may not show with certain mixtures and textures, pre-

fabric

Rotate f'
panel-pldce

in second form

casters recommend a groove or quirk to help mask the

joint. Sometimes precautions may be necessary to en-

sure watertightness of the dry joints. The main disad-

vantage of two-stage precasting is that two or three

separate concrete placements are necessary to com-

8;':;::‘:'2: i plete a panel. Figure 3.3.45 shows panels that were
sequentially cast because of large returns.

/—First cast

Second cast

Face mix

© [ Ry
|
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& 3.3.10 Overall Panel Size

I | Panel geometry, referred to in a general sense as shape
details, that does not affect the architectural concept,
can be a major influence on both fabrication economy
and engineering requirements. The significant shape
details are overall size and configuration. The visual
characteristics of a panel are determined by the archi-
tect. The size of the individual elements and the exact
details of the panel geometry should be determined in
consultation with the structural engineer and the pre-
caster. Thus, both the architect and the structural engi-
neer should be familiar with good production practice
as well as production and erection capabilities of the
probable fabricators. For overall economy, early coor-
dination of design and erection are essential.

Because many of the manufacturing, handling, and
erection costs are independent of the size of a piece,
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making panels larger can substantially reduce the total
cost of the project. The larger the panel, the smaller
the number of pieces required for enclosure, which
means less handling and lower erection costs.

Hoisting a precast concrete unit constitutes a significant
portion of the cost of precast concrete. The cost differ-
ence in handling a large unit, rather than a small one,
is insignificant compared to the increased square foot-
age of the large unit. In addition to providing savings on
erection costs, large panels provide secondary benefits
of reduced amounts of caulking (fewer joints), better di-
mensional controls, and fewer connections. Thus, large
units are preferable unless they lack adequate repeti-
tion, require high forming costs, or incur cost premiums
for transportation and erection. In high seismic areas,
very large panels may not be desirable because larger
dimensional deformations in the supporting structure
must be accommodated. In these areas, normal practice
is to use panels that are one story in height and seldom
span more than one structural bay. Where desired, the
scale of large panels may be reduced using false joints
(rustications).

The wide variety of sizes, shapes, materials, and func-
tions that can be incorporated into a precast concrete
unit makes it difficult to present a size chart. Section
4.2.9 discusses the overall limiting factors in the physi-
cal size of the unit based upon structural requirements.
Other limiting factors may be handling operations dur-
ing stripping, storage, shipping, and erecting. To deter-
mine the optimum size of panels and overall economy,
a close collaboration between the designer and pre-
caster is required. Panel sizes, if not integral to the de-
sign, can lead to unexpected joint lines, which detract
from aesthetic intentions. The architectural trend has
been to increase both the size and weight of architec-
tural precast concrete panels.

The most economical piece size for a project is usually
a large unit, considering:

1. Production repetition and size of available casting
beds.

2. Handling ease and stability and stresses on the ele-
ment during handling.

3. Transportation size and weight regulations and
equipment restrictions.

4. Available crane access and capacity at both the
plant and the project site.

5. Storage space, truck turning radius, and other site
restrictions.
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6. Loads imposed on the support system.

Limitations of dimensions due to handling and storing
vary considerably from plant to plant, but are normal-
ly not important considerations for the architect. Tilt
tables (Fig. 3.3.46), strong-backs, stiffening trusses or
pipe frames for handling (Fig. 3.3.47), and plain inge-
nuity will often allow the larger pieces to be handled.
The precaster may also make use of pretensioning or
post-tensioning to facilitate handling of large units
without risk of cracking or damage.

The architect should bear in mind, however, that
some finishes, such as bushhammering, honing, and

Fig. 3.3.47 Temporary strengthening of panels with
significant openings.
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polishing, normally require the panels to be turned
after casting for finishing. Also, the exposed surface
finish may dictate the position of the panel for worker
access during removal of surface retarder or sandblast-
ing. In some cases, it may be necessary to cast in extra
lifting devices to facilitate these maneuvers, and may
add to the cost for larger panels.

Before deeply sculptured elements are designed into
large units, potential storage problems (special racks)
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should be considered, particularly where the period of
storage may be long or uncertain.

Transportation limitations imposed by product di-
mensions and weight must be considered during the
design process. It is the precast concrete manufactur-
er's option as to which production and transportation
methods will be employed and their responsibility to
verify the behavior of the precast concrete units dur-
ing these operations. However, the designer should be
familiar with legal highway load limitations and permit
costs that are associated with transporting over-height,
over-width, or over-length members.

Federal, state (provincal), and local regulations may
limit the size, weight, and timing of shipping loads.
Limitations vary from one locale to another whether
the shipment is by truck, barge, or rail. Where climatic
conditions result in load restrictions on some second-
ary roads during spring thaws, actual timing of the ex-
pected delivery should be considered. When large units
are to be moved, a thorough check of local statutes is
mandatory. This is usually done by the shipper, who
should take shipping restrictions into consideration
when planning the route of travel and delivery time to
the site to ensure that sufficient product is delivered in
the prescheduled sequence. This allows for an orderly,
efficient installation in the structure.

The common payload in many areas is 20 ton (18 t)
with a product size restriction of 8 ft (2.4 m) in width,
8 ft (2.4 m) in height, and 45 ft (13.7 m) in length (Fig.
3.3.48). If a unit will fit within these confines, it can
usually be hauled on a standard flatbed trailer without
requiring permits. By use of lowboy (step or drop deck)
trailers, the product height can generally be increased
to about 10 to 12 ft (3.0 to 3.7 m) without requiring
special permits (Fig. 3.3.49). However, lowboys (step
decks) are not as readily available, and their shorter

Fig. 3.3.48 Common overall trucking volume.
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bed length may restrict the length of precast concrete
units. A triangular frame mounted on an extendable
lowboy trailer can carry architectural precast concrete
panels as large as 15 x 15 ft (4.5 x 4.5 m) weighing
up to 20,000 Ib (9 1) (Fig. 3.3.50). Finger racks allow
architectural precast concrete spandrel beams to be
transported in the vertical position. Note the adjust-
able screw clamps that secure the beams to the racks
(Fig. 3.3.51).

In most areas, total heights (roadbed to top of product)
of 13 ft 6in. (4.2 m) are allowed without special per-
mit, while in others this limit is 12 ft (3.7 m). On occa-
sion, even such heights require special routing to avoid
low overpasses and overhead restrictions. Restrictions
generally exist for loads over 8 ft (2.4 m) in width; maxi-
mum permit widths can vary from 10 to 14 ft (3.0 to
4.3 m) depending on the area or city. Some areas allow
overall lengths over 70 ft (21 m) with only a simple per-
mit, front and rear escorts, and travel limited to certain
times of the day. Beside variations in lengths, heights,
and widths, weight restrictions vary widely. Thus, the
general load limit without permit (20 to 22 ton) (18
to 20 t) can, in some areas, be increased to 100 ton
with special permit, while in others there are very se-
vere restrictions on loads over 25 ton (23 t). Permits are
issued in most areas only for non-divisible loads. These
restrictions will add to the cost of the precast concrete
unit, and should be evaluated against savings realized
by combining smaller units into one large unit.

In determining final dimensions, consideration should
be given to utilizing a full truckload. A precast concrete
unit or several units should approximate this usual pay-
load. For example, an 11-ton (10 t) unit is not economi-
cal, because only one unit can be shipped per load,
whereas a 10-ton (9 t) unit would be economical, be-
cause two units per load can be shipped. For quick cal-
culations, normalweight concrete, including reinforce-
ment and hardware, weighs 150 Ib/ft? (2400 kg/m?3).

In order to facilitate erection, it is desirable to trans-
port members in the same orientation they will be on
the structure. In many cases this is possible. For ex-
ample, with single-story wall panels, transportation
can be accomplished on an A-frame type trailer with
the panels in an upright position from which they can
be lifted directly into position. With this type of trailer,
good lateral support, as well as two points of vertical
support, are provided to the members (Fig. 3.3.52[a]).
Longer units, which are thin compared to their length
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Fig. 3.3.49

and width, can be transported in a favorable orien-
tation to reduce tensile stresses. Two- or three-story
panels can be transported on their long sides, tak-
ing advantage of increased stiffness while supporting
the panel on two or more points, with lateral support
along the length of the panel (Fig. 3.3.52[b]).

The cost of transportation is not proportional to the
distance covered as the cost of loading and unloading
(plus protection of the load) becomes less significant
on longer hauls. The rate per ton mile is normally re-
duced for longer hauls. Consequently, long hauls have
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occurred on competitively bid jobs.

Piggyback transport by rail has been used success-
fully, but otherwise rail transportation is not common
because of the delicate coordination required and the
potential damage to units.

Water transportation via barge is inexpensive and
safe, but even for plants with navigable water front-
age, double handling will occur when the barges reach
their destination because the panels will normally have
to be transferred to the site by trucks.

ARCHITECTURAL PRECAST CONCRETE
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3.4 Colors and Textures

3.4 COLORS AND TEXTURES
3.4.1 Colors

Architectural precast concrete can be cast in almost
any color, form, or texture to meet aesthetic and func-
tional requirements of the designer in an economical
manner. Complementary combinations of color and
texture can aesthetically improve any project.

Design flexibility is possible in both color and texture of
precast concrete by varying aggregate and matrix color,
size of aggregates, finishing processes, and depth of
aggregate exposure. Combining color with texture ac-
centuates the natural beauty of aggregates (Fig. 3.4.1).
Aggregate colors range from white to pastel to red,
black, and green. Natural gravels provide a wide range
of rich warm earth colors, as well as shades of gray.

Specifying color and texture in precast concrete is
not a difficult, laborious, or seemingly impossible task.
Fortunately, there is a resource available to the specifier
that can make this task easy when the specifier does
not have a sample to match. It is the PCI Architectural
Precast Concrete — Color and Texture Selection Guide,
2nd Edition. The guide was specifically developed as
a starting point for the selection of color and texture.
It contains several hundred images of colors and tex-
tures, and their associated mixture materials, that can
be achieved with architectural precast concrete.

PCl’s Color and Texture Selection Guide is available
for viewing at www.pci.org. The online guide illus-
trates the world of possibilities of architectural precast
concrete options in color and texture.
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Color and, consequently, color tone represent relative
values. They are not absolute and constant, but are af-
fected by light and shadow, intensity, time, and other
surrounding or nearby light-reflecting colors. A con-
crete surface, for instance, with deep-exposed opaque
white quartz appears slightly gray. This is due to the
shadows between the particles blending with the ac-
tual color of the aggregate and producing the graying
effect. These shadows in turn affect the color tone of
the matrix.

Similarly, a smooth concrete surface will change in
tone when striated. Also a white precast concrete win-
dow unit with deep mullions will change tone when
bronze-colored glass is installed. Color tone is con-
stantly changing as the sun traverses the sky. A clear
sky or one that is overcast will make a difference, as
will landscaping and time. And last, but by no means
least, in large city and industrial environments, air pol-
lution can cause color tone to change.

Color selection should be made under lighting condi-
tions similar to those where the precast concrete will
be used, such as the strong light and shadows of natu-
ral daylight. Muted colors usually look best in subdued
northern light. In climates with strong sunlight, much
stronger and brighter colors are used with success.

Surface texture also affects color. A matte finish will
result in a different panel color than does a smooth fin-
ish. Texture helps to determine the visual importance of
a wall and, hence, the color. For example, moderately
rough finishes usually are less obtrusive than shiny sur-
faces. The building’s appearance is a function of the
designer’s use of light, shadow, texture, and color.

Matrix color (cement plus pigment) exerts the primary
color influence on a smooth finish because it coats the
exposed concrete surface. As the concrete surface is
progressively removed and the aggregates are exposed,
the panel color increasingly reflects the fine and coarse
aggregate colors. Nevertheless, the matrix color always
has an effect on the general tone of the panel.

Cement may be gray, white, or a mixture of the two.
All cements possess inherent color and shading differ-
ences depending on their brand, type, mill, and quarry
source. For example, some gray cements are nearly
white while others have bluish, reddish, or greenish
tones. Some white cements have a buff or cream un-
dertone, while others have a blue or green undertone.
In addition, a finely ground gray or white cement is
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normally lighter in color than a coarse ground cement
of the same chemical composition. If color uniformity
is essential, cements of the same type and brand from
the same source should be specified. Gray cement is
generally subject to greater color variation than white
cement even when supplied from one source. Normal
production variables, such as changes in water con-
tent, curing cycles, temperatures, humidity, and expo-
sure to climatic conditions at varying strength levels, all
tend to cause greater color variations in a gray cement
concrete in relation to concrete made with white ce-
ment. A low water-cement ratio cement paste is al-
most always darker than a high water-cement ratio
paste made with the same cement.

Although white cement will give the least amount
of color variation, it is important to choose the light-
est color aggregates to decrease the shadowing effect
of aggregates close to the surface. Gray cement has
a greater ability to provide an opaque covering of ag-
gregate, but has color differences that may offset this
advantage.

Different combinations of gray cement, white cement,
pigments, and aggregates offer an extensive range of
possible color combinations. If gray is the desired color
of the matrix and the optimum uniformity is essential,
a mixture of white and gray or white cement with gray
pigment is recommended. Uniformity normally in-
creases with increasing percentages of white cement,
but the gray color remains dominant. See Section 2.2.5
for economy of materials.

Pigments often are added to obtain the desired ma-
trix color. All pigments used should pass ASTM C 979,
Pigments for Integrally Colored Concrete. Most pig-
ments used to color concrete are iron oxide pigments—
both natural and synthetic—and hence tend to be
earth tones. Natural iron oxides are widely available in
earth tone red, yellow ochres, and raw and burnt um-
bers. Synthetic iron oxides are manufactured in shades
of red, yellow, and black. Other pigments are available
to achieve green and blue shades.

Different amounts of pigment, expressed as a per-
centage of the cement content by weight, produce
various shades of color. All pigments, however, have
a saturation point, beyond which additional pigment
will not continue to significantly increase the color in-
tensity. For synthetic iron oxides this saturation point
is around 5% and for natural iron oxides it is around
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10%. Pigment additions should never exceed 10% of
the weight of the cement in the mixture. High percent-
ages of pigment reduce concrete strength because of
the high percentage of fines introduced into the mix-
ture by the pigments (which increases the water re-
quirement of the mixture). For this reason, the amount
of pigment should be controlled within the limits of
strength and absorption requirements.

Pigments may be combined to achieve the desired
shade, as long as the total amount stays below the
recommended maximum level. White portland ce-
ment must be used to create light pastel shades such
as buff, cream, ivory, pale pink, and rose tones, as well
as bright intense yellows, oranges, and reds. Red, tan,
black, dark gray, and other hues are produced very sat-
isfactorily using gray cement.

Shades of buff, tan, red, orange, yellow, brown,
charcoal, and gray are the least costly. Green is per-
manent but expensive, except in light shades. Blue is
very expensive and some blues are not uniform or per-
manent. Cobalt blue should be used to avoid perma-
nence problems. Dark black colors cannot be achieved
in concrete. The use of carbon black can initially create
intense black concrete. However, due to its extremely
fine particle size, it has a tendency to leach out of the
concrete matrix. As the pigment is removed, the con-
crete substrate appears increasingly “faded.” Synthetic
black iron oxide, on the other hand, will produce a sta-
ble charcoal color.

Titanium dioxide pigment, in addition rates of 1 to
3% of the weight of the cement, is sometimes used to
lighten gray concrete or to further intensify the white-
ness of white concrete. However, titanium dioxide does
not have the tinting power to produce white concrete
when using gray cement. If white concrete is desired,
white cement must be used.

Many of these pigment options are represented in Fig.
3.4.2. Each column shows variations in cement color:
gray, '/, gray and '/, white, and all-white portland ce-
ment. Each grouping of three samples represents a
different pigment shown at three different concentra-
tions. The amount of pigment added is expressed as
a percentage by weight of the cement in the mixture.
These swatches are meant to represent a range of pos-
sibilities for matrix colors available in architectural pre-
cast concrete.
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Fig. 3.4.2 Color selections.
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Significant points to consider when color consistency
is critical are:

1. Quality and quantity of the pigment.

2. Proper batching and mixing techniques and the
coloring agent’s affect on concrete workability.

3. Quality (freedom from impurities) of the fine and
coarse aggregates.

4. Uniform quantities and gradation of fine materials
(passing No. 50 sieve and including the cement) in
the concrete mixture.

5. Careful attention to curing and uniform duplica-
tion of curing cycles.

6. Type and color of cement.
7. Constant water-cement ratio in the mixture.

8. Consideration of those factors that can contrib-
ute to efflorescence. This is especially important
for dark and intense colors, which aggravate any
efflorescence problem by making it more visible.
Efflorescence deposited on the surface may mask
the true color and give the appearance of pigment
fading even though the pigment or cement paste
has undergone no change. The original color may
be restored by washing with a dilute solution of hy-
drochloric acid and water and rinsing thoroughly.
In addition, weathering of the pigmented cement
paste exposes more of the aggregate to view. If the
color of the aggregate contrasts that of the pig-
ment, a change in the overall color of the surface
may be noted.

Fine aggregates (sand) have a major effect on the
color of white and light-colored concrete, and can add
color tones. Where the color depends primarily on the
fine aggregates, gradation control is required, particu-
larly where the color tone depends on the finer par-
ticles. Where fine aggregates (sand) are manufactured
by crushing colored coarse aggregates and bagged by
sizes directly from the screening operations, unifor-
mity in gradation can be maintained from one batch
to the next. For fine aggregates in bulk, that are sub-
ject to several rehandling processes, this is not feasible.
Consequently, it is recommended that for bulk ma-
terial, the percentage of the fine aggregates passing
the No. 100 (150 pym) sieve should be limited to no
more than 5%. This may require washing of such ag-
gregates, but the premium for this is justified by the
increased uniformity of color.

The precast concrete manufacturer should verify
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that adequate supply from one source (pit or quarry)
for each type of aggregate for the entire job will be
readily available. If possible, the precaster should ob-
tain the entire aggregate supply prior to starting the
project, or have the aggregate supply held by the ag-
gregate supplier. Stockpiling will minimize color varia-
tion caused by variability of material and will maximize
color uniformity.

For reasons of workability, a percentage of natural
sand is preferable in a concrete mixture. Manufactured
sand, however, often adds valuable color tones, and may
be used as part of the fine aggregates. Manufactured
sand is generally more expensive than natural sand and
may not always be available. Crushed pink granite, for
instance, will create a warm-colored matrix, but due
to the size of sand particles, the pink can hardly be
distinguished in the finished unit. With a light to me-
dium exposure, a uniform color appearance may be
obtained by using crushed sand of the same material
as the coarse aggregate. When maximum whiteness
is desired, a natural or manufactured, opaque white
or light yellow sand should be used. Most naturally
occurring sands lack the required whiteness, and the
precaster usually must look to the various manufac-
tured fine aggregates to achieve the white color de-
sired. Generally, these aggregates consist of crushed
limestone (dolomite, calcite) or quartz and quartzite
sands.

The colors in coarse aggregate are multiple, and most
precasters will have a supply of aggregate samples at
the plant. Selection of aggregates for colors should be
governed by the following considerations:

1. Aggregates must measure up to proper durabil-
ity (soundness and absorption) requirements, be
free of impurities (iron oxides), and be available in
shapes required for good concrete and appearance
(chunks rather than slivers).

2. Aggregate shape affects the appearance of a sur-
face after weathering. Rounded aggregates (peb-
bles) tend to remain clean, but angular aggregates
of rough texture tend to collect dirt, and confine
it to the recesses of the matrix. For this reason, as
well as architectural appearance, the area of ex-
posed matrix between aggregate particles should
be minimized. It may be advisable for the matrix to
be darker than the aggregate in structures subject
to considerable atmospheric pollution.

3. Final selection of colors should be made from
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concrete samples that have the proper matrix and
are finished similarly to the planned production
techniques. Some finishing processes change the
appearance of aggregates. Sandblasting will dull
them, while acid etching may increase their bright-
ness. Exposure by retardation normally leaves the
aggregates unchanged. The method of exposing
aggregate alters the color of the surface by affect-
ing the color of the aggregate and by the amount
of shadow cast by the exposed particles.

4. Aggregates with a dull appearance in a gray matrix
may well appear brighter where the matrix is basi-
cally light colored.

