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Filing Date:    June 11, 2010 
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 
 
 

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 façade 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 8th and 9th  ‐floors. Spalled or damaged  terra cotta units along  the Sutter Street 
elevation at the cornice, 8th, and 9th‐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 J 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  8th  and  9th‐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 8th, 9th, 
and 10th‐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 
 
 
 
 
 
TF:  G:\DOCUMENTS\DOCUMENTS\Sutter_211_2010.0448H\Sutter_211_2010.0448H_Report.doc 



 

  

Historic Preservation Commission Motion  
 
Hearing Date:    July 7, 2010 
Filing Date:    June 11, 2010 
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 
8TH, 9TH, AND 10TH‐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 8th, 9th, 
and 10th‐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 
Departmentʹs 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 
Franciscoʹs 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) 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.   
 

B) 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.  

 
C) 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. 
 
D) 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. 

 
E) 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) 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. 

 
G) 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.   
 

H) 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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Case Number 2010.0448H
21 Sutter Street: Kearny-Market-Mason-Sutter Conservation District

 
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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DATE June 29, 2010 PROJECT NO. 10126 

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

OF Department of City Planning 
City of San Francisco 

FROM Erin McCloskey 

CC File VIA E-mail/hard 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 resource 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 façade 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 
properly 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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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, Rehabilitation 
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 always 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. It should 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--although 
damaged or deteriorated--could 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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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 – Ideally, 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 façade 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 
o Shop Drawings 
o Finish Samples 
o Plant Records 
o Certifications 
o Manufactures Qualification 
o Installer Qualifications 
o Welder Qualifications 
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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 façade, 
approximately 106 feet above street level.  The project will ensure 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 façade (Figure 7).   
 
GFRC has become an acceptable substitute material for terra cotta within the preservation and 
construction industry.  Architectural Façade 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 façade 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. Source: 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. 

 

Figure 6: Bisque crack and spall. 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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I LEWIS RESTORATION WATERPROOFING
PAINTING

MASONRY. AND CONSULTING.
768 Brannan Street San Francisco, CA 94103 415-734-9030 phone 415-734-9035 fax

ww.lewisrestoration.eom tom@lewisrestoration.com Lie. # 838150

May 19, 2010

Preservation Commission
211 Sutter Street, San Francisco

Repair, Replace and Stabilze Damaged Steel and Terra Cott

Findings:
A. Significant corrosive damage has occurred to the 8th, 9th and 10th 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 corrosion 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.

t-

II

L

1_,

L4."-,
, i . ,

'i

J
List of Solutions:

11

,
~

,
I

1. Steel and Terra Cotta Repairs

a. Kearny Street: Severe corrosion affecting the steel girder beam at gridline 0 and
columns #2, #3 and #4 requires that the columns wil be replaced. In order to complete
this work thoroughly and safely, the terra cotta at the cornice below the gutter and
above the 9th 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 wil be



I LEWIS RESTORATION
. AND CONSULTING.

replaced with GFRC (glass fiber reinforced concrete panels) from molds that replicate
the existing terra cotta. A new gutter wil 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 8th, 9th and 10th floors is mild to moderate. There is severe
corrosion showing in some of the corbels at the cornice. Those wil 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 wil
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 fallng 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
wil 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 availabilty, 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.

I 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 terra 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 $ 150,000. 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 traffc. 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 installng GRFC replacement overall including all costs and labor wil be
approximately 1.3 millon. The cost for installng terra cotta wil be more than double.

3. Attached below is a process for the installation of the GFRC replacement.
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WATERPROOFING
PAINTING

MASONRY

768 Brannan Street San Francisco, CA 94103 415-734-9030 phone 415-734-9035 fax

ww.lewisrestoration.eom tom@lewisrestoration.com Lie. # 838150

May 19, 2010

Subject:

211 Sutter Street, San Francisco
Selective Terra Cotta Removal at 8th, 9th floor and Cornice
Per Permit # 201 003269073-F

Specification for Selective Terra Cotta Removal:

A. A conditions survey wil 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.

S. Prior to selective removal each individual architectural terra cotta element of the façade 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 wil 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 wil 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.

C. 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 wil be saved for examination where possible. All cuts to the terra
cotta wil 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 wil be documented. The exiting configuration of the
structural steel and anchorage system wil be documented and verified with original drawings.

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

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

Respectfully Submitted,

Tom Lewis
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SAW CUT AROUND SPA
IS RECTANGULA AS
SUBSTE ADDmONALlD AREA OR HO
OR TO SOUND BAE. POSSIBLE q.JT

1. IN SEcnON GlE SPAU AND SURFACE
FlUNG OF DEE REPAlR- EDISON COATING

INC. ìHlN FlLL 55'

2. DEEP REPAlR- EDISON 'CUSTOM SYEM 45'

3. CRACK REPAlR- EDISON 'FlIWEL 530' FOR

CRAKS 1/32-f DEP

4. GLAE REPLCÐ.EN- EDISION 'AOUATHE
UA-210E
ClE: UA210E w/ TYE G BONDING ADIT
PIGMEN: UA210E w/ PRIMER 1240

g
~

PREPARE SURFACE BY CHPPING
FLUSH OUT AREA WIT AIR OR
VACUM

EW STAINlE ST PINS 1/4"Ø
6" O.C. MA. WHEN "0" EXCEES

" (STONE/PRECA ONLy). DRILL
" OIA. AOLE, INSTAL S.S. PINS
N JAHN M80 ANCHOR GROUT.

" .
.40.. 4

i
"" ....4 444..

EXISTING SPAI UMESTONE
OR TERA COTTA

WHEN "0" EXCEEDS 1 1/4"
PROVIDE 1/2xl/2-14x14 S.5.
W.W.F. FOR TERRA-COTTA ONLY

SPALL REPAIR METHOD FOR TERRA COTTA AND/OR STONDETAIL NOT TO SCAt:
1) REPAIRS TO MATCH EXISTING TERRA-COTTA OR STONE IN COLOR, SHAE AND TERE.

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

3) BUILD UP PATCHING MATERIA SUGHTLY ABOVE ADACENT MAONRY SURFACE.

4) FOLOW t.UFACTURFR'S INSTRUCTIONS AND RFCOMMFNOATIONS.

Tom Lewis Restoration and Consulting (fLRC)768 Brannan St. l. ~"~~ 7"-10
San Francisco CA 94103 I. .t~ 7"-1l_estl.co
211 SUTER S1 - -
SA FI CA -~-19-20'~

::'':_?,,,n
TERRACOTT A REMEN ..



-: ¡

:+ -~~.\L ¡ ..._'J .
.J:l _~

; . ~ ,j J:i i r- J~no ,~-r ~ ~î

~ i . ~ tr'j.J I I ~ ~r 11"/ ~II I!
~ ¡ I ~.:t I I. - \l +1 OL

" ': - \8--~ ~~S - ki .i I~~~ ~ ~~c '"~ ~ \; :Ii I'0 I
~~~ j' U'. l~T- ~ 'Ii I
~.3¡; ~ .J .i:eJ.= _ ~ :: i I
=.;.- - I.;),;-0 .. .~ lI .r.,~ h.. .' "~~J ,. -~ I

J -I

:. I:i I
.J

'-
'-

--

G

()

l'"-
l:

~"
çJ

1-l~~

Ni\ 1\f ~ ~
~4i~ _~ ~

ll~,r
ì -i~ \ i

t ~~~ ~ ,

:.' f1frj

~ ¿ À1J w~ e~ ~



i5

"'

L4

as¡ IK& ¡=+
7~ .

ii.

"15'4

-K"t

kl -kID

+-1(11

e

di

l "~i, -t
.t-- =l
I ,,~I
i

~
Arc!-ite~tural Fzc::è'3s

680 ~ LuchE;S3ê /~,ve
Giiroy, CA s:;::za',-\\.~

~h2l(O
S'K(



~, ~
. -"\\\ ..

\ "
, -- --

"".......

-',

/-./
--

~

I
'-,//--//

--,

-.....-...

%y
S2"

-----~-.
\(3 --31s~
---..

------
--

--.....~ H
"---- ¡i

----.
-----.

K2.-l

._~---_._------
-- --;-ï /.-

/.

%'t
1(1

./
/-

L

L
..

")Go II _ 'i . .."'/

o
¡
ì¡ii\~
i
i

;:\"'C~¡t2-:!U;2i¡ rzc::d:;s

e~-'c. := :.uchE:s.;a L\ie
Gòiíu'f, CA S'S::2Q

/

I
i

I_._--+
l

¡

i

t, \~ ¡1 ,r-
I. 51 i2-ioli S~1. ¡





@

:,
~

t
~

I~ ~ "".
.. ..,)"~ '..~

..L .. ',' .. -(. ':i-- L "..,~\~' ~ ~_.L '-~,. 0.'~- '... ..... ~.~-.,. .."I-: ""': ~./ '.



..-, - ;. ,.~
",,, --~ /;.-.~;.~. ~

A '~. ':~.._ _ ~ _V \1 ~
.- .~_/~,,"'t'::.. _

;'..

--

~

~.. ~. "
.~ ~

'l- "-



~.~~\....;.~ ~~-,
~ .~.",

/:'lr \.. ..
tl, ~

'. 1.._
J'.

r'"

~
\i

I

.~

t

.. .~. .....,._A. -..._,
. 't .~...i

~r
/'-. U,._.~.

- d. "~~d_ '.:' .".' . ~ì l., -\

:~~

c' ..-I~ II

,,'y' ~..J l "_\ " '. J i.,~
. ..~~, '''-~. ~ -~ -I _""~.f -- "-~.'\.

..



~);~





~
I

/~./

I
i

1
i

!

i

15' i

i

--
!

q!

"

~ I
!==u----

13~ :
,~.1/i

Çi ì¡ 7'í I
¡¿_ì__=~+_ __= =o_~

i

'(. i
('2!. I

I
i

~

ì\
¡
i

¡
i

¡

:1 I
1t'~ !

,
,

-- =- ~ -~t '---
- ::... -= - -

,25'~l

,

12atSi¿1 \SK 7. I
/' .. __~.C".j...

J(~
i

I.

-j
~-=--=.4,..:-:'

- ..::-:=: -

i

L~

,

1)

7(~/S

tl/% :

.~
;1 '

5 ;a:~
¡J-t

¡

15il
!

¡
i

i=

I F'"c~des't ~1"ura _Arc'11 s", 'hessa .Ave
6"'(;. :: Luc ~",..o
".... CA S;;..LGiiroy,

!)lnllQ

SK3



~
Architectural Facades Unlimited.. Inc.

~
,

;

r~...,...

+
;I("~)( i;i~

e. \ Vz "-l.o.c: .
"',~ ,

,..~'ll~
i ' '. ~ Cb...1'1 .. t . . .
-"I' - . . It' ..

,¡;n-i- ~:r. ~~
1-) L-Y4-~W t~

If U If. r."x '71./it ìt 4-" \\~

/ I i ur/ .Y~"'d1J~.~ 4-.\\.
,,f !. t - All.. .A ~ ~ ci.'" f ~ t\

f

I /- i/i Ii
" I ~h i

.. . '+ 1

lT /1
!

!

I

f

,¡

I ;(.:; -. / 1
/"1'.:; j '/i 'j'VI .'

. '/
I-i-

'3

,y
t '2

J.
i

Lt,
r¿ii ~ Gç~G~~
Skl - ~ti110

~/~ l
¡

J'

i
i

-- . /,'
/.' , .V..!~~'

.. .... '(~ . ~ ~ .
- . ~.~-/

I

i

_..

,

'r// -

~
I

I

i

IVg.

.-

;ê: '-..;' ../; ~ .. . Gl"-~' ¡,.
~ :. ..~ - "'~c. ..:: -:..-

~

- -. 113 ~..: +~
~!aI'X "3~ ~jl(),J .;;eu~-~R2c.

\

i~i

i..
...-

~

~~t'
'.

~



--, --~--.

Architectural Facades Unlimited, Inc.

v.

if

I" ~
'"

2- I

- --Ef Gf -

A

;32 !í'c.-

i

i

-E G1 - -

- - - - - - -
- - - - - - - - - -

(.

.,

'\Y"L

!,

I '
i -;

! 1
¡ i

-t ,.--1I Y2. i
t7/~J 1
L /~ i

- l- . ,
-- y

i y. /¡

I ?i
i

(0

v.

'-l,.~

~~~ 'A\A~
'2tl 2¿~ GFRC. P=~ ~~~.

s-/¡lli-o ÇK2.



=!l:JiJon Coatinfj, ..nc.

Composite Repair Compounds for
Stone, Masonry & Concrete



Custom SYSTEM 45
Edison Custom SYSTEM 45 products are
two-component, latex-modified, cementitious
compounds used to produce higWy durable
and compatible aesthetic repairs to masonr
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 SYSTEji! 45 masonry repair mortars
have been matched to over three thousand
different types and colors of natural stone,

concrete and clay masonr. Ten distinct base
formulas are used:

.. TYPE ' "

~

i
BL BLUESTONE

~ BR BRICK,
,

CN ARCHITECTURAL CONCRETE
if
!:

GR GRANITE~

~ LC LIMESTONE & CALCAREOUS CAST STONE
IT
~ MR MARBLEH

~
SD SILICEOUS SANDSTONE & BROWNSTONE

~ SL SLATEj¡
~

ST
~ PORTLAND CEMENT STUCCO

~ TC TERRA COTTA & BRICK
!!

For custom masomy repainting mortars, refer to the
product data jòr SPEC-JOINT 46. For complete

cement plaster replacement systems, refer to the product
daw sheet for CEM-PLAST 54. For natural ce~ent
systems, see Rosendale Nawral Cement Pro(lucts .

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 achicved, 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,
offce buildings and private residences.

FEATURES:

Custom SYSTE¡lf 45 has been fonnulated to
provide an optimum balance of the most
important perfonnance properties. These
include:

High Adhesive Bond Strength

High Dimensional Stabilty

Substrate-Specifc Coefficient of
Thermal Expansioii

Low Modulus of Elasticity

Compatible Liquid and Moisture Vapor
Permeabilty

Natural Appearance

Excel/eiit Workabilty

All of these properties influence the long-tenn
perfonnance 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 perfOIDlanCe requirement for any
repair materiaL. High tcnsile bond strength is
of primary importance, because the other

perfonnance properties are irrelevant if the
product is no longer bonded to the substrate.

Custom SYSTEM 45 latex-moditied
cement-based mortars achieve higher direct
tensile bond than the competitive unmodified
mortars. Perfonnance exceeds recommended
minimum levels indicated in ICRI Guideline
03733, Guide to Selecting and Spec(fying

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 which are low in modulus
of elasticity (low in "stiffness") defonn to
relieve stress, as opposed to more rigid, higher
modulus matcrials which may distress
adjacent low strength substrates.

Custom SYSTEM 45 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 vii1ually
indistinguishable from original work,
and both accelerated weathering

(ASTM G-53) and natural exposure
testing assure long-teim color retention.
Formulations are UV-stable and non-

yellowing.

Dimensional Stabilty: Practical field
experience indicates' that materials

exhibiting high drying shrinkage are
likely to crack and tàil prematuely.

JeRI 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
expansivc components or fOlmation of
ettringite to compensate for shrinkage.
The result is low stress cure and crack
free, durable repairs.

Consistency: Ciistom SYSTh"'M 45 is
more reliablc 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 years and rcquiring 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 arc achieved without
special procedures or prolonged wet
curing.

Permeabilty: Ciistom SYSTEi'l'f 45'.'
latex-cement comatrix retains excellent
moisture vapor peimeability (::20
perms at Yi" depth). avoiding moisture
entrapment at the patch/substrate bond
line. Liquid moisture permeability is
comparablc with substrate permeability,
allowing repairs to meet the dual
objectives of restoring building
envelope integrity against moisture

intiltration, while allowing internal
moisture to escape harmlessly.

Thermal Expansion: Coefficient of
thermal expansion for each grade of

Custom SYSTEM 45 is matched to
expansion cocfticients of thc substrate,
allowing long-term durability in exterior

exposures which are subject to wide

temperature variations.

Composition: Part "A" (Restoration
Latex RL-l) is a unique, proprietary

self-crosslinking acrylic emulsion. Part
"B" is a cement-based blend of select

graded aggregates, additives, tilers and

pigments, with perfoimance and
workability-enhancing admixtures. No
chlorides, added gypsum or corrosive or
deleterious additives are used.

Workabiltv: Products are formulated
for excelleDt workability under a wide
range of repair situations. Product is not
formulated for tàst 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 sudaces without sagging, up to I
inch on overhead applications. Optional
RL-2 superplasticized grade liquid
allows material to be cast in foniis
without changing strength or color.

ConstructabiItv: Ciistom 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-specitic challenges. Curent
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 COLOR & GRADE SELECTION
PROCESS

Custoni 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 tor the nearest stocking dealer
location.

The following are key elements in successful color selection:

I. 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 wil 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 he matched.

2. Use multiple colors. Stone and masonr 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 OfCiistoli Sl'STE1"145 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
betore tinal evaluation. Initial color should be darker than the substrate.

APPLICA TION:

I. Surface Preparation: Durable, effective repairs require clean, sound

substrtes. Remove all contaminants, coatings, efforescence. unsound masonry
and inappropriatc prcvious repair mortrs. If large or dccp repairs will be

othcrwise unsupported, mcchanical keying or anchoring is rccommcnded. TIiC
decision to anchor should be based on strctural requirements, the condition ofthc
substrte, patch dimcnsions and weight, and the cxtcnt to which patcb integrity
will otherwise rely on adhcsion alone. Such decisions and details concerning

spacing and contiguration are frequcntly best madc in consultation with a
qualificd profcssional. Good restoration practice should always be observed.

2. Application: Ciistoii SYSTEM 45 may be applied by trowel, spray,
casting-in-place or othcr commonly used repair techniques. Note: Sponge
floating is nIJt recommended, as it introduces extra water and affects color.

Standard latcx componcnt RL-/provides good hand workability undcr a varicty of
application methods and conditions. RL2 supcrplasticized liquid produces highly
fluid consistencies, facilitating casting and coating without introducing extra
liquid or changing color and strcngth. RL-3 provides superior adhesion and
durability for rcpairs subject to prolonged wet exposure or immersion. RL-J
provides highcr perncability for repairs subjcct to high humidity diffcrentials or
intermittent negativc side moist cxposures. RL-5 is a hot wcathcr gradc, providing
cxtcndcd working lifc at tempcratures abovc 85F. RL-6 is a cold wcathcr
formulation, designcd to acceleratc initial set, to prcvent disruption by freezing.
Custom combinations of spccial propcrtics (c.g. RL2/6 supcrplaslicizcd/cold
weathcr) arc also availablc.

a. Priming: For best adhesion, do not apply product to dry surfaccs. Slurr coating
is the preferred method of priming, using a thin brush coating of 1 par Custoii45
liquid and 3 part powder. For best results. apply patching mortr immediately
after priming. Do not allow slurr coat to dry out before patching mortr
placcment.

b. Mixing: Bcst rcsults arc obtained whcn Part A and B arc mixed togethcr at
consistcnt proportions. Detcrminc thc powder to liquid proportion which works
and handles best for your particular application and Custom SYSTEM 45
fomiulation. and thcn mC.1sure thc samc proportions for cach mix. Mix ratios arc
generally bctwcen 5: I and 7: 1 by weight, orbetwccn 3 qts. (3 liters) and 5 quart (5
litcrs) per 45.pound (20 kg) paiL. Good results can also bc obtained by thorough
hand mixing. Do not mix more material than can be applied in about 15 minutcs.
Product will adhere and .'hang'. most cffciently if not mixcd too wet.

c. Cold Weather: Minimum temperature for optimum color control is 50°F
(10°C). While good mcchanical rcsults are obtained at temperaturcs abovc 40"F
(4"C). color developmcnt tends to be lightcr at low temperatures. For optimum
color control. tcmperature must be abovc minimum at timc of application, and
must be maintained until product has dricd t1ioroughly. Drying timc may vary
from an hour or two (thin patches, wann and dry weathcr) to overnight (dcep

patches, cool and damp con-
ditions). At temperatures be-
low 50F (10 C), use of RL-6
winter grade latcx is recom-
mendcd to accelcrate curing.

