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Stiefel Theatre 
Tower Reconstruction and Restoration Jones Gillam Renz Architects
Salina, Kansas  730 N. 9th  P.O. Box 2928

Salina, Kansas  67402

Project No. 19-3007
 INVITATION TO BID

1. Sealed Bids will be received by Jones Gillam Renz, Salina KS for the furnishing of all labor and materials as 
hereinafter specified for the Stiefel Theatre Tower Reconstruction and Restoration.  Bids will be accepted and 
opened in the Watson Room at the Stiefel Theatre (151 S. Santa Fe, Salina KS 67401) until 2:00 p.m. local 
time on Thursday, March 5 at 2:00 pm (3-5-2020).   Bids received after this time will not be accepted.  Bids will 
be opened and read publicly.

2. PROJECT SCOPE (includes but not limited to)
a. Replacement and repair of damaged masonry and terra cotta facades and tower elements. 
b. Reconstruction of the top tier of the masonry tower. 
c. New tower lighting and electrical. 
d. Patch stucco and paint.
e. Coordinate with others on installation of aluminum tower. 

3. PRE-BID CONFERENCE
The Pre-bid Conference will be held on Wednesday, February 19th_(2-19-2020) at  2:00 p.m. local time.   Meet 
at the Stiefel Theatre, in the Watson Room (151 S. Santa Fe, Salina, KS).  Failure to attend this meeting may be 
grounds for rejection of the contractor’s bid.

4. COMPLETION TIME
Completion date for the project is to be bid 

5. CONTRACTOR QUALIFICATION
Note: If General Contractors have not performed construction work with Jones Gillam Renz Architects within 
the last five years, submit the AIA Contractor’s Qualification Statement referred to in these specifications         
(6 pages) prior to receiving a set of construction plans and specifications.

Upon review of the Qualification Statement document, the Owner shall have the right to take such steps as he deems 
necessary to determine the ability of the Contractor to perform the Work, and the Contractor shall furnish to the 
Owner such additional information and data for this purpose, as they may request.  The right is reserved to reject 
any Bid after an investigation or consideration of the information and data submitted by such Contractor.

6. The GENERAL CONSTRUCTION CONTRACT will include General Construction and Electrical Work combined 
into one Contract.

7. The Owner reserves the right to waive any defects and informalities in Bids, to reject any or all Bids, to take any or 
all Bids under advisement, or to accept any Bid as may be deemed in its interest of meeting the standards of lowest 
responsible Bid.

8. The DRAWINGS, SPECIFICATIONS and CONTRACT DOCUMENTS may be obtained by bona fide Prime 
Bidders (General and Electrical) from JONES GILLAM RENZ, 730 North 9th Street, P.O. Box 2928, Salina, 
Kansas 67402 785.827.0386 upon deposit of $50.00 for one set of GENERAL CONSTRUCTION AND 
ELECTRICAL DRAWINGS and SPECIFICATIONS. (Make checks payable to:  Jones Gillam Renz Architects).

Drawings and specifications will be available for review on the website at www.jgrarchitects.com.  General 
Contractors and Electrical Subcontractors who are bidding from documents via website or plan room, must 
contact the office of Jones Gillam Renz Architects, Inc at 785.827.0386 to register as an official Plan Holder.

Those who submit bids may obtain refund by returning sets in good condition no more than two (2) weeks after bids 
have been opened.  No refund of deposit will be made to Contractors not submitting a bid, unless all documents are 
returned in good condition five (5) days prior to time of receiving bids.  2nd set of Drawings and Specifications may be 
purchased by Prime Contractors for $50.00 (no refund)

http://www.jgrarchitects.com/
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Partial Sets of Contract Drawings and Documents or individual sheets may be obtained by Subcontractors, material 
suppliers, etc., (no refund) for the following amounts:

Drawings - $3.50 per sheet
Specification sheets accompanying these drawings, 15¢ per page
Postage and Handling - $8.50 per partial order

Plans, specifications and addenda will also be on file at the following locations for the use of contractors and material 
suppliers.

Jones Gillam Renz Architects, 730 North 9th , Salina KS  67401  
Salina Chamber of Commerce Plan Room, 120 West Ash, Salina KS 67401

BY ORDER OF:
Stiefel Theatre for the Performing Arts
Salina, Kansas
January 22, 2020   
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INFORMATION FOR BIDDERS

1. EXAMINATION
Before submitting his bid, each Bidder shall carefully examine all documents pertaining to the work, visit 
the site of the work and inform himself as to all existing conditions under which the work will be 
performed.  Submission of a bid will be considered presumptive evidence that the Bidder is fully aware of 
the conditions of the work, requirements of the Contract Documents, pertinent State and Local codes, 
conditions of labor and material markets, and has made allowances in his bid for all work and all 
contingencies.  Contractors will not be given extra payments for conditions, which can be determined by 
examining the site and documents.