5. Weathering may influence newly crushed aggre-
gates. When first crushed, many aggregates are
bright but may dull slightly with time. Similarly,
some of the sparkle caused by acid etching or
bushhammering may not survive more than a few
weeks. The architect should recognize that sam-
ples maintained indoors may not retain their exact
appearance after exposure to weather even after
a few weeks.

Coarse aggregates are selected on the basis of color,
hardness, size, shape, gradation, method of surface
exposure, durability, cost, and availability. Colors of
natural aggregate vary considerably according to their
geological classification and even among rocks of one
type (Fig. 3.4.3).

Clear quartz provides a sparkling surface to comple-
ment the color effect created by use of a pigmented
matrix. White quartz ranges from translucent white
to a deep milky white. Rose quartz provides surfaces
ranging from a light pink to a warm rose color. Green,
yellow and gray colors are also available.

Marble offers the widest selection of colors, including
green, yellow, red, pink, blue, gray, black, and white.
Blue and yellow marble aggregates are available in pas-
tel hues. Marble is available in many shades running
from light to moderately dark. Crushed limestones
tend toward white, gray, and pink colors.

Granite in shades of pink, red, gray, dark blue, black,
and white produces a soft, mottled appearance when
used in concrete. Traprocks, such as basalt, provide gray,
black, and green colors and are particularly durable.

Fig. 3.4.3 Kaleidoscope of aggregate colors.

Photos:Wyckoff Advertising, Inc.
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Some washed and screened gravels can be used
to provide brown or reddish-brown finishes. Yellow
ochers, umbers, and sandy (buff) shades abound in
river bed gravels. Also, an almost pure-white gravel oc-
curs in several sedimentary formations.

Marine-dredged aggregates or seashells should be
washed with fresh water to reduce their salt content.
There is no maximum limit on the salt content of coarse
or fine aggregate; however, the chloride limits for the
concrete should be followed. Seashells are hard ma-
terials that can produce high-quality concrete. Due to
the angularity of the shells, additional cement paste is
required to obtain the desired workability. Aggregate
containing complete shells (uncrushed) should be
avoided, as its presence will result in voids in the con-
crete and lower the compressive strength.

Local aggregates should not be overlooked. They usu-
ally are economical and can be attractive with the proper
matrix. Local architectural precasters are familiar with
available aggregates and usually have concrete samples
made with different materials on display (Fig. 3.4.1).

Coarse aggregates should be reasonably uniform in
color. However, surfaces consisting of a single color
lack clarity and, strangely enough, purity. In general, a
light-colored aggregate is preferable to avoid shaded or
toned areas. Light and dark coarse aggregates require
care in blending to provide color uniformity within a
single unit. With a small color difference between the
light and dark aggregates and a small variance in total
amounts of each aggregate, the chances of uniformity
are enhanced. It is advisable to match the color or tone
of matrix to that of the coarse aggregate so that minor
segregation of the aggregate will not be noticeable.
Panels containing aggregates and matrices of contrast-
ing colors will appear less uniform than those contain-
ing materials of similar colors (as the size of the coarse
aggregate decreases, less matrix is seen and the more
uniform the color of the panel will appear).

The choice of aggregates becomes more critical in
smooth white concrete. Due to the greater difference
in color between the white cement and aggregates,
the white cement has less ability than gray cement to
form an opaque film over the aggregates and prevent
the aggregate color from showing through. Thus, spe-
cial consideration must be given to the selection of
suitable aggregates to help prevent variations in color
and color intensity on the finished surface. A light-col-
ored aggregate is preferable to a dark aggregate when
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trying to avoid shaded or toned areas.

Two concrete mixtures with differently colored ma-
trices exposed at the face of the same panel should
be specified only with a demarcation feature such as a
rustication or protruding area.

The ease of obtaining uniformity in color is directly re-
lated to the ingredients supplying the color. Optimum
uniformity is obtained by using white cement. Extreme
color differences between aggregates and matrix
should be avoided. In all cases, color should be judged
from a full-sized sample that has the proper matrix and
has been finished in accordance with planned produc-
tion techniques.

3.4.2

Textures allow the naturalness of the concrete ingre-
dients to be expressed, provide some scale to the mass,
express the plasticity of the concrete, and improve its
weathering characteristics. A wide variety of textures is
possible, ranging from a honed or polished surface to
a deeply exposed one.

The surface finish enhances the character of the
building by contributing a presence to complement the
building aesthetics. However, a small, solitary concrete
sample can mislead the architect in the value of a finish
compared to its appearance when viewed in the build-
ing scale from a distance.

As a general rule, a textured surface is more aes-
thetically pleasing (greater apparent uniformity) than
a smooth as-cast finish. The surface highlights and the
shadings of aggregate color camouflage subtle differ-
ences in texture and color of the concrete. Also, any
damage is more easily repaired on textured surfaces
than on smooth finishes.

A texture may be defined, in comparison with a
smooth surface, as an overall surface pattern. The
range of textured finishes for architectural precast con-
crete molds includes the characteristic imprint or pat-
terns created from a form liner or mold. Alternative
textured finishes may be produced by removing the
surface mortar to expose the coarse aggregate in the
mixture by various methods.

A profile may be defined, in comparison with a flat
surface, as a shape rather than a texture, produced
from a specially made mold or form liner. One well
known example is the striated or ribbed finish.
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Profiled surfaces can be either smooth or textured,
in a similar way flat surfaces can be either smooth or
textured. This gives four possible combinations.

It is also possible for part of a panel to be given more
than one finish. This design feature allows for a wide
range of appearance options. A detailed description
of the more common textures and finishes is given in
Section 3.5.

There are four important factors to be considered in
choosing a texture:

1. The area of the surface. This affects the scale
of the texture. Coarse textures usually cannot be
used effectively for small areas. Dividing large, flat
areas or surfaces into smaller ones by means of
rustications tends to deemphasize any variations in
textures.

2. The desired effect at a viewing distance. The
designer may seek a visually pronounced texture or
may use texture as a means to achieve a particular
tone value. The visual effect desired at the normal
viewing distance influences the texture and size of
aggregate chosen for the panel face. Figure 3.4.4
shows different size aggregates viewed at 30 ft (9
m) and 75 ft (23 m).

Table 3.4.1 Suggested Visibility Scale.

Suggested visibility scale

Aggregate size, Distance at which tex-
in. (mm) ture is visible, ft (m)
/,~1/2 (6-13) 20-30 (6-9)
/-1 (13-25) 30-75 (9-23)
1-2 (25-50) 75-125 (23-38)
2-3 (50-75) 125-175 (38-53)

The viewing distances in Table 3.4.1 are based
on the use of aggregate of one color. They may
require modifications when the aggregate contains
both light and dark particles. Further modifications
may be required to include the effects of panel
orientation. For example, the contrast caused by
shadows from aggregate particles will vary with
lighting conditions.

3. The orientation of the building wall elevation.
This determines the amount and direction of light
on the surface and how the panel will weather.
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Appearance at 75 ft (23 m)

Appearance at 30 ft (9 m)

4. Aggregate particle shape and surface charac-
teristics. For exposed-aggregate textures, the ag-
gregate particles may be rounded, irregular, angu-
lar, or flat. Their surfaces may be glossy, smooth,
granular, crystalline, pitted, or porous. Both the
shape and surface characteristics determine how
the surface will weather and reflect light.

In addition to the visual effect of texture within rea-
sonable distances, textures may be used to achieve
colors based on the natural colors of the exposed ag-
gregates and matrix.

The size of the aggregate should be related to the
configuration of the panels. The larger the aggregate,
the more difficult it will be to detail edges, reveals, and
returns.
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Exposed-aggregate finishes are popular because
they are reasonable in cost and provide an infinite
variety of colors and textures. This is achieved by
varying the type, color, and size of aggregate, col-
or of matrix, method of exposure, and depth of
exposure.

The different degrees of exposure are:

Light Exposure — where the surface skin of
cement and some sand is removed, just suf-
ficiently to expose the edges of the closet
coarse aggregate. This imparts a fine, sandy
texture. Matrix color will greatly influence the
overall panel color.

Medium Exposure — where further removal
of cement and sand has caused the coarse ag-
gregate to visually appear approximately equal
in area to the matrix.

Deep Exposure — where cement and sand
have been removed from the surface so that
the coarse aggregate becomes the major sur-
face feature.

The extent aggregates are exposed or “revealed”
is largely determined by their size. Exposure should
not be greater than one-third the average diameter
of the coarse aggregate particles or one-half the
diameter of the smallest sized coarse aggregate.

Fig. 3.4.5 Different degrees of exposure.

Acid Etched

Retarded

Figure 3.4.5 shows photographs of retarded,
sandblasted, and acid-etched samples with the
various depths of exposure on the same concrete
mixture.
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3.5
3.5.1

Finishes, in terms of color and textures, are discussed
in Section 3.4. This section describes the various meth-
ods of obtaining these finishes. Because surface finish-
es depend on properly fabricated molds, the designer
should clearly understand the capabilities and limita-
tions of mold production (see Section 2.2).

The appropriate finish should be carefully chosen and
clearly specified. The designer should base the final
choice of surface finish on a balance between appear-
ance (uniformity of color and texture) and cost with
consideration of the limitations in materials and pro-
duction techniques. The appearance can be judged
using a combination of samples and reduced-scale or
full-scale mockups (see Section 3.2). These samples
or mockup panels can then be made available at the
precast concrete plant so that all concerned can be as-
sured that standards of finish and exposure are being
maintained. Appearance, colors, and textures of the
surface finishes of all units should match within the
acceptable range of the colors, textures, and general
appearances of the approved sample panels.

During the manufacturing process different panels
may be subjected to varying levels of ambient humid-
ity. Initially, tonal variations in color might be consid-
ered unsatisfactory, but are likely to moderate when
the panels have a balanced moisture content.

Quality assessment should also include the likelihood
of maintaining a reasonable level of uniformity from
start to finish of production. For instance, it is not too
difficult to get a uniform distribution of two differently
colored aggregates in a small sample produced under
laboratory conditions, but it could be a difficult task to
produce the same uniform appearance on a daily basis.
Generally speaking, if two different colored aggregates
are contemplated, the difference in appearance (colors)
should not be too prominent, and similarly, the color
difference between aggregates and matrix should also
be weighed against the practicality of obtaining a uni-
form appearance.

A compromise may be required between the finish
and the shape of a precast concrete panel. Sculptured
panels may have visible air voids on the returns that
become accentuated when the surface is lightly fin-
ished. Normally, smooth finishes also will have air voids
on return surfaces. If air holes are of a reasonable size
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(/g to '/, in. [3 to 6 mm]), it is recommended that they
be accepted as part of the texture. Filling and sack-
rubbing will eliminate the voids, but this method is
expensive and may cause color differences. Exposed-
aggregate finishes often have variations between faces
and returns. To minimize differences, mixtures should
contain reasonably spherical or cubical aggregates.
For large returns, or other situations where variations
in appearance must be minimized, sequential casting
should be considered.

The surface of large panels should be divided into
smaller areas by means of rustications or reveals to
minimize the perception of textural differences.

Finishing techniques used in individual plants may
vary considerably from one part of the continent to
another, and between individual plants. Each plant
has developed specific finishing techniques supported
by skilled operators and/or special facilities. For actual
projects, be sure to confer with the local precasters for
assistance in obtaining the desired appearance and
relative costs. The following sections discuss each of
the finishing techniques.

3.5.2

A smooth as-cast finish shows the natural look of the
concrete without trying to simulate any other building
product. Fine surface details and sharp arrises can be
achieved with a smooth finish. This finish is perhaps the
most difficult to produce. When a high level of color
uniformity is required, its use is strongly discouraged.
There is also the question of how the surface will change
when exposed to the weather (see Section 3.6). Smooth
surfaces tend to weather unevenly and become discol-
ored from rainwater and airborne particles.

Smooth concrete makes the maximum demands
on the quality and maintenance of the mold and on
the concrete itself. Color variations tend to be most
pronounced when the mold face is glassy and imper-
meable. While a rough concrete surface will scatter
reflected light and soften the impact of blemishes, a
smooth surface will make variations more conspicuous.
Color uniformity is difficult to achieve on gray, buff,
and pigmented concrete surfaces. The use of white ce-
ment yields better color uniformity than gray cement.
Allowable color variation in the gray cement is read-
ily apparent on the uninterrupted surfaces of smooth
off-the-mold concrete, and any variation is likely to be
regarded as a surface blemish.

ARCHITECTURAL PRECAST CONCRETE
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The core of the church in Fig. 3.5.1(a), (b) and (c) is a
loadbearing precast concrete frame that also serves as
the primary interior and exterior finish. Each exposed
precast concrete element is composed of two pieces,
joined back to back. They are stacked and joined to el-
ements above and below with steel pins. The smooth-
as-cast gray surfaces serve as final finishes and allow
the church environs to recreate a historic way of build-
ing by rendering the appearance of stone. The de-
tailing and surface treatment of the precast concrete
components satisfied aesthetic concerns and the use
of the structural material as the building’s primary fin-
ish lent integrity to the design concept.

Conceived as a work of art in its own right, the art
center in Fig. 3.5.2(a) was designed to interact with its
surroundings and dispense with the traditional walls
of a museum. The main facade is restrained with hori-
zontal windowless volumes of gray, smooth as-cast
precast concrete and black-anodized aluminum panels
effortlessly floating over the glass voids. The architect
achieved the desired raw as-cast look with precast
concrete. At the corner of the building, the cantile-
vered projections of the block-like elements become
more defined (Fig. 3.5.2[b]). The vertically stacked
masses seem like a cubist collage of a fagade hovering
above the glazed base. The panels appear to almost

ARCHITECTURAL PRECAST CONCRETE

Fig. 3.5.1(a), (b) & (c)

Prince of Peace Catholic Church
Taylors, South Carolina;

Architect: Craig Gaulden Davis Inc.

defy gravity while approximating the cacophony of the
streetscape.

Smooth as-cast precast concrete panels have a
smooth film of hardened cement matrix. The finished
color is therefore determined primarily by the color of
the cement. In some instances the sand may also have
some affect. Initially, this is likely to be insignificant un-
less the sand contains a high percentage of fines or is
highly colored. However, as the surface weathers, the
sand becomes more exposed and its influence or effect
on color becomes more marked.

The color of the coarse aggregate should not be sig-
nificant unless the particular panel requires a high de-
gree of consolidation. Under this circumstance, some
aggregate transparency may occur, causing a blotchy,
non-uniform appearance. Aggregate transparency, or
“shadowing,” is a condition in which a light-colored,
formed concrete surface is marked by dark areas simi-
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lar in size and shape of particles of coarse aggregate
in the concrete mixture. When encountered, it usually
appears on smooth surfaces and causes a blotchy and
irregular appearance. The effect can be reduced by us-
ing lightly colored coarse aggregates with low absorp-
tion and white cement.

The smooth cement film on the concrete may be sus-
ceptible to surface crazing (fine and random hairline
cracks) when exposed to wetting and drying. In most
cases, this is a surface phenomenon (penetrates only
as deep as the thin layer of cement paste at the sur-
face of a panel) and does not affect structural proper-
ties or durability. In some environments, crazing will be
accentuated by dirt collecting in these minute cracks.
This will be more apparent in white than gray finishes
and on horizontal more than vertical surfaces.

Precast concrete panels with a smooth as-cast fin-
ish will normally have air voids, particularly on return
surfaces. If these air holes are of reasonable size, /g

Fig. 3.5.2(a) & (b)
Lois & Richard Rosenthal Center for Contemporary Art
Cincinnati, Ohio;

Architect: Zaha Hadid Architects, Design Architect;
KZF Design Inc., Architect of Record.
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to Y, in. (3 to 6 mm), it is recommended that they
be retained as part of the surface texture rather than
sack-rubbed. Filling and sack-rubbing will eliminate
the voids, but many cause increased color variations.
Samples or mockup panels should be used to establish
the acceptability of color variation and air voids with
respect to frequency, size, and distribution uniformity.

For true economy, units with smooth as-cast surfaces
should be produced without additional surface treat-
ment after stripping from the molds, except for pos-
sible washing and cleaning. This, in turn, demands the
following precautions:

1. Provide architectural relief to flat, exposed surfaces.
Some sculpturing of the panel is highly desirable.
Careful attention to detailing is essential. Make
provisions for ample draft, chamfer edges and cor-
ners to minimize stripping damage (see Sections
3.3.2 and 3.3.7), and provide suitable water drips
and other weathering details (see Section 3.6). The
smooth as-cast finishes are the most difficult of all
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precast concrete finishes to repair in terms of color
and texture match.

2. The architect should specify the panel surface ex-
pectations regarding joints in the mold face, so
that the acceptable level of surface appearance is
established.

The designer and precaster must accept and un-
derstand the limitations of smooth as-cast finishes.
Smooth, as-cast precast concrete panels usually have
some surface imperfections. Minor variations in tex-
ture of mold surface reflected on the smooth concrete
surface, color variations, air voids (bug/blow holes),
and minor surface crazing and blotchiness are to be
expected, especially on non-profiled flat panels. Both
designer and precaster must be aware of the realis-
tic surface finish that will be obtained. Of all precast
concrete finishes, this finish is the most misunderstood

Fig. 3.5.3

Commissioners of Public Works Administrative Offices
Charleston, South Carolina;

Architect: Lucas Stubbs Pascullis

Powell & Penney, Ltd.;

Photo: LS3P Associates Ltd.
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when it comes to acceptability. An acceptable smooth
finish can be very difficult and expensive to achieve if
a high degree of uniformity is anticipated by the archi-
tect or owner. If the surface is to be painted or stained,
this finish will provide an excellent surface, while keep-
ing costs to a minimum.

Many of the aesthetic limitations of smooth concrete
may be minimized by the shadowing and depth pro-
vided by profiled surfaces (fluted, sculptured, board
finishes, etc.), by subdividing the panels into smaller
surface areas by means of vertical and horizontal re-
veals or rustications, or by using white cement (Fig.
3.5.3). Any introduction of shapes to provide shadow
effects will enhance the final finish.

3.5.3 Exposed Aggregate by Chemical
Retarders and Water Washing

Chemical surface retarders provide a non-abrasive
process that is very effective in bringing out the natural
color and luster of coarse aggregate. The application
of a chemical retarder to the mold surface prior to cast-
ing the concrete delays the surface cement paste from
hardening within a time period and to a depth depen-
dent on the type or concentration of retarder. After
hardening of the concrete mass (normally overnight),
the retarded outer layer of cement paste is removed by
high-pressure water washing, exposing the aggregate
to the desired depth. This process should take place at
a predetermined time after casting (Fig. 3.5.4).

The aggregate exposure obtained is controlled by the
retarder; therefore, any variations in exposure are not
as correctable as with sandblasting. Furthermore, deep
retarded surfaces do not allow for sharp panel profiles.

The shape of the coarse aggregate, its position after
consolidation, and the depth of exposure will deter-
mine the surface appearance. Appearance will there-
fore vary to some degree with surface orientation and
aggregate shape. This is especially critical in units with
returns, where vertical sides are expected to reason-
ably match the bottom face (see Section 3.3.7).

Precast concrete cladding matched the existing build-
ings’ limestone and ashlar-laid red granite masonry,
and successfully produced compatibility with the cam-
pus’ collegiate gothic architecture (Fig. 3.5.5[a]). The
red granite appearance was produced using a blend
of gray and white cements, red pigments, granite ag-
gregate, and a retarder and washing to expose the ag-
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gregate. Quarry cut limestone was simulated using the
same cements, limestone aggregate, pigment, and a
light sandblast finish (Fig. 3.5.5[b]).

Depending on the particular mold configuration (ver-
tical, radius, or complicated shapes), the placing of
concrete may scour the retarder applied to sloping sur-
faces and affect the finish of the concrete. These fac-
tors may compound the problem of matching bottoms

Fig. 3.5.5(a) & (b)

Washington University Hilltop Campus Parking

St. Louis, Missouri;

Architect: Jacobs Technologies (formerly Sverdrup Facilities);
Skidmore, Owings & Merrill, Design Consultant;

Photos: Max Rogers.

and returns (see Section 3.3.8).

If the bright, natural colors of the aggregate are the
prime concern, exposed aggregate from retarded sur-
faces is the best way to achieve this result. The mixture
proportions, aggregate gradation and physical charac-
teristics of the aggregate, and matrix/aggregate color
compatibility are important. It is advisable to vary the
color or tone of the matrix wherever possible to match
or blend in with the color of the aggregate. This match
can be achieved by careful selection of cement, sand,
and pigment colors. A good matrix to coarse aggregate
color match will minimize mottled effects (minor varia-
tion in aggregate distribution) from being noticeable.

