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PROPERTY DESCRIPTION

Historically known as the Sherman Clay & Company Building, the subject building is located at 211
Sutter Street (Assessor’s Block 0293; Lot 001) at the southwest corner of Sutter and Kearny Streets. It is a
Category I (Significant) Building within the Kearny-Market-Mason-Sutter Conservation District. The
building is located within a C-3-O (Downtown Office) Zoning District with an 80-130-F Height and Bulk
limit.

211 Sutter Street was designed by noted Bay Area architect George Applegarth in 1907. It is an eleven-
story steel frame structure that is clad in glazed terra cotta. The base of the building was modernized
sometime in the recent past; however, the upper-floors retain a high level of historic integrity. The
building facade is designed in a tripartite arrangement of base, shaft, and capital and displays a variety
of Neoclassical motifs.

PROJECT DESCRIPTION

The proposed work includes the partial replacement of the historic cornice along the Kearny Street
elevation with a glass fiber reinforced concrete (GFRC) cornice and selective spot replacement of terra
cotta with GFRC at the 8" and 9" -floors. Spalled or damaged terra cotta units along the Sutter Street
elevation at the cornice, 8", and 9*-floors will be repaired in place using epoxy or helical anchors.
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OTHER ACTIONS REQUIRED

None.

COMPLIANCE WITH THE PLANNING CODE PROVISIONS

The proposed project is in compliance with all other provisions of the Planning Code.

APPLICABLE PRESERVATION STANDARDS

ARTICLE 11

Proposition ] received voter approval in November 2008 and gives the Historic Preservation Commission
(HPC) authority to approve, disapprove, or modify Permit to Alter applications for designated
Significant or Contributory buildings. In appraising a proposal for a Permit to Alter, the Historic
Preservation Commission should consider the factors of architectural style, design, arrangement, texture,
materials, color, and other pertinent issues. Section 1111.6 of the Planning Code outlines standards and
requirements for the HPC to consider when reviewing a Permit to Alter.

ARTICLE 11 - Appendix E- The Kearny-Market-Mason-Sutter Conservation District

In reviewing an application for a Permit to Alter, the Historic Preservation Commission must consider
whether the proposed work would be compatible with the character of the Kearny-Market-Mason-Sutter
Conservation District as described in Appendix E of Article 11 of the Planning Code and the standards
and requirements for review as outlined in Section 1111.6 of the Planning Code (attached).

SECTION 1111.6 OF THE PLANNING CODE

Section 1111.6 of the Planning Code outlines the specific standards and requirements the Historic
Preservation Commission shall use when evaluating permits to alter. These standards, in relevant part(s),
are listed below:

(a) The proposed alteration shall be consistent with and appropriate for the effectuation of the
purposes of this Article 11.

(b) For Significant Buildings - Categories I and II, and for Contributory Buildings - Categories III
and IV, proposed alterations of structural elements and exterior features shall be consistent with
the architectural character of the building, and shall comply with the following specific
requirements:

(1) The distinguishing original qualities or character of the building may not be
damaged or destroyed. Any distinctive architectural feature which affects the overall
appearance of the building shall not be removed or altered unless it is the only feasible
means to protect the public safety.
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Portions of the cornice and terra cotta located at the 8" and 9"-floors require removal due to
severe deterioration of the underlying steel frame. The corrosion was caused by a gutter system
behind the cornice which lacked the proper slope and allowed water to eventually penetrate into
the building’s structural system.

The architectural character of the subject building will be maintained provided that those
materials and those features that contribute to the building’s overall appearance are replaced or
repaired shall be done so in-kind or using repair methods that are appropriate and that minimize
the loss of additional historic fabric .

(2) The integrity of distinctive stylistic features or examples of skilled craftsmanship
that characterize a building shall be preserved.

All architectural terra cotta should be salvaged, cleaned, protected, repaired and reinstalled where
possible in order to retain as much historic fabric as possible. All units that are beyond repair
should be replaced with new terra cotta.

(3) Distinctive architectural features which are to be retained pursuant to Paragraph (1)
but which are deteriorated shall be repaired rather than replaced, whenever possible. In
the event replacement is necessary, the new material shall match the material being
replaced in composition, design, color, texture and other visual qualities. Repair or
replacement of missing architectural features shall be based on accurate duplication of
features, substantiated by historic, physical or pictorial evidence, if available, rather than
on conjectural designs or the availability of different architectural elements from other
buildings or structures. Replacement of non-visible structural elements need not match
or duplicate the material being replaced.

The Department believes that the proposal should retain and repair as much historic fabric as
possible. Where the historic material is beyond repair, it should be replaced in-kind.

For architectural features that are beyond repair and require replacement, the feature should be
replaced with in-kind materials that match the historic fabric in terms of, location, detail, design,
scale, plane, texture, and finish.

(6) In the case of Significant Buildings - Category I, any additions to height of the
building (including addition of mechanical equipment) shall be limited to one story
above the height of the existing roof, shall be compatible with the scale and character of
the building, and shall in no event cover more than 75 percent of the roof area.

N/A

PUBLIC/NEIGHBORHOOD INPUT

The Department has received no public input on the project at the date of this report.
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ISSUES & OTHER CONSIDERATIONS

None.

STAFF ANAYLSIS

Based on the requirements of Article 11, Department has determined the following;:

Terra Cotta Repair and Replacement: The details and specifications provided by the Project Sponsor
regarding terra cotta repair appear to be consistent with the standard methods for terra cotta repair. The
Department understands the challenges outlined by the Project Sponsor regarding the technical and
economic feasibility of using terra cotta as opposed to GFRC. However, based on our analysis of the
proposed project against the Secretary of the Interior Standards, the Department has determined that the
most appropriate treatment for partial terra cotta replacement is to use in-kind materials to ensure closest
match to the surrounding historic fabric as it weathers with age.

Based on our interpretation of the Secretary of the Interior’s Standards, the Department believes that if the
entire cornice was beyond repair and required replacement, that there may be a stronger argument for
proposing GFRC as opposed to terra cotta. The replacement of an entire architectural feature (rather than
spot replacement) in a substitute material would not likely result in a noticeable visual divergence from
the historic terra cotta. Therefore, the Department believes that spot replacement as proposed by the
project sponsor should be preformed using new terra cotta units and not with a substitute material, such
as GFRC.

Based on the materials submitted by the Project Sponsor and the Memorandum submitted by Page &
Turnbull, dated June 29, 2010, the Department has determined that there is not enough documentation
that supports using GFRC in lieu of glazed terra cotta. Below are the Department’s concerns:

Color, Texture, and Finish: The information provided does support using GFRC in circumstances where
the exterior of the terra cotta unit has a brownstone finish; however, the Department is concerned that the
finish applied to the GFRC to replicate the glazed terra cotta as part of this proposal is not appropriate.
While the painted finish on the GFRC units may initially match the glazed terra cotta, there is no
information that demonstrates that it will age and weather in the same manner as the surrounding
historic fabric. Based on the Page & Turnbull report it appears that the finish to the GFRC may require
the application of additional coating systems in the future. There is also no information that indicates
that the finish applied to the GFRC panels will maintain sheen over an extensive period of time similar to
the characteristics of the historic terra cotta units.

Casting & Joints: The GFRC panels are proposed to be cast in dimensions that are larger than the
individual terra cotta units. Faux joints will be cast as a reveal and may be pointed with mortar to create
a joint pattern that matches the historic joints. True joints will be pointed with a urethane sealant to
allow for contraction and expansion. The Department is concerned that urethane sealant will weather
and discolor in a manner that would detract from the overall design and character of the building. A
negative result could be a visually noticeable outline around the GFRC panels and the areas where the
GFRC is keyed into the surrounding terra cotta.
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Exterior Profiles & Details: Acknowledging that the materials to be replaced are located on the 8%, 9t,
and 10%*-floors, the existing historic terra cotta units are a mixture of standard Neoclassical motifs that
mimic carved stone (dentils, fluted columns, etc.) and decorative elements that emphasize the plastic
nature of clay (female heads located above the cornice line). The Project Sponsor submitted a material
sample to the Department for review and there are concerns over the limitations of panelized GFRC.
While it is understood that the molds to create the GFRC panels will be created directly from the historic
terra cotta units, the information provided by the Project Sponsor does not demonstrate that the
proposed material will be able to maintain the unique characteristics of the units. While some of the
more shallow and geometric decorative features may translate well to GFRC, there are a number of
details that involve deep reveals and intricate forms that may not successfully translate to GFRC.

ENVIRONMENTAL REVIEW STATUS

The Planning Department has determined that the proposed project is exempt/excluded from
environmental review; pursuant to CEQA Guideline Section 15301 (Class One-Maintenance and Repair
of Existing facility) because the project is a minor alteration of an existing structure and meets the
Secretary of the Interior’s Standards.

PLANNING DEPARTMENT RECOMMENDATION

Planning Department staff recommends APPROVAL WITH CONDITIONS of the proposed project as it
appears to meet the Secretary of the Interior Standards for Rehabilitation.

ATTACHMENTS

Draft Motion

Plans

Specifications

Preservation Brief # 7: The Preservation of Historic Glazed Architectural Terra-Cotta
Preservation Bulletin #16: The Use of Substitute Materials on Historic Building Exteriors
Photographs
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Case No.: 2010.0448H
Project Address: 211 Sutter Street
Conservation District: Kearny-Market-Mason-Sutter Conservation District
Category: Category I - Sherman Clay & Company Building
Zoning: C-3-O (Downtown Office)
80-130-F Height and Bulk District
Block/Lot: 0293/ 001
Applicant: Tom Lewis
Tom Lewis Restoration
768 Brannan Street
San Francisco, CA 94103
Staff Contact Tim Frye - (415) 558-6625
tim.frye@sfgov.org
Reviewed By Sophie Hayward — (415) 558-6372

sophie.hayward@sfgov.org

ADOPTING FINDINGS FOR A PERMIT TO ALTER FOR MAJOR ALTERATIONS TO A
CATEGORY I (SIGNIFICANT) BUILDING, INCLUDING TERRA COTTA REPALCEMENT AT THE
8T, 9TH AND 10™-FLOORS FOR THE PROPERTY LOCATED ON LOT 001 IN ASSESSOR’S BLOCK
0293. THE SUBJECT BUILDING IS WITHIN A C-3-O (DOWNTOWN OFFICE) ZONING DISTRICT,
THE KEARNY-MARKET-MASON-SUTTER CONSERVATION DISTRICT, AND AN 80-130-F
HEIGHT AND BULK DISTRICT.

PREAMBLE

WHEREAS, on June 11, 2010, TOM LEWIS (Project Sponsor) filed an application with the San Francisco
Planning Department (hereinafter “Department”) for a Permit to Alter to replace terra cotta at the 8t, 9%,
and 10%-floors where the units are failing or access to the structural system behind is required for the
building at the subject building located on lot 001 in Assessor’s Block 0293, a Category I Building within
the Kearny-Market-Mason-Sutter Conservation District.

WHEREAS, the Project was determined by the Department to be categorically exempt from
environmental review. The Historic Preservation Commission (hereinafter “Commission”) has reviewed

and concurs with said determination.

WHEREAS, on July 7, 2010, the Commission conducted a duly noticed public hearing on the current
project, Case No. 2010.448H (“Project”) for the Permit to Alter.
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WHEREAS, in reviewing the Application, the Commission has had available for its review and
consideration case reports, plans, and other materials pertaining to the Project contained in the
Department's case files, has reviewed and heard testimony and received materials from interested parties
during the public hearing on the Project.

MOVED, that the Commission hereby grants the Permit to Alter, WITH CONDITIONS, and in
conformance with the architectural plans dated May 19, 2010 and labeled Exhibit A on file in the docket
for Case No. 2010.0448H based on the following condition(s):

Conditions:

1. All terra cotta proposed for replacement shall be done so in-kind with new terra cotta that
matches the historic units in dimensions, detailing, color, finish, texture, and profile.

2. As part of the building permit existing elevations, details, and sections along with the proposed
shop drawings showing all exterior profiles and dimensions will be forwarded for review and
approval by Planning Department Preservation Staff prior to production of the replacement
units.

3. Glaze samples shall be matched from historic terra cotta units that are cleaned using the gentlest
means possible and shall include an accurate range of the shade and tone of the building. All
glaze samples shall be reviewed and approved by Preservation Planning Staff at the job site prior
to production of the replacement units.

FINDINGS

Having reviewed all the materials identified in the recitals above and having heard oral testimony and
arguments, this Commission finds, concludes, and determines as follows:

1. The above recitals are accurate and also constitute findings of the Commission.
2. Findings pursuant to Article 11:

The Historical Preservation Commission has determined that the proposed work is
compatible with the character of the Kearny-Market-Mason-Sutter Conservation District as
described in Appendix E of Article 11 of the Planning Code:

= That the proposal respects the character-defining features of the subject
building and within Kearny-Market-Mason-Sutter Conservation District;

* That the architectural character of the subject building will be
maintained and those features that affect the building’s overall
appearance that are removed or repaired shall be done so in-kind.

*  All architectural elements and cladding repaired where possible in order
to retain as much historic fabric as possible.

= That the integrity of distinctive stylistic features and examples of skilled
craftsmanship that characterize the building shall be preserved; and
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= That all new materials shall match the historic material in composition,
design, color, texture and other visual qualities and shall be based on
accurate duplication of features.

For these reasons, the proposal overall, is appropriate for and consistent with the purposes of Article 11,

meets the standards of Article 1111.6 of the Planning Code and complies with the Secretary of the Interior’s
Standards.

3.

General Plan Compliance. The proposed Permit to Alter is, on balance, consistent with the
following Objectives and Policies of the General Plan:

I. URBAN DESIGN ELEMENT
THE URBAN DESIGN ELEMENT CONCERNS THE PHYSICAL CHARACTER AND ORDER
OF THE CITY, AND THE RELATIONSHIP BETWEEN PEOPLE AND THEIR ENVIRONMENT.

GOALS

The Urban Design Element is concerned both with development and with preservation. It is a concerted
effort to recognize the positive attributes of the city, to enhance and conserve those attributes, and to
improve the living environment where it is less than satisfactory. The Plan is a definition of quality, a
definition based upon human needs.

OBJECTIVE 1
EMPHASIS OF THE CHARACTERISTIC PATTERN WHICH GIVES TO THE CITY AND ITS
NEIGHBORHOODS AN IMAGE, A SENSE OF PURPOSE, AND A MEANS OF ORIENTATION.

POLICY 1.3
Recognize that buildings, when seen together, produce a total effect that characterizes the city and its
districts.

OBJECTIVE 2
CONSERVATION OF RESOURCES WHICH PROVIDE A SENSE OF NATURE, CONTINUITY
WITH THE PAST, AND FREEDOM FROM OVERCROWDING.

POLICY 2.4
Preserve notable landmarks and areas of historic, architectural or aesthetic value, and promote the
preservation of other buildings and features that provide continuity with past development.

POLICY 2.5
Use care in remodeling of older buildings, in order to enhance rather than weaken the original character of
such buildings.

POLICY 2.7
Recognize and protect outstanding and unique areas that contribute in an extraordinary degree to San
Francisco’s visual form and character.
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The goal of a Permit to Alter is to provide additional oversight for buildings and districts that are

architecturally or culturally significant to the City in order to protect the qualities that are associated with
that significance.

The proposed project qualifies for a Permit to Alter and therefore furthers these policies and objectives by

maintaining and preserving the character-defining features of the KMMS Conservation District for the

future enjoyment and education of San Francisco residents and visitors.

1. The proposed project is generally consistent with the eight General Plan priority policies set forth in
Section 101.1 in that:

A)

B)

O

D)

E)

SAN FRANCISCO

PLANNING DEPARTMENT

The existing neighborhood-serving retail uses will be preserved and enhanced and
future opportunities for resident employment in and ownership of such businesses will
be enhanced:

The proposed project is not neighborhood-serving; however, its continued use maintains and
strengthens the surrounding retail uses, many of them are locally-owned, by bringing visitors to
the area.

The existing housing and neighborhood character will be conserved and protected in
order to preserve the cultural and economic diversity of our neighborhoods:

The proposed project will strengthen neighborhood character by respecting the character-defining
features of the KMMS Conservation District in conformance with the Secretary of the Interior’s
Standards.

The City’s supply of affordable housing will be preserved and enhanced:

The proposed project will have no adverse effect on the City’s supply of affordable housing.

The commuter traffic will not impede MUNI transit service or overburden our streets or
neighborhood parking;:

The proposed project will not result in commuter traffic impeding MUNI transit service or
overburdening the streets or neighborhood parking.

A diverse economic base will be maintained by protecting our industrial and service
sectors from displacement due to commercial office development. And future
opportunities for resident employment and ownership in these sectors will be enhanced:

The proposed project would allow the existing establishment to resume its original operations
which will allow the hotel to retain and expand their current hotel staff.
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F)

G)

H)

21 Sutter Street: Kearny-Market-Mason-Sutter Conservation District

The City will achieve the greatest possible preparedness to protect against injury and
loss of life in an earthquake.

Preparedness against injury and loss of life in an earthquake is unaffected by the proposed
amendments. Any construction or alteration associated would be executed in compliance with all
applicable construction and safety measures.

That landmark and historic buildings will be preserved:

The proposed project in conformance with Appendix E of Article 11 of the Planning Code and the
Secretary of the Interior’s Standards.

Parks and open space and their access to sunlight and vistas will be protected from
development:

The proposed Permit to Alter will not impact the City’s parks and open space.

4. For these reasons, the proposal overall, meets the provisions of Article 11 of the Planning Code
regarding Major Alterations to Category I (Significant) buildings.
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DECISION

That based upon the Record, the submissions by the Applicant, the staff of the Department and other
interested parties, the oral testimony presented to this Commission at the public hearings, and all other
written materials submitted by all parties, the Commission hereby GRANTS Permit to Alter
Application, 2010.0448H attached hereto as “EXHIBIT A” which is incorporated herein by reference as
though fully set forth.

APPEAL AND EFFECTIVE DATE OF MOTION: APPEAL: Any aggrieved person may appeal this
Motion to the Board of Appeals within fifteen (15) days after the date of this Motion No. XXXX. The

effective date of this Motion shall be the date of this Motion. For further information, please contact
the Board of Appeals in person at 1650 Mission Street, (Room 304) or call 575-6880.

I hereby certify that the Historical Preservation Commission ADOPTED the foregoing Motion on July 7,
2010.

Linda D. Avery
Commission Secretary

AYES:
NAYS:
ABSENT:

ADOPTED: July 7, 2010
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MEMORANDUM

DATE June 29, 2010 PROJECT NO. 10126

TO Timothy Frye PROJECT NAME 211 Sutter Street/161 Kearny
Street

OF Department of City Planning FROM Erin McCloskey

City of San Francisco

cc File VIA E-mail/hatd copy

REGARDING TERRA COTTA REPLACEMENT WITH GLASS FIBER REINFORCED CONCRETE (GFRC)

Background:
Page & Turnbull were asked by the project sponsors and Lewis Restoration to review a proposed

program of repair for the existing terra cotta on the upper part of the Kearny and Sutter Street facades
of 211 Sutter Street/161 Kearny Street. We were provided drawings and specifications prepared by
Lewis Restoration and Murphy Burr Curry, Structural Engineers, together with a project manual
relating means and methods of proposed repair. Carolyn Kiernat, AIA, principal, and Erin McCloskey,
materials specialist, made a site visit on June 24, 2010 and recorded the conditions discussed herein.

Designation:
211 Sutter Street, the former Sherman Clay Building, is a Category I (significant) building under Article

11 of the San Francisco Planning Code, a contributing building within the Kearny-Market-Mason-
Sutter Conservation District, and is rated ‘B’ (of major importance) in the book, Splendid Survivors.
As such, it is a historic resoutce for purposes of environmental review, and the Historic Preservation
Commission may comment upon alterations or repairs that might alter the appearance of the building.

Removal of Terra Cotta:

As discussed in Lewis Restoration’s letter to the Historic Preservation Commission, dated May 19,
2010, exploratory demolition of the terra cotta cornice at the Kearny Street fagade has revealed
extensive damage to the structural steel in the form of severe corrosion and substantial loss of section
(Figures 1 - 4).

The contractor and structural engineer have explored the use of cathodic protection as a means to
prevent further corrosion growth. A mock-up of the system has been conducted, however it has
become clear that, due to limited access to the steel section, only partial protection of the steel is
possible. The system could protect only the bottom flange of the beam, leaving the top flange and the
beam-to-column connections vulnerable.

The cause for corrosion is due to a poorly designed gutter system, lacking proper slope to drains. The
gutter system, located at the top side of the cornice, has allowed water to penetrate through the terra
cotta cornice and into the wall system. As part of this project the gutter system will be redesigned to
propetly shed water.

The severely deteriorated condition of the steel described above warrants selective replacement of
beams and columns. The terra cotta cornice at the Kearny Street Facade below the gutter and above
the ninth floor must be removed to allow access to the existing steel beams and columns that are to be
replaced. After the terra cotta is removed and the deteriorated steel is replaced, a new cornice will have
to be installed. The remainder of this document outlines cornice replacement options, discusses the
recommended approach, and addresses questions raised by the Planning Department.
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MEMORANDUM 2

Standards Analysis:
Under the Secretary of the Interior’s Standards for the Treatment of Historic Buildings (The

Standards), Standards for Rehabilitation, the following Standard applies:
#6 Deteriorated historic features will be repaired rather than replaced. Where the severity of deterioration
requires replacement of a distinctive feature, the new feature will match the old in design, color, texture, and,
where possible, materials. Replacement of missing features will be substantiated by documentary and physical
evidence.

Per the Standard for Rehabilitation, the following Guideline applies:
Replace Deteriorated Historic Materials and Features - Following repair in the hierarchy, Rebabilitation
guidance is provided for replacing an entire character-defining feature with new material because the level of
deterioration or damage of materials precludes repair (for example, an exterior cornice; an interior staircase; or a
complete porch or storefront). If the essential form and detailing are still evident so that the physical evidence can
be used to re-establish the feature as an integral part of the rehabilitation, then its replacement is appropriate.
Like the guidance for repair, the preferred option is ahways replacement of the entire feature in kind, that is, with
the same material. Because this approach may not always be technically or economically feasible, provisions are
made to consider the use of a compatible substitute material. 1t shonld be noted that, while the National Park
Service guidelines recommend the replacement of an entire character-defining feature that is extensively
deteriorated, they never recommend removal and replacement with new material of a feature that--althongh
damaged or deteriorated--conld reasonably be repaired and thus preserved.

Replacement:

Due to existing failures (glaze crazing, in-plane cracking of the bisque, bisque spalling, and corrosion
of unit anchors) as well as the age of the terra cotta, reinstalling the salvaged terra cotta material is not
recommended (Figures 5 & 6). Per The Standards, the ideal replacement material would be terra
cotta. However, in this situation both technical and feasible issues are present and replacement in-kind
would prove to be a substantial hardship. Glass Fiber Reinforced Concrete (GFRC) is proposed as a
substitute material.

Technical Feasibility — In order to replace the structural steel, the terra cotta and the masonry fill wall
behind the terra cotta will be removed. Replacing with new terra cotta would require installing new
steel and concrete reinforcement, hanging the terra cotta off the steel, then pouring the concrete infill
wall from the interior side of the wall. Doing so would likely impact historic decorative finishes at the
interior. Installing GFRC, which is lighter in weight than terra cotta, could be installed entirely from
the exterior, with no impact to interior finishes, and would require less structural work to support it.

An additional concern with constructability is access to the site. If terra cotta is used as the
replacement material, a crane would be required for installation. Many of the replacement pieces weigh
over three hundred pounds each, making installation by human labor unsafe and hazardous. Due to
traffic impact and transit cables, use of a crane would be limited to Sundays. As a result, the schedule
and budget would grow substantially. The use of lighter weight GFRC would mitigate this issue.

Economic Feasibility — The extensive deterioration of the steel structure was an unforeseen condition
prior to the start of construction. While some repair and investigation to the terra cotta was
anticipated, replacement of structural steel was not scoped, nor was it budgeted as part of this project.
Once it became known that the terra cotta would need to be removed, both terra cotta and GFRC
were priced as a replacement material. The cost for replacing the cornice with new terra cotta would
be double the cost of replacing it with GFRC.
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MEMORANDUM 3

GFRC Technical Characteristics:

Architectural Facades Unlimited’s specification section 03490 Glass-Fiber Reinforced Precast Concrete
provides information about the product’s composition, mix design, fabrication and installation. The
following is additional information to address questions raised by the Planning Department.

Finish — Typically, the color of the GFRC unit is integral with the cast, requiring no coating. In this
case the terra cotta has a sheen which cannot be duplicated by integral color and therefore the GFRC
will be painted prior to installation. The color is determined by matching the existing terra cotta color
through samples and mock-ups. This project proposes a range of three colors to be used in the GFRC
pallet to ensure that the cornice is not presented as one continuous color. The new GFRC would
match the field of color of the surrounding terra cotta. While it is unlikely that a light-colored
composition would lighten over time, if differences in color develop, a coating system is available for
application at a later date as part of a routine maintenance plan.

Casting — Since GFRC is lighter in weight than terra cotta, it is typical for multiple units to be cast as
one larger piece to improve durability and to lower cost and installation time. When this occurs, the
faux joints are cast as a reveal so visually the joint pattern reads as it did before. Additionally, mortar
can be installed in these reveals to simulate the look of a real mortar joint. Mortaring the reveal joint
would be the proposed method for faux joints at 211 Sutter.

Expansion Joints — True joints between GFRC units will be urethane sealant joints which would allow
for expansion and contraction between the units. Like any type of joint or sealant, these joints would
require maintenance and would need to be evaluated, repaired and replaced throughout the life of the
building.

Joint at GFRC-to-Terra Cotta — 1deally, the joint between the GFRC and the terra cotta would not be a
miter joint at the corner, but rather the GFRC would turn the corner to the Sutter Street facade and
stop at an ideal location, approximately seven feet from the corner. The terra cotta units are a keyed
system and existing joints do not line up in a straight line, requiring the GFRC units to key into the
terra cotta units. Like any GFRC replacement surrounded by a field of terra cotta, design of the
replacement piece must take into consideration the expansion and contraction of the two different
materials. The joint between the GFRC and terra cotta would be a urethane joint to allow for
expansion and contraction.

Quality Assurance:

Architectural Facades Unlimited’s specification section 03490 Glass-Fiber Reinforced Precast Concrete
outlines several requirements with respect to quality assurance. Page & Turnbull agrees with these
requirements and considers them to be in accordance with industry standards.

Submittals — Submittals are required for the following:
o Product Data

Shop Drawings

Finish Samples

Plant Records

Certifications

Manufactures Qualification

Installer Qualifications

Welder Qualifications

O 0 0O 0 O 0 0O
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Mock-ups — The following mock-ups are required:
o Surface Preparation
o Application
P&T recommends further definition of the mock-up. The mock-up should include a factory
mock-up of a minimum of five linear feet of the full cornice, showing attachments, final finishes
and installed mortar joints.

Independent Testing — The owner’s independent testing agency is allowed to have access to material
storage areas, concrete production equipment, concrete placement, and curing facilities.

ASTM and PCI Standards — Multiple ASTM and PCI standards are referenced and it is specifically
stated that the work is to be in accordance with these standards.

Discussion:

The replacement of the terra cotta with GFRC will take place primarily at the Kearny Street facade,
approximately 106 feet above street level. The project will ensute that the GFRC matches the terra
cotta in color, texture, dimension and profile. To avoid falsifying the replacement as original material,
per the Standards, the replacement GFRC will be such that a trained specialist in close proximity to the
material would be able to distinguish what is new from what is original.

Because GFRC and terra cotta are inherently quite different materials, we understand the potential
concern of the Planning Department that the two materials will either display a difference in color and
texture that is immediately apparent or will develop differing appearance over time.

Approximately twenty years ago, the terra cotta cornice at the Fairmont Hotel was replaced with
GFRC. Today, observation from street level shows the cornice to have good color, not faded, and is
well blended with the adjacent facade (Figure 7).

GIRC has become an acceptable substitute material for terra cotta within the preservation and
construction industry. Architectural Fagade Unlimited has completed work on the following projects
using GFRC as a replacement material:

Fairmont Hotel
Chronicle Building at 690 Market Street
One Kearny Street

We understand that the very best method of repair would be selective replacement of terra cotta
blocks with new terra cotta blocks cast to match. As it happens, this ‘best method’ is infeasible from a
logistical, construction, and budgetary standpoint. In lieu of making no repair, GFRC replacement
proposed for the Kearny Street cornice appears to us to be legitimate and timely. If the specifications
and ASTM standards are adhered to, this replacement material will not impair the historic qualities of
the building, and will ensure continuation of the handsome appearance of this building for years to
come.

Because the steel that supports the existing Sutter Street cornice appears to be sound, we recommend
that this section of cornice be repaired and retained in place. We are confident that the replacement
cornice along the Kearny Street facade will sufficiently match the existing terra cotta cornice along
Sutter Street so that no significant visual difference will be perceived from street level below.
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Figure 1: Corrosion of anchors. Source: Page & Turnbull, June 24, 2010.
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Figure 2: Corrosion of steel column and beams. Source: Page & Turnbull, June 24, 2010.

Figure 3: Corrosion of steel beam, scaling and loss of section. Soutce: Page & Turnbull,

June 24, 2010.
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Figure 4: Corrosion and failure of steel column at corner, supporting steel beams at both
Kearny and Sutter Street facades. Source: Page & Turnbull, June 24, 2010.
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Figure 5: Bisque spall due to corrosion of steel anchors. Arrow shows location of in-plane
cracking. Source: Page & Turnbull, June 24, 2010.
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Figure 7: Fairmont Hotel cornice. Source: Page & Turnbull, May 25, 2010.
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768 Brannan Street San Francisco, CA 94103  415-734-9030 phone 415-734-9035 fax

www.lewisrestoration.com tom@lewisrestoration.com Lic. # 838150

May 19, 2010

Preservation Commission
211 Sutter Street, San Francisco

Repair, Replace and Stabilize Damaged Steel and Terra Cotta

Findings:

A. Significant corrosive damage has occurred to the 8", 9" and 10" floors of the Kearny Street
elevation. The terra cotta is severely damaged as a result. The corrosion of the steel on
Kearny Street needs repair and replacement

B. Core sampling, testing analysis and exposure of the steel at these floors on the Sutter Street
elevation have not revealed corrosive damage of the same level as the Kearny Street
elevation. The terra cotta is moderately damaged and needs repair. The corrosior of the
steel on Sutter Street needs to be stabilized.

C. The corner of Kearny and Sutter exhibits severe corrosive damage to the steel column
resulting in severe damage to the terra cotta.

List of Solutions:

1. Steel and Terra Cotta Repairs
a. Kearny Street: Severe corrosion affecting the steel girder beam at gridline D and
columns #2, #3 and #4 requires that the columns will be repiaced. In order to complete
this work thoroughly and safely, the terra cotta at the cornice below the gutter and
above the 9" floor will be removed to allow access to the existing steel. After the steel
columns and beam are replaced the cornice and it's architectural elements will be
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replaced with GFRC (glass fiber reinforced concrete panels) from molds that replicate
the existing terra cotta. A new gutter will be installed as described under “gutter repair.”

b. Sutter Street: Except for the corner at Kearny Street the steel corrosion on the Sutter
Street elevation at the 8"‘, o™ and 10" floors is mild to moderate. There is severe
corrosion showing in some of the corbels at the comnice. Those will be repaired with
stainless steel anchors in epoxy or helical anchors. This work is part of the original
contract. Left unchecked the current condition of corrosion on Sutter Street will
increase to a severe level over the next ten years. The corrosion is already strong
enough to have deflected some of the terra cotta elements at the cornice and
destroying one. Therefore, left unchecked falling hazards are eminent. We are
recommending cathodic protection. Cathodic protection places anodes in the
cementious material next to the steel members running an electrical current that keeps
the corrosion in check. We are looking into the feasibility of this protection. The cost
will be a fraction of the cost is required to repair the Kearny Street elevation.

2. Terra Cotta vs. GFRC:

We are proposing that the damaged terra cotta be replaced with GFRC. Considerations for the
choice of replacement material include availability, cost and code requirements. There is
president for GFRC as a replacement for terra cotta. It has been used on the de Young
building restoration at Kearny and Market and the Fairmont Hotel cornice replacement project.

| have spoken with Gladding McBean the original fabricator of the Sherman Clay Building terra
cotta. If the material was ordered today it would not be delivered until approximately January
2011. The structural steel damage in the building is severe and cannot wait until the end of
the year. We are estimating that the cost of new ter:a cotta for the cornice at Kearny Street
and miscellaneous elements will be in the $500,000 dollar range or greater. New structural
steel designed for seismic loading of a new terra cotta cornice is undetermined but in
consideration of the proposed repair cost would be no less than $ 1560,000. In addition, new
terra cotta would have to be installed with a 100’ crane that would sit on the Sutter Street
elevation and could only be operational on weekends due to traffic. There is no option for
parking the crane on Kearny Street because of the transit wires. The GFRC panels are light-
weight enough to be hoisted from the scaffold and lifted into place manually.

The budget for installing GRFC replacement overall including all costs and labor will be
approximately 1.3 million. The cost for installing terra cotta will be more than double.

3. Attached below is a process for the installation of the GFRC replacement.
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768 Brannan Street San Francisco, CA 94103 415-734-9030 phone 415-734-9035 fax

www.lewisrestoration.com tom@lewisrestoration.com Lic. # 838150

May 19, 2010

Subject:

211 Sutter Street, San Francisco
Selective Terra Cotta Removal at 8", 9" floor and Cornice
Per Permit # 201003269073-F

Specification for Selective Terra Cotta Removal:

A. A conditions survey will be conducted to determine the areas of damaged terra cotta and the

cause of the damage. If selective removal is necessary to uncover the extent of the damage
to the terra cotta and the supporting steel the following procedures shall take place.

. Prior to selective removal each individual architectural terra cotta element of the fagade is to
be identified. A specific description of each element shall be recorded. The dimensions of
each element shall be listed with the description. A secure alphanumeric system to catalogue
each element to be removed will be established. The system shall not change during the
course of removal unless all the elements are re-classified with the new system. The
elements that are removed will remain on site. If there is no room to store the elements safely
on site, the elements shall be stored in a secure warehouse location within a 5 mile radius
dedicated to housing the elements. The location shall be accessible to the owners, contractor
and architects.

. Before removal there shall be a thorough study of all historic and original structural drawings to
pre-determine the configuration of structural, supporting and anchorage steel. Selective
removal shall begin with the most damaged elements identified in the conditions survey. The
selective removal shall not damage or increase damage to the structural steel. The
anchorage steel that is cut will be saved for examination where possible. All cuts to the terra
cotta will be made along mortar joints where possible. If cuts cannot be made along the
mortar joints a cut shall be made where the element can be restored or mended. The initial
selective removal shall proceed until a full scope of the structural steel and anchoring system
can be identified. Conditions of the steel will be documented. The exiting configuration of the
structural steel and anchorage system will be documented and verified with original drawings.

. If structural damage is present, the damage will be tested and a procedure for stabilization,
repair or replacement will be designed. All the damaged steel should be exposed where there
is evident of a falling hazard.

This concludes the selective removal section. A design for remedies and repairs will be described in
a separate document.

Respectfully Submitted,

Tom Lewis
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SAW CUT AROUNC SPA
AS RECTANGULAR AS

SUBSTRATE ADDITIONALLLED AREA OR HO
OR TO SOUND BASE. POSSIBLE. CUT

IN SECTION GLAZE SPALL AND SURFACE
LING OF DEEP REPAIR— EDISON COATING
INC. "THIN FILL 55

2. DEEP REPAIR— EDISON 'CUSTOM SYSTEM 45’
3. CRACK REPAIR— EDISON 'FLEXIWELD 530° FOR

CRACKS 1/32-}' DEEP
PREPARE SURCACE DY, CHPFRING 4. GLAZE REPLACEMENT— EDISION ‘AQUATHANE
VACUUM UA-210E
CLEAR: UA210E w/ TYPE G BONDING ADDITIVE
PIGMENTED: UA210E w/ PRIMER #240
EW STANLESS STEEL PINS 1/4°
*"0.C. MAX. WHEN "D° EXCEEDS
SSTONI-%{PRECAST ONLY). DRILL
S. PINS
N JAHN MBO ANCHOR GROUT.

2 MIN.

1
o — -

> 4
e —
b
4 .
-+

Z;vgmoéo' EXCEEDS 1 1/4°
: ALLED OVIDE 1/2x1/2—14x14 S.S.
T o aorex  ESIGHE W.W.F. FOR TERRA—COTTA ONLY

SPALL REPAIR METHOD FOR TERRA COTTA AND/OR STON
DETAIL NOT TO SCA
NOTES:

1) REPARS TO MATCH EXISTING TERRA-COTTA OR STONE IN COLOR, SHAPE AND TEXTURE.

2) APPLY THE MORTAR MIX USING A TROWELL TO A MAXIMUM THICKNESS OF 3".

3) BUILD UP PATCHING MATERIAL SLIGHTLY ABOVE ADJACENT MASONRY SURFACE.
4) FOLLOW MANUFACTURFR'S INSTRUCTIONS AND RFCOMMFNDATIONS.
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Composite Repair Compounds for
Stone, Masonry & Concrete

The Palladium Building, New Haven, CT, Listed, National Register of
Historic Places, shown here 22 years after application of more than 16,000
Ibs. of repair mortar, remains an ongoing testimonial to the exceptional
durability, compatibility and aesthetics provided by Custom System 45.