Storc SYSTEM 45
eomponcnts in a heatcd arca
until just bclorc usc. Do not
patch frozen surjáces. Hot

water rinsing of surfaces ca
help achieve minimum
icmperatures under marginal
conditions. If auxiliary

heating is used, do not direct
hot exhaust gases at patches.
Moderate temperatures and

air tlows work best, and heated air is preferable to burner exhausts. which arc high
in CO and CO2.

d. Hot Weather: Store materials in a cool place, out of direct sun. Dampen
surfaces thoroughly with cold watcr prior to application to rcducc suction and slow
product drying. Do not thin excessively or rctempcr with additional liquid or
water. To improve hot wcather workability, shade work arcas from direct sun. and
usc RestoratilJn Latex RL-5 to cxtend working time. Lightly mist surtàces or
drpe dampencd burlap to allow a minimum of2 hours' moisture after application.
Over-thinned or rapidly-dricd surfaces may develop plastic cracking shortly after
application. Remove and replace any such cracked patches.

e. Interruption: Ifwork will be interrpted due to drop width or other limitations,

always tr to work to an inconspicuous "break", such as a column line or ledge.

f. Cnlor Blending: On masonry exhibiting unit-to-unit color variations, iiore
than one custom color may bc needcd to achieve inconspicuous repairs. Generally,
varied blends of patch colors arc less conspicuous than a single, uniforn rcpair
color. Alicrnatively, an intcrncdiate shade should be selected, and color shading
can later be achievcd using EXPO 43 eemcni-based coating or E,'erKme 300
mineral stain, which may bc applicd to all or part of Ihe units which are repaired.
To blend fresh patch appearance with weathered adjacent original
materials, use LiqiiiDin 94.
g. Finishing & Caning: Product set is not acceleratcd. Build material steadily,
using a light sweeping stroke, and allowing material to "fatten" for several minutes
between applications. Finishing times may bc varicd to suit the mcchanic, and
while some prefer to tool and finish immediately, while product rcmains in a
plastic state. others prefer to wait until initial set, typically an hour or so after
application. Product is easily shaved in this stagc of hardening, but may be carved
at any time after application. Somc additional tinishing is also possible the
following day. For very deep repairs, consider forming and pouring full-depth in

a single application using Cu,iom System 45 mixed with RL-2 RestoralilJl Latex.

h. Curing: Product should be allowcd to dry cure aftcr a bricf initial moist pcriod.
Do not stcam clean or pressure wash patches which have not fully cured.
Application in direct sun will produce temporarily robust colors, which will tone
dOlm to the "nOlmal"color after a brief period of natural exposure. Color
adjustment can also bc achieved during cure by application of SYSTEM
90-W-C%r or El"erKlle 300. SYSTEM 90-W-Color is also available in several
transluccnt shades which simulate the patina of aging. to give repairs a more
"weathered" appearance. For best long-term durability, SYSTEM 90-W can bc
applied to all masonry and patch surfaces.

3. Storage & Handling: Proper carc should be taken when handling
ccment-based matcrials, to avoid skin and cye comact and avoid breathing dust.
Somc formulations contain free silica. and proper NIOSH-approved silica dust
tilters should bc used. Products should bc stored in a dry place, off the ground or
floor, at moderate temperaturcs. KEEP FROM FREEZING. For complete safety
and handling information, rcfer to Material Safcty Data Shcets furnished with this
product. Shelflife for properly stored materia! is minimum of i year from
date of production.

FOR COMMERCIAL & INDUSTRIAL USE

Rev. 1/2010

~(jjon CoalingJ, .!nc.

3 Northwest Drive, Plainville, CT 06062

Phone: (860) 747-2220 or (800) 341-6621

E-mail: edison@edisoncoatings.com
Fax: (860) 747-2280 or (866) 658-1189

Internet: ww.edisoncoatings.com

¡Edison Coatings products are for commercial use only. In case of defect in manufacture or packaging, materials will be replaced at no cost. No other
warranty, except for such replacement, express or implied, is in effect. Any implied warranty of merchantability or fitness for a particular ¡:urpose is

iexpr~~sly .disclaimed. AIt~ou!:h infor.ma.tipn and advice suppliEôd in .this publication are. believed to be reliable" they do not represent performance¡specifications and no obligation or Iiability is assumed for advice given or results obtained. Product formulations and ¡:erformance choracteristics
L are subject to change without notice. Other conditions and limitations ~ be im osed at time of sale.



IN CASE OF EMERGENCY, HMIS RATINGS
EDISON COATINGS, INC.

CAlllNFOTRAC FIRE: 03 NORTHWEST DRIVE

at 1.800.535.5053 HEALTH: 3PLAINVILLE, CT 06062
REACTIVITY: 0(860)-747-2220
PROTECTION: --

MATERIAL SAFETY DATA SHEET

PRODUCT NAME: Custom System 45 Part B D.O.T. CATEGORY: Not Regulated

PRODUCT CLASS: Portand 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 1- PRODUCT IDENTIFICATION

EXPOSURE LIMITS

INGREDIENT CON CENTRA TION CAS# OSHA PEL TWA

Portland Cement 0:20% 65997-15-1
5 mg/m3 (Respirable Dust)

15 mg/m3 (Total Dust)

Calcium Sulfate 0.4 - 2% Various
5 mg/m3 (Respirable Dust)

15 mg/m3 (Total Dust)

Magnesium Oxide 0-0.8% 1309-48-4 10 mg/m3

Calcium Oxide 0- 0.1% 1305-78-8 5 mg/m3

Crystalline Silica 0:80% 14808-60-7 0.1 mg/m3 (Respirable Dust)

Chromates 0-0.001% Various 0.1 mg(Cr03)/m3

Nuisance Dust Various Various
5 mg/m3 (Respirable Dust)

15 mg/m3 (Total Dust)

SECTION 2 - HAZARDOUS INGREDIENTS

SARA TITLE 3 SECTION 313: Not Listed.

SUSPECTED CARCINOGEN: See Sections 5 & 10

PHYSICAL SlATE: Fine, granular powder. VAPOR PRESSURE: N/A

SPECIFIC GRAVITY: 1.36 (approx.) VAPOR DENSITY: N/A

DENSITY: 851b.lft. WATER SOLUBILITY: Miscible

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

N/A
MELTING POINT: N/A

SECTION 3 . PHYSICAL DATA



FLASH POINT: None.

FLAMMABILITY CLASSIFICA nON: None.

EXTINGUISHING MEDIA: None required.

SECTION 4 - FIRE AND EXPLOSION HAZARD DATA

SECTION 5 - HEALTH HAZARD DATA

EFFECTS OF OVEREXPOSURE



STABILITY: Stable (all components stable).

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

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

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

spontaneously ocur. 

SECTION 6 - REACTIVITY DATA

-

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

flush 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: Crystallne silca (quart) 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 7 SPILL OR LEAKAGE PROCEDURES

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 ventiation to control exposure within applicable limits.

SKIN PROTECTION: Prevention is essential to avoiding potentially severe skin injury. Avoid contact with unhardened

product. If contac occurs, promptly wash afected 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 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 worn when

working with this product or fresh cement products.

SECTION 8. SAFE HANDLING AND USE INFORMATION



HANDLING AND Keep this product dry until use. Normal temperatures do not affect the materiaL. Avoid breakage
STORAGE: of bagged material or spils of bulk materiaL. See Section 7, "Spil 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 airborne dust does not exceed

the PEL. Use adequate ventiliation and dust collection. Pracice good housekeeping. Do not

permit dust to collect on walls, floors, sil, ledges, machinery, or equipment. Maintain clean and
fi 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,

"Spil or Leakage Procedures."

SECTION 9 . SPECIAL PRECAUTIONS

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 (Ttle III, 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 Crystallne silica (quart) 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 crystallne silica (quart) is classified as a probable carcinogen.

California PROPOSITION 65
A component of this product, crystallne silica (quart) is classified as a substance known to the state of California to be a
carcinogen.
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THIN-FILL 55 is a latex-modified reprofiling
mortar for vertical and non-traffic bearing horizontal
masonr and concrete surfaces. THIN-FILL 55
allows application of thin-section patches of 1/32 to

1/8 inch depth while maintainig excellent adhesion,
strength, breath ability and resistace to cracking.

THIN-FILL 55 provides smooth finishes which can
also be further polished to repair glazed terra cotta or
polished stone profiles. Optional subsequent
application of Aquathane VAllO NCL glaze
replacement coating allows close duplication of
existing terra cotta and stone finishes.

FEATURES:

. Ultra Fine textue for smooth finishing and

thin-section repair

. Can be furter polished with 400 Grit

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, efforescence, coatings,
or other materials which may hinder adhesion.

Dampen sufaces with clean water or prime with a
slightly thinned brush coat ofTH1N-FILL 55 before
patching, but do not apply over standing or seeping
water.

2. Mixing: While mixing, add latex THIN-FILL 55,
and mix to a stiff pasty consistency. Mix
approximately i gallon of liquid per I/2-cubic foot
bag. Mix for 4 minutes using low speed (250 rpm)
drill mixer.

IWhere'S the Repair? Glazed terra cotta spall, upper left comer, fìled¡
'(nd smoothed /Ising Thin-Fil 55 prior to glazing and speckling wit~
~quathane U4210 coatings, matched to original glaze colors. Projec~

ls an Historic school restoration in Charleston. Sc. .

TECHNICAL PROPERTIES:
--

1

Standard
t

Propert ; Result!

Weather
ASTM G53

No Change,
Resistance 500 hours

Bond
Direct Tensile I 150 psi min.

Strength ¡
¡_._------_._-

Drying -cO.08%

Shrage ASTM CI57

Modulus of
ASTM C580 -c1.5 x 106

Elasticity ;

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, dr, windy conditions. Do not
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.

MIN1MUM APPLICATION TEMPERATURE:
45° F (6° C). Consider air, product, and surace
temperatures when working near minimum
temperatures.

Safety & Handling: CAUTION!! May contain
free silca. Avoid breathing dust. Use
NIOSH-approved toxic dust mask rated for silica.
Contains Portland cement-Alkaline material;
A void 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

~£jìjOn Coalìn'Jj, !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 packaqinQ, materials will be
replaced at no cost. No other warranty, except for such replacement. express or implied, is in e1tect. Any implied
warranty of merchantability or fitness for a particular purpose is expressly disclaimed. ArthouQh information and advice
supplied in this publication are believed to be reliablè, they do not represent performani:e specifications and no
obliqation or liability is assumed for advice qiven or results obtained. Product formulations and performance
characteristics are subject to change without no1ice. Other conditions and limitations may be imposed at rime of sale.



IN CASE OF EMERGENCY,
HMIS RATINGS

EDISON COATINGS, INC.
CALL INFOTRAC FIRE: 0

3 NORTHWEST DRIVE
at 1-800-535-5053

HEALTH: 3
PLAINVILLE, CT 06062 REACTIVITY: 0

(860)-747-2220 PROTECTION: --

MATERIAL SAFETY DATA SHEET

PRODUCT NAME: Thin-Fill 55 Part B D.O.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 1 - PRODUCT IDENTIFICATION

EXPOSURE LIMITS

INGREDIENT CONCENTRA nON CAS# OSHA PEL TWA

Portland Cement -=50% 65997-15-1
5 mg/m3 (Respirable Dust)

15 mg/m3 (Total Dust)

Limestone -=30% Various 5 mg/m3 (Respirable Dust)

Calcium Sulfate 0.4 - 2% Various
5 mg/m3 (Respirable Dust)

15 mg/m3 (Total Dust)

Magnesium Oxide 0-0.8% 1309-48-4 10 mg/m3

Calcium Oxide 0-0.1% 1305-78-8 5 mg/m3

Crystalline Silica -=20% 14808-60-7 0.1 mg/m3 (Respirable Dust)

Chromates 0-0.001% Various 0.1 mg(Cr03)/m3

Arsenic (Impurity in Limestone) -=0.5 ppm 7440382

Lead (Impurity in Limestone) -=1 ppm 7439921

Nuisance Dust Various Various
5 mg/m3 (Respirable Dust)

15 mg/m3 (Total Dust)

SECTION 2 - HAZARDOUS INGREDIENTS

SARA TITLE 3 SECTION 313: Not Listed.

SUSPECTED CARCINOGEN: See Sections 5 & 10

PHYSICAL STATE: Fine. granular powder. VAPOR PRESSURE: N/A

SPECIFIC GRAVITY: 1.36 (approx.) VAPOR DENSITY: N/A

SECTION 3 - PHYSICAL DATA



DENSITY: 851b.lfl. WATER SOLUBILITY: I Miscible

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

MELTING POINT: N/A

FLASH POINT: None.

FLAMMABILITY CLASSIFICATION: None.

EXTINGUISHING MEDIA: None required.

SECTION 4 - FIRE AND EXPLOSION HAZARD DATA

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
contacting 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 until 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 crystallne silica. Prolonged exposure to respirable
free crystallne silca 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, il 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.

Crystallne 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 taJ
carcinogen."

SECTION 5 - HEALTH HAZARD DATA

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.i) salts.

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

STABILITY: Stable (all components stable).

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

HAZARDOUS DECOMPOSITION Silca 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 6 - REACTIVITY DATA

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

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

to minimize generation of airborne dust. RCRA: Crystallne silca (quart) 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 landfi or incinerator.

SECTION 7 - SPILL OR LEAKAGE PROCEDURES

RESPIRATORY Avoid action that cause dust to become airborne. However, a respirator is recommended for

PROTECTION: protection against crystallne 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 potentially severe skin injury. Avoid contact with unhardened
product. If contact occurs, promptly wash afected 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 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 worn when

working with this product or fresh cement products.

SECTION 8. SAFE HANDLING AND USE INFORMATION



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

STORAGE: of bagged material or spils of bulk materiaL. See Section 7, "Spil 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 airbome dust does not exceed
the PEL. Use adequate ventiliation and dust collection. Practice good housekeeping. Do not
permit dust to collec on walls, floors, sil, 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,

"Spil or Leakage Procedures."

SECTION 9 . SPECIAL PRECAUTIONS

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.

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

SARA (Title IIi), 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 Crystallne silica (quart) 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 crystallne silica (quart) is classified as a probable carcinogen.

Califomia PROPOSITION 65
A component of this product, crystallne silica (quart) is classified as a substance known to the state of Califomia to be a
carcinogen. Arsenic and lead, naturally occurring impurities in limestone, are present in small but detectable quantities.
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Waterborne Polyurethane Coatings

. -
PHOTO, ABOVE: Dozens of custom Aquathane UA21 0 NCL colors were used to restoredecorative terra cotta elements at this Florida museum.

Specialty Coatings for
Special Applications:
¿ ARCHITECTURAL
¿ ANTI-GRAFFITI
¿ TERRA COTTA

RES TORA TION

¿ INDUSTRIAL

¿ ANTI-CORROSION
PHOTO:Three custom colors of Aquathane UA21 0 E were used on extensive terra cotta glaze repairs at this Historic Register site.



AQUA THANE UA210-Series
DESCRITION:

AQVATHANE VA-210
series products are
high-performance
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 diferent

applications.

APPLICA TIONS:

AQVATHANE VA-210
applications include:

,/ Anti-Graffiti
Coatings - Interior

. and Exterior

,/ Terra Cotta and Brick
Glaze Replication

,/ UV -Stable, Chemical
Resistant Seal Coats
for Epoxy Flooring

,/ Wood, Stone and
Concrete Sealers

,/ Stain Resistant Wall
& Floor Coatings

,/ Many Previously
Coated Surfaces

COLORS &
FINISHES:

AQUA THANE UA2lO-
Series products are
available in Clear and 900
standard colors. Custom
color matching is also
available.

AQUA THANE VA-2l0
tint bases allow Edison
Coatings Dealers to
perform immediate

in-house tinting.

Gloss, Satin and Flat
Finis!ies are offered.

AQUATHANE UA-210 Products

TYPE H Severe Service
Type H is a reactive polyuethane 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 poultr packing plants.

TYPE AlG Anti-Graffti
Similar in composition and appearance to

Type H, the AlG formulation incorporates
fluoropolymer stain-release agents to facilitate
removal of spray paints, inks, crayons,
markers and other coatings. AQVATHANE
VA-210 TYPE AlG 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
strctues, elevators and many institutional
settings. Product resists hydrocarbon solvents
tyically 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 Architecturalllastomeric
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 luster and
abrasion resistance without compromising
crack-bridging performance. It has also been
used as a seal coat over thermally sprayed zinc
protcction systems for stecl strctures, where
the product's cxcellent resistance to weather
and water extcnd the servicc life of the
protective zinc trcatment.

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

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

for sealing and
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 G ADDITIVE: Glass, Ceramic,
Non-Porous Surfaces

For applications on glass, glazed masonr,
hard stone, smooth/dense concrete and other
non-porous substrates, TYPE G Additive is
used to chemically bond AQVATHANE
VA-21 0 coatings to the substrate. The
additive reacts with limestone, sandstone,

concrete, marble, granite, stucco, iron,
aluminum, lime and masonr mortrs,
resulting in durable adhesion. NOTE: Use of
Type G Additive is not a replacement ror
proper cleaning, and surfaces ~leaned. with

acidic cleaners must be neutralIzed with an
alkaline detergent after-wash and thoroughly
rinsed with clean water.

TYPE AlG ADDITIVE Stain Release

This fluoropolymer additive may be added to
any grade of AQVATHANE VA-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.

A QVAPRIME 211Z Metal Primer
Corrosion-resistant zinc/acrylic primer for
steel, galvanized steel and aluminum.



Chemical
Resistance*

(After 7 -day air
dry)

Corrosion
Resistance* ,
Humidity
(lOOoF,100%
RH, 1000 hrs.)

UV Stabilily,
ASTM G53,
6000 hrs.

6()Gloss,
Gardner

Fast Drying

(7()F, 50% RH)

Rapid
Hardness
Development
(% of ultimate)

Sward
Hardness

Rusting (ASTM D-61 0) No effect

Blistering(ASTM D-714) No effect

Loss in Gloss No effect

4 hours

B hours
24 hours

7 days
Force Cure

25%
35%
60%
100%
20 mins. @ 1 BOoF

Abrasion
Resistance,
Taber Abraser, 6 mg loss
CS- 17 Wheel,
1 000 cycles,
1000gload

Impact
Resistance
(Dir/Rev)

Composition

Compatibility

Colors,
Finishes

Aliphatic polyurethane emulsion with
additives, catalysts, surfactants, pigments,
resins and modifiers

)~~~-d';'ii(- 'il~¡:::ž:!': j~tlii"-è:~¿; ~~\';\:s K -i.;t~ :',t;. -¿j ~i.h-;;; - - -"i.May,beapplieclpy~.ripwide yariety:
~substratesanc~.pre'llous ;q)Qtings, (e:
;'thr~~gh testing pri.~.r to. applicatiqn.
",Typical slJbstrates include col1cri;te,
;masonry, glazed .bnckand terra .cott /
"stèìPi;; \o()()d "'steel, ,al§i,inq:m a.n~¡"man '"
latèx QII anä epoxy-cosed coatlrlgs.",Í"
;Böndiñg Adclitive',or f'rimer required for 

"
.some substrateS and.,exposures. ~~f/,lfL
. c"'- '~.; .t~__;¡._ - ~_ - - ~""l.;: .~

; CI~r;'White~Custom Colors
'TiAt~eas:~.,Jây,ije~tinted)n-house .bY"'t\
Edison Dealers to'match BBO-Color fan

,. c1eck system.
,Gloss, Sati~an'd Flat Finishes

* Values shown arc for clear UA-2iOH

SAFETY:

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.