Chemical retarders are also available for the face-up
method of casting concrete. Retarder is sprayed on the
concrete surface following consolidation and finish-
ing operations. Because the consolidation of concrete
brings an excess of mortar and water to the surface,
an exposure of this surface will normally fail to show as
dense a coarse aggregate distribution as a down-face
mold surface. This may be overcome by seeding the

L~
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Fig. 3.5.6(a) & (b)

One Boca Place

Baca Raton, Florida;

Architect: Smallwood, Reynolds, Stewart,
Stewart & Associates;
Photos: Gabriel Benzur.

Fig. 3.5.7(a) & (b)
Adtran Corporate
Headquarters, Phase IV
Huntsville, Alabama;
Architect: Cooper Carry Inc.;
Photos: (a) Gabriel Benzur;
(b) Steve Brock.
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surface with the coarse aggregates following the initial

N : : Fig. 3.5.9

finishing of .the surface, then ta.m.pm.g or rolling the Rhode Island Convention Center':} North Parking Structure
aggregates into the surface, refinishing the surface, ~Providerce Rhode Tstand: .=

and applying the retarder. The spandrels and sunscreen Architecture: Cannon; i3 [|

panels shown in Fig. 3.5.6(a) and (b) are exposed on Photo: Lucy Chen.
all sides. Uniformity of face-up exposed aggregate will e
not match the face-down surface and as such its use T
should be minimized.

The appearance of aggregate in precast concrete
units subjected to retardation will not change from the
natural appearance of these aggregates prior to incor-
poration in the concrete mixture. These methods may
be used for all three degrees of exposure, but they are
most commonly used for medium or deep exposure.
Figures 3.5.7(a) and (b) show a retarded finish simu-
lating red, flamed granite. Retarded and water-washed
finishes are relatively easy to repair, a major advantage.
Also, the mold surface is not as critical if the aggre-
gate is to be exposed. Figure 3.5.8 shows the different
appearances resulting from a medium retarded finish
(top) and a medium sandblast finish (bottom) with the
same concrete mixture design. The exterior of the park-
ing structure (Fig. 3.5.9) is sheathed in precast concrete
panels with medium sandblasted and exposed (re-
tarded), rose-colored—granite aggregate finishes. The
structure in Fig. 3.5.10 also has retarded and abrasive
blasted finishes produced from the same mixture.

Demarcation or rustication features are recommend-
ed to prevent ragged edges where retarder is applied
to a part of a mold surface.

from the same concrete mix.
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3.5.4 Form Liners and Lettering

An almost unlimited variety of attractive patterns,
shapes, and surface textures can be achieved by cast-
ing against wood, steel, plaster, elastomeric, plastic,
or polystyrene-foam form liners (Fig. 3.5.11). These
form liners may be incorporated in or attached to the
surface of a mold. Concrete’s plasticity offers the op-
portunity for innovation and individual character in the
surface textures, patterns, and shapes, which can be
achieved by casting against the various types of form
liners. A large pattern offers ever-changing details due
to the play of light and shadow; a fine texture offers
a muted appearance that is subtle but not drab and
smooth surfaces bring out the elegance and richness
of simplicity. Form liner textured surfaces also mask
minor imperfections that would otherwise be obvious
in a smooth as-cast surface, yielding a more uniform
appearance.

Light and shade created by modeling or sculptur-
ing with liners may be used for visual effect to enliven
large concrete surfaces with low relief patterns at a
reasonable cost or can economically simulate another
material in concrete.

Fig. 3.5.11 Some of the available forn_r linef'patterns.
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Form liners can be used to replicate stone textures
matching natural rock formations; fractured fins or
flutes; wood board markings; trapezoidal, wave, and
rib textures; sandblasted or bushhammered looks; and
stucco or masonry textures. The options with combina-
tion finishes, involving one or more basic finishing meth-
ods together with form liners, are almost infinite.

Ribbed or fluted panels demand considerable atten-
tion to detailing as panel sizes and distances between
openings must be a multiple of the rib spacing. Panel
joints should normally be in the bottom of a groove or
valley.

An important consideration is selecting the texture
and/or type of form liner best suited to the project. If
there are large wall expanses, a texture like fractured
fin with greater depth may give a more noticeable
appearance with deeper shadowing. Shallow flutes,
bushhammered, or subtle textures are often better for
relatively small areas. Concrete can be produced with
vertical ribs or striations in a range of sizes to suit a
particular structure and the distance from which it will
most often be seen. Overall, the cost of liners depends
on the ease of use and the number of reuses actually
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Fig. 3.5.12
Washington County Fair Park
West Bend, Wisconsin;
Architect: BHS Architects;
Photo: BHS Architects.

obtained. Regardless of the form liner used, draft must
be incorporated to prevent chipping or spalling during
stripping of the unit from the mold.

The following rules should be observed when using
form liners:

e Limit depth of design to '/, to 1in. (13 to 25 mm).

¢ In most cases, maintain a 1:8 draft on all indenta-
tion sides to prevent chipping and spalling during
stripping of the panel from the mold.

e Keep all edges and corners rounded or chamfered.

e Relief may be more than 1 in. (25 mm) if the de-
pressed area is sufficiently wide.

Liner size and characteristics may require that an
architectural feature in the form of a demarcation
groove, recess, rib, or plain area be detailed to hide
joints between liners, or limit usage to within less than
the available width of the liner, or the liner joints should
be designed at form edges.

If the concrete is to be left smooth as-cast (that is,
without further treatment), its appearance will be
determined by the surface characteristics of the liner
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material as well as by the chosen pattern or texture.
Variations in the absorbency of the form surface will
tend to produce corresponding variations in the color
of the concrete, a dark color being associated with wa-
ter loss.

Sealed sandblasted wood, textured plywood, and
rough-sawn lumber are useful in creating rugged tex-
tures. (Resultant surface texture may also be obtained
by use of other liners reproducing this finish.) Rough-
sawn lumber is used for board-surface textured finish-
es where concrete color variations and rough edges are
acceptable. To provide the desired rural image, the in-
sulated sandwich panels in Fig. 3.5.12 were cast using
custom form liners that created two different finishes.
The textures for the building’s upper portions were
molded from weathered barn boards, which produced
a close match to true wood. Panels on the lower por-
tion resemble field stone, with the form liners molded
from limestone. The lower panels were stained on site
to give them a whitewashed look.

If preformed plastic form liners are selected, it is
good practice to describe the pattern and to include
a reference to the pattern and its manufacturer
specification.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.5.13

Philip Morris U.S.A., Cabarrus County, North Carolina;

Architect: MBA/Architects and Planners; Photo: Beckhard Richlan
& Associates.

Fig. 3.5.14(a) & (b)
Casa Club Bosque Real, Huixquilucan, Edo. de Mexico; Architect: Sordo Madaleno y Associados, S.C.;
Photos: Paul Citron.
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Fig. 3.5.15(a) & (b)
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Hilton Boston Logan Airport, East Boston, Massachusetts; Architect: Cambridge Seven Associates Inc.; Photos: ©2003Steve Rosenthal.

The 8 x 28 ft (2.4 x 8.5 m) insulated sandwich pan-
els in Fig. 3.5.13 simulate the hand-hammered look
of fractured fins. The panels were produced by first
building a smooth-ribbed mold of wood and casting
one master panel from it with alternating directions
of diagonal fractured ribs. That panel was then ham-
mered and sandblasted, and an elastomeric mold was
made of its hand-finished surface. This second mold
was used to cast the final panels. After demolding, the
rib surface was sandblasted to expose the aggregate to
the desired texture.

To replicate slate stone textures, rubber form liners
were reproduced from a natural slate quarry wall.
Different liner sections were rotated to avoid repetitive
patterns on the panels (Fig. 3.5.14[a]). Deep reveals
representing the joints between modular hewn stones
match the joints between panels. Interlocking lateral
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ends avoided vertical joints (Fig. 3.5.14[b]).

The large panels for the hotel in Fig. 3.5.15 included
two window openings. The panels were cast in two
integral colors as well as two finishes. A brick-red
color is the building’s dominant color, accented by a
buff tone. A four-step process was used to create the
panels’ bushhammered ribbed pattern. First, a wood
mold was made detailing the ribs. Then a master mold
was made of concrete with an exposed-aggregate fin-
ish. Polyurethane was poured into the master mold to
obtain the form liner and then the colored concrete
was placed. Separated by reveals, ribbed sections were
combined with smooth areas, and the whole panel fi-
nally received an acid-etched finish. The panels were
alternated, with the diagonal direction of the ribs and
the colors varying from panel to panel. The project re-
quired 50 different form liner mats.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.5.16(a), (b) & (c)
Hearst Tower
Charlotte, North Carolina;

Architect: Smallwood, Reynolds, Stewart, Stewart & Associates Inc.
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The designer’s goal was to blend the facade of the 659-
ft-tall (200 m) office tower in Fig. 3.5.16 with its sur-
roundings and complement existing buildings. To achieve
this blend, specially designed art deco patterns were cast
into panels at the fourth level to break up the apparent

mass of the larger footprint of the lower the tower el-
evations (Fig. 3.5.16[b]). Molds for these detailed pieces,
which contain a high degree of surface relief, took nearly
two weeks to fabricate (Fig. 3.5.16[c]).
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Fig. 3.5.17(a) & (b) Arizona Biltmore Parking Structure, Phoenix, Arizona; Architect: Nelsen Architects Inc.; Photos: Rod Eaves.
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Fig. 3.5.19(a) & (b)

250 Park Avenue, Winter Park, Florida;
Architect: Baker Barrios Architects Inc.;
Design Consultant: Associated Consulting
International; Photos: Phil Eschbach.

The parking structure in Fig. 3.5.17(a)
was designed to fit seamlessly into an
architecturally important luxury resort
built in 1929. The original building is
comprised of unique and distinctive,
custom concrete masonry. Intricate form
liners were created from the original
hotel block. Following the precedent of
the hotel, detail and patterning is con-
centrated on the vertical elements (Fig.
3.5.17[b]). Spandrels have scored joints
matching the exact size and depth of the
original masonry joints. The integrally
colored concrete was given an acid-wash finish.

The architectural essence of the chevron (Fig. 3.5.18)
was designed to enhance the office building’s verticality
while establishing textural shades and shadows.

The renovation of a very contemporary 1960s building
into a traditional style that responds to the high-profile,
yet quaint, character of the neighborhood resulted in
the use of detailed architectural precast concrete panels
to establish the architectural vernacular (Fig. 3.5.19]a)).
The use of precast concrete spandrels with the owner’s
motif as a repetitious theme along with “old style” tav-
ern blend thin-brick inlay in the precast concrete panels
to integrate with the historical district brought new life
to an old building (Fig. 3.5.19[b]). With an 85% occu-
pancy rate during the entire construction timeline, great
pains were taken to ensure those businesses who re-
mained in the building were not inconvenienced.

Sculptural designs have been produced using sections
of foamed polystyrene or polyurethane as form liners
or inserts. Abstract patterns and deeply revealed de-
signs with undercut edges can be shaped easily in these
materials, however these liners are typically single-use
only. Computer-controlled, hot-wire cutting devices
have made custom work available at moderate prices.

| Elastomeric liners are useful for finely detailed, textured, or
Fig. 3.5.18 profiled surfaces with some undercuts (negative drafts) be-

AW Hudiew cause they greatly facilitate stripping. If other materials were

Jersey City, New Jersey; df h detail. the f Id be vi Vi ol

Architect: Brennan Beer Gorman (BBG-BBGM)/Architects; use Ior S_UC .etal , the forms would be virtua ylmpOSSII €
Photo: BBG-BBGM. to strip. Liner size and module should be coordinated with

panel joints, rustication strips, and blockout size.
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Lettering

The application of lettering in concrete is no different
than that of any other incised element. Appropriate
draft or taper for stripping must be established for all
lettering unless characters are flexible or destructible.

Thought should be given to the selection of the let-
ter profile or cross-section. Observing the principles of
shades and shadows and selecting a profile will give
sharp, smooth, and regular shadows. Two profiles for
recessed letters are shown and their merits analyzed
in Fig. 3.5.20. Raised letters are fragile and subject
to chipping at traffic levels and significantly increase
forming costs.

The pattern for the letters is reversed in the mold. Note
the letter “c” that is part of the word “school (need to
look at the mold from the right) (Fig. 3.5.21[a]). The
erected panels are shown in Fig. 3.5.21(b)

Fig. 3.5.20 Recessed lettering.

N &R
| M \J \ Fig. 3.5.21(a) & (b) Letters are reversed in the mold. Note the
e e S o/ letter “c” that is part of the word “school”.

- Centralia High School, Centralia, Illinois; Architect: FGM Architects

Engineers, Inc.; Photos: (a) Jim Lewis, (b) Max Rogers.

Close-up view of lettering on a precast concrete panel with
right angle shoulders

° o > 05

Square shoulders of the V-recessed Recessed letters with right angle
letter makes a sharp shadow, but shoulders and flat back stand out
the broken surface of the back clearly, because the shadow cast
causes an uneven shadow making by the outer angle against the flat

the letter appear irregular back is strong and regular

- : Fig. 3.5.22(a) & (b)
E" - i Music Man Square, Mason City, Iowa; Architect: Bergland + Cram;
) : Photos: Boxwood/Bergland + Cram/Boxwood.
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The visibility of letters, is to some extent, determined
by the background and the style of the letters. The use
of contrasting precast concrete finishes or staining the
back of recessed letters in a color contrasting with the
surface wall will enhance the visibility of the letters. In
addition, design elements smaller than 1/300th of the
viewing distance are difficult to “read” and tend to get
visually lost.

The affordability and flexibility of the precast con-
crete panels made possible the unique detailing of
the cornice and base bands of the museum honoring
Meredith Wilson, composer of The Music Man. The
cornice displays the lyrics of “Seventy-Six Trombones”
(Fig. 3.5.22[a]) while the musical staff and notes at
the wall base parody the melody line of the song (Fig.
3.5.22[b]).

3.5.5

Sand or abrasive blasting of surfaces can provide all
three degrees of exposure (Fig. 3.4.5, page 152). This
process is suitable for exposure of either large or small
aggregates.

The degree of uniformity obtainable in a sandblasted
finish is generally in direct proportion to the depth of
material removal. A light sandblasting may look ac-
ceptable on a small sample, but uniformity is more dif-
ficult to achieve at full scale, particularly if the units are
sculptured.

Uniformity of depth of exposure between panels and
within panels is essential for achieving an acceptable
finish, as in all other exposed-aggregate processes, and
is a function of the skill and experience of the operator.
Different shadings and, to some extent, color tone will
vary with the degree of aggregate exposure.

A light blast will emphasize visible defects, par-
ticularly bugholes, and reveal defects previously hid-
den by the surface skin of the concrete. A light blast
does minimize crazing by removing the cement skin
at the surface of the concrete. The lighter the blast,
the more critical the skill of the operator, particularly
if the units are sculptured. Small variances in concrete
strength at the time of blasting may further complicate
results. Sculptured units will have air voids on vertical
and sloped returns that may be accentuated by a light
blast. If such air holes are of reasonable size, /s to '/,
in. (3 to 6 mm), it is strongly recommended that they
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be accepted as part of the texture, because filling and
sack-rubbing is expensive and will nearly always cause
color differences.

To improve uniformity, the cement and sand colors
should be chosen to blend with the slightly “bruised”
color of the sandblasted coarse aggregate, as the ma-
trix color will dominate when a light sandblast finish
is desired. With a light sandblasting, only some of the
coarse aggregates near the surface will be exposed.
With a medium or deep exposure, contrasting matrix
and coarse aggregate colors should be avoided if uni-
formity of color is desired.

Blasting will cause some frosting of the face of the
coarse aggregate, and softer aggregates will show
this to a greater extent beyond a medium exposure.
Frosting of the aggregate surface is more noticeable
on dark-colored aggregates that have an initial glossy
surface texture. This will produce a muted or frosted
effect, which tends to lighten the color and subdue the
luster of the aggregate. For example, white concrete
tends to become whiter when blasted. Depth of sand-
blasting should also be adjusted to suit the aggregate
and abrasive hardness. Soft aggregates tend to erode
at the same rate as the mortar. There is a tendency to
round off edges of soft aggregates during sandblast-
ing and soften sharp edges and corners.

Type and grading of abrasives determine the surface
texture and should remain the same throughout the en-
tire project. Experienced precasters will select suitable
sandblasting techniques and media—the specification
should concentrate on the required appearance.

Although sandblasting is generally specified as an
overall treatment it may be used to develop textured
patterns by means of special templates. Portions of
a panel can be left unblasted by making a shield of
wood, rubber, or sheet metal to fit over the panel and
cover those areas. Masking may be adopted for geo-
metric patterning, or the technique can be employed
by artists in producing murals in concrete.

The time when sandblasting should take place is de-
termined by scheduling, economics, visual appearance
desired, and hardness of the aggregate. However, all
surfaces should be blasted at approximately the same
age or compressive strength for uniformity of appear-
ance. The concrete mixture used and the matrix strength
at time of blasting will affect the final exposure, as will
the gradation and hardness of the abrasive.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.5.23
Cape Coral City Hall

Cape Coral, Florida;

Architect: Spillis Candela/DMIM;

Photo: Larry Kline, Spillis Candela/DMIM.

The projectdesignin Fig. 3.5.23 focused
on the texture of the precast concrete
as it changed from a light sandblast to
horizontal ribs. In Fig. 3.5.24, special at-
tention was taken to design the 10-story
parking structure to harmonize with the
office building sheathed in polished and
flame-finished granite. The precast con-
crete was lightly sandblasted to closely
match the flame-finished granite of the
office tower base.

Fig. 3.5.24

Carillon Parking Deck

Charlotte, North Carolina;

Architect: Thompson, Ventulett, Stainback &
Associates;

Photo: Brian Gassel/TVS.
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3.5.5 Sand or Abrasive Blasting

Fig. 3.5.25(a) & (b) CNL Center, Orlando, Florida; Architect: HKS Inc.; Photos: BenTanner.com.

A total of 1574 medium sandblasted precast concrete
panels were used to clad the 14-story office building
in Fig. 3.5.25(a). The concrete mixture comprised pea
gravel, white sand, and cement along with a pigment
to give a pink granite color (Fig. 3.5.25[b]).
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The four-story operations center and five-level park-
ing structure (Fig. 3.5.26) are clad with 6 in. (150 mm)
thick panels that have two finishes developed from the
same concrete mixture. The predominate finish is a deep
retarded finish with the second finish of medium sand-

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.5.26
AmSouth Bank Riverchase Operations Center; Hoover, Alabama; Architect: Smallwood, Reynolds, Stewart, Stewart & Associates.
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SURFACE AESTHETICS
3.5.5 Sand or Abrasive Blasting

blast banding.

The panels on the 36-story skyscraper in Fig. 3.5.27(a)
are characterized by a striking blend of white cement,
light and heavy sandblast finishes, and four different
aggregates. The result is the appearance of natural
granite inlays in a field of traditional precast concrete
panels (Fig. 3.5.27[b]). A design feature was the in-
corporation of fire/smoke ribs directly into the precast
concrete column covers during the fabrication stage.
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Fig. 3.5.27(a) & (b)

State Street Financial Center

Boston, Massachusetts;

Architect: TRO Jung/Brannen Associates Inc.;
Photos: Peter Vanderwarker.
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SURFACE AESTHETICS
3.5.5 Sand or Abrasive Blasting / 3.5.6 Acid Etching

A sandblasted finish is not widely used to achieve a
deep, heavy texture because of the time and labor asso-
ciated with deep exposure. Unless it is the intent of the
architect to achieve a severely weathered look, deep
exposed-aggregate finishes are more readily achieved
with other methods. For example, to obtain a medium
or deep exposure with a sandblasted appearance, re-
tarders may be used initially followed by sandblasting
to obtain a matte finish. This approach reduces blast-
ing time and lessens the abrasion of softer aggregates.
Using sandblasting to achieve the final texture allows
for correction of any variations in exposure, so this
method can result in a more uniform surface. The end
result is a matte finish, as opposed to a brighter finish
achieved with water blasting.

Exposed aggregates can be brightened by washing
with a mild acid solution, which removes the dull ce-
ment film remaining from some exposure techniques,
such as sandblasting and retardation.