Custom SYSTEM 45

Edison Custom SYSTEM 45 products are
two-component, latex-modified, cementitious
compounds used to produce highly durable
and compatible aesthetic repairs to masonry
and concrete. They may also be used as
stone-like finishes on a variety of other
substrates.

Over the course of three decades of successful
application on historic restoration projects,
Custom SYSTEM 435 masonry repair mortars
have been matched to over three thousand
different types and colors of natural stone,
concrete and clay masonry. Ten distinct base
formulas are used:

SUBSTRATE

BL BLUESTONE

 ® BRICK

o ARCHITECTURAL CONCRETE

- oR GRANITE

- 1c LIMESTONE & CALCAREOUS CAST STONE
MR MARBLE i
D SILICEOUS SANDSTONE & BROWNSTONE

T SLATE

S 'PORTLAND CEMENT STUCCO

- ¢ | TERRA COTTA & BRICK |

For custom masonry repointing mortars, refer to the
product data for SPEC-JOINT 46. For complete
cement plaster replacement systems, refer to the product
data sheet for CEM-PLAST 54. For ratural ce{gem
systems, see Rosendale Natural Cement Products

In each case a mechanically compatible
formulation is prepared, based on suitable
aggregates of similar composition, color and
gradation to the material being repaired. Final
color adjustment is achieved, where required,
using low levels of highly stable inorganic
pigments and fillers.

Custom SYSTEM 45 has provided durable,
inconspicuous repairs on a wide variety of

structures, including churches, schools,
monuments, post offices, courthouses,
university buildings, hospitals, libraries,

railroad stations, apartment buildings, hotels,
office buildings and private residences.

CASTING & COATING GRADE
ARINE & IMMERSION GRADE
- MMERSIOH GRAD)

FEATURES:

Custom SYSTEM 45 has been formulated to
provide an optimum balance of the most
important performance properties. These
include:

High Adhesive Bond Strength
High Dimensional Stability

Substrate-Specific Coefficient of
Thermal Expansion

Low Modulus of Elasticity

Compatible Liquid and Moisture Vapor
Permeability

Natural Appearance
Excellent Workability

All of these properties influence the long-term
performance and compatibility of the repair
with the substrate,

High Tensile Bond Strength (Adhesion)

Tenacious adhesion to all types of properly
prepared concrete and masonry surfaces is a
primary performance requirement for any
repair material. High tensile bond strength 1s
of primary importance, because the other
performance properties are irrelevant if the
product is no longer bonded to the substrate.

Custom  SYSTEM 45 latex-modified
cement-based mortars achieve higher direct
tensile bond than the competitive unmodified
mortars. Performance exceeds recommended
minimum levels indicated in ICRI Guideline
03733, Guide to Selecting and Specifying
Concrete Repair Materials.

Low Modulus of Elasticity (Stiffness”)

Of critical importance to the durability of
masonry repair materials is the elimination of
stress between the repair mortar and the host
substrate. Materials whick are low in modulus
of elasticity (low in “stiffness”) deform to
relieve stress, as opposed to more rigid, higher
modulus materials which may distress
adjacent low strength substrates.

Custom SYSTEM 43 latex-modified mortars
are able to achieve compressive strengths
similar to the substrate being repaired while
maintaining lower modulus than the host
material. This assures that the repair mortar
always behaves as the softer material,



relieving stress and preventing damage
or premature failure,

Appearance: Excellent aesthetic results
are achieved, because color and texture
are closely matched to the existing
masonry. Repairs can be virtually
indistinguishable from original work,
and both accelerated weathering
(ASTM G-53) and natural exposure
testing assure Jong-term color retention.
Formulations are UV-stable and non-
yellowing.

Dimensional Stability: Practical field
experience indicates that materials
exhibiting high drying shrinkage are
likely to crack and fail prematurely.
ICRI Guide #03733 encourages the use
of materials with low shrinkage, which
is defined as less than 0.05% drying
shrinkage. Custom SYSTEM 45 meets
this requirement, without the use of
expansive components or formation of
ettringite to compensate for shrinkage.
The result is low stress cure and crack
free, durable repairs.

Cousistency: Custom SYSTEM 45 is
more reliable and consistent in
appearance and performance than
competitive non-latex mortars or simple
field-mixed mortars. Color,
composition and quality are rigidly
controlled in the manufacturing process,
and critical ingredients are
single-sourced to eliminate variations,
even on projects extending over months
or ycars ard requiring many production
batches. The two components are
simply mixed together and applied,
eliminating any influence by variations
in local aggregate, cement or water
compositions. Under most normal
application conditions, proper curing
and strength are achieved without
special procedures or prolonged wet
curing.

Permeability: Custom SYSTEM 45’s
latex-cement comatrix retains excellent
moisture vapor permeability (>20
perms at 2" depth), avoiding moisture
entrapment at the patch/substrate bond
line. Liquid moisture permeability is
comparable with substrate permeability,
allowing repairs to meet the dual
objectives of restoring  building
envelope integrity against moisture
infiltration, while allowing internal
moisture to escape harmlessly.

Thermal Expansion: Coefficient of
thermal expansion for each grade of
Custom SYSTEM 45 is matched to
expansion cocfficients of the substrate,
allowing long-term durability in exterior

| TYPICAL PERFORMANCE PROPERTIES |

Moisture
ASTM E96

Dryin
Shrinkage

| ASTM C157

Direct .
H 205 psi
Adbesion Tensile Bond
ASTM C1042 | 1320 psi

12-23 perms
@ %" depth

<0.05% Low

LINEAR COEFFICIENT OF

Sondstone/
Siliceous

EXPANSION, IN./IN./*F

THERMAL
x 106

exposures which are subject to wide
temperature variations.

Composition: Part “A” (Restoration
Latex RL-I) is a unique, proprietary
self-crosslinking acrylic emulsion. Part
“B” is a cement-based blend of select
graded aggregates, additives, fillers and
pigments, with performance and
workability-enhancing admixtures. No
chlorides, added gypsum or corrosive or
deleterious additives are used.

Workability: Products are formulated
for excellent workability under a wide
range of repair situations. Product is net
formulated for fast set or rapid
hardening, permitting fine tooling,
carving, shaving, grooving or sculpting
in the period following initial set.
Standard non-sag consistency allows
unsupported build-up of up to 2" on
vertical surfaces without sagging, up to 1
inch on overhead applications. Optioral
RL-2 superplasticized grade liquid
allows material to be cast in forms
without changing strength or color.

Constructability: Custom SYSTEM 45
is “user-friendly”. The product allows
some adjustment in working consistency
and supports a wide range of acceptable
application and finishing methods. In
most cases special curing is not required,
assuring that satisfactory results are
obtained under a wide variety of
conditions.

Worker Training: Edison Coatings
conducts “hands-on” training workshops
on a regular basis. This optional course
helps workers achieve optimum results
with maximum efficiency. “On-Site”
training is also available, to help entire

crews achieve high-quality, cost-
| effective repairs snd to address
job-specific challenges. Current

workshop schedules can be found on our
web site “Calendar” page and additional
information on “in-house™ and “on-site”
programs can be found on the “Training”
page at www.edisoncoatings.com.

Safety: Products are non-corrosive,
non-flammable, non-combustible and
contain no toxic solvents, monomers or
diluents. Low odor allows interior as
well as exterior application. Powder
components are formulated and graded
to exclude toxic crystalline silica.

THE COLCGR & GRADE SELECTION
PROCESS

Custom SYSTEM 45 is available in 10 standard
grades and over 3000 colors. Test kits and custom
color matching services are available at nominal
costs. For best results, send cleaned samples of



the substrate to be repaired to Edison Coatings, Inc. for free evaluation.

Edison Coatings regional dealers often stock the formulations most
commonly used in their area. Call for the nearest stocking dealer
location.

The following are key elements in successful color selection:

1. Choose representative samples for matching. Choose color on the
basis of the actual range of colors on the building. Samples should be
cleaned in the same manner, using the same cleaning agents that will be
used for general building cleaning. Indicate the portion of the sample to
be matched by circling the appropriate area, or by placing an “X” in a
corner of the side to be matched.

2. Use multiple colors. Stone and masonry are often variable in color,
and better overall match is often achieved through use of more than one
color of Custom SYSTEM 45. Intermediate shades can be produced by
blending light and dark shades of Custom SYSTEM 45 in any proportion.

3. Install test patches. The most accurate way to evaluate visual
compatibility is through in situ test patching. Allow adequate cure time
before final evaluation. Initial color should be darker than the substrate.

APPLICATION:

1. Surface Preparation: Durable, effective repairs require clean, sound
substrates. Remove all contaminants, coatings, efflorescence, unsound masonry
and inappropriate previous repair mortars. If large or deep repairs will be
otherwise unsupported, m:echanical keying or anchoring is recommended. The
decision to anchor should be based on structural requirements, the condition of the
substrate, patch: dimensions and weight, ard the extent to which patch integrity
will otherwise rely on adhesion alone. Such decisions and details concerning
spacing and configuration are frequently best made in consultation with a
qualificd professional. Good restoration practice should always be observed.

2. Application: Custom SYSTEM 45 may be applied by trowel, spray,
casting-in-place or other commonly used repair techniques. Note: Sponge
floating is #of reccmmended, as it introduces extra water and affects color.

Standard latex component RL-Iprovides good hand workability under a varicty of
application methods and conditions. RL-2 superplasticized liquid produces highly
fluid consistencics, facilitating casting and coating without introducing extra
liquid or changing color and strength. RL-3 provides superior adhesion and
durability for repairs subject to prolonged wet exposure or immersion. RL~4
provides higher permeability for repairs subject to high humidity differentials or
intermittent negative side moist exposures. RL-3 is a hot weather grade, providing
extended working life at tcmperatures above 85F. RL-6 is 2 cold weather
formulation, designed 10 accelerate initial set, to prevent disruption by freczing.
Custom combinations of special propertics (c.g. RL2/6 superplasticized/cold
weather) are also available.

a. Priming: For best adhesion, do not apply product to dry surfaces. Sturry coating
is the preferred method of priming, using 2 thin brush coating of 1 part Custor: 45
hiquid and 3 parts powder. For best results, apply patching mortar immediately
after priming. Do not allow slurry coat to dry out before patching mortar
placcment.

b. Mixing: Best results are obtained when Part A and B are mixed together at
consistent proportions. Determing the powder to liquid proportion which works
and handlcs best for your particular application and Custom SYSTEM 45
formulation. and then measurc the same proportions for each mix. Mix ratios are
generally between S5:1 and 7:1 by weight, or between 3 gts. (3 liters) and 5 quarts (5
liters) per 45-pound (20 kg) pail. Good results can also be obtained by thorough
hand mixing. Do not mix more material than can be applied in about 15 minutes
Product will adkerc and “hang™ most cfficiently if not mixed too wet.

¢. Cold Weather: Minimum temperature for optimum color control is S0°F
(10°C). While good mechanical results are obtained at temperatures above 40°F
(4°C). color development tends to be lighter at low temperatures. For optimum
color control. temperature must be above minimum at time of application, and
must be maintained until product has dried thoroughly. Drying time may vary
from an hour or two (thin patches. warm and dry weather) to overnight (decp
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E-mail: edison@edisoncoatings.com

Edison Coatings products are for commercial

warranty, except for such replacement, express or implied, is in effect. An

3 Northwest Drive, Plainville, CT 06062
Phone: (860) 747-2220 or (800) 341-6621

patches, cool and damp con-
ditions). At temperatures be-
low 50F (106 C), use of RL-6
winter grade latex is recom-
mended to accelerate curing,

Store SYSTEM 45
componcents in a heated area
until just betore use. Do not
patch frozen surfaces. Hot
water rinsing of surfaces can
help  achieve minimum
temperatures under marginal
conditions.  If  auxiliary
heating is used, do not direct
hot exhaust gases at patches.
Moderate temperatures and
air flows work best, and heatcd air is preferable to burner exhausts, which arc high
in CO and CO,.

d. Hot Weather: Storc materials in a cool place, out of direct sun. Dampen
surfaces thoroughly with cold water prior to application to reduce suction and slow
product drying. Do not thin excessively or retemper with additional liquid or
water. To improve hot weather workability, shade work arcas from direct sun, and
usc Restoration Latex RL-5 to extend working time. Lightly mist surfaces or
drape dampencd burlap to allow a minimum of 2 hours’ moisture after application.
Over-thinned or rapidly-dried surfaces may devclop plastic cracking shortly afier
application. Remove and replace any such cracked patches.

e. Interr=ption: If work will be interrupted due to drop width or other Iimitations,
always try to work to an inconspicuous “break”, such as a column line or ledge.

f. Color Blending: On masonry exhibiting unit-to-unit color variations, morc
than one custom color may be noeded to achieve inconspicuous repairs. Generally,
varicd blends of patch colors are less conspicuous than a single. uniform repair
color. Alternatively, an intcrmediate shade should be sclected, and color shading
can later be achicved using EXPO 43 cement-based coating or EverKote 300
minezal stain, which may be applied to all or part of the units which are repaired.
To blend fresh patch appearance witﬁ weathered adjacent original
materials, use LiquiDirt 94.

g. Finishing & Carving: Product set is not accelerated. Build material stcadily,
using a light sweeping stroke, and allowing material to “fatten” for several minutes
between applications. Finishing times may be varied to suit the mechanic. ard
while some prefer to tool and finish immediately, whilc product remains in a
plastic state. others prefer to wait until initial set, typically an hour or so after
application. Product is easily shaved in this stage of hardening, but may be carved
at any time afler application. Some additional {inishing is also possible the
following day. For very deep repairs, consider forming and pouring full-depth in
asingle application using Custora System 45 mixed with RL-2 Restoration Latex.

h. Curing: Product should be allowed to dry curc after a brief initial moist period.
Do not steam clean or pressure wash patches which have not fully curcd.
Application in direct sun will produce temporarily robust colors, which will tone
down to the “normal”color after a brief period of natural exposure. Color
adjustment can also be achieved during cure by application of SYSTEXM
90-W-Color or EverKote 300. SYSTEM 90-W-Color is also available in several
translucent shades which simulate the patina of aging. to give repairs a more
“weathered” appearance. For best long-term durability, SYSTEM 96-# can be
applied to all masonry and patch surfaces.

3. Storage & Handling: Proper care should be taken when handling
cement-based materials, to avoid skin and cye contact and avoid breathing dust.
Somc formulations contain free silica, and proper NIOSH-approved silica dust
filters should be uscd. Products should be stored in a dry placc, off the ground or
floor, at modcrate temperaturcs. KEEP FROM FREEZING. For complete safety
and handling information, refer to Material Safcty Data Sheets furnished with this
product. Shelf life for properly stored matenal is minimum of 1 year from
date of production.

FOR COMMERCIAL & INDUSTRIAL USE

Rev. 1/2010

Fax: (860) 747-2280 or {866) 658-1189

Internet: www.edisoncoatings.com



MATERIAL SAFETY DATA SHEET

HMIS RATINGS
EDISON COATINGS, INC. IN CASE OF EMERGENCY, E—T—
CALL INFOTRAC - 0
3 NORTHWEST DRIVE _ HEALTH: 3
PLAINVILLE, CT 06062 1-800-533-5053 0
(860)-747-2220 PROTECTION: =
SECTION 1- PRODUCT IDENTIFICATION
PRODUCT NAME: | Custom System 45 Part B D.O.T. CATEGORY: Not Regulated
PRODUCT CLASS: | Portland Cement-Based Mortar DATE OF PREPARATION: 3/21/00
PRODUCT TYPE: | Blend of Portland Cement, aggregates, PREVIOUS REVISION: 11/85
minerals, pigments, and additives.
SECTION 2 - HAZARDOUS INGREDIENTS
EXPOSURE LIMITS
INGREDIENT CONCENTRATION CAS# OSHA PEL TWA
5 mg/m* (Respirable Dust)
0, -15-
Portland Cement < 20% 65997-15-1 15 mgim® (Total Dust
. . 5 mg/m’ (Respirable Dust)
_no,
Calcium Sulfate 04-2% Various 15 mg/m® (Total Dusf)
Magnesium Oxide 0-0.8% 1309-48-4 10 mg/m®
Calcium Oxide 0-0.1% 1305-78-8 5 mg/m’
Crystalline Silica < 80% 14808-60-7 0.1 mg/m’® (Respirable Dust)
Chromates 0-0.001% Various 0.1 mg(CrO,)/m’

. ) 5 mg/m® (Respirable Dust)
Nuisance Dust Various Various 15 mgin® (Total Dust)
SARA TITLE 3 SECTION 313: | Not Listed.

SUSPECTED CARCINOGEN: | See Sections 5 & 10
SECT:ON 3 - PHYSICAL DATA
PHYSICAL STATE: Fine, granular powder, VAPOR PRESSURE: N/A
SPECIFIC GRAVITY: 1.36 (approx.) VAPOR DENSITY: N/A
DENSITY: 85 Ib./. WATER SOLUBILITY: Miscible
BOILING POINT: N/A EVAPORATION RATE (ETHER = 1):
N/A
MELTING POINT: N/A




SECTION 4 - FIRE AND EXPLOSION HAZARD DATA

FLASH POINT: None.
FLAMMABILITY CLASSIFICATION: None.
EXTINGUISHING MEDIA: None required.

SECTION 5 - HEALTH HAZARD DATA

EFFECTS OF OVEREXPOSURE




SECTION 6 - REACTIVITY DATA

STABILITY: | Stable (all components stable).

INCOMPATIBILITY: | Contact with powerful oxidizing agents such as fluorine, chiorine, trifluoride, oxygen

difluoride, may cause fires. Also, avoid unintentional contact with water.

HAZARDOUS DECOMPOSITION | Silica will disolve in hydrofluoric acid and produce a corrosive gas, silicon tetrafluoride.
PRODUCTS: | Adding water produces (caustic) calcium hydroxide. However, decomposition will not

spontaneously occur.

SECTION 7 - SPILL OR LEAKAGE PROCEDURES

IF MATERIAL IS SPILLED: | Use dustless methods (vacuum) and place into closable container for disposal, or

fiush with water. Do not dry sweep. Wear protective equipment specified below.

WASTE DISPOSAL METHOD: | Toe packaging and material may be landfilled, however, material should be covered

to minimize generation of airborne dust. RCRA: Crystaliine silica (quartz) is NOT
classified as a hazardous waste under the Resource Conservation and Recovery
Act. Dispose of waste material according to local, state, and federal regulations.
Dispose of bags in an approved landfill or incinerator.

SECTION 8 - SAFE HANDLING AND USE INFORMATION

RESPIRATORY
PROTECTION:

Avoid action that cause dust to become airborne. However, a respirator is recommended for
protection against crystalline silica. Use only a NIOSH-approved respirator.

VENTILATION:;

Use local exhaust or general dilution ventilation to control exposure within applicable limits.

SKIN PROTECTION:

Prevention is essential to avoiding potenfially severe skin injury. Avoid contact with unhardened
product. If contact occurs, promptly wash affected area with soap and water. Where prolonged
exposure to unhardened cement products might occur, wear impervious clothing and gloves to
eliminate skin contact. Where required, wear sturdy boots that are impervious to water to
eliminate foot and ankle exposure. Do not rely on barrier creams; barrier creams should not be
used in place of gloves. Periodically wash areas contacted by dry cement or wet cement or
concrete fluids with a pH-neutral soap. Wash again at the end of work. If irritation oceurs,
immediately wash affected area and seek treatment. If clothing becomes saturated with wet
concrete, it should be removed and repleaced with clean, dry clothing.

EYE PROTECTION:

Where potentially subject to splashes or puff of cement, wear safety glasses with side shields or
goggles. in extremely dusty environments and unpredictable environments, wear unvented or
indirectly vented goggles to avoid eye iritation or injury. Contact lenses should not be wom when
working with this product or fresh cement products.




SECTION 9 - SPECIAL PRECAUTIONS

HANDLING AND | Keep this product dry until use. Normal temperatures do not affect the material, Avoid breakage

STORAGE: | of bagged material or spills of bulk material. See Section 7, “Spill or Leakage Procedures.”
Promptly remove dusty clothing or clothing which is wet with cement fluids and launder before
reuse. Wash thoroughly after exposure to dust or wet cement mixtures or fluids.

OTHER PRECAUTIONS: | Use dustless systems for handiing, storage, and clean so that airborne dust does not exceed
the PEL. Use adequate ventiliation and dust collection. Practice good housekeeping. Do not
permit dust to collect on walls, floors, sill, ledges, machinery, or equipment. Maintain clean and
fit test respirators in accordance with OSHA regulations. Maintain and test ventilation and dust
collection equipment. Wash or vacuum clothing which has become dusty. See also Section 7,
“Spill or Leakage Procedures.”

SECTION 10 - REGULATORY INFORMATION

OSHA Hazard Communication Rule, 29 CFR 1910.1200
This product is considered a *hazardous chemical” under this regulation, and should be part of any hazard communication
program.

CERCLA/Superfund, 40 CFR 117 and 302
This product is not classified as a hazardous substance under these regulations.

SARA (Title ill), Section 311 and 312
This product qualifies as a “hazardous substance” with delayed health effects.

Toxic Substance Control Act
Some substances in this product are on the TSCA inventory fist, one of them being Crystalline silica (quartz) appearing on the
EPA TSCA inventory under CAS# 14808-80-7.

The Federal Hazardous Substances Act
This product is a *hazardous substance” subject to statutes promulgated under the subject act.

NTP
A component of this product, respirable crystalline silica (quartz) is classified as a probable carcinogen.

California PROPOSITION 65
A component of this product, crystalline silica {quartz) is classified as a substance known to the state of California to be a
carcinogen.
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THIN-FILL 55

DESCRIPTION:

THIN-FILL 55 is a latex-modified reprofiling
mortar for vertical and non-traffic bearing horizontal
masonry and concrete surfaces. THIN-FILL 55
allows application of thin-section patches of 1/32 to
1/8 inch depth while maintaining excellent adhesion,
strength, breathability and resistance to cracking.

THIN-FILL 55 provides smooth finishes which can |

also be further polished to repair glazed terra cotta or
polished stone profiles. Optional
application of Aquathane UA210 NCL glaze
replacement coating allows close duplication of
existing terra cotta and stone finishes.

FEATURES:

» Ultra Fine texture for smooth finishing and §§

thin-section repair

+ Can be further polished with 400 Gt
sandpaper to achieve near-glaze texture

» Tough, Durable, Breathable, Low Modulus

» Available in Standard Grey, White and
Custom Colors

» Non-Silica fine aggregates used to avoid
respirable toxic silica handling

APPLICATION:

1. Surface Preparation: Surfaces must be clean,
rough, damp or dry, and free of form oil, curing
compounds, grease, oil, dirt, efflorescence, coatings,
or other materials which may hinder adhesion.

Dampen sufaces with clean water or prime with a
slightly thinned brush coat of THIN-FILL 55 before
patching, but do not apply over standing or seeping
water.

2. Mixing: While mixing, add latex THIN-FILL S5,
and mix to a stiff pasty consistency. Mix
approximately 1 gallon of liquid per 1/2-cubic foot
bag. Mix for 4 minutes using low speed (250 rpm)
drill mixer.

THIN SECTION REPROFILING MORTAR

subsequent §

!W,éxere s the Repair? Glazed terra cotta spall. upper left corner, /illed;
I:and smootked using Thin-Fill 55 prior to glazing and speckling with
EAquathane UA210 coatings, matched to original glaze colors. Projecé
is an Historic school restoration in Charleston, SC. ,

TECHNICAL PROPERTIES:
Property Standard Res_ulti

VRZZ?zlgéce ASTMIGSS 15\1502}(1)?1256,

| ISBt?'Zggth Direct Tensile | 150 psi min.
lS)hriliir?kgage ASTM C157 ~9:08%
gggt‘l’i‘fy Of ASTM C580  <I1.5x 10°

3. Application: Mix only what will be applied
within 20-40 minutes. Mixes should not be
retempered by repeated latex or water addition.
Apply using standard plastering tools, and work into
surface profile to assure complete filling and bond.
For patches over 1/4 inch depth use Custom
SYSTEM 45.



Depending on weather and working conditions,
material reaches initial set in 1-4 hours. Keep patches
damp by misting with clean water after initial set,
when working in hot, dry, windy conditions. Do net
wet cure for more than 8 hours. Do not subject to
water immersion. Finish after material reaches
“thumbprint” hardness. Material may be sanded or
polished after set.

MINIMUM APPLICATION TEMPERATURE:
45" F (6" C). Consider air, product, and surface
temperatures when working near minimum
temperatures.

Safety & Handling: CAUTION!! May contain
free silica. Avoid breathing dust. Use
NIOSH-approved toxic dust mask rated for silica.
Contains Portland cement-Alkaline material;
Avoid skin and eye contact. In case of eye contact
flush with clean water for 15 minutes and consult
physician. Read and observe all safety and
handling guidelines as detailed in the Material
Safety Data Sheet supplied with this product.
Store in dry area, off floor.

FOR COMMERCIAL AND INDUSTRIAL USE
ONLY

:\/C:)a/i;son C)oaﬁngd ) jnc.

3 Northwest Drive, Plainville, CT 06062
Phone: (860) 747-2220 or (800) 697-8055 Fax: (860) 747-2280 or (800) 697-8044

E-mail: edison@edisoncoatings.com Internet: www.edisoncoatings.com

‘Edison Coatings products are for commercial use only. In case of defect in manufacture or packaging, materials will be
;regla::ed at no cost. No other warranty, except for such replacement. express or implied, is. i efiect. Any implied
W rra_my of merchantability orﬂtnessforaparncular,purgose is expressly dlsclalmed.r(xthou h information and advice
supplied in this B_ubhc_atlon are believed to be reliable, they do not represent pe ?rman e specifications and no
ob lgatlon or ha |ht¥ is assumed for advice %gven or results obtained, Product formulations and tperformance
chiracteristics are subject to change without natice. Other conditions and limitations may be imposed at fime of sale.




MATERIAL SAFETY DATA SHEET

g HMIS RATINGS
EDISON COATINGS, INC. L Gsele e s g o
) CALL INFOTRAC g 0
3 NORTHWEST DRIVE X HEALTH: 3
PLAINVILLE, CT 06062 x1-800-535-5083 |\ 0
(860)-747-2220 PROTECTION: =
SECTION 1 - PRODUCT IDENTIFICATION
PRODUCT NAME: | Thin-Fill 55 Part B D.0.T. CATEGORY: Not Regulated
PRODUCT CLASS: | Portland Cement-Based Mortar DATE OF PREPARATION: 1/8/01
PRODUCT TYPE: Blend of Portland Cement, aggregates, PREVIOUS REVISION: New
minerals, pigments, and additives.
SECTION 2 - HAZARDOUS INGREDIENTS
EXPOSURE LIMITS
INGREDIENT CONCENTRATION CASH OSHA PEL TWA
5 mg/m® (Respirable Dust)
Portland Cement <50% 65997-15-1 15 mg/m® (Total Dust)
Limestone <30% Various 5 mg/m® (Respirable Dust)
. ) 5 mg/m® (Respirable Dust)
_ 9,
Calcium Sulfate 04-2% Various 15 mg/m® (Total Dust)
Magnesium Oxide 0-0.8% 1309-48-4 10 mg/m®
Calcium Oxide 0-0.1% 1305-78-8 5 mg/m’
Crystalline Sifica < 20% 14808-60-7 0.1 mg/m® (Respirable Dust)
Chrsmates 0-0.001% Various 0.1 mg(CrO;)/m’
Arsenic (Impurity in Limestone) <0.5 ppm 7440382
Lead (Impurity in Limestone) <1 ppm 7439921
) . . 5 mg/im® (Respirable Dust)
Nuisance Dust Various Various 15 mg jm® (Total Dust)
SARA TITLE 3 SECTION 313: | Not Listed.
SUSPECTED CARCINOGEN: | See Sections 5 & 10
SECTION 3 - PHYSICAL DATA
PHYSICAL STATE: Fine, granular powder. VAPOR PRESSURE: N/A
SPECIFIC GRAVITY: 1.36 (approx.) VAPOR DENSITY: N/A




DENSITY: 851b./t. WATER SOLUBILITY: Miscible

BOILING POINT: N/A EVAPORATION RATE (ETHER = 1).
N/A

MELTING POINT: N/A

SECTION 4 - FIRE AND EXPLOSION HAZARD DATA

FLASH POINT: None.
FLAMMABILITY CLASSIFICATION: None.
EXTINGUISHING MEDIA: None required.

SECTION 5 - HEALTH HAZARD EATA

EFFECTS OF OVEREXPOSURE

ACUTE:

Eye Contact: Exposure to airborne dust may cause immediate or delayed irritation or inflammation. Eye
contact by dry powder or splashes of wet product may cause effects ranging from moderate eye irritation to
chemical burns and blindness. In case of such exposures, seek immediate first aid (See Below) and/or medical
attention.

Skin Contact: Exposure to dry product may cause drying of skin with consequent mild irritation. Dry cement
coniacting wet skin or exposure to moist or wet cement may cause more severe skin damage in the form of
(caustic) chemical burns. Minimize skin contact, particularly contact with wet cement. Exposed persons may
not feel discomfort usitil hours after the exposure has ended and significant injury has occurred. Some
individuals may exhibit an allergic response upon exposure to this product, possibly due to trace amounts of
chromium. The response may range from a mild rash to severe skin ulcers.

inhalation: This product may contain trace amounts of free crystalline silica. Prolonged exposure to respirable
free crystalline silica can aggravate other lung conditions and cause silicosis, a disabling and potential fatal
lung disease. (Also see Ingestion for CARCINOGENIC POTENTIAL.) Exposure to this product may cause
irritation to the moist mucous membranes of the nose, throat, and other respiratory areas. It may also leave
unpleasant deposits in the nose.

Ingestion: Although small quantities of dust are known to be harmful, ill effects are possible if larger quantities
are consumed. This product should not be eaten.

CARCINOGENIC POTENTIAL

This product is not listed as a carcinogen by NTP, OSHA, or IARC. It may, however, contain trace amounts of
substances listed as carcinogens by these organizations.

Crystalline silica, a potential trace level contaminant in this product, is now classified by IARC as a known
human carcinogen (Group 1). NTP has characterized respirable silica as “reasonably anticipated to be [a]
carcinogen.”

EMERGENCY FIRST AID PROCEDURES:

EYES: | Immediately flush eyes thoroughly with water for at least 15 minutes. Be sure to flush under eyelids to

remove all particles. Call a physician immediately.

SKIN: | Wash skin with cool water and pH-neutral soap or a mild detergent. Seek medical treatment in all cases of

prolonged exposure to wet cement, cement mixtures, liquids from fresh cement products, or prolonged wet
skin exposure to dry cement.

INHALATION: | Remove to fresh air. Seek medical help if coughing and other symptoms do no subside. inhalation of gross

amounts of this product requires immediate medical attention.

INGESTION: | Do not induce vomiting. If conscious, have the victim drink plenty of water and call a physician immediately.




MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: | Pre-existing upper respiratory and lung diseases. Unusual
sensitivity to hexavalent chromium (chromium®) salts.

PRIMARY ROUTE(S) OF ENTRY: | Inhalation, Eye Contact, Skin Contact.

SECT:ON 6 - REACT:VITY DATA

STABILITY: | Stable (all components stable).

INCOMPATIBILITY: | Contact with powerful oxidizing agents such as fluorine, chiorine, trifluoride, oxygen
difiuoride, may cause fires. Also, avoid unintentional contact with water.

HAZARDOUS DECOMPOSITION | Silica will disolve in hydrofluoric acid and produce a corrosive gas, silicon tetrafluoride.
PRODUCTS: | Adding water produces (caustic) calcium hydroxide. However, decomposition will not
spontaneously occur.

SECTION 7 - SPILL OR LEAKAGE PROCEDURES

IF MATERIAL IS SPILLED: | Use dustless methods (vacuum) and place into closable container for disposal, or
flush with water. Do not dry sweep. Wear pratective equipment specified below.

WASTE DISPOSAL METHOD: | Toe packaging and material may be landfilled, however, material should be covered
to minimize generation of airborne dust. RCRA: Crystalline silica (quartz) is NOT
classified as a hazardous waste under the Resource Conservation and Recovery
Act. Dispose of waste material according to local, state, and federal regulations.
Dispose of bags in an approved landfill or incinerator.

SECTION 8 - SAFE HANDLING AND USE INFORMATION

RESPIRATORY | Avoid action that cause dust to become airborne. However, a respirator is recommended for
PROTECTION: | protection against crystalline silica. Use only a NIOSH-approved respirator.

VENTILATION: | Use local exhaust or general dilution ventilation to control exposure within applicabie limits.

SKIN PROTECTION: | Prevention is essential to avoiding potentially severe skin injury. Avoid contact with unhardened
product. If contact occurs, promptly wash affected area with soap and water. Where prolonged
exposure to unhardened cement products might occur, wear impervious clothing and gloves to
eliminate skin contact. Where required, wear sturdy boots that are impervious to water to
eliminate foot and ankle exposure. Do not rely on barrier creams; barrier creams should not be
used in place of gloves. Periodically wash areas contacted by dry cement or wet cement or
concrete fluids with a pH-neutral soap. Wash again at the end of work. If irritation occurs,
immediately wash affected area and seek treatment. If clothing becomes saturated with wet
concrete, it should be removed and repleaced with clean, dry clcthing.

EYE PROTECTION: | Where potentially subject to splashes or puff of cement, wear safety glasses with side shields or
goggles. In extremely dusty environments and unpredictable environments, wear unvented or
indirectly vented goggles to avoid eye iritation or injury. Contact lenses should not be worn when
working with this product or fresh cement products.




SECTION 9 - SPECIAL PRECAUTIONS

HANDLING AND | Keep this product dry until use. Normal temperatures do not affect the material. Avoid breakage

STORAGE: | of bagged material or spills of bulk material. See Section 7, “Spill or Leakage Procedures.”
Promptly remove dusty clothing or clothing which is wet with cement fluids and launder before
reuse. Wash thoroughly after exposure to dust or wet cement mixtures or fluids.

OTHER PRECAUTIONS: | Use dustless systems for handling, storage, and clean so that airborme dust does not exceed
the PEL. Use adequate ventiliation and dust collection. Practice good housekeeping. Do not
permit dust to collect on walls, floors, sill, ledges, machinery, or equipment. Maintain clean and
fit test respirators in accordance with OSHA regulations. Maintain and test ventilation and dust
collection equipment. Wash or vacuum clothing which has become dusty. See also Section 7,
“Spill or Leakage Procedures.”

SECTION 10 - REGULATORY INFORMATION

OSHA Hazard Communication Rule, 29 CFR 1910.1200
This product is considered a *hazardous chemical” under this regulation, and should be part of any hazard communication
program.

CERCLA/Superfund. 40 CFR 117 and 302
This product is not classified as a hazardous substance under these regulations.

SARA (Title IIl), Section 311 and 312
This product qualifies as a “hazardous substance” with delayed health effects.

Toxic Substance Control Act
Some substances in this product are on the TSCA inventory list, one of them being Crystalline silica (quartz) appearing on the
EPA TSCA inventory under CAS# 14808-80-7.

The Federal Hazardous Substances Act
This product is a “hazardous substance” subject to statutes promuigated under the subject act.

NTP
A component of this product, respirable crystaline silica (quartz) is classified as a probable carcinogen.

California PROPOSITION 65
A component of this product, crystalline silica (quartz) is classified as a substance knows to the state of California to be a
carcinogen. Arsenic and lead, naturally occurring impurities in limestone, are present in small but detectable quantities.
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AQUATHANE U

Waterborne Polyurethane Coatings
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| Specialty Coatings for
4 Special Applications:
§ - ARCHITECTURAL

> /ANTI-GRAFFITI

| . TERRA COTTA
RESTORATION

3 =9 = ~INDUSTRIAL

e - ! +ANTI-CORROSION

FHOTO:Three custom colors of Aquathane UA210 E were used on extensive terra cotta glaze repairs at this Historic Register site.




AQUATHANE UA210-Series

DESCRIPTION:

AQUATHANE UA-210
series products are
high-performar.ce
waterborne
polyurethane-based
coatings. They are
breathing, low in odor,
VOC-Compliant and
fast drying. The series
includes products which
cure to tough, flexible
films of varying degrees
of hardness for different
applications.

APPLICATIONS:

AQUATHANE UA-210
applications include:

v" Anti-Graffiti
Coatings - Inter:or
and Exterior

v’ Terra Cotta and Brick
Glaze Replication

v" UV-Stable, Chemical
Resistant Seal Coats
for Epoxy Flooring

v Wood, Stone and
Concrete Sealers

v Stain Resistant Watll
& Floor Coatings

v Many Previously
Coated Surfaces

COLORS &
FINISHES:

AQUATHANE UA210-
Series products are
available ir: Clear and 900
standard colors. Custom
cclor matching is also
available.

AQUATHANE UA-210
tint bases allow Edison
Coatings Dealers to
perform immediate
in-house tinting.

Gloss, Satin and Flat
Finishes are offered.

AQUATHANE UA-210 Products

TYPE H Severe Service
Type H is a reactive polyurethane emulsion
designed for use in the most challenging
applications. This self-crosslinking aliphatic
urethane resists abrasion and intermittent
exposure to water and many chemicals. It is
used in interior and exterior concrete floor and
deck coating, maintenance coating and many
other specialty applications. Clear Type H is
USDA-accepted for use on incidental food

contact surfaces in federally inspected meat §

and poultry packing plants.