LIMIT A nONS:

AQUATHANE products are not intended for use in
continuous submersion or continuous high humidity

exposures. For continuous imersion!igh humidity

services, we recommend using AQUEPOXY 250
immersion-grade waterborne epoxy coating system.

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

APPLICA TION

1. Preparation: AQVATHANE VA-210 is supplied ready to use,
and is generally not thinned. Flatted formulas may be thinned by
addition of 5- i 0% 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 AQUA THANE UA-210 at 200 - 400 sq.
ft.gallon by brush, pad, rolIer or low pressure airless spray. Apply
evenly and moderately, avoiding rudown or ponding. A void
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 (lO°C) or when

temperatures may fall below 50°F before through-drying. NOTE:
Lo- Temp Aquathane UA2I OE or EE may be applied at 40°F.

NOTE: Temperature, humidity and air movement alI effect
dring and curing times. When working at marginal conditions,
allow suffcient extra dr and cure times to compensate.

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

In anti-graffiti applications, suffcient material must be applied to
build a continuous surface film. Generally two coats wilI be

adequate, but deeply textured or highly porous surfaces may
require additional coatings. Multiple coatings (three or more) may
limit capacity of the coating to "breathe", or transmit vapor.

On wood surfaces, AQUA THANE 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 suraces, staining may be desired prior to
AQUA THANE 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 bcfore application of AQUA THANE 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 A QUA PRIME 211

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

3. Curing: A QUA THANE UA-21 0 requires curing time
before developing fulI traffc and chcmical resistance.
Type A1G Graffti resistance roughly paralIeis strength
development, indicated above. Protection of surfaces
from vandalism for at least 24-48 hours following
application is recommended when possible. Cure may

be accelerated by heating to 180°F for 20 minutes, following

drying. Do not subject uncured fims to heavy moisture or

standing water.

4. Graffti Maintenance: AQUA THANE UA-210 Type A1G is
intended to withstand repeated cleanings before reapplication is
required. Most markers and spray enamels can be removed using
Xylene without damage to the AQUA 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 A QUA THANE UA-210 Type A1G seal coat.

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

5. Storage and Handling: KEEP FROM FREEZING. Keep
container closed 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 propert. In case of eye

contact, flush with clean water for at least i 5 minutes and consult
physician. In case of ingestion, give water, do not induce

vomiting. Keep out of reach of children. Observe alI safety and
handling guidelines as detailed in the Material Safety Data Sheets
supplied with this product.

FOR COMMERCIAL AND INDUSTRIAL USE.

=/(:1;/:1011 Cwliiirì-I' .!/C

3 Northwest Drive, Plainvile, CT 06062

Phone: (860) 747-2220 or (800) 697-8055

E-mail: edison@edisoncoatings.com

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

Internet: ww.edisoncoatings.com

Edison Coatings products are for commercial use only. In case of defect in manufacture or packaginghmaterials will be replaced at no cast. No othi:r
warranty, exceRt for such replac.ement, ~xpress or ilTplied, is!n effect.. Any ii:Pli~d warren!) of merc ant~bility or fitness for a particular purpose is
expressry disc/Olmed. AlthoufJh information and advice supplied in this publication are believed to be reliabli:. they do not represent perform~n.ce
specifications and no obligation or liability is assumed for advice given or results obtained. Product formulations and ¡:erformance charecteristics

are subi~t to change without notice. Other conditions and limitations _m~ be imposed at time of sole.
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980 41st Street Tel: (510) 420-8190Oakland. CA 94608 FAX: (510) 420-8186

e-mail: info@appmateng.com
AllIE

FLlRA STRENGT OF
GLA FIBER REINFORCED CONCRETE

Projec Number:

Project Name:

110043C
Qualit Cotro Testing

Report Date:

Type of Sample:

Test Method:

Dat Cast:
Date Tested:

Age. Days:

Date Recived:

Tes Conditions and Results

03/30/10
GFRC- Sprayed
ASTMC947
02126/10
03/30/10
32
03/08110

Client Name: Architecural Facdes
Unlimite, Inc.

Sample 10: 28-Day
Glass Content, %: 5.2
Sample Conditioning: Wet

Test Span, in.: 10
Crosshead Speed, inJmin: 0.2

Bulk Density, pcf: .
Absorption, %:
Elastic Modulus, psi:

ASTM C948

ASTM c 948
pei MNL-130

Laboratory Test Results

SAMPLE WIDTH DEPTH FLEXURA LOAD FLEXURA STRENGTH REMAKS

NUMBER YIELD ULTIMATE YIELD ULTIMATE

LOAD LOAD STRENGTH STRENGTH

(in.) (in.) (Ibf) (Ibf (psi) (psi)

¡ 1 2.03 0.488 68 153 1407 3165 Non

2 2.00 0.493 78 155 1605 3189 Non

3 2.05 0.483 72 156 1506 3262 Non

4 2.01 0.489 72 164 1498 3412 None

5 2.01 0.506 74 171 1438 3323 Non

6 2.05 0.506 80 174 1524 3315 Non

Average 1496 3278

Teste 6amples will be discrded tw business days from th report dale.

Rem!lrks:

Cc: Frank Braen: frank.brckenardctralfcades.com

Nelly Kaleva: nely.kaleva@arci1eturalfacades.com

Reviewed byH~f~.~..
ACCREDITED
ASTM c 947 Only

. Mohammed Faiya
Laboratory Manager

Form FPTR Rev 0 3125105
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Leigh ce em Copa~
WHIT CEM:NT DlVSIO~

. 7f) Impe WàI
.Alto. PA 18115104

Ph (810) 366
Faxt61Ø)~

NW.t~lgtt-ìte~entc.~

.,
,

November 3. ~00

Aritectural Facas
60 East Luchessa Ave

Gilroy, CA 95C20

Attention: Nelly Kaleva

Subjec .Lehigh White Cement

Dear Ms. Kaleva.

Tnis letter wil ce that at time of shipner. Lehigh Whit~ Pc r:~and Cem,mt i jpE: I

manufct at the Valles facilit wi the :.emical¡ and ¡:hysicc1 reuire.l1ents Jf ~he
current ASTM C-150 aii is Low Alkali Cement contining les~ tian O.60~() total alkali
when test~ in accordance 'N~h ASTM ~."'!.i

If we can be of furtr assistce, please ::n~ your Lehigh S :ales Offce:

Best Regards.

..ai:f ;:~
Larry Rowland
Manager Marketing and Techr:ical Services
Lehigh White Cement Divsion
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Date: Debe ifiioo 5

1j. .
Mr. Fraois Go
Qual~ Col Maer
Satnt.Qoban Vetrte Es S.A.
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. 16.j7"1
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; MATE SA DATA SHT
Ia cwplÌl wi EE DIn m l2I a.17f 1D2Ø/5 dI 07;27101! ..DI 91n55 dI . 991 .
An ia c:ce wi IS.. 1101..1 da O3Ul II ANI ¡40 J d8 1 *I i

.

I-COMPAN -PRODUcr mL~CAnON

MAACl
HpQiew .... G 1'11..,...11 s.16._"~BP911Je- c.

. : (3 (0)/19'7 51 00- ,.: (3 (0/19 7S S3 99

Pt- pt~V..""s.ea~IC34JO
So!l: ,\ic de He (M:1)
. ()41 181 sroo
Fa(J',1 W 5103

s-..... LaM
51. lU el W'" cl ll_
P -I1111 Vu
It: +331 !"134000
Psa:"'332!4722192

~a.5.J.
. Cu :U¡o89
1.13100 Vai
.: +3l 0161 11510
Fea :"'))01612S121

SIII y~ U - Pliit 3ZJ ~
cz7125 Ho
II : .. 42 614:: 11
F.:'" 42~,:Z4:t ns

PRODUCT mDî'CATION:

"AR coatilIou fi'~Db:las fiberi"
Comerial bn AR, Cem-m.~ ilr An-e~ll

Coti DI Cu.l -- CW:
. Ealroeaial IDdIl KJI. aD Seur Direr or The ".1l1ot Br ofSa \. Sa V.. Jiul S.

,P.. +33 4'7 75 53 '- Fa +33 01 " 75 54 03

. si_we~baLCGm

1- COMPsrnoN -lNR.'lTION ON CONSIUUENT PARTS

Glas fi for reement ar bacaly ;old as:

Reli3JApr :.00 i13

s_oGoaall 'lUO!I .iin.i0I131 3.0\.
7"i~ :.; li ':es .i!:aarq!l! 3P 9:9. "X:: Cll:e c:~e: . "'3' '":81 ..33.0lA 7' -'5 S3 Cl . ¡-;i -1311:479 7' 53 S'

s;i ~-.. ,:;o:i co: 'j9 7:1 5~a !. ;;....¡i ~ R C 3 Ch".Plar.y
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VET~OTEX

ASSELE aOVIOS DIl ROVI€i'R
æOPPBDiSTS . CHP~ED ST MATS
1' YARS : MJ,um FIERS ¡CONOUS FIMA't ~. . .- I .
On Sa..bl Vet pr 'pàg. tb ~ nBCS ar followed bya co DU.! . ! ..
1' MI SI o.a. SI Is va fi al" p... .
Gla fi ca be co u Mn~ as t1 m deme IS arlei iD
ti ma of de fo iileminllOl oldi Si aB Slie amem
to ~ 67/S48cø OI d8 ~ (Ê Dås i9/8 Vc: tnd.
mil.:) or ÌD th USA by 1h Am TS fTox Sa""ce CoI
Act) or.EA 40 CP 110.2 ai ab iOO ot na reauLtDS ,:CSL inCaad fo innce). . .
th ar ar mi of Al GL in di ti of ctin si aD
a si vr in .J a BIN£I in ti CJ of DI
The CAS numbe of gl fi is 6~99.17.3 (COpodi ti th ox us
for pructon). .

AR GJu is an alin an ac restt gl It copo tion (:x:d in
oxde;) is within th following pemges

SioiZi
Alkin oxi (N0. 1(0)
AlkiD te oxi (caO. Mg....)
B20:
A1203
Ti0
F2

SSw7S0/

15-20%
11-21%~
0-2"_
0.5%

'Q.3%
()2 %

AR Gla co tiCs of naly-o r8 niaer 1ñ to ""
ccæ: of Uraium and Thrium is te th SOO wid a tota specifc
acty beow 20 Bqg.

SI is a mi of chemls alicd to th' gl :itls iÎ a maimum
quatity of2.5% - more' gely le th! .S%.

Mo of th mcáU is ma up of baicaly no ree high oiole w"ight

polyer DQ list as subs in die 1981 EI Jnmrm ofExhting
Comneia Subss (ECS) nor in the BUCS :i~diw (Eurpe
Li cf~otied Cheica Subj) nor in th ~ericii TS:A lis.

Rmll ;;¡A~i 2007 ¡/lj

Saln-GaDaVII'OI.. '1adnal SoA.
~-;~ ,...¡;:ec~lkarQ94 aP .29. ncC9 0::-''''",_0''' ~. 7e .?:IC14:"')~; ;¡:;:i..: ill -110i. ~i; .. ~:i ~

SA ::i C3a.i. æ -;9 ~ir ,50 t " n. iZQ ~ ReS :1I1p"ii
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SANT-GOe.N
VE'rR01EX

." i " .
Ji so ca si .. pr fr øoi, ~it ra si Or COni
ie ~ iaiided iD 1I 1_ ~ of 1~ re .. _ "
po~.cl tb.....IW:t¡Ü. pa:~ ave., sm ia
ma n: wJ ju di prour .- &t in Cber 8be. " . I. iA se ~ or ~ pr in al :al SÎ is a me of lb
oro- fiiJ_ Th pris aa mr le tb 1).05% of th ti
we of si gl Tb pr ar in ia lis of p~ reuirg
1I prud 1a ia a P, SI íoeXple in Eiipe RD":
if swaled or in lUI 'hul in coim wi di !£ll.. 136 'iøtat foth "eyes . ' " '
Th DIuf co 1I ri as neli1e :i di" lii as
dI pr tbCOatn is ex low io ~ ar polye:i
du th productio of Al ala fi

Oter prua ca be us in si. üsua~: die am is cxrcely lo (tnde
0.1% of tota weght) and as a @enft nile su prts ar DDt cr th

dageus pruc li or. 1$ tb" ha re an po tili ns ba be
reuced

BI FOR MATS ar li moleiila weigh polyiners .jted in
quatites unde lOCIJ an polymse on chpp or ,:oti"lUI)U3 gl nand
ma. Thcy ar not on dage prdUd li.

If so reue by mcllti tI Cbc Absxr Serv (CAS)
refen:nce nuber fo th inic us fo a gien S1z ~r btn can be

COmDlunic bu mus re fot1 code us ofme:i autes.

3 - HA IDENCATION
Connuo st gl reiD :ib ar Ilt sijf-ti, ba'"

Dels ab chemica baa ar given in p8 2. TalicoloP: as ~ts
ar develope in det in ch \ 1. Th es poDt tt rebe :s th

gl fi1a ar not "rirle- as th ar ov 3 i. in di.11 and have
be mown no to ca lun ca.

Hazt' idenec ar:

Re J1Apr ~.o7 : flJ

S.lnt.(" Ye"~lI :n* t&ii.. S.A.
:-~ O~ ¡, ~.~ "'~c='J.; ~p ~g. ~ Cl\l:lI ~~ir. ~:,. ~æ .33101:" 7S 53 c: . f:i -13l0"'~'~; 53 ':9

S A .i:: tit 99 j'$ 5S ~ . 324 420 ;a ReS' Cllii
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VEiROTEX

. .
.. mec ir (11in
· dn foon åf Il ~ du (br pic of dier si) aD
ii iaple fi . i ,

. ex ra 'plites ()f al. I

4-I'Am
lN11N:
SK CONTACT:

ree fr th Sl of upiure to fr ai

wa c:ly Wi lumi so 911
wi iuiDg exel

EY i:O~"Acr: t1 in naing wa (for ~it le. 10 niinuæ~ and
colt if ne a dor

5 -F ~'U FIGBTG

In C& of ~ gla nb ar iit tlle, ar in;ombUltiblc an c:on't

. suport couson.
Only ':he pakagig (plasc film pa. cabo wo1- an the sm amc unrs
of si or bier ar li to bu. Coi.. ga an: baicaly carb
diox and wa vapur. Th miy be mi quties of camen moncxide
and other subsc.os which. ma it aecar to uspratec1iv:: device :1. the
cvent of a. maor rue. .

RECOMMED EXGUHING ~IA: wate or poder

6 - ACCIENAL SPILGE

PERONAL PltOTECTON: Se Ch 8.

ENRONMENTAL PROTCTON:
(n leeg te gl fi wa di net emit an signifcam quat:s of

daro prochet an th ca tbre be CC:d' æ. IDirt lDuslr
Was~ or even COlDll Wall as de by naton an oc
rehs All was iId sc ai&æal si be ~l c,f in acrdan
wit applicle nati~ fc. st an 1ccarens'

CLEANING:

Reon :;JAvn::0 4'13

i.i~t~_n 'J.i-oiaa :nm 3t1on.. s..i
;~. ;: i :ies ~ :i~i;ef 31' '~2' . r~a;5 Cnsi.ierl =,.. ,=- . rei .. ,014 ,9 ~i53 CO ".:,~ ..:3 !014 ~9 .~ :. r.

. S,: :lll ;31!! ~ 99 j!J7 ':50 i: . !24 ~.O;' ~ C S :::i:inb
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i

It is r= 10 id 1b dI lI .ofth 5b fOU in wc
at conecdy. ÍD pa 11 .'1M :wols aa mine fi li
IS ~ ar ~es pr ID Ca be êoft wih ::utuoas illliaw,,',. . ! . . : ~ ;

Ccun

Aus
~ Belgi.i

I
,

I De.a
i

\ F"mlan
. Frace
Gean
Gr Brin

I~trands
lrlad
Ita

Norway

Poi!
Søa
Swed

Switeran
USA

TWA(ïim
Du Weighte Avineco)

(mg;C1 fu I
mmwo)

fi i 6to 10
reirto

to
toml

reirale
reirle

tow
rele i

tota
I reirle

reirleto
ieirleto

toto
releto

tD
tota

S

10

10

10

3

5

10

2
to
5

3

10

5

10

4
10

S

10

6

5

Fibre
TWAcrun

Weighte Aver"
cocetrn)
(Fibresinil for t

ho ..iar) __
O~j ,tota

~o
rcat _

tol i-l-jtota 1reiralt i -
reiralt 0.25 ¡-reirble 2 I

i -:;:i.=h ~total L t I
to~- 1--;
tola
tota
tota

-
:=1
°i:q--rerak:

tota

PENA PROTECT0N EQUIME:
Reni prieon du ocio opens releasin¡; high qU8ti~ of '
dus wea mium FPI or ptcnly FP BEe aped du;i :uasks Ty: 3M
1710 or 3M 99 reita ~ed acccrd to Ami "Hatilngitte
For (Jcon Saf And lfea (NOSH). di.ve ca be usd. for
exple.

Resioo 3/ Apr : 007 iii

SiIt-Gobal ,1øiroOK ::1trnaiJanai S,.,
~Ol ~iIQa~I:oog8:1 3P~29.'~~9Chi!cerCC:ø. .~':'.~.1 ".i,O\4 ~ .ssir:. ~ix ..il,Ci4;G '; 51-;;
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.

Via ~ sw ~ sh ÏD co. no used'tbr gi ti .wa (se coii). .
., -lW" STGE

I
i

HADLI (lecJm mea JPron I Sa bag :i):!. I . I. 1 ;.
It is prle to avid pr CO "Ni ti sk wer :icw pm
wi ;Iem aa 1og1egs orpn ov go an cb ma~.
Gla ti im da nm be r: fr:w pr with a VD'1 .
cle an RO blo of wi. copr .. je Wai work pm
seai fr 0I cfo' . ,

. -~_...

STORAGE:

Tecic me re me stø prdu reëRl fo
ea t)pe of pr

Ster:~ =ditlms: 5tre iway fr ~ive ht!n:dit' to ~!Vent
dae to me pr an to di~ pacing mat~nals
wbi cold lea to stra _ ': prle

J ncoripable ma: DO rek."Yant.

8- E:!POS1JRl CON'ot - PEllONAL ~Oncnori

TEC:-1CAL MEURS

Use wer appi-iøñ me (sun. moifica of in.c'JJg mec ds to
ree ñb du..) to tr to re th coce of ñb ¡ in tM ai lik:ly to
ca irta

TE~ PARAMETERS'
Tes ambien atmos in whic gl fi is us redlirly to demmelcvehof t

. "'non rele" an "reirble fient;.

. "non-rralc" and "'irible du

"

Legal reuients for rele an non-¡eirle du and fibr V~I frm
COì1 to co (or do no ev ex). Th tale be~ow tpr-q using the
knowledge we cutl po) sh th li apl:czble in diftèrt .
coUlriies for Time-Weighte Avei (TA) exsu

Rcn 31Api ::00 ;1\

sa-G V,ll. '_nai S.A.
~,: ,_-" ;"5 ':;icg'U ;ip 919. ~:""C c:i__ :::oi. ".,0:. . iel ,:i3 ,0" ~9 '553 'l :. :: . ~3 ilt.. -; : 5 S~ r;
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,

Pr qfha aD Dt aa pn oIth ~ . . .; ~
øk ro:th hi ,~ pn aD ba 1enpl to prvenin ;; i ~, . i
Pele. deca sk sh ap hI CI 10 ap sk "ar
Eye pnll: sa !Ö (or ri) or sd.. .- .. ~ . . i i
Du nc bIiD an us 1l pr ~'t la to II ex above 1
mSv/y (1760 hrj.