3.5.6 Acid Etching

Acid etching is most commonly used for light to me-
dium exposures. Acid etching dissolves the surface ce-
ment paste to reveal the sand with only a very small
percentage of coarse aggregate being visible. An
acid-etched finish is typically used to produce a fine
sand texture closely resembling natural stones such
as limestone or sandstone. It is often substituted for

Fig. 3.5.28(a) & (b)

Walsh Library at Seton Hall University
South Orange, New Jersey (1994);
Architect: Skidmore, Owings & Merrill;
Photos: Eduard Hueber/Archphoto.com.
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a light sandblast texturing. Where aggregates are to
be exposed to a considerable depth, only acid-resis-
tant siliceous aggregates, such as quartz and granite,
should be used. Carbonate aggregates, such as lime-
stone, dolomite, and marble, may discolor or dissolve
due to their high calcium content. The aggregates on
an acid-etched surface present a clean or bright look.
However, after normal weathering, the aggregates lose
this brightness and will closely resemble their original
condition.

All surfaces should be acid-etched at approximately
the same age or compressive strength for uniformity
of appearance.

Acid etching of concrete surfaces will result in a fine,
sandy texture with retention of detail. When the acid
etching is light or used on a large, plain surface, con-
centrations of cement paste, under and over etching
of different parts of a concrete surface and variation
in sand color or content may cause some uniformity
problems.

There is a minimum depth of etch that is required to
obtain a uniform surface. Attempts to go any lighter
than this will result in a blotchy panel finish. This depth
will expose sand and only the very tip of the coarse ag-
gregate. It is difficult to achieve a totally uniform light
exposure on a highly sculptured panel. This is due to
the acid spray being deflected to other areas of the
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3.5.6 Acid Etching

Fig. 3.5.29

Northwestern University McCormick Tribune Foundation Center,
Evanston, Illinois; Architect: Einhorn Yaffee Prescott; and
Griskelis Young Harrell, Associate Architect; Photo: Nick Merrick
©Hedrich Blessing.

panel, particularly at inside corners. This may, however,
be acceptable if the sculpturing creates differential
shadowing.

Figure 3.4.5 (page 152) shows a light, medium, and
deep acid-etched finish with the same concrete mix-
ture used for the retarded and sandblasted finishes.

With light textures, the color compatibility of the ce-
ment and the aggregates become more important to
avoid a mottled effect. The complexion of the precast
concrete used in Fig. 3.5.28(a) responds to the color
and texture of the surrounding academic buildings.
The color was selected to simulate the color and tex-
ture of Indiana limestone and the panels were fin-
ished with a light acid-etch. The interior column cov-
ers for the rotunda were also given a light acid-etch
(Fig. 3.5.28[b]). The selection of architectural precast
concrete with granite insets on the exterior allowed a
great range in the expression of architectural details,
and wider possibilities for functional articulation. The
broadcast media center in Fig. 3.5.29 is sheathed with
lightly acid-etched panels carefully modulated to pick
up the scale of smaller, neighboring buildings. This was
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achieved by banding at every 7 ft (2.1 m) datum. In
any case, a light acid-etched finish is not going to be
as uniform as an exposed-aggregate finish. Also, an
acid-etched finish is more difficult to patch than many
of the deeper texture finishes.

Vertical rustications or reveals should extend to the
bottom of the unit to avoid the potential of a deeper
etch on the bottom flat band of a unit. If not extended,
acid collects in the reveal and can run down and streak
the bottom band.

The all-precast concrete structure features modules,
measuring 4 stories high and 10 ft (3 m) wide (Fig.
3.5.30). This module allowed the facade to curve in re-
sponse to the shape of the nearby Renaissance Center.
A mixture of red granite aggregate, red sand, and
red-pigmented cement was used to blend the panels’
coloration with neighboring brick and bronze-glass
buildings. The panels were given a medium acid etch
to create a smooth finish and expose the richly colored
texture.

Fig. 3.5.30

Jefferson Avenue Parking Structure, Detroit, Michigan;
Architect: Neumann/Smith & Associates;

Photo: Hedrich Blessing.
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Fig. 3.5.31(a), (b) & (c)

The Minneapolis Convention Center, Minneapolis, Minnesota;
Architect: Setter, Leach & Lindstrom Inc.; The Leonard Parker
& Associates; and Loschky, Marquardt & Nesholm

Photos: Heinrich Photography.

ARCHITECTURAL PRECAST CONCRETE

The two-story convention center (Fig. 3.5.31[a]), pro-
vides over 350,000 ft? (32,500 m?) of exhibit space
in three domed exhibition halls and a multipurpose
ballroom. The exterior precast concrete is a sandstone
red color with a deep acid-etched finish along with a
polished concrete band at the base of the wall. Blue-
green tiles are inlaid in squares and circles on certain
key panels for color and texture contrast (Fig. 3.5.31[b]
and [c]). The insulated sandwich panels are horizontally
inscribed with a series of reveals to suggest the heavier
jointing and rustication of traditional stone buildings.
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3.5.7 Multiple Mixtures and Textures within a Single Unit

3.5.7 Multiple Mixtures and Textures

within a S-mgle Unit Fig. 3.5.32 Multiple mixtures
and textures.

Design flexibility is possible in both color and texture
of precast concrete by manipulating aggregates and

matrix colors, size of aggregates, form liners, finishing
processes, and depth of exposure in the same unit. This

textural flexibility allows designers to use combinations

. o i i Multiple mixes with sandblasted
of different finishes using the same or different con- and acid-etched finishes.
crete mixtures, within a single precast concrete unit.
Multiple-finishing techniques offer an economical, yet

effective, way to heighten aesthetic interest through '

the use of tones and texture in facade treatments. The .
use of combination finishes means the designer must

make an early decision to ensure that the overall con- Light and deep sandblast with
cept allows for the change in finish color and texture. A granite and terra-cotta inserts. oo mixes with acid-etched
suitable rustication (that is, some demarcation) needs _ finish.

to be detailed to separate the different colors and/or
finishes. The importance of the separation depends on
the specific types of finishes involved.

Samples should be used to assess the transition be-
tween adjacent finishes. Bushhammering and, to a
lesser degree, sandblasting can be stopped fairly easily
along specific lines and may not require the need for the
demarcation features as described in Section 3.3.3.

o - s - —-=1
There are two approaches for using multiple mixtures Multiple mixes with retarded R
diff faci . . h and sandblasted finishes. Natural stone and sandblasted
(two or more different facing mixtures in the same it

panel). With one approach, the first mixture is placed
within an area bounded by a raised demarcation strip
that equals the thickness of the face mixture. Before
initial set of the concrete, the mold surface around the
first cast is carefully cleaned, and the second mixture
is placed and vibrated. It is important that the second

mixture be placed and the concrete consolidated prior
to initial set of the first concrete mixture.

Another approach features a two-stage or sequential
casting procedure discussed in Section 3.3.9, which in-
curs added cost. In this option, one part of the panel,

such as a medallion, is cast first from one mixture and, Form liner and sandblasted finish.
after curing, is set into the full mold and cast into the
total panel using a second mixture. This method was
used to cast precast concrete panels cost effectively
in three finishes (Fig. 3.3.37, page 134). The retarded
rosebud quartzite panel section was cast separately,
set in a mold, and then the remainder of the concrete
was cast around it.

. . . . Multiple mi ith acid-etched Thbk dth d f
Examples of projects that effectively use multiple mix- S g R s eRtRsR e

tures and finishes are shown in Fig. 3.5.32.
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Fig. 3.5.33

i

Multiple finishes provide a variety of textures at eye
level, not only to add interest upon approach of the
building but also to visually ground the building with
its darker mass from a distance (Fig. 3.5.33). This was
accomplished by using a medium gray matrix that has

ARCHITECTURAL PRECAST CONCRETE

Westings Corporate Center I, Naperville, Illinois; Architect: Opus Architects & Engineers, Inc.

been lightly sandblasted to contrast with the dark char-
coal aggregate that has been exposed using a retarder
in horizontal bands. A third texture was achieved by
using a vertically revealed form liner in the medium
gray matrix panels.
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3.5.7 Multiple Mixtures and Textures within a Single Unit
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Fig. 3.5.34
Monarch Place (
Boston, Massachusetts;

Architect: TRO Jung Brannen Associates, Inc.;
Photo: ©1987 Steve Rosenthal.

An acid-etched finish cannot easily be applied to only
a portion of a unit with alternating surfaces of retarded
and acid-etched precast concrete, a reveal or raised
demarcation feature is necessary to keep the retarder
from spreading to the area to be etched [Fig. 3.3.6(a)]
(page 114).

The same mixture proportions were used to develop two
textures: one, a smooth light acid-etched pale pink tex-
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ture and the other a darker, pebbled texture produced by
retarding and water-washing the red granite aggregate.
A series of ridges and reveals creates the patterned effect
of these surfaces (Fig. 3.5.34). The corner pieces were
cast as complete units to provide a smooth, clean corner
without a break, which kept the rustications aligned.

To emulate historical French limestone construction
of turn-of-the-century buildings, multiple joint lines

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.5.35

55 Farmington, Hartford, Connecticut;

Architect: Thompson, Ventulett, Stainback & Associates, (TVS);
Photo: Brian Gassel/TVS.
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were incorporated in the acid-etched portions (Fig.
3.5.35). The spandrels, however, have a retarded fin-
ish that-through its differing texture—accentuates the
horizontal aspects of the building.

The luxury 27-story condominium features archi-
tectural precast concrete panels with local limestone
aggregates with a light sandblast finish and two face
mixtures (Fig. 3.5.36). The project’s two colors include
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Fig. 3.5:36(a) & (b)

Villa D’Este Condominiums

Houston, Texas;

Architect: Ziegler Cooper Architects;
Photos: Aker/ZvonkoVvic Photography.

a soft, warm wheat color for the facing with a light,
white/vanilla color for the “shoulders” and trim on the
edges. Adding to this was horizontal fluting and tex-
tures created with form liners to produce 2 ft (0.6 m)
bands of rougher finishes. Adding color, texture, and
pattern reduced the massiveness of the building.

Several textures were cast into the precast concrete to
add shadow and life to the facade, including rock face,
stippled, smooth, and striated finishes (Fig. 3.5.37).

Visual interest and a unified structure can be ob-
tained by composing harmonious patterns
into themes using a palette consisting of the
form and rustication lines of the surface, and
the texture and color of the precast concrete.
Precast concrete has extensive capabilities to
create textural options. Different shapes, a
variety of aggregates, and precast concrete’s
ability to form a variety of textures offer end-
less architectural variations.

3.5.37

Thomas F. Eagleton United States Courthouse;
St. Louis, Missouri

Architect: Hellmuth, Obata & Kassabaum, P.C.;
Photo: Timothy Hursley.
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3.5.8 Tooling or Bushhammering

Concrete can be mechanically spalled or chipped
with a variety of hand and power tools to produce
an abraded, exposed-aggregate texture. Each type of
tool produces a distinctive surface effect and a unique
shade of concrete color. All tooling removes a layer of
hardened concrete while fracturing larger aggregates
at the surface. It produces an appearance somewhat
different from other types of aggregate exposure. The
color of the aggregate, but not necessarily the aggre-
gate shape, is revealed. This finishing technigue is most
suitable for flat or convex surfaces, and is more labor
intensive than most other finishing processes. All sur-
faces should be tooled at approximately the same age
or compressive strength for uniformity of appearance.

Pneumatic or electric tools may be fitted with a
bushhammer, a flat or dentated chisel with one to six
teeth, a crandall, or multiple pointed attachments (Fig.
3.5.38[a]. The type of tool will be determined by the
desired surface effect. The finish obtained can vary
from light scaling to deep bold texture (Fig. 3.5.39[al,
[b], and [c]). Bushhammered finishes affect the appear-
ance, color, and brightness of the aggregate. Color
tends to be lightened by the fracturing, which on dark
materials has a dulling effect, but it often improves the
light grayish and, in particular, white tones. By increas-
ing or decreasing the shadow content of the texture,
tooling alters the panel reflectancy and changes the
tone value. Scaling produces a fine ribbed effect, rath-
er than a deeply chipped texture. The bushhammer
produces a rougher texture, fracturing aggregate, and
removing up to 3/ in. (5 mm) of material. A chiseled or
pointed tool fractures and accentuates the coarse ag-
gregate and may remove as much as 3/, in. (19 mm) of
concrete surface. Chisel-type tools are better for frac-
turing across aggregate particles, while pointed tools

Fig. 3.5.38
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Fig. 3.5.39(a), (b) & (c) Depths of exposure.

tend to dig into the matrix. Bushhammering or tooling
should follow a specific direction to obtain a consistent
texture.

Although a dense, fully-graded concrete mixture is
desirable, bushhammering has been successfully ap-
plied to gap-graded concrete. Natural gravels are in-
clined to shatter, leading to bond failure and loss of
aggregate particles; it is preferable to use a crushed
aggregate concrete. Aggregates such as quartz and
granite are difficult to bushhammer uniformly because
of their hardness, and they may fracture into, rather
than across, the concrete surface. Aggregates such as
dolomite, marble, calcite, and limestone are softer and
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Fig. 3.5.40 (a) & (b)

Bristol Myers Squibb Corporation

Mexico, D.F., Mexico;

Architect: Migdal Arquitectos;

Photos: (a) Alberto Moreno, (b) Paul Citron.

more suitable for bushhammered surfaces. The comb
chisel is suitable only for use with softer aggregates.
Concrete containing soft aggregates cannot be satis-
factorily point-tooled.

Bushhammering at outside corners may cause jag-
ged edges. If sharp corners are desired, bushhammer-
ing should be held back from the corner a distance of
1 to 2 in. (25 to 50 mm) or more. It is quite feasible
to execute tooling along specific lines. If areas near
corners are to be tooled, this usually is done by hand
because tools will not reach into inside corners, mak-
ing this operation more expensive. Chamfered corners
are preferred with tooled surfaces and a 1 in. (25 mm)
chamfer may be tooled with care.

The facade elements in Fig. 3.5.40(a) and (b) were
finished imitating a textured stone and were done
with hand pneumatic chisel hammers. The textured
finish surfaces resulted in excellent volume contrasts,
where the handmade chiseling gave each panel its in-
dividuality without loosing the overall uniformity. The
face mixture used combined orange- brown ochre and
white natural stone aggregates with white cement.
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Figure 3.5.41 shows a close-up of a bushhammered
rib panel made with a yellow marble aggregate and
white cement. The panels in Fig. 3.5.42(a) and (b) fea-
ture a bold texture of bushhammered diagonal ribs
that alternate in direction at each horizontal band. The
texture reveals much of the green aggregate and pro-
vides striking shade and shadow effects on the curved
surfaces. The parapet panels also feature inset granite
accents and narrow notches suggesting crenulations.

ARCHITECTURAL PRECAST CONCRETE

Specifications for uniformity or non-uniformity of
tooled finishes are extremely difficult to write and as-
sistance should be sought from the precaster who is
providing the tooled finish being specified.

Tooling removes a certain thickness of material, /¢
to /g in. (5 to 10 mm) on an average from the surface
of the concrete, and may fracture particles of aggre-
gate causing moisture to penetrate the depth of the
aggregate particle. For this reason the minimum cover
to the reinforcement should be somewhat larger than
normally required. It is sometimes recommended that
2 in. (50 mm) of cover be provided (prior to tooling).
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Fig. 3.5.42(a) & (b)
Michelin North American
Corporate Headquarters
Greenville, South Carolina;
Architect: Odell Associates, Inc.;
Photos: Odell Associates, Inc.
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Fig. 3.5.44 Atlanta Central Library

Atlanta, Georgia; Photo: Image courtesy of Marcel ¥
Breuer papers, 1920-1986 in the Archives of

American Art, Smithsonian Institution.

HAMMERED RIB OR FRACTURED FIN: A hammered
rib or fractured fin finish may be produced by casting
ribs on the surface of the panels and then using a ham-
mer or bushhammer tool to break the ribs and expose
the aggregate. The profile selection should be consid-
ered in relation to: (1) readability at varying distances,
(2) the area of wall on which the finish is to be used in
order to achieve the desired effect, and (3) the ability
of the selected aggregate to penetrate the rib. Figure
3.5.43 shows a close-up of a fractured fin panel made
with a yellow marble aggregate and white cement.
The effect is a bold, deeply textured surface. Rib size
measured at the outer face should be a maximum of 1
in. (25 mm), as larger sections are difficult to fracture.
The ribs should not be narrower than >3 in. (16 mm)
or they may break off at their base without leaving any
of the rib projecting. The ribs may be hammered from
alternate sides, in bands, to obtain uniformity of cleav-
age, or randomly, depending on the effect required.
The hammering technique employed, whether carried
out in bands or in a random pattern, will alter the final
appearance and should be specified by the designer—
it may require a number of samples. There should be
a definite plan, even with so-called random pattern
because, unless care is exercised, an uneven shading
effect on the concrete surface may be produced.
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The diagonal striated pattern of the panels in Fig.
3.5.44 were designed for maximum color and texture.
Light-gray limestone and white river gravel were used
for color control. A warm buff sand added color to
the gray matrix. Before finishing, the ribs were /g in.
(10 mm) tall and 3/g in. (10 mm) wide at the base and
repeated at '/, in. (13 mm) intervals. The striated ribs
were bushhammered to expose the aggregates. The
size of the ribs and the size of the aggregate were
carefully coordinated to achieve maximum coarse ag-
gregate exposure. Figure 3.5.45 shows a close-up of
the fractured fin.

Because this finish is labor intensive, it is expensive,
but may be justified if the panels will be viewed up
close on ground level walls or interior walls. On upper
floors a similar effect may be achieved at much less
cost by retarding or sandblasting the ribs. An effect
similar to a fractured rib finish may be achieved less
expensively by using forms or form liners that simulate
the fractured ribs. The exposed, weathered look can
then be achieved by chemical retardation or by sand-
blasting the rib surface (see Section 3.5.4). The panels
can have a flat border area to accommodate variations
in panel sizes, thus eliminating the need for any bulk-
heading in the ribbed area.

ARCHITECTURAL PRECAST CONCRETE
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3.5.9 Sand Embedment

When bold and massive architectural qualities are de-
sired, cobble stones ranging from 1/, to 8 in. (38 to
200 mm) in diameter (Fig. 3.5.46), or large, thin slices
of stone such as fieldstones or flagstones (Fig. 3.5.47
[a] and [b]), may be exposed by the sand embedment
technique. These large stones must be hand placed in
a sand bed, or other special bedding material, at the
bottom of the mold to a depth that keeps the backup

K

Bryan University Center
Duke University
Durham, North Carolina;
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concrete 25 to 35% of the stone’s diameter from the
face. This technique reveals the facing material and pro-
duces the appearance of a mortar joint on the finished
panel. Spandrel units in Fig. 3.5.48(a) are composed of
gray cement, local aggregates, and red/brown sand.
Natural red/orange-colored sandstone is cast into areas
of the panels, providing a pronounced texture and un-
common visual effect. Slabs of sandstone were broken
and the pieces were hand-placed, and then sand was
sifted into the joints (Fig. 3.5.48[b]).

Stones should be dense and evenly distributed on all
surfaces. This is particularly important around corners,
edges, and openings, as well as on the flat surfaces.
To help achieve uniform distribution and exposure, all
stones should be approximately one size. When facing
materials are of mixed colors, their placement in the
mold must be carefully checked for the formation of
unintended patterns or local high incidence of a par-
ticular color. When using some stones, if it is the inten-
tion to expose a particular facet of the stone, placing
should be checked with this in mind before the backup

B——

. Architect: Hayes, Howell and Associates; . s
a4 Photos: Hayes-Howell, PA.
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concrete is placed. Care should
be taken to ensure adequate
cover to reinforcement following
exposure.

Sample panels are essential for
this technique, if only to ensure
a compaction method that pro-
vides for full compaction without
dislodgement of the stones. It is
desirable that panels having this
embedment technique and using
large size stones be provided with
a margin, generally smooth, off-
form around all edges of the pan-
el face. If that is not provided and
the aggregates are taken right up
to the arris of the panel, then sub-
sequent washing and brushing
may give a non-uniform, torn ap-
pearance to the arris.