TYPE A/G Anti-Graffiti

Simzilar in composition and appearance to @

Type H, the A/G formulation incorporates
fluoropolymer stain-release agents to facilitate
removal of spray paints, inks, crayons,
markers and other coatings. AQUATHANE
UA-210 TYPE A/G does not darken or
discolor most surfaces. Low odor application
permits easy use and touch-up in interior
applications such as school buildings,
residential hallways, underground parking
structures, elevators and many institutional
settings. Product resists hydrocarbon solvents
typically incorporated in paints, markers and
other coatings, allowing removal by use of
similar solvents or proprietary cleaners.

TYPE NCL Heavy Duty
Closely related in composition to Type H,
Type NCL omits the self-crosslinking feature
to produce more flexible films. Long service
life and excellent appearance retention make
Type NCL the preferred grade for wood
finishing and other heavy-duty applications.

TYPE E Architectural/Elastomeric
This highly flexibilized grade is designed for
use on a wide variety of substrates.It may be
used directly over porous substrates or in
conjunction with Type G Bonding Additive or
#240 Primer over glazed brick, terra cotta,
polished stone and other substrates. It may be
used over Elastowall 351 and Elasto-Deck
350 breathable coatings, to provide lusier and
abrasion resistance without compromising
crack-bridging performance. It has also been
used as a seal coat over thermally sprayed zinc
protection systems for steel structures, where
the product’s excellent resistance to weather
and water extend the service life of the
protective zinc treatment,

TYPEEE Elastomeric
This highly elastomeric grade may be used
wherever higher elongations and deflection
are required. Sports floors, exterior decks and
balconies are typical uses.

TYPE F Floor Sealer
Type F provides a tough, traffic resistant film

for sealing and
e dust-proofing  concrete
# floors and providing

= resistance to intermittent
exposure to a variety of
chemicals.

ADDITIVES &
PRIMERS

Special additives are
available to aid in the achievement of
particular objectives.

TYPE GADDITIVE: Glass, Ceramic,
Non-Porous Surfaces
For applications on glass, glazed masonry,
hard stone, smooth/dense concrete and other
non-porous substrates, TYPE G Additive is
used to chemically bond AQUATHANE
UA-210 coatings to the substrate. The
additive reacts with limestone, sandstone,
concrete, marble, granite, stucco, iron,
aluminum, lime and masonry mortars,
resulting in durable adhesion. NOTE: Use of
Type G Additive is not a replacement for
proper cleaning, and surfaces cleaned with
acidic cleaners must be neutralized with an
alkaline detergent after-wash and thoroughly
rinsed with clean water.
TYPE A/G ADDITIVE Stain Release
This fluoropolymer additive may be added to
any grade of AQUATHANE UA-210 to
improve resistance to staining, paints and
markers.

#240 PRIMER Dense Surfaces
This one-component waterborne primer
develops high bond strength to a wide variety
of surfaces, including glazed brick, terra cotta,

hard-finished concrete and polished stone.

AQUAPRIME 2117 Metal Primer
Corrosion-resistant zinc/acrylic primer for
steel, galvanized steel and aluminum.



Chemical
Resistance*

(After 7-day air
dry)

Corrosion

q%’&'g”{oo% Blistering(ASTM D-714) No effect
H, 1000 hrs.) | Loss in Gloss No effect

UV Stability,
ASTM G53,
6000 hrs.

60-Gloss,
Gardner

Fast Drying
(70-F, 50% RH)

4 hours 25%

ﬁzegdness Gl 35%
Development 24 hours 60%
(% of ultimate) | 7 days 100%
Force Cure 20 mins. @ 180¢F
Sward T Eass S
Hardness
Abrasion
Resistance,
Taber Abraser, | 6 mg loss
CS-17 Wheel,
1000 cycles,
1000g ioad
Impact oy e
Resistance - 160/160:1b Pass
{Dir/Rev) RN R e

. Aliphatic polyurethane emulsion with
Composition additives, catolysts, surfactants, pigments,
resins and modifiers

May be applied over a wide vorieté of |

substrates and previous coatings {Confirm |

through testing prior to application.}

Typical substrates include concrete,

Compatibility masonry, glazed brick and terra cotiq,

stone, wood, steel, aluminum and many

latex, oil and epoxy-based coatings.

| Bonding Additive or Primer required for
some substrates and exposures.

Clear, White, Custom Colors

Tint Bases may be tinted in-house by
Edison Dealers to match 880-Color fan
deck system.

Gloss, Satin and Flat Finishes

Colors,
Finishes

* Values shown are for clear U4-210H

VARIOUS GRADES - TYPICAL
PROPERTIES

Tensile Streng
7000

SAFETY:

Resistance”, Rusting (ASTM D-610)  No effect AQUATHANE products are low in odor, non-flammable,

low VOC, and non-hazardous when used with adequate
ventilation and when care is taken to avoid eye and
prolonged skin contact.

LIMITATiONS:

AQUATHANE products are not intended for use in

coniinuous submersion or continuous high humidity
exposures. For continuous immersion/high humidity
services, we recommend using AQUEPOXY 250
immersion-grade waterborne epoxy coating system.

AQUATHANE products must not be applied at
temperatures below 50°F(10°C), as improper or damaged
films may result.

APPLICATION

1. Preparation: AQUATHANE UA-210 is supplied ready to use,
and is generally not thinned. Flatted formulas may be thinned by
addition of 5-10% clean potable water, if necessary. Pigmented
formulas should be thoroughly stirred before each use.
Applications involving use of Type G bonding additive require
addition of the additive as a second component just prior to
application. Mixtures with Type G should be used within one day.

Surfaces should be dust free and clean. Remove all grease, oil and
other contaminants and roughen previous coatings to the extent
required to get good wetting of the substrate. Prior to large-scale
application, particularly over plastics, questionable surfaces or
previous coatings, apply an inconspicuous test area to confirm
adhesion and compatibility. If adhesion is inadequate, consult



Edison Coatings, Inc. regarding use of an adhesion-promoting
primer.

2. Application: Apply AQUATHANE UA-210 at 200 - 400 sq.
ft./gallon by brush, pad, roller or low pressure airless spray. Apply
evenly and moderately, avoiding rundown or ponding. Avoid
excessive agitation or pressure, and avoid whipping air into the
product as this may generate foam. A second coat may be applied,
if needed, at any time following through-drying of the first coat.
Do not apply at temperatures below 50°F (10°C) or when
temperatures may fall below 50°F before through-drying. NOTE:
Lo-Temp Aquathane UA210E or EE may be applied at 40°F.

NOTE: Temperature, humidity and air movement all effect
drying and curing times. When working at marginal conditions,
allow sufficient extra dry and cure times to compensate.

On porous surfaces, U4-210 generally will require 2 or more
coats. Gloss may be increased by applying additional coatings as
required for particular job conditions.

In anti-graffiti applications, sufficient material must be applied to
build a continuous surface film. Generally two coats will be
adequate, but deeply textured or highly porous surfaces may
require additioral coatings. Multiple coatings (three or more) may
limit capacity of the coating to “breathe”, or transmit vapor.

On wood surfaces, AQUATHANE UA-210 may exhibit slight
grain-raising tendencies. For smoothest finish, sand lightly
between first and second coats. On hardwood floors, cedar siding
or other natural wood surfaces, staining may be desired prior to
AQUATHANE UA-210 application. While the product is
compatible with many oil and waterborne stains following
overnight drying, compatibility testing in an inconspicuous area is
always recommended. Some highly porous or moisture-sensitive
fiberboards or simulated wood products may require the use of a
sealer/primer before application of AQUATHANE UA-210.

On steel, galvanized steel and aluminum surfaces,
abrasive cleaning is required to remove rust, loose scale
or other corrosion products. This is foliowed by
application of corrosion-inhibiting, adhesion-promoting
primer AQUAPRIME 211.

Over 350-Series coatings and #240 Primer, base coats
must be thoroughly dry before application.

3. Curing: AQUATHANE UA-210requires curing time
before developing full traffic and chemical resistance.
Type A/G Graffiti resistance roughly parallels strength
development, indicated above. Protection of surfaces
from vandalism for at least 24-48 hours following
application is recommended when possible. Cure may

N
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E-mail: edison@edisoncoatings.com

3 Northwest Drive, Plainville, CT 06062
Phone: (860) 747-2220 or (800) 697-8055

be accelerated by heating to 180°F for 20 minutes, following
drying. Do not subject uncured films to heavy moisture or
standing water.

4. Grafiiti Maintenance: AQUATHANE UA-210 Type A/G is
intended to withstand repeated cleanings before reapplication is
required. Most markers and spray enamels can be removed using
Xylene without damage to the 4QUA THANE coating. If stronger
removal is required, methyl ethyl ketone may be used. Proprietary
cleaners should be tested before use. Some highly durable stains
may require the use of a heavy duty paste paint remover. When
using strong removal agents, some loss of gloss in the
AQUATHANE film may occur. This may be restored by light
reapplication in the affected areas. After repeated cleanings, if the
film appears rough or uneven, it is time for application of an
additional AQUATHANE UA-210 Type A/G seal coat.

CAUTION!: Many solvents and cleaners commonly used for
removing graffiti are hazardous chemicals requiring special care
in storage and handling. Refer to manufacturers” Material Safety
Data Sheets before using any chemical product.

5. Storage and Handling: KEEP FROM FREEZING. Keep
container ciosed when not in use. Use with adequate ventilation.
Avoid splashing into eyes or prolonged skin contact. Wash
thoroughly after use. Clean tools and applicators immediately
after use with warm water. Avoid depositing on shrubbery,
windows, cars and other surfaces or property. In case of eye
contact, flush with clean water for at ieast 15 minutes and consult
physician. In case of ingestion, give water, do not induce
vomziting. Keep out of reach of children. Observe all safety and
handling guidelines as detailed in the Material Safety Data Sheets
supplied with this product.

FOR COMMERCIAL AND INDUSTRIAL USE.

Fax: (860) 747-2280 or (800) 697-8044

Internet: www.edisoncoatings.com

Edison Coatings products are for commercial use;only. In case of defect in manufacture or packaging

materials will be rep-loced at no cost. No other|

warranfy, except for such replacement, express or implied, is in effect. Any implied warranty of merci’mntqbility or fitness for a particular purpose is
expressly disclaimed. Although information and advice supplied in this publication are believed to be reliable, they do not represent performance
specifications and no obligation or liability is assumed for advice given or results obtained. Product formulations and performance characteristics

are subject to change without notice. Other conditions and limitations may be imposed ot time of sale. |
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lil 980 41st Street

—
Al Oazkland, CA 94608

aw APPLIED MATERIALS & ENGINEERING, INC.

Tel: (510) 420-8190
FAX: (510) 420-8186

e-mail: info@appmateng.com

FLEXURAL STRENGTH OF
GLASS FIBER REINFORCED CONCRETE
Project Number: 110043C _ Report Date: 03/30/10
Project Name: Quality Control Testing Type of Sample: GFRC- Sprayed
Test Method: ASTM C 947 -
Date Cast: 02/26110
Cliont Name: Architectural Facades Date Tested: 03/30/10
Unlimited, Inc. Age, Days: 32
Date Received: 03/08/10
Test Conditions and Results
Sample ID: 28-Day Bulk Density, pcf: ASTM C 948
Glass Content, %: 5.2 Absorption, %: ASTM C 948
Sample Conditioning: Wet Elastic Modulus, psi: PCI MNL -130
Test Span, in.: 10
Crosshead Speed, in./min: 0.2 )
Laboratory Test Results
SAMPLE WIDTH DEPTH FLEXURAL LOAD FLEXURAL STRENGTH | REMARKS
NUMBER YIELD ULTIMATE YIELD ULTIMATE
LOAD LOAD |STRENGTH|STRENGTH
(in) (in.) (1bf) (Ibf) (psi) {psi)
1 2.03 0.488 68 163 1407 3165 None
2 2.00 0.493 78 155 1605 3189 None
3 2.05 0.483 72 156 1506 3262 None
4 2.01 0.489 72 164 1498 3412 Nozs
5 2.01 0.506 74 171 1438 3323 None
6 205 0.506 80 174 1524 3315 None
Average 1496 3278
Tested samples will be discarded two business days from the report date.
Remarks:
Cc: Frank Bracken: frank bracken@architecturalfacades.com Reviewed by
Nefly Kaleva: nelly.kaleva@architecturalfacades.com ,
Mobammed Faiyay
Mohammed Faiyaz
Laboratory Manager
ACCREDITED
ASTM C 947 Only

Form FPTR Rev 0 3/25/05
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tectural Facades Unlimited, Inc.

D Iotegraied sisel sugport frasming.

12 RELATEDSECTIONS
A Séction 03300 - Castin-Plce Concrete: Bullding structural frame:
B Section 04800 ~ rit Masomy: Backi
C. ‘Settion 05120 - Struchural Steet: Buikling stuctura) frame.

H. Sechon 07900~ Joirt Sealers: Apphication-of backer rods orbend Breakers'and joint sealers;
13 REFERENCES

A ASTMAZ7IA 27M - Standard Specification for Sies! €astings, Carbon for General

B ASTMA 36 36M — Standard Specification-for Carbon Stiticturd St
ASTM A 47IAATH — Standard Specicaborr for Fenitic Mellable: oa Casings.

1 for Zind (Hot Bip) on lrar and Steel

034901

|
3
|
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ASTM A 500 - Sianidand Speciiicaion for Coid-Formed Walded asdiSeamiess Carbon Steel
Swoctural Tisbing in Rouis i Shap

 Eclored Conprete.

ANS! - American iron.and Sieet Instiute (AIS1); Specification for the Design of Coid-Formed

-Stéel Sucturaf Members

AWS D1 .1 - Sfiuchwal Welding Code~Stgel.

AWS D1.3- Structural Weking Code - Shicet Steel.
AWS D 4~ Structural Wsiding Code- |

PCIMNL-117 - mwmmmmmmmmm
Concrete Products.

03490-2




AA PcmmAaD w&mw&mmwwmm

. iSSPC A~ Power Toot Cleaii¥ig,

ce.
DO $SPC Paint 20 - Zinc-Rich Phimees (Type | - Indrgariic and Typé It-Onjas
B

“SSPC Paint 25 - Zngidde, Aliyd, Linseed ON Primet for Usi:Ower Hang Clezned Steel,
TypeT'and Type 1l

£F. CIELAB- Intlemafional Commission.of iturvinaion; 1976 Standards.

iher-cainfortsd pteeast st concrets i::.petw;h" % epmmg“ oﬂ‘éé"e

C. -Pm‘fonnaneeRequfemems,

reifforcement, incuding T Necessary:
andemedon.andcomaciondetais and retationship o adjacent materials:

wind, § Mn desig Ioads __:_welasme'eﬂedsof




A Perfor Work i sixorsnos with PCI MNL 128, Recommended Pracios for Glass Fibee

0. WekderQusiicafions: Use welders:whoxive been qualiied n dccoidinie:
and:AWS D1.4 within the last ysar.



1 thmmﬁad"y
2 Dmbtpm;:a’ﬂuih mwxmﬂmw color,.and sheehiane

B: :Eoumceum»\smmso 'Eypel.'ll.orlll wsﬂ'gmmmardqunf

B: GMQMASTM shdhavsmsdvelse_._'
shial B “'__'_huuanpanetfamcdorseleaad







St W‘wd ®

-3 mumwmtmﬁmwhﬂﬁ : €
desited 'mis propiition and:giass content. Check. mhmﬂh standard
23 describiéd i) PONREIZB. _

sga"yagplya msmumcme*mmm Apphedt coating not 1o

orm“i'-_.___: - __-_.. Ry camoncucts Mrokaaanga: - .» »
6. Wﬁmmwwmwﬂﬁwwmﬂm
gmers vﬁ:ﬁiﬁnﬂeetdmmm  measurements

panet,
mmmmaﬁmmammamm ‘ang
: %l has achieved. is initisl sotso.axio ngure complelé’

1. ARglusstiber: FNWNMMMWM%MEJMW.
B aaﬂmmskm mgwmgl
w st chiat appication as desciibed i B:1: Steps 5




i mawd?mamum Provide in accordance wilh: PCT MINE 17 and £
m—’lz&

eaapmﬁﬁm ¢ mmdmm
mnmﬂmywmformmﬂ 1.
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.4

placement ol struciural suppartsysiam to. assure a true and 6v) su
Wammmmmwﬁmmmﬁ’m
‘affect installation of panels have biser Gomected.

32

wmmmmmded wmmfumh

B.

1 memmmmmhmwma
welding of both 2s shiwn o ‘éfedlion drawings.




34 PATCHINGAND €L

D.

A

2 mmmwmmmmwmm
mm
3 Use non-combstibls 5 ‘_opmbpmleuasﬁa&ntwm
dem
1. rmwmammmmmmw be:
noncinuRive:ani as-lisfed bealow. Forerectian tolerancesviof ksted bélow, fhose
'W?ﬂ’elﬂﬁ?stalm
g. Panel:ime(don X
b:  Panel imemsion 1F20,
Pgned mgwmwfaam 1Rndl,’mhus §118inch
3 permissitié Wiage b bhe coimer ol of plane of She:other tug
4 mmwmmtkﬁmm

35 FED Tes'rswmsPEcnou

Sand .
Prepare aminimum ofzwbou&permsinmﬂa 0
wmuqﬂywwmhasbmm ﬁmﬁmﬁequency




Cradks vidile at a distence:of 16 foel.
Panels do not meet
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LEMHIGH
WLTE e

: Lehigh Cerr ent Company
o WHITE CEM=NT DVISION
! b 765) imperial Way
_ ‘Allentown, PA 13135-1040
T Phone (810) 366-4600
: : . Fax (610) 3964638 -
. avw Jehighwlitecement com
1

November 3, 2008 5 o |

Architectural Facades
600 East Luchessa Ave
Gilroy, CA 95C20

Attention: Neity Kaleva

Subject: Lehigh White Cement

Dear Ms. Kaleva,

This letter will certify that at time of shiprert, Lehigh Whit2 Periand Cement, T/pe |
manufactured at the Valles facility with the chemicaland ghysicz! require nents of he

1 require. Hy
current ASTM C-150 and is Low Alkali Cement cantaining less t1an 0.60% wotal alkali
when tested in accordance with ASTM Z144

if 'we can be of further assistance, please centact ydur Lehigh Sales Office:
Best Regards.

Lavy Rowland
Larry Rowland

Manager Marketing and Techrical Se".m:ee
Lshigh White Cement Division



Phonse{800)523-5488
(610)346-4508

Fex: {618)366-4438

E-mail: info@lshighwhitecament.com

www.lehighwhitersment.com

ERODUCT DESCRIPTION

. Tortlamd comentis the rwest widely used consivocion

~ materinl is the ward Sincs 1897, the name Lebigh
s mneans qouklty is the cement industry., Lebigh

Whits Coment bes o well asichlished repetoion

for sarvieg the comstruchion industry with high

Lohich While Purtiond Coment - Trae I1/¥

ok typically suiteble for the sams epplications as
 Typa! cement, Wis often specified when concrets will
be axposed tw sepwater; seils snd or ground woter
thet heve levated sulfate contents or in mass onerete
wark whers lower oot of bydrotien is desired.

ST SO LI R 00 CRIU g

(S L e TN

LEMHIGH "

e, )

WHITE CEMENT

tha top Five mest cummen slecsents o sorth, While
cmenl concraté 8 primorily vsed i ardiacorel
spplications ond dees n0) have to be paistad or coversd
18 losk greal. (oncrale construction wam siguifisntly
reduce energy consompfion due Yo the thermal mass
praperfies of the meleriol, it i durable ond kes en
unserpessed sorvics ife. White Portlerd coment
canarete has high reflectivity valoes whids halgs reduce
heat islend effeds. :

STORASE
Lehigh Whits Portlend ond Messery Caments ura

performence preduits that encuruge crestivity ond maisture sensZive neaterisls. Portlend comemt mast be
e SEo e ER i
. od ot n
hl“%(ndkhhﬂqﬁti o Fvdncs. o silas. Lahigh Whila Portiond ond Masenry Cament
p ; Lobigh White lesvery Comand. Trou i
tnm.sarihnl; the m:q* s ‘ W"‘""‘_h'w begs shoald be kept in v dry orea end stared oa pallets
exaiutos o ety it v 49 B ot s dsd o g -
the teiled Statec. ' Type W Mortor &5 dustribed in ASTH AYARABSITY
Dopanding s the opplicsin, Lokigh ceoment Nesoary o oetwerk of dkiibutors througheot the United
products may be spodfied in Division 3 - Conoete  ohich Whils Mesesry Cament, Troe § States, Lehigh While Musoary Cament & widely
of Divisies - Mascary. = For usa ia masenry mortar where o white or bright  swoilzhle thrawgh o network of distributers exst of the
ovlered merter joint is desired; for use in prepming  Rocky Mousteins. For mere infurmetion o Lehigh
Type'S lorter es described ia ASTM Spocifntion (270,  produds or fechicsl ossistance, vish os ooline of
Stunderd Specification for Martor for Unit Masonry.  www hebighhitecement com or phne 308-523-3488.

The infennetivn ued ststements bernin e nkieved fo by reieble,

Pariend et whon i nowhazardous. When i okt wih restae s us i s or s o whew nd wilh et mkm et mact o gret,  bocomes ikl
comsti snd will barn (o5 severcly us third dagres) the eyes or skin. Inkalution of dry Partiend crumst can inviicie tha opgar
ploass rofareace our Matwriel Safety Dute Shouts svailable onlise o8 wwwlehighvwbilocesment.com or phione 9085235480,

respinslery system, For additionol safely miormefios

It ea 10 19 be consireed a3 o warranly or regrasentotien for which we assume legal respowmsibily. o orher
wareaty, repewseinting, or condifien of ey bind, expresced of tanplied {incloding ¥0 WARRANTY OF MERCRARTABRATY OR FITNESS FOR A PARTICULAR PURFQSE), shell apply. fieving

™ @oivel ever the 5o of camet, Lehigh Companies will nob gusrantee fnished work, aur sheil they be lisble far comsegszatial demeges.

108 -1/20/08
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GLASS FIBER

Glraiiacadesiein

<t Luchessa Avenue, Gilrow, California §5020-7C43 « PH 300-344-0226 « FX 40364607+




VETROTEX
! : c
‘ "- £3776 PRODUCT:
Property : Tested Value
Zirconia Content (Zr02) *16.57%
Loss on Tgniticn. 2.13%

. Moisture Content COS%
Linear Density 2444
(roving tex)

Chopped Strend

Filament Diameter 14 ¢

Chopped Strand Length Yo: apolicabls
Date: December 20* 2005

Mr. Francois Gobert

Quality Control Manager _

Saint-Gobain Vetrotex Espaiia S.A.

Saint-Gobain Vetrotex Spain S.A.
Nacienal I, <M 24,500, Aoido. 50, 28800 Aleala da Henares (Macrid) - Spain
Tei +34 91 385 5803 - Fax +34 91 385 58°Q
Wen-si®: yww.com-il com
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SAINT-GCBAIN

VETROTEX

. MATERIAL SAFETY DATA SHEET

hWMEECDWMIMMlQI and 2001/58/CE dated 07:27/01

Direciive 91/155 dmed 91
And in coutpliance with ISO srandards 11014-1 dnd&luMlncAN.l £400.1 dated 1308

1—- COMPANY —~ PRODUCTS IDENTIFICATION

MANUFACTURER: :

Head Quanices: Saint-Gobeln Vetrotax Intarnatican S.A:
167, quad des Allobveges, BP 929
73009 Chambésy Codex

® 030N/ DTS nm-vu:m)wrjm 539

Exndycton clens

Sains-Gobain Vetrstes Rspeta S.A. Sulen-Gohain LorverSA

Casreters Madrid-Garceloms, Km 34,500 51, rue du Mavéchel dé Rochambesu
E-2850C: Alcala de Henares (Madnid) P41100 Vandome

| (3411885 5700 o #2470

Fax (34'1 ] 383 5703 Pax:+124722892
_ Saint-Gobain Revetex Sl Ssias-Cobain Verten, a.s - Plant )
Corso Rigale 89 Zstradni 254

13100 Verzelli CZ-57125 Ridonics

‘| +3) 0161 215810

V: +420624207 111

Fax :+3)016) 257121 Pt + 420424 207275

PRODUCT IDENTIFICATION:

"AR continuous filam=nts glass fiber;"”
Commercial brand: ARcotex®, Cem-FIL® or Anti-Crak®

Coatuct in case of emergeucy:
¢ Eavironmental Industrisl Hygicne and Security Director of The *-
Reinforcement Braach of Saint-Gobsin |
" o Saint-Gobain Vetrotex Iaternstional S.A.
Phone +33 47975300, Fax +33 47975 54 03
e sgvx_webmaster@saint-gobain.com

2 - COMPOSTITION - INFORMATION ON CONSTITUENT PARTS

Glass fibres for reinforcement are basically sold as:

Revigioa 3/Apni 2.007
Saiat-Gonath Ve Tomex .ateivational 3.4,

T57 ismaes Aloproges 3P 929 - 03 Shamtery cadex - et - ol #3340 T9 TS SIC0 - Fax +330M 797353
SA .myc3omacT 3977 550 8- 3264V T A C 3 Cimpery
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SAINT-GOBAIN

VETROTEX

ASSEMBLED ROVINGS  DIRECT ROVINGSIR095°
CHOPPED/STRANDS

CHOPZ2ED STRANDS MATS
TEXTILE YARNS MILLED FIBERS '
CONTINUOUS mAMEN'rMAr !

OnSamt-beamVe&meachngﬂmep«alm-mfolbwedby
_ a code number.

mumsmymumunmmmmupm

Ghsﬁhacubecamﬂuedukk‘ﬂtlﬁ&sﬂ_humdeﬁneduuﬁcleﬁu
the manual of decisions for implementation of the sixth and sev/enth amendments
tod:mcnch7lS48/mondangamsnbm(EUDmchves 79/831/eec end
92/32/eec) or in the USA by the American TSCA (Toxic Substances Contrel
Act) or EPA 40 CFR 710.2 and also nmeothern&ondmwkmas DSL in
Canada for instance).
Mmhmmmdmmsmhhmdmmmm
a SIZZ with, in addition, a BINDER in the case of mats,

The CAS number of glass fibre is 65997-17-3 (corresponding to the oxides used
for production).

AR Gilass is an alkaline and acid resistant glass. Its corapos:tion (sxpressid in
oxides) is within the following perceatages:

Si02 55-75%
02 15-20%
Alkaline oxides (Na20, K20) 11-21%
Alkaline terrous oxides (Ca0, MgO....) 0-6%
B202 0-2%
ARO3 0-5%
Tio2 , 0-3%
F2 " 0-2 %

AR Glass contains traces of naturally-occurring radicactive macerials. The totai -
conteat of Uranium and Thorium is less than S00ppm with a total specific
activity below 20 Ba/g.

SIZE is a mixture of chemicals applied lo the glass strands in a maxianum
quantity of 2.5% - more generally less than 1.5%.

Most of this miicture is made up of basically non reactive high melecular waight
polymers not fisted as substances in the 1981 European Invanrory of Existing
Comrnercial Substances (EINECS) nor in the ELINCS app:ndices (Eurapean
List of Notified Chemical Substances) nor in the American TSTA lists.

Revision ;;Aprd 2007
Salm-Gabain Vet:otex merr atanal S.A.
*57 3u2i2es Alouroge: BP 320 - T3CCO Sharenary sotox - Srnco - Te +33iICWM TI TSI -

S +7310i4 79 T §333
SA aucaoiglien3d S0 502224 10 TBSRCS "hmr-nery

N3



SAINT-GOBAIN

VETROTEX

hmmmmmedfmnpolymwtﬂlmmorcmm:mg '
w included in these fists, of the reactive sites are -
pol Mghmgmmvc

a very small reactivity

mmmwhmmmepmmommmdmamus ,

Amwdmmmmmmmum&rmﬂw'

organo-silane family. 'Iheseprodmtsmmfmhamnlws%uftheﬁnﬂ
wmgndmdghnmm:mmldedmlofpmdnmaqumg
"hazardous product’ labeiling in a pure state for example in Errope R23/25 “oxic

lfswnllowedormhaled,RZI'hnmfulmeommmein R36 "uritact for
the eyes’. -

mmmmdmmmasmgibhss,dﬂmughlsteias

dmgumuprodncts.thermmmnwmdylwmm*ympolyme'md
durin the production of AR Glass fibres.

Cther products =an be used in sizes. Usually the content is extremelv low (tnder
0.1% of total weight) and as a general rule such products are not cr the

dangerous product lists or, as they have reacted, any poss ble risk has been
reducad.

BINDERS FOR MATS are high molecular weight polymers Jeposited in
quantities under 10% and polymerised on chopped or contiwous glass srand
mats. They are not on dangerous products lists.

If so requested by medical anthorities, the Chemical Abstract Service (CAS)
reference numbers for the ingredieats usexd for a given size <r binder can be
communicated ixit must remain for the confidential use of mecical authorites.

3 - HAZARD IDENTIFICATION
Continuous strand ghss reinforcing “bres are not significantly hazardeus
Details about chemical hazards are given in paragraph 2. Toxicological assects

are developed in detail in chapter 1. The essential point to remember s that

glass filaments are not “respirable” as they are over 3um in diameter and have
beenahownnottow:sel\mgm

Hazads identified are:

Revisicn VApri 3007

Saint-Gopain Ve rotex inter atlonal S.A. s
TRT zui des ichreqes 3P 926 - DI009 Chamtery sver - Sanck- T 43 (0 TITH3AL - Fax <73 0K 7973339
S A au capnal de 59 797 350 € - 324 420 TBS R C 5™ Chambery

ns
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VETROTEX

o mechanical irritation (jtching) o
» mmmofnmﬁb:umdxm\bmh:npmofdlﬁ‘emum)md

non respirable filaments

» extremely rare possibilities of allergy. ' ' . .
4~ FIRST AID ! !
INHALATION: mnove&omd:emofexpomretofmhair .
SKIN CONTACT: wash copiously ‘with lkewarm sospy water

L withowt robbing excessively
EYE CONTACT: flush in running water (for at least 10 mmutes‘ and
consult if nesded 2 doctor

5 - F’RE FIGHTING

In case of fire, glass fibres arc act flammable, are insombustible and con’t
. Suppert combustion.

Only “he packaging (plastic film, paper, cardboard, wood) and the small amcunts
of size or binder are likely to burn. Combustion gases are: basically carbon
dioxide and water vapour. There may be small quantities of carben moncxide

and other substances which make it necessary to use protectiv: devices 1. the
event of 2 major fire,

RECOMMENDED EXTINGUISHING MEDIA: water or powder

6 - ACCIDENTAL SPILLAGE
PERSONAL PROTECTION: See Chapter 8.

ENVIRONMENTAL PROTECTION:

[n leeching tests glass fibre wastes did act emit any significant quantitics of
dangerous products and they can therefore be consider=d’as Inert Industrial
Wastzes, or even Common Indastrisl Wastes, as defined by national and ocal
regulutions. All waste and scrap material should! be disposed cf in accordance
with applicable national, federal, state and Iccal regulations.

CLEANING:

Revision [i/Agnl 2007 4/13
Seirt-Goouin YJat-otex intser ational § A
BT Jueizes A gpreges 3P 929 - FI0UG Shambery CeSIN - Feince - T 33101479 T35350 - Fux +T30M 79 T 53 52
’ S A suz3peel 2299707 50 €. 124 120 TIS R C S Sharmbery
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VETROTEX

| :
1t is recommended to identify the chemical nature of the Sbres found in working
atmospheres correctly, in particular in insustion ‘wools and mineral fibres like

asbestos wliich are sometimes presert and can be confused with continuous jslass
filaments. ° ! : : c :
: TWA (Time- . TWA (Time-
Ceuntry Dusts | Weighted Average} . | Weighted Average
concentration) concentration)
(mgicum. for 8 (Fibres/ml for §
: homrs work) hours srork)
Austria fine | 6 total 0.5
iBelgi,lm total 10 No
Denmark respirable 5 total 1
total 10
Finland total 10 total i
France total 10 respirable i
Germany respirable 3 respirable 0.25
{Gtut Britain | respirable 5 respirable 2
total 10
The respirable 2 total {
Netherlands total 10
[reland respirable 5 respirable 2
Taly respirable 3 total l
total 10
Norway respirable 5 total l
total 10
Portuzal total 4 total 1
Sgain total 10 wtal 1
Sweden respirable 5 total
total 10
Switzerland total 6 respirable: Q.5
USA total 5 total |

PERSONAL PROTECTION EQUIFMENT: _
Respiratory protection: during occasional operations releasing; high quantitizs of
dust, wear minimum FP1 or preferably FP2 EEC approved dust :nasks. Type: 3M
2710 or 3IM 9900 respitarors approved accerding 10 American ational Insitute
For Occupsational Safety And Hesith (NIOSH) directves, can be used, for

example.

*67 3u.uaes Akocroges SP 929 - 3068 Shameery cetox - Trang: - T +33 (0 7S 33300 - Fax +33CA TS T

Saim-Gobain Yarrotox ‘temaronal S.A.

SA qyzaonace DIV IE0E. 324420 TRERCS Thamoery

Revision ¥Apni 2007
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mechm,sweeporslnvdmmmmsnomﬂyusedﬁ)rghssﬁbm.

waste (seloctive collection). i
7-EANDL1NG&STORAGE ;
i

HANDLNG(TechnmI musmul Precautions / Safelmndlmg Jdvu:e)

ltlsprefutblemavmdpmlongedcomm&eskumr,!mglm :

with slecves and long leggings or pmitective overalls, gogglés, and dust mask:s.
Ghssﬁlmmanddusumbemvdﬁnmwotkmentsmmwmmm

chnermdnotblcwnoﬁfwﬂmpmsedurmwmworkgmm'

separately from other clothes.
STORAGE:

Technical measures: respect the stacking procedure recommended for
each type of product.

Stcraze scnditions: store away from excessive humidit: to grivemt
damage to the product and 1o th: packing materials
which could lead to storage safe:y problems.

' Incornpatible material: not relevant.

8 EXXPOSURY CONTROL - PERSONAL PROTECTION
TECANICAL MEASURES

Use every appropriate means (sucticn, modification of manuiicturing met:cds to

reduce fibre dust...) to try to reduce the concentration of fibre; in th air likely to

TES™ PARAMETERS:

Test ambient atmospheres in which glass fibre i ls used regulacly to deteimine

leveliof

s “non rspuable” and “respirable” ﬁlamems,
e ‘“non-respirable” and “respirable” dusts.

Legal requirements for respirable and non-cespirable dusts and fibres varv from
county to country {or do not even exist). The table beiow iprepared using the

knowledge we currently possess) shows the limits applceble in different

counries for Time-Weighted Averajze (TWA) exposure.

Revision YAgni 2007

Saim-Gouma Vatrotex ‘nternational S.A.
T&7 ..x se3 Aicoroges 3P 929 - 2069 Champery sxzex - T-ancy - Tel +33(0W 79 /5333
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S A au 3019 de 99 70T 550 - 324 420 TSR C S Ceeroery

3



AT
SAINT-GOBAINi

VETROTEX .

]

Pmmdmmmwpmumew

glwuforﬂwhnuk.bng-shevedm:ndmmngsmpuvm
irritation.

Peop!ewnhdehmshnshouldqsp!yhrmamtoupowlshnm
Eyepmcnon.snfaygoggls(umasb)«nmyghsm

Dwmgmmnlhmdlmganduseﬁe prodnctdom’tludm- exposure above 1
mSvivear (1760 hrfyear).

9. PHYSICAL AND CHEMICAL PROPERTIES
PHYSICAL STATE: solid

FORM: continuous or chopped or mats of fibre made 1p of

continuous, parallel filaments glued together.
COLOUR: white or yellowish white

ODO<R: none, except for some products from which a
slightly basic ¢ acid odour is sometimes released
when a pallet or carton is openec. This odour rever
indicat>s that an eventual ~oxic product has seen
released in a dingerous amcunt.

pH: not applicable

SPECIFIC TEMPERATURE AT WHICH -CHANGES IN PHYSICAL STATE
OCCLUR: -

Softening point (Littleton point) : approximately 860°C

Meitiag point: approximately 1280°C (viscosity temperature 1100 p)

DECOMPOSITION TEMPERATURE:  Sizes and mat binders start to

decompose at 20(°C

FLASH POINT: none

EXPLOSIVE PROPERTIES: aone

DENSITY (molten glass): 2.7g/cu. cm.

SOLUBILITY: very low sofubility in water.
Sizes'and binders can be
partiaily {(and even totlly)
dissolved in most crganic solvants.
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10 - STABILITY Amimcnvm | :
STABILITY

Snblemnamalusemdsuageeondmons,andxnmmam&meableusage '

conditions,

YUS REACTIONS

Glass reinforcement strands are stable and never geneme hmrdeus cherzical
reactions. | .

HAZARDOUS DECOMPOSITION monucrs'

In continuous combustion conditions, in addition to water vapour and CO-, smajl
quantities of CO and NOx may be released from the comtustion of the size

and/or the binder. Other products may be raleased m imited quantities,
dependmgoncumhmnmndimannsxswhyumrecommerudmuselugh
performance gas masks, when fighting intense fires.