!
,I

! ,
9 - PHYSICA AN CBCA PROPDTI

PHSICA STATE:

OOO-JR:

solid

cous or cbpp or ma of fi ma i.p of
c:ou pule fis glued toBet.

wh or yeUowi white

non ex for soe pme.:s frm whii:ii a
sligh blx acid odur is sJmetmes reeas
whe a pale or c: is op. This od t ever

indicat~ that an ~entul :oxi prduc ha ~
relead in a d:geus amc'UI

pH: not aplicle
SPECIFIC TEMPERTt AT ~"HCH ':~'iGES IN PlllSICAL S7\TE
OCCl,JR:
Softg pot (Ltt pomt) : apxi1y 86
Meti~ pomt apaæy 12800C (visi tepere 1 )00 p)

DECOMPsmON TEERTU S. im mat bin stt to
de at 20( PC

FORM:

COUJUR:

FLSH POIN: DOne

EXOSIV P~OPERTI:

DENSll (mol1 glas):

SOUBn.IT:

no
2.7 g I c: c:l.

Vf lo soluilty ~n wat.
Siz;an bi can be

pa (and eveii tDtly)
dUcd in mos crgaie solv;:its.

Re !I Apr : OO~ : : 1J

Saint-un '/OS:'1 :niellticaI3..=
~67 ~"'¡; :e! .:.'Ql,lll 3P 929 "'39 c:i3l 3=:ll' ='~..ei -33 ,C'i~ 79.S 5J:C . : 11 . iJ m!4 ;9 ~; 53 99
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I
.10. STAB ANUAC'STABn.: . : .

Stle iu ~ us ai .. Cond ~ lD noma fbrele usac: ' i
HAUS LlcrONS '
Gla reor si al S1 and neer ge hizus chucalre.
HA\RUS DECOMPON PRODUCT
fD CO cobu coil. in aditaa to wa vapour an CQi smal
qutiti of CO an NOx ma be re fi th i:tusli of th siiuor ti biD. Ot ~' ma be ra in : imit qatiCS
dec1 OI cembu cm This is wh Ît is reerde to uS hig-pe ga ma' wh fi in fl
11 - TOXICOLOGICA lNll~.lnON

ACU TOXICIT: not rele'ilIt
LOCALISED 'EFFECTS: pole teponry InOODS

This irn is of a pu meanic: and tepo na:ur8. It disappea

wh ex is en It ca aft th sk tb~eyes and tl: Ilppe renite.
tn. In Eu me inOi is not co to he a he hi.ai
wi1 me tm of Ea dies 671S4 far biizus pruc.
Th 19 conf by the 5u th EC Dirve 97/69fEC for ininerl tibT doe
ii sti the oc' to II an Xi (irta) lal nor a ~ lafior for .
co. std gi fi (wh iD this Ðive only aply to :Pu
insult. wols in soe ci:e). '

i

SENSmSATION: SoJmo alleres to CliDlÎluous 1td.Pa ",
fi hae: be dela All smog Btu li tete tor thir we st
-.si prer wh deed by Sa-G Vetoæ an ar only
ad if1l havo DO or a ve lo sale In case of 

th aInr is
coed ,ree the t1 üm the SC of th ex.

.

LONG TE TOXICI: CARCIOGC RISK
Co.ti.o. st II tins ar DO nsln (te. do not ~enett the
. lun nleoli). This is beciii. fi ar ove 3JU in di (ard. mostl. eve
l0iu). Even af hali1h lq of~ fi dust is abo :Ne over SiUi
md !he legt I diam rao is grte than 3 : 1.

Rt WA.¡i iOO1 ¡.m

Sailoloiai 'JIlRnX ~18".daal 9 A.
i~ì ~..: :e~ ,\CODrgc-.. 3P 92 . 73CC' ':'l.cDe QI:u . ="'CC . iel -3J ,0'4 ., is 53 CC .. - IX P.:.J IO~ :":~ S~ *"
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, SAINT"GOBAINl

VE1ROTEX

I, 1
Tb'ai tb "".lin by th Word He Orisiill (WO) fu .
th deid of re fi ; . .

," !-"ta_..:' ,, \ ,i .
No of aM foUø Óf oriSl ha.a aay ri of canc
cbtb Amac .. uS of camlO m. aJ li . : :
Dag it am iD Jt 198, Wor He OIis (WHO) tbib
th Luie (kD8 ~ ofJ.cll OI Ce) exne al11
Sia =1 anls II eplo Sb C: ou Ull cotius
SI ~ rc fi ' : :i . · .Th co wa .. .. 'llt! 8f .. duW . ti tla
~. Tb ti to 1I Gra 3.iWl Th cla ba
be co by th L\C Woring Grop me¡ afOetber 2001., .
Th (DI La Of (10) md th CS rCl Sati
Tnte Pr) Ca to th SI COlu in a COla he in 1S17., ,
Eurrea Comison Die 97169ÆC ôl 3/2J, th :0,4 iacn1.t to
~ 6-71S4I1C Wb corn cJff, pe~ md laning ôf .
ba mb di not thin it near to iii piS fi as havig
caiiogic ri
Mo EuiP, Uni ~embe naons bav~: trse rhi Direye into ~eir
na law an ad th sa oons:

Coun I Referce of!rtion dots ofDir;;tio 97/69/e"ë-
; Ausa ChikencrordDl!Jlfl 1 ~J --
\ Belgir.i

Fre imon by (( Koinljk Be;lcit~ of 15:119

'Pblish OI 2~De BEK NGI 1/199.01.09 (Miis of Enronment) 

Finlan Laorin 23/098 - 24/~l8 an LiS1 of
Haas Chca 16.12.9

Frae An minl du 21~ Cirla 'ORT 9910 do 13/~19
Gean 4t ad of th 3cr Gcfacrordir.mI'l99 I"
Ore Br 'T cbeiie (H In aa pa:arig for supply) \

(am)'Resll 1991 611/9 .
Gre I No avle
Th Wijz1ui (Stb. 217':001)Ned
Irelad Stilnen1S si N°'il3 of 1998. Eurpean Commwiiti(Clafi Pakag. Lalig and ~otcatior of

L Dan Su) Amendm ~oi ,le hdon 1998. Efft
OI 22 Dl:mbe 199t

Re .l/AprJ2'J sin

; S3",t-GObn Vetroie In 3U S.Å
~!\ ~ c.. oIec;e_ 3P 31 . 7X:: Cliii CI:e' ;:'8/ . Te -Ji :':i~ ¡IF 5 :: ;: ".:,1. -:, J 1C' i9 ;' :J "!!r
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SANT.GOBAlN;

VETROTEX'

.

Ita : De . miJ de 11110 Gata Ut1ia':;c
pn19l11J D2 pe l6, dI de 

2 fe 1S-L.
;

.

ciIDn04de 15l99 . i . ~
I _. . Gn Di dI 11/1Dl i

;

Po i No diib i
i
I

Sp Bule Of dol BJI (11lQ91)
---

Swe !
KIS 199:7

OSH; (Ocon Så aa Ha1 AdmisOf) en ~ TP (U.s Naåon
ToXcOlI PrIl), of Ame exiAon have no I st
COuo st gl fi as baus suce and the ACGm
(Ame:ica Co&:em of Gc11l1Cta Indal Hygiit) ha. çlasif
th.15 A4.(no claifed as caingei: fo Ma). .
No ne stdies ~vc: led th oristi to rcis their postii)n on -:is sujce

M~ laws an ;t col r~inb!e fi do Dot 8Llply ti conUJ.ius
filat:R ~foii:t fi

Far ~:aple.

. The: cocentron of rele ff in the ai1i: 3phe (1 tbrc i
eu.) fi by French circula 95/04 dated 1211/1995 (in

adit to th da 19/07;1982) frm the Fre1ch ~ÍS' for

Wor do no aply to gJ re fire (which an: not
reirle).

. Ca ri in Kl de in Gean TROS 90S do nåt
LPly to ?onrair le cotiuous filaent piS fi.

Epidliiuqc: ad ~ntory stuåies

No epidlo an IaraTY st cared ou up iml now de~ir
iD a sciely sitk way my ri of càce relat. 1'.) reinforcementfi ;
Seven re epidiologi stes (Chi'me 199. BoJtietl :.9C coimed
the alse of exc molit due to cace in peple working in gl ibr

manufag filites'vs. conal p:ilaicDS. !

Rcisr.: IApn :.Xf
10113

s¡ii-Gooin '/n'Q18l1.,nt¡iil\a1 S.-. _.' _. _ . .. _ _
~:;: ~"3,~es ~:~'" 8paia. ;'.cSC1;;!:::"" 

"ii. 'BI -33;014 ,9 :..~"::.~ L ""31014 ,9 ~ 53 ,s
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SAINT-GCBAN

VETROTEX

. .A re ~ plli in 20 by th IQM (I: of Oc
~ci ~ Edjn'!) àllSled ~ ~ of E- mic by .anùs II ea.lhI at ..100 tI ~_ .. eI wh '
us l1 fi ... CI:ac rl1' mifi .. notpl :of th pr l' Prod ad 90 ~ ~.Q Vetx an th '
t1 II DO lik ~ cb cU apll fo lI .. fi desribed'itb MS. i :
Ba.. ftbl ,. I
Wh gl fi Ir chmi1l or sa 1hey ar cut pcula to
st.lc .i DO :sm1e di ~ ar pn:n Coersly t
signfi qu of da ca be ¡aed w1 is wh it is reommended to
us pcaa pr la du a1 pr in sa prue.. ::cbcpp Sluds
er fi) so st ha sh ve lo qu:s of ~le! wi
tius as (l~3). sh (b neencl loge th S¡.) ui W:Ul an
~ cletofUD 3 IU.
Qu me ii wo atsph .i SO to 100 tis lower th iil the
limits fi fo reirle fi bt wt th is a high risk of dus generan

it is itgl rimened to we ma .

MUTAGENC RISKS~ TETOGENC lUSKS.lUSKS r'OL
RERODUCTON: :
Con:iuous st gl reinforc:nt fi nave no ko :i~ks.

11. ECOTOXICOLOCICA INFOÐt..\TION

AR 31a is not bioie.
Siz or bi an oric ID slwly and only parti dilv:d by
DB ap li wa. As th ca of th ingriuts :n th mix
an ineu solubit ar 1o' an as 1h have no bi clafied. 3S
ba gl ~CC 3t ar CO to mi"e no ad: ec ".
to:oloca eff. ~

.
!

Gla fi an sig pr we i1t llte as prull-t lik:ly to des.
th lE. laer by tbë 198 Motr Pttol (Cla 1 or :I;is 1). The lis
ar iDlud in EC llquon n° 309. an in seon VI ,if amcndiiu:ßts to
th "Clea Ai Act" b, th AmerC¡in 1!nven Agen (IPA).

Gla: fi sÍ2 an bind do lKt colliD PC (polychlcriIlatd bqihenyl) or
and oter polyartiç prduc of th saine type.

RaQa )/Ap lOT
11m

38l-Golin \'1U1 lntimanli S.'\
?~7 ;y., .:n ""oilo~ :i 929 " ~:i Ch~ ::'0"' .r:.... Tel .13 10M 7'1 1'; 51 :c . !'OL .331014', ?,5 ~:i '39

5 ;i- '3 ~la i:. 99 :t¡7 s: ¿ . J:!4 i120 ì! ~ C S ~'arer ,"
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SANT-GOBÄN

VETROTEX

i !. 13 - WASDJS
i! i .DaI;OIIo relI &l fi ~ ca oir be co as

IM .. or u CO ' . Ii -- As su tI' ca be bu in
lall lpovt fo 1I ~ie l .,

II ,
Gla fi wa ca be ib1red by iaOD. an :: daJiie
ininatD by 1i ~ of i vi ma, ,
Cle i: wo' pl (fi or ba) ad peaa c. be e1imini:d in .
unit sp to tb p~ (i. for ra~ or us as fus).

14 . 'r"mRT

INRNATION REGULTIONS:
Gla retb fi ar no i=i as'haou ,lU by tr~rt
relans.
it is l10t on of tl~ ~:; i1us.:ia i ¡Sld in intemaoaa'eli;ulaiion.

.15 - UGtlTORY lNlL'lTIN

AR coti1l 5Jaeots ¡l fibe do no t re haus :ièue latE llag
(se Chap 11).

Geera hygie and wo sa rculaoni aply (se Cha~ a).

16.0TBDlNRMTION

FOOD ENON: Apdi m of Eur Dir=ie 2O72/C
de:s th copllibili ofpu .. fis wi fo GDvirounCD as adtive
to placs.Ho ~ fa th sbin pr sh ~ shO\ on th cerrt
lis aFEur Cois aped pruct th BOVV I..il lis in Gena
or th Foo aD Dn Ad r_ (FA) in th USA me th .. ca
by case st mus be ma if a Sant.Gbnin Vette ra£ prdu is used to
renfor a plutc mari in co with fo Const 'th Sat.(iba
Vemif Serce fo tù inatn.

CONTAcr Wl POrABLE WATE lu re11rins dif~ fr cotry to
co. ever que mus be eximine indivily wit the relevan ~'.t.
Gobain Vetll Seices

R.n 3/Apn ::
1213

S;im.qcDa 'I_en".. 'nWnaial s--,
7;7 ~..~".. .i1ii:1 ;¡p qig. '3t C:: ce:e. ¡:'31 . r~i '33 ,0)-' 79"5 si ':1'. ¡.II .J3,Oi4:? i3 ;3 S~
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Ve":aOTEX

i . " .
1b Mall SI nl1 Sh :is 'in id t. thPr spe ill' _ ot tlic1 llmeis by SA-G VE b1 do. notre tb ~Th info gi by di do is b8d en th da
sh,.1l It is ~ ÎI ~ £ui : .
Funer us atio is dr to the poss¡b~ ri
ii ',yhe th pr is us for ¡my pu odie~ th
th on for whic it wa degn
This MSDS' do no ex us .fim knowin:j and
aplying th ru reng thir aeit Use asme
full respoiisibüii fo .iplyg th apll :iety
me when th pr is us

For all aditor ïnolmon us shld c:ta their l.JC"u Sai-Gcba

, Vet:ex agnt 1)1 the Sait-Goba Vette( Intemù Envi:unrent Hi:ath
and Sil Dir.

. .

~ ::/Aurl:~
13/13 .

sam~ei ".. _ :nwrllai S,,
,I¡; ~~.I o: :.iiocrc; 3P 92 . '3CC ~~ c.'" u. ='3' Teo ~33 iQ\4 :';"; 52 ~Q . r--- .:.1 1014 ~ "i ;J..
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Your Technical Spest For

Forton@ Modied GFRC
(Gl fi Reifo Cocr)C:Oa:i~'te

Th lo te ph pr of GFC
mo wi FORON po shsiifllt im re in imlo te ch.
Additnal bene include:
· Sinint inc 1h tee an
ft pres an ov phyca
di of GFRC

· El the ne for a 7 day we cure
reim

· Rece crg an dr shñnkaecr
· Reuc moisabti
· Ines ag tt stn to faur
· lNstbie
· Red efre
· Lo waleJc ra for highest

Uses of Polr Modifed GFRC:
· Ar pael an orenon
· Aral Roc
· . Pl an flow po '.
· Gá st
· Furre
.. Caunps an ties
· Roo sl .
· Ter Co reacen un

.. a.Kgiultjn M cO'
33 F01 SI Ar, PA 150, Phon 8O26 Fax 7'150, em baltco

46 So As Sl G15, Tem, AZ 85 Ph 88-77, Fax "8-3113. em ~g-com2~ Sh ~ Ci La Ma, Fl 3246, Phne 40-718-, Fa 40-31, em ~
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Al1lITCTRA
FACADES
UNLIMnED. INC.

.....-
'-- .,-.... .

~ " .

l_.~ .

GFRC.BACKUP MIX DESIGN
GFRC FLEX ANCHOR DESIGN

(PER SACK OF CEMENT)

MIX UNITSCEMENT:
LEHIGH WHITE C1 sack) 94 LBS

AGGREGATE:
30 MESH SAND 65 LBS
TOTAL FINE AGGREGATE 65 LBS

ADDITIVS:

5% CHOPPED FIBER
by weight 8.35 LaS-',

')LYMER CURING AGENT:
BALL FORTON 23 LBS

WR GRACE ADVACAST 4 oz
WR GRACE DARATARD 2 ozTOTAL ADOmves: 31.72 LBS-- -.WATER

T 10 LBS
r - i

/

~~:,::~~e.~~,~.~;¡~~~,¿',:.c~,,~,=:z, .-...~~.~ -";=:i;"~~~f;'~~;=~',::;~" .,
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IRCHITCTRA
:ACADE,S
'NLIM/rED, INC.

..~..r
.;"

,/.~;;:~:::
JOB:,Ø?' COllEGE/----'

GFRC FACE MIX DESIGN
(PER SACK OF CEMENT)

MIX UNITS!CEMENT:
LEHIGH WHITE 94 LBS

I

iAGGREGATE:
30 MESH SAND 100 lB
TOTAL FINE AGGREGATE 100 lB

í

¡ADDITIVES:

COLOR: DAVIS 870 BLACK 870 GRAS
¡ DAVIS C1191 YELLOW 200 GRAS, DAVIS 5370 GREEN 150 GRAMS1-
-- "MER CURING AGENT:

BALL FORTON 23 LBS
i

! WR GRACE ADVACAST 4 oz, WR GRACE DARATARD
2 oz

i TOTAL ADDITIVES: 26.542 lBSi

LWATER
10 LBS

I

r
:¡;~~~~:~~~'~t~:~~g!-~:£~:.~=-:.:;~i;~~~~~~~3_
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Forton VF-774
C\e:zii~. l&.

Tedica Da

Ma 8.207

Decrtion

e Wat ba al aaüc copo1y emul forti to comply with PC MN 130,

Qu Col Mal, Apix L fo cu adix us in OFRC.
e VF., 714 al ha lon 1I na agein da to ve th it us in GFRC coit
imves äg flex preres.

o Vf.714 ca be us in pr conc to re abrption mata color UDonnity,
aD re or eliminat cr an efor .

e It is al us in cocr re pr and boing agts du to it mior adese

. pres.
Physiea nata (al MN 130 spcaon)

o Solids by weight

o Visit 23cC (Brokfel~ Spie 2150 rp)
o pH
o Deity at 20CC

o Tg
o Pacl Siz
o Grt

51% (::1%)
100-300 cp
8-10
1055 kWm,
ncc
.1300 - .200
0-50ppm

Stt!rage .

o For VF - n4 should be st in a closed co, in a dr envinment at ~ra
te beee SOC and 30°C.

o' Stoe should be enclosed out of di sw lit and aw fr di soures of het.

Shelf Lie

o With prpe strae condition the norm shelf li wi tyicay be 9 month.

ww.sIl.l co33 Pob: Sl Amge PA 15, Pb 80222673 Fa 12261S0 cm bel'@q-
4W ~ As Site GIS, Tem AZ as Ph 8I967-i7, Fa: 4I-a1 l3 em ~~ltc:
246 SI o. C1 La Ma, FL 3246, Pl 40-71~, Fa 40.3231, eiiil: ~CO
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Why use Forton VF -774 in
GFRC? i

l

Th qaan is as by De, ao ol~ GFRC pruc wh pr wi ad 1h For VF- n4 c0
polymer to th ba

Th tw prma an ve exly te an do re to us the VF-n4 in th be an

· Th elün ofdi 1-d wet c: re to ade th mamD st ofth GFC IDat28.
· To sitb impre th log.. phca prperties oftl GFC co~ esly th ag
fl sI to &i

In adon to th ve impo poim th ar oth poin th if ta inivduly, ar ha to qufy,
bu if ta colleely, c:ÕU to a 1i quit and high pe GFR pr

Th re ar

· UV si of th Fon polymer so th ar fiises ma th "a pr" colo
· ÚD woil oftb mi at lo wa/ceen ra whch tùer ei th stgt of 

thecu CO
· Ea spg"ofver su wit havin th fà mi sag.
· Coplet di of ir oxde pigmen fo ba-t color conssty of fae mixes
· Ha cu fa mi fu be sad blag unit.
· Tig, de co pr wh reuc ablut mois abon an yar peeail whi

at th sa tie signily n: th rae of ab as a fuon ofti
· EliDOl of cr an sp c:g in th fa mi du to th soft poly pale in be

1I i: pale am th sa gr .