PCI

(1P

A

3.5.10 Clay Product-Faced
Precast Concrete

3.5.10.1 General

Clay product-faced precast concrete is being used
increasingly today as another choice to obtain an aes-
thetic facade while blending in with surrounding struc-
tures. It gives the architect the flexibility to combine the
pleasing visual appearance of traditional clay products
with the strength, versatility, and economy of precast
concrete. Among the types of materials that can be
embedded in the precast concrete are brick, ceramic
tile, porcelain, and architectural terra cotta. These clay
product-facings may cover the exposed panel surface
entirely or only part of the concrete face, creating ac-
cents. The use of clay product—faced precast concrete

ARCHITECTURAL PRECAST CONCRETE
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panels began in the early- to middle-1960s. These ear-
ly projects have not needed tuckpointing or sealing.
The combination of precast concrete and clay prod-
ucts offers several important benefits over site-laid-up
masonry.

Precasting techniques allow complex and intricate
details such as arches, radii, ornate corbels, and nu-
merous bonding patterns to be incorporated into the
finished panel (Fig. 3.5.49). This freedom of aesthetic
expression could not economically be accommodated
with site-laid-up masonry. A prefabricating approach
ensures that high-priced and time-consuming build-
ing skills are transferred to the controlled conditions
of the plant and away from the critical path of on-site
activities.

Precasting also allows a high level of dimensional
precision and quality control. Concrete mixtures and
batching, together with curing conditions, can be
tightly controlled, whereas site-laid masonry may have
variable curing and mortar qualities.

Plant production provides for year-round work under
controlled temperature conditions, negating any on-site
delays due to inclement weather or incurring the expense
of on-site weather protection. It also allows the struc-
ture to be winterized in advance, with floor topping and
finishing trades continuing without any weather delays.
Clay product-faced precast concrete can eliminate the
need for costly on-site scaffolding and greatly reduce
the duration of masonry cladding time. Also, site distur-
bance, construction debris, and use of toxic cleaners are
reduced. Precast concrete design allows gravity loads to
be located at columns, eliminating expensive lintels and
mid-span loading on structure. Brick-faced precast con-
crete panels eliminate dovetail anchors, flashing, weep
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holes, and the need for lintels.

Panel configurations include a multitude of shapes
and sizes: flat panels, C-shaped spandrels, soffits, arch-
es, and U-shaped column covers. Repetitive use of any
particular shape also lowers costs dramatically. Returns
on spandrels or column covers may be produced by the
sequential (two-stage) casting method or as a single
cast depending on the height of the return. Panels may
serve as cladding or may be loadbearing, supporting
floor and roof loads.

3.5.10.2 General considerations

Structural design, fabrication, handling, and erection
considerations for clay product—faced precast concrete
units are similar to those for other precast concrete
walls panels, except that consideration must be given
to the dimensional layout of the clay product material
and its embedment in the concrete. The physical prop-
erties of the clay products must be compared with the
properties of the concrete backup. These properties in-
clude the coefficient of thermal expansion, modulus of
elasticity, and volume change due to moisture, along
with strict adherence to tight dimensional tolerances.

For design purposes, clay product—faced precast con-
crete panels may be designed as concrete members
that neglect the structural action of the face veneer.
The thickness of the panel is reduced by the thickness
of the veneer, and design assumptions exclude consid-
eration of differential shrinkage or differential thermal
expansion. However, if the panel is to be prestressed,
the effect of composite behavior and the resulting
prestress eccentricity should be considered in design.
Reinforcement of the precast concrete backup should
follow recommendations for precast concrete wall
panels relative to design, cover, and placement.

The height and length of the panels should be mul-
tiples of nominal individual masonry unit heights and
lengths for effective cost control in the precast concrete
production process. The actual specified dimensions
may be less than the required nominal dimensions by
the thickness of one mortar joint. For economical pro-
duction, the precaster should be able to use uniform
and even coursing without cutting any units vertically
or horizontally except as necessary for precast panel
joints and bond patterns. The PCI Standard for embed-
ded brick in precast concrete panels should be speci-
fied to ensure size uniformity, long term durability and
material compatibility.
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PCI Standard for Thin Brick

The objective of this standard is to outline material standards
and specification criteria for brick manufacturers to meet
when supplying materials to precast concrete manufacturers.
The intent is to establish acceptable dimensional tolerances
and consistent testing standards for brick embedded in pre-
cast concrete systems. The brick manufacturers must confirm
through the provision of independent test results that their
brick products comply with the PCI Standard. The PCI Standard
should appear in all specifications as the new, approved indus-
try standard. Brick manufacturers have agreed to promote the
compliance of their brick with this new standard.

The following parameters have been established based on
the successful use of embedded brick in precast concrete proj-
ects. The parameters set forth for use in these proposed stan-
dards are attainable brick properties that have been derived
with input from brick manufacturers, precasters, engineers,
and architects, as well as consideration of existing test results.

A. Thin Brick Units: PCI Standard, not less than '/; in. (13 mm)
nor more than 1 in. (25 mm) thick with an overall tolerance of
plus Qin., minus 1716 in. (+0 mm, -1.6 mm) for any unit dimen-
sion 8in. (200 mm) or less and an overall tolerance of plus O in.,
minus 3/32 in. (+0 mm, -2.4 mm) for any unit dimension great-
er than 8 in. (200 mm) measured according to ASTM C 67.

1. Face Size: Modular, 2"/, in. (57 mm) high by 7°/5 in.
(190 mm) long.

2. Face Size: Norman, 2 '/, in. (57 mm) high by 11°/4 in.
(290 mm) long.

3. Face Size: Closure Modular, 3% in. (90 mm) high by 7%
in. (190 mm) long.

4. Face Size: Utility, 3°/g in. (90 mm) high by 11/ in. (290
mm) long.

5. Face Size, Color, and Texture: [Match Architect’s
approved samples] [Match existing adjacent
brickwork].

a. <Insert information on existing brick if known.>

6. Special Shapes: Include corners, edge corners, and end
edge corners.

7. Cold Water Absorption at 24 hours: Maximum 6%
when tested per ASTM C 67.

8. Efflorescence: Provide brick that has been tested accord-
ing to ASTM C 67 and rated “not effloresced.”

9. Out of Square: Plus or minus 1/16 in. (+/~ 1.6 mm)
measured according to ASTM C 67.

10. Warpage: Consistent plane of plus O in., minus /¢ in.
(+0, -1.6 mm).
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11. Variation of Shape from Specified Angle: Plus or minus
1 degree.

12. Tensile Bond Strength: Not less than 150 psi (1.0 MPa)
when tested per modified ASTM E 488. Epoxy steel
plate with welded rod on a single brick face for each
test.

13. Freezing and Thawing Resistance: No detectable
deterioration (spalling, cracking, or chafing) when
tested in accordance with ASTM C 666 Method B.

14. Modulus of Rupture: Not less than 250 psi (1.7 MPa)
when tested in accordance with ASTM C 67.

15. Chemical Resistance: Provide brick that has been tested
according to ASTM C 650 and rated “not affected”.

16. Surface Coloring: Brick with surface coloring shall with-
stand 50 cycles of freezing and thawing per ASTM C
67 with no observable difference in applied finish when
viewed from 20 ft (6 m).

17. Back Surface Texture: [Scored], [Combed], [Wire
roughened], [Ribbed], [Keybacked], [Dovetailed].

Test sample size and configuration shall conform to the fol-
lowing parameters in order to validate compliance by brick
manufacturer with PCl Standard for use in embedded brick
precast concrete systems:

1. Minimum number of tests specimens: Comply with ap-
propriate specifications except for freeze-thaw and tensile
bond strength tests on assembled systems.

2. Minimum number of test specimens for freeze-thaw and
tensile bond strength test: Ten (10) assembled systems
measuring 8 x 16 in. (200 mm x 405 mm) long with the
brick embedded into the concrete substrate (assembled
system). The ten (10) assembled systems are divided into
5 Sample A assemblies and 5 Sample B assemblies. The
precast concrete substrate shall have a minimum thickness
of 2'/, in. (63 mm) plus the embedded brick thickness.
The precast concrete shall have a minimum compresssive
strength of 5000 psi (34.5 MPa) and 4 to 6% entrained air.
The embedded brick coursing pattern for testing purposes
shall be modular size brick on a half running bond pattern
with a formed raked joint geometry of no less than */s in. (9
mm) wide and a depth no greater than '/, in. (6 mm) from
the exterior face of the brick. One brick from the center of
each Sample A assembly shall be tested for tensile bond
strength, Item #12. Each Sample B assembly shall first be
tested for freeze-thaw resistance, Item #13 and then one
brick from the center of each Sample B assembly shall be
tested for tensile bond strength, Item #12.
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The appearance of clay product—faced precast con-
crete panels is achieved principally by the selected clay
product, with type, size, and texture contributing to
overall color. Also, the degree to which the clay prod-
uct units are emphasized will depend upon the profile
and color of the joint between units. The Brick Institute
of America (BIA) recommends concave joints in all ma-
sonry projects. Due to forming requirements and ma-
terial tolerances, it is preferable that joints between
clay products be not less than 3/g in. (10 mm).

The joints between panels are usually butt joints.
Corners are usually achieved by using brick returns equal
to the length of the brick module. The final element in
the appearance of the panel is the 5000 psi (34.5 MPa)
concrete used in the joints. Hand-tooled joints may be
simulated by form liners or joints may be tuckpointed
after forms are stripped, however this may add to the
cost and maintenance of the panel.

The contract documents should clearly define the
scope of clay product sizes, coursing patterns, and
placement locations. Both stack and running bond
patterns have been used widely in precast concrete
panels. These patterns can be interchanged with sol-
dier courses, basket weave, or herringbone patterns.
Running bond patterns are typically less costly and vi-
sually more appealing when courses start and finish
with half or full brick. This approach avoids cutting and
allows matching adjacent spandrels or column covers.
Also, providing a narrow strip of exposed concrete at
the edges of the panel helps reduce the visual impact
and potential difficulty in aligning brick joints between
precast concrete units. Vertical alignment of joints, es-
pecially with stack bond, requires close clay product
tolerances or cutting of brick to the same length.

Table 3.5.1. Range of physical properties of clay products.

3.5.10.3 Clay product properties

Physical properties of clay products vary depending
on the source of clay, method of forming, and ex-
tent of firing. Table 3.5.1 shows the range of physical
properties of clay products. Because clay products are
subject to local variation, the designer needs to obtain
information on the specific brick being considered to
ascertain if the variations are acceptable.

As the temperature or length of the burning period is
increased, clays burn to darker colors, and compressive
strength and modulus of elasticity are increased. In gen-
eral, the modulus of elasticity of brick increases with com-
pressive strength to a compressive value of approximately
5000 psi (34.5 MPa); after that, there is little change.

3.5.10.4 Clay product selection

Precasters should be consulted early in the design
stage to determine available colors, textures, shapes,
sizes, and size deviations of clay products, as well as
manufacturing capability for special shapes, sizes, and
tolerances. The specification should identify the color,
size, and manufacturer of the clay product. Usually the
precast concrete producer buys the clay products and
knows which products are able to conform to the PCI
Standard for embedded brick in precast concrete.

PCI Standard thin-brick veneer units '/, to 1 in. (13 to
25 mm) thick are typically used and are available in vari-
ous sizes, colors, and textures. Thin brick conforming to
PCI Standard are actually a tile and have lower water
absorption than conventional brick. In addition, thin
brick is less susceptible than conventional brick to freez-
ing and thawing issues, spalling, and efflorescence.

Stretcher, corner, or three-sided corner units are typi-

Coefficient of

Compressive Modulus of
Type of Unit Strength, psi Elasticity, psi
Brick 3000-15,000 | 1.4-5.0x 10°
Ceramic or Quarry tile| 10,000 — 30,000 7 x 100
Glazed wall tile 8000 - 22,000 1.4-5.0 x 10°
Terra cotta 8000- 11,000 | 2.8-6.1 x 10°

Note: 1 psi = 0.006895 MPa.
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Thermal
Tensile Expansion
Strength, psi in./in. °F
4 x10°
APPIOX. 0.1 15 5 _ 4.1 x 10°
compressive
strength 40-4.7 % 10°
4 x10°
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Fig. 3.5.50 Thin brick units.
(@

Corner

Stretcher

Edge Corner End Edge Corner

cally available in a variety of color ranges (Fig. 3.5.50).
The face sizes normally are the same as conventional
brick and, therefore, when in place, yield the aesthetics
of a conventional brick masonry wall with the superior
performance of precast concrete.

The most common brick face size is the modular. The
utility face size is popular for use in large buildings be-
cause productivity is increased, and the unit’s size de-
creases the number of visible mortar joints, thus giving
large walls a different visual scale. The PCI Standard
contains the most of popular thin brick face sizes.
Contact precaster to determine availability of desired
color or texture in the face sizes selected.

Some bricks (TBS or FBS, for example) are too di-
mensionally inaccurate for applications with precast
concrete panels. These bricks typically have high ab-
sorption rates that cause greater chances of effloresc-
ing and freezing-and-thawing spalling. They conform
to an ASTM specification suitable for site laid-up ap-
plications, but they are not manufactured accurately
enough to permit their use in a preformed grid that
positions bricks for a precast concrete panel. Tolerances
in an individual TBX or FBX brick of + %/, in. (x4 mm) or
more cause problems for the precast concrete produc-
er. Brick (TBX and FBX) are available from some sup-
pliers to the close tolerances necessary for precasting.

FBS and FBX are designations for facing brick types
that control tolerance, chippage, and distortion. Type
FBS is brick for general use in masonry while Type FBX is
brick for general use in masonry where a higher degree
of precision and lower permissible variation in size than
permitted for Type FBS is required (see ASTM C 216).
For thin-veneer brick units, Type TBS (Standard) is thin-
veneer brick for general use in masonry while Type TBX
(Select) is thin-veneer brick for general use in masonry
where a higher degree of precision and lower permis-
sible variation in size than permitted for Type TBS is re-
quired (see ASTM C 1088).
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Close tolerances also can be obtained by saw-cutting
each brick, but this increases costs substantially.

FBX brick may be split into soaps (half brick). Often only
one side of the brick can be used as the facing veneer.
The use of soaps will increase the thickness and weight
of the panel. Whole bricks are not recommended for use
in precast concrete because of the difficulty in adequately
filling the mortar joints and the potential for freezing-
and-thawing spalling.

Figures 3.5.51 through 3.5.60 illustrate various projects
with applications of brick-faced precast concrete panels.

Fig. 3.5.51(a), (b) & (c)

San Francisco Museum of Modern Art, San Francisco, California;
Architect: Mario Botta, Design Architect; Hellmuth, Obata &
Kassabaum, P.C. (HOK) Architect of Record; Photos: Perretti &
Park Pictures.
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The patterned facade on the museum
(Fig. 3.5.51) is composed of bands of rus-
ticated red brick accented by flamed white
and black granite on the upper level. The
1-in.-thick (25 mm) bricks are cast in 9-in.-
thick (225 mm) precast concrete panels.
The bricks, some 600,000 in all, were rolled
in sand before baking to give them a grainy
finish. Most panels measure 10 x 28/, ft (3
x 8.7 m) and contain 1500 to 2300 bricks
per panel. The museum’s horizontality was
emphasized by raking the mortar joints be-
tween brick courses (Fig. 3.5.51[b] and [c]).
These figures also show the flat and cor-
ner panels with corner brick, as well as the
close-ups of the facade patterns.

.r‘-.

Fig. 3.5.52(a), (b) & (c) |
Merrill Lynch Hopewell Campus
Pennington, New Jersey; ‘
Architect: Thompson, Venulett, .
Stainback & Associates (TVS);
Photos: Brian Gassel/TVS.
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The eight office and four assembly buildings in the
1.5 million ft? (139,300 m?) campus shown in Fig.
5.3.52(a) are clad with 6882 clay product-faced archi-
tectural precast concrete panels totaling 548,623 ft?
(50,967 m?). The precast concrete panels embedded
with thin brick provided a basic kit of parts. The kit of
parts did not just rely on basic columns and spandrels
common in office buildings but instead was based on
typical modules: a typical 30 ft (9 m) bay with a fourth
story variation, an entry bay, a gable end with curtain
wall, a gable end with precast concrete cladding, stair
towers, and arcades. The elements are combined in
different floor plan configurations and building heights
to achieve the diversity of sizes and shapes of the re-
quired facilities. The ability to combine the brick and
the trim in a single panel using thin bricks and buff-
colored, sandblasted precast concrete bands was a key
element in the building design. The typical bay was de-
signed to have horizontal joints visible only where brick
relief joints would normally be located and the verti-
cal spandrel joints are located behind recessed down-
spouts (Fig. 3.5.52[b]). The panels also clad four park-
ing structures and the thin-brick panels were brought
into the dramatic main dining room in the assembly
buildings (Fig. 3.5.52[c]). With multiple buildings under
construction simultaneously, having brick-clad precast
concrete panels produced off-site helped to reduce the
on-site work required. That helped reduce the amount
of people, equipment, and materials on the job and
ultimately created a more manageable, cleaner, and
safer worksite.

Fig. 3.5.53
Nordstrom Palm Beach Gardens; Palm Beach Gardens, Florida;
Architect: Callison Architecture Inc.; Photo: Vern Smith.

~ NORDSTROM

Fig. 3.5.54

entergy at Technology Squ

The store in Fig. 3.5.53 features insulated brick-faced
precast concrete panels highlighted with bands of 4
x 12in. (100 x 300 mm) utility brick at the entry that
alternate with the precast concrete tones. The panels
were designed as shearwalls and have a light sandblast
finish on the accent stripes. Brick-faced precast con-
crete panels were selected because the job schedule
was able to be reduced by four months versus conven-
tional masonry.

Brick-faced precast concrete panels were speci-
fied for the office complex in Fig. 5.3.54 over tra-
ditional brick construction for its cost efficiencies,
speed of construction, and simplified logistics. The
complex contains three structures: a 6-story office
building, a 14-story office tower, and an 8-story
parking structure that sits behind the two office
buildings. The bricks are /g in. (16 mm) thick and
are the skin of 6-in.-thick (150 mm) concrete pan-
els. Approximately 300 brick-faced precast con-
crete panels, including some as long as 40 ft (12.2
m) and weighing 15 ton (13.6 t) form the shell of
the complex. Designed as a nexus for a thriving
high-tech corridor, the project connects Georgia
Tech University with a burgeoning business and
residential community. Architectural precast con-
crete panels helped mix town and gown in a style
that fit both neighborhoods.
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The 950-vehicle parking structure (Fig. 3.5.55) was
designed to address a university town’s acute parking
shortage while blending with the classical architec-
ture of the campus buildings. An all-precast concrete
structure was selected due to aesthetics, economy, and
speed of construction. The fast-track schedule took

Woodmont High School, Piedmont, South Carolina; Architect: Perkins & Will, Des;gn Archltect and Cralg Gau[den Daws,

HullStreet Parking Deck
= Athens, Georgia;

J et'f" Smallwaod Reynolds, Stewart, Stewart & Associates; -
gy == U Pioto:. Jim ‘Robf.

advantage of the ability to cast components, which in-
cluded both structural and exterior facade components,
before the completed design package was issued. Inset
thin brick was used on upper-level panels, with the
panels cast with the brick in place in the molds, creat-
ing a one-step operation. Lower floors feature panels

Architect of Record; Photos: Craig Gaulden Davis Architects/Photographer — Working Pictures.
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with a limestone-like appearance that was achieved
with a buff-colored finish, light sandblast texture, and
detailed reveals. This combination was accented by
tall, classic columns and arched windows at the stair
tower, which draw attention and create a dramatic
appearance. Only a few different sizes and shapes of
precast concrete panels were required, speeding pro-
duction and reducing costs by minimizing the number
of molds. Material needs also were reduced by using
the exterior precast concrete as both the facade and as
loadbearing panels for the interior double tees.

The high school in Fig. 3.5.56(a) and (b) is a new
250,000 ft? (23,000 m?) school with a core for 2000
students. The thin-set red brick on the exterior was
used to give the precast concrete a traditional feel that
appealed to the community. Sandblasted reveals be-
tween the brick panels organize the different levels of
the building and reduce the scale of the precast con-
crete panels. A stack bond masonry pattern was chosen
to minimize the visibility of joints between the panels.
Creating a segmented curve along the exterior wall of
the media center gave the effect of the school opening
its arms to the public and calling attention to the main
entrance (Fig. 3.5.56[a]). The insulated sandwich panels
of the media center allowed the interior finish to be
exposed painted precast concrete (Fig. 3.5.56[b]).