11 - TOXICOLOGICAL INFORMATION
ACUTE TOXICITY:

LOCALISED EFFECTS:

not relevant
possible temporary rritaicns

This irritation is of a purely mechanical and temporary nawure. It disappears
when 2xposure is ended. It can affect the skin, the:eyes and th: upper respiratory
tracts. In Europe, mechanical irritation is not considered to I>e a health hezard
within the terms of European directives 67/S43/EEC for hizardous products.
This i3 confirmed by the Sact that EC Directive 97/69/EC for ntineral fibres does

not stipulate the need 10 use an Xi (irritant) label nor a zlassificatior for -

continuous- strand glass fibres (which in this Directive only apply to ;glass
insuletion wools in some circumsten:es).

SENSITISATION:

fibres have been declared. All sizing mixtures arc tested for their wet state
sensitising propertiecs when developed by Saint-Gobain Vetiotzx and are only
adopted if they have no or 3 very low sensitisation level. In case of the allerdy is
confirmed, remove the person from the scens of the exposure.

LONG TERM TOXICITY: CARCINOGENIC RISKS .
Continuous strand giass fibres are aot respirable (i.e. do not penewate the
lung alveoli). This is because fibres are over 3um in diamater (ard. mostly. cver

10pm). Even afier handling, the length of the finest dusts is also well over Spm.
and the length / diameter ratio is greater than 3 : 1.
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TheseueﬁnvahnsmmmdbytheWorMHathImmnon(WHO)ﬁw
dndeﬁnmonofmnﬂleﬁuu.

nwmm-

Noneofﬂufoﬂnwmg&ﬁicnlammhav&ﬁibumdan) mksofcancer :-

t

|

dtrmgﬂmmommusofmmmﬁlmghsﬂnx

During its congress in June, 1987, Woddﬂeﬂﬂsﬁpnmmm)duwgh
the TARC (lnternational'Agency of Resesrch on Cancer) examined all Iabora-ory
Smmgmhmwmmmmdmstmmnmm :
sumdglmmfomﬁm
Themchmnm&nﬂasﬂhmmmmdmﬁdmblhdr
carchiogenicity. They bielong to the Group 3 of IARC. This classificatior has
been confirmed by the TARC Working Group meeting of October 2001.

The [nternational Labowr Office (ILO) and the CSIP Chemical Sufety
International Program) came to the same conclusions in a congress held in 1987

European Commission Directive 9T/69/EC cated 5/12/97, the 23** amendment w
Directive 67/S48/EEC which concerns classification, packimg ind labelling of

hazandous substances did not think it aecessary to include giass fibres as baving '

carcirogenic risks.

Most European Union member nations have: transposed this Directive into their
national law and: adopted the same conclusions:

! Counmry Reference of ransposition documents of Diractive 97/69/EC
* Austria Chemikalienverordnung 1999
Belgium French implementation by « Koninklijk Be,!ut » of 15.1/99
.| published on 24/72/99
Dem.ark BEK N°11/1999.01.09 (Ministery of Eavironment)
Finland Landskapforordnng 230498 and 24/02/98 and Lis of
Hazardous Chemicals 16.12.98
France Arrété ministériel du 2808/98, Circulaire DRT 9%/10 du 13/§/99
Germany 4th adaptation of the Jerman Gefahrstoffverondnang 1999
Great Britain | The chemicals (Hazard Information and. pacl.agmg for supply)
(amendment) Regularions 1998. 6/1/99
Greece Not available :
The - | Wijzigingsbesluit (Stb. 217,2001)
Netherlands :
Ireland

Statuary:Instruments S.L N°313 of 199%. European Communities

Dangerous Substances) Amendment N°2 Regulation 1998. E ffect

on 22 Decamber 1993.

(Classification, Packaging, Labelling and Notificatior of|
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Taly Decreto . ministerisle del 01/09/98, Gazzetta UtBciale-Serie] .
generalo-del 1971198 n271 pag. 16, decreito deol 2 feb 199 |
. |circolare:n®4 del 15031999 | ' i
| Laxembourg_| Réglement Grand Ducal du 31/10/48 :
Portugal |i Non disponible ' .
Spain Bulletin Oficial del Estada (11/09/98)
Sweden , |[KIFS1998:7

OSHA (Occupational Safety and Health Administration) snd MTP (U.S. National

Toxicology' Program), official American organisstions, have not |sted ‘

conticuous strand glass fibres as hazardous substances and the ACGIH
(Amezican Conference of Governmental ladustrial Hypgieni:ts) has. classified
them 1s A4 (not classified as carcinogenic for Man). ’

No new studies 2ave led the organisations to revisé their position on his subiect.

Most laws and stndies concerning raspirable fibres do not apply to continous
filaments reinforcement fibres.

For =xample,

o The concentration of respirable fibres in the atrac sphere (1 fiore /
cum.) fixed by French circular 95/04 dated 12/01/1995 (in
addition to that datec 19/07,1982) from the French Ministry for
Work does not apply to glass reinforcement fitres (which ar: not
respirable).

e Cancer risk index KI defined in German TRGS 905 does not
apply to non-respirable continuous filamer:t glass fibres.

Epidemiological and laboratory studies

No epidemiological and laboratory studies carried. out up until zow demorstrate

in 2 sciemifically significant way any risk of cancer relatec. ©9 reinforcemnent
Al , _

Several recent epidemiological studies (Chiazze 1997, Boffet1 .997) confiimed

the atsence of excessive mortality due to cancer in people working in glass bre

manuSacruring facilities vs. control populaticns.
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A recent smdy published in 2000 by the IOM (Instifut: of Occupariorial
Medicine in Edinburgh) addressed the inhalation of E-glass microfibres by -
animals at concentrations at least 1000 times higher than those: encountered when . -
using glass fibres demonstrated carcinogenic riski These microfibres are not past :
of the range produced and sold 7y Sajnt-Gobain Vetrotex and these ’
findings are not likely to change current opinions for the glass fibres described‘in
this MSDS. ' :

Hndlingghuﬁbm-‘

When glass fibres are chopped, milled or sanded they are cut perpendicular to
strand length and no smaller diameters filaments are gencroted. Conversely,
significant quantities of dust can be geaerated which is why it is recommemied to
use personal protection. [n dusts, also present in some produc:s [chepped suands,
crushed fibres) some studies have shown very low guantities of particles with
fibrcus aspects (Ud>3), short (but nevertheless longer than Sism) and w:th an
apparent diameter of under 3pum.

Quantities measured in work atmospheres are 50 to 100 times lower than il the
limits fixed for respirabie fibres, but when there is a high risic of dust generation
itis trongly recommended 1o wear masks.

- MITAGENIC RISKS; TERATOGENIC RISKS, RISXS FOR
REPRODUCTION: |

Corminuous strand glass reinforcemant fibrs have no known dsks.

12 - ECOTOXICOLOGICAL INFORMATION

AR 3lass is not biodegradable.

Sizes or binders are organic materials slowly and only partial dissolvad by
natural agents like water. As the concentration of the ingredieats n the mixture
and ingredient solubility are low and as they have not beon classified- as

bazerdous, glass reinforcement strands are considered to huve no advers: eco- .
toxiological effects. '

Glass fibres and sizing were aot listed as products likely to destroy-
the yzone layer by the 1987 Montreal Pretocol (Class 1 or Class 2). These lists
are included in EC Regulation 2° 3093/9¢ and in section V1 of amendments to
the "Clean Air Act" by the American Environmental Agency (EPA).

Glaus fibre sizes and Yinders do not contsin PCB (Polychlcrinated bipheuyt) or
and other polyaromatic preducts of the same type.
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13~ WASTE DISPOSAL .
' { ; .
Depaﬁhg;onbul@hﬁons,dmﬁbnwgﬂpmeiﬂmboconﬁdmdas
inert wastp or as common industrial weste, Als such they can be buried in
landfills approved for these categories. ; ' '

Glasﬁbrﬁmteu;motbe&moyedbyinchmﬁon,md':andmnage'
incinerators by the formation of a vitrified rass,

Clean cardboard, wood, plestic (flm or bags) and packaging cn bo eliminetad in
tmitsspeciﬁctothseptpd\m(w.formyclhgamasfuds).

- 14 - TRANSPORT

INTERNATIONAL REGULATIONS: ’
Glass reinfborcement filires are not considered as hazardous oods by transport
regulations, .

It is not one of the i3 hazardous ciasses listed in internarional egulatons.

13- REGULATORY INFORMATION

AR continuous filaments glass fibers do no: require hazzrdous srocuct late ling
(see Chapter 11).

General hygiene and work safety regulations apply (ses Chapt:r 8).

16 - OTHER INFORMATION

FOOD ENVIRONMENTS: Appendix [ of European Dirxcrive 2002/72EC
defines the compatibility of pure glass fibres with food environments as add tives

to plastics. However the fact that sizing products should e shown on the current .
list of European Commission approved products, the BGVV LI list in Gennany

or the Food and Drugs Administration lists (FDA) in the USZ means that a case

by case study mwust be made if a Saint-Gobnin Vetrotex range product is used to
reinforce a plastic material in contact with food. Consult the Saint-Gobain
Venutex Service for further information.

CONTACT WITH POTABLE WATER: As regslations diff>r from country o

courryy, every question must be eximined individually with th relevant Saint-
Gobain Vetrotex Services.
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This Mateml Safety Dm Sheet ls in addition 1o the
Product Spetification fils and cther ical documents
issued by SAINT-GOBAIN vx-:mdn-:x, bat do .not
repiace them.
Themfmmmbydubmt.ubmdmdwdm
shou.nltmgtvmmgoodﬁ:ﬁh.

Furthermore; wsers attention is drawn to the possible risks
run ‘~hen the product is used for any purpose other than
the one for which it was designed.

This MSDS does not exempt users from knowiny and
applying the rules regulating their activities. Users assume]
full respomsibility for applying the appropriate safety

| measures when the product is used.

For all additioral information, users shouid contact their lxcul Saint-Gebain

" Vemuex agent or the Saint-Gobain Vetrotex Internationul Envi-onment, Health
and Safety Director.
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) Engineered Polymer Solutions
5501 Fmsmn.
Los Angeles, C4
Ic!eplume- (323) 6-72"2
1 ‘ . i
sm,oro: I BALLCONSULTINGLMD\VAREHOUS Shl'thh.‘ L Tihngsday, October 03, 2008
i © 3138 EVICTORIA STREET ' i EPS Sdsmwmm
DOMNGUE?Z CA 90810 b mmm
i ' Custorner Product Code: P
L : 222985
. b ..omum!nr ) 8750022585
Specification Resuft : 5_ Minimum Maximum
% NVM (Solias) 50.80 o 500 . . 823
. . 1 '
pH €23 - 3.00 10.00
“eigt per Gation e L ar 8%
PaniciSice - SETE i 013 0.250
Srool fiec Visc (cps) 1600 | 1008 3000
i S _L | : :
Gt ¢ 3pm: E <£Q ' oz
L | | |
. . .
J ' ' '
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Your Technical Specialists For

“J8¥8H | Forton® Modified GFRC

(Glass Fiber Reinforced Concrete)
comlﬁ.'n.tg .

The long term physical properties of GFRC

modified with FORTON® polymer show

significant improvement, resulting in improved

long term durability.

Additional benefits include:
 Significantly increasés the tensile and

flexural properties and overall physical
characteristics of GFRC

» Eliminates the need for a 7 day wet cure
regime

Reduces crazing and drying shrinkage

cracks : -

* Reduces moisture-absorption

* Increases aged flexural strain to failure

e UV stable )

* Reduces efflorescence

* Lower water/cement ratio for higher
strengths

Uses of Polymer Modified GFRC:

Architectural panels and ormamentation
Artificial Rocks

. Gardensizamary

Cheung Kong Park, China.

338 Fousteenth Street, Ambridge, PA 15003, Phone: 800-225-2673, Fax 724-266-1504, emaik bal@ball-consulting-itd.com
4665 South Ash, Suite G15, Tempe, AZ 85282, Phone: B88-967

-7727, Fax: 480-567-8113, email: sshafer@ball-consulting-itd.com
248 Shadly Caks Circls, Lake Masy, FL. 32748, Phone: 407-718-3727, Fax 407-323-6431, emaik: psheres@ball-consuliing-itd.com
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GFRC.BACKUP MIX DESIGN
GFRC FLEX ANCHOR DESIGN
(PER SACK OF CEMENT)
' MIX [UNITS
CEMENT: LEHIGH WHITE. (Tsack) 94 |LBS
AGGREGATE. 30 MESH SAND 65 |LBS
TOTAL FINE AGGREGATE 65 |LBS
ADDITIVES: ,
5% CHOPPED FIBER by weight 835 |LBS
" ILYMER CURING AGENT. BALL FORTON 23 |LBS
' WR GRACE ADVACAST s oz
WR GRACE DARATARD 2 oz
TOTAL ADDITIVES: 31.72 |LBS
WATER 1T 10  [LBS

iz - " oA T e i e
LEnessa Avenue. Giroy, B ol el -3
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\RCHITECTURAL e
‘ACADES
INLIMITED, INC.

GFRC FACE MIX DESIGN

(PER SACK OF CEMENT)

' . MIX_ |UNITS
'CEMENT: LEHIGH WHITE 84 |LBS
|
IAGGREGATE: 30 MESH SAND 100 |LBS
: TOTAL FINE AGGREGATE 100 |LBS
:ADDITIVES:
C COLOR:|DAVIS 870 BLACK - 870 |GRAMS
L DAVIS C1191 YELLOW 200 |GRAMS
| DAVIS 5370 GREEN 150 |[GRAMS
l K
#OMER CURING AGENT- BALL FORTON 23 |LBS
!' WR GRACE ADVACAST 7 oz
: WR GRACE DARATARD 2 oz
| TOTAL ADDITIVES: 26.542 |LBS
WATER 10 |LBS

Luproces Avenue. Gileoy Cailrpecemoce ey
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Ball Consulting Ltd.

Masa Precast : A
Tenty Par'ain .

415 SPrce Ry

Temos, AZ 35281

. Dear Teny, .

‘Wea corify Dt Faron V174 muels Tye attachod pecifications for 2 GFRC curing agent estahished by e
Precast ! Prasiressed Concrels Ingtitute., .

‘e are net responsibie for Improper use of the product
.-" .
J\J\,\;\J‘,\

Scott Shafer _
West Region Manager

ol
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Forton VF-774

consulting Technical Data

May 8, 2007
Description |
o Water based, all acrylic co-polymer emulsion formulated to comply with PCI MNL 130
Quality Control Mamual, Appendix L for curing admixtures used in GFRC.

VF-774alsohas]ongteunnatmalagemgdatatovenfyﬁ:atmusemGFRC composttw
mproves aged flexural properties.

VF-774 can be used in precast concrete to reduce absorption, mamtam color uniformity,
and reduce or eliminate crazing and efflorescence.

o hmabousedmconuﬂerepmpmdwlsmdbondmgagentsduehxﬁmpenoradhme
. properties.

(o)

o

Physical Data  (also MNL 130 specification)

o Solids by weight 51% (=1%)

o Viscosity 23°C  (Brookfield, Spindle 2/50 rpm) 100 - 300 cps

o pH 3-10

o Density at 20°C 1055 kg/m?

o Tg : 11°C

o Particle Size .1300 - 2500

o Grit 0~-50 ppm
Storage

o Forton VF-774 should be stored in a closed container, in a dry environment at storage
temperatures between 5°C and 30°C.

o Storage should be enclosed, out of direct sun light and away from direct sources of heat.
Shelf Life

© With proper storage conditions the normal shelf life will typically be 9 months.

www.Bail-Consultingl.td.com
338 Fourteenth Street, Ambridge, PA. 15003, Phone: 800-225-2673, Fax T24-266-1504, email:

bali@bell-consalting-itd.com
4665 South Ash, Suite G15, Tempe, AZ 85282, Phone: 888-967-7727, Fax 480-967-81 13, email: sshafer@ball-consulting-lid com
246 Shady Ouks Circle, Lake Mary, FL. 32746, Phone: 407-718-9727, Fax: 407-323-5643 1, emunil: psheres@bail-consuiting-id com




Why use Forton VF-774 in
e GFRC?

Thisqnsﬁonisaskedbyncw,andold,GFRCplodumwhenprsenwdwithaddingmeFomnVF-ﬂ4co-
polymer to their batch_ '

. Tosigniﬂnunlyimpr&vethelong-tem physical properties of the GFRC composite, especially the aged
flexural strain to failure,

Inadditiontothmevu'y

impomtpoims,ﬂmemotherpoimsﬁm if taken individual
but if taken collectively,

Iy, are hard to quantify,
conm'butemahighqualityandhighperformmeeGFRCpmdnét.

These reasons are-

. WﬂabﬂiqofmeFommlwnuwmmmthﬂﬁnishammm&”mpmduwd”wlms
* Improved workability of

the mix at low water/cement ratios, which further enhances the strength of the
cured concrete,
Fasysmaying'ofvuﬁalm&eswithomhavingﬂ:cﬁccmksag.
Complete dispersion of iron oxide pigments for batch-to-batch color consistency of face mixes
Hardcm'edfacemixmforbeMrsandblasﬁngmiformity. :
Tighter, denser cured which reduces absolute moisture absorption and vapor permeability while
atthesmneﬁmesigniﬁanﬂymducingthe:ateofabsorpﬁonasaﬁmeﬁon of time.
. Elhnhmﬁmofuaﬁngmdspidumkinginthcﬁcemkduemmesoﬁpolymepmﬁclm in between

ﬂtecunmparﬁcleandthemdgrain. '

thnevaluaﬁngpolymersforGFRC,yousHouldlmowdiefollowingdetailsoffheproduct:

. Polymercbemisuy:mtaﬂwhite,milkyliquidsmequalhperfmmmce.
mﬂleyalkalistabileinthelﬁgthcunentmaﬁix.SomewiHre—emulsifyaﬁeranhgifﬂ!eygetwet

. chhshamismkmecﬁeaofpimMmmdwhmiformnymmbmhﬁmism
-ﬂlesameamonmtofpigmentwillshowadiffemneolorinmepmeL

. Molﬂculm'weighthxﬂuenewthedurabilityofﬂlepolymainﬂ\eman'ix.

. Polymersolids:youmpayingfordleammnnofpolymersolidsinﬁlcliquid.Thehigherdlcpolyma
solids the better value for your do

Many are not UV ‘stabile, nor

www.Ball-Consuttingt td.com
338 Fourtcenh Strect, Ambwidge, PA 15003, Phone: 300-225-2673, Fax T24-266-1504, emmil: z - .

4665 South Ash, Suite G15, Tempe, AZ 35282, Phooe: 888-967-7727, Fax 480-967-8113, email: sshm@hd!—eouaﬂqng-lu.m

246 Shady Oaks Circle, Lake Mary, FL 32746, Phone: 407-718-9727, Faoc: 407-323-6431, email: psheres@bell-consnlting-id.com
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Defoamer: contrary to normal precast, you do not want additional air entrained in the GFRC composite.
VI_"-774 contains additional defoamer to maintain a high quality sturry through the rigors of high shear
mixing and spraying.

- - Description of Forton VF-774

Forton VF-774 is an all acrylic thermoplastic co-polymer emulsion.
hiswmbmd,mn-hmdommauhlwithapolymersolidseomofﬂ%
CunplieswthCIphnteaﬁﬁmﬁmmsDeciﬁeﬁmAppmﬁxL
SegBallCcnmtﬁngLud.DamSheetﬁxVP-ﬂ4dmdMay8,2007.

Can be shipped in drums, totes ar bulk nmmaﬂywiﬁahlo.workingdaysofmeiptoforder.

. 'When to use Forton VE-774 v

The addition of Forton VF-774 to GFRC of any normal cement/sand

_nﬁtrixstrmg:hs,whichinnmmksahighqualityGFRCmposite.

Forton VF-774 is used to eliminateﬂ:e7-dayw¢cnringpmgrmrequiredofGFRcmobtainﬂ1c
higlmmmixmmmmghsmﬁcmredhmﬂwdd@emmﬁousfmﬂ\e finished product.
The use of Forton VF-774will_redneecolorvaﬁztioninpunls.

it will virtually eliminate drying shrinkage cracks in face mixes, -
Itimprov«:tlnthennalcycﬁngmpqﬁsoftheGFRCpmelsinsimbyreducingthemountof

. moisture penetration.

» Using Forton VF-774 will improve the spraying of vertical surfaces and the
* There isa plastifying effect when using Forton VF-774 that is

pumping of GFRC pre-mix.

synergistic with the use of super
giving good workability at low W/C ratios. :

Mix Design

The normal Forton VF-774 loading
This amount is determined by the
of polymer, the more water tight

in a GFRC mix is between 5 to 7% polymer solids to the weight of cement.
composite properties desired in the finished product. The higher the amount
and ductile the part. The inverse would be true for lower amounts. ’

Portland Type I 100 100 80
Silica Sand 100 85 100
Forton VF-774 12-14 12-14 12-14 '
Water Counﬁngﬂnewmindxepolymer,theﬁ'eewmisadjusmdtodwired
W/C ratio. .

Cem-FIL A-R fiber 3% by weight 3% by weight Jor5%
Micron HS _ 20
Superplasticizer 4 to 12 oz. adjust workability

- Units can be in pounds or kilos

www.Ball.-Consulting-1.td.com . .
338 Fourternth Strest, Ambridge, PA 15003, Phone: 800-225-2673, Fax 724-266-1504, email: ball@ball-consulting-itd.com
4665 South Ash, Suite G5, Tempe, AZ 85282, Phone: $88-967-7727, Fax: 480-967-8113, emnai: sshafer@hail-cousalting-lic.oom
246 Shady Oaks Circle, Lake Mary, FL. 32746, Phone: 407-718-9727, Fax: 407-323-6431, email: psheres@ball-consulting-itt com
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The Use of Substitute Materials on
Historic Building Exteriors

Sharon C. Park, AIA

» Introduction

»Historical Use of Substitute Materials

»When to Consider Using Substitute Materials
»Cautions and Concerns

»Choosing an Appropriate Substitute Material
»Pros and Cons of Various Substitute Materials

»Summary
»Further Reading

A NOTE TO OUR USERS: The web versions of the Preservation Briefs differ somewhat from the printed versions.
Many #llustrations are new, captions are simplified, ilustrations are typically in color rather than black and whie, and
some complex charts have been omitted.

The Secretary of the Interior’s Standards for Rehabilitation require that "deteriorated
architectural features be repaired rather than replaced, wherever possible. In the event
that replacement is necessary, the new material should match the material being
replaced in composition, design, color, texture, and other visual properties." Substitute
materials should be used only on a limited basis and only when they will match the
appearance and general properties of the historic material and will not damage the
historic resource.

Introduction

When deteriorated, damaged, or lost features of a historic building need repair
or replacement, it is almost always best to use historic materials. In limited
circumstances substitute materials that imitate historic materials may be used if the
appearance and properties of the historic materials can be matched closely and no
damage to the remaining historic fabric will result.

Great care must be taken if substitute materials are used on the exteriors of historic
buildings. Ultraviolet light, moisture penetration behind joints, and stresses caused by
changing temperatures can greatly impair the performance of substitute materials over
time. Only after consideration of all options, in consultation with qualified professionals,
experienced fabricators and contractors, and development of carefully written
specifications should this work be undertaken.

5/19/2010 2:27 P}



Preservation Brief 16: The Use of Substitute Materials on Historic Buil... hitp://www.nps.gov/hps/tps/briefs/briefl 6.l

B The practice of using substitute materials in architecture is not
new, yet it continues to pose practical problems and to raise
philosophical questions. On the practical levei the
inappropriate choice or improper installation of substitute
materials can cause a radical change in a building's appearance
and can cause extensive physical damage over time. On the
more philosophical level, the wholesale use of substitute
materials can raise questions concerning the integrity of
historic buildings largely comprised of new materials. In both
cases the integrity of the historic resource can be destroyed.

Some preservationists advocate that substitute materials
should be avoided in all but the most limited cases. The fact is,
however, that substitute materials are being used more
frequently than ever in preservation projects, and in many
cases with positive results. They can be cost-effective, can
permit the accurate visual duplication of historic materials, and

In the reconstruction of the
clock tower at Independence N N ) L i
Hall, the substitute materials last a reasonable time. Growing evidence indicates that with

used were cast stone and H f f ..
wood with fiberglass and proper planning, careful specifications and supervision,

polyester bronze substitute materials can be used successfuily in the process of
'g'rnamentation- Photo: NPS  restoring the visual appearance of historic resources.
jies.

This Brief provides general guidance on the use of substitute materials on the exteriors
of historic buildings. While substitute materials are frequently used on interiors, these
applications are not subject to weathering and moisture penetration, and will not be
discussed in this Brief. Given the general nature of this publication, specifications for
substitute materials are not provided. The guidance provided should not be used in place
of consultations with qualified professionals. This Brief includes a discussion of when to
use substitute materials, cautions regarding their expected performance, and
descriptions of several substitute materials, their advantages and disadvantages. This
review of materials is by no means comprehensive, and attitudes and findings will
change as technology develops.

Historical Use of Substitute Materials

The tradition of using cheaper and more common materials in imitation of more
expensive and less available materials is a long one. George Washington, for example,
used wood painted with sand-impregnated paint at Mount Vernon to imitate cut ashlar
stone. This technique along with scoring stucco into block patterns was fairly common in
colonial America to imitate stone.

Molded or cast masonry substitutes, such as dry-tamp cast stone and poured concrete,
became popular in place of quarried stone during the 19th century. These masonry units
were fabricated locally, avoiding expensive quarrying and shipping costs, and were
versatile in representing either ornately carved blocks, plain wall stones or rough cut
textured surfaces. The end result depended on the type of patterned or textured moid
used and was particularly popular in conjunction with mail order houses. Later, panels of
cementitious permastone or formstone and less expensive asphalt and sheet metal
paneis were used to imitate brick or stone.

20f15 5/19/2010 2:27 P>
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Metal (cast, stamped, or brake-formed) was used for
storefronts, canopies, railings, and other features, such as
galvanized metal cornices substituting for wood or stone,
stamped metal panels for Spanish clay roofing tiles, and
cast-iron column capitals and even entire building fronts in
imitation of building stone.

Terra-cotta, a molded fired clay product, was itself a
substitute material and was very popular in the late 19th
and early 20th centuries. It simulated the appearance of
intricately carved stonework, which was expensive and
time-consuming to produce. Terra cotta could be glazed to
imitate a variety of natural stones, from brownstones to
limestones, or could be colored for a polychrome effect.

Nineteenth century technology made a variety of materials
readily available that not only were able to imitate more

. . X Substitute materials need to be
expensive materials but were also cheaper to fabricate and iocated with care to avoid
easier to use. Throughout the century, imitative materials  damage. The fiberglass column
. I F I tal wind hood base has chipped, whereas the
continued to evolve. For example, ornamental window hoods j;ctoric cast iron would have

were originally made of wood or carved stone. In an effort to remained sound. Photo: NPS

find a cheaper substitute for carved stone and to speed files.

fabrication time, cast stone, an early form of concrete, or cast-iron hoods often replaced
stone. Toward the end of the century, even less expensive sheet metal hoods, imitating
stone, also came into widespread use. All of these materials, stone, cast stone, cast iron,
and various pressed metals were in production at the same time and were selected on
the basis on the basis of the availability of materials and local craftsmanship, as well as
durability and cost. The criteria for selection today are not much different.

Many of the materials used historically to imitate other materials are still available.
These are often referred to as the traditional materials: wood, cast stone, concrete,
terra cotta and cast metals. In the last few decades, however, and partly as a result of
the historic preservation movement, new families of synthetic materials, such as
fiberglass, acrylic polymers, and epoxy resins, have been developed and are being used
as substitute materials in construction. In some respects these newer products (often
referred to as high tech materials) show great promise; in others, they are less
satisfactory, since they are often difficult to integrate physically with the porous historic
materials and may be too new to have established solid performance records.

When to Consider Using Substitute Materials in
Preservation Projects

Because the overzealous use of substitute materials can greatly impair the historic
character of a historic structure, all preservation options shouid be explored thoroughly
before substitute materials are used. It is important to remember that the purpose of
repairing damaged features and of replacing lost and irreparably damaged ones is both
to match visually what was there and to cause no further deterioration. For these
reasons it is not appropriate to cover up historic materials with synthetic materials that
will alter the appearance, proportions and details of a historic building and that will
conceal future deterioration.

Some materials have been used successfully for the repair of damaged features such as
epoxies for wood infilling, cementitious patching for sandstone repairs, or plastic stone

5/19/2010 2:27 PN
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for masonry repairs. Repairs are preferable to replacement whether or not the repairs
are in kind or with a synthetic substitute material.

In general, four circumstances warrant the consideration of substitute materials: 1) the
unavailability of historic materials; 2) the unavailability of skilled craftsmen; 3) inherent
flaws in the original materials; and 4) code-required changes (which in many cases can
be extremely destructive of historic resources).

Cost may or may not be a determining factor in considering the use of substitute
materials. Depending on the area of the country, the amount of material needed, and
the projected life of less durable substitute materials, it may be cheaper in the long run
to use the original material, even though it may be harder to find.

A Due to many early
failures of substitute
materials, some
preservationist are
tooking abroad to find
N materials (especially
R stone) that match the
historic materials in an
effort to restore historic
buildings accurately and
to avoid many of the

- e , uncertainties that come
An inert material was injected into the hollow with the use of

outri mitting the out ood to be . .
,et;;gggfggjj,,ese,?,ed_ erw substitute materials.

The core of a deteriorated
wood outrigger was first
drilled out. Photos (left and
right): Courtesy, Harrison
Goodall.

1. The unavailability of the historic material.

The most common reason for considering substitute materials is the difficulty in finding
a good match for the historic material (particularly a problem for masonry materials
where the color and texture are derived from the material itself). This may be due to
the actual unavailability of the material or to protracted delivery dates. For example,
the local quarry that supplied the sandstone for a building may no longer be in
operation. All efforts should be made to locate another quarry that could supply a
satisfactory match. If this approach fails, substitute materials such as dry-tamp cast
stone or textured precast concrete may be a suitable substitute if care is taken to
ensure that the detail, color and texture of the original stone are matched. In some
cases, it may be possible to use a sand-impregnated paint on wood as a replacement
section, achieved using readily available traditional materials, conventional tools and
work skills. Simple solutions should not be overlooked.

2. The unavailability of historic craft techniques and lack of skilled artisans.
These two reasons complicate any preservation or rehabilitation project. This is
particularly true for intricate ornamental work, such as carved wood, carved stone,
wrought iron, cast iron, or molded terra cotta. However, a number of stone and wood
cutters now employ sophisticated carving machines, some even computerized. It is also
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possible to cast substitute replacement pieces using aluminum, cast stone, fiberglass,
polymer concretes, glass fiber reinforced concretes and terra cotta. Mold making and
casting takes skill and craftsmen who can undertake this work are available. Efforts
should always be made, prior to replacement, to seek out artisans who might be able to
repair ornamental elements and thereby save the historic features in place.

3. Poor original building materials.

Some historic building materials were of inherently poor quality or
their modern counterparts are inferior. In addition, some materiais
were naturally incompatible with other materials on the building,
causing staining or galvanic corrosion. Examples of poor quality
materials were the very soft sandstones which eroded quickly. An
example of poor quality modern replacement material is the tin
coated steel roofing which is much less durable than the historic tin
or terne iron which is no longer available. In some cases, more
durable natural stones or precast concrete might be available as
substitutes for the soft stones and modern terne-coated stainless
steel or lead-coated copper might produce a more durable yet
visually compatible replacement roofing.

4. Code-related changes. Cast aluminum has
been used as a

. . A replacement material
Sometimes referred to as life and safety codes, building codes often fof cast iron. Photo:

require changes to historic buildings. Many cities in earthquake NPS files.

zones, for example, have laws requiring that overhanging masonry

parapets and cornices, or freestanding urns or finials be securely re-anchored to new
structural frames or be removed completely. In some cases, it may be acceptable to
replace these heavy historic elements with light replicas. In other cases, the extent of
historic fabric removed may be so great as to diminish the integrity of the resource. This
could affect the significance of the structure and jeopardize National Register status. In
addition, removal of repairable historic materials could result in loss of Federal tax
credits for rehabilitation. Department of the Interior reguiations make clear that the
Secretary of the Interior's Standards for Rehabilitation take precedence over other
regulations and codes in determining whether a project is consistent with the historic
character of the building undergoing rehabilitation.

Two secondary reasons for considering the use of substitute materials are their lighter
weight and for some materials, a reduced need of maintenance. These reasons can
become important if there is a need to keep dead loads to a minimum or if the feature
being replaced is relatively inaccessible for routine maintenance.

Cautions and Concerns

In dealing with exterior features and materials, it must be remembered that moisture
penetration, ultraviolet degradation, and differing thermal expansion and contraction
rates of dissimilar materials make any repair or replacement problematic. To ensure
that a repair or replacement will perform well over time, it is critical to understand fully
the properties of both the original and the substitute materials, to install replacement
materials correctly, to assess their impact on adjacent historic materials, and to have
reasonable expectations of future performance.

Many high tech materials are too new to have been tested thoroughly. The differences
in vapor permeability between some synthetic materials and the historic materials have
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in some cases caused unexpected further deterioration. It is therefore difficult to
recommend substitute materials if the historic materials are still available. As previously
mentioned, consideration should always be given first to using traditional materials and
methods of repair or replacement before accepting unproven techniques, materials or
applications,

Substitute materials must meet three basic
criteria before being considered: they must be
compatible with the historic materials in
appearance; their physical properties must be
similar to those of the historic materials, or be
installed in a manner that tolerates differences;
and they must meet certain basic performance
expectations over an extended period of time.

Matching the Appearance of the
Historic Materials

A waterproof coating is an inappropraite
substitute material to apply to adobe as it

. seals in moisture and may result in spalling.
In order to provide an appearance that is Photo: NPS files.

compatible with the historic material, the new

material should match the details and craftsmanship of the original as well as the color,
surface texture, surface reflectivity and finish of the original material. The closer an
element is to the viewer, the more closely the material and craftsmanship must match
the original.

Matching the color and surface texture of the historic material with a substitute material
is normally difficult. To enhance the chances of a good match, it is advisable to clean a
portion of the building where new materials are to be used. If pigments are to be added
to the substitute material, a specialist should determine the formulation of the mix, the
natural aggregates and the types of pigments to be used. As all exposed material is
subject to ultraviolet degradation, if possible, samples of the new materials made during
the early planning phases should be tested or allowed to weather over several seasons
to test for color stability.

Fabricators should supply a sufficient number of samples to permit onsite comparison of
color, texture, detailing, and other critical qualities. In situations where there are subtle
variations in color and texture within the original materials, the substitute materials
should be similarly varied so that they are not conspicuous by their uniformity.

Substitute materials, notably the masonry ones, may be more water-absorbent than the
historic material. If this is visually distracting, it may be appropriate to apply a
protective vapor-permeable coating on the substitute material. However, these clear
coatings tend to alter the reflectivity of the material, must be reapplied periodically, and
may trap salts and moisture, which can in turn produce spalling. For these reasons, they
are not recommended for use on historic materials.

Matching the Physical Properties

While substitute materials can closely match the appearance of historic ones, their
physical properties may differ greatly. The chemical composition of the material (i.e.,
presence of acids, alkalines, salts, or metals) should be evaluated to ensure that the
replacement materials will be compatible with the historic resource. Special care must
therefore be taken to integrate and to anchor the new materials properly. The thermal
expansion and contraction coefficients of each adjacent material must be within
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tolerable limits. The function of joints must be understood and detailed either to
eliminate moisture penetration or to aliow vapor permeability. Materials that will cause
galvanic corrosion or other chemical reactions must be isolated from one another.

To ensure proper attachment, surface preparation is critical. Deteriorated underlying
material must be cleaned out. Noncorrosive anchoring devices or fasteners that are
designed to carry the new material and to withstand wind, snow and other destructive
elements should be used. Properly chosen fasteners allow attached materials to expand
and contract at their own rates. Caulking, flexible sealants or expansion joints between
the historic material and the substitute material can absorb slight differences of
movement. Since physical failures often resuit from poor anchorage or improper
installation techniques, a structural engineer should be a member of any team
undertaking major repairs.

Some of the new high tech materials such as epoxies and polymers are much stronger
than historic materials and generally impermeable to moisture. These differences can
cause serious problems uniless the new materials are modified to match the expansion
and contraction properties of adjacent historic materials more closely, or unless the new
materials are isolated from the historic ones altogether. When stronger or vapor
impermeable new materials are used alongside historic ones, stresses from trapped
moisture or differing expansion and contraction rates generally hasten deterioration of
the weaker historic material. For this reason, a conservative approach to repair or
replacement is recommended, one that uses more pliant materials rather than
high-strength ones. Since it is almost impossible for substitute materials to match the
properties of historic materials perfectly, the new system incorporating new and historic
materials should be designed so that if material failures occur, they occur within the
new material rather than the historic material.

Performance Expectations

While a substitute material may appear to be acceptable at the time of installation, both
its appearance and its performance may deteriorate rapidly. Some materials are so new
that industry standards are not available, thus making it difficult to specify quality
control in fabrication, or to predict maintenance requirements and long term
performance. Where possible, projects involving substitute materials in similar
circumstances should be examined. Material specifications outlining stability of color and
texture; compressive or tensile strengths if appropriate; the acceptable range of thermal
coefficients, and the durability of coatings and finishes should be included in the
contract documents. Without these written documents, the owner may be left with little
recourse if failure occurs.

The tight controls necessary to ensure

f long-term performance extend beyond
having written performance standards and
§ selecting materials that have a successful
track record. It is important to select

| follow up if repairs are necessary.