Wh ev polyer fo OFRe, yo s1ou kn th follg detls oCti pr

· Pol)er ch no al whi ni liqu ar equa in pcfuce Ma ar no UV 'SlUe, nor
ar th aJ Sllc in the hi pH caeo ma Soe will reulfy af cug iftl ge wet

· Pa si 1b cols 1b ef of pigm an colo UIit ba to ba If tb va
, th sa am of pigm wi sh a di colo in th pal

· Molela we inue th duli oftb po in th ma
· Poler soli yo an pag fo th am of polym solids in th liqd. Th lu th poler

soli th be vaue fu yo doll.

ww.BaIKoul1ng:Ud.co33 Fo StEAm I"A isOO Pb lI2i2673, Fa 724-261S0 ClI: ~
46 So As Su GIS, Tem AZ &S Pb 81-77, Fa 4I-a1 13, _1: ~-ild
24SMOlCi La MI, FL 32746 Pb 40-:1l1-, Pix 40-32~3i. CO ¡:kotiCO
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· Decr cotr to normal pr yo do not wa ad ai ened in the GFRC coposite
VF- 714 co addion de to ma a high quity sh thugh the rigo of 

high sheami an spg.
- .~Deipton ofFonn vl-T14

· FOI VF- n4 is an all aac thla c:er em
· It is WI uo ..ia wi. poJ,er so co of S I%.
· Co wi Pe pla ce piaJl sp Ap L
.. Se iJ Co Lr Da Sh b W..174 da Ma 8, 20.
· Ca be sh in dn to or bu 1a no wi 10. WO days ofrcpt of or.

Wh to us For VF-T14

· 1' adir ofFòr VF-7741D mc of an no a: ra in th ma 28 da
. mi si wh in tu ma a hi qu GFC co

· For VF-T/4 is us to etiD th 1-dwe ca prgr re ofGFRC to ob th
bigb mast Th si ar &c in th de eqons fu the fied pr
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The Use of Substitute Materials on
Historic Building Exteriors

Sharon C. Park, AlA

A. NOTE TO OUR USERS: Th web versions of the Prervatio Brfs difr somewhat frm the pried versions.
Many Ik.stratlons are new, captions are sinpli, iluratlons are typicaly ii color rather than black and whle, and

some complex chart have been omited.

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 replaæment 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 subsitute 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 wil result.

Great eare must be taken if substitute materials are used on the exteriors of historic
buildings. Ultraviolet light, moisture penetration behind joints, and stresss 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.

I oris 5/19/20 i 0 2:27 p,
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The practice of using substitute materials in architecture is not
new, yet it continues to po practical problems and to raise

philosophical questions. On the practical level 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.

ttt.
In the reconstruction of the

cl tower at Independence
Han, the substitute materils
used were cast stone and
woo with fiberglass and
polyester bronze
ornamentation. Photo: NPS
files.

Some preservationists advocte 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 project, and in many
cases with positive results. They can be cost-effective, can
permit the accurate visual duplication of historic materials, and
last a reasonable time. Growing evidence indicates that with
proper planning, careful specifications and supervision,
subsitute materials can be used successfully in the process of
restoring the visual appearance of historic resources.

This Brief provides general guidance on the use of subsitute 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 wil 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 subsitute materials, cautions regarding their expected performance, and
descriptions of several subsitute materials, their advantages and disadvantages. This
review of materials is by no means comprehensive, and attitudes and findings wil
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 mold
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
panels were used to imitate brick or stone.
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Metal (cast, stampe, or brake-formed) was used for
storefronts, canopies, railings, and other features, such as
galvanized metal corniæs subsituting 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-cott, a molded fired clay product, was itslf a
subsitute 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.

ht://ww .nps.govlhtpslriefsefl6.h

Nineteenth æntury technology made a variety of materials
readily available that not only were able to imitate more Substitute materils need to be

expensive materials but were also cheaper to fabricate and located wih care to avoid
easier to use. Throughout the century, imitative materials damage. The fiberglass column. . base has chipped, whereas the
continued to evolve. For example, ornamental window hoods histori 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 æntur', even less expensive sheet metal hoods, imitating

stone, also came into widespread use. All of these materials, stone, cast stone, cast iron,
and various pressd metals were in production at the same time and were selected on
the basis on the basis of the availability of materials and local craftmanship, as well as
durabrlty and cost. The criteria for selection today are not much different.

Many of the materials used historically to imitate other materials are stil 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 familes of synthetic materials, such as
fiberglass, acrylic polymers, and epoxy resins, have been developed and are being used
as subsitute materials in construction. In some respects these newer product (often
referred to as high tech materials) show great promise; in others, they are less
satisfactory, since they are often diffcult 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 should be explored thoroughly
before subsitute 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
wil alter the appearance, proportions and details of a historic building and that wil
conceal future deterioration.

Some materials have been used successfully for the repair of damaged features such as
epoxies for wood infillng, 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 subsitute materiaL.

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

Cost mayor 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.

Due to many early
failures of substitute
materials, some
preservationist are
looking abroad to find
materials (especially
stone) that match the
historic materials in an
effort to restore historic

buildings accurately and
to avoid many of the
uncertainties that come

An inert materil was injected into the hollow with the use of
outriger, permitting the outer wood to be substitute materials.
retained and preserved.

The core of a deterirated
woo outriger was first
drilled out. Photos (left and
right): Courtesy, Harrison
Goodall.

1. The unavailabilty of the historic material.

The most common reason for considering substitute materials is the diffculty 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 effort should be made to locate another quarry that could supply a
satisfactory match. If this approach fails, subsitute 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 skils. Simple solutions should not be overlooked.

2. The unavailabilty of historic craft techniques and lack of skiled 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 cott. Mold making and
casting takes skil and craftmen who can undertake this work are available. Effort
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 materials
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
replacement materil
for cast iron. Photo:
NPS files.

Sometimes referred to as life and safety codes, building codes often
require changes to historic buildings. Many cities in earthquake
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 rehabiltation. Department of the Interior regulations 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 rehabiltation.

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 wil 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 permeabilty between some synthetic materials and the historic materials have
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in some cases caused unexpected further deterioration. It is therefore diffcult to
recommend substitute materials if the historic materials are stil available. As previously
mentioned, consideration should always be given firs 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
appearanæ; 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 ærtain basic performance

expectations over an extended period of time.

Matching the Appearance of the
Historic Materials A waterproof coating is an inappropraite

substitute materil to apply to adobe as it
seals in moisture and may result in spaRing.
Photo: NPS Fdes.In order to provide an appearance that is

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 craftmanship must match
the originaL.

Matching the color and surface texture of the historic material with a substitute material
is normally diffcult. To enhance the chanæs 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 subsitute 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 stabilty.

Fabricators should supply a suffcient number of samples to permit onsite comparison of
color, texture, detailng, 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 subsitute 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 produæ spallng. 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 coeffcients 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 allow 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 absrb slight differences of
movement. Since physical failures often result from poor anchorage or improper
instllation 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 unless 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
impermeabie new materials are used alongside historic ones, stress 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 subsitute 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 diffcult 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 stabilty of color and
texture; compressive or tensile strengths if appropriate; the acceptable range of thermal
coeffcients, 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
long-term performance extend beyond
having written performance standards and
selecting materials that have a successul
track record. It is important to select
qualified fabricators and installers who
know what they are doing and who can
follow up if repairs are necessary.
Installers and contractors unfamilar with
spedfic substitute materials and how they
function in your local environmental
conditions should be avoided.

The histori cornice was succssfully 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 scffolding. Finally, it
Is critical that the subsitute 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 chart 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, minerai 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 c1addings or as subsitutes for wooden milwork. Because milwork is stil
readily available, It should be replaced in kind.

The charts describe the properties and uses of several materials finding greater use In
historic preservation project, 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 grilwork, 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)

. 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

. diffcult to prevent galvanic corrosion with other metals

. greater expansion and contraction than castiron; requires

. gaskets or caulked joints

. diffcult 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 pieæ to be cast?

. How are expansion joints detailed?

. Will there be a galvanic corrosion problem?.

. Are fabricators/installers experienced?

Cast Stone (dry tamped)

Material: Cast stone is an almost-dry æment, 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 dry tamp fabrication method produces an outer
surface resembling a stone surface. The inner core can be either dry tamped 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

. 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?

. Have performance standards been developed to ensure color stability?

. Have large samples been delivered to site for color, finish and absrption 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 effect 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 corniæs, 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 æmentitious material, it
is vapor permeable.

Advantages:

. lightweight, easily installed

. good molding abilty, 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-Ioadbearing use only

. 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:

. Are the original materials and craftmanship still available?

. Have samples been inspected on the site to ensure detail/texture match?

. 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 reproduæ 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:

. Is the historic material still available?

. What are the structural/anchorage requirements?

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

. Are there performance standards?

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

. 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 necessry; 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
inacæssible location makes frequent maintenanæ of historic materials diffcult. Its good
molding abilty and verstilty 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:

. lightweight, long spans available with a separate structural frame

. 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

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

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

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

. vapor impermeability may require ventilation detail

Checklist:

. Can original materials be saved/used?

. Have expansion joints been designed to avoid unsightly appearance?

. Are there standards for color stabilty/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 detailng 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 indude: finials, sculptural details,
small column capitals, and medallons.

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 ultraviolet 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 fiters added

rigidity of material
. often must be modified with fillers to match expansion coeffcients
. 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 coeffcients

of adjacent materials?
. Have samples been matched for color/finish?
. Are fabricators/installers experienced?
. Is there a sound substrate of material to avoid deterioration behind new material?

. Are there performance standards?

Summary

Substitute materials--those product 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 availabilty 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 scle 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 successul longterm solution cannot be overstated. The successful
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solutions ilustrated in this Brief were from historic preservation project 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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The Preservation of
Historic Glazed Architectural Terra-Cotta

de Teel Patterson Tiler

A NOTE TO OUR USERS: Th web versions of the Preservation Brifs difr somewhat frm the pried versions.
Many Ikstrations are new, captions are smpl, lItrations are typill in color rather than blck and white, and

some complx chart have been omited.

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 Art stles. 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 detailng.
However, with changing vogues in materials and architectural stles and rising
production cost, glazed architectural terra-cotta fell into disfavor and disuse by the mid
20th century.

Today, information on the maintenance, rehabiltation and replacement of glazed

architectural terra-cotta is limited, as are sources of new glazed architectural terra-
cotta. This report, then, wil discss 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--Iiterally, "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 possssed 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 importantiy, the durabilty
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 generally
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 detailng as moldings, finials and capitals.

Fireproof constructon 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 ceilng 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 stil 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
~!~I. . imitation of stone) and fired. Sometimes
'Lc. called "architectural æramics," glazed

'i' architectural terra-cotta was developed and." refined throughout the first third of the 20th
~0J century and has been closely associated with

the architecture of Cass Gilbert, Louis

Glazed arcitectural terra-cotta was a practicl and Sullivan, and Daniel H. Burnham, among
highly decorative building materil. 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. Maintenanæ of the fired and glazed surface was easy; it
never needed paint and periodic washings restored its original appearance.

With the passge 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 durabilty and permanenæ 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.

Diffcult 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 obsrver.
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
architect 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.

Two separate systms: 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 utilzed

an extensive metal anchoring system to attach
it or to "hang it" onto a wall framing system or
superstructure. In the firs Instanæ the
anchoring was limited; In the second, the
anchoring was often extensive and complex.
Likewise, in the first instance, deterioration has
generally been limited. However, where glazed
architectural terra-cotta was used as cladding,
particularly In high rise construction,

present-day deterioration and failure are often severe.

Typicl construcion detail of glazed
arcitectural terra-cotta ornament. Drawing:
Detail, Architectural Terra Cotta, Charls E.
White, Jr., 1920.

Complexit 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 "dominonlike 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 material: original
manufacture, original installation inconsistencies, number of component parts, ongoing
repairs or the various types and sources of deterioration. However, ærtin 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 rehabiltation

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 spallng and material loss, missing masonry units and
deteriorated metal anchoring, among others.

,,':;J~i~' ~'~~L, .
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Crazing, or the formation of small random cracks in the glaze, 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 passge of time, however, it expands as it absorbs moisture from the air,
a proæss 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 nfitsn the
expanding unit onto which it was originally fired. If the strength of the glaze is
exæeded, it wil crack (craze). Crazing is a process not unlike the random hairline
cracking on the surfaæ 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 capabilty of the glazed architectural
terra-cotta unit.

Spalling, the partial loss of the masonry material itslf, 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 itself. Trapped water is often caused by poor water detailng
in the original design, insuffcient maintenanæ, 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 suffcient pressure
(particularly in the presence of widely fluctuating temperatures) to pop off sections of
the glaze (glaze spallng) or to cause the wholesale destruction of portions of the glazed

architectural terra-cotta unit itslf (material spallng).

Bliterig of the glaze, lie a-azing, is the
result of the ina-ease in water in the porous
cly body and the subsequent destrucion
of the glaze as a result of water migration
and pressure. Glaze spaDing may also be
causd by deteriratoin of metal anchors
behind the terra-cotta unit. Photo: NPS
files.

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. Spallng 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
spallng.

Material spallng is a particularly severe situation.
Not only is the visual integrity of the detailng
impaired, but a large area of the porous
underboy, webbing and metal anchoring is
exposed to the destructive effects of further water
entry and deterioration. Both glaze and material

spalling 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 diffcult 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 susæptible 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 subsantially 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 spallng. 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, fallng 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
diffcult.

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
mortr is the "first line" of defense in terra-cott 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 craftmanship 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, caulking around windows and doors) bears significant responsibilty 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-cott spallng in dose proximity to a window or doorway where the
caulking has deteriorated.

Stre-relate 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 (c.1900-1920s) had little or no provisions for
normal material and building movement in their original
design.

The damage shown here is
the result of direct live load

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
glazed architectural terra-cotta units themselves. Cracks
running through many units or stories or large areas of
material deterioration often indicate stress-related problems.
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TlSR,ici_r1lon, In turn, permits significant water entry into the terra-cotta
syømame has settled and
shifed the weight onto the
exterir terril-~lta ~Cl4if1g .. .I~f6fMaM4~ Inappropriate repairs result because using new terra-cotta for

replMil81t'OfIl!Ï'rated or missing glazed architectural terra-cotta has generally

been ImpracticaL. Repairs, therefore, have traditionally been made in brick or

cementltious build ups of numerous materials such as stucco or fiberglass. Some
materials are appropriate temporary or permanent replacements, while others are not.
(Tese issues are discussd 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 passge of time, become rehabiltation problems: replacement brick that is pullng
free, cement stucco that is cracking and spallng, or a cement or bituminous repairs that
are not visually compatible with the original materla,1.

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 subsquent 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 aspect 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 necessrily complex. For this
reason, it is generally advised that the
examination and repair of this material
should be the responsibilty of an
experienced professionaL. Few restorationist

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.

There are some methods of internal and
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.

Materil spalling is the result of excessive
expansion of the porous tile body caused by water
and freezing temperatures. This is a serious
condition, often dificlt to repair. Photo: NPS files.

Preliminary cleaning: Before a terra-cotta building is analyzed for deterioration, it is
often advisable, but not always necessry, 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 multitude of
problems. It is only with cleaning that these problems become obvious. Recommended
cleaning procdures are covered later in the report.

Methods of Inspecion: Prima fade 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, spallng, cracking, etc.) should be made
on elevation drawings. Binoculars are often used where cost, height, or inaccssibilty

prevent easy inspection. However, much deterioration may go unnoticed unless
scffolding 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 mallet. 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 failng 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 scnning. Infrared
photography, a kind of infrared scnning, 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-cott.

Sonic testing has been successully 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 collapsd
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 oscilloscpe 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 stil 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, permeabilty 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 replaæment 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 souræs of that water have Exposed or freestanding terra-cotta
been eliminated. Repointing, caulking and detai6ng (parapets, urns, balusters, etc.)
replacement of missing masonry pieæs are also of have traditionally been subjected to the. . . most severe vicsitudes of deterioration as
primary concern. Where detailing to conduct water a result of freezing temperatures and
in the original design has been insuffcient, 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-cott, the servlæs of a structural engineer should be sought to

mitigate these problems. This may include the installation of relieving joints, shelf
angles or flexible joints. In any case, stress-related and structural deterioration, like
water-related deterioration, must be stopped before effective consolidation or
replacement effort may begin.

Cleaning: The successful cleaning of glazed architectural terra-cotta removes excessive
soil from the glazed surfaæ 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 efforescnce.

Commercial cleaning solutions may be appropriate but probably are not neæssry when
water and detergent wil suffce. There are, however, certain cleaning 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 effect 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 sellng 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 subsantially
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, architect 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. Spallng of the glaze, mortar, or porous body

wil, 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
buildings. Ongoing and cyclical repainting guarantees the long
life of this materiaL. Repainting should always be carried out
with a mortar which has a compressive strength (measured in
p.s.i.) lower than the adjaænt masonry unit. Hard (Portland
cement) or coarsely screened mortars may cause point loading
and/or prevent the outward migration of the water through
the mortar joints, both of which ultimately damage the
terra-cotta unit. Repointing with waterproof caulking
compounds or similar waterproof materials should never be
undertaken because, like waterproof coatings, they impede
the normal outward migration of moisture through the
masonry joints. Moisture then may build suffcient pressure
behind the waterproof caulk and the glaze on the terra-cotta

to cause damage to the unit itself.

A worker clans out mortar
joints in preparation for
repointing the architectural
terra-cotta Photo: NPS f-.es.

Repair of glaze spalling: Glaze spallng is also a highly culpable souræ 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 product 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 spallng, where visual or cosmetic

considerations are negligibie, should be treated in a manner similar to glaze spallng
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 spallng 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 cementitlous buildups are
diffcult to form satisfactorily, safely and compatibly in situ to replace missing pieces of
glazed architectural terra-cotta. Cementitious repairs never satisfctorily bond to the
original materiaL. The differential expansion coeffcients 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 spa lied
severely thereby losing much of their material and structural integrity in the wall,
should be replaced. Partial in situ repair wil not be long lasting and may, in fact, cause
complicated restoration problems at a later date. Appropriate methods of replacement
are discussd 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-cott may
fall from the building. This Is a particular concern with greatly exposed detailng:
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-cott pieces are often removed or destroyed in lieu of such measures, This is

particularly true in areas of heavy traffc-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 wil expand with the normal
dynamics of the surrounding material, yet
effectively keep water out of the system. Any
one of a number of commercially available
waterproof caulking compounds would be
appropriate for this work. Holes and static
(non-moving) cracks may be caulked with
butyl sealants or acrylic latex caulks. For

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.

This crack is being measured. Structural crcking,
whether static (nonmoving) or dynamic (moving)
should be caulked to prevent water entry into the
glazed architectural terra-cotta system. Photo:
NPS files.

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 architeural terra-cott: Replaæment of severely spalled,
damaged, or missing glazed architectural terra-cotta elements is always diffcult.
Certainly, in-kind replacement is advisable, but it has a number of drawbacks. Stone,
fiberglass, and precast concrete are also viable choiæs, 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, replaæment units should be anchored in a
manner similar to the originaL. Both structural and visual compatibilty are major
considerations when choosing replaæmentmaterlals.

-- Removing and re-anchoring damaged glazed architectural terra-cotta is an extremely
diffcult If not impossible task. The complexity of the interlocking system of masonry
units, backfll, 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 replaæd.

In-kind replaæment 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-cott 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 compatibilty 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 sils. 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 replaæ 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
replaæment material, the architect or building owner should plan far in advance.

Stone may be a suitable replaæment material for damaged glazed architectural terra-
cotta. Its durabilty makes it highly appropriate, although the increase in weight over
the original hollow units may be of some conærn. 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 detailng 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, voussirs, etc. Anchoring is
easily induded in casting.