2. QUESTIONS AND INTERPRETATION OF DOCUMENTS
Should a Bidder be in doubt as to the meaning of any part of the Drawings, Specifications or other 
proposed Contract Documents and/or find discrepancies in or omissions from the Drawings, Specifications 
and Contract Documents, he shall contact the Architect immediately per Article 3, Subparagraph 3.2.2 of 
the AIA General Conditions.  Any interpretation of the proposed documents will be made only by 
Addendum duly issued and copy of such Addendum will be mailed to each person receiving a set of such 
documents.  The Architect and Owner will not be responsible for any other explanation or interpretation of 
the proposed documents.

3. GENERAL CONSTRUCTION BID
a. The General Construction bid shall incorporate all of the departments of Work (General 

Construction and Electrical work) into one (1) bid.

b. The General Contractor shall assume all responsibility for supervision and coordination of the 
Work.

c. The General Contractor shall furnish Performance and Payment Bonds in the full amount of the 
Work (Total of General Construction and Electrical Work).

d. The General Contractor shall carry and pay the premium covering the General Construction Work, 
for Contractors and Subcontractors Insurance as specified in Supplementary Conditions of the 
Contract.

e. The General Contractor shall submit with his bid, Bid Security in the full amount of the Work 
(General Construction and Electrical work), as per Paragraph – BID SECURITY.

4. BID PROCEDURE
a. Bids will be received at the time and place stated in the INVITATION TO BID.  Bids received 

after the time stated will be returned unopened.

b. No oral or telephonic bids will be considered, but modifications by fax of bids already submitted 
will be considered if received prior to time set for bid opening.

c. Any addenda issued during the time of preparation of bids are to be acknowledged on the Bid 
Form and in closing a Contract, they will become a part thereof.

d. Each Bidder is required to bid all alternates included in the Bid Form, except that should he desire 
not to bid an Alternate, he may insert the words “No Bid” in the space provided for such 
Alternates.  In such case, if it is determined to use such Alternate, the fact that the cost of the 
material, type or method bid may be lower than that chosen shall not constitute the basis of a claim 
by the Bidder that the Contract be awarded to him.  If an Alternate Price called for involves no 
change in price, Bidder shall so indicate by writing the words, “No Change” in the space provided.  
Refer to Section 01019 - SPECIAL PROVISIONS.  Each Bidder is required to fill in all unit cost 
items shown on the Bid Form.  Failure to comply may be cause for rejection.

e. Bids shall be submitted in DUPLICATE on the forms provided.  All blank spaces on the forms 
shall be fully completed in words as well as figures.  Bid Forms must be signed in longhand, with 
name typed below signature.  Where Bidder is a corporation, Bid Forms must be signed with legal 
name of corporation, followed by the name of the State of Incorporation, the legal signature of an 
officer authorized to bind the corporation to a contract, Attest and Seal Impression.  A copy of the 
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Bid Form is bound herein for the convenience of the Bidders and is not to be detached or filled out.  
Separate Bid Forms, in triplicate, will be furnished to all Bidders.

f. Submittals of Bids shall be as follows:  
1) Bids, together with Bid Security, shall be sealed in an opaque envelope, labeled “STIEFEL 

THEATRE TOWER RECONSTRUCTION AND RESTORATION SEALED BID:  DO NOT 
OPEN” Addressed to Stiefel Theatre for the Performing Arts, ATTN: Norm Yenkey, 151 S 
Santa Fe Ave, Salina, Kansas 67401.

2) If the Bid is mailed, the above shall be addressed to:  Stiefel Theatre for the Performing Arts, 
ATTN: Norm Yenkey, 151 S Santa Fe Ave, Salina, Kansas 67401.

5. BID SECURITY
a. Bids shall be accompanied by a Bid Security of not less than five per cent (5%) of the amount of the 

Bid, which may be a Bid Bond, Certified or Cashiers Check, made payable to the Owner.

b. Such Bid Security shall be submitted with the understanding that it shall guarantee that the Bidder will 
not withdraw his Bid for a period of forty-five (45) days after the scheduled closing time for the receipt 
of bids; that if his Bid is accepted, he will enter into a formal contract with the Owner in accordance 
with AIA Document A101, Standard Form of Agreement Between Owner and Contractor, and that the 
required Performance and Payment Bonds and Statutory Bond, (if required under Section 01019 - 
SPECIAL PROVISIONS) will be given; and that in the event of the withdrawal of said BID within said 
period, or the failure to enter into said contract and give said bonds within ten (10) days after he has 
received notice of the acceptance of his Bid, the Bidder shall be liable to the Owner for the full amount 
of the Bid Security as representing the damage to the Owner on account of the default of the Bidder in 
any particular hereof.  Bid Securities of the three (3) lowest bidders will be retained until the Contract 
is awarded or other disposition is made thereof.  Bid Bonds of all other bidders will be destroyed unless 
return to bidders is requested.  Certified checks shall be returned to unsuccessful bidders; successful 
bidders will have checks held until proper Performance and Payment Bonds have been submitted.

6. CONTRACT GUARANTEE
Successful Bidder must deliver to the Owner the following Bonds in an amount no less than 100% of the 
accepted bid, as security for the faithful performance of the Contract.

a. Performance and Payment Bond as per General Conditions. 
b. Statutory Bond, as required in Section 01019 - SPECIAL PROVISIONS.