%| Installers and contractors unfamiliar with
i specific substitute materials and how they
M function in your local environmental

i conditions should be avoided.

The historic cornice was successfully replaced with a

fiberglass cornice, Photo: NPS files. The surfaces of substitute materials may
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need special care once installed. For example, chemical residues or mold release agents
should be removed completely prior to installation, since they attract pollutants and
cause the replacement materials to appear dirtier than the adjacent historic materials.
Furthermore, substitute materials may require more frequent cleaning, special cleaning
products and protection from impact by hanging window-cleaning scaffolding. Finally, it
is critical that the substitute materials be identified as part of the historical record of the
building so that proper care and maintenance of all the building materials continue to
ensure the life of the historic resource.

Choosing an Appropriate Substitute Material

Once all reasonable options for repair or replacement in kind have been exhausted, the
choice among a wide variety of substitute materials currently on the market must be
made. The charts at the end of this Brief describe a number of such materials, many of
them in the family of modified concretes which are gaining greater use. The charts do
not include wood, stamped metal, mineral fiber cement shingles and some other
traditional imitative materials, since their properties and performance are better known.
Nor do the charts include vinyls or molded urethanes which are sometimes used as
cosmetic claddings or as substitutes for wooden millwork. Because millwork is still
readily available, it should be replaced in kind.

The charts describe the properties and uses of several materials finding greater use in
historic preservation projects, and outline advantages and disadvantages of each. It
should not be read as an endorsement of any of these materials, but serves as a
reminder that numerous materials must be studied carefully before selecting the
appropriate treatment. Included are three predominantly masonry materials (cast stone,
precast concrete, and glass fiber reinforced concrete); two predominantly resinous
materials (epoxy and glass fiber reinforced polymers also known as fiberglass), and cast
aluminum which has been used as a substitute for various metals and woods.

Pros and Cons of Various Substitute Materials

Cast Aluminum

Material: Cast aluminum is a molten aluminum alloy cast in permanent (metal) molds
or onetime sand molds which must be adjusted for shrinkage during the curing process.
Color is from paint applied to primed aluminum or from a factory finished coating. Small
sections can be bolted together to achieve intricate or sculptural details. Unit castings
are also available for items such as column plinth blocks.

Application: Cast aluminum can be a substitute for cast iron or other decorative
elements. This would include grillwork, roof crestings, cornices, ornamental spandrels,
storefront elements, columns, capitals, and column bases and plinth blocks. If not
self-supporting, elements are generally screwed or bolted to a structural frame. As a
result of galvanic corrosion problems with dissimilar metals, joint details are very
important.

Advantages:
® light weight (1/2 of castiron)

e corrosion-resistant, noncombustible
® intricate castings possible
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® easily assembled, good delivery time
® can be prepared for a variety of colors
¢ long life, durable, less brittle than cast iron

Disadvantages:

¢ lower structural strength than castiron

e difficult to prevent galvanic corrosion with other metals

e greater expansion and contraction than castiron; requires
¢ gaskets or caulked joints

o difficult to keep paint on aluminum

Checklist:

¢ Can existing be repaired or replaced inkind?

® How is cast aluminum to be with other metals attached?

¢ Have full-size details been developed for each piece to be cast?
® How are expansion joints detailed?

e Will there be a galvanic corrosion problem?
[

® Are fabricators/installers experienced?

Cast Stone (dry tamped)

Material: Cast stone is an almost-dry cement, lime and aggregate mixture which is
dry-tamped into a mold to produce a dense stone-like unit. Confusion arises in the
building industry as many refer to high quality precast concrete as cast stone. In fact,
while it is a form of precast concrete, the drytamp fabrication method produces an outer
surface resembling a stone surface. The inner core can be either drytamped or poured
full of concrete. Reinforcing bars and anchorage devices can be installed during
fabrication.

Application: Cast stone is often the most visually similar material as a replacement for
unveined deteriorated stone, such as brownstone or sandstone, or terra cotta in
imitation of stone. It is used both for surface wall stones and for ornamental features
such as window and door surrounds, voussoirs, brackets and hoods. Rubberlike molds
can be taken of good stones on site or made up at the factory from shop drawings.

Advantages:

® replicates stone texture with good molds (which can come from extant stone) and
fabrication

expansion/contraction similar to stone

minimal shrinkage of material

anchors and reinforcing bars can be built in

material is firerated

range of color available

vapor permeable

Disadvantages:

® heavy units may require additional anchorage
e color can fade in sunlight

¢ may be more absorbent than natural stone

¢ replacement stones are obvious if too few models and molds are made
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Checklist:

® Are the original or similar materials available?

® How are units to be installed and anchored?

e Have performance standards been developed to ensure color stability?

® Have large samples been delivered to site for color, finish and absorption testing?
® Has mortar been matched to adjacent historic mortar to achieve a good
color/tooling match?

Are fabricators/installers experienced?

Glass Fiber Reinforced Concretes (GFRC)

Material: Glass fiber reinforced concretes are lightweight concrete compounds modified
with additives and reinforced with glass fibers. They are generally fabricated as thin
shelled panels and applied to a separate structural frame or anchorage system. The
GFRC is most commonly sprayed into forms although it can be poured. The glass must
be alkaline resistant to avoid deteriorating effects caused by the cement mix. The color
is derived from the natural aggregates and if necessary a small percentage of added
pigments.

Application: Glass fiber reinforced concretes are used in place of features originally
made of stone, terra cotta, metal or wood, such as cornices, projecting window and door
trims, brackets, finials, or wall murals. As a molded product it can be produced in long
sections of repetitive designs or as sculptural elements. Because of its low shrinkage, it
can be produced from molds taken directly from the building. It is installed with a
separate noncorrosive anchorage system. As a predominantly cementitious material, it
is vapor permeable.

Advantages:

lightweight, easily installed

good molding abliity, crisp detail possible
weather resistant

can be left uncoated or else painted

little shrinkage during fabrication

molds made directly from historic features
cements generally breathable

material is firerated

Disadvantages:

® non-loadbearing use only

e generally requires separate anchorage system

® large panels must be reinforced

color additives may fade with sunlight

® joints must be properly detailed

® may have different absorption rate than adjacent historic material

Checklist:

e Are the original materials and craftsmanship still available?
o Have samples been inspected on the site to ensure detail/texture match?
e Has anchorage system been properly designed?

® Have performance standards been developed?
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® Are fabricators/installers experienced?
Precast Concrete

Material: Precast concrete is a wet mix of cement and aggregate poured into molds to
create masonry units. Molds can be made from existing good surfaces on the building.
Color is generally integral to the mix as a natural coloration of the sand or aggregate, or
as a small percentage of pigment. To avoid unsightly air bubbles that result from the
natural curing process, great care must be taken in the initial and longterm vibration of
the mix. Because of its weight it is generally used to reproduce individual units of
masonry and not thin shell panels.

Application: Precast concrete is generally used in place of masonry materials such as
stone or terra cotta. It is used both for flat wall surfaces and for textured or ornamental
elements. This includes wall stones, window and door surrounds, stair treads, paving
pieces, parapets, urns, balusters and other decorative elements. It differs from cast
stone in that the surface is more dependent on the textured mold than the hand
tamping method of fabrication.

Advantages:

easily fabricated, takes shape well

rubber molds can be made from building stones
minimal shrinkage of material

can be load bearing or anchorage can be cast in
expansion/contraction similar to stone

material is firerated

range of color and aggregate available

vapor permeable

Disadvantages:

may be more moisture absorbent than stone although coatings may be applied
color fades in sunlight

small air bubbles may disfigure units

replacement stones are conspicuous if too few models and molds are made

Checklist:

e Is the historic material still available?

What are the structural/anchorage requirements?

e Have samples been matched for color/texture/absorption? Have shop drawings
been made for each shape?

e Are there performance standards?

e Has mortar been matched to adjacent historic mortar to achieve good color/tooling
match?

e Are fabricators/installers experienced?

Fiber Reinforced Polymers (FRP, Fiberglass)

Material: Fiberglass is the most well known of the FRP products generally produced as a
thin rigid laminate shell formed by pouring a polyester or epoxy resin gelcoat into a
mold. When tack-free, layers of chopped glass or glass fabric are added along with
additional resins. Reinforcing rods and struts can be added if necessary; the gel coat can
be pigmented or painted.
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Application: Fiberglass, a non load-bearing material attached to a separate structural
frame, is frequently used as a replacement where a lightweight element is needed or an
inaccessible location makes frequent maintenance of historic materials difficult. Its good
molding ability and versatility to represent stone, wood, metal and terra cotta make it
an alternative to ornate or carved building elements such as column capitals, bases,
spandrel panels, beltcourses, balustrades, window hoods or parapets. Its ability to
reproduce bright colors is a great advantage.

Advantages:

e lightweight, long spans available with a separate structural frame

e high ratio of strength to weight

good molding ability

integral color with exposed high quality pigmented gel-coat or takes paint well
easily installed, can be cut, patched, sanded

non-corrosive, rot-resistant

Disadvantages:

® requires separate anchorage system

e combustible (fire retardants can be added); fragile to impact.

o high coefficient of expansion and contraction requires frequently placed expansion
joints

e ultraviolet sensitive unless surface is coated or pigments are in gelcoat

e vapor impermeability may require ventilation detail

Checklist:
® Can original materials be saved/used?
® Have expansion joints been designed to avoid unsightly appearance?
e Are there standards for color stability/durability?
® Have shop drawings been made for each piece?
® Have samples been matched for color and texture?
® Are fabricators/installers experienced?
® Do codes restrict use of FRP?

Epoxies (Epoxy Concretes, Polymer Concretes)

Material: Epoxy is a resinous two-part thermosetting material used as a consolidant, an
adhesive, a patching compound, and as a molding resin. It can repair damaged material
or recreate lost features. The resins which are poured into molds are usually mixed with
fillers such as sand, or glass spheres, to lighten the mix and modify their
expansion/contraction properties. When mixed with aggregates, such as sand or stone
chips, they are often called epoxy concrete or polymer concrete, which is a misnomer as
there are no cementitious materials contained within the mix. Epoxies are vapor
impermeable, which makes detailing of the new elements extremely important so as to
avoid trapping moisture behind the replacement material. It can be used with wood,
stone, terra cotta, and various metals.

Application: Epoxy is one of the most versatile of the new materials. It can be used to
bind together broken fragments of terra cotta; to build up or infill missing sections of
ornamental metal; or to cast missing elements of wooden ornaments. Small cast
elements can be attached to existing materials or entire new features can be cast. The
resins are poured into molds and due to the rapid setting of the material and the need
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to avoid cracking, the molded units are generally small or hollow inside. Multiple molds
can be combined for larger elements. With special rods, the epoxies can be structurally
reinforced. Examples of epoxy replacement pieces include: finials, sculptural details,
small column capitals, and medallions.

Advantages:

® can be used for repair/replacement

lightweight, easily installed

® good casting ability; molds can be taken from building material can be sanded and
carved.

color and uitraviolet screening can be added; takes paint well

durable, rot and fungus resistant

Disadvantages:

¢ materials are flammable and generate heat as they cure and may be toxic when
burned

® toxic materials require special protection for operator and adequate ventilation
while curing

® material may be subject to ultraviolet deterioration unless coated or filters added
rigidity of material

e often must be modified with fillers to match expansion coefficients

¢ vapor impermeable

Checklist:

® Are historic materials available for molds, or for splicing-in as a repair option?

® Has the epoxy resin been formulated within the expansion/contraction coefficients
of adjacent materials?

® Have samples been matched for color/finish?

e Are fabricators/installers experienced?

e Is there a sound substrate of material to avoid deterioration behind new material?

¢ Are there performance standards?

Summary

Substitute materials--those products used to imitate historic materials--should be used
only after all other options for repair and replacement in kind have been ruled out.
Because there are so many unknowns regarding the longterm performance of substitute
materials, their use should not be considered without a thorough investigation into the
proposed materials, the fabricator, the installer, the availability of specifications, and
the use of that material in a similar situation in a similar environment.

Substitute materials are normally used when the historic materials or craftsmanship are
no longer available, if the original materials are of a poor quality or are causing damage
to adjacent materials, or if there are specific code requirements that preclude the use of
historic materials. Use of these materials should be limited, since replacement of historic
materials on a large scale may jeopardize the integrity of a historic resource. Every
means of repairing deteriorating historic materials or replacing them with identical
materials should be examined before turning to substitute materials.

The importance of matching the appearance and physical properties of historic materials
and, thus, of finding a successful longterm solution cannot be overstated. The successful
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solutions illustrated in this Brief were from historic preservation projects involving
professional teams of architects, engineers, fabricators, and other specialists. Cost was
not necessarily a factor, and all agreed that whenever possible, the historic materials
should be used. When substitute materials were selected, the solutions were often
expensive and were reached only after careful consideration of all options, and with the
assistance of expert professionals.
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some complex charts have been omitted.

Glazed architectural terra-cotta was significant in the development of important
architectural idioms in this country--specifically, the "Chicago School," the High Rise and
the Historic or Beaux Arts styles. In fact, glazed architectural terra-cotta is one of the
most prevalent masonry building materials found in the urban environment today.
Popular between the late 19th century and the 1930s, glazed architectural terra-cotta
offered a modular, varied and relatively inexpensive approach to wall and floor
construction. It was particularly adaptable to vigorous and rich ornamental detailing.
However, with changing vogues in materials and architectural styles and rising
production costs, glazed architectural terra-cotta fell into disfavor and disuse by the mid
20th century.

Today, information on the maintenance, rehabilitation and replacement of glazed
architectural terra-cotta is limited, as are sources of new glazed architectural terra-
cotta. This report, then, will discuss some of the major deterioration problems that
commonly occur in historic glazed architectural terra-cotta, methods of determining the
extent of that deterioration and recommendations for the maintenance, repair and
replacement of the deteriorated historic material.

What is Terra-Cotta?

Generically, the broadest definition of terra-cotta refers to a high grade of weathered or
aged clay which, when mixed with sand or with pulverized fired clay, can be molded and
fired at high temperatures to a hardness and compactness not obtainable with brick.
Simply put, terra-cotta is an enriched molded clay brick or block. The word terra-cotta is
derived from the Latin word terra-cotta--literally, "cooked earth." terra-cotta clays vary
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widely in color according to geography and types, ranging from red and brown to white.

Terra-cotta was usually hollow cast in blocks which were open to the back, like boxes,
with internal compartment-like stiffeners called webbing. Webbing substantially
strengthened the load-bearing capacity of the hollow terra-cotta block without greatly
increasing its weight.

Terra-cotta blocks were often finished with a glaze; that is, a slip glaze (clay wash) or
an aqueous solution of metal salts was brushed or sprayed on the air-dried block before
firing. Glazing changed the color, imitated different finishes, and produced a relatively
impervious surface on the weather face of the final product. The glaze on the terra-cotta
unit possessed excellent weathering properties when properly maintained. It had rich
color and provided a hard surface that was not easily chipped off. Glazing offered
unlimited and fade-resistant colors to the designer. Even today, few building materials
can match the glazes on terra-cotta for the range and, most importantly, the durability
of colors.

Types of Terra-cotta

Historically there are four types or categories of terra-cotta which have enjoyed wide
use in the history of the American building arts: 1) brownstone, 2) fireproof
construction, 3) ceramic veneer, and 4) glazed architectural.

Brownstone terra-cotta is the variety of this masonry material used earliest in American
buildings (mid to late 19th century). The brownstone type is a dark red or brown block
either glazed (usually a slip glaze) or unglazed. It was hollow cast and was generaily
used in conjunction with other masonry in imitation of sandstone, brick or real
brownstone. It is often found in the architecture of Richard Upjohn, James Renwick, H.
H. Richardson and is associated with the Gothic and Romanesque Revival movements
through such ornamental detailing as moldings, finials and capitals.

Fireproof construction terra-cotta was extensively developed as a direct result of the
growth of the High Rise building in America. Inexpensive, lightweight and fireproof,
these rough-finished hollow building blocks were ideally suited to span the I-beam
members in floor, wall and ceiling construction. Certain varieties are still in production
today, although fireproof construction terra-cotta is no longer widely employed in the
building industry.

Ceramic veneer was developed during the 1930s and is still used extensively in building
construction today. Unlike traditional architectural terra-cotta, ceramic veneer is not
hollow cast, but is as its name implies: a veneer of glazed ceramic tile which is ribbed on
the back in much the same fashion as bathroom tile. Ceramic veneer is frequently
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attached to a grid of metal ties which has been anchored to the building.

Glazed architectural terra-cotta was the
most complex development of terra-cotta as
a masonry building material in this country.
The hollow units were hand cast in molds or
® carved in clay and heavily glazed (often in

| imitation of stone) and fired. Sometimes
" called "architectural ceramics," glazed
architectural terra-cotta was developed and
refined throughout the first third of the 20th
century and has been closely associated with
the architecture of Cass Gilbert, Louis
Sullivan, and Daniel H. Burnham, among

Glazed architectural terra-cotta was a practical and .
highly decorative building material. Photo: NPS others. Significant examples in this country

files. include the Woolworth Building (1913) in
New York City and the Wrigley Building

(1921) in Chicago.

Late 19th and early 20th century advertising promoted the durable, impervious and
adaptable nature of glazed architectural terra-cotta. It provided for crisp, vigorous
modeling of architectural details as the molds were cast directly from clay prototypes
without loss of refinement. Glazed architectural terra-cotta could accommodate subtle
nuances of modeling, texture and color. Compared to stone, it was easier to handle,
quickly set and more affordable to use. Thought to be fireproof and waterproof, it was
readily adaptable to structures of almost any height. The cost of molding the clay,
glazing and firing the blocks, when compared to carving stone, represented a
considerable savings, especially when casts were used in a modular fashion--that is,
repeated over and over again. Maintenance of the fired and glazed surface was easy; it
never needed paint and periodic washings restored its original appearance.

With the passage of time, many of the phenomenal claims of the early proponents of
glazed architectural terra-cotta have proven true. There are many examples throughout
this country that attest to the durability and permanence of this material. Yet
present-day deterioration of other significant glazed architectural terra-cotta resources
ultimately belie those claims. Why? Historically, the lack of foresight or understanding
about the nature and limitations of the material has, in many instances, allowed serious
deterioration problems to occur that are only now becoming apparent.

Characteristics of Glazed Architectural Terra-cotta as a
Building Material

Glazed architectural terra-cotta has many material properties similar to brick or stone.
It also has many material properties radically different from those traditional masonry
materials. It is those differences which must be considered for a better understanding of
some of the material characteristics of glazed architectural terra-cotta when it is used as
a building material.

Difficult to identify: Glazed architectural terra-cotta probably comprises one of the
largest if not the largest constituent material in some of our urban environments today.
However, the infinite varieties of glazing have hidden this fact from the casual observer.
One of the attractive features of glazed architectural terra-cotta in its time was that it
could be finished (glazed) in exact imitation of stone. In fact, many building owners and
architects alike are often surprised to discover that what they presumed to be a granite
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or limestone building is glazed architectural terra-cotta instead.

T

Two separate systems: Historically, glazed
architectural terra-cotta has been used in
association with two specific and very different
types of building systems: as part of a
traditional load-bearing masonry wall in
buildings of modest height, and as a cladding
material in High Rise construction. As cladding,
glazed architectural terra-cotta often utilized
an extensive metal anchoring system to attach
it or to "hang it" onto a wall framing system or
superstructure. In the first instance the
anchoring was limited; in the second, the

S anchoring was often extensive and complex.
Typical construction detail of glazed i Likewise, in the first instance, deterioration has
architectural terra-cotta ornament. Drawing: ..
Detail, Architectural Terra Cotta, Charles E. generally been limited. However, where glazed
White, Jr., 1920. architectural terra-cotta was used as cladding,

particularly in high rise construction,
present-day deterioration and failure are often severe.

Complexity of deterioration: Deterioration is, by nature of the design, infinitely
complex--particularly when glazed architectural terra-cotta has been used as a cladding
material.

Deterioration creates a "domino"like breakdown of the whole system: glazed units,
mortar, metal anchors, and masonry backfill. In no other masonry system is material
failure potentially so complicated.

Poor original design: The root of deterioration in glazed architectural terra-cotta
systems often lies in a misapplication of the material. Historically, glazed architectural
terra-cotta was viewed as a highly waterproof system needing neither flashing, weep
holes nor drips. This supposition, however, has proved to be untrue, as serious water-
related failure was evident early in the life of many glazed architectural terra-cotta clad
or detailed buildings.

Common Deterioration Problems

No one case of deterioration in glazed architectural terra-cotta is ever identical to
another owing to the infinite number of variations with the materiai: original
manufacture, original installation inconsistencies, number of component parts, ongoing
repairs or the various types and sources of deterioration. However, certain general
statements may be made on the nature of glazed architectural terra-cotta deterioration.

Material failure can most commonly be attributed to water-related problems. However,
less frequent though no less severe causes may include: faulty original craftsmanship,
which Is often cited but hard to determine; stress-related deterioration; damage caused
by later alterations and additions; or inappropriate repairs.

Water-related deterioration: As with most building conservation and rehabilitation
problems, water is a principal source of deterioration in glazed architectural terra-cotta.
Terra-cotta systems are highly susceptible to such complex water-related deterioration
problems as glaze crazing, glaze spalling and material loss, missing masonry units and
deteriorated metal anchoring, among others.
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Crazing, or the formation of small random cracks in the giaze, is a common form of
water-related deterioration in glazed architectural terra-cotta. When the new terra-cotta
unit first comes from the kiln after firing, it has shrunken (dried) to its smallest possible
size. With the passage of time, however, it expands as it absorbs moisture from the air,
a process which may continue for many years. The glaze then goes into tension because
it has a lesser capacity for expansion than the porous tile body; it no longer "fits” the
expanding unit onto which it was originally fired. If the strength of the glaze is
exceeded, it will crack (craze). Crazing is a process not unlike the random hairline
cracking on the surface of an old oil painting. Both may occur as a normal process in the
aging of the material. Unless the cracks visibly extend into the porous tile body beneath
the glaze, crazing should not be regarded as highly serious material failure. It does,
however, tend to increase the water absorption capability of the glazed architecturai
terra-cotta unit.

Spalling, the partial loss of the masonry material itself, is, like crazing, caused by water
and is usually a result not only of airborne water but more commonly of water trapped
within the masonry system itseilf. Trapped water is often caused by poor water detailing
in the original design, insufficient maintenance, rising damp or a leaking roof. In most
cases, trapped water tends to migrate outward through masonry walls where it
eventually evaporates. In glazed architectural terra-cotta, the water is impeded in its
journey by the relatively impervious glaze on the surface of the unit which acts as a
water barrier. The water is stopped at the glaze until it builds up sufficient pressure
(particularly in the presence of widely fluctuating temperatures) to pop off sections of
the glaze (glaze spalling) or to cause the wholesale destruction of portions of the glazed
architectural terra-cotta unit itself (material spalling).

Glaze spalling (left) may appear as small coin-size
blisters where the glaze has ruptured and exposed
the porous tile body beneath. This may occur as
several spots on the surface or, in more advanced
cases of deterioration, it may result in the
@ wholesale disappearance of the glaze. Spalling of

§ the glaze may also be symptomatic of
deterioration (rusting) of the internal metal
anchoring system which holds the terra-cotta units
together and to the larger building structure. The
increase in volume of the metal created by rusting
creates increased internal pressures in the
terra-cotta unit which, in turn, may spall the
glaze, or in more extreme cases, cause material
spalling.

Blistering of the glaze, like crazing, is the
result of the increase in water in the porous B . . . . .
cdlay body and the subsequent destruction  Material spalling is a particularly severe situation.

of the glaze as a result of water migration  Not only is the visual integrity of the detailing

D e oty e o, impaired, but a large area of the porous

behind the terra-cotta unit. Photo: NPS underbody, webbing and metal anchoring is

files. exposed to the destructive effects of further water

entry and deterioration. Both glaze and material

spailing must be dealt with as soon as possible. Missing units is a serious situation which
particularly plagues architectural terra-cotta systems. Unlike brick or stone, damaged
glazed architectural terra-cotta is exceedingly difficult to replace. New production is
extremely limited. Missing units create gaps which increase the structural load on the
remaining pieces and also permit water to enter the system. Exposed or freestanding
glazed architectural terra-cotta detailing (balusters, urns, parapet walls, etc.) are
particularly susceptible to extensive loss of material.
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These elements face the most severe vicissitudes of water and temperature-related
deterioration in direct proportion to the extent of their exposure. The replacement of
missing units should be a high priority work item in the rehabilitation of glazed
architectural terra-cotta.

Deterioration of metal anchoring: Deteriorated anchoring systems are perhaps the
most difficult form of glazed architectural terra-cotta deterioration to locate or diagnose.
Often, the damage must be severe and irreparable before it is noticed on even the most
intense "prima facie" examination. Water which enters the glazed architectural
terra-cotta system can rust the anchoring system and substantially weaken or
completely disintegrate those elements. Where water has been permitted to enter the
system, some deterioration has more than likely taken place. Partial deterioration
results in staining and material spalling. Total deterioration and the lack of any
anchoring system may result in the loosening of the units themselves, threatening the
architectural or structural integrity of the building. Recently, falling glazed architectural
terra-cotta units have become a serious safety concern to many building owners and
municipal governments. Early detection of failing anchoring systems is exceedingly
difficult.

Deterioration of mortar and other adjacent materials: Deteriorated mortar has
always been a key to the survival or failure of any masonry system. This is particularly
true with glazed architectural terra-cotta. In recognition of the fragile nature of the
system, the need for insuring a relatively dry internal system is important. Sound
mortar is the "first line" of defense in terra-cotta systems. It is a maintenance "must."
Deteriorated mortar joints are a singularly culpable source of water and, therefore, of
deterioration. Mortar deterioration may result from improper original craftsmanship or
air--and waterborne--pollution. More often, however, lack of ongoing maintenance is
mainly responsible. Deteriorated mortar should not be overlooked as a major source of
glazed architectural terra-cotta failure.

The deterioration of materials adjoining the glazed architectural terra-cotta (flashing,
capping, roofing, cautking around windows and doors) bears significant responsibility in
its deterioration. When these adjoining materials fail, largely as a result of lack of
maintenance, water-related deterioration results. For instance, it is not uncommon to
find wholesale terra-cotta spalling in close proximity to a window or doorway where the
caulking has deteriorated.

Stress-related deterioration: Stress-related deterioration
of glazed architectural terra-cotta frequently occurs in high
rise buildings. The evolution of stress relieving details
(flexible joints, shelf angles, etc.) occurred late in the
development of American building construction.
Consequently, most early continuously clad High Rise
buildings (¢.1900-1920s) had little or no provisions for
normal material and building movement in their original
design.

The development of large stress-related cracks or wholesale
material deterioration is often caused by unaccommodated
building-frame shortening under load, thermal expansion and
contraction of the facade and moisture expansion of the

x glazed architectural terra-cotta units themselves. Cracks

The damage shown here is running through many units or stories or large areas of

the result of direct ive load 1\ terial deterioration often indicate stress-related problems.
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This spiek.ef detigripralion, in turn, permits significant water entry into the terra-cotta
sysidiMame has settled and

shifte_d the weight onto tI?e
I&qﬂmﬁéﬁkw.‘ Inappropriate repairs result because using new terra-cotta for
replecamentoNSt@riorated or missing glazed architectural terra-cotta has generally
been impractical. Repairs, therefore, have traditionally been made in brick or
cementitious build ups of numerous materials such as stucco or fiberglass. Some
materials are appropriate temporary or permanent replacements, while others are not.
(These issues are discussed at a later point in this report.) However, improper anchoring
or bonding of the repair work or visual incompatibility of repairs have themselves, with
the passage of time, become rehabilitation problems: replacement brick that is pulling
free, cement stucco that is cracking and spalling, or a cement or bituminous repairs that
are not visually compatible with the original material.

Alteration damage: Alteration damage has occurred as a result of the installation of
such building additions as signs, screens, marquees or bird proofing. These installations
often necessitated the boring of holes or cutting of the glazed architectural terra-cotta
to anchor these additions to the building frame beneath. As the anchoring or caulking
deteriorated, or as these elements were removed in subsequent renovation work, these
holes have become significant sources of water-related damage to the glazed
architectural terra-cotta system.

Deterioration Inspection and Analysis

Certain deterioration in glazed architectural terra-cotta may be on the building surface
and patently obvious to the casual observer--crazing, spalling, deterioration of mortar
joints. Other deterioration may be internal or within the masonry system and hard to
determine--deterioration of anchoring, deterioration behind the glaze, crumbling of
internal webbing. Prima facie, "first inspection,” examination may indicate surface
deterioration problems while not revealing others. This demonstrates one of the most
frustrating aspects of dealing with deteriorated glazed architectural terra-cotta: that
there are two systems or levels of deterioration, one which is visible and the other
which is not. " .

Material failure in glazed architectural
terra-cotta is necessarily complex. For this
reason, it is generally advised that the
examination and repair of this material
should be the responsibility of an
experienced professional. Few restorationists
have experience in the inspection, repair and
replacement of glazed architectural terra-
cotta. This is certainly never the province of
the amateur or the most well-intentioned but

inexperienced architect or engineer. Material spalfing is the result of excessive
expansion of the porous tile body caused by water

. and freezing temperatures. This is a serious
There are some methods of internal and condition, often difficult to repair. Photo: NPS files.

external inspection and analysis which are

relatively simple to the trained professional. Other methods, however, are expensive,
time consuming, and only in the experimental stage at this writing. These all generally
preclude the use of anyone but an experienced professional.

Preliminary cleaning: Before a terra-cotta building is analyzed for deterioration, it is
often advisable, but not always necessary, to clean the surface of the material. This is
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particularly true when the material has been exposed to the vicissitudes of heavy urban
pollution. While most building materials are cleaned for "cosmetic” purposes, the
cleaning of glazed architectural terra-cotta for the purpose of inspection and analysis
may be advised. Dirt on glazed architectural terra-cotta often hides a muititude of
problems. It is only with cleaning that these problems become obvious. Recommended
cleaning procedures are covered later in the report.

Methods of inspection: Prima facie analysis is the unit by unit, firsthand, external
inspection of the glazed architectural terra-cotta building surface. Special note of all
visible surface deterioration (staining, crazing, spalling, cracking, etc.) should be made
on elevation drawings. Binoculars are often used where cost, height, or inaccessibility
prevent easy inspection. However, much deterioration may go unnoticed unless
scaffolding or window-washing apparatus is used in a true "hands on" inspection of each
unit of the facade.

Tapping, a somewhat inexact method of detection of internal deterioration is,
nevertheless, the most reliable inspection procedure presently available. Quite simply,
tapping is the striking of each unit with a wooden maliet. When struck, an undamaged
glazed architectural terra-cotta unit gives a pronounced ring, indicating its sound
internal condition. Conversely, deteriorated units (i.e., units which are failing internally)
produce a flat, hollow sound. Metal hammers are never to be used, as they may damage
the glazed surface of the unit. Extensive experience is the best teacher with this
inspection method.

Infrared scanning is only in the experimental stage at this time, but its use seems to
hold great promise in locating deteriorated internal material in terra-cotta. All materials
emit heat--heat which can be measured in terms of infrared light. While infrared light
cannot be seen by the human eye, it can be measured by infrared scanning. Infrared
photography, a kind of infrared scanning, has been of particular use in detecting sources
of heat loss in buildings in recent years. Broken or loose internal terra-cotta pieces have
a less firm attachment to the surrounding firm or attached pieces and, therefore, have
different thermal properties, i.e., temperatures. These temperature differences become
evident on the infrared scan and may serve as a fair indication of internal material
deterioration in terra-cotta.

Sonic testing has been successfully used for some time to detect internal cracking of
concrete members. In the hands of an experienced operator, there are conditions where
it can detect internal failure in glazed architectural terra-cotta. Sonic testing registers
the internal configuration of materials by penetrating the material with sound waves
and reading the patterns that "bounce back" from the originating source of the sound.
Readings at variance with those from undeteriorated material might indicate collapsed
webbing or pools of water in the interior of the terra-cotta unit.

Metal detection is a non-destructive and generally useful way of locating the position of
internal metal anchoring. Metal detectors indicate the presence of metals by
electromagnetic impulses. These impulses are transmitted onto an oscilloscope where
they may he seen or they are converted to sound patterns which may be heard by the
operator. Original drawings are eminently useful in predicting where internal metal
anchoring should be. Metal detectors can confirm that indeed they are still there.
Without original drawings, the contractor or architect can still locate the metal
anchoring, however. No reading where an anchor would be expected could indicate a
missing anchor or one that has seriously deteriorated. The information produced by
metal detection is, at best, only rough. However, it is the most viable way of locating
the internal metal anchoring without physically removing, thus irreparably damaging,
the glazed architectural terra-cotta units themselves.
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Laboratory analysis may be carried out on samples of removed original material to find
glaze absorption, permeability or glaze adhesion, or to evaluate material for porosity.
These tests are useful in determining the present material characteristics of the historic
glazed architectural terra-cotta and how they may be expected to perform in the future,

Maintenance, Repair and Replacement

Deterioration in glazed architectural terra-cotta is,
by definition, insidious in that the outward signs of
decay do not always indicate the more serious
problems within. It is, therefore, of paramount
importance that the repair and replacement of
deteriorated glazed architectural terra-cotta not
be undertaken unless the causes of that
deterioration have been determined and repaired.
As mentioned before, one of the primary agents of
deterioration in glazed architectural terra-cotta is
water. Therefore, water-related damage can be } -
repaired only when the sources of that water have g, c cq ;“ffreestanding terra-cotta
been eliminated. Repointing, caulking and- detailing (parapets, urns, balusters, etc.)
replacement of missing masonry pieces are also of have traditionally been subjected to the

. rs most severe vicissitudes of deterioration as
primary concern. Where detailing to conduct water ; result of freezing temperatures and
in the original design has been insufficient, the water. Photo: NPS files.
installation of new flashing or weep holes might be
considered.

Where stress-related or structural problems have caused the deterioration of glazed
architectural terra-cotta, the services of a structural engineer shouid be sought to
mitigate these problems. This may include the installation of relieving joints, sheif
angles or flexible joints. In any case, stress-related and structural deterioration, like
water-related deterioration, must be stopped before effective consolidation or
replacement efforts may begin.

Cleaning: The successful cleaning of glazed architectural terra-cotta removes excessive
soil from the glazed surface without damaging the masonry unit itself. Of the many
cleaning materials available, the most widely recommended are water, detergent, and a
natural or nylon bristle brush. More stubborn pollution or fire-related dirt or bird
droppings can be cleaned with steam or weak solutions of muriatic or oxalic acid.

A note of caution: Any acids, when used in strong enough solutions, may themselves
deteriorate mortar and "liberate” salts within the masonry system, producing a situation
called efflorescence.

Commercial cleaning solutions may be appropriate but probably are not necessary when
water and detergent will suffice. There are, however, certain ceaning techniques for
glazed terra-cotta which are definitely not recommended and which would damage the
surface of the material. These include: all abrasive cleaning measures (especially
sandblasting), the use of strong acids, (particularly fluoride-based acids), high-pressure
water cleaning and the use of metal bristle brushes. All of these techniques will
irreparably harm the glaze in one fashion or another and subsequently expose the
porous tile body to the damaging effects of water.

It is important to remember that glazed architectural terra-cotta was designed to be
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cleaned cheaply and easily. This, in fact, was one of its major assets and was much
advertised in the selling of the material early in this century.

Waterproofing: The covering of crazed glazing with waterproof coatings is the subject
of an ongoing controversy today. The question involves whether or not the micro-cracks
conduct substantial amounts of water into the porous tile body. Tests indicate that the
glaze on new unexposed terra-cotta is itself not completely waterproof. Some testing
also indicates that most crazing on historic glazed terra-cotta does not substantially
increase the flow of moisture into the porous tile body when compared to new material.
Excessive and serious crazing is, however, an exception and the coating of those areas
on a limited scale may be wholly appropriate.

In an effort to stem water-related deterioration, architects and building owners often
erroneously attribute water-related damage to glaze crazing when the source of the
deterioration is, in fact, elsewhere: deteriorated caulking, flashing, etc. The waterproof
coating of glazed architectural terra-cotta walls may cause problems on its own.
Outward migration of water vapor normally occurs through the mortar joints in these
systems. The inadvertent sealing of these joints in the wholesale coating of the wall may
exacerbate an already serious situation. Spalling of the glaze, mortar, or porous body
will, more than likely, result.

_ Repointing: Repointing of mortar which is severely
deteriorated or improperly or infrequently maintained is one
of the most useful preservation activities that can be
. performed on historic glazed architectural terra-cotta
il buildings. Ongoing and cyclical repointing guarantees the long
life of this material. Repointing should always be carried out
# with a mortar which has a compressive strength (measured in
Y p.s.i.) lower than the adjacent masonry unit. Hard (Portiand
34 cement) or coarsely screened mortars may cause point loading
B and/or prevent the outward migration of the water through
B the mortar joints, both of which ultimately damage the
7.8 terra-cotta unit. Repointing with waterproof caulking
SO § compounds or similar waterproof materials should never be
A worker deans out mortar  undertaken because, like waterproof coatings, they impede
’r:';';fn;'i‘n‘;'f,“’:f‘rg: :gt’u o the norma_nl_outwarq migration of moisture through the
terra-cotta Photo: NPS files. Masonry joints. Moisture then may build sufficient pressure
behind the waterproof caulk and the glaze on the terra-cotta
to cause damage to the unit itself.