Significant drawbacks in using fiberglass replaæment are color compatibility, fire code
violations, and poor weathering and aging proæsss. The appropriate coloring of
fiberglass is exæedingly diffcult 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
rehabiltation of buildings in areas of high seismic activity, many fire code requirements
cannQt be met with t-he 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 necessry. Concrete can he colored or tinted to
match the original material with excellent results. It is cost effective and once
production is in proæss, precast concrete call be produced quickly and easily.

Experience shows that it is advisable to use a dear masonry coating on the weather face
of the precast concrete units to guarantee the visual compatibilty 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-cott

and show promise for future rehabiltation 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 stinless 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 itslf in mortar. When
replacing historic glazed architectural terra-cotta which originally employed metal
anchoring, it is important to replace that anchoring when replacing 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 wil be suffcient 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/rehabiltation work on glazed architectural terra-cotta is demanding and wil
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
craftmanship assdated with this widely used, historic masonry materiaL.

Suggested Further Readings
"Redpes for Baked Earth." Progressive Architecture (November, 1977).

Mdntyre, 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,
Ontario: Asociation for Preservation Technology, 1976.
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November 3. ~00

Aritectural Facas
60 East Luchessa Ave

Gilroy, CA 95C20

Attention: Nelly Kaleva

Subjec .Lehigh White Cement

Dear Ms. Kaleva.

Tnis letter wil ce that at time of shipner. Lehigh Whit~ Pc r:~and Cem,mt i jpE: I

manufct at the Valles facilit wi the :.emical¡ and ¡:hysicc1 reuire.l1ents Jf ~he
current ASTM C-150 aii is Low Alkali Cement contining les~ tian O.60~() total alkali
when test~ in accordance 'N~h ASTM ~."'!.i

If we can be of furtr assistce, please ::n~ your Lehigh S :ales Offce:

Best Regards.

..ai:f ;:~
Larry Rowland
Manager Marketing and Techr:ical Services
Lehigh White Cement Divsion
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(roving ti)

Choppe Stnd
FHmient Dia.l1eter

Choppe Stn Lengt

!3PBDUCT

Date: Debe ifiioo 5

1j. .
Mr. Fraois Go
Qual~ Col Maer
Satnt.Qoban Vetrte Es S.A.

TesValue

. 16.j7"1

~.':3%

C.060/1

¡444

14 i

l (()~ aprlicab~~

. Saint-Gobain vettax S,ain S.A.
!ucinalll, iQ 34.50. Ad. &0. 28 Al de He!l (.. ri. . Søln
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; MATE SA DATA SHT
Ia cwplÌl wi EE DIn m l2I a.17f 1D2Ø/5 dI 07;27101! ..DI 91n55 dI . 991 .
An ia c:ce wi IS.. 1101..1 da O3Ul II ANI ¡40 J d8 1 *I i

.

I-COMPAN -PRODUcr mL~CAnON

MAACl
HpQiew .... G 1'11..,...11 s.16._"~BP911Je- c.

. : (3 (0)/19'7 51 00- ,.: (3 (0/19 7S S3 99

Pt- pt~V..""s.ea~IC34JO
So!l: ,\ic de He (M:1)
. ()41 181 sroo
Fa(J',1 W 5103

s-..... LaM
51. lU el W'" cl ll_
P -I1111 Vu
It: +331 !"134000
Psa:"'332!4722192

~a.5.J.
. Cu :U¡o89
1.13100 Vai
.: +3l 0161 11510
Fea :"'))01612S121

SIII y~ U - Pliit 3ZJ ~
cz7125 Ho
II : .. 42 614:: 11
F.:'" 42~,:Z4:t ns

PRODUCT mDî'CATION:

"AR coatilIou fi'~Db:las fiberi"
Comerial bn AR, Cem-m.~ ilr An-e~ll

Coti DI Cu.l -- CW:
. Ealroeaial IDdIl KJI. aD Seur Direr or The ".1l1ot Br ofSa \. Sa V.. Jiul S.

,P.. +33 4'7 75 53 '- Fa +33 01 " 75 54 03

. si_we~baLCGm

1- COMPsrnoN -lNR.'lTION ON CONSIUUENT PARTS

Glas fi for reement ar bacaly ;old as:

Reli3JApr :.00 i13

s_oGoaall 'lUO!I .iin.i0I131 3.0\.
7"i~ :.; li ':es .i!:aarq!l! 3P 9:9. "X:: Cll:e c:~e: . "'3' '":81 ..33.0lA 7' -'5 S3 Cl . ¡-;i -1311:479 7' 53 S'

s;i ~-.. ,:;o:i co: 'j9 7:1 5~a !. ;;....¡i ~ R C 3 Ch".Plar.y
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ASSELE aOVIOS DIl ROVI€i'R
æOPPBDiSTS . CHP~ED ST MATS
1' YARS : MJ,um FIERS ¡CONOUS FIMA't ~. . .- I .
On Sa..bl Vet pr 'pàg. tb ~ nBCS ar followed bya co DU.! . ! ..
1' MI SI o.a. SI Is va fi al" p... .
Gla fi ca be co u Mn~ as t1 m deme IS arlei iD
ti ma of de fo iileminllOl oldi Si aB Slie amem
to ~ 67/S48cø OI d8 ~ (Ê Dås i9/8 Vc: tnd.
mil.:) or ÌD th USA by 1h Am TS fTox Sa""ce CoI
Act) or.EA 40 CP 110.2 ai ab iOO ot na reauLtDS ,:CSL inCaad fo innce). . .
th ar ar mi of Al GL in di ti of ctin si aD
a si vr in .J a BIN£I in ti CJ of DI
The CAS numbe of gl fi is 6~99.17.3 (COpodi ti th ox us
for pructon). .

AR GJu is an alin an ac restt gl It copo tion (:x:d in
oxde;) is within th following pemges

SioiZi
Alkin oxi (N0. 1(0)
AlkiD te oxi (caO. Mg....)
B20:
A1203
Ti0
F2

SSw7S0/

15-20%
11-21%~
0-2"_
0.5%

'Q.3%
()2 %

AR Gla co tiCs of naly-o r8 niaer 1ñ to ""
ccæ: of Uraium and Thrium is te th SOO wid a tota specifc
acty beow 20 Bqg.

SI is a mi of chemls alicd to th' gl :itls iÎ a maimum
quatity of2.5% - more' gely le th! .S%.

Mo of th mcáU is ma up of baicaly no ree high oiole w"ight

polyer DQ list as subs in die 1981 EI Jnmrm ofExhting
Comneia Subss (ECS) nor in the BUCS :i~diw (Eurpe
Li cf~otied Cheica Subj) nor in th ~ericii TS:A lis.

Rmll ;;¡A~i 2007 ¡/lj

Saln-GaDaVII'OI.. '1adnal SoA.
~-;~ ,...¡;:ec~lkarQ94 aP .29. ncC9 0::-''''",_0''' ~. 7e .?:IC14:"')~; ;¡:;:i..: ill -110i. ~i; .. ~:i ~

SA ::i C3a.i. æ -;9 ~ir ,50 t " n. iZQ ~ ReS :1I1p"ii
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SANT-GOe.N
VE'rR01EX

." i " .
Ji so ca si .. pr fr øoi, ~it ra si Or COni
ie ~ iaiided iD 1I 1_ ~ of 1~ re .. _ "
po~.cl tb.....IW:t¡Ü. pa:~ ave., sm ia
ma n: wJ ju di prour .- &t in Cber 8be. " . I. iA se ~ or ~ pr in al :al SÎ is a me of lb
oro- fiiJ_ Th pris aa mr le tb 1).05% of th ti
we of si gl Tb pr ar in ia lis of p~ reuirg
1I prud 1a ia a P, SI íoeXple in Eiipe RD":
if swaled or in lUI 'hul in coim wi di !£ll.. 136 'iøtat foth "eyes . ' " '
Th DIuf co 1I ri as neli1e :i di" lii as
dI pr tbCOatn is ex low io ~ ar polye:i
du th productio of Al ala fi

Oter prua ca be us in si. üsua~: die am is cxrcely lo (tnde
0.1% of tota weght) and as a @enft nile su prts ar DDt cr th

dageus pruc li or. 1$ tb" ha re an po tili ns ba be
reuced

BI FOR MATS ar li moleiila weigh polyiners .jted in
quatites unde lOCIJ an polymse on chpp or ,:oti"lUI)U3 gl nand
ma. Thcy ar not on dage prdUd li.

If so reue by mcllti tI Cbc Absxr Serv (CAS)
refen:nce nuber fo th inic us fo a gien S1z ~r btn can be

COmDlunic bu mus re fot1 code us ofme:i autes.

3 - HA IDENCATION
Connuo st gl reiD :ib ar Ilt sijf-ti, ba'"

Dels ab chemica baa ar given in p8 2. TalicoloP: as ~ts
ar develope in det in ch \ 1. Th es poDt tt rebe :s th

gl fi1a ar not "rirle- as th ar ov 3 i. in di.11 and have
be mown no to ca lun ca.

Hazt' idenec ar:

Re J1Apr ~.o7 : flJ

S.lnt.(" Ye"~lI :n* t&ii.. S.A.
:-~ O~ ¡, ~.~ "'~c='J.; ~p ~g. ~ Cl\l:lI ~~ir. ~:,. ~æ .33101:" 7S 53 c: . f:i -13l0"'~'~; 53 ':9

S A .i:: tit 99 j'$ 5S ~ . 324 420 ;a ReS' Cllii
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VEiROTEX

. .
.. mec ir (11in
· dn foon åf Il ~ du (br pic of dier si) aD
ii iaple fi . i ,

. ex ra 'plites ()f al. I

4-I'Am
lN11N:
SK CONTACT:

ree fr th Sl of upiure to fr ai

wa c:ly Wi lumi so 911
wi iuiDg exel

EY i:O~"Acr: t1 in naing wa (for ~it le. 10 niinuæ~ and
colt if ne a dor

5 -F ~'U FIGBTG

In C& of ~ gla nb ar iit tlle, ar in;ombUltiblc an c:on't

. suport couson.
Only ':he pakagig (plasc film pa. cabo wo1- an the sm amc unrs
of si or bier ar li to bu. Coi.. ga an: baicaly carb
diox and wa vapur. Th miy be mi quties of camen moncxide
and other subsc.os which. ma it aecar to uspratec1iv:: device :1. the
cvent of a. maor rue. .

RECOMMED EXGUHING ~IA: wate or poder

6 - ACCIENAL SPILGE

PERONAL PltOTECTON: Se Ch 8.

ENRONMENTAL PROTCTON:
(n leeg te gl fi wa di net emit an signifcam quat:s of

daro prochet an th ca tbre be CC:d' æ. IDirt lDuslr
Was~ or even COlDll Wall as de by naton an oc
rehs All was iId sc ai&æal si be ~l c,f in acrdan
wit applicle nati~ fc. st an 1ccarens'

CLEANING:

Reon :;JAvn::0 4'13

i.i~t~_n 'J.i-oiaa :nm 3t1on.. s..i
;~. ;: i :ies ~ :i~i;ef 31' '~2' . r~a;5 Cnsi.ierl =,.. ,=- . rei .. ,014 ,9 ~i53 CO ".:,~ ..:3 !014 ~9 .~ :. r.

. S,: :lll ;31!! ~ 99 j!J7 ':50 i: . !24 ~.O;' ~ C S :::i:inb
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It is r= 10 id 1b dI lI .ofth 5b fOU in wc
at conecdy. ÍD pa 11 .'1M :wols aa mine fi li
IS ~ ar ~es pr ID Ca be êoft wih ::utuoas illliaw,,',. . ! . . : ~ ;

Ccun

Aus
~ Belgi.i

I
,

I De.a
i

\ F"mlan
. Frace
Gean
Gr Brin

I~trands
lrlad
Ita

Norway

Poi!
Søa
Swed

Switeran
USA

TWA(ïim
Du Weighte Avineco)

(mg;C1 fu I
mmwo)

fi i 6to 10
reirto

to
toml

reirale
reirle

tow
rele i

tota
I reirle

reirleto
ieirleto

toto
releto

tD
tota

S

10

10

10

3

5

10

2
to
5

3

10

5

10

4
10

S

10

6

5

Fibre
TWAcrun

Weighte Aver"
cocetrn)
(Fibresinil for t

ho ..iar) __
O~j ,tota

~o
rcat _

tol i-l-jtota 1reiralt i -
reiralt 0.25 ¡-reirble 2 I

i -:;:i.=h ~total L t I
to~- 1--;
tola
tota
tota

-
:=1
°i:q--rerak:

tota

PENA PROTECT0N EQUIME:
Reni prieon du ocio opens releasin¡; high qU8ti~ of '
dus wea mium FPI or ptcnly FP BEe aped du;i :uasks Ty: 3M
1710 or 3M 99 reita ~ed acccrd to Ami "Hatilngitte
For (Jcon Saf And lfea (NOSH). di.ve ca be usd. for
exple.

Resioo 3/ Apr : 007 iii

SiIt-Gobal ,1øiroOK ::1trnaiJanai S,.,
~Ol ~iIQa~I:oog8:1 3P~29.'~~9Chi!cerCC:ø. .~':'.~.1 ".i,O\4 ~ .ssir:. ~ix ..il,Ci4;G '; 51-;;

SA .ni :.oiii di ~ ~; 5S ~ . 3~4 420 18 Res ~!~er
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.

Via ~ sw ~ sh ÏD co. no used'tbr gi ti .wa (se coii). .
., -lW" STGE

I
i

HADLI (lecJm mea JPron I Sa bag :i):!. I . I. 1 ;.
It is prle to avid pr CO "Ni ti sk wer :icw pm
wi ;Iem aa 1og1egs orpn ov go an cb ma~.
Gla ti im da nm be r: fr:w pr with a VD'1 .
cle an RO blo of wi. copr .. je Wai work pm
seai fr 0I cfo' . ,

. -~_...

STORAGE:

Tecic me re me stø prdu reëRl fo
ea t)pe of pr

Ster:~ =ditlms: 5tre iway fr ~ive ht!n:dit' to ~!Vent
dae to me pr an to di~ pacing mat~nals
wbi cold lea to stra _ ': prle

J ncoripable ma: DO rek."Yant.

8- E:!POS1JRl CON'ot - PEllONAL ~Oncnori

TEC:-1CAL MEURS

Use wer appi-iøñ me (sun. moifica of in.c'JJg mec ds to
ree ñb du..) to tr to re th coce of ñb ¡ in tM ai lik:ly to
ca irta

TE~ PARAMETERS'
Tes ambien atmos in whic gl fi is us redlirly to demmelcvehof t

. "'non rele" an "reirble fient;.

. "non-rralc" and "'irible du

"

Legal reuients for rele an non-¡eirle du and fibr V~I frm
COì1 to co (or do no ev ex). Th tale be~ow tpr-q using the
knowledge we cutl po) sh th li apl:czble in diftèrt .
coUlriies for Time-Weighte Avei (TA) exsu

Rcn 31Api ::00 ;1\

sa-G V,ll. '_nai S.A.
~,: ,_-" ;"5 ':;icg'U ;ip 919. ~:""C c:i__ :::oi. ".,0:. . iel ,:i3 ,0" ~9 '553 'l :. :: . ~3 ilt.. -; : 5 S~ r;

S A .i -: ci* 99 ìC 55 E . 3201 "20 785 Res CNmlCl
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Pr qfha aD Dt aa pn oIth ~ . . .; ~
øk ro:th hi ,~ pn aD ba 1enpl to prvenin ;; i ~, . i
Pele. deca sk sh ap hI CI 10 ap sk "ar
Eye pnll: sa !Ö (or ri) or sd.. .- .. ~ . . i i
Du nc bIiD an us 1l pr ~'t la to II ex above 1
mSv/y (1760 hrj.

!
,I

! ,
9 - PHYSICA AN CBCA PROPDTI

PHSICA STATE:

OOO-JR:

solid

cous or cbpp or ma of fi ma i.p of
c:ou pule fis glued toBet.

wh or yeUowi white

non ex for soe pme.:s frm whii:ii a
sligh blx acid odur is sJmetmes reeas
whe a pale or c: is op. This od t ever

indicat~ that an ~entul :oxi prduc ha ~
relead in a d:geus amc'UI

pH: not aplicle
SPECIFIC TEMPERTt AT ~"HCH ':~'iGES IN PlllSICAL S7\TE
OCCl,JR:
Softg pot (Ltt pomt) : apxi1y 86
Meti~ pomt apaæy 12800C (visi tepere 1 )00 p)

DECOMPsmON TEERTU S. im mat bin stt to
de at 20( PC

FORM:

COUJUR:

FLSH POIN: DOne

EXOSIV P~OPERTI:

DENSll (mol1 glas):

SOUBn.IT:

no
2.7 g I c: c:l.

Vf lo soluilty ~n wat.
Siz;an bi can be

pa (and eveii tDtly)
dUcd in mos crgaie solv;:its.

Re !I Apr : OO~ : : 1J

Saint-un '/OS:'1 :niellticaI3..=
~67 ~"'¡; :e! .:.'Ql,lll 3P 929 "'39 c:i3l 3=:ll' ='~..ei -33 ,C'i~ 79.S 5J:C . : 11 . iJ m!4 ;9 ~; 53 99

S;. au c.ii ee 39 ;''37 :5 € . J2 4.0 ;-s ¡: ~ S O!a-ioel
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I
.10. STAB ANUAC'STABn.: . : .

Stle iu ~ us ai .. Cond ~ lD noma fbrele usac: ' i
HAUS LlcrONS '
Gla reor si al S1 and neer ge hizus chucalre.
HA\RUS DECOMPON PRODUCT
fD CO cobu coil. in aditaa to wa vapour an CQi smal
qutiti of CO an NOx ma be re fi th i:tusli of th siiuor ti biD. Ot ~' ma be ra in : imit qatiCS
dec1 OI cembu cm This is wh Ît is reerde to uS hig-pe ga ma' wh fi in fl
11 - TOXICOLOGICA lNll~.lnON

ACU TOXICIT: not rele'ilIt
LOCALISED 'EFFECTS: pole teponry InOODS

This irn is of a pu meanic: and tepo na:ur8. It disappea

wh ex is en It ca aft th sk tb~eyes and tl: Ilppe renite.
tn. In Eu me inOi is not co to he a he hi.ai
wi1 me tm of Ea dies 671S4 far biizus pruc.
Th 19 conf by the 5u th EC Dirve 97/69fEC for ininerl tibT doe
ii sti the oc' to II an Xi (irta) lal nor a ~ lafior for .
co. std gi fi (wh iD this Ðive only aply to :Pu
insult. wols in soe ci:e). '

i

SENSmSATION: SoJmo alleres to CliDlÎluous 1td.Pa ",
fi hae: be dela All smog Btu li tete tor thir we st
-.si prer wh deed by Sa-G Vetoæ an ar only
ad if1l havo DO or a ve lo sale In case of 

th aInr is
coed ,ree the t1 üm the SC of th ex.

.

LONG TE TOXICI: CARCIOGC RISK
Co.ti.o. st II tins ar DO nsln (te. do not ~enett the
. lun nleoli). This is beciii. fi ar ove 3JU in di (ard. mostl. eve
l0iu). Even af hali1h lq of~ fi dust is abo :Ne over SiUi
md !he legt I diam rao is grte than 3 : 1.

Rt WA.¡i iOO1 ¡.m

Sailoloiai 'JIlRnX ~18".daal 9 A.
i~ì ~..: :e~ ,\CODrgc-.. 3P 92 . 73CC' ':'l.cDe QI:u . ="'CC . iel -3J ,0'4 ., is 53 CC .. - IX P.:.J IO~ :":~ S~ *"

S;i If" ca de S9 'm7 ;;0 ~ . ~24 ~20 i85 ~ C S ,=iSl!lll!
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I, 1
Tb'ai tb "".lin by th Word He Orisiill (WO) fu .
th deid of re fi ; . .