Design features of the seven-story medical office
building in Fig. 3.5.57 include embedded, multi-col-
ored brown brick laid in a series of patterns—stacked,
running, Flemish bond, and soldier coursing—created
to minimize the scale of the building. The brickwork is
highlighted by blocks of acid-etched precast concrete
accents and bands, as well as curved column covers.

Fig. 3.5.58

S. C. Johnson Worldwide Headquarters, Mt. Pleasant, Wisconsin;

: y- = B |

"'%g. 3557 Ke | 2 -

= Sparrow. Rrefessional Building
Lansing,sMichigan;
Arehitect: Albert Kahn Associates Inc.; .
Photo: Glen Calvin Maon/Albert Kahn As.s,qgmtes Inc,, =

The three-story building in Fig. 3.5.58 is clad with thin
brick—faced precast concrete panels that incorporate
precast concrete sills, jambs, and headers, as well as
banding in monolithic units. Radial brick were cast into
radiused precast concrete panels to create the smooth
flow around corners.

e’

e W

Architects: Zimmerman Design Group; and Hellmuth, Obata & Kassabaum, P.C.; Photo: Edward Purcell.
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Fig. 3.5.59(a) & (b)

Garfield Heights High School Academic and Health and Physical
Education Buildings, Garfield Heights, Ohio;

Architect: Arcadis FPS;

Photos: Arcadis FPS, Cleveland.

Fig. 3.5.60
Miller Park, Milwaukee, Wisconsin;

Architect: HKS Sport & Entertainment Group;
NBBJ Sports & Entertainment; and Eppstein

Uhen Associated Architects (joint venture);

Photo: Eric Oxendorf.

The school project in Fig. 3.5.59(a) and (b) consists of
two buildings: a three-story academic building and a
one-story health and physical education building. Both
buildings are clad with 10-in.-thick (250 mm), thin
brick—faced, insulated precast concrete panels. The
panels consist of 5-in.-thick (125 mm) concrete back
wythe, 2 in. (50 mm) of insulation, and a 3 in. (75
mm) concrete face wythe embedded with thin brick.
The 5 in. (125 mm) back wythe was strong enough to
handle all precast concrete connections and lifting in-
serts without penetrating the insulation, ensuring the
maximum insulating value.

The 42,500-seat home of the Milwaukee Brewers is
a modern engineering marvel with traditional base-
ball flavor. Its unique, fan-shaped structure features
the first retractable roof of its kind in the world. The
building’s facade features radiused, brick-faced archi-
tectural precast concrete panels to convey the classic
look of past ballparks combined with wide, arched
windows reminiscent of historic European train sta-
tions (Fig. 3.5.60).
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Glazed and unglazed ceramic tile units should con-
form to American National Standards Institute (ANSI)
A 137.1, which includes American Society for Testing
and Materials (ASTM) test procedures and provides a
standardized system to describe the commonly avail-
able sizes and shapes, physical properties, basis for
acceptance, and methods of testing. Ceramic tiles are
typically 3/ to '/, in. (10 to 13 mm) thick, with a 1'/,%
tolerance on the length and width measurements.
When several sizes or sources of tile are used to pro-
duce a pattern on a panel, the tiles must be manu-
factured on a modular sizing system in order to have
joints of the same width.

Glazed units may craze from freezing and thawing
cycles or the bond of the glaze may fail due to expo-
sure to extreme environmental conditions. The body
of a tile (not the glazed coating) must have a water
absorption of less than 3% (measured using ASTM C
373) to be suitable for exterior applications. However,
low water absorption alone is not sufficient to ensure
proper selection of exterior ceramic tiles. As a result,
when ceramic tile is required for exterior use, the man-
ufacturer should be consulted for frost-resistant mate-
rials for exterior exposure. Glazes are covered by ASTM
C 126 and tested in accordance with ASTM C 67.
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Fig. 3.5.61(a) & (b)

The Paul Cejas School of Architecture,
Florida International University, Miami, Florida;
Architect: Bernard Tschumi Archite and BEA

Inte

The gallery and lecture halls of the School of
Architecture in Fig. 3.5.61(a) and (b) are not traditional
precast concrete buildings, structurally or architectur-
ally, although the walls are loadbearing and support
floor and roof double tees. The architectural expression
is colorful ceramic tile and a variety of outdoor spaces.
The architect sculpted a pair of engaging forms, then
wrapped them in red, orange, and yellow ceramic tile
that gives the ensemble a hot, Latin flair. The vivid yel-
low and red structures are clad with 8 x 8 in. (200 x
200 mm) ceramic tiles with brilliant color variations.
Tiles were recessed into the precast concrete, which
produced a tightly sealed flush edge joint at the lightly
sandblasted panel borders.
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Fig. 3.5.62(a) & (b)

Prospect Heights Care Center

Hackensack, New Jersey;

Architect: Herbert Beckhard Frank Richlan & Associates;
Photos: Norman McGrath Photograph.

The facades of the building in Fig. 3.5.62(a) and (b)
are sheathed in precast concrete from the ground up.
A number of panels are gull wing-shaped with wings
containing windows angling outward at 45° on each
end. These panels are 24 ft (7.5 m) long and 7 ft 3 in.
(7.8 m) high. The panels above ground level have 8 x
8 in. (200 x 200 mm) brick-colored tile inserts, adding
a degree of contrast with the concrete while blending
harmoniously with the predominately brick neighbor-
ing buildings. The use of clay tiles inset within the pre-
cast concrete panels provides a greater variety of color
and texture than standard precast concrete panels. The
clay tiles feature keybacks around which the concrete
set, assuring permanent adherence. The end panels
were formed with concrete returns to avoid miters or
revealing actual panel thickness.

Fig. 3.5.63 _ _ _ o
Saks Parking Garage, Kansas City, Missouri; Architect: Gastinger The mixed-use, five-level parking structure in Fig.
Walker Harden Architects; Photo: Mike Sinclair. 3.5.63 was designed to blend with the surrounding

ra=
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structures with their highly detailed and ornamented
Spanish architecture. Areas of smooth texture on the
architectural precast concrete panels provided a base
for tile patterns to enliven the facade and create an
overall structure that serves to further enrich the area.

No ASTM standards exist for terra cotta, but units
should meet the minimum requirements published by
the Architectural Terra Cotta Institute. Architectural
terra cotta is a custom-made product and, within cer-
tain limitations, is produced in sizes for specific jobs.
Two thicknesses of terra cotta are usually manufac-
tured: 1%-in.-thick (32 mm) and 2'/,-in.-thick (56 mm)
units. Sizes range from 20 to 30 in. (500 to 760 mm)
for 1%/, in. units to 32 x 48 in. (810 x 1220 mm) for
2'/,in. units. Other sizes used are 4 or 6 ft x 2 ft (1.2
or 1.8 m x 0.6 m). Tolerances on length and width are
a maximum of + i in. (+1.6 mm) with a warpage
tolerance on the exposed face (variation from a plane
surface) of not more than 0.005 in. (0.12 mm) per 1 in.
(25 mm) of length. The use of terra cotta—faced precast
concrete panels for restoration and new construction is
illustrated in Fig. 3.5.64, 3.5.65, and 3.5.66.
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Fig. 3.5.64(a) & (b)

88 Kearney Street

San Francisco, California; Architect: Skidmore, Owings and Merrill;
Photos: Skidmore, Owings and Merrill San Francisco.

Built in 1906, the six-story building in Fig. 3.5.64(a)
and (b) is considered one of San Francisco’s architec-
tural landmarks. For that reason, it was decided the
building’s terra cotta facade would be preserved on an
otherwise all-new structure of slightly taller height. The
terra cotta was taken off the building, piece by piece
and identified for subsequent reassembly on new pre-
cast concrete panels. Stainless steel wires were looped
through the back ribs of the terra cotta pieces and pro-
jected into the backup concrete to anchor the pieces
to the concrete.
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Precast concrete panels with 1-in.-thick (25 mm)
brick on 5-in.-thick (125 mm) concrete panels along
with glazed terra cotta on the spandrels and mullions
clad the nine-story building in Fig. 3.5.65(a). Panels of
light and deep sandblast finishes tied both systems to-
gether. See Fig. 3.5.65(b) and (c) for a close-up of the
terra cotta units.

For the sake of the traditional look of the historic
Michigan Avenue streetwall's appearance, terra cotta—
faced precast concrete was used for the 260,000 ft?
(24,200 m?) retail/cinema building (Fig. 3.5.66[a]), en-
compassing an entire block. The terra cotta pieces are
a variety of shapes and sizes, with some flat, fluted, or
round (Fig. 3.5.66[b]). The backs of the extruded piec-
es were flat and holes were drilled in the terra cotta for
insertion of stainless steel pins. The terra cotta units
were placed in a mold and 10 in. (250 mm) of concrete
was then cast to create a panelized system.

Variations in brick or tile color will occur within and
between lots. The clay product supplier must preblend
any color variations and provide units that fall within
the color range specified and approved by the architect
for the project. Defects such as chips, spalls, face score

ARCHITECTURAL PRECAST CONCRETE

Fig. 3.5.65(a), (b) & (c)

Sacramento County Systems and Data Processing

Sacramento, California; Architect: HDR Architecture Inc. formerly
Ehrlich-Rominger; Photos: HDR Architecture Inc.
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lines, and cracks are common with brick, and the de-
fective units should be culled from the bulk of accept-
able units by the clay product supplier according to the
architect’s requirements and in accordance with appli-
cable ASTM specifications. Should minor damage oc-
cur to the clay product face during shipping, handling,
or erection, field remedial work can be accomplished,
including replacement of individual clay products. Units
may be chipped out and new units installed using an
epoxy, dry-set, or latex portland cement mortar.

3.5.10.5 Design considerations

The clay product surfaces are important in order to
bond to the backup concrete. Textures that offer a
good bonding surface include a:

e Scored finish, in which the surface is grooved
(ribbed) or dovetailed (keybacked) as it comes from
the die

e Combed finish, in which the surface is altered by
parallel scratches

¢ Roughened finish, which is produced by wire cut-
ting or wire brushing to remove the smooth surface
or die skin from the extrusion process.

¢ A brick wire cut (through extruded holes in whole
bricks) to provide two (half) soaps.
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With thin- and half-brick units, no metal ties or weeps
are required to attach them to the concrete because
adequate bond is achieved. In general, clay products
that are cast integrally with the concrete have bond
strengths exceeding that obtained when laying units
in the conventional manner (clay product to mortar). In
pullout tests, the brick fails or shears before it pulls out
of the concrete. It is necessary, however, to be careful
to not entrap air or excess water-caused voids. These
voids could reduce the area of contact between the
units and the concrete, thereby reducing bond.

The bond between the clay product facing and the
concrete depends on the absorption of the clay prod-
uct and the concrete’s water-cement ratio. Either low
or high absorption will result in a poor bond. Half
bricks with a water absorption of 6 to 9% obtained by
five-hour boiling provide good bonding potential. Thin
bricks should have a water absorption less than 6%
per the PCI Standard.

Half bricks with an initial rate of absorption (suction)
of less than 30 g/30 in.2 per min (30 g/194 cm? per
min), when tested in accordance with ASTM C 67, are
not required to be wetted. However, brick with high
suction or with an initial rate of absorption in excess of
30 g/30 in.2 per min should be wetted prior to place-
ment of the concrete. This will reduce the amount of
mixture water absorbed and improve bond. Unglazed

Fig. 3.5.66(a) & (b) :

600 North Michigan Avenue /¥

Chicago, Illinois; &

Architect: Beyer Blinder Belle, Design
Architect; and Shaw and Associates, i
Architect of Record.
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quarry tile and frost-resistant glazed wall tiles generally
do not need to be wetted. Terra cotta units should be
soaked in water for at least one hour prior to place-
ment to reduce suction and they should be damp at
the time of concrete placement.

Because of the differences in material properties be-
tween the facing and concrete, clay product—faced
concrete panels may be more susceptible to bowing
than homogeneous concrete units. However, panel
manufacturers have developed design and production
procedures to minimize bowing.

When removed from the kiln after firing, clay bricks
will begin to permanently increase in size as a result of
absorption of atmospheric moisture. The expansion of
the clay products can be absorbed by four simultane-
ously occurring negative dimensional changes of the
clay product and concrete:

1. Drying shrinkage of the concrete
2. Elastic deformation of the concrete under stress
3. Creep of the concrete under stress

4. Elastic deformation of the clay product under
stress

In general, strains imposed slowly and evenly will not
cause problems. During the first six months to a year
after panel production, (Fig. 3.5.67), tile expansion is
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Fig. 3.5.67 Relative temperature and moisture movements of concrete, brick, tile

Fig. 3.5.69 Mortar joint and reveal details.

Fig. 3.5.68 Corner details.
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3.5.10.5 Design considerations / 3.5.10.6 Production and construction considerations

small and the rate of strain application is slow, but con-
crete shrinkage is nearly complete. The concrete creeps
under the load to relieve the tensile stress generated
in the tile when the concrete shrinks because the tiles
are relatively rigid (elastic modulus of tile/elastic mod-
ulus of concrete). After this time period, the tile has
many years to accommodate the additional moisture
expansion.

Three types of corner details may be used: (1) indent-
ed (Fig. 3.5.68[al); (2) wrapped (Fig. 3.5.68[b]); or (3)
deep return (Fig. 3.5.68[c]). Brick mortar joints should
be concave (cove). At reveals and at the top and bot-
tom of inset areas, the concrete should cover the edges
of the brick units (Fig. 3.5.69). The designer also needs
to pay special attention to where the joints between
concrete panels are located, which is a departure from
the use of traditional brick masonry.

Fig. 3.5.70

In the development of the technical documents, using
thin brick precast concrete panels provides a simplifi-
cation of detailing over hand set masonry. The system
avoids intricate flashing, masonry support, and masonry
anchoring requirements that would be necessary with
conventional construction to achieve layering and relief
features.

3.5.10.6 Production and construction
considerations

Clay product—faced units have joint widths controlled
by locating the units in a suitable template or grid sys-
tem set out accurately on the mold face (Fig. 3.5.70).
Common grid systems generally consist of an elasto-
meric (or rubber) form liner or a plastic form liner. Liner
ridges are typically shaped so that joints between units
simulate concave-tooled joints.

Tolerances for brick-faced precast concrete panels are
shown in Fig 3.5.71. The number of bricks that could
exhibit any misalignments should be limited to 2% of
the bricks on the panel.

Tiles, measuring 2 x 2 in. (50 x 50 mm) or 4 x 2 in.
(100 x 50 mm), may be supplied face-mounted on
polyethylene or paper sheets and secured to the mold
by means of double-faced tape or a special adhesive.

Fig. 3.5.71 Tolerances for brick-faced architectural elements.

a = Alignment of mortar joints:

d = Exposed brick surface parallel to primary control surface of panel

.............................. 1/8 in. (3 mm)
.............................. +1/8 in. (+3 mm)

Jogin alignment ..o
Alignment with panel centerline ..............coooiiiiiiiiiiiiiiianns

b = Variation in width of exposed Mortar JOINtS ...........vvuureeriiiiiiie e +1/8 in. (3 mm)
¢ = Tipping of individual bricks from the panel plane of exposed brick surface
............................. +1/4in.,-1/8 in. (+6 mm, -3 mm)

e = Individual brick step in face from panel plane of exposed brick surface ........................... -1/4 in. (-6 mm), < depth of form liner joint

........................ -1/4 in. (-6 mm), < depth of form liner joint
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Fig. 3.5.72

The Nikko Hotel

San Francisco, California;
Architect: Patri-Merker
Architects formerly
Whisler-Patri;

Photo: Patri-Merker
Architects.

The space between the tiles is filled with a thin grout
and then the backup concrete is placed prior to initial
set of the grout. Figure 3.5.72 shows a project that uses
2 x 2in. (50 x 50 mm) tiles that have been placed with
the method described. For the best appearance, narrow
tile joints should be filled from the front, particularly if
cushion-edged tiles are used.

Fig. 3.5.73 The anchorage of brick to precast concrete using
dovetail anchor and slot.

4" brick wall
\-—-1 |
N 4 INNANAY 4]
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F\\\\Eﬁ}/ slot !
o .
\ Y Flexible =3 :
" ar— dovetail -
N anchor N o
PLAN SECTION
Brick face
-3/16" Dia. of brick _Face of concrete

veneer

(W2.8)

= [No. 22 Ga. steel
1" Max. air space  dovetail slot
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3.5.10.7 Application of clay products
after casting of panel

Full brick may be installed on an already-cast precast
concrete panel at the plant or at the jobsite. Bricks
generally bear on a ledge created by a recess on the
precast concrete panel surface or on a shelf angle.

Full brick, supported on concrete ledge or steel shelf
angle, requires anchors for lateral support. The anchors
should be flexible and capable of resisting tension and
compression forces perpendicular to plane of the wall,
but permitting slight vertical and horizontal move-
ment parallel to the plane of the wall. This flexibility
allows differential movements between the precast
concrete and the clay product veneer without cracking
or distress.

Galvanized or stainless steel wire anchors (ASTM A 82
or B 227, Grade 30HS) should be at least 3¢ in. (W 2.8)
in diameter and hooked on one end and looped through
a 'fg-in.-wide (22 mm), 12-gage steel sheet bent over
the wire (Fig. 3.5.73). The steel sheet is dovetailed on
the other end to fit into minimum 22-gage dovetail slot
in the concrete panel. The dovetail adjusts vertically so
the wire anchor can be placed in the bed joint of the
brick.

It has been found that a 16-gage dovetail anchor slot
fails at approximately the same load as a 26-gage slot
embedded in concrete, so there is not much advantage
to using heavier anchor slots to achieve increased load
capacity. Instead, more anchors should be used to ob-
tain the required load capacity.

The minimum 3-in.-wide (75 mm) wire anchors
should be embedded at least 1'/; in. (38 mm), prefera-
bly 2 in. (50 mm), into the bed joint of the brick, with a
minimum /g in. (16 mm) cover of mortar between the
anchor and the exterior wall face. The size and spacing
of anchors are based on tensile and compressive loads
induced by wind suction and pressure on the walls.

Most designers use the simple force multiplied by the
contributory area to determine anchor loads. When
this technique is used, additional anchors should be
provided at all openings and discontinuities, such as
windows, shelf angles, and concrete ledges, where
stresses are known to be higher. They should be
spaced not more than 3 ft (0.9 m) apart around the
perimeter of an opening and within 12 in. (300 mm)
of the opening.
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Fig. 3.5.74

Oriole Park at Camden Yards
Baltimore, Maryland
Architect: Hellmuth, Obata and Kassabaum
Sports Facilities Group; Photo: HOK Sport.

There should be one anchor per 4/, ft? (0.42 m?) of
wall area. The maximum spacing between anchors
should not exceed 24 in. (600 mm) vertically and 36
in. (910 mm) horizontally. Anchors in alternate courses
should be staggered. Applicable building codes should
be consulted for additional reinforcement require-
ments, such as those for resistance to seismic forces
acting parallel to panels and for stack bond (which is
weaker than running bond).

The published tests on dovetail anchor slots and
dovetail anchors indicate an ultimate tension range of
713 to 965 Ib (323 to 438 kg) and ultimate compres-
sion with a 1in. (25 mm) cavity of 560 Ib (254 kg) for a
12-gage dovetail anchor in a 22-gage dovetail slot (Fig.
3.5.73). A safety factor of 3, based on failure mode,
should be applied to arrive at design values.

To avoid anchor buckling, the distance between the
inside brick face and the concrete panel should not be
greater than 1in. (25 mm) or less than '/, in. (13 mm).
This space should be kept free of mortar or other rigid
material to permit the differential movement between
the concrete panel and brick.

The low-scaled, arched facade in Fig. 3.5.74 presents
itself in the form of elaborate cornices and rustication
joints. Brick anchored to dovetail slots in the precast
concrete was field-laid on concrete ledges via scaffold-
ing following precast concrete erection.

Shelf angles may be used to support the full-brick
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veneer at each floor, or at least every other floor, in
place of a concrete ledge (Fig. 3.5.75). The shelf should
be made of structural steel conforming to ASTM A 36
and properly sized and anchored to carry the imposed
loads. Anchor bolt holes should be horizontally slotted
to allow for ease of construction and horizontal move-
ment. For shelf angles supporting unreinforced mason-
ry, deflection should be limited to /600, but should
not exceed 0.3 in. (7.5 mm). A small space should be
left between the lengths of angles to allow for hori-
zontal thermal movements.