Repair of glaze spalling: Glaze spalling is also a highly culpable source of water-
related deterioration in glazed architectural terra-cotta. It is important to coat or seal
these blistered areas and to prevent further entry of water into the system by this
route. All loose or friable material should be removed. This may be done easily by hand;
chisels or similar small tools are most effective. The exposed material is then painted
over. At this time, no permanently effective reglazing materials are available. However,
there are several acrylic-based proprietary products and masonry paints which can be
used effectively to protect these exposed areas, thus preventing the entry of water.
These materials are effective for 5 to 7 years and can be reapplied. They also can be
tinted to approximate closely the original glaze color.

Repair of minor material spalling: Minor material spalling, where visual or cosmetic
considerations are negligible, should be treated in a manner similar to glaze spalling
damage. That is, areas where small portions of the body and glaze have spalled and
which are far removed from close scrutiny (i.e., detailing on entablatures, upper story
windows, etc.) are best remedied by painting with a masonry paint or an acrylic-based
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proprietary product. Units on which material spalling is easily observed (on the street
level, door surrounds, etc.), and on which visual integrity is a consideration, may be
better replaced. Patching is not appropriate. Stucco-like or cementitious buildups are
difficult to form satisfactorily, safely and compatibly in situ to replace missing pieces of
glazed architectural terra-cotta. Cementitious repairs never satisfactorily bond to the
original material. The differential expansion coefficients of the two materials (the repair
and the original) preclude a safe, effective and long-term attachment.

Repair of major spalling: Glazed architectural terra-cotta units, which have spalled
severely thereby losing much of their material and structural integrity in the wall,
should be replaced. Partial in situ repair will not be long lasting and may, in fact, cause
complicated restoration problems at a later date. Appropriate methods of replacement
are discussed at a later point in this report.

Temporary stabilization: Stabilization measures are necessary when deterioration is
so severe as to create a situation where pieces of glazed architectural terra-cotta may
fall from the building. This is a particular concern with greatly exposed detailing:
cornices, balconies, balustrades, urns, columns, buttresses, etc. Restoration work on
these pieces is expensive and often must be carried on over a period of time. Unstable
terra-cotta pieces are often removed or destroyed in lieu of such measures. This is
particularly true in areas of heavy traffic-related vibrations or in earthquake zones.
There are, however, less severe measures which may be employed on a temporary
basis. Substantial success has been achieved in securing unstable glazed architectural
terra-cotta pieces with metal strapping and nylon net. While these measures should not
be seen as permanent preservation solutions, they do offer temporary alternatives to
the wanton destruction of significant glazed architectural terra-cotta detailing in the
name of public safety and local code compliance.

Repair of addition and structural
damage: Holes, sign anchors, slots for
channel steel, or structural cracking in the
surface of glazed architectural terra-cotta
cladding should be permanently sealed with a ¥
material that will expand with the normal :
dynamics of the surrounding material, yet -
effectively keep water out of the system. Any S
one of a number of commercially available

waterproof caulking compounds would be This crack is being measured. Structural cracking,
appropriate for this work. Holes and static “;‘hetli;e;e statifk(r:’onmoving) or dynamic (moving)

_ . . shoul caulked to prevent water entry into the
(non movmg) cracks n_xay be caulked with glazed architectural terra-cotta system. Photo:
butyl sealants or acrylic latex caulks. For NPS files.

dynamic (moving or active) cracks, the

polysulfide caulks are most often used, although others may be safely employed. It is,
however, important to remember that these waterproof caulking compounds are not
viable repointing materials and should not be used as such.

Temporary replacement: Temporary replacement measures should be implemented
when missing units are scheduled to be replaced but work cannot be undertaken
immediately. Lengthy delivery time, prorating of work or seasonal considerations may
postpone replacement work. Severe deterioration should at least be ameliorated until
work can begin. Temporary repointing, removal and saving of undamaged units to be
reset later, or the temporary installation of brick infill to retard further deterioration
might be considered.

Removing earlier repairs: Removing earlier repairs may be necessary when the work
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has either deteriorated or has become visually incompatible. Cementitious stucco,
caulkings with black bituminous compounds or brick repair work may become
structurally or visually unstable or incompatible and should be removed and properly
rehabilitated.

Replacement of glazed architectural terra-cotta: Replacement of severely spalled,
damaged, or missing glazed architectural terra-cotta elements is always difficult.
Certainly, in-kind replacement is advisable, but it has a number of drawbacks. Stone,
fiberglass, and precast concrete are also viable choices, but like in-kind replacement,
also have their inherent problems.

Several notes on replacement: When replacing glazed architectural terra-cotta, all of
the original deteriorated material should be completely removed. Half bricks or similar
cosmetic replacement techniques are not advised.

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

-- Removing and re-anchoring damaged glazed architectural terra-cotta is an extremely
difficult if not impossible task. The complexity of the interlocking system of masonry
units, backfill, and metal anchoring system precludes the removal of the glazed
architectural terra-cotta unit without destroying it.

-- Re-anchoring deteriorated units is likewise impossible. Therefore, if the terra-cotta in
question is loose, severely deteriorated, or its structural integrity in serious question, it
is best removed and replaced.

In-kind replacement is possible today, but only on a limited basis. Most new glazed
architectural terra-cotta is machine made, not hand made as the original. Thus, the
porous tile body of the new material tends to be more uniform but less dense and often
not as durable. The glaze on the new glazed architectural terra-cotta tends to be thinner
than that on the older material and subsequently more brittle, Machine processing has
also produced a glaze that is uniform in color as opposed to historic glazes which were
slightly mottled and, therefore, richer. Visual compatibility is an important consideration
when replacing in-kind.

Only a fairly limited inventory of in-kind pieces is presently available for replacement
such as plain ashlar blocks and the simpler details such as cappings and sills. When
deterioration severely damages the more ornate pieces (urns, cartouche work,
balusters, etc.) either expensive hand casting or alternative materials must be sought.
There is a tendency today to replace damaged ornamental work with simpler, cheaper
and more readily available units. This decision cannot, however, be supported, as the
removal of this work inevitably diminishes the character and integrity of the building.
Another major consideration in choosing in-kind replacement is the question of delivery
time, which is often quite lengthy. If new glazed architectural terra-cotta is chosen as a
replacement material, the architect or building owner should plan far in advance.

Stone may be a suitable replacement material for damaged glazed architectural terra-
cotta. Its durability makes it highly appropriate, although the increase in weight over
the original hollow units may be of some concern. The fact that historic glazed
architectural terra-cotta was glazed in imitation of stone, however, may make the
choice of stone as a replacement material a fortuitous one. Metal anchoring may be
accommodated easily in the carving. Cost, however, is the major drawback in stone
replacement, particularly where rich detailing must be carved to match the original.
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Fiberglass replacement is a viable alternative, particularly when rich and elaborate
ornamentation has to be duplicated. Casting from original intact pieces can produce
numerous sharp copies of entablatures, moldings, balusters, voussoirs, etc. Anchoring is
easily included in casting.

Significant drawbacks in using fiberglass replacement are color compatibility, fire code
violations, and poor weathering and aging processes. The appropriate coloring of
fiberglass is exceedingly difficult in many instances. Painting is often unsatisfactory, as
it discolors at a rate different than that of the historic glazed original. While fiberglass
casting is lighter than the original units and, therefore, of great interest in the
rehabilitation of buildings in areas of high seismic activity, many fire code requirements
cannot be met with the use of this material.

Precast concrete units show great promise in replacing glazed architectural terra-cotta
at this writing. Precast concrete units can, like fiberglass, replicate nuances of detail in a
modular fashion: they can also be cast hollow, use lightweight aggregate and be made
to accommodate metal anchoring when necessary. Concrete can he colored or tinted to
match the original material with excellent results. It is cost effective and once
production is in process, precast concrete call be produced quickly and easily.

Experience shows that it is advisable to use a clear masonry coating on the weather face
of the precast concrete units to guarantee the visual compatibility of the new unit, to
prevent moisture absorption, to obtain the proper reflectivity in imitation of the original
glaze and to prevent weathering of the unit itself. Precast concrete replacement units
are presently enjoying great use in replicating historic glazed architectural terra-cotta
and show promise for future rehabilitation programs.

Once the replacement material is selected (new glazed architectural terra-cotta. stone,
precast concrete, or fiberglass), it must be reanchored into the masonry system.
Original metal anchoring came in numerous designs, materials and coatings ranging
from bituminous-coated iron to bronze. While most of these anchors are no longer
available, they may be easily replicated in large quantities either in the original material
when appropriate or out of more durable and available metals such as stainless steel.

Since the masonry backfill is already in place in the historic building, the new
replacement unit with anchoring may simply be fitted into the existing backfill by boring
a hole or slot for anchor and bedding the anchor and the unit itself in mortar. When
replacing historic glazed architectural terra-cotta which originally employed metal
anchoring, it is important to replace that anchoring when repiacing the unit. Serious
problems may result if anchoring is omitted in restoration, when it was used originally.
It is erroneous to assume that mortar alone will be sufficient to hold these replacement
pieces in place.

Summary

Today, many of this country's buildings are constructed of glazed architectural terra-
cotta. However, many of these are in a state of serious deterioration and decay. Glazed
architectural terra-cotta was, in many ways, the "wonder" material of the American
building industry in the late 19th century and during the first decades of the 20th
century. New technology and methods of rehabilitation now hold promise for the
restoration and rehabilitation of these invaluable and significant resources.
Restoration/rehabilitation work on glazed architectural terra-cotta is demanding and will
not tolerate halfway measures. Today's preservation work should equal the spirit,
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attention to detail, pride in workmanship and care which characterized the
craftsmanship associated with this widely used, historic masonry material.

Suggested Further Readings

"Recipes for Baked Earth." Progressive Architecture (November, 1977).

Mcintyre, W.A. Investigations into the Durability of Architectural Terra Cotta. Special
Report 12. London: Department of Scientific and Industrial Research, Building Research
Station, 1929.

Prudon, Theodore H.M. "Architectural Terra-cotta: Analyzing the Deterioration Problems
and Restoration Approaches.” Technology and Conservation, Vol. 3 (Fall, 1978), pp.
30-38.

Prudon, Theodore H.M. Terra Cotta as a Building Material. A Bibliography. Ottawa,
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: Lehigh Cerr ent Company
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_ ‘Allentown, PA 13135-1040
T Phone (810) 366-4600
: : . Fax (610) 3964638 -
. avw Jehighwlitecement com
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November 3, 2008 5 o |

Architectural Facades
600 East Luchessa Ave
Gilroy, CA 95C20

Attention: Neity Kaleva

Subject: Lehigh White Cement

Dear Ms. Kaleva,

This letter will certify that at time of shiprert, Lehigh Whit2 Periand Cement, T/pe |
manufactured at the Valles facility with the chemicaland ghysicz! require nents of he

1 require. Hy
current ASTM C-150 and is Low Alkali Cement cantaining less t1an 0.60% wotal alkali
when tested in accordance with ASTM Z144

if 'we can be of further assistance, please centact ydur Lehigh Sales Office:
Best Regards.

Lavy Rowland
Larry Rowland

Manager Marketing and Techrical Se".m:ee
Lshigh White Cement Division



Phonse{800)523-5488
(610)346-4508

Fex: {618)366-4438

E-mail: info@lshighwhitecament.com

www.lehighwhitersment.com

ERODUCT DESCRIPTION

. Tortlamd comentis the rwest widely used consivocion

~ materinl is the ward Sincs 1897, the name Lebigh
s mneans qouklty is the cement industry., Lebigh

Whits Coment bes o well asichlished repetoion

for sarvieg the comstruchion industry with high

Lohich While Purtiond Coment - Trae I1/¥

ok typically suiteble for the sams epplications as
 Typa! cement, Wis often specified when concrets will
be axposed tw sepwater; seils snd or ground woter
thet heve levated sulfate contents or in mass onerete
wark whers lower oot of bydrotien is desired.
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18 losk greal. (oncrale construction wam siguifisntly
reduce energy consompfion due Yo the thermal mass
praperfies of the meleriol, it i durable ond kes en
unserpessed sorvics ife. White Portlerd coment
canarete has high reflectivity valoes whids halgs reduce
heat islend effeds. :
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VETROTEX
! : c
‘ "- £3776 PRODUCT:
Property : Tested Value
Zirconia Content (Zr02) *16.57%
Loss on Tgniticn. 2.13%

. Moisture Content COS%
Linear Density 2444
(roving tex)

Chopped Strend

Filament Diameter 14 ¢

Chopped Strand Length Yo: apolicabls
Date: December 20* 2005

Mr. Francois Gobert

Quality Control Manager _

Saint-Gobain Vetrotex Espaiia S.A.

Saint-Gobain Vetrotex Spain S.A.
Nacienal I, <M 24,500, Aoido. 50, 28800 Aleala da Henares (Macrid) - Spain
Tei +34 91 385 5803 - Fax +34 91 385 58°Q
Wen-si®: yww.com-il com
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. MATERIAL SAFETY DATA SHEET

hWMEECDWMIMMlQI and 2001/58/CE dated 07:27/01

Direciive 91/155 dmed 91
And in coutpliance with ISO srandards 11014-1 dnd&luMlncAN.l £400.1 dated 1308

1—- COMPANY —~ PRODUCTS IDENTIFICATION

MANUFACTURER: :

Head Quanices: Saint-Gobeln Vetrotax Intarnatican S.A:
167, quad des Allobveges, BP 929
73009 Chambésy Codex

® 030N/ DTS nm-vu:m)wrjm 539

Exndycton clens

Sains-Gobain Vetrstes Rspeta S.A. Sulen-Gohain LorverSA

Casreters Madrid-Garceloms, Km 34,500 51, rue du Mavéchel dé Rochambesu
E-2850C: Alcala de Henares (Madnid) P41100 Vandome

| (3411885 5700 o #2470

Fax (34'1 ] 383 5703 Pax:+124722892
_ Saint-Gobain Revetex Sl Ssias-Cobain Verten, a.s - Plant )
Corso Rigale 89 Zstradni 254

13100 Verzelli CZ-57125 Ridonics

‘| +3) 0161 215810

V: +420624207 111

Fax :+3)016) 257121 Pt + 420424 207275

PRODUCT IDENTIFICATION:

"AR continuous filam=nts glass fiber;"”
Commercial brand: ARcotex®, Cem-FIL® or Anti-Crak®

Coatuct in case of emergeucy:
¢ Eavironmental Industrisl Hygicne and Security Director of The *-
Reinforcement Braach of Saint-Gobsin |
" o Saint-Gobain Vetrotex Iaternstional S.A.
Phone +33 47975300, Fax +33 47975 54 03
e sgvx_webmaster@saint-gobain.com

2 - COMPOSTITION - INFORMATION ON CONSTITUENT PARTS

Glass fibres for reinforcement are basically sold as:

Revigioa 3/Apni 2.007
Saiat-Gonath Ve Tomex .ateivational 3.4,

T57 ismaes Aloproges 3P 929 - 03 Shamtery cadex - et - ol #3340 T9 TS SIC0 - Fax +330M 797353
SA .myc3omacT 3977 550 8- 3264V T A C 3 Cimpery
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ASSEMBLED ROVINGS  DIRECT ROVINGSIR095°
CHOPPED/STRANDS

CHOPZ2ED STRANDS MATS
TEXTILE YARNS MILLED FIBERS '
CONTINUOUS mAMEN'rMAr !

OnSamt-beamVe&meachngﬂmep«alm-mfolbwedby
_ a code number.

mumsmymumunmmmmupm

Ghsﬁhacubecamﬂuedukk‘ﬂtlﬁ&sﬂ_humdeﬁneduuﬁcleﬁu
the manual of decisions for implementation of the sixth and sev/enth amendments
tod:mcnch7lS48/mondangamsnbm(EUDmchves 79/831/eec end
92/32/eec) or in the USA by the American TSCA (Toxic Substances Contrel
Act) or EPA 40 CFR 710.2 and also nmeothern&ondmwkmas DSL in
Canada for instance).
Mmhmmmdmmsmhhmdmmmm
a SIZZ with, in addition, a BINDER in the case of mats,

The CAS number of glass fibre is 65997-17-3 (corresponding to the oxides used
for production).

AR Gilass is an alkaline and acid resistant glass. Its corapos:tion (sxpressid in
oxides) is within the following perceatages:

Si02 55-75%
02 15-20%
Alkaline oxides (Na20, K20) 11-21%
Alkaline terrous oxides (Ca0, MgO....) 0-6%
B202 0-2%
ARO3 0-5%
Tio2 , 0-3%
F2 " 0-2 %

AR Glass contains traces of naturally-occurring radicactive macerials. The totai -
conteat of Uranium and Thorium is less than S00ppm with a total specific
activity below 20 Ba/g.

SIZE is a mixture of chemicals applied lo the glass strands in a maxianum
quantity of 2.5% - more generally less than 1.5%.

Most of this miicture is made up of basically non reactive high melecular waight
polymers not fisted as substances in the 1981 European Invanrory of Existing
Comrnercial Substances (EINECS) nor in the ELINCS app:ndices (Eurapean
List of Notified Chemical Substances) nor in the American TSTA lists.

Revision ;;Aprd 2007
Salm-Gabain Vet:otex merr atanal S.A.
*57 3u2i2es Alouroge: BP 320 - T3CCO Sharenary sotox - Srnco - Te +33iICWM TI TSI -

S +7310i4 79 T §333
SA aucaoiglien3d S0 502224 10 TBSRCS "hmr-nery
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hmmmmmedfmnpolymwtﬂlmmorcmm:mg '
w included in these fists, of the reactive sites are -
pol Mghmgmmvc

a very small reactivity

mmmwhmmmepmmommmdmamus ,

Amwdmmmmmmmum&rmﬂw'

organo-silane family. 'Iheseprodmtsmmfmhamnlws%uftheﬁnﬂ
wmgndmdghnmm:mmldedmlofpmdnmaqumg
"hazardous product’ labeiling in a pure state for example in Errope R23/25 “oxic

lfswnllowedormhaled,RZI'hnmfulmeommmein R36 "uritact for
the eyes’. -

mmmmdmmmasmgibhss,dﬂmughlsteias

dmgumuprodncts.thermmmnwmdylwmm*ympolyme'md
durin the production of AR Glass fibres.

Cther products =an be used in sizes. Usually the content is extremelv low (tnder
0.1% of total weight) and as a general rule such products are not cr the

dangerous product lists or, as they have reacted, any poss ble risk has been
reducad.

BINDERS FOR MATS are high molecular weight polymers Jeposited in
quantities under 10% and polymerised on chopped or contiwous glass srand
mats. They are not on dangerous products lists.

If so requested by medical anthorities, the Chemical Abstract Service (CAS)
reference numbers for the ingredieats usexd for a given size <r binder can be
communicated ixit must remain for the confidential use of mecical authorites.

3 - HAZARD IDENTIFICATION
Continuous strand ghss reinforcing “bres are not significantly hazardeus
Details about chemical hazards are given in paragraph 2. Toxicological assects

are developed in detail in chapter 1. The essential point to remember s that

glass filaments are not “respirable” as they are over 3um in diameter and have
beenahownnottow:sel\mgm

Hazads identified are:

Revisicn VApri 3007

Saint-Gopain Ve rotex inter atlonal S.A. s
TRT zui des ichreqes 3P 926 - DI009 Chamtery sver - Sanck- T 43 (0 TITH3AL - Fax <73 0K 7973339
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o mechanical irritation (jtching) o
» mmmofnmﬁb:umdxm\bmh:npmofdlﬁ‘emum)md

non respirable filaments

» extremely rare possibilities of allergy. ' ' . .
4~ FIRST AID ! !
INHALATION: mnove&omd:emofexpomretofmhair .
SKIN CONTACT: wash copiously ‘with lkewarm sospy water

L withowt robbing excessively
EYE CONTACT: flush in running water (for at least 10 mmutes‘ and
consult if nesded 2 doctor

5 - F’RE FIGHTING

In case of fire, glass fibres arc act flammable, are insombustible and con’t
. Suppert combustion.

Only “he packaging (plastic film, paper, cardboard, wood) and the small amcunts
of size or binder are likely to burn. Combustion gases are: basically carbon
dioxide and water vapour. There may be small quantities of carben moncxide

and other substances which make it necessary to use protectiv: devices 1. the
event of 2 major fire,

RECOMMENDED EXTINGUISHING MEDIA: water or powder

6 - ACCIDENTAL SPILLAGE
PERSONAL PROTECTION: See Chapter 8.

ENVIRONMENTAL PROTECTION:

[n leeching tests glass fibre wastes did act emit any significant quantitics of
dangerous products and they can therefore be consider=d’as Inert Industrial
Wastzes, or even Common Indastrisl Wastes, as defined by national and ocal
regulutions. All waste and scrap material should! be disposed cf in accordance
with applicable national, federal, state and Iccal regulations.

CLEANING:

Revision [i/Agnl 2007 4/13
Seirt-Goouin YJat-otex intser ational § A
BT Jueizes A gpreges 3P 929 - FI0UG Shambery CeSIN - Feince - T 33101479 T35350 - Fux +T30M 79 T 53 52
’ S A suz3peel 2299707 50 €. 124 120 TIS R C S Sharmbery
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| :
1t is recommended to identify the chemical nature of the Sbres found in working
atmospheres correctly, in particular in insustion ‘wools and mineral fibres like

asbestos wliich are sometimes presert and can be confused with continuous jslass
filaments. ° ! : : c :
: TWA (Time- . TWA (Time-
Ceuntry Dusts | Weighted Average} . | Weighted Average
concentration) concentration)
(mgicum. for 8 (Fibres/ml for §
: homrs work) hours srork)
Austria fine | 6 total 0.5
iBelgi,lm total 10 No
Denmark respirable 5 total 1
total 10
Finland total 10 total i
France total 10 respirable i
Germany respirable 3 respirable 0.25
{Gtut Britain | respirable 5 respirable 2
total 10
The respirable 2 total {
Netherlands total 10
[reland respirable 5 respirable 2
Taly respirable 3 total l
total 10
Norway respirable 5 total l
total 10
Portuzal total 4 total 1
Sgain total 10 wtal 1
Sweden respirable 5 total
total 10
Switzerland total 6 respirable: Q.5
USA total 5 total |

PERSONAL PROTECTION EQUIFMENT: _
Respiratory protection: during occasional operations releasing; high quantitizs of
dust, wear minimum FP1 or preferably FP2 EEC approved dust :nasks. Type: 3M
2710 or 3IM 9900 respitarors approved accerding 10 American ational Insitute
For Occupsational Safety And Hesith (NIOSH) directves, can be used, for

example.

*67 3u.uaes Akocroges SP 929 - 3068 Shameery cetox - Trang: - T +33 (0 7S 33300 - Fax +33CA TS T

Saim-Gobain Yarrotox ‘temaronal S.A.
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mechm,sweeporslnvdmmmmsnomﬂyusedﬁ)rghssﬁbm.

waste (seloctive collection). i
7-EANDL1NG&STORAGE ;
i

HANDLNG(TechnmI musmul Precautions / Safelmndlmg Jdvu:e)

ltlsprefutblemavmdpmlongedcomm&eskumr,!mglm :

with slecves and long leggings or pmitective overalls, gogglés, and dust mask:s.
Ghssﬁlmmanddusumbemvdﬁnmwotkmentsmmwmmm

chnermdnotblcwnoﬁfwﬂmpmsedurmwmworkgmm'

separately from other clothes.
STORAGE:

Technical measures: respect the stacking procedure recommended for
each type of product.

Stcraze scnditions: store away from excessive humidit: to grivemt
damage to the product and 1o th: packing materials
which could lead to storage safe:y problems.

' Incornpatible material: not relevant.

8 EXXPOSURY CONTROL - PERSONAL PROTECTION
TECANICAL MEASURES

Use every appropriate means (sucticn, modification of manuiicturing met:cds to

reduce fibre dust...) to try to reduce the concentration of fibre; in th air likely to

TES™ PARAMETERS:

Test ambient atmospheres in which glass fibre i ls used regulacly to deteimine

leveliof

s “non rspuable” and “respirable” ﬁlamems,
e ‘“non-respirable” and “respirable” dusts.

Legal requirements for respirable and non-cespirable dusts and fibres varv from
county to country {or do not even exist). The table beiow iprepared using the

knowledge we currently possess) shows the limits applceble in different

counries for Time-Weighted Averajze (TWA) exposure.

Revision YAgni 2007
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]

Pmmdmmmwpmumew

glwuforﬂwhnuk.bng-shevedm:ndmmngsmpuvm
irritation.

Peop!ewnhdehmshnshouldqsp!yhrmamtoupowlshnm
Eyepmcnon.snfaygoggls(umasb)«nmyghsm

Dwmgmmnlhmdlmganduseﬁe prodnctdom’tludm- exposure above 1
mSvivear (1760 hrfyear).

9. PHYSICAL AND CHEMICAL PROPERTIES
PHYSICAL STATE: solid

FORM: continuous or chopped or mats of fibre made 1p of

continuous, parallel filaments glued together.
COLOUR: white or yellowish white

ODO<R: none, except for some products from which a
slightly basic ¢ acid odour is sometimes released
when a pallet or carton is openec. This odour rever
indicat>s that an eventual ~oxic product has seen
released in a dingerous amcunt.

pH: not applicable

SPECIFIC TEMPERATURE AT WHICH -CHANGES IN PHYSICAL STATE
OCCLUR: -

Softening point (Littleton point) : approximately 860°C

Meitiag point: approximately 1280°C (viscosity temperature 1100 p)

DECOMPOSITION TEMPERATURE:  Sizes and mat binders start to

decompose at 20(°C

FLASH POINT: none

EXPLOSIVE PROPERTIES: aone

DENSITY (molten glass): 2.7g/cu. cm.

SOLUBILITY: very low sofubility in water.
Sizes'and binders can be
partiaily {(and even totlly)
dissolved in most crganic solvants.

Revision ¥Apri 1007
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10 - STABILITY Amimcnvm | :
STABILITY

Snblemnamalusemdsuageeondmons,andxnmmam&meableusage '

conditions,

YUS REACTIONS

Glass reinforcement strands are stable and never geneme hmrdeus cherzical
reactions. | .

HAZARDOUS DECOMPOSITION monucrs'

In continuous combustion conditions, in addition to water vapour and CO-, smajl
quantities of CO and NOx may be released from the comtustion of the size

and/or the binder. Other products may be raleased m imited quantities,
dependmgoncumhmnmndimannsxswhyumrecommerudmuselugh
performance gas masks, when fighting intense fires.

11 - TOXICOLOGICAL INFORMATION
ACUTE TOXICITY:

LOCALISED EFFECTS:

not relevant
possible temporary rritaicns

This irritation is of a purely mechanical and temporary nawure. It disappears
when 2xposure is ended. It can affect the skin, the:eyes and th: upper respiratory
tracts. In Europe, mechanical irritation is not considered to I>e a health hezard
within the terms of European directives 67/S43/EEC for hizardous products.
This i3 confirmed by the Sact that EC Directive 97/69/EC for ntineral fibres does

not stipulate the need 10 use an Xi (irritant) label nor a zlassificatior for -

continuous- strand glass fibres (which in this Directive only apply to ;glass
insuletion wools in some circumsten:es).

SENSITISATION:

fibres have been declared. All sizing mixtures arc tested for their wet state
sensitising propertiecs when developed by Saint-Gobain Vetiotzx and are only
adopted if they have no or 3 very low sensitisation level. In case of the allerdy is
confirmed, remove the person from the scens of the exposure.

LONG TERM TOXICITY: CARCINOGENIC RISKS .
Continuous strand giass fibres are aot respirable (i.e. do not penewate the
lung alveoli). This is because fibres are over 3um in diamater (ard. mostly. cver

10pm). Even afier handling, the length of the finest dusts is also well over Spm.
and the length / diameter ratio is greater than 3 : 1.

Revision 3/April 2007
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TheseueﬁnvahnsmmmdbytheWorMHathImmnon(WHO)ﬁw
dndeﬁnmonofmnﬂleﬁuu.

nwmm-

Noneofﬂufoﬂnwmg&ﬁicnlammhav&ﬁibumdan) mksofcancer :-

t

|

dtrmgﬂmmommusofmmmﬁlmghsﬂnx

During its congress in June, 1987, Woddﬂeﬂﬂsﬁpnmmm)duwgh
the TARC (lnternational'Agency of Resesrch on Cancer) examined all Iabora-ory
Smmgmhmwmmmmdmstmmnmm :
sumdglmmfomﬁm
Themchmnm&nﬂasﬂhmmmmdmﬁdmblhdr
carchiogenicity. They bielong to the Group 3 of IARC. This classificatior has
been confirmed by the TARC Working Group meeting of October 2001.

The [nternational Labowr Office (ILO) and the CSIP Chemical Sufety
International Program) came to the same conclusions in a congress held in 1987

European Commission Directive 9T/69/EC cated 5/12/97, the 23** amendment w
Directive 67/S48/EEC which concerns classification, packimg ind labelling of

hazandous substances did not think it aecessary to include giass fibres as baving '

carcirogenic risks.

Most European Union member nations have: transposed this Directive into their
national law and: adopted the same conclusions:

! Counmry Reference of ransposition documents of Diractive 97/69/EC
* Austria Chemikalienverordnung 1999
Belgium French implementation by « Koninklijk Be,!ut » of 15.1/99
.| published on 24/72/99
Dem.ark BEK N°11/1999.01.09 (Ministery of Eavironment)
Finland Landskapforordnng 230498 and 24/02/98 and Lis of
Hazardous Chemicals 16.12.98
France Arrété ministériel du 2808/98, Circulaire DRT 9%/10 du 13/§/99
Germany 4th adaptation of the Jerman Gefahrstoffverondnang 1999
Great Britain | The chemicals (Hazard Information and. pacl.agmg for supply)
(amendment) Regularions 1998. 6/1/99
Greece Not available :
The - | Wijzigingsbesluit (Stb. 217,2001)
Netherlands :
Ireland

Statuary:Instruments S.L N°313 of 199%. European Communities

Dangerous Substances) Amendment N°2 Regulation 1998. E ffect

on 22 Decamber 1993.

(Classification, Packaging, Labelling and Notificatior of|
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Taly Decreto . ministerisle del 01/09/98, Gazzetta UtBciale-Serie] .
generalo-del 1971198 n271 pag. 16, decreito deol 2 feb 199 |
. |circolare:n®4 del 15031999 | ' i
| Laxembourg_| Réglement Grand Ducal du 31/10/48 :
Portugal |i Non disponible ' .
Spain Bulletin Oficial del Estada (11/09/98)
Sweden , |[KIFS1998:7

OSHA (Occupational Safety and Health Administration) snd MTP (U.S. National

Toxicology' Program), official American organisstions, have not |sted ‘

conticuous strand glass fibres as hazardous substances and the ACGIH
(Amezican Conference of Governmental ladustrial Hypgieni:ts) has. classified
them 1s A4 (not classified as carcinogenic for Man). ’

No new studies 2ave led the organisations to revisé their position on his subiect.

Most laws and stndies concerning raspirable fibres do not apply to continous
filaments reinforcement fibres.

For =xample,

o The concentration of respirable fibres in the atrac sphere (1 fiore /
cum.) fixed by French circular 95/04 dated 12/01/1995 (in
addition to that datec 19/07,1982) from the French Ministry for
Work does not apply to glass reinforcement fitres (which ar: not
respirable).

e Cancer risk index KI defined in German TRGS 905 does not
apply to non-respirable continuous filamer:t glass fibres.

Epidemiological and laboratory studies

No epidemiological and laboratory studies carried. out up until zow demorstrate

in 2 sciemifically significant way any risk of cancer relatec. ©9 reinforcemnent
Al , _

Several recent epidemiological studies (Chiazze 1997, Boffet1 .997) confiimed

the atsence of excessive mortality due to cancer in people working in glass bre

manuSacruring facilities vs. control populaticns.
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A recent smdy published in 2000 by the IOM (Instifut: of Occupariorial
Medicine in Edinburgh) addressed the inhalation of E-glass microfibres by -
animals at concentrations at least 1000 times higher than those: encountered when . -
using glass fibres demonstrated carcinogenic riski These microfibres are not past :
of the range produced and sold 7y Sajnt-Gobain Vetrotex and these ’
findings are not likely to change current opinions for the glass fibres described‘in
this MSDS. ' :

Hndlingghuﬁbm-‘

When glass fibres are chopped, milled or sanded they are cut perpendicular to
strand length and no smaller diameters filaments are gencroted. Conversely,
significant quantities of dust can be geaerated which is why it is recommemied to
use personal protection. [n dusts, also present in some produc:s [chepped suands,
crushed fibres) some studies have shown very low guantities of particles with
fibrcus aspects (Ud>3), short (but nevertheless longer than Sism) and w:th an
apparent diameter of under 3pum.

Quantities measured in work atmospheres are 50 to 100 times lower than il the
limits fixed for respirabie fibres, but when there is a high risic of dust generation
itis trongly recommended 1o wear masks.

- MITAGENIC RISKS; TERATOGENIC RISKS, RISXS FOR
REPRODUCTION: |

Corminuous strand glass reinforcemant fibrs have no known dsks.

12 - ECOTOXICOLOGICAL INFORMATION

AR 3lass is not biodegradable.

Sizes or binders are organic materials slowly and only partial dissolvad by
natural agents like water. As the concentration of the ingredieats n the mixture
and ingredient solubility are low and as they have not beon classified- as

bazerdous, glass reinforcement strands are considered to huve no advers: eco- .
toxiological effects. '

Glass fibres and sizing were aot listed as products likely to destroy-
the yzone layer by the 1987 Montreal Pretocol (Class 1 or Class 2). These lists
are included in EC Regulation 2° 3093/9¢ and in section V1 of amendments to
the "Clean Air Act" by the American Environmental Agency (EPA).

Glaus fibre sizes and Yinders do not contsin PCB (Polychlcrinated bipheuyt) or
and other polyaromatic preducts of the same type.
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13~ WASTE DISPOSAL .
' { ; .
Depaﬁhg;onbul@hﬁons,dmﬁbnwgﬂpmeiﬂmboconﬁdmdas
inert wastp or as common industrial weste, Als such they can be buried in
landfills approved for these categories. ; ' '

Glasﬁbrﬁmteu;motbe&moyedbyinchmﬁon,md':andmnage'
incinerators by the formation of a vitrified rass,

Clean cardboard, wood, plestic (flm or bags) and packaging cn bo eliminetad in
tmitsspeciﬁctothseptpd\m(w.formyclhgamasfuds).

- 14 - TRANSPORT

INTERNATIONAL REGULATIONS: ’
Glass reinfborcement filires are not considered as hazardous oods by transport
regulations, .

It is not one of the i3 hazardous ciasses listed in internarional egulatons.

13- REGULATORY INFORMATION

AR continuous filaments glass fibers do no: require hazzrdous srocuct late ling
(see Chapter 11).

General hygiene and work safety regulations apply (ses Chapt:r 8).

16 - OTHER INFORMATION

FOOD ENVIRONMENTS: Appendix [ of European Dirxcrive 2002/72EC
defines the compatibility of pure glass fibres with food environments as add tives

to plastics. However the fact that sizing products should e shown on the current .
list of European Commission approved products, the BGVV LI list in Gennany

or the Food and Drugs Administration lists (FDA) in the USZ means that a case

by case study mwust be made if a Saint-Gobnin Vetrotex range product is used to
reinforce a plastic material in contact with food. Consult the Saint-Gobain
Venutex Service for further information.

CONTACT WITH POTABLE WATER: As regslations diff>r from country o

courryy, every question must be eximined individually with th relevant Saint-
Gobain Vetrotex Services.
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This Mateml Safety Dm Sheet ls in addition 1o the
Product Spetification fils and cther ical documents
issued by SAINT-GOBAIN vx-:mdn-:x, bat do .not
repiace them.
Themfmmmbydubmt.ubmdmdwdm
shou.nltmgtvmmgoodﬁ:ﬁh.

Furthermore; wsers attention is drawn to the possible risks
run ‘~hen the product is used for any purpose other than
the one for which it was designed.

This MSDS does not exempt users from knowiny and
applying the rules regulating their activities. Users assume]
full respomsibility for applying the appropriate safety

| measures when the product is used.

For all additioral information, users shouid contact their lxcul Saint-Gebain

" Vemuex agent or the Saint-Gobain Vetrotex Internationul Envi-onment, Health
and Safety Director.

Ravision “/Aprl 2307
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) Engineered Polymer Solutions
5501 Fmsmn.
Los Angeles, C4
Ic!eplume- (323) 6-72"2
1 ‘ . i
sm,oro: I BALLCONSULTINGLMD\VAREHOUS Shl'thh.‘ L Tihngsday, October 03, 2008
i © 3138 EVICTORIA STREET ' i EPS Sdsmwmm
DOMNGUE?Z CA 90810 b mmm
i ' Custorner Product Code: P
L : 222985
. b ..omum!nr ) 8750022585
Specification Resuft : 5_ Minimum Maximum
% NVM (Solias) 50.80 o 500 . . 823
. . 1 '
pH €23 - 3.00 10.00
“eigt per Gation e L ar 8%
PaniciSice - SETE i 013 0.250
Srool fiec Visc (cps) 1600 | 1008 3000
i S _L | : :
Gt ¢ 3pm: E <£Q ' oz
L | | |
. . .
J ' ' '
} Lo ' : ) ,
'! : . f
SRR R Lo : :
'g b S i
: E*murmw cﬂiymmmbym ‘M:Muuhsbunmmumum's ,
mmpmimmﬁgmwmm:um amﬁgmmm hmeudloww ity- v
- mmsmhmndmmnm% stanciaxts: g
Do) ! .
. H o i
vt @ ! :
o ‘\V‘W—.‘ E " .
- Quality Assurance ' : Shigping Depart@nent
- Cy . '
gLl 3 S
2 2.6y wene



e e e e i e i m———
-

Your Technical Specialists For

“J8¥8H | Forton® Modified GFRC

(Glass Fiber Reinforced Concrete)
comlﬁ.'n.tg .