," !-"ta_..:' ,, \ ,i .
No of aM foUø Óf oriSl ha.a aay ri of canc
cbtb Amac .. uS of camlO m. aJ li . : :
Dag it am iD Jt 198, Wor He OIis (WHO) tbib
th Luie (kD8 ~ ofJ.cll OI Ce) exne al11
Sia =1 anls II eplo Sb C: ou Ull cotius
SI ~ rc fi ' : :i . · .Th co wa .. .. 'llt! 8f .. duW . ti tla
~. Tb ti to 1I Gra 3.iWl Th cla ba
be co by th L\C Woring Grop me¡ afOetber 2001., .
Th (DI La Of (10) md th CS rCl Sati
Tnte Pr) Ca to th SI COlu in a COla he in 1S17., ,
Eurrea Comison Die 97169ÆC ôl 3/2J, th :0,4 iacn1.t to
~ 6-71S4I1C Wb corn cJff, pe~ md laning ôf .
ba mb di not thin it near to iii piS fi as havig
caiiogic ri
Mo EuiP, Uni ~embe naons bav~: trse rhi Direye into ~eir
na law an ad th sa oons:

Coun I Referce of!rtion dots ofDir;;tio 97/69/e"ë-
; Ausa ChikencrordDl!Jlfl 1 ~J --
\ Belgir.i

Fre imon by (( Koinljk Be;lcit~ of 15:119

'Pblish OI 2~De BEK NGI 1/199.01.09 (Miis of Enronment) 

Finlan Laorin 23/098 - 24/~l8 an LiS1 of
Haas Chca 16.12.9

Frae An minl du 21~ Cirla 'ORT 9910 do 13/~19
Gean 4t ad of th 3cr Gcfacrordir.mI'l99 I"
Ore Br 'T cbeiie (H In aa pa:arig for supply) \

(am)'Resll 1991 611/9 .
Gre I No avle
Th Wijz1ui (Stb. 217':001)Ned
Irelad Stilnen1S si N°'il3 of 1998. Eurpean Commwiiti(Clafi Pakag. Lalig and ~otcatior of

L Dan Su) Amendm ~oi ,le hdon 1998. Efft
OI 22 Dl:mbe 199t

Re .l/AprJ2'J sin

; S3",t-GObn Vetroie In 3U S.Å
~!\ ~ c.. oIec;e_ 3P 31 . 7X:: Cliii CI:e' ;:'8/ . Te -Ji :':i~ ¡IF 5 :: ;: ".:,1. -:, J 1C' i9 ;' :J "!!r

S A zi ::Clal .: '" 701 :s e .12 ;2O:"ll ~ c:; :'''eir.~
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SANT.GOBAlN;

VETROTEX'

.

Ita : De . miJ de 11110 Gata Ut1ia':;c
pn19l11J D2 pe l6, dI de 

2 fe 1S-L.
;

.

ciIDn04de 15l99 . i . ~
I _. . Gn Di dI 11/1Dl i

;

Po i No diib i
i
I

Sp Bule Of dol BJI (11lQ91)
---

Swe !
KIS 199:7

OSH; (Ocon Så aa Ha1 AdmisOf) en ~ TP (U.s Naåon
ToXcOlI PrIl), of Ame exiAon have no I st
COuo st gl fi as baus suce and the ACGm
(Ame:ica Co&:em of Gc11l1Cta Indal Hygiit) ha. çlasif
th.15 A4.(no claifed as caingei: fo Ma). .
No ne stdies ~vc: led th oristi to rcis their postii)n on -:is sujce

M~ laws an ;t col r~inb!e fi do Dot 8Llply ti conUJ.ius
filat:R ~foii:t fi

Far ~:aple.

. The: cocentron of rele ff in the ai1i: 3phe (1 tbrc i
eu.) fi by French circula 95/04 dated 1211/1995 (in

adit to th da 19/07;1982) frm the Fre1ch ~ÍS' for

Wor do no aply to gJ re fire (which an: not
reirle).

. Ca ri in Kl de in Gean TROS 90S do nåt
LPly to ?onrair le cotiuous filaent piS fi.

Epidliiuqc: ad ~ntory stuåies

No epidlo an IaraTY st cared ou up iml now de~ir
iD a sciely sitk way my ri of càce relat. 1'.) reinforcementfi ;
Seven re epidiologi stes (Chi'me 199. BoJtietl :.9C coimed
the alse of exc molit due to cace in peple working in gl ibr

manufag filites'vs. conal p:ilaicDS. !

Rcisr.: IApn :.Xf
10113

s¡ii-Gooin '/n'Q18l1.,nt¡iil\a1 S.-. _.' _. _ . .. _ _
~:;: ~"3,~es ~:~'" 8paia. ;'.cSC1;;!:::"" 

"ii. 'BI -33;014 ,9 :..~"::.~ L ""31014 ,9 ~ 53 ,s
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SAINT-GCBAN

VETROTEX

. .A re ~ plli in 20 by th IQM (I: of Oc
~ci ~ Edjn'!) àllSled ~ ~ of E- mic by .anùs II ea.lhI at ..100 tI ~_ .. eI wh '
us l1 fi ... CI:ac rl1' mifi .. notpl :of th pr l' Prod ad 90 ~ ~.Q Vetx an th '
t1 II DO lik ~ cb cU apll fo lI .. fi desribed'itb MS. i :
Ba.. ftbl ,. I
Wh gl fi Ir chmi1l or sa 1hey ar cut pcula to
st.lc .i DO :sm1e di ~ ar pn:n Coersly t
signfi qu of da ca be ¡aed w1 is wh it is reommended to
us pcaa pr la du a1 pr in sa prue.. ::cbcpp Sluds
er fi) so st ha sh ve lo qu:s of ~le! wi
tius as (l~3). sh (b neencl loge th S¡.) ui W:Ul an
~ cletofUD 3 IU.
Qu me ii wo atsph .i SO to 100 tis lower th iil the
limits fi fo reirle fi bt wt th is a high risk of dus generan

it is itgl rimened to we ma .

MUTAGENC RISKS~ TETOGENC lUSKS.lUSKS r'OL
RERODUCTON: :
Con:iuous st gl reinforc:nt fi nave no ko :i~ks.

11. ECOTOXICOLOCICA INFOÐt..\TION

AR 31a is not bioie.
Siz or bi an oric ID slwly and only parti dilv:d by
DB ap li wa. As th ca of th ingriuts :n th mix
an ineu solubit ar 1o' an as 1h have no bi clafied. 3S
ba gl ~CC 3t ar CO to mi"e no ad: ec ".
to:oloca eff. ~

.
!

Gla fi an sig pr we i1t llte as prull-t lik:ly to des.
th lE. laer by tbë 198 Motr Pttol (Cla 1 or :I;is 1). The lis
ar iDlud in EC llquon n° 309. an in seon VI ,if amcndiiu:ßts to
th "Clea Ai Act" b, th AmerC¡in 1!nven Agen (IPA).

Gla: fi sÍ2 an bind do lKt colliD PC (polychlcriIlatd bqihenyl) or
and oter polyartiç prduc of th saine type.

RaQa )/Ap lOT
11m

38l-Golin \'1U1 lntimanli S.'\
?~7 ;y., .:n ""oilo~ :i 929 " ~:i Ch~ ::'0"' .r:.... Tel .13 10M 7'1 1'; 51 :c . !'OL .331014', ?,5 ~:i '39

5 ;i- '3 ~la i:. 99 :t¡7 s: ¿ . J:!4 i120 ì! ~ C S ~'arer ,"



~~
SANT-GOBÄN

VETROTEX

i !. 13 - WASDJS
i! i .DaI;OIIo relI &l fi ~ ca oir be co as

IM .. or u CO ' . Ii -- As su tI' ca be bu in
lall lpovt fo 1I ~ie l .,

II ,
Gla fi wa ca be ib1red by iaOD. an :: daJiie
ininatD by 1i ~ of i vi ma, ,
Cle i: wo' pl (fi or ba) ad peaa c. be e1imini:d in .
unit sp to tb p~ (i. for ra~ or us as fus).

14 . 'r"mRT

INRNATION REGULTIONS:
Gla retb fi ar no i=i as'haou ,lU by tr~rt
relans.
it is l10t on of tl~ ~:; i1us.:ia i ¡Sld in intemaoaa'eli;ulaiion.

.15 - UGtlTORY lNlL'lTIN

AR coti1l 5Jaeots ¡l fibe do no t re haus :ièue latE llag
(se Chap 11).

Geera hygie and wo sa rculaoni aply (se Cha~ a).

16.0TBDlNRMTION

FOOD ENON: Apdi m of Eur Dir=ie 2O72/C
de:s th copllibili ofpu .. fis wi fo GDvirounCD as adtive
to placs.Ho ~ fa th sbin pr sh ~ shO\ on th cerrt
lis aFEur Cois aped pruct th BOVV I..il lis in Gena
or th Foo aD Dn Ad r_ (FA) in th USA me th .. ca
by case st mus be ma if a Sant.Gbnin Vette ra£ prdu is used to
renfor a plutc mari in co with fo Const 'th Sat.(iba
Vemif Serce fo tù inatn.

CONTAcr Wl POrABLE WATE lu re11rins dif~ fr cotry to
co. ever que mus be eximine indivily wit the relevan ~'.t.
Gobain Vetll Seices

R.n 3/Apn ::
1213

S;im.qcDa 'I_en".. 'nWnaial s--,
7;7 ~..~".. .i1ii:1 ;¡p qig. '3t C:: ce:e. ¡:'31 . r~i '33 ,0)-' 79"5 si ':1'. ¡.II .J3,Oi4:? i3 ;3 S~

S A :r e: i: ~ 7r; :50 'e . ~24 420 71 ;: c s C:ier.et
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, SANT..GOßAINI
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i . " .
1b Mall SI nl1 Sh :is 'in id t. thPr spe ill' _ ot tlic1 llmeis by SA-G VE b1 do. notre tb ~Th info gi by di do is b8d en th da
sh,.1l It is ~ ÎI ~ £ui : .
Funer us atio is dr to the poss¡b~ ri
ii ',yhe th pr is us for ¡my pu odie~ th
th on for whic it wa degn
This MSDS' do no ex us .fim knowin:j and
aplying th ru reng thir aeit Use asme
full respoiisibüii fo .iplyg th apll :iety
me when th pr is us

For all aditor ïnolmon us shld c:ta their l.JC"u Sai-Gcba

, Vet:ex agnt 1)1 the Sait-Goba Vette( Intemù Envi:unrent Hi:ath
and Sil Dir.

. .

~ ::/Aurl:~
13/13 .

sam~ei ".. _ :nwrllai S,,
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Your Technical Spest For

Forton@ Modied GFRC
(Gl fi Reifo Cocr)C:Oa:i~'te

Th lo te ph pr of GFC
mo wi FORON po shsiifllt im re in imlo te ch.
Additnal bene include:
· Sinint inc 1h tee an
ft pres an ov phyca
di of GFRC

· El the ne for a 7 day we cure
reim

· Rece crg an dr shñnkaecr
· Reuc moisabti
· Ines ag tt stn to faur
· lNstbie
· Red efre
· Lo waleJc ra for highest

Uses of Polr Modifed GFRC:
· Ar pael an orenon
· Aral Roc
· . Pl an flow po '.
· Gá st
· Furre
.. Caunps an ties
· Roo sl .
· Ter Co reacen un

.. a.Kgiultjn M cO'
33 F01 SI Ar, PA 150, Phon 8O26 Fax 7'150, em baltco

46 So As Sl G15, Tem, AZ 85 Ph 88-77, Fax "8-3113. em ~g-com2~ Sh ~ Ci La Ma, Fl 3246, Phne 40-718-, Fa 40-31, em ~
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Al1lITCTRA
FACADES
UNLIMnED. INC.
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~ " .

l_.~ .

GFRC.BACKUP MIX DESIGN
GFRC FLEX ANCHOR DESIGN

(PER SACK OF CEMENT)

MIX UNITSCEMENT:
LEHIGH WHITE C1 sack) 94 LBS

AGGREGATE:
30 MESH SAND 65 LBS
TOTAL FINE AGGREGATE 65 LBS

ADDITIVS:

5% CHOPPED FIBER
by weight 8.35 LaS-',

')LYMER CURING AGENT:
BALL FORTON 23 LBS

WR GRACE ADVACAST 4 oz
WR GRACE DARATARD 2 ozTOTAL ADOmves: 31.72 LBS-- -.WATER

T 10 LBS
r - i

/

~~:,::~~e.~~,~.~;¡~~~,¿',:.c~,,~,=:z, .-...~~.~ -";=:i;"~~~f;'~~;=~',::;~" .,
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IRCHITCTRA
:ACADE,S
'NLIM/rED, INC.

..~..r
.;"

,/.~;;:~:::
JOB:,Ø?' COllEGE/----'

GFRC FACE MIX DESIGN
(PER SACK OF CEMENT)

MIX UNITS!CEMENT:
LEHIGH WHITE 94 LBS

I

iAGGREGATE:
30 MESH SAND 100 lB
TOTAL FINE AGGREGATE 100 lB

í

¡ADDITIVES:

COLOR: DAVIS 870 BLACK 870 GRAS
¡ DAVIS C1191 YELLOW 200 GRAS, DAVIS 5370 GREEN 150 GRAMS1-
-- "MER CURING AGENT:

BALL FORTON 23 LBS
i

! WR GRACE ADVACAST 4 oz, WR GRACE DARATARD
2 oz

i TOTAL ADDITIVES: 26.542 lBSi

LWATER
10 LBS

I

r
:¡;~~~~:~~~'~t~:~~g!-~:£~:.~=-:.:;~i;~~~~~~~3_
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Forton VF-774
C\e:zii~. l&.

Tedica Da

Ma 8.207

Decrtion

e Wat ba al aaüc copo1y emul forti to comply with PC MN 130,

Qu Col Mal, Apix L fo cu adix us in OFRC.
e VF., 714 al ha lon 1I na agein da to ve th it us in GFRC coit
imves äg flex preres.

o Vf.714 ca be us in pr conc to re abrption mata color UDonnity,
aD re or eliminat cr an efor .

e It is al us in cocr re pr and boing agts du to it mior adese

. pres.
Physiea nata (al MN 130 spcaon)

o Solids by weight

o Visit 23cC (Brokfel~ Spie 2150 rp)
o pH
o Deity at 20CC

o Tg
o Pacl Siz
o Grt

51% (::1%)
100-300 cp
8-10
1055 kWm,
ncc
.1300 - .200
0-50ppm

Stt!rage .

o For VF - n4 should be st in a closed co, in a dr envinment at ~ra
te beee SOC and 30°C.

o' Stoe should be enclosed out of di sw lit and aw fr di soures of het.

Shelf Lie

o With prpe strae condition the norm shelf li wi tyicay be 9 month.

ww.sIl.l co33 Pob: Sl Amge PA 15, Pb 80222673 Fa 12261S0 cm bel'@q-
4W ~ As Site GIS, Tem AZ as Ph 8I967-i7, Fa: 4I-a1 l3 em ~~ltc:
246 SI o. C1 La Ma, FL 3246, Pl 40-71~, Fa 40.3231, eiiil: ~CO
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Why use Forton VF -774 in
GFRC? i

l

Th qaan is as by De, ao ol~ GFRC pruc wh pr wi ad 1h For VF- n4 c0
polymer to th ba

Th tw prma an ve exly te an do re to us the VF-n4 in th be an

· Th elün ofdi 1-d wet c: re to ade th mamD st ofth GFC IDat28.
· To sitb impre th log.. phca prperties oftl GFC co~ esly th ag
fl sI to &i

In adon to th ve impo poim th ar oth poin th if ta inivduly, ar ha to qufy,
bu if ta colleely, c:ÕU to a 1i quit and high pe GFR pr

Th re ar

· UV si of th Fon polymer so th ar fiises ma th "a pr" colo
· ÚD woil oftb mi at lo wa/ceen ra whch tùer ei th stgt of 

thecu CO
· Ea spg"ofver su wit havin th fà mi sag.
· Coplet di of ir oxde pigmen fo ba-t color conssty of fae mixes
· Ha cu fa mi fu be sad blag unit.
· Tig, de co pr wh reuc ablut mois abon an yar peeail whi

at th sa tie signily n: th rae of ab as a fuon ofti
· EliDOl of cr an sp c:g in th fa mi du to th soft poly pale in be

1I i: pale am th sa gr .

Wh ev polyer fo OFRe, yo s1ou kn th follg detls oCti pr

· Pol)er ch no al whi ni liqu ar equa in pcfuce Ma ar no UV 'SlUe, nor
ar th aJ Sllc in the hi pH caeo ma Soe will reulfy af cug iftl ge wet

· Pa si 1b cols 1b ef of pigm an colo UIit ba to ba If tb va
, th sa am of pigm wi sh a di colo in th pal

· Molela we inue th duli oftb po in th ma
· Poler soli yo an pag fo th am of polym solids in th liqd. Th lu th poler

soli th be vaue fu yo doll.

ww.BaIKoul1ng:Ud.co33 Fo StEAm I"A isOO Pb lI2i2673, Fa 724-261S0 ClI: ~
46 So As Su GIS, Tem AZ &S Pb 81-77, Fa 4I-a1 13, _1: ~-ild
24SMOlCi La MI, FL 32746 Pb 40-:1l1-, Pix 40-32~3i. CO ¡:kotiCO
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· Decr cotr to normal pr yo do not wa ad ai ened in the GFRC coposite
VF- 714 co addion de to ma a high quity sh thugh the rigo of 

high sheami an spg.
- .~Deipton ofFonn vl-T14

· FOI VF- n4 is an all aac thla c:er em
· It is WI uo ..ia wi. poJ,er so co of S I%.
· Co wi Pe pla ce piaJl sp Ap L
.. Se iJ Co Lr Da Sh b W..174 da Ma 8, 20.
· Ca be sh in dn to or bu 1a no wi 10. WO days ofrcpt of or.

Wh to us For VF-T14

· 1' adir ofFòr VF-7741D mc of an no a: ra in th ma 28 da
. mi si wh in tu ma a hi qu GFC co

· For VF-T/4 is us to etiD th 1-dwe ca prgr re ofGFRC to ob th
bigb mast Th si ar &c in th de eqons fu the fied pr

· Th us of For VF-774 wil.re co va in pals· It wi vi elim dr sl c: in fa mi
· It imes th th cyli pr oftb GF pals in si by reng th amt of

mois peon.
· Usi For VF-T14win ime th 

sp of ve su an th pupigofGFC pæmix· 1l is a plag e1 wh usg For VF- 714 tbat is syerc with th us of su
pi gig go woli at low W IC ra

MiDcgn

Th na For VF-n4loag in a GFC mix is beee S to 'JA. polymer soids to the weigh ofcaen
Th amou is deined by the compoit preres de in the fied pr Th higher the amoun
of poly, th mo wa tigh an ductle th pa The ÍI woul be tr fer low amou .