For severe climates and exposures, consideration
should be given to the use of galvanized or stainless
steel shelf angles. When using shelf angles, continuous
flashing should be installed over the angle. To ensure
adequate resistance to corrosion, coatings or materials
should conform to ASTM A 123 or ASTM A 167. The
suggested minimum level or corrosion protection for
coatings of anchor material is either ASTM A 153 Class
B-2 or ASTM A 167 Type 304.

Horizontal pressure-relieving joints should be placed
immediately beneath each shelf angle. Pressure-reliev-
ing joints may be constructed by either leaving an air
space or placing a highly compressible material under
the shelf angle and sealing the joint with an elastic
sealant and backer rod (Fig. 3.5.75).

Flashing in a masonry wall supported on shelf angles
is important for the proper drainage of water that may
penetrate the masonry. Flashing is not required if the
masonry is supported on a concrete ledge that has a
slope of /g in. (3 mm) in 5 in. (125 mm), although

Fig. 3.5.75 Shelf angle with flashing and weep holes.

Flashing installed in
continuous reglet

|~ Weep holes

Flashing extension

lIIAfYJ
AR VRNNY

Elastic Sealant and backer rod

N\ Compressible joint material

w 4~ W 1/8 in. (3 mm) minimum
B / YAy

space below shelf angle
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weep holes are necessary. Flashing materials are gen-
erally formed from sheet metals, bituminous-coated
membranes, plastics, vinyl, or combinations thereof,
the selection being largely determined by cost and suit-
ability. The cost of flashing materials varies widely. Only
superior-quality materials should be selected, however,
since replacement in the event of failure would be ex-
ceedingly expensive.

Flashing may be installed in a continuous reglet or
recess in the concrete. To be most effective, the flash-
ing should extend '/, in. (13 mm) beyond the wall sur-
face and be turned down at a 45° angle to form a
drip. Weep holes, at least '/, in. (6 mm) in diameter,
should be provided in head joints immediately above
the flashing or concrete ledge at intervals of 16 to 24
in. (400 to 600 mm) maximum to permit drainage of
accumulated water.

If, for aesthetic reasons, it is necessary to conceal
the flashing, the number and spacing of weep holes
are even more important. In these cases, the spac-
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ing should not exceed 16 in. (400 mm) on center.
Concealed flashing with tooled mortar joints can retain
water in the wall for long periods of time, thus concen-
trating the moisture at one spot.

3.5.11 Honed or Polished

Grinding of concrete removes the thin layer of cement
paste and cuts the aggregates to a uniformly smooth
surface. The grinding is called honing or polishing, de-
pending on the degree of smoothness of the finish. The
surface can be a dull matte finish (honed) or, with the
use of increasingly finer grinding pads, can reach a high
luster (polished), depending also on the type of aggre-
gates. Polished, exposed-aggregate concrete finishes
compare favorably with polished natural stone facades,
yet offer the architect total freedom of design while us-
ing the full structural capability of concrete. Honed and
polished finishes have gained acceptance because of
their appearance and excellent weathering characteris-
tics, making them ideal for high traffic areas and pollut-
ed environments. Polished surfaces will also reflect more
heat than other finishes. Because of a corrosive and dirt-
laden atmosphere, a dense, polished surface texture
was used on the building in Fig.3.5.76. Maintenance
since 1973 has proven to be minimal for the architec-
tural precast concrete cladding. The panels were made
with an exposed-quartz aggregate, silica sand, and
buff-tinted white cement. After fabrication and removal
from the mold, the panels were ground and polished
smooth on all flat surfaces. Figure 3.5.76 shows the
excellent details. While these are among the most ex-
pensive precast concrete finishes, they usually cost far
less than dimension stone.
There are only a few North
American producers with
equipment to produce the
polished finish.

In order to produce a
good ground or polished
finish it is first necessary
to produce a good plain
finish. The compressive
strength of the concrete

Fig. 3.5.76 Blue Cross/Blue
g 2 T Shield Service, Center; Detroit,
' i ¥ Michigan; Architect: Giffels, Inc.
W - ' ’ formerly Giffels & Rossetti, Inc.;
; Photos: Daniel Bartushs, Giffels
Inc. - Southfield Office.
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should be 5000 psi (34.5 MPa) before the start of
any honing or polishing operations. All patches and
the fill material in any bug/blow holes or other sur-
face blemishes must also be allowed to reach approxi-
mately 5000 psi (34.5 MPa). It is preferable that the
matrix strength of the concrete mixture approach the
compressive strength of the aggregates or the surface
may not grind evenly or polish smoothly, producing
dull patches and possible dislodgement of aggregate
particles.

Because aggregates will polish better than the matrix,
it is essential to have a minimum matrix area. Either a
continuous or gap-graded concrete mixture carefully
designed to provide maximum aggregate density on
the surface to be polished is acceptable. In choosing
aggregates, special attention should be given to maxi-
mum size and hardness. Not all aggregates will accept
polish. Softer aggregates such as marble or onyx are
much easier to polish than either granite or quartz,
although the latter are preferred for their potentially
high polish. Limestone and quartzites will not accept a
polish while basalt can be honed to produce a smooth
but matte finish, but cannot be highly polished. Marble
aggregates may not retain their polish over time due to
chemical reaction with atmospheric pollutants, such as
acid rain. The hardness of the aggregates will affect
the rate of wear and tear on the grinding pads, which
in turn will affect the cost.

Of major concern to the economic viability of a pol-
ished project is the shape and geometry of the units
to be polished, the extent of polished finished face,
and the degree of hand polishing to edges, arrises, and
surface areas inaccessible to automatic machine heads.
Careful detailing to maximize use of automatic polish-
ing equipment and minimize hand polishing will ensure
minimum cost. For reasons of economy, only surfaces
that can be ground completely by machines passing
over flat areas on returns should be honed or polished.

To a large degree, the amount of hand polishing is
governed by the shape of the panel. Hand polishing
of arrises, returns and other architectural features not
accessible with automatic equipment is slow and costly
and should not be designed, where possible.

Special detailing considerations that need to be noted
(Fig. 3.5.77) include:

e Flat surfaces are most easily polished; projections
should be avoided as they necessitate costly hand
work. Computerized polishing machines will polish
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across grooves or recesses without difficulty, leaving
the surfaces within the grooves unpolished to pro-
vide contrast in color and texture. Alternatively, to
reveal the color of the aggregates, these grooves can
be sandblasted or acid-etched prior to polishing.

Re-entrantangles should be avoided as they involved
expensive hand polishing. When a 90° return of a
panel is honed or polished, it may prove beneficial
to sequentially cast the return in a horizontal posi-
tion. This will help create a more dense, uniform
surface. However, in the case of an element that is
L-shaped, all surfaces external to the re-entrant can
be polished.

e Convex surfaces with a radius of 10 ft (3 m) or more
can be polished by computerized polishing machin-
ery but concave surfaces are unsuitable. Also, verti-
cal and oblique planes +45° to horizontal are ca-
pable of being polished without adjustment to the
element being polished. Columns of circular cross-
section ranging between 8 to 50 in. (200 to 1200
mm) in diameter can be polished.

e Square, sharp edges should be avoided as they are
prone to chipping during polishing and damage
during handling. Miter joints should have a quirk
on the exterior corner.

* To reduce the risk of damage, both while polishing
and handling, rather than create a right angle at
the corner of a panel, an edge can be beveled to
produce a slightly obtuse angle.

¢ Alternately, the edge can be chamfered either by 3/
to '/, in. (10 to 13 mm). Chamfers may be expen-
sive to polish and should be left untreated if they
cannot be seen closely, or they may be sandblasted
prior to polishing.

¢ On panels incorporating more than one surface fin-
ish, the surface to be polished should be higher than
the other surfaces or separated by a wide groove.

The grinding process, which can be either wet or dry,
removes approximately /s in. (3 mm) off the form face
of the precast concrete panels. Wet grinding is pre-
ferred, because the paste that is created aids in the
grinding. A high standard of craftsmanship is manda-
tory for this treatment, as the removal of the cement
skin emphasizes any defects in either formwork or com-
paction. It is very important to avoid any segregation in
the concrete. As with other finishes, final appearance
and uniformity will benefit if it is possible to match or
complement matrix color with aggregate color.

ARCHITECTURAL PRECAST CONCRETE
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Fig. 3.5.77 Detailing considerations.

Would require handwork

Unsuitable for polishing

Suitable for polishing

unpolished

FLAT SURFACES

Unsuitable for polishing

e Requires hand work if returns are to be
polished.
. 1
Unpolished Taper:
p per [y A

L/

Unsuitable
Sharp edge m

e Suitable — groove not polished. Groove may
be left as cast, acid etched, or sandblasted.

* Note need for taper or ‘draft’ to allow strip-
ping from mold.

 Need for groove of adequate size, capable
of being ‘read’ at a distance.

o Consider depth of groove in relation to
cover to reinforcement.

., Second
) 3/4" groove finish, eq.
Polished sanblasted

¢ \When more than one finish is required, the
surface to be polished should be ‘proud’ of
other surfaces.

Continued mechanical abrasion with progressively
finer grit, followed by filling of surface air voids and
rubbing, will produce a highly polished surface. The
depth of grinding determines the extent to which the
aggregate shows, but the color of the cement will be
important in any case. Such panels have an attractive
sheen that enhances many colors. Polished panels of

ARCHITECTURAL PRECAST CONCRETE

CURVED SURFACES

Suitable for polishing

Suitable alternatives
Chamfer —l

Slight bevel —l

o

Chamfer may also be
2 honed or

(J—polished

ecess
= To clear the

polishing head

CORNERS
Unsuitable details Preferred details

Chamfer (or bevel) unpolished

Quirk
unpolished E:

Chamfers
(or bevels)
unpolished

JOINTS

pastel colors tend to appear white when viewed from
a distance because of their high surface reflectance.
Therefore, this type of surface is recommended for
panels situated relatively close to the pedestrian traffic
flow or for those of medium or dark shades.

As is typical of a department store anchoring a subur-
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3.5.11 Honed or Polished

ban shopping mall, the broad expanse of the exte-
rior walls are windowless. The designer used surface
texture, the play of light and shade on receding wall
planes, strong entrance elements embracing the
compelling forms of the arch and the loggia in or-
der to achieve a vibrant architectural composition
(Fig. 3.5.78). The 18-ft-high (5.5 m) panels from
the first to second levels combine two distinct color
mixtures and two surface finishes. The darker pol-
ished surfaces of quartzite and granite aggregates
were used to accent the plinth and the 4 ft (1.2
m) band courses, the entrances, central arches, and
loggias as a facing to frame the entrance porticos.
The lighter surfaces of quartzite aggregates was
given an acid-etch finish.

The panels on the embassy in Fig. 3.5.79(a) have
two different finishes using the same face mixture: a
very shiny, highly polished darker surface and a bush-
hammered, rougher, lighter surface. They form hori-
zontal bands throughout the facades of the 13-story
Chancellery building and 9-story public building (Fig.
3.5.79 [b]). The darker polished surfaces simulate a

Mexican natural granite.

Fig. 3.5.79 (a) & (b)

French Embassy, Mexico, D.F., Mexico;
Architect: Bernard Kohn Associates; and
Eduardo Terrazas y Asociados (joint venture);
Photos: Bernard Kohn Associates.
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3.5.11 Honed or Polished

Above the base of the building in Fig. 3.5.80(a), the
granite used at the base was matched with a concrete
mixture with local, crushed-granite aggregate by hon-
ing the double window precast concrete panels. The
look of rusticated granite in a running bond pattern
was developed by 1 x 1in. (25 x 25 mm) reveals that
were lightly sandblasted before the panel was honed
(Fig. 3.5.80[b]).

A combination of acid etching of the matrix area
with polishing of the aggregate produces a surface
characterized by flat, coarse aggregate that is slightly
proud of the underlying matrix. This surface is highly
resistant to weathering and is self-cleaning. A pol-
ished/sandblasted finish provides a contrast between
the polished aggregate and the sandblasted matrix of
the concrete.

The use of combination finishes requires the designer
to make an early decision to ensure that the overall
concept makes allowance for the change in color and
texture of the two finishes and that a suitable demarca-
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tion is detailed to separate them—usually a V-groove.
The exact shape of this V-groove will require consulta-
tion with and trials by the precaster to ensure that the
angle within the V-groove is sufficiently flat to prevent
chipping the edge in the grinding process and causing
an unsightly line on one side of the groove.

The designer will also need to consider that the pol-
ishing process will create a step in the surface between
the polished and the acid-etched or sandblasted finish
of approximately /g in. (3 mm), which can cause prob-
lems when aligning precast concrete units on site. This
can be overcome during the design process. Casting a
series of trial panels is strongly recommended to pro-
vide full knowledge of the combined effects.

Fig. 3.5.80(a) & (b)
BC Hydro Office Building

~ Vancouver, B.C., Canada;

y Architect: Musson Cattell Mackey Partnership;
Photos: Simon Scott.
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3.5.12 Stone Veneer-Faced Precast Concrete / 3.5.12.1 General considerations

3.5.12

Natural stone veneer—faced precast concrete has be-
come widely used in building construction because of
its strength, durability, aesthetic effect, availability, and
inherent low-maintenance costs. The incorporation of
the stone veneer into the precast concrete panels pro-
vides an economically viable solution to cladding to-
day’s structures.

Stone veneer—faced precast concrete panels offer
many benefits. These include:

1. Veneer stock can be used in thinner sections be-
cause anchoring points may be placed closer
together.

2. Multiplane units such as column covers, spandrels
with integral soffit and sill sections, deep reveal
window frames, inside and outside corners, projec-
tions and setbacks, and parapet sections are more
economically assembled as veneer units on precast
concrete panels. Often, it is desirable to use one of
the veneer materials in a traditional manner around
the lower portion of a building and extend a simi-
lar finish with veneered precast concrete panels up
the exterior walls.

3. Precast concrete systems permit faster enclosure,
allowing earlier work by other trades and subse-
guent earlier occupancy, because each of the larg-
er panels incorporates a number of veneer pieces.

4. Veneered precast concrete panels can be used to
span column-to-column and floor-to-floor, thereby
reducing floor-edge loading and eliminating elabo-
rate temporary scaffolding.

3.5.12.1

The purchaser of the stone should appoint a qualified
individual to be responsible for coordination, which
includes delivery and scheduling responsibility and en-
suring color uniformity. Color control or blending for
uniformity should take place at the stone fabricator’s
plant, because ranges of color and shade, finishes,
and markings such as veining, seams, and inclusions
are easily seen during the finishing stages. Acceptable
stone color should be judged for an entire building el-
evation rather than as individual panels. The responsi-
bility for stone coordination should be written into the
specifications so it can be priced. The owner, architect,
and/or stone purchaser should visit the stone fabri-

vam
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cator's plant to view the stone veneer and establish
criteria and methods for color-range blending on the
project.

All testing to determine the physical properties of the
stone veneer-with the same thickness and finish that
will be used on the structure-should be conducted by
the owner prior to the award of the precast concrete
contract. This test data will determine the stone design
and anchor placement.

There is a need for close coordination between the
precast concrete manufacturer and stone veneer sup-
plier. Shop drawing preparation and submissions may
vary from procedures established for non-veneered pre-
cast concrete panels. Checking and approval of these
details and shop drawings will be simplified and expe-
dited if they can be combined and/or submitted simul-
taneously. Because of schedule issues, separate subcon-
tracts and advance awards often occur in projects with
stone-veneered panels. While these procedures may af-
fect normal submission routines, it is not intended that
responsibilities for accuracy should be transferred or re-
assigned. Typically, the precaster is responsible for pre-
cast concrete and stone layouts and details, while the
stone-veneer fabricator is responsible for stone shop-
fabrication drawings and drilling of anchor holes.

The production of stone veneer panels requires ad-
equate lead time in order to avoid construction delays.
Therefore, it is important that approvals for shop draw-
ings are obtained expeditiously. Furthermore, it is rec-
ommended that the designer allow the submission of
shop drawings in predetermined stages so production
can begin as soon as possible and ensure there is a
steady and timely flow of approved information to al-
low uninterrupted fabrication.

The precast concrete producer must provide the
stone quantity and sequence requirements to meet the
panel fabrication schedule. For reasons of production
efficiency, some concrete panels may be produced out
of sequence relative to the erection sequence. The pre-
caster and stone fabricator should coordinate packag-
ing requirements to minimize handling and breakage.
Extra stone (approximately 2 to 5%) should be sup-
plied to the precaster to allow immediate replacement
of damaged stone pieces. The extra stone should be
the largest pieces to be used on the project. Deliveries
should be scheduled to accommodate actual panel
fabrication schedules.

ARCHITECTURAL PRECAST CONCRETE
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3.5.12.2

Stoneis a product of geologic evolution and, therefore,
does not demonstrate the consistent behavior that may
apply to manufactured building materials, such as con-
crete. The strength of natural stone depends on several
factors: the size, rift, and cleavage of crystals; the de-
gree of cohesion; the interlocking geometry of crystals;
the nature of natural cementing materials present; and
the type of crystal. The stone’s properties will also vary
with the locality from which it is quarried. Therefore, it
is important that current testing is performed on stone
quarried for each specific project.

Sedimentary and metamorphic rocks, such as lime-
stone and marble, will exhibit different strengths when
measured parallel and perpendicular to their origi-
nal bedding planes (anisotropic). Igneous rocks, such
as granite, may or may not exhibit relatively uniform
strength characteristics in their various planes (isotro-
pic). In addition, the surface finish, freezing and thaw-
ing, and large temperature fluctuations will affect the
stone strength and in turn influence the anchorage
system required for the stone to the precast concrete.

Information on the durability of the specified stone
should be obtained through current testing in conjunc-
tion with observations of existing installations of that
particular stone. This information should include such
factors as tendency to warp, reaction to weathering
forces, resistance to chemical pollutants, resistance to
chemical reaction from adjacent materials, and reduc-
tion in strength from the effects of weathering or wet-
ting and drying.

Tests should be performed by the stone fabricator
to determine the physical properties of the stone be-
ing considered prior to awarding the precast concrete
contract. The testing should be done on stone with
the same finish and thickness that will be used on the
structure. Flexural tests (ASTM C 880) should be used
to evaluate the physical properties and obtain design
values. Absorption testing (ASTM C 97) helps evalu-
ate freezing and thawing durability. These properties,
along with the performance of the anchors attaching
the stone veneer, should be used to ensure adequate
strength of the panel to resist loads during handling,
transportation, erection, and in-service conditions.

The process used to obtain a thermal or flame finish on
granite veneers reduces the effective stone thickness by
about /g in. (3 mm), as well as the physical strength to
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a measurable degree. Bushhammered and other similar
surface finishes also reduce the effective thickness and
strength. For 1/, in. thick (3 cm) veneers, a reduction in
thickness of /s in. (3 mm) reduces the theoretical bend-
ing strength by about 20% and increases the elastic
deflection under wind loads by about 37%.

Laboratory tests on 1/, in. (3 ¢cm) -thick specimens of
unaged, thermally finished granite revealed that the ef-
fects of the thermal finish reduced the bending strength
of the specimens by as much as 25 to 30%. The loss
of strength depends mainly on the physical properties
of the stone forming minerals, on the coherence of the
crystalline structure of the stone, and on the presence
of micro and macrofractures in the stone.

Thermal or flame finishing, and to a certain degree
bushhammering, of granite surfaces causes microfrac-
turing, particularly of quartz and feldspars. These micro-
cracks permit absorption of water to a depth of about '/,
in. (6 mm) in the distressed surface region of the stone,
which can result in degradation by cyclic freezing and
thawing and a further reduction in bending strength.

Weathering affects different stones in different ways.
It can cause both a chemical decomposition and physi-
cal disintegration in some stones. The thinner the stone
is sliced, the more susceptible it may be to weathering.
Most natural stones lose strength as a result of aging
(thermal cycling, for example, heating to 170 °F [77
°CJ] and cooling to -10 °F [-23 °C], and wet/dry cycling).
The modulus of rupture of building stone can also be
affected by freezing and thawing of the stone.