The long term physical properties of GFRC

modified with FORTON® polymer show

significant improvement, resulting in improved

long term durability.

Additional benefits include:
 Significantly increasés the tensile and

flexural properties and overall physical
characteristics of GFRC

» Eliminates the need for a 7 day wet cure
regime

Reduces crazing and drying shrinkage

cracks : -

* Reduces moisture-absorption

* Increases aged flexural strain to failure

e UV stable )

* Reduces efflorescence

* Lower water/cement ratio for higher
strengths

Uses of Polymer Modified GFRC:

Architectural panels and ormamentation
Artificial Rocks

. Gardensizamary

Cheung Kong Park, China.

338 Fousteenth Street, Ambridge, PA 15003, Phone: 800-225-2673, Fax 724-266-1504, emaik bal@ball-consulting-itd.com
4665 South Ash, Suite G15, Tempe, AZ 85282, Phone: B88-967

-7727, Fax: 480-567-8113, email: sshafer@ball-consulting-itd.com
248 Shadly Caks Circls, Lake Masy, FL. 32748, Phone: 407-718-3727, Fax 407-323-6431, emaik: psheres@ball-consuliing-itd.com
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(NLIMITED, INC,
GFRC.BACKUP MIX DESIGN
GFRC FLEX ANCHOR DESIGN
(PER SACK OF CEMENT)
' MIX [UNITS
CEMENT: LEHIGH WHITE. (Tsack) 94 |LBS
AGGREGATE. 30 MESH SAND 65 |LBS
TOTAL FINE AGGREGATE 65 |LBS
ADDITIVES: ,
5% CHOPPED FIBER by weight 835 |LBS
" ILYMER CURING AGENT. BALL FORTON 23 |LBS
' WR GRACE ADVACAST s oz
WR GRACE DARATARD 2 oz
TOTAL ADDITIVES: 31.72 |LBS
WATER 1T 10  [LBS

iz - " oA T e i e
LEnessa Avenue. Giroy, B ol el -3

S e
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J-OB:W COLLEGE
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\RCHITECTURAL e
‘ACADES
INLIMITED, INC.

GFRC FACE MIX DESIGN

(PER SACK OF CEMENT)

' . MIX_ |UNITS
'CEMENT: LEHIGH WHITE 84 |LBS
|
IAGGREGATE: 30 MESH SAND 100 |LBS
: TOTAL FINE AGGREGATE 100 |LBS
:ADDITIVES:
C COLOR:|DAVIS 870 BLACK - 870 |GRAMS
L DAVIS C1191 YELLOW 200 |GRAMS
| DAVIS 5370 GREEN 150 |[GRAMS
l K
#OMER CURING AGENT- BALL FORTON 23 |LBS
!' WR GRACE ADVACAST 7 oz
: WR GRACE DARATARD 2 oz
| TOTAL ADDITIVES: 26.542 |LBS
WATER 10 |LBS

Luproces Avenue. Gileoy Cailrpecemoce ey
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Ball Consulting Ltd.

Masa Precast : A
Tenty Par'ain .

415 SPrce Ry

Temos, AZ 35281

. Dear Teny, .

‘Wea corify Dt Faron V174 muels Tye attachod pecifications for 2 GFRC curing agent estahished by e
Precast ! Prasiressed Concrels Ingtitute., .

‘e are net responsibie for Improper use of the product
.-" .
J\J\,\;\J‘,\

Scott Shafer _
West Region Manager

ol
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Forton VF-774

consulting Technical Data

May 8, 2007
Description |
o Water based, all acrylic co-polymer emulsion formulated to comply with PCI MNL 130
Quality Control Mamual, Appendix L for curing admixtures used in GFRC.

VF-774alsohas]ongteunnatmalagemgdatatovenfyﬁ:atmusemGFRC composttw
mproves aged flexural properties.

VF-774 can be used in precast concrete to reduce absorption, mamtam color uniformity,
and reduce or eliminate crazing and efflorescence.

o hmabousedmconuﬂerepmpmdwlsmdbondmgagentsduehxﬁmpenoradhme
. properties.

(o)

o

Physical Data  (also MNL 130 specification)

o Solids by weight 51% (=1%)

o Viscosity 23°C  (Brookfield, Spindle 2/50 rpm) 100 - 300 cps

o pH 3-10

o Density at 20°C 1055 kg/m?

o Tg : 11°C

o Particle Size .1300 - 2500

o Grit 0~-50 ppm
Storage

o Forton VF-774 should be stored in a closed container, in a dry environment at storage
temperatures between 5°C and 30°C.

o Storage should be enclosed, out of direct sun light and away from direct sources of heat.
Shelf Life

© With proper storage conditions the normal shelf life will typically be 9 months.

www.Bail-Consultingl.td.com
338 Fourteenth Street, Ambridge, PA. 15003, Phone: 800-225-2673, Fax T24-266-1504, email:

bali@bell-consalting-itd.com
4665 South Ash, Suite G15, Tempe, AZ 85282, Phone: 888-967-7727, Fax 480-967-81 13, email: sshafer@ball-consulting-lid com
246 Shady Ouks Circle, Lake Mary, FL. 32746, Phone: 407-718-9727, Fax: 407-323-5643 1, emunil: psheres@bail-consuiting-id com




Why use Forton VF-774 in
e GFRC?

Thisqnsﬁonisaskedbyncw,andold,GFRCplodumwhenprsenwdwithaddingmeFomnVF-ﬂ4co-
polymer to their batch_ '

. Tosigniﬂnunlyimpr&vethelong-tem physical properties of the GFRC composite, especially the aged
flexural strain to failure,

Inadditiontothmevu'y

impomtpoims,ﬂmemotherpoimsﬁm if taken individual
but if taken collectively,

Iy, are hard to quantify,
conm'butemahighqualityandhighperformmeeGFRCpmdnét.

These reasons are-

. WﬂabﬂiqofmeFommlwnuwmmmthﬂﬁnishammm&”mpmduwd”wlms
* Improved workability of

the mix at low water/cement ratios, which further enhances the strength of the
cured concrete,
Fasysmaying'ofvuﬁalm&eswithomhavingﬂ:cﬁccmksag.
Complete dispersion of iron oxide pigments for batch-to-batch color consistency of face mixes
Hardcm'edfacemixmforbeMrsandblasﬁngmiformity. :
Tighter, denser cured which reduces absolute moisture absorption and vapor permeability while
atthesmneﬁmesigniﬁanﬂymducingthe:ateofabsorpﬁonasaﬁmeﬁon of time.
. Elhnhmﬁmofuaﬁngmdspidumkinginthcﬁcemkduemmesoﬁpolymepmﬁclm in between

ﬂtecunmparﬁcleandthemdgrain. '

thnevaluaﬁngpolymersforGFRC,yousHouldlmowdiefollowingdetailsoffheproduct:

. Polymercbemisuy:mtaﬂwhite,milkyliquidsmequalhperfmmmce.
mﬂleyalkalistabileinthelﬁgthcunentmaﬁix.SomewiHre—emulsifyaﬁeranhgifﬂ!eygetwet

. chhshamismkmecﬁeaofpimMmmdwhmiformnymmbmhﬁmism
-ﬂlesameamonmtofpigmentwillshowadiffemneolorinmepmeL

. Molﬂculm'weighthxﬂuenewthedurabilityofﬂlepolymainﬂ\eman'ix.

. Polymersolids:youmpayingfordleammnnofpolymersolidsinﬁlcliquid.Thehigherdlcpolyma
solids the better value for your do

Many are not UV ‘stabile, nor

www.Ball-Consuttingt td.com
338 Fourtcenh Strect, Ambwidge, PA 15003, Phone: 300-225-2673, Fax T24-266-1504, emmil: z - .

4665 South Ash, Suite G15, Tempe, AZ 35282, Phooe: 888-967-7727, Fax 480-967-8113, email: sshm@hd!—eouaﬂqng-lu.m

246 Shady Oaks Circle, Lake Mary, FL 32746, Phone: 407-718-9727, Faoc: 407-323-6431, email: psheres@bell-consnlting-id.com
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Defoamer: contrary to normal precast, you do not want additional air entrained in the GFRC composite.
VI_"-774 contains additional defoamer to maintain a high quality sturry through the rigors of high shear
mixing and spraying.

- - Description of Forton VF-774

Forton VF-774 is an all acrylic thermoplastic co-polymer emulsion.
hiswmbmd,mn-hmdommauhlwithapolymersolidseomofﬂ%
CunplieswthCIphnteaﬁﬁmﬁmmsDeciﬁeﬁmAppmﬁxL
SegBallCcnmtﬁngLud.DamSheetﬁxVP-ﬂ4dmdMay8,2007.

Can be shipped in drums, totes ar bulk nmmaﬂywiﬁahlo.workingdaysofmeiptoforder.

. 'When to use Forton VE-774 v

The addition of Forton VF-774 to GFRC of any normal cement/sand

_nﬁtrixstrmg:hs,whichinnmmksahighqualityGFRCmposite.

Forton VF-774 is used to eliminateﬂ:e7-dayw¢cnringpmgrmrequiredofGFRcmobtainﬂ1c
higlmmmixmmmmghsmﬁcmredhmﬂwdd@emmﬁousfmﬂ\e finished product.
The use of Forton VF-774will_redneecolorvaﬁztioninpunls.

it will virtually eliminate drying shrinkage cracks in face mixes, -
Itimprov«:tlnthennalcycﬁngmpqﬁsoftheGFRCpmelsinsimbyreducingthemountof

. moisture penetration.

» Using Forton VF-774 will improve the spraying of vertical surfaces and the
* There isa plastifying effect when using Forton VF-774 that is

pumping of GFRC pre-mix.

synergistic with the use of super
giving good workability at low W/C ratios. :

Mix Design

The normal Forton VF-774 loading
This amount is determined by the
of polymer, the more water tight

in a GFRC mix is between 5 to 7% polymer solids to the weight of cement.
composite properties desired in the finished product. The higher the amount
and ductile the part. The inverse would be true for lower amounts. ’

Portland Type I 100 100 80
Silica Sand 100 85 100
Forton VF-774 12-14 12-14 12-14 '
Water Counﬁngﬂnewmindxepolymer,theﬁ'eewmisadjusmdtodwired
W/C ratio. .

Cem-FIL A-R fiber 3% by weight 3% by weight Jor5%
Micron HS _ 20
Superplasticizer 4 to 12 oz. adjust workability

- Units can be in pounds or kilos

www.Ball.-Consulting-1.td.com . .
338 Fourternth Strest, Ambridge, PA 15003, Phone: 800-225-2673, Fax 724-266-1504, email: ball@ball-consulting-itd.com
4665 South Ash, Suite G5, Tempe, AZ 85282, Phone: $88-967-7727, Fax: 480-967-8113, emnai: sshafer@hail-cousalting-lic.oom
246 Shady Oaks Circle, Lake Mary, FL. 32746, Phone: 407-718-9727, Fax: 407-323-6431, email: psheres@ball-consulting-itt com
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This is to ertify that the Daratard 17, a 23tarder as manufacmred and supplied byGrace
i Construction Products, W.R. Grace & Ca. - Cann,, sﬂfomulatedtooomply with the

 Specificatons for Chemical Admixtures for Concrete, ASTM: C404. Type D, AASHTO: M1¢4,
Type D.

g \ Daratard 17 dces nct contain calcium chioride or chiaride-centair ing wmpou*ds asa functon:

ingredient. Chioride ions may be present in trace amcunts contributed from the process wa‘er
3 | used in manufacturing.

- The foregaing s in addition to and not ir. substitution for our standasd Caonditions of Siale
attached.

Mike Gardner |
Waestern Region Te<hnical Semces Manager
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The Use of Substitute Materials on
Historic Building Exteriors

Sharon C. Park, AIA

» Introduction

»Historical Use of Substitute Materials

»When to Consider Using Substitute Materials
»Cautions and Concerns

»Choosing an Appropriate Substitute Material
»Pros and Cons of Various Substitute Materials

»Summary
»Further Reading

A NOTE TO OUR USERS: The web versions of the Preservation Briefs differ somewhat from the printed versions.
Many #llustrations are new, captions are simplified, ilustrations are typically in color rather than black and whie, and
some complex charts have been omitted.

The Secretary of the Interior’s Standards for Rehabilitation require that "deteriorated
architectural features be repaired rather than replaced, wherever possible. In the event
that replacement is necessary, the new material should match the material being
replaced in composition, design, color, texture, and other visual properties." Substitute
materials should be used only on a limited basis and only when they will match the
appearance and general properties of the historic material and will not damage the
historic resource.

Introduction

When deteriorated, damaged, or lost features of a historic building need repair
or replacement, it is almost always best to use historic materials. In limited
circumstances substitute materials that imitate historic materials may be used if the
appearance and properties of the historic materials can be matched closely and no
damage to the remaining historic fabric will result.

Great care must be taken if substitute materials are used on the exteriors of historic
buildings. Ultraviolet light, moisture penetration behind joints, and stresses caused by
changing temperatures can greatly impair the performance of substitute materials over
time. Only after consideration of all options, in consultation with qualified professionals,
experienced fabricators and contractors, and development of carefully written
specifications should this work be undertaken.

5/19/2010 2:27 P}
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B The practice of using substitute materials in architecture is not
new, yet it continues to pose practical problems and to raise
philosophical questions. On the practical levei the
inappropriate choice or improper installation of substitute
materials can cause a radical change in a building's appearance
and can cause extensive physical damage over time. On the
more philosophical level, the wholesale use of substitute
materials can raise questions concerning the integrity of
historic buildings largely comprised of new materials. In both
cases the integrity of the historic resource can be destroyed.

Some preservationists advocate that substitute materials
should be avoided in all but the most limited cases. The fact is,
however, that substitute materials are being used more
frequently than ever in preservation projects, and in many
cases with positive results. They can be cost-effective, can
permit the accurate visual duplication of historic materials, and

In the reconstruction of the
clock tower at Independence N N ) L i
Hall, the substitute materials last a reasonable time. Growing evidence indicates that with

used were cast stone and H f f ..
wood with fiberglass and proper planning, careful specifications and supervision,

polyester bronze substitute materials can be used successfuily in the process of
'g'rnamentation- Photo: NPS  restoring the visual appearance of historic resources.
jies.

This Brief provides general guidance on the use of substitute materials on the exteriors
of historic buildings. While substitute materials are frequently used on interiors, these
applications are not subject to weathering and moisture penetration, and will not be
discussed in this Brief. Given the general nature of this publication, specifications for
substitute materials are not provided. The guidance provided should not be used in place
of consultations with qualified professionals. This Brief includes a discussion of when to
use substitute materials, cautions regarding their expected performance, and
descriptions of several substitute materials, their advantages and disadvantages. This
review of materials is by no means comprehensive, and attitudes and findings will
change as technology develops.

Historical Use of Substitute Materials

The tradition of using cheaper and more common materials in imitation of more
expensive and less available materials is a long one. George Washington, for example,
used wood painted with sand-impregnated paint at Mount Vernon to imitate cut ashlar
stone. This technique along with scoring stucco into block patterns was fairly common in
colonial America to imitate stone.

Molded or cast masonry substitutes, such as dry-tamp cast stone and poured concrete,
became popular in place of quarried stone during the 19th century. These masonry units
were fabricated locally, avoiding expensive quarrying and shipping costs, and were
versatile in representing either ornately carved blocks, plain wall stones or rough cut
textured surfaces. The end result depended on the type of patterned or textured moid
used and was particularly popular in conjunction with mail order houses. Later, panels of
cementitious permastone or formstone and less expensive asphalt and sheet metal
paneis were used to imitate brick or stone.

20f15 5/19/2010 2:27 P>
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Metal (cast, stamped, or brake-formed) was used for
storefronts, canopies, railings, and other features, such as
galvanized metal cornices substituting for wood or stone,
stamped metal panels for Spanish clay roofing tiles, and
cast-iron column capitals and even entire building fronts in
imitation of building stone.

Terra-cotta, a molded fired clay product, was itself a
substitute material and was very popular in the late 19th
and early 20th centuries. It simulated the appearance of
intricately carved stonework, which was expensive and
time-consuming to produce. Terra cotta could be glazed to
imitate a variety of natural stones, from brownstones to
limestones, or could be colored for a polychrome effect.

Nineteenth century technology made a variety of materials
readily available that not only were able to imitate more

. . X Substitute materials need to be
expensive materials but were also cheaper to fabricate and iocated with care to avoid
easier to use. Throughout the century, imitative materials  damage. The fiberglass column
. I F I tal wind hood base has chipped, whereas the
continued to evolve. For example, ornamental window hoods j;ctoric cast iron would have

were originally made of wood or carved stone. In an effort to remained sound. Photo: NPS

find a cheaper substitute for carved stone and to speed files.

fabrication time, cast stone, an early form of concrete, or cast-iron hoods often replaced
stone. Toward the end of the century, even less expensive sheet metal hoods, imitating
stone, also came into widespread use. All of these materials, stone, cast stone, cast iron,
and various pressed metals were in production at the same time and were selected on
the basis on the basis of the availability of materials and local craftsmanship, as well as
durability and cost. The criteria for selection today are not much different.

Many of the materials used historically to imitate other materials are still available.
These are often referred to as the traditional materials: wood, cast stone, concrete,
terra cotta and cast metals. In the last few decades, however, and partly as a result of
the historic preservation movement, new families of synthetic materials, such as
fiberglass, acrylic polymers, and epoxy resins, have been developed and are being used
as substitute materials in construction. In some respects these newer products (often
referred to as high tech materials) show great promise; in others, they are less
satisfactory, since they are often difficult to integrate physically with the porous historic
materials and may be too new to have established solid performance records.

When to Consider Using Substitute Materials in
Preservation Projects

Because the overzealous use of substitute materials can greatly impair the historic
character of a historic structure, all preservation options shouid be explored thoroughly
before substitute materials are used. It is important to remember that the purpose of
repairing damaged features and of replacing lost and irreparably damaged ones is both
to match visually what was there and to cause no further deterioration. For these
reasons it is not appropriate to cover up historic materials with synthetic materials that
will alter the appearance, proportions and details of a historic building and that will
conceal future deterioration.

Some materials have been used successfully for the repair of damaged features such as
epoxies for wood infilling, cementitious patching for sandstone repairs, or plastic stone
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for masonry repairs. Repairs are preferable to replacement whether or not the repairs
are in kind or with a synthetic substitute material.

In general, four circumstances warrant the consideration of substitute materials: 1) the
unavailability of historic materials; 2) the unavailability of skilled craftsmen; 3) inherent
flaws in the original materials; and 4) code-required changes (which in many cases can
be extremely destructive of historic resources).

Cost may or may not be a determining factor in considering the use of substitute
materials. Depending on the area of the country, the amount of material needed, and
the projected life of less durable substitute materials, it may be cheaper in the long run
to use the original material, even though it may be harder to find.

A Due to many early
failures of substitute
materials, some
preservationist are
tooking abroad to find
N materials (especially
R stone) that match the
historic materials in an
effort to restore historic
buildings accurately and
to avoid many of the

- e , uncertainties that come
An inert material was injected into the hollow with the use of

outri mitting the out ood to be . .
,et;;gggfggjj,,ese,?,ed_ erw substitute materials.

The core of a deteriorated
wood outrigger was first
drilled out. Photos (left and
right): Courtesy, Harrison
Goodall.

1. The unavailability of the historic material.

The most common reason for considering substitute materials is the difficulty in finding
a good match for the historic material (particularly a problem for masonry materials
where the color and texture are derived from the material itself). This may be due to
the actual unavailability of the material or to protracted delivery dates. For example,
the local quarry that supplied the sandstone for a building may no longer be in
operation. All efforts should be made to locate another quarry that could supply a
satisfactory match. If this approach fails, substitute materials such as dry-tamp cast
stone or textured precast concrete may be a suitable substitute if care is taken to
ensure that the detail, color and texture of the original stone are matched. In some
cases, it may be possible to use a sand-impregnated paint on wood as a replacement
section, achieved using readily available traditional materials, conventional tools and
work skills. Simple solutions should not be overlooked.

2. The unavailability of historic craft techniques and lack of skilled artisans.
These two reasons complicate any preservation or rehabilitation project. This is
particularly true for intricate ornamental work, such as carved wood, carved stone,
wrought iron, cast iron, or molded terra cotta. However, a number of stone and wood
cutters now employ sophisticated carving machines, some even computerized. It is also
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possible to cast substitute replacement pieces using aluminum, cast stone, fiberglass,
polymer concretes, glass fiber reinforced concretes and terra cotta. Mold making and
casting takes skill and craftsmen who can undertake this work are available. Efforts
should always be made, prior to replacement, to seek out artisans who might be able to
repair ornamental elements and thereby save the historic features in place.

3. Poor original building materials.

Some historic building materials were of inherently poor quality or
their modern counterparts are inferior. In addition, some materiais
were naturally incompatible with other materials on the building,
causing staining or galvanic corrosion. Examples of poor quality
materials were the very soft sandstones which eroded quickly. An
example of poor quality modern replacement material is the tin
coated steel roofing which is much less durable than the historic tin
or terne iron which is no longer available. In some cases, more
durable natural stones or precast concrete might be available as
substitutes for the soft stones and modern terne-coated stainless
steel or lead-coated copper might produce a more durable yet
visually compatible replacement roofing.

4. Code-related changes. Cast aluminum has
been used as a

. . A replacement material
Sometimes referred to as life and safety codes, building codes often fof cast iron. Photo:

require changes to historic buildings. Many cities in earthquake NPS files.

zones, for example, have laws requiring that overhanging masonry

parapets and cornices, or freestanding urns or finials be securely re-anchored to new
structural frames or be removed completely. In some cases, it may be acceptable to
replace these heavy historic elements with light replicas. In other cases, the extent of
historic fabric removed may be so great as to diminish the integrity of the resource. This
could affect the significance of the structure and jeopardize National Register status. In
addition, removal of repairable historic materials could result in loss of Federal tax
credits for rehabilitation. Department of the Interior reguiations make clear that the
Secretary of the Interior's Standards for Rehabilitation take precedence over other
regulations and codes in determining whether a project is consistent with the historic
character of the building undergoing rehabilitation.

Two secondary reasons for considering the use of substitute materials are their lighter
weight and for some materials, a reduced need of maintenance. These reasons can
become important if there is a need to keep dead loads to a minimum or if the feature
being replaced is relatively inaccessible for routine maintenance.

Cautions and Concerns

In dealing with exterior features and materials, it must be remembered that moisture
penetration, ultraviolet degradation, and differing thermal expansion and contraction
rates of dissimilar materials make any repair or replacement problematic. To ensure
that a repair or replacement will perform well over time, it is critical to understand fully
the properties of both the original and the substitute materials, to install replacement
materials correctly, to assess their impact on adjacent historic materials, and to have
reasonable expectations of future performance.

Many high tech materials are too new to have been tested thoroughly. The differences
in vapor permeability between some synthetic materials and the historic materials have
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in some cases caused unexpected further deterioration. It is therefore difficult to
recommend substitute materials if the historic materials are still available. As previously
mentioned, consideration should always be given first to using traditional materials and
methods of repair or replacement before accepting unproven techniques, materials or
applications,

Substitute materials must meet three basic
criteria before being considered: they must be
compatible with the historic materials in
appearance; their physical properties must be
similar to those of the historic materials, or be
installed in a manner that tolerates differences;
and they must meet certain basic performance
expectations over an extended period of time.

Matching the Appearance of the
Historic Materials

A waterproof coating is an inappropraite
substitute material to apply to adobe as it

. seals in moisture and may result in spalling.
In order to provide an appearance that is Photo: NPS files.

compatible with the historic material, the new

material should match the details and craftsmanship of the original as well as the color,
surface texture, surface reflectivity and finish of the original material. The closer an
element is to the viewer, the more closely the material and craftsmanship must match
the original.

Matching the color and surface texture of the historic material with a substitute material
is normally difficult. To enhance the chances of a good match, it is advisable to clean a
portion of the building where new materials are to be used. If pigments are to be added
to the substitute material, a specialist should determine the formulation of the mix, the
natural aggregates and the types of pigments to be used. As all exposed material is
subject to ultraviolet degradation, if possible, samples of the new materials made during
the early planning phases should be tested or allowed to weather over several seasons
to test for color stability.

Fabricators should supply a sufficient number of samples to permit onsite comparison of
color, texture, detailing, and other critical qualities. In situations where there are subtle
variations in color and texture within the original materials, the substitute materials
should be similarly varied so that they are not conspicuous by their uniformity.

Substitute materials, notably the masonry ones, may be more water-absorbent than the
historic material. If this is visually distracting, it may be appropriate to apply a
protective vapor-permeable coating on the substitute material. However, these clear
coatings tend to alter the reflectivity of the material, must be reapplied periodically, and
may trap salts and moisture, which can in turn produce spalling. For these reasons, they
are not recommended for use on historic materials.

Matching the Physical Properties

While substitute materials can closely match the appearance of historic ones, their
physical properties may differ greatly. The chemical composition of the material (i.e.,
presence of acids, alkalines, salts, or metals) should be evaluated to ensure that the
replacement materials will be compatible with the historic resource. Special care must
therefore be taken to integrate and to anchor the new materials properly. The thermal
expansion and contraction coefficients of each adjacent material must be within
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tolerable limits. The function of joints must be understood and detailed either to
eliminate moisture penetration or to aliow vapor permeability. Materials that will cause
galvanic corrosion or other chemical reactions must be isolated from one another.

To ensure proper attachment, surface preparation is critical. Deteriorated underlying
material must be cleaned out. Noncorrosive anchoring devices or fasteners that are
designed to carry the new material and to withstand wind, snow and other destructive
elements should be used. Properly chosen fasteners allow attached materials to expand
and contract at their own rates. Caulking, flexible sealants or expansion joints between
the historic material and the substitute material can absorb slight differences of
movement. Since physical failures often resuit from poor anchorage or improper
installation techniques, a structural engineer should be a member of any team
undertaking major repairs.

Some of the new high tech materials such as epoxies and polymers are much stronger
than historic materials and generally impermeable to moisture. These differences can
cause serious problems uniless the new materials are modified to match the expansion
and contraction properties of adjacent historic materials more closely, or unless the new
materials are isolated from the historic ones altogether. When stronger or vapor
impermeable new materials are used alongside historic ones, stresses from trapped
moisture or differing expansion and contraction rates generally hasten deterioration of
the weaker historic material. For this reason, a conservative approach to repair or
replacement is recommended, one that uses more pliant materials rather than
high-strength ones. Since it is almost impossible for substitute materials to match the
properties of historic materials perfectly, the new system incorporating new and historic
materials should be designed so that if material failures occur, they occur within the
new material rather than the historic material.

Performance Expectations

While a substitute material may appear to be acceptable at the time of installation, both
its appearance and its performance may deteriorate rapidly. Some materials are so new
that industry standards are not available, thus making it difficult to specify quality
control in fabrication, or to predict maintenance requirements and long term
performance. Where possible, projects involving substitute materials in similar
circumstances should be examined. Material specifications outlining stability of color and
texture; compressive or tensile strengths if appropriate; the acceptable range of thermal
coefficients, and the durability of coatings and finishes should be included in the
contract documents. Without these written documents, the owner may be left with little
recourse if failure occurs.

The tight controls necessary to ensure

f long-term performance extend beyond
having written performance standards and
§ selecting materials that have a successful
track record. It is important to select

| follow up if repairs are necessary.

%| Installers and contractors unfamiliar with
i specific substitute materials and how they
M function in your local environmental

i conditions should be avoided.

The historic cornice was successfully replaced with a

fiberglass cornice, Photo: NPS files. The surfaces of substitute materials may
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need special care once installed. For example, chemical residues or mold release agents
should be removed completely prior to installation, since they attract pollutants and
cause the replacement materials to appear dirtier than the adjacent historic materials.
Furthermore, substitute materials may require more frequent cleaning, special cleaning
products and protection from impact by hanging window-cleaning scaffolding. Finally, it
is critical that the substitute materials be identified as part of the historical record of the
building so that proper care and maintenance of all the building materials continue to
ensure the life of the historic resource.

Choosing an Appropriate Substitute Material

Once all reasonable options for repair or replacement in kind have been exhausted, the
choice among a wide variety of substitute materials currently on the market must be
made. The charts at the end of this Brief describe a number of such materials, many of
them in the family of modified concretes which are gaining greater use. The charts do
not include wood, stamped metal, mineral fiber cement shingles and some other
traditional imitative materials, since their properties and performance are better known.
Nor do the charts include vinyls or molded urethanes which are sometimes used as
cosmetic claddings or as substitutes for wooden millwork. Because millwork is still
readily available, it should be replaced in kind.

The charts describe the properties and uses of several materials finding greater use in
historic preservation projects, and outline advantages and disadvantages of each. It
should not be read as an endorsement of any of these materials, but serves as a
reminder that numerous materials must be studied carefully before selecting the
appropriate treatment. Included are three predominantly masonry materials (cast stone,
precast concrete, and glass fiber reinforced concrete); two predominantly resinous
materials (epoxy and glass fiber reinforced polymers also known as fiberglass), and cast
aluminum which has been used as a substitute for various metals and woods.

Pros and Cons of Various Substitute Materials

Cast Aluminum

Material: Cast aluminum is a molten aluminum alloy cast in permanent (metal) molds
or onetime sand molds which must be adjusted for shrinkage during the curing process.
Color is from paint applied to primed aluminum or from a factory finished coating. Small
sections can be bolted together to achieve intricate or sculptural details. Unit castings
are also available for items such as column plinth blocks.

Application: Cast aluminum can be a substitute for cast iron or other decorative
elements. This would include grillwork, roof crestings, cornices, ornamental spandrels,
storefront elements, columns, capitals, and column bases and plinth blocks. If not
self-supporting, elements are generally screwed or bolted to a structural frame. As a
result of galvanic corrosion problems with dissimilar metals, joint details are very
important.

Advantages:
® light weight (1/2 of castiron)

e corrosion-resistant, noncombustible
® intricate castings possible
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® easily assembled, good delivery time
® can be prepared for a variety of colors
¢ long life, durable, less brittle than cast iron

Disadvantages:

¢ lower structural strength than castiron

e difficult to prevent galvanic corrosion with other metals

e greater expansion and contraction than castiron; requires
¢ gaskets or caulked joints

o difficult to keep paint on aluminum

Checklist:

¢ Can existing be repaired or replaced inkind?

® How is cast aluminum to be with other metals attached?

¢ Have full-size details been developed for each piece to be cast?
® How are expansion joints detailed?

e Will there be a galvanic corrosion problem?
[

® Are fabricators/installers experienced?

Cast Stone (dry tamped)

Material: Cast stone is an almost-dry cement, lime and aggregate mixture which is
dry-tamped into a mold to produce a dense stone-like unit. Confusion arises in the
building industry as many refer to high quality precast concrete as cast stone. In fact,
while it is a form of precast concrete, the drytamp fabrication method produces an outer
surface resembling a stone surface. The inner core can be either drytamped or poured
full of concrete. Reinforcing bars and anchorage devices can be installed during
fabrication.

Application: Cast stone is often the most visually similar material as a replacement for
unveined deteriorated stone, such as brownstone or sandstone, or terra cotta in
imitation of stone. It is used both for surface wall stones and for ornamental features
such as window and door surrounds, voussoirs, brackets and hoods. Rubberlike molds
can be taken of good stones on site or made up at the factory from shop drawings.

Advantages:

® replicates stone texture with good molds (which can come from extant stone) and
fabrication

expansion/contraction similar to stone

minimal shrinkage of material

anchors and reinforcing bars can be built in

material is firerated

range of color available

vapor permeable

Disadvantages:

® heavy units may require additional anchorage
e color can fade in sunlight

¢ may be more absorbent than natural stone

¢ replacement stones are obvious if too few models and molds are made
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Checklist:

® Are the original or similar materials available?

® How are units to be installed and anchored?

e Have performance standards been developed to ensure color stability?

® Have large samples been delivered to site for color, finish and absorption testing?
® Has mortar been matched to adjacent historic mortar to achieve a good
color/tooling match?

Are fabricators/installers experienced?

Glass Fiber Reinforced Concretes (GFRC)

Material: Glass fiber reinforced concretes are lightweight concrete compounds modified
with additives and reinforced with glass fibers. They are generally fabricated as thin
shelled panels and applied to a separate structural frame or anchorage system. The
GFRC is most commonly sprayed into forms although it can be poured. The glass must
be alkaline resistant to avoid deteriorating effects caused by the cement mix. The color
is derived from the natural aggregates and if necessary a small percentage of added
pigments.

Application: Glass fiber reinforced concretes are used in place of features originally
made of stone, terra cotta, metal or wood, such as cornices, projecting window and door
trims, brackets, finials, or wall murals. As a molded product it can be produced in long
sections of repetitive designs or as sculptural elements. Because of its low shrinkage, it
can be produced from molds taken directly from the building. It is installed with a
separate noncorrosive anchorage system. As a predominantly cementitious material, it
is vapor permeable.

Advantages:

lightweight, easily installed

good molding abliity, crisp detail possible
weather resistant

can be left uncoated or else painted

little shrinkage during fabrication

molds made directly from historic features
cements generally breathable

material is firerated

Disadvantages:

® non-loadbearing use only

e generally requires separate anchorage system

® large panels must be reinforced

color additives may fade with sunlight

® joints must be properly detailed

® may have different absorption rate than adjacent historic material

Checklist:

e Are the original materials and craftsmanship still available?
o Have samples been inspected on the site to ensure detail/texture match?
e Has anchorage system been properly designed?

® Have performance standards been developed?
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® Are fabricators/installers experienced?
Precast Concrete

Material: Precast concrete is a wet mix of cement and aggregate poured into molds to
create masonry units. Molds can be made from existing good surfaces on the building.
Color is generally integral to the mix as a natural coloration of the sand or aggregate, or
as a small percentage of pigment. To avoid unsightly air bubbles that result from the
natural curing process, great care must be taken in the initial and longterm vibration of
the mix. Because of its weight it is generally used to reproduce individual units of
masonry and not thin shell panels.

Application: Precast concrete is generally used in place of masonry materials such as
stone or terra cotta. It is used both for flat wall surfaces and for textured or ornamental
elements. This includes wall stones, window and door surrounds, stair treads, paving
pieces, parapets, urns, balusters and other decorative elements. It differs from cast
stone in that the surface is more dependent on the textured mold than the hand
tamping method of fabrication.

Advantages:

easily fabricated, takes shape well

rubber molds can be made from building stones
minimal shrinkage of material

can be load bearing or anchorage can be cast in
expansion/contraction similar to stone

material is firerated

range of color and aggregate available

vapor permeable

Disadvantages:

may be more moisture absorbent than stone although coatings may be applied
color fades in sunlight

small air bubbles may disfigure units

replacement stones are conspicuous if too few models and molds are made

Checklist:

e Is the historic material still available?

What are the structural/anchorage requirements?

e Have samples been matched for color/texture/absorption? Have shop drawings
been made for each shape?

e Are there performance standards?

e Has mortar been matched to adjacent historic mortar to achieve good color/tooling
match?

e Are fabricators/installers experienced?

Fiber Reinforced Polymers (FRP, Fiberglass)

Material: Fiberglass is the most well known of the FRP products generally produced as a
thin rigid laminate shell formed by pouring a polyester or epoxy resin gelcoat into a
mold. When tack-free, layers of chopped glass or glass fabric are added along with
additional resins. Reinforcing rods and struts can be added if necessary; the gel coat can
be pigmented or painted.
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Application: Fiberglass, a non load-bearing material attached to a separate structural
frame, is frequently used as a replacement where a lightweight element is needed or an
inaccessible location makes frequent maintenance of historic materials difficult. Its good
molding ability and versatility to represent stone, wood, metal and terra cotta make it
an alternative to ornate or carved building elements such as column capitals, bases,
spandrel panels, beltcourses, balustrades, window hoods or parapets. Its ability to
reproduce bright colors is a great advantage.

Advantages:

e lightweight, long spans available with a separate structural frame

e high ratio of strength to weight

good molding ability

integral color with exposed high quality pigmented gel-coat or takes paint well
easily installed, can be cut, patched, sanded

non-corrosive, rot-resistant

Disadvantages:

® requires separate anchorage system

e combustible (fire retardants can be added); fragile to impact.

o high coefficient of expansion and contraction requires frequently placed expansion
joints

e ultraviolet sensitive unless surface is coated or pigments are in gelcoat

e vapor impermeability may require ventilation detail

Checklist:
® Can original materials be saved/used?
® Have expansion joints been designed to avoid unsightly appearance?
e Are there standards for color stability/durability?
® Have shop drawings been made for each piece?
® Have samples been matched for color and texture?
® Are fabricators/installers experienced?
® Do codes restrict use of FRP?