Ty M"J!Po Ty I
SilQ Sa
For VP-714
Wal

Ce-F A-R fibe
MiHSSu

Spr Ch Prix Mi HS100 100 80100 8S 10012-14 12-14 12-14
Co th wa in di poym, th :f wa is adjus to de
W/Cra.
S% by wegh 3% by wegh 3 or 5%

20
4 tD 12 oz adjus woilit

. Unit ca be in poun or kilos

wwn.onul!com ,338 Foa St Ai PA 15.P 80222673 Fa 724-261S0 im bi-ag.td46 So As Sa GlS, Tem AZ 8Sl' 317-17, Fix 4l.ii 13. em ~4t246 si om C"ire, Lù~. PI 3246 P1 40.711-, Fa 40-3231. em ~bl
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Pr 5e card 17

I .. : i
This is to.:e th the Oaic 17, a ler, ~ infaàt and supited by Gra ·

: Coon Pro. W.R. Gra & Co. - Coon.. is formuiat to comply wih the .
~ Spft:ons for Chemica Admixre for Coer.:AS: ~)4, Type O. A'5l-TO: M1f4,
¡ Type D.

tI: Daratard 17 ci net contin calcim chloride or chloridEi:ntairiin~ copt)u~ds as 3 func":n~

_ ingreient. Chlorie ions may be present in trce amcint oontnhute frm tht! pmCl!Ss 'Na:9r, us in manring. .
'The foreg::iing:s in addition to and notir. 3Ubsutn for our stndaid Conditiis of ~iale
ated.

~~~eL~..
Mik Gardner
Weste Reon Te-hnica Sece Maiager
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The Use of Substitute Materials on
Historic Building Exteriors

Sharon C. Park, AlA

A. NOTE TO OUR USERS: Th web versions of the Prervatio Brfs difr somewhat frm the pried versions.
Many Ik.stratlons are new, captions are sinpli, iluratlons are typicaly ii color rather than black and whle, and

some complex chart have been omited.

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 replaæment 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 subsitute 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 wil result.

Great eare must be taken if substitute materials are used on the exteriors of historic
buildings. Ultraviolet light, moisture penetration behind joints, and stresss 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.

I oris 5/19/20 i 0 2:27 p,
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The practice of using substitute materials in architecture is not
new, yet it continues to po practical problems and to raise

philosophical questions. On the practical level 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.

ttt.
In the reconstruction of the

cl tower at Independence
Han, the substitute materils
used were cast stone and
woo with fiberglass and
polyester bronze
ornamentation. Photo: NPS
files.

Some preservationists advocte 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 project, and in many
cases with positive results. They can be cost-effective, can
permit the accurate visual duplication of historic materials, and
last a reasonable time. Growing evidence indicates that with
proper planning, careful specifications and supervision,
subsitute materials can be used successfully in the process of
restoring the visual appearance of historic resources.

This Brief provides general guidance on the use of subsitute 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 wil 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 subsitute materials, cautions regarding their expected performance, and
descriptions of several subsitute materials, their advantages and disadvantages. This
review of materials is by no means comprehensive, and attitudes and findings wil
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 mold
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
panels were used to imitate brick or stone.

2ofl5 5/19/2010 2:27 p~
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Metal (cast, stampe, or brake-formed) was used for
storefronts, canopies, railings, and other features, such as
galvanized metal corniæs subsituting 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-cott, a molded fired clay product, was itslf a
subsitute 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.

ht://ww .nps.govlhtpslriefsefl6.h

Nineteenth æntury technology made a variety of materials
readily available that not only were able to imitate more Substitute materils need to be

expensive materials but were also cheaper to fabricate and located wih care to avoid
easier to use. Throughout the century, imitative materials damage. The fiberglass column. . base has chipped, whereas the
continued to evolve. For example, ornamental window hoods histori 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 æntur', even less expensive sheet metal hoods, imitating

stone, also came into widespread use. All of these materials, stone, cast stone, cast iron,
and various pressd metals were in production at the same time and were selected on
the basis on the basis of the availability of materials and local craftmanship, as well as
durabrlty and cost. The criteria for selection today are not much different.

Many of the materials used historically to imitate other materials are stil 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 familes of synthetic materials, such as
fiberglass, acrylic polymers, and epoxy resins, have been developed and are being used
as subsitute materials in construction. In some respects these newer product (often
referred to as high tech materials) show great promise; in others, they are less
satisfactory, since they are often diffcult 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 should be explored thoroughly
before subsitute 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
wil alter the appearance, proportions and details of a historic building and that wil
conceal future deterioration.

Some materials have been used successfully for the repair of damaged features such as
epoxies for wood infillng, 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 subsitute materiaL.

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

Cost mayor 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.

Due to many early
failures of substitute
materials, some
preservationist are
looking abroad to find
materials (especially
stone) that match the
historic materials in an
effort to restore historic

buildings accurately and
to avoid many of the
uncertainties that come

An inert materil was injected into the hollow with the use of
outriger, permitting the outer wood to be substitute materials.
retained and preserved.

The core of a deterirated
woo outriger was first
drilled out. Photos (left and
right): Courtesy, Harrison
Goodall.

1. The unavailabilty of the historic material.

The most common reason for considering substitute materials is the diffculty 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 effort should be made to locate another quarry that could supply a
satisfactory match. If this approach fails, subsitute 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 skils. Simple solutions should not be overlooked.

2. The unavailabilty of historic craft techniques and lack of skiled 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 cott. Mold making and
casting takes skil and craftmen who can undertake this work are available. Effort
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 materials
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
replacement materil
for cast iron. Photo:
NPS files.

Sometimes referred to as life and safety codes, building codes often
require changes to historic buildings. Many cities in earthquake
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 rehabiltation. Department of the Interior regulations 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 rehabiltation.

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 wil 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 permeabilty between some synthetic materials and the historic materials have
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in some cases caused unexpected further deterioration. It is therefore diffcult to
recommend substitute materials if the historic materials are stil available. As previously
mentioned, consideration should always be given firs 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
appearanæ; 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 ærtain basic performance

expectations over an extended period of time.

Matching the Appearance of the
Historic Materials A waterproof coating is an inappropraite

substitute materil to apply to adobe as it
seals in moisture and may result in spaRing.
Photo: NPS Fdes.In order to provide an appearance that is

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 craftmanship must match
the originaL.

Matching the color and surface texture of the historic material with a substitute material
is normally diffcult. To enhance the chanæs 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 subsitute 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 stabilty.

Fabricators should supply a suffcient number of samples to permit onsite comparison of
color, texture, detailng, 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 subsitute 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 produæ spallng. 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 coeffcients of each adjacent material must be within

6ofl5 5/19/2010 2:27 p~



l'serauon tlne11b:iiie use 01 :SUbtitu Materials on Historic BuH... ht://ww .ns.govlhsltpslefslbefl6.h

tolerable limits. The function of joints must be understood and detailed either to
eliminate moisture penetration or to allow 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 absrb slight differences of
movement. Since physical failures often result from poor anchorage or improper
instllation 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 unless 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
impermeabie new materials are used alongside historic ones, stress 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 subsitute 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 diffcult 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 stabilty of color and
texture; compressive or tensile strengths if appropriate; the acceptable range of thermal
coeffcients, 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
long-term performance extend beyond
having written performance standards and
selecting materials that have a successul
track record. It is important to select
qualified fabricators and installers who
know what they are doing and who can
follow up if repairs are necessary.
Installers and contractors unfamilar with
spedfic substitute materials and how they
function in your local environmental
conditions should be avoided.

The histori cornice was succssfully 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 scffolding. Finally, it
Is critical that the subsitute 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 chart 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, minerai 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 c1addings or as subsitutes for wooden milwork. Because milwork is stil
readily available, It should be replaced in kind.

The charts describe the properties and uses of several materials finding greater use In
historic preservation project, 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 grilwork, 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)

. 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

. diffcult to prevent galvanic corrosion with other metals

. greater expansion and contraction than castiron; requires

. gaskets or caulked joints

. diffcult 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 pieæ to be cast?

. How are expansion joints detailed?

. Will there be a galvanic corrosion problem?.

. Are fabricators/installers experienced?

Cast Stone (dry tamped)

Material: Cast stone is an almost-dry æment, 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 dry tamp fabrication method produces an outer
surface resembling a stone surface. The inner core can be either dry tamped 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

. 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?

. Have performance standards been developed to ensure color stability?

. Have large samples been delivered to site for color, finish and absrption 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 effect 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 corniæs, 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 æmentitious material, it
is vapor permeable.

Advantages:

. lightweight, easily installed

. good molding abilty, 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-Ioadbearing use only

. 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:

. Are the original materials and craftmanship still available?

. Have samples been inspected on the site to ensure detail/texture match?

. 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 reproduæ 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:

. Is the historic material still available?

. What are the structural/anchorage requirements?

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

. Are there performance standards?

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

. 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 necessry; 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
inacæssible location makes frequent maintenanæ of historic materials diffcult. Its good
molding abilty and verstilty 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:

. lightweight, long spans available with a separate structural frame

. 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

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

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

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

. vapor impermeability may require ventilation detail

Checklist:

. Can original materials be saved/used?

. Have expansion joints been designed to avoid unsightly appearance?

. Are there standards for color stabilty/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 detailng 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

120fl5 5/19/2010 2:27 p~



rn;~çIVöUUUDnc;i 10; 100 use 01 ;:uosuwæ .MnaiS onl1StoC J:l... ht://www .is.govlbsltpslefSlbetl6.b

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 indude: finials, sculptural details,
small column capitals, and medallons.

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 ultraviolet 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 fiters added

rigidity of material
. often must be modified with fillers to match expansion coeffcients
. 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 coeffcients

of adjacent materials?
. Have samples been matched for color/finish?
. Are fabricators/installers experienced?
. Is there a sound substrate of material to avoid deterioration behind new material?

. Are there performance standards?

Summary

Substitute materials--those product 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 availabilty 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 scle 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 successul longterm solution cannot be overstated. The successful
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solutions ilustrated in this Brief were from historic preservation project 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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Home page logo: Cast alumnimum used as a replacement for cast iron. Photo: NPS fis.

This publication has been prepared pursuant to the National Historic Preservation Act of
1966, as amended, which direct the Secretary of the Interior to develop and make
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The Preservation of
Historic Glazed Architectural Terra-Cotta

de Teel Patterson Tiler

A NOTE TO OUR USERS: Th web versions of the Preservation Brifs difr somewhat frm the pried versions.
Many Ikstrations are new, captions are smpl, lItrations are typill in color rather than blck and white, and

some complx chart have been omited.

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 Art stles. 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 detailng.
However, with changing vogues in materials and architectural stles and rising
production cost, glazed architectural terra-cotta fell into disfavor and disuse by the mid
20th century.

Today, information on the maintenance, rehabiltation and replacement of glazed

architectural terra-cotta is limited, as are sources of new glazed architectural terra-
cotta. This report, then, wil discss 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--Iiterally, "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 possssed 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 importantiy, the durabilty
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 generally
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 detailng as moldings, finials and capitals.

Fireproof constructon 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 ceilng 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 stil 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
~!~I. . imitation of stone) and fired. Sometimes
'Lc. called "architectural æramics," glazed

'i' architectural terra-cotta was developed and." refined throughout the first third of the 20th
~0J century and has been closely associated with

the architecture of Cass Gilbert, Louis

Glazed arcitectural terra-cotta was a practicl and Sullivan, and Daniel H. Burnham, among
highly decorative building materil. 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. Maintenanæ of the fired and glazed surface was easy; it
never needed paint and periodic washings restored its original appearance.

With the passge 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 durabilty and permanenæ 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.

Diffcult 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 obsrver.
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
architect 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.

Two separate systms: 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 utilzed

an extensive metal anchoring system to attach
it or to "hang it" onto a wall framing system or
superstructure. In the firs Instanæ the
anchoring was limited; In the second, the
anchoring was often extensive and complex.
Likewise, in the first instance, deterioration has
generally been limited. However, where glazed
architectural terra-cotta was used as cladding,
particularly In high rise construction,

present-day deterioration and failure are often severe.

Typicl construcion detail of glazed
arcitectural terra-cotta ornament. Drawing:
Detail, Architectural Terra Cotta, Charls E.
White, Jr., 1920.

Complexit 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 "dominonlike 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 material: original
manufacture, original installation inconsistencies, number of component parts, ongoing
repairs or the various types and sources of deterioration. However, ærtin 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 rehabiltation

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 spallng and material loss, missing masonry units and
deteriorated metal anchoring, among others.

,,':;J~i~' ~'~~L, .
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Crazing, or the formation of small random cracks in the glaze, 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 passge of time, however, it expands as it absorbs moisture from the air,
a proæss 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 nfitsn the
expanding unit onto which it was originally fired. If the strength of the glaze is
exæeded, it wil crack (craze). Crazing is a process not unlike the random hairline
cracking on the surfaæ 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 capabilty of the glazed architectural
terra-cotta unit.

Spalling, the partial loss of the masonry material itslf, 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 itself. Trapped water is often caused by poor water detailng
in the original design, insuffcient maintenanæ, 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 suffcient pressure
(particularly in the presence of widely fluctuating temperatures) to pop off sections of
the glaze (glaze spallng) or to cause the wholesale destruction of portions of the glazed

architectural terra-cotta unit itslf (material spallng).

Bliterig of the glaze, lie a-azing, is the
result of the ina-ease in water in the porous
cly body and the subsequent destrucion
of the glaze as a result of water migration
and pressure. Glaze spaDing may also be
causd by deteriratoin of metal anchors
behind the terra-cotta unit. Photo: NPS
files.

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. Spallng 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
spallng.

Material spallng is a particularly severe situation.
Not only is the visual integrity of the detailng
impaired, but a large area of the porous
underboy, webbing and metal anchoring is
exposed to the destructive effects of further water
entry and deterioration. Both glaze and material

spalling 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 diffcult 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 susæptible 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 subsantially 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 spallng. 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, fallng 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
diffcult.

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
mortr is the "first line" of defense in terra-cott 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 craftmanship 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, caulking around windows and doors) bears significant responsibilty 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-cott spallng in dose proximity to a window or doorway where the
caulking has deteriorated.

Stre-relate 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 (c.1900-1920s) had little or no provisions for
normal material and building movement in their original
design.

The damage shown here is
the result of direct live load

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
glazed architectural terra-cotta units themselves. Cracks
running through many units or stories or large areas of
material deterioration often indicate stress-related problems.
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TlSR,ici_r1lon, In turn, permits significant water entry into the terra-cotta
syømame has settled and
shifed the weight onto the
exterir terril-~lta ~Cl4if1g .. .I~f6fMaM4~ Inappropriate repairs result because using new terra-cotta for

replMil81t'OfIl!Ï'rated or missing glazed architectural terra-cotta has generally

been ImpracticaL. Repairs, therefore, have traditionally been made in brick or

cementltious build ups of numerous materials such as stucco or fiberglass. Some
materials are appropriate temporary or permanent replacements, while others are not.
(Tese issues are discussd 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 passge of time, become rehabiltation problems: replacement brick that is pullng
free, cement stucco that is cracking and spallng, or a cement or bituminous repairs that
are not visually compatible with the original materla,1.

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 subsquent 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 aspect 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 necessrily complex. For this
reason, it is generally advised that the
examination and repair of this material
should be the responsibilty of an
experienced professionaL. Few restorationist

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.

There are some methods of internal and
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.

Materil spalling is the result of excessive
expansion of the porous tile body caused by water
and freezing temperatures. This is a serious
condition, often dificlt to repair. Photo: NPS files.

Preliminary cleaning: Before a terra-cotta building is analyzed for deterioration, it is
often advisable, but not always necessry, 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 multitude of
problems. It is only with cleaning that these problems become obvious. Recommended
cleaning procdures are covered later in the report.

Methods of Inspecion: Prima fade 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, spallng, cracking, etc.) should be made
on elevation drawings. Binoculars are often used where cost, height, or inaccssibilty

prevent easy inspection. However, much deterioration may go unnoticed unless
scffolding 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 mallet. 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 failng 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 scnning. Infrared
photography, a kind of infrared scnning, 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-cott.

Sonic testing has been successully 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 collapsd
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 oscilloscpe 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 stil 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, permeabilty 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 replaæment 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 souræs of that water have Exposed or freestanding terra-cotta
been eliminated. Repointing, caulking and detai6ng (parapets, urns, balusters, etc.)
replacement of missing masonry pieæs are also of have traditionally been subjected to the. . . most severe vicsitudes of deterioration as
primary concern. Where detailing to conduct water a result of freezing temperatures and
in the original design has been insuffcient, 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-cott, the servlæs of a structural engineer should be sought to

mitigate these problems. This may include the installation of relieving joints, shelf
angles or flexible joints. In any case, stress-related and structural deterioration, like
water-related deterioration, must be stopped before effective consolidation or
replacement effort may begin.

Cleaning: The successful cleaning of glazed architectural terra-cotta removes excessive
soil from the glazed surfaæ 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 efforescnce.

Commercial cleaning solutions may be appropriate but probably are not neæssry when
water and detergent wil suffce. There are, however, certain cleaning 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 effect 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 sellng 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 subsantially
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, architect 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. Spallng of the glaze, mortar, or porous body

wil, 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
buildings. Ongoing and cyclical repainting guarantees the long
life of this materiaL. Repainting should always be carried out
with a mortar which has a compressive strength (measured in
p.s.i.) lower than the adjaænt masonry unit. Hard (Portland
cement) or coarsely screened mortars may cause point loading
and/or prevent the outward migration of the water through
the mortar joints, both of which ultimately damage the
terra-cotta unit. Repointing with waterproof caulking
compounds or similar waterproof materials should never be
undertaken because, like waterproof coatings, they impede
the normal outward migration of moisture through the
masonry joints. Moisture then may build suffcient pressure
behind the waterproof caulk and the glaze on the terra-cotta

to cause damage to the unit itself.

A worker clans out mortar
joints in preparation for
repointing the architectural
terra-cotta Photo: NPS f-.es.

Repair of glaze spalling: Glaze spallng is also a highly culpable souræ 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 product 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 spallng, where visual or cosmetic

considerations are negligibie, should be treated in a manner similar to glaze spallng
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 spallng 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 cementitlous buildups are
diffcult to form satisfactorily, safely and compatibly in situ to replace missing pieces of
glazed architectural terra-cotta. Cementitious repairs never satisfctorily bond to the
original materiaL. The differential expansion coeffcients 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 spa lied
severely thereby losing much of their material and structural integrity in the wall,
should be replaced. Partial in situ repair wil not be long lasting and may, in fact, cause
complicated restoration problems at a later date. Appropriate methods of replacement
are discussd 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-cott may
fall from the building. This Is a particular concern with greatly exposed detailng:
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-cott pieces are often removed or destroyed in lieu of such measures, This is

particularly true in areas of heavy traffc-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 wil expand with the normal
dynamics of the surrounding material, yet
effectively keep water out of the system. Any
one of a number of commercially available
waterproof caulking compounds would be
appropriate for this work. Holes and static
(non-moving) cracks may be caulked with
butyl sealants or acrylic latex caulks. For

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.

This crack is being measured. Structural crcking,
whether static (nonmoving) or dynamic (moving)
should be caulked to prevent water entry into the
glazed architectural terra-cotta system. Photo:
NPS files.

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 architeural terra-cott: Replaæment of severely spalled,
damaged, or missing glazed architectural terra-cotta elements is always diffcult.
Certainly, in-kind replacement is advisable, but it has a number of drawbacks. Stone,
fiberglass, and precast concrete are also viable choiæs, 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, replaæment units should be anchored in a
manner similar to the originaL. Both structural and visual compatibilty are major
considerations when choosing replaæmentmaterlals.

-- Removing and re-anchoring damaged glazed architectural terra-cotta is an extremely
diffcult If not impossible task. The complexity of the interlocking system of masonry
units, backfll, 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 replaæd.

In-kind replaæment 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-cott 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 compatibilty 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 sils. 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 replaæ 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
replaæment material, the architect or building owner should plan far in advance.

Stone may be a suitable replaæment material for damaged glazed architectural terra-
cotta. Its durabilty makes it highly appropriate, although the increase in weight over
the original hollow units may be of some conærn. 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 detailng 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, voussirs, etc. Anchoring is
easily induded in casting.

Significant drawbacks in using fiberglass replaæment are color compatibility, fire code
violations, and poor weathering and aging proæsss. The appropriate coloring of
fiberglass is exæedingly diffcult 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
rehabiltation of buildings in areas of high seismic activity, many fire code requirements
cannQt be met with t-he 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 necessry. Concrete can he colored or tinted to
match the original material with excellent results. It is cost effective and once
production is in proæss, precast concrete call be produced quickly and easily.

Experience shows that it is advisable to use a dear masonry coating on the weather face
of the precast concrete units to guarantee the visual compatibilty 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-cott

and show promise for future rehabiltation 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 stinless 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 itslf in mortar. When
replacing historic glazed architectural terra-cotta which originally employed metal
anchoring, it is important to replace that anchoring when replacing 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 wil be suffcient 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/rehabiltation work on glazed architectural terra-cotta is demanding and wil
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
craftmanship assdated with this widely used, historic masonry materiaL.
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