Flexural tests (ASTM C 880) should be conducted on
the selected stone, at the thickness and surface finish
to be used, in both the new condition and the con-
dition after 100 cycles of laboratory-accelerated ag-
ing (weathering) tests to determine the reduction in
strength, if any. Suggested weathering test procedures
include cycling between 170 °F (77 °C) and -10 °F (-23
°C), while the face of the stone is submerged in a 4 pH
sulfurous acid solution that simulates chemical weath-
ering. For warm climates, the test procedure can be
modified to cycle between 40 °F (5 °C) and 170 °F (77
°C). Also, in areas where the pH of rainfall is above 6,
the acid solution can be eliminated. Absorption testing
(ASTM C 97), as mentioned, helps evaluate the freez-
ing and thawing durability of the stone.

Stones that have a satisfactory performance record in
thicknesses, sizes, and climates similar to those envi-
sioned for a project may, at the option of the designer,
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be exempt from the above testing requirements.

For most types of stone, temperature-induced move-
ments are theoretically reversible. However, certain
stones, particularly marble, when subjected to a large
number of thermal cycles, develop an irreversible ex-
pansion in the material amounting to as much as 20%
of the total original thermal expansion. This residual
growth is caused by breaking of crystal bonds. Such
growth, if not considered in the stone size, may result
in curling or bowing of thin marble. For relatively thick
marble veneers, the expansion effects are restrained or
accommodated by the unaffected portion of the ve-
neer. Tests should be performed to establish the mini-
mum thickness required to obtain satisfactory service-
ability. Stone can be exposed to differential accelerated
heating and cooling cycles and measured for deforma-
tion (bowing/hysteresis).

Table 3.5.2 Permeability of commercial building stones,
cu in./ft?/hr for ¥z in. thickness.

Water Pressure, psi
StoneType | 1.2 | 50 | 100

Granite 0.06-0.08 0.1 0.28
Limestone 0.36-2.24 | 4.2-44.8 | 0.9-109
Marble 0.06-0.35 | 1.3-16.8 | 0.9-28.0

Sandstone 4.2-174.0 51.2 221

Slate 0.006-0.008 {0.08-0.11| 0.11

Note: 1 cu in./ ft¢/hr/Y, in. = 16.39 m*/hr/13 mm;
1 psi = 0.006895 MPa; 1 in. = 25.4 mm.

Volume changes due to moisture fluctuations should
be considered in design, especially for joint size.
Moisture permeability of stone veneers is generally not
a problem (Table 3.5.2). However, as stone veneers be-
come thinner, water may penetrate in greater amounts

and at faster rates than normally expected, and damp
appearing areas of moisture on the exterior surface of
thin stone veneers will frequently occur. These damp
areas result when the rate of evaporation of water
from the stone surface is slower than the rate at which
the water moves to the surface.

3.5.12.3 Stone sizes

Stone veneers used for precast concrete facing are
usually thinner than those used for conventionally set
stone, with the maximum size generally determined by
the stone strength. Table 3.5.3 summarizes typical di-
mensions. Veneers thinner than those listed can result
in anchors being reflected on the exposed surface, ex-
cessive breakage, or permeability problems.

The length and width of veneer materials should be
sized to a tolerance of +'/;5 in. (2 mm). This tolerance
becomes important when trying to line up the false
joints on one panel with those on the panel above or
below, particularly when there are a large number of
pieces of stone on each panel. Tolerance allowance for
out-of-square is +'/4¢ in. (x2 mm) difference in length
of the two diagonal measurements.

Flatness tolerances for finished surfaces depend on
the type of stone and finish. For example, the granite
industry’s flatness tolerances vary from 3/, in. (1 mm) for
a polished surface to 3¢ in. (5 mm) for flame (thermal)
finish when measured with a 4 ft (1.2 m) straightedge.
Tolerances should be clearly specified in the contract
documents. Thickness variations are less important,
because concrete will provide a uniform back face ex-
cept at corner butt joints. In such cases, the finished
edges should be within £/ in. (x2 mm) of the speci-
fied thickness. However, large thickness variations may
lead to the stone being encased with concrete and thus
restrict the relative movement of the materials.

Table 3.5.3 Dimensional parameters of various stone materials.

Recommended
thickness,
Stone Type In. (cm)
Marble 1.25(3)
Travertine” 1.25 (3)
Granite 1.25(3)
Indiana limestone 2 (5)

* Surface voids filled front and back.

PCI

Length range, | Width range, | Maximum area,
ft (m) ft (m)
3-5(0.9-1.5) 2-5(0.6-1.5) 20(1.9)
2-5(0.6-1.5) 1-4 (0.3-1.2) 16 (1.5)
3-7(0.9-2.1) 1-5(0.3-1.5) 30(2.8)
4-5(1.2-1.5) 2-4(0.6-1.2) 15(1.4)
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3.5.12.4 Design considerations

Structural design, fabrication, handling, and erection
considerations for veneered precast concrete units are
similar to those for other precast concrete wall panels,
except that special consideration must be given to the
veneer material and its attachment to the concrete.
The physical properties of the stone facing material
must be compared with the properties of the concrete
backup.

These properties include:

1. Tensile (axial and flexural), compressive, and shear
strength

2. Modulus of elasticity (axial tension, flexure, and
axial compression)

3. Coefficient of thermal expansion (Table 3.5.4)

4. Volume change

Because of the difference in material properties be-
tween natural stone and concrete, veneered panels are
more susceptible to bowing than homogeneous con-
crete units. Also, the flat surfaces of cut stone reveal

Table 3.5.4 Coefficients of linear thermal expansion of
aggregate and concrete.

Average Coefficient
of Thermal Expansion

x 10°¢/in./°F

Type of Rock

(Aggregate) Aggregate | Concrete”
Quartzite, cherts 6.1-7.0 6.6-7.1
Sandstones 5.6-6.7 5.6-6.5
Quartz sands and gravels 5.5-7.1 6.0-8.7
Granites and gneisses 3.2-5.3 3.8-5.3
Syenites, diorites, and

andesite, gabbros, diabase, 3.0-4.5 4.4-53
and basalt

Limestones 2.0-3.6 3.4-5.1
Marbles 2.2-39 2.3
Dolomites 3.9-5.5 —
Expanded shale,

clay and slate — 3.6-4.3
Expanded slag — 3.9-6.2
Blast-furnace slag — 5.1-5.9

* Coefficients for concretes made with aggregates from dif-
ferent sources vary from these values, especially those for
gravels, granites, and limestones. Fine aggregates generally
are the same material as coarse aggregates.
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bowing more prominently than homogeneous con-
crete panels. However, there are a number of design
and production procedures to help minimize bowing.
For example, after the panels are erected, midpoint tie-
back connections can take out some bowing.

3.5.12.5 Anchorage of stone facing

The architect, engineer of record, and stone fabri-
cator should conduct tests to determine anchor type
and spacing. This will allow the architect to provide
anchor spacing prior to bid so that common infor-
mation can be supplied to all bidders (refer to ASTM
C 1242). The stone fabricator should drill the anchor
holes in the stone according to architectural specifica-
tions. Contract documents should clearly define type,
number, and location of anchors, and who supplies the
anchors.

A bondbreaker should be used between the stone
veneer and concrete backup in order to minimize bow-
ing, cracking, and staining of the veneer. Connections
of natural stone to the concrete should be made with
flexible mechanical anchors that can accommodate
some relative in-plane movement.

Two methods may be used to prevent bond between
the veneer and concrete to allow for independent
movement:

1. A 6 to 10 mil polyethylene sheet.

2. A closed cell /s to '/, in. (3 to 6 mm) polyethylene
foam pad. During shipment, consideration must
be given to preventing cracking of the stone due
to compressibility of the pad.

Preformed anchors, with a /3, in. (4 mm) minimum
diameter, fabricated from Type 304 stainless steel, are
supplied by the stone fabricator or, in some cases, by
the precaster depending on the contract document
requirements. The number and location of anchors
should be predetermined by a minimum of five shear
and tension tests conducted on a single anchor em-
bedded in a stone/precast concrete test sample using
ASTM E 488 or ASTM C 1354 and the anticipated ap-
plied loads, both normal and transverse to the panel.
Loads anticipated during handling and shipping should
be included. Anchor size and spacing in veneers of
guestionable strengths or with natural planes of weak-
ness may require special analysis.

The number and location of anchor and size of the
stone should be based on specific test values for the
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actual stone to be installed. Test samples for anchor
tests should be a typical panel section of about 1 ft2
(0.09 m?) and approximate as closely as possible actual

panel anchoring conditions. A bondbreaker should be 2 :

placed between stone and concrete during sample f D DR T N
manufacture to eliminate any bond between veneer Depth of concrete 1" L 535" min /N~ " 1 L

and concrete surface. Each test sample should contain "a”“g::g:'"g oy A S NT -‘7;) 045"
one anchor connecting stone to concrete backup and a | . \
minimum of five tests are needed to determine tensile tvari+es ) j
(pull-out) and shear strength of each type of anchor. 1-1/4" min. Preferred . 12t
Depending on the size of the project, it may be desir- - ~ o 3/4" min.
able to perform shear and tensile tests of the anchors 19" stone veneer

at intervals during the fabrication period.

Four anchors are usually used per stone piece, with
a minimum of two recommended. The number of
anchors has varied from one per 1/, ft? (0.14 m?) of
stone to 1 per 6 ft? (0.56 m?) with one per 2 to 3 ft?

Fig. 3.5.81 Typical anchor for marble veneer.
e

To edge of stone

Note: t = thickness of veneer; d, = diameter of anchor

Fig. 3.5.82 Typical anchor for granite veneer.

(0.19 to 0.28 m?) the most common spacing. Anchors S :
should be 6 to 12 in. (150 to 300 mm) from an edge T pe ey SAS./-.\n-chor. CT
with not more than 24 to 30 in. (600 to 750 mm) be- Depth ;>f GOl
. T concrete S\~

tween anchors depending on the local building code. varies according |~ ({4 = 52\~ "=
The shear capacity of the spring clip (hairpin) anchors todesign 1 - min. || -*-.77 —Bond

. . v > Y I breaker
perpendicular to the anchor legs is greater than when l T : »/
they are parallel (Table 3.5.5) and capacity depends on f; i ;oﬂ 'oo =
the strength of the stone. A typical marble veneer an- ;ﬁ..t o T3 ole 21 |tvaries
chor detail with a toe-in spring clip anchor is shown in ' VIR 1"'/‘1'2.. Wk
Fig. 3.5.81, while a typical granite veneer anchor detail 30 to 45° . L N -
is shown in Fig. 3.5.82. The toe-out anchor in granite 609" Face of stone veneer

may have as much as 50% more tensile capacity than a
toe-in anchor, depending on the
stone strength.

Depth of anchor holes should be
approximately half the thickness
of the veneer (minimum depth
of 3, in. [19 mm]). Minimum
stone cover over the drilled hole
should be 3/ in. (9 mm) to avoid
spalling during drilling and spot-
ting from absorbed moisture. The

Shear parallel to anchor,
X ()]

To edge of stone

1-1/4" min. Preferred

Table 3.5.5 Ultimate shear capacity of spring clip (hairpin) anchors in granite from various sources"

Ib (kg)

holes should be drilled at an an- 1 2400 to 2650 (1090 to 1200) | 3200 to 3500 (1450 to 1590)
gle of 30 to 45° to the p]ane of 2 1800 (815) 2500 (1135)

the stone. Holes, approximately 3 1500 (680 1500 (680

50% oversize, have been used to (680) (680)

allow for differential movement 4 2500 (1135) 3400 (1540)
between the stone and the con- 5 2800 (1270) 4000 (1815)

crete. However, holes s in. (2 6 3400 (1540) 4200 (1905)

mm) larger than the anchor are 7 1000 (455) 1660 (725)

common, as excessive looseness
reduces holding power. Anchor
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Shear perpendicular to anchor,
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S.S. Anchor d, = 3/16 to 5/8"

*Use anchors at opposing angles

Fig. 3.5.83 Typical cross anchor dowels for stone veneer.

‘ S.SeAnchor q f‘j | i /
d —3/161:05/8 B T

Depth of ] .
concrete e
varies o%a .

according 2

to design T
Yoo

1 . L Bond”\2 )

t(V?rles) ﬂﬂ b:egkero / awi}h tapf -
Hole Dowels may / Face of f
116" > d, be epoxied stone veneer

Note: t = thickness of veneer; d, = diameter of anchor

holes should be within £3/;5 in. (5 mm) of the specified
hole spacing, particularly for the spring clip anchors.

Stainless steel dowels, smooth or threaded, may be
installed to a depth of %/; of the stone thickness, with a
maximum depth of 2 in. (50 mm) at 45 to 60° angles
to the plane of the stone. The minimum embedment
in the concrete backup to develop the required bond
length is shown in Fig. 3.5.83. Dowel size varies from
3,6 t0 /g in. (5 to 16 mm) for most stones, except that
it varies from '/, to %/ in. (6 to 16 mm) for soft lime-
stone and sandstone; it depends on the thickness and
strength of the stone.

Fig. 3.5.84 Typical anchors for limestone veneer.

Deformed Varies Bond breaker
S.S. Anchor d, = 3/16 to 5/8" —\ \7
Concrete \ —
Dowels may ’
be epoxied Lo
- ——+— 3/4" min.
Hole 1/16" > d, —] | in2" stone;
Stone™ - 2" max.
in5" stone
Deformed

¢ N B
oncrete—_| Y
™ : Varies
q - "-a-_-’-ﬁ: *
Stone —* 1 Q| 205"

30 to 45°
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Limestone also has been used traditionally with a
thickness of 3 in. (75 mm), but it is now being used as
thin as 13/, in. (44 mm), although one limestone group
recommends a minimum of 2 in. (50 mm). With lime-
stone, use a bondbreaker, along with mechanical an-
chors. Dowels and spring clip anchors can be used to
anchor limestone. Typical dowel details for limestone
veneers are shown in Fig. 3.5.84; the dowels should
be inserted at opposing angles to secure stone facing
to backup concrete.

Some flexibility should be introduced with all an-
chors by minimizing the anchor’s diameter to al-
low for the inevitable relative movements that occur
with temperature variations and concrete shrinkage.
Unaccommodated relative movements can result in
excessive stress problems and eventual failure at an
anchor location. Consideration may be given to accel-
erated cyclic temperature tests on the stone-concrete
assembly to determine the affect of strength loss on
the shear and tensile strengths of the anchors.

In some climates two-part polyester or epoxy is placed
in the anchor holes in order to eliminate moisture con-
densation in the holes and the possible dark, damp
appearance of moisture on the exposed stone surface.
The polyester or epoxy increases the shear capacity
and rigidity of the anchors. The rigidity may be par-
tially overcome by using '/, in. long (13 mm) compress-
ible (60 durometer) rubber or elastomeric grommets or
sleeves on the anchor at the back surface of the stone
(Fig. 3.5.85).

Fig. 3.5.85 Example of a compressible sleeve used to reduce
stone anchor rigidity when the anchors are epoxied in the
stone.
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SURFACE AESTHETICS
3.5.12.5 Anchorage of stone facing / 3.5.12.7 Veneer jointing

Differential thermal expansion of the stone and un-
filled epoxy (without sand) may cause cracking of the
stone veneer. Epoxies yield under stress and, if prop-
erly formulated, will accommodate relatively large
dimensional changes resulting from thermal effects.
The coefficient of expansion of the stone and epoxy
should closely match. However, this may be overcome
by keeping the oversizing of the hole to a minimum,
thereby reducing epoxy volume and using stone flour
or fines, or fine sand as a filler for the epoxy to reduce
the coefficient of thermal expansion of the epoxy and
the shrinkage (Fig. 3.5.86).

It may be more desirable to fill the anchor hole with
a low modulus polyurethane sealant. The overall effect
of either polyester, epoxy, or sealant materials on the
behavior of the entire veneer should be evaluated prior
to their use. At best, the long-term service life of adhe-
sive-embedded anchors is questionable, so any increase
in pull-out strength of the anchors should not be used
in calculating long-term anchor capacity. When using
polyester or epoxy in anchor holes, the precaster needs
to follow the manufacturer’s recommendations as to
mixing and curing temperature limitations.

The stone trade associations and the suppliers of the
various kinds of building stones recommend safety
factors. Due to the variation in the physical proper-
ties of natural stones and to account for the risks of
brittle failure and the effects of weathering, there are
more recommended safety factors than those used
for manufactured building materials, such as steel
and concrete. The minimum recommended safety fac-
tor, based on the average of the test results, is 4 for
anchorage components in stone. If the range of test
values exceeds the average by more than £20%, then
the safety factor should be applied to the lower bound
value (see the Appendix to ASTM C 1242 for a discus-
sion on safety factors).

3.5.12.6

The bondbreaker between the stone veneer and con-
crete backup may function as a vapor barrier on the
concrete’s exterior face, keeping moisture in the ve-
neer or at the interface unless drainage provisions are
provided. After some period of time, gaps also may de-
velop between the stone veneer and concrete backup
at the bondbreaker. These gaps could allow moisture
penetration due to capillary action and gravity, particu-
larly where the window or roof design allows water to
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Fig. 3.5.86 Effect of changes in the sand aggregate binder ratio
on the thermal coefficient of an epoxy.
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flow over the top of the panel. One solution to over-
come this problem is a two-stage joint. This approach
provides an airtight 1 in. (25 mm) wide urethane seal,
bonded to the stone veneer and concrete backup, and
continuous along both sides and top of the panel.
Other designers have used a sealant applied to the top
and side edges of the stone/concrete interface after
the panels are cast. Care must be taken to ensure that
the sealant used is compatible with the sealant to be
applied to panel joints after erection of the panels. The
bondbreaker should not be sealed at the bottom of
the panel. This ensures any moisture that penetrates
behind the stone veneer can drain freely.

3.5.12.7

In the form, the stone veneer pieces are temporarily
spaced with a non-staining, compressible spacing ma-
terial, such as rubber, neoprene, or soft plastic wedges,
or a chemically neutral, resilient, non-removable gas-
ket, such as sealant backer rod, which will not stain
the veneer or adversely affect the sealant to be applied
later. Shore A hardness of the gasket should be less
than 20.

The gaskets should be of an adequate size and con-
figuration to provide a recess to receive the sealant and
also prevent any of the concrete backup from entering
the joints between the veneer units. Non-acidic based
masking or duct tape (other types will stain stone) may
also be used to keep concrete out of the stone joints so
as to avoid limiting stone movement. Spacer material
should be removed after the panel has been removed
from the mold unless it is a resilient sealant backup.
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SURFACE AESTHETICS
3.5.12.7 Veneer jointing / 3.5.12.9 Applications

Joints between veneer pieces on a precast concrete
element are typically a minimum of 3/ in. (10 mm),
although they have often been specified equal to
the joint width between precast concrete elements.
Because actual joint width between precast concrete
panels (as erected) depends largely on the accuracy of
the main supporting structure, it is not realistic to re-
quire matching joint widths between stone pieces and
between panels.

The use of an invisible joint (for example, less than
3/gin. [10 mm]) is not recommended because the joint
must have the width necessary for sealant design to al-
low for movements, tolerances, and other dimensional
or volumetric changes. Also, due to tolerances and nat-
ural warping, adjacent panels may not be completely
flush at the joint, and shadow lines will appear. Rather
than attempting to hide the joint, the joint should be
emphasized by finding an aesthetically pleasing joint
pattern with a complementary joint size.

When stone veneer is used as an accent or feature
strip on precast concrete panels, a '/, in. (13 mm) space
is left between the edge of the stone and the precast
concrete to allow for differential movements of the
materials. This space is then caulked as if it were a con-
ventional joint.

The sealant between stones or panels should be an
elastomeric, usually urethane, polysulfide, or silicone,
which will not stain the stone-veneer material. Some

-

Fig. 3.5.87(a), (b) & (c)

of Latter Day Saints, Lake Oswego, Oregon;
Architect: Lee, Ruff, Stark Architects;
and Leland Gray Architects.
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grades of silicone sealants are not recommended by
their manufacturers for applications on high-calcite con-
tent stone, as they may stain light-colored stones or may
cause a change in surface moisture—absorption charac-
teristics that can be seen whenever the stone is wet.

3.5.12.8 Repair

Should minor damage occur to the veneer stone dur-
ing shipping, handling, or erection, field remedial work
can be performed successfully. The precaster normally
does such repairs, with repair procedures developed in
consultation with the stone fabricator. If it is necessary
to replace a stone piece, satisfactory techniques have
been developed when the back of the panel is acces-
sible or after the panels have been erected and the
back of the panel is inaccessible.

3.5.12.9 Applications

Over the last 40 years, many structures have been
constructed with stone veneer—faced precast concrete
panels. Several examples are shown to illustrate the
use of the v