Epoxies (Epoxy Concretes, Polymer Concretes)

Material: Epoxy is a resinous two-part thermosetting material used as a consolidant, an
adhesive, a patching compound, and as a molding resin. It can repair damaged material
or recreate lost features. The resins which are poured into molds are usually mixed with
fillers such as sand, or glass spheres, to lighten the mix and modify their
expansion/contraction properties. When mixed with aggregates, such as sand or stone
chips, they are often called epoxy concrete or polymer concrete, which is a misnomer as
there are no cementitious materials contained within the mix. Epoxies are vapor
impermeable, which makes detailing of the new elements extremely important so as to
avoid trapping moisture behind the replacement material. It can be used with wood,
stone, terra cotta, and various metals.

Application: Epoxy is one of the most versatile of the new materials. It can be used to
bind together broken fragments of terra cotta; to build up or infill missing sections of
ornamental metal; or to cast missing elements of wooden ornaments. Small cast
elements can be attached to existing materials or entire new features can be cast. The
resins are poured into molds and due to the rapid setting of the material and the need
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to avoid cracking, the molded units are generally small or hollow inside. Multiple molds
can be combined for larger elements. With special rods, the epoxies can be structurally
reinforced. Examples of epoxy replacement pieces include: finials, sculptural details,
small column capitals, and medallions.

Advantages:

® can be used for repair/replacement

lightweight, easily installed

® good casting ability; molds can be taken from building material can be sanded and
carved.

color and uitraviolet screening can be added; takes paint well

durable, rot and fungus resistant

Disadvantages:

¢ materials are flammable and generate heat as they cure and may be toxic when
burned

® toxic materials require special protection for operator and adequate ventilation
while curing

® material may be subject to ultraviolet deterioration unless coated or filters added
rigidity of material

e often must be modified with fillers to match expansion coefficients

¢ vapor impermeable

Checklist:

® Are historic materials available for molds, or for splicing-in as a repair option?

® Has the epoxy resin been formulated within the expansion/contraction coefficients
of adjacent materials?

® Have samples been matched for color/finish?

e Are fabricators/installers experienced?

e Is there a sound substrate of material to avoid deterioration behind new material?

¢ Are there performance standards?

Summary

Substitute materials--those products used to imitate historic materials--should be used
only after all other options for repair and replacement in kind have been ruled out.
Because there are so many unknowns regarding the longterm performance of substitute
materials, their use should not be considered without a thorough investigation into the
proposed materials, the fabricator, the installer, the availability of specifications, and
the use of that material in a similar situation in a similar environment.

Substitute materials are normally used when the historic materials or craftsmanship are
no longer available, if the original materials are of a poor quality or are causing damage
to adjacent materials, or if there are specific code requirements that preclude the use of
historic materials. Use of these materials should be limited, since replacement of historic
materials on a large scale may jeopardize the integrity of a historic resource. Every
means of repairing deteriorating historic materials or replacing them with identical
materials should be examined before turning to substitute materials.

The importance of matching the appearance and physical properties of historic materials
and, thus, of finding a successful longterm solution cannot be overstated. The successful
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solutions illustrated in this Brief were from historic preservation projects involving
professional teams of architects, engineers, fabricators, and other specialists. Cost was
not necessarily a factor, and all agreed that whenever possible, the historic materials
should be used. When substitute materials were selected, the solutions were often
expensive and were reached only after careful consideration of all options, and with the
assistance of expert professionals.
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A NOTE TO OUR USERS: The web versions of the Preservation Briefs difer somewhat from the printed versions.
Many #lustrations are new, captions are simplified, ilustrations are typically in color rather than black and white, and
some complex charts have been omitted.

Glazed architectural terra-cotta was significant in the development of important
architectural idioms in this country--specifically, the "Chicago School," the High Rise and
the Historic or Beaux Arts styles. In fact, glazed architectural terra-cotta is one of the
most prevalent masonry building materials found in the urban environment today.
Popular between the late 19th century and the 1930s, glazed architectural terra-cotta
offered a modular, varied and relatively inexpensive approach to wall and floor
construction. It was particularly adaptable to vigorous and rich ornamental detailing.
However, with changing vogues in materials and architectural styles and rising
production costs, glazed architectural terra-cotta fell into disfavor and disuse by the mid
20th century.

Today, information on the maintenance, rehabilitation and replacement of glazed
architectural terra-cotta is limited, as are sources of new glazed architectural terra-
cotta. This report, then, will discuss some of the major deterioration problems that
commonly occur in historic glazed architectural terra-cotta, methods of determining the
extent of that deterioration and recommendations for the maintenance, repair and
replacement of the deteriorated historic material.

What is Terra-Cotta?

Generically, the broadest definition of terra-cotta refers to a high grade of weathered or
aged clay which, when mixed with sand or with pulverized fired clay, can be molded and
fired at high temperatures to a hardness and compactness not obtainable with brick.
Simply put, terra-cotta is an enriched molded clay brick or block. The word terra-cotta is
derived from the Latin word terra-cotta--literally, "cooked earth." terra-cotta clays vary
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widely in color according to geography and types, ranging from red and brown to white.

Terra-cotta was usually hollow cast in blocks which were open to the back, like boxes,
with internal compartment-like stiffeners called webbing. Webbing substantially
strengthened the load-bearing capacity of the hollow terra-cotta block without greatly
increasing its weight.

Terra-cotta blocks were often finished with a glaze; that is, a slip glaze (clay wash) or
an aqueous solution of metal salts was brushed or sprayed on the air-dried block before
firing. Glazing changed the color, imitated different finishes, and produced a relatively
impervious surface on the weather face of the final product. The glaze on the terra-cotta
unit possessed excellent weathering properties when properly maintained. It had rich
color and provided a hard surface that was not easily chipped off. Glazing offered
unlimited and fade-resistant colors to the designer. Even today, few building materials
can match the glazes on terra-cotta for the range and, most importantly, the durability
of colors.

Types of Terra-cotta

Historically there are four types or categories of terra-cotta which have enjoyed wide
use in the history of the American building arts: 1) brownstone, 2) fireproof
construction, 3) ceramic veneer, and 4) glazed architectural.

Brownstone terra-cotta is the variety of this masonry material used earliest in American
buildings (mid to late 19th century). The brownstone type is a dark red or brown block
either glazed (usually a slip glaze) or unglazed. It was hollow cast and was generaily
used in conjunction with other masonry in imitation of sandstone, brick or real
brownstone. It is often found in the architecture of Richard Upjohn, James Renwick, H.
H. Richardson and is associated with the Gothic and Romanesque Revival movements
through such ornamental detailing as moldings, finials and capitals.

Fireproof construction terra-cotta was extensively developed as a direct result of the
growth of the High Rise building in America. Inexpensive, lightweight and fireproof,
these rough-finished hollow building blocks were ideally suited to span the I-beam
members in floor, wall and ceiling construction. Certain varieties are still in production
today, although fireproof construction terra-cotta is no longer widely employed in the
building industry.

Ceramic veneer was developed during the 1930s and is still used extensively in building
construction today. Unlike traditional architectural terra-cotta, ceramic veneer is not
hollow cast, but is as its name implies: a veneer of glazed ceramic tile which is ribbed on
the back in much the same fashion as bathroom tile. Ceramic veneer is frequently
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attached to a grid of metal ties which has been anchored to the building.

Glazed architectural terra-cotta was the
most complex development of terra-cotta as
a masonry building material in this country.
The hollow units were hand cast in molds or
® carved in clay and heavily glazed (often in

| imitation of stone) and fired. Sometimes
" called "architectural ceramics," glazed
architectural terra-cotta was developed and
refined throughout the first third of the 20th
century and has been closely associated with
the architecture of Cass Gilbert, Louis
Sullivan, and Daniel H. Burnham, among

Glazed architectural terra-cotta was a practical and .
highly decorative building material. Photo: NPS others. Significant examples in this country

files. include the Woolworth Building (1913) in
New York City and the Wrigley Building

(1921) in Chicago.

Late 19th and early 20th century advertising promoted the durable, impervious and
adaptable nature of glazed architectural terra-cotta. It provided for crisp, vigorous
modeling of architectural details as the molds were cast directly from clay prototypes
without loss of refinement. Glazed architectural terra-cotta could accommodate subtle
nuances of modeling, texture and color. Compared to stone, it was easier to handle,
quickly set and more affordable to use. Thought to be fireproof and waterproof, it was
readily adaptable to structures of almost any height. The cost of molding the clay,
glazing and firing the blocks, when compared to carving stone, represented a
considerable savings, especially when casts were used in a modular fashion--that is,
repeated over and over again. Maintenance of the fired and glazed surface was easy; it
never needed paint and periodic washings restored its original appearance.

With the passage of time, many of the phenomenal claims of the early proponents of
glazed architectural terra-cotta have proven true. There are many examples throughout
this country that attest to the durability and permanence of this material. Yet
present-day deterioration of other significant glazed architectural terra-cotta resources
ultimately belie those claims. Why? Historically, the lack of foresight or understanding
about the nature and limitations of the material has, in many instances, allowed serious
deterioration problems to occur that are only now becoming apparent.

Characteristics of Glazed Architectural Terra-cotta as a
Building Material

Glazed architectural terra-cotta has many material properties similar to brick or stone.
It also has many material properties radically different from those traditional masonry
materials. It is those differences which must be considered for a better understanding of
some of the material characteristics of glazed architectural terra-cotta when it is used as
a building material.

Difficult to identify: Glazed architectural terra-cotta probably comprises one of the
largest if not the largest constituent material in some of our urban environments today.
However, the infinite varieties of glazing have hidden this fact from the casual observer.
One of the attractive features of glazed architectural terra-cotta in its time was that it
could be finished (glazed) in exact imitation of stone. In fact, many building owners and
architects alike are often surprised to discover that what they presumed to be a granite
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or limestone building is glazed architectural terra-cotta instead.

T

Two separate systems: Historically, glazed
architectural terra-cotta has been used in
association with two specific and very different
types of building systems: as part of a
traditional load-bearing masonry wall in
buildings of modest height, and as a cladding
material in High Rise construction. As cladding,
glazed architectural terra-cotta often utilized
an extensive metal anchoring system to attach
it or to "hang it" onto a wall framing system or
superstructure. In the first instance the
anchoring was limited; in the second, the

S anchoring was often extensive and complex.
Typical construction detail of glazed i Likewise, in the first instance, deterioration has
architectural terra-cotta ornament. Drawing: ..
Detail, Architectural Terra Cotta, Charles E. generally been limited. However, where glazed
White, Jr., 1920. architectural terra-cotta was used as cladding,

particularly in high rise construction,
present-day deterioration and failure are often severe.

Complexity of deterioration: Deterioration is, by nature of the design, infinitely
complex--particularly when glazed architectural terra-cotta has been used as a cladding
material.

Deterioration creates a "domino"like breakdown of the whole system: glazed units,
mortar, metal anchors, and masonry backfill. In no other masonry system is material
failure potentially so complicated.

Poor original design: The root of deterioration in glazed architectural terra-cotta
systems often lies in a misapplication of the material. Historically, glazed architectural
terra-cotta was viewed as a highly waterproof system needing neither flashing, weep
holes nor drips. This supposition, however, has proved to be untrue, as serious water-
related failure was evident early in the life of many glazed architectural terra-cotta clad
or detailed buildings.

Common Deterioration Problems

No one case of deterioration in glazed architectural terra-cotta is ever identical to
another owing to the infinite number of variations with the materiai: original
manufacture, original installation inconsistencies, number of component parts, ongoing
repairs or the various types and sources of deterioration. However, certain general
statements may be made on the nature of glazed architectural terra-cotta deterioration.

Material failure can most commonly be attributed to water-related problems. However,
less frequent though no less severe causes may include: faulty original craftsmanship,
which Is often cited but hard to determine; stress-related deterioration; damage caused
by later alterations and additions; or inappropriate repairs.

Water-related deterioration: As with most building conservation and rehabilitation
problems, water is a principal source of deterioration in glazed architectural terra-cotta.
Terra-cotta systems are highly susceptible to such complex water-related deterioration
problems as glaze crazing, glaze spalling and material loss, missing masonry units and
deteriorated metal anchoring, among others.
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Crazing, or the formation of small random cracks in the giaze, is a common form of
water-related deterioration in glazed architectural terra-cotta. When the new terra-cotta
unit first comes from the kiln after firing, it has shrunken (dried) to its smallest possible
size. With the passage of time, however, it expands as it absorbs moisture from the air,
a process which may continue for many years. The glaze then goes into tension because
it has a lesser capacity for expansion than the porous tile body; it no longer "fits” the
expanding unit onto which it was originally fired. If the strength of the glaze is
exceeded, it will crack (craze). Crazing is a process not unlike the random hairline
cracking on the surface of an old oil painting. Both may occur as a normal process in the
aging of the material. Unless the cracks visibly extend into the porous tile body beneath
the glaze, crazing should not be regarded as highly serious material failure. It does,
however, tend to increase the water absorption capability of the glazed architecturai
terra-cotta unit.

Spalling, the partial loss of the masonry material itself, is, like crazing, caused by water
and is usually a result not only of airborne water but more commonly of water trapped
within the masonry system itseilf. Trapped water is often caused by poor water detailing
in the original design, insufficient maintenance, rising damp or a leaking roof. In most
cases, trapped water tends to migrate outward through masonry walls where it
eventually evaporates. In glazed architectural terra-cotta, the water is impeded in its
journey by the relatively impervious glaze on the surface of the unit which acts as a
water barrier. The water is stopped at the glaze until it builds up sufficient pressure
(particularly in the presence of widely fluctuating temperatures) to pop off sections of
the glaze (glaze spalling) or to cause the wholesale destruction of portions of the glazed
architectural terra-cotta unit itself (material spalling).

Glaze spalling (left) may appear as small coin-size
blisters where the glaze has ruptured and exposed
the porous tile body beneath. This may occur as
several spots on the surface or, in more advanced
cases of deterioration, it may result in the
@ wholesale disappearance of the glaze. Spalling of

§ the glaze may also be symptomatic of
deterioration (rusting) of the internal metal
anchoring system which holds the terra-cotta units
together and to the larger building structure. The
increase in volume of the metal created by rusting
creates increased internal pressures in the
terra-cotta unit which, in turn, may spall the
glaze, or in more extreme cases, cause material
spalling.

Blistering of the glaze, like crazing, is the
result of the increase in water in the porous B . . . . .
cdlay body and the subsequent destruction  Material spalling is a particularly severe situation.

of the glaze as a result of water migration  Not only is the visual integrity of the detailing

D e oty e o, impaired, but a large area of the porous

behind the terra-cotta unit. Photo: NPS underbody, webbing and metal anchoring is

files. exposed to the destructive effects of further water

entry and deterioration. Both glaze and material

spailing must be dealt with as soon as possible. Missing units is a serious situation which
particularly plagues architectural terra-cotta systems. Unlike brick or stone, damaged
glazed architectural terra-cotta is exceedingly difficult to replace. New production is
extremely limited. Missing units create gaps which increase the structural load on the
remaining pieces and also permit water to enter the system. Exposed or freestanding
glazed architectural terra-cotta detailing (balusters, urns, parapet walls, etc.) are
particularly susceptible to extensive loss of material.
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These elements face the most severe vicissitudes of water and temperature-related
deterioration in direct proportion to the extent of their exposure. The replacement of
missing units should be a high priority work item in the rehabilitation of glazed
architectural terra-cotta.

Deterioration of metal anchoring: Deteriorated anchoring systems are perhaps the
most difficult form of glazed architectural terra-cotta deterioration to locate or diagnose.
Often, the damage must be severe and irreparable before it is noticed on even the most
intense "prima facie" examination. Water which enters the glazed architectural
terra-cotta system can rust the anchoring system and substantially weaken or
completely disintegrate those elements. Where water has been permitted to enter the
system, some deterioration has more than likely taken place. Partial deterioration
results in staining and material spalling. Total deterioration and the lack of any
anchoring system may result in the loosening of the units themselves, threatening the
architectural or structural integrity of the building. Recently, falling glazed architectural
terra-cotta units have become a serious safety concern to many building owners and
municipal governments. Early detection of failing anchoring systems is exceedingly
difficult.

Deterioration of mortar and other adjacent materials: Deteriorated mortar has
always been a key to the survival or failure of any masonry system. This is particularly
true with glazed architectural terra-cotta. In recognition of the fragile nature of the
system, the need for insuring a relatively dry internal system is important. Sound
mortar is the "first line" of defense in terra-cotta systems. It is a maintenance "must."
Deteriorated mortar joints are a singularly culpable source of water and, therefore, of
deterioration. Mortar deterioration may result from improper original craftsmanship or
air--and waterborne--pollution. More often, however, lack of ongoing maintenance is
mainly responsible. Deteriorated mortar should not be overlooked as a major source of
glazed architectural terra-cotta failure.

The deterioration of materials adjoining the glazed architectural terra-cotta (flashing,
capping, roofing, cautking around windows and doors) bears significant responsibility in
its deterioration. When these adjoining materials fail, largely as a result of lack of
maintenance, water-related deterioration results. For instance, it is not uncommon to
find wholesale terra-cotta spalling in close proximity to a window or doorway where the
caulking has deteriorated.

Stress-related deterioration: Stress-related deterioration
of glazed architectural terra-cotta frequently occurs in high
rise buildings. The evolution of stress relieving details
(flexible joints, shelf angles, etc.) occurred late in the
development of American building construction.
Consequently, most early continuously clad High Rise
buildings (¢.1900-1920s) had little or no provisions for
normal material and building movement in their original
design.

The development of large stress-related cracks or wholesale
material deterioration is often caused by unaccommodated
building-frame shortening under load, thermal expansion and
contraction of the facade and moisture expansion of the

x glazed architectural terra-cotta units themselves. Cracks

The damage shown here is running through many units or stories or large areas of

the result of direct ive load 1\ terial deterioration often indicate stress-related problems.
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This spiek.ef detigripralion, in turn, permits significant water entry into the terra-cotta
sysidiMame has settled and

shifte_d the weight onto tI?e
I&qﬂmﬁéﬁkw.‘ Inappropriate repairs result because using new terra-cotta for
replecamentoNSt@riorated or missing glazed architectural terra-cotta has generally
been impractical. Repairs, therefore, have traditionally been made in brick or
cementitious build ups of numerous materials such as stucco or fiberglass. Some
materials are appropriate temporary or permanent replacements, while others are not.
(These issues are discussed at a later point in this report.) However, improper anchoring
or bonding of the repair work or visual incompatibility of repairs have themselves, with
the passage of time, become rehabilitation problems: replacement brick that is pulling
free, cement stucco that is cracking and spalling, or a cement or bituminous repairs that
are not visually compatible with the original material.

Alteration damage: Alteration damage has occurred as a result of the installation of
such building additions as signs, screens, marquees or bird proofing. These installations
often necessitated the boring of holes or cutting of the glazed architectural terra-cotta
to anchor these additions to the building frame beneath. As the anchoring or caulking
deteriorated, or as these elements were removed in subsequent renovation work, these
holes have become significant sources of water-related damage to the glazed
architectural terra-cotta system.

Deterioration Inspection and Analysis

Certain deterioration in glazed architectural terra-cotta may be on the building surface
and patently obvious to the casual observer--crazing, spalling, deterioration of mortar
joints. Other deterioration may be internal or within the masonry system and hard to
determine--deterioration of anchoring, deterioration behind the glaze, crumbling of
internal webbing. Prima facie, "first inspection,” examination may indicate surface
deterioration problems while not revealing others. This demonstrates one of the most
frustrating aspects of dealing with deteriorated glazed architectural terra-cotta: that
there are two systems or levels of deterioration, one which is visible and the other
which is not. " .

Material failure in glazed architectural
terra-cotta is necessarily complex. For this
reason, it is generally advised that the
examination and repair of this material
should be the responsibility of an
experienced professional. Few restorationists
have experience in the inspection, repair and
replacement of glazed architectural terra-
cotta. This is certainly never the province of
the amateur or the most well-intentioned but

inexperienced architect or engineer. Material spalfing is the result of excessive
expansion of the porous tile body caused by water

. and freezing temperatures. This is a serious
There are some methods of internal and condition, often difficult to repair. Photo: NPS files.

external inspection and analysis which are

relatively simple to the trained professional. Other methods, however, are expensive,
time consuming, and only in the experimental stage at this writing. These all generally
preclude the use of anyone but an experienced professional.

Preliminary cleaning: Before a terra-cotta building is analyzed for deterioration, it is
often advisable, but not always necessary, to clean the surface of the material. This is
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particularly true when the material has been exposed to the vicissitudes of heavy urban
pollution. While most building materials are cleaned for "cosmetic” purposes, the
cleaning of glazed architectural terra-cotta for the purpose of inspection and analysis
may be advised. Dirt on glazed architectural terra-cotta often hides a muititude of
problems. It is only with cleaning that these problems become obvious. Recommended
cleaning procedures are covered later in the report.

Methods of inspection: Prima facie analysis is the unit by unit, firsthand, external
inspection of the glazed architectural terra-cotta building surface. Special note of all
visible surface deterioration (staining, crazing, spalling, cracking, etc.) should be made
on elevation drawings. Binoculars are often used where cost, height, or inaccessibility
prevent easy inspection. However, much deterioration may go unnoticed unless
scaffolding or window-washing apparatus is used in a true "hands on" inspection of each
unit of the facade.

Tapping, a somewhat inexact method of detection of internal deterioration is,
nevertheless, the most reliable inspection procedure presently available. Quite simply,
tapping is the striking of each unit with a wooden maliet. When struck, an undamaged
glazed architectural terra-cotta unit gives a pronounced ring, indicating its sound
internal condition. Conversely, deteriorated units (i.e., units which are failing internally)
produce a flat, hollow sound. Metal hammers are never to be used, as they may damage
the glazed surface of the unit. Extensive experience is the best teacher with this
inspection method.

Infrared scanning is only in the experimental stage at this time, but its use seems to
hold great promise in locating deteriorated internal material in terra-cotta. All materials
emit heat--heat which can be measured in terms of infrared light. While infrared light
cannot be seen by the human eye, it can be measured by infrared scanning. Infrared
photography, a kind of infrared scanning, has been of particular use in detecting sources
of heat loss in buildings in recent years. Broken or loose internal terra-cotta pieces have
a less firm attachment to the surrounding firm or attached pieces and, therefore, have
different thermal properties, i.e., temperatures. These temperature differences become
evident on the infrared scan and may serve as a fair indication of internal material
deterioration in terra-cotta.

Sonic testing has been successfully used for some time to detect internal cracking of
concrete members. In the hands of an experienced operator, there are conditions where
it can detect internal failure in glazed architectural terra-cotta. Sonic testing registers
the internal configuration of materials by penetrating the material with sound waves
and reading the patterns that "bounce back" from the originating source of the sound.
Readings at variance with those from undeteriorated material might indicate collapsed
webbing or pools of water in the interior of the terra-cotta unit.

Metal detection is a non-destructive and generally useful way of locating the position of
internal metal anchoring. Metal detectors indicate the presence of metals by
electromagnetic impulses. These impulses are transmitted onto an oscilloscope where
they may he seen or they are converted to sound patterns which may be heard by the
operator. Original drawings are eminently useful in predicting where internal metal
anchoring should be. Metal detectors can confirm that indeed they are still there.
Without original drawings, the contractor or architect can still locate the metal
anchoring, however. No reading where an anchor would be expected could indicate a
missing anchor or one that has seriously deteriorated. The information produced by
metal detection is, at best, only rough. However, it is the most viable way of locating
the internal metal anchoring without physically removing, thus irreparably damaging,
the glazed architectural terra-cotta units themselves.
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Laboratory analysis may be carried out on samples of removed original material to find
glaze absorption, permeability or glaze adhesion, or to evaluate material for porosity.
These tests are useful in determining the present material characteristics of the historic
glazed architectural terra-cotta and how they may be expected to perform in the future,

Maintenance, Repair and Replacement

Deterioration in glazed architectural terra-cotta is,
by definition, insidious in that the outward signs of
decay do not always indicate the more serious
problems within. It is, therefore, of paramount
importance that the repair and replacement of
deteriorated glazed architectural terra-cotta not
be undertaken unless the causes of that
deterioration have been determined and repaired.
As mentioned before, one of the primary agents of
deterioration in glazed architectural terra-cotta is
water. Therefore, water-related damage can be } -
repaired only when the sources of that water have g, c cq ;“ffreestanding terra-cotta
been eliminated. Repointing, caulking and- detailing (parapets, urns, balusters, etc.)
replacement of missing masonry pieces are also of have traditionally been subjected to the

. rs most severe vicissitudes of deterioration as
primary concern. Where detailing to conduct water ; result of freezing temperatures and
in the original design has been insufficient, the water. Photo: NPS files.
installation of new flashing or weep holes might be
considered.

Where stress-related or structural problems have caused the deterioration of glazed
architectural terra-cotta, the services of a structural engineer shouid be sought to
mitigate these problems. This may include the installation of relieving joints, sheif
angles or flexible joints. In any case, stress-related and structural deterioration, like
water-related deterioration, must be stopped before effective consolidation or
replacement efforts may begin.

Cleaning: The successful cleaning of glazed architectural terra-cotta removes excessive
soil from the glazed surface without damaging the masonry unit itself. Of the many
cleaning materials available, the most widely recommended are water, detergent, and a
natural or nylon bristle brush. More stubborn pollution or fire-related dirt or bird
droppings can be cleaned with steam or weak solutions of muriatic or oxalic acid.

A note of caution: Any acids, when used in strong enough solutions, may themselves
deteriorate mortar and "liberate” salts within the masonry system, producing a situation
called efflorescence.

Commercial cleaning solutions may be appropriate but probably are not necessary when
water and detergent will suffice. There are, however, certain ceaning techniques for
glazed terra-cotta which are definitely not recommended and which would damage the
surface of the material. These include: all abrasive cleaning measures (especially
sandblasting), the use of strong acids, (particularly fluoride-based acids), high-pressure
water cleaning and the use of metal bristle brushes. All of these techniques will
irreparably harm the glaze in one fashion or another and subsequently expose the
porous tile body to the damaging effects of water.

It is important to remember that glazed architectural terra-cotta was designed to be
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cleaned cheaply and easily. This, in fact, was one of its major assets and was much
advertised in the selling of the material early in this century.

Waterproofing: The covering of crazed glazing with waterproof coatings is the subject
of an ongoing controversy today. The question involves whether or not the micro-cracks
conduct substantial amounts of water into the porous tile body. Tests indicate that the
glaze on new unexposed terra-cotta is itself not completely waterproof. Some testing
also indicates that most crazing on historic glazed terra-cotta does not substantially
increase the flow of moisture into the porous tile body when compared to new material.
Excessive and serious crazing is, however, an exception and the coating of those areas
on a limited scale may be wholly appropriate.

In an effort to stem water-related deterioration, architects and building owners often
erroneously attribute water-related damage to glaze crazing when the source of the
deterioration is, in fact, elsewhere: deteriorated caulking, flashing, etc. The waterproof
coating of glazed architectural terra-cotta walls may cause problems on its own.
Outward migration of water vapor normally occurs through the mortar joints in these
systems. The inadvertent sealing of these joints in the wholesale coating of the wall may
exacerbate an already serious situation. Spalling of the glaze, mortar, or porous body
will, more than likely, result.

_ Repointing: Repointing of mortar which is severely
deteriorated or improperly or infrequently maintained is one
of the most useful preservation activities that can be
. performed on historic glazed architectural terra-cotta
il buildings. Ongoing and cyclical repointing guarantees the long
life of this material. Repointing should always be carried out
# with a mortar which has a compressive strength (measured in
Y p.s.i.) lower than the adjacent masonry unit. Hard (Portiand
34 cement) or coarsely screened mortars may cause point loading
B and/or prevent the outward migration of the water through
B the mortar joints, both of which ultimately damage the
7.8 terra-cotta unit. Repointing with waterproof caulking
SO § compounds or similar waterproof materials should never be
A worker deans out mortar  undertaken because, like waterproof coatings, they impede
’r:';';fn;'i‘n‘;'f,“’:f‘rg: :gt’u o the norma_nl_outwarq migration of moisture through the
terra-cotta Photo: NPS files. Masonry joints. Moisture then may build sufficient pressure
behind the waterproof caulk and the glaze on the terra-cotta
to cause damage to the unit itself.

Repair of glaze spalling: Glaze spalling is also a highly culpable source of water-
related deterioration in glazed architectural terra-cotta. It is important to coat or seal
these blistered areas and to prevent further entry of water into the system by this
route. All loose or friable material should be removed. This may be done easily by hand;
chisels or similar small tools are most effective. The exposed material is then painted
over. At this time, no permanently effective reglazing materials are available. However,
there are several acrylic-based proprietary products and masonry paints which can be
used effectively to protect these exposed areas, thus preventing the entry of water.
These materials are effective for 5 to 7 years and can be reapplied. They also can be
tinted to approximate closely the original glaze color.

Repair of minor material spalling: Minor material spalling, where visual or cosmetic
considerations are negligible, should be treated in a manner similar to glaze spalling
damage. That is, areas where small portions of the body and glaze have spalled and
which are far removed from close scrutiny (i.e., detailing on entablatures, upper story
windows, etc.) are best remedied by painting with a masonry paint or an acrylic-based
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proprietary product. Units on which material spalling is easily observed (on the street
level, door surrounds, etc.), and on which visual integrity is a consideration, may be
better replaced. Patching is not appropriate. Stucco-like or cementitious buildups are
difficult to form satisfactorily, safely and compatibly in situ to replace missing pieces of
glazed architectural terra-cotta. Cementitious repairs never satisfactorily bond to the
original material. The differential expansion coefficients of the two materials (the repair
and the original) preclude a safe, effective and long-term attachment.

Repair of major spalling: Glazed architectural terra-cotta units, which have spalled
severely thereby losing much of their material and structural integrity in the wall,
should be replaced. Partial in situ repair will not be long lasting and may, in fact, cause
complicated restoration problems at a later date. Appropriate methods of replacement
are discussed at a later point in this report.

Temporary stabilization: Stabilization measures are necessary when deterioration is
so severe as to create a situation where pieces of glazed architectural terra-cotta may
fall from the building. This is a particular concern with greatly exposed detailing:
cornices, balconies, balustrades, urns, columns, buttresses, etc. Restoration work on
these pieces is expensive and often must be carried on over a period of time. Unstable
terra-cotta pieces are often removed or destroyed in lieu of such measures. This is
particularly true in areas of heavy traffic-related vibrations or in earthquake zones.
There are, however, less severe measures which may be employed on a temporary
basis. Substantial success has been achieved in securing unstable glazed architectural
terra-cotta pieces with metal strapping and nylon net. While these measures should not
be seen as permanent preservation solutions, they do offer temporary alternatives to
the wanton destruction of significant glazed architectural terra-cotta detailing in the
name of public safety and local code compliance.

Repair of addition and structural
damage: Holes, sign anchors, slots for
channel steel, or structural cracking in the
surface of glazed architectural terra-cotta
cladding should be permanently sealed with a ¥
material that will expand with the normal :
dynamics of the surrounding material, yet -
effectively keep water out of the system. Any S
one of a number of commercially available

waterproof caulking compounds would be This crack is being measured. Structural cracking,
appropriate for this work. Holes and static “;‘hetli;e;e statifk(r:’onmoving) or dynamic (moving)

_ . . shoul caulked to prevent water entry into the
(non movmg) cracks n_xay be caulked with glazed architectural terra-cotta system. Photo:
butyl sealants or acrylic latex caulks. For NPS files.

dynamic (moving or active) cracks, the

polysulfide caulks are most often used, although others may be safely employed. It is,
however, important to remember that these waterproof caulking compounds are not
viable repointing materials and should not be used as such.

Temporary replacement: Temporary replacement measures should be implemented
when missing units are scheduled to be replaced but work cannot be undertaken
immediately. Lengthy delivery time, prorating of work or seasonal considerations may
postpone replacement work. Severe deterioration should at least be ameliorated until
work can begin. Temporary repointing, removal and saving of undamaged units to be
reset later, or the temporary installation of brick infill to retard further deterioration
might be considered.

Removing earlier repairs: Removing earlier repairs may be necessary when the work
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has either deteriorated or has become visually incompatible. Cementitious stucco,
caulkings with black bituminous compounds or brick repair work may become
structurally or visually unstable or incompatible and should be removed and properly
rehabilitated.

Replacement of glazed architectural terra-cotta: Replacement of severely spalled,
damaged, or missing glazed architectural terra-cotta elements is always difficult.
Certainly, in-kind replacement is advisable, but it has a number of drawbacks. Stone,
fiberglass, and precast concrete are also viable choices, but like in-kind replacement,
also have their inherent problems.

Several notes on replacement: When replacing glazed architectural terra-cotta, all of
the original deteriorated material should be completely removed. Half bricks or similar
cosmetic replacement techniques are not advised.

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

-- Removing and re-anchoring damaged glazed architectural terra-cotta is an extremely
difficult if not impossible task. The complexity of the interlocking system of masonry
units, backfill, and metal anchoring system precludes the removal of the glazed
architectural terra-cotta unit without destroying it.

-- Re-anchoring deteriorated units is likewise impossible. Therefore, if the terra-cotta in
question is loose, severely deteriorated, or its structural integrity in serious question, it
is best removed and replaced.

In-kind replacement is possible today, but only on a limited basis. Most new glazed
architectural terra-cotta is machine made, not hand made as the original. Thus, the
porous tile body of the new material tends to be more uniform but less dense and often
not as durable. The glaze on the new glazed architectural terra-cotta tends to be thinner
than that on the older material and subsequently more brittle, Machine processing has
also produced a glaze that is uniform in color as opposed to historic glazes which were
slightly mottled and, therefore, richer. Visual compatibility is an important consideration
when replacing in-kind.

Only a fairly limited inventory of in-kind pieces is presently available for replacement
such as plain ashlar blocks and the simpler details such as cappings and sills. When
deterioration severely damages the more ornate pieces (urns, cartouche work,
balusters, etc.) either expensive hand casting or alternative materials must be sought.
There is a tendency today to replace damaged ornamental work with simpler, cheaper
and more readily available units. This decision cannot, however, be supported, as the
removal of this work inevitably diminishes the character and integrity of the building.
Another major consideration in choosing in-kind replacement is the question of delivery
time, which is often quite lengthy. If new glazed architectural terra-cotta is chosen as a
replacement material, the architect or building owner should plan far in advance.

Stone may be a suitable replacement material for damaged glazed architectural terra-
cotta. Its durability makes it highly appropriate, although the increase in weight over
the original hollow units may be of some concern. The fact that historic glazed
architectural terra-cotta was glazed in imitation of stone, however, may make the
choice of stone as a replacement material a fortuitous one. Metal anchoring may be
accommodated easily in the carving. Cost, however, is the major drawback in stone
replacement, particularly where rich detailing must be carved to match the original.
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Fiberglass replacement is a viable alternative, particularly when rich and elaborate
ornamentation has to be duplicated. Casting from original intact pieces can produce
numerous sharp copies of entablatures, moldings, balusters, voussoirs, etc. Anchoring is
easily included in casting.

Significant drawbacks in using fiberglass replacement are color compatibility, fire code
violations, and poor weathering and aging processes. The appropriate coloring of
fiberglass is exceedingly difficult in many instances. Painting is often unsatisfactory, as
it discolors at a rate different than that of the historic glazed original. While fiberglass
casting is lighter than the original units and, therefore, of great interest in the
rehabilitation of buildings in areas of high seismic activity, many fire code requirements
cannot be met with the use of this material.

Precast concrete units show great promise in replacing glazed architectural terra-cotta
at this writing. Precast concrete units can, like fiberglass, replicate nuances of detail in a
modular fashion: they can also be cast hollow, use lightweight aggregate and be made
to accommodate metal anchoring when necessary. Concrete can he colored or tinted to
match the original material with excellent results. It is cost effective and once
production is in process, precast concrete call be produced quickly and easily.

Experience shows that it is advisable to use a clear masonry coating on the weather face
of the precast concrete units to guarantee the visual compatibility of the new unit, to
prevent moisture absorption, to obtain the proper reflectivity in imitation of the original
glaze and to prevent weathering of the unit itself. Precast concrete replacement units
are presently enjoying great use in replicating historic glazed architectural terra-cotta
and show promise for future rehabilitation programs.

Once the replacement material is selected (new glazed architectural terra-cotta. stone,
precast concrete, or fiberglass), it must be reanchored into the masonry system.
Original metal anchoring came in numerous designs, materials and coatings ranging
from bituminous-coated iron to bronze. While most of these anchors are no longer
available, they may be easily replicated in large quantities either in the original material
when appropriate or out of more durable and available metals such as stainless steel.

Since the masonry backfill is already in place in the historic building, the new
replacement unit with anchoring may simply be fitted into the existing backfill by boring
a hole or slot for anchor and bedding the anchor and the unit itself in mortar. When
replacing historic glazed architectural terra-cotta which originally employed metal
anchoring, it is important to replace that anchoring when repiacing the unit. Serious
problems may result if anchoring is omitted in restoration, when it was used originally.
It is erroneous to assume that mortar alone will be sufficient to hold these replacement
pieces in place.

Summary

Today, many of this country's buildings are constructed of glazed architectural terra-
cotta. However, many of these are in a state of serious deterioration and decay. Glazed
architectural terra-cotta was, in many ways, the "wonder" material of the American
building industry in the late 19th century and during the first decades of the 20th
century. New technology and methods of rehabilitation now hold promise for the
restoration and rehabilitation of these invaluable and significant resources.
Restoration/rehabilitation work on glazed architectural terra-cotta is demanding and will
not tolerate halfway measures. Today's preservation work should equal the spirit,
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attention to detail, pride in workmanship and care which characterized the
craftsmanship associated with this widely used, historic masonry material.
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