7. WITHDRAWAL OF BIDS
A bid may be withdrawn on written or faxed request and by request of Contractor personally, received or 
made prior to time fixed for bid opening.  No bid may be withdrawn after opening of bids.

8. INTERPRETATION OF QUOTED PRICES
In case of a difference in written words and figures in a bid, the amount stated in written words shall 
govern.

9. TIME OF CONSTRUCTION AND PENALTY CLAUSE
Refer to Section 01019 - SPECIAL PROVISIONS.

10. DISQUALIFICATION
The Owner reserves the right to disqualify bids, before or after opening upon evidence of collusion with 
intent to defraud or illegal practices upon part of the Bidder.  Bids will be opened as stated in the Invitation 
to Bid.

11. SALES TAX EXEMPTION
Refer to Section 01019 - SPECIAL PROVISIONS.

* * * * *
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Stiefel Theatre,  Tower Reconstruction and Restoration – Salina, KS

BID FORM

Bid of ___________________________________
(Firm Name)

Date ____________________________________
BID FORM FOR: 
Stiefel Theatre for the Performing Arts
Salina, Kansas
Project No. 19-3007

In compliance with your INVITATION TO BID, the undersigned proposes to furnish all labor and materials and 
perform all work for the General Construction, including Electrical Work, incidental for the construction and 
equipping of STIEFEL THEATRE TOWER RECONSTRUCTION AND RESTORATION, SALINA, KS in strict 
accordance with the Specifications and the Drawings dated JANUARY 22, 2020 mentioned therein for the 
consideration of the following:  

BASE BID DOLLARS

$ 

Number of consecutive Calendar Days to complete this project (upon notice to proceed) in accordance with 
Drawings and Specifications, to be coordinated with General Contractor and subject to penalty clause 
Section 01019 - SPECIAL PROVISIONS -- 

DAYS

Undersigned acknowledges receipt of the following addenda:     Addendum #1 ______  Addendum #2 _______

ALTERNATE PRICES:  For the Alternates as described in the Specifications and/or Drawings, the 
UNDERSIGNED agrees to ADD or DEDUCT the following amounts to or from the BASE BID as hereinafter 
itemized:

ALTERNATE NO. ADD  DEDUCT 

Alternate No. 1 $ _____________ $ _____________
(Restore Windows as Indicated)

Alternate No. 2 $ _____________ $ _____________
(Provide Pre-cast Concrete, Cast Stone 
or GFRC Composite in lieu of Terracotta)

Alternate No. 3 $ _____________ $ _____________
(As described by Addendum)

UNIT PRICES: For the Unit Prices as described in the Specifications and/or Drawings, the UNDERSIGNED 
agrees to preform additional work as approved to be ADDED to the BASE BID as hereinafter itemized:

UNIT PRICE DESCRIPTION AMOUNT PER QUANTITY

Unit Price No. 1,  $ Per 100 S.F. ____________________________
Brick Masonry Repointing at areas not identified on the drawings.

Unit Price No. 2,  $ Per 10 Bricks  ___________________________
Brick Masonry replacement of brick

Unit Price No. 3,  $ Per 100 S.F.  ____________________________
Stucco Patch and Paint, at areas not identified on the drawings.
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MAJOR SUBCONTRACTORS:
Bidder shall identify, as part of this Bid, the major Subcontractors he proposes to use in performance of the Work 
under this Contract.

GENERAL CONSTRUCTION (IF NOT PRIME CONTRACTOR):

Name, Address

RESTORATION & TUCKPOINTING CONSTRUCTION (IF NOT PRIME CONTRACTOR):

Name, Address

ELECTRICAL CONTRACTOR (IF NOT PRIME CONTRACTOR):

Name, Address

I (or WE) FURTHER AGREE AS FOLLOWS:
1. To furnish labor and materials for additional work (except Electrical) ordered by the Owner and for which no 

pre-agreed upon amount has been determined for the cost of the labor and materials involved plus 10% for 
overhead and profit.

2. To furnish supervision and coordination for 10% of the cost of additional Electrical work ordered by the Owner.
3. To accept the provisions of Section 01019 - SPECIAL PROVISIONS  regarding the date of completion of the 

Project and Penalty Clause.
4. If written notice of the acceptance of the Bid is mailed, telegraphed or delivered to the Undersigned within 45 

days after the date of the opening of the Bids, or anytime thereafter before this Bid is withdrawn, the 
Undersigned will, within ten (10) days after the date of such mailing, telegraphing or delivery of such notice, 
execute and deliver a contract in accordance with AIA Document A101, Standard Form of Agreement Between 
Owner and Contractor, and give Performance Bond in accordance with the Specifications and bid as accepted.

5. That upon failure or refusal to execute and deliver the contract and bonds required within ten (10) days after 
receipt of notice of acceptance of the Bid, that security deposited with Bid shall be forfeited to the Owner as 
penalty clause for such failure or refusal.

DECLARATION:
1. The Undersigned hereby declares that he has carefully examined the Invitation and Information for Bidders, the 

Drawings and Specifications, has visited the actual location of the Work and has consulted his sources of 
supply, and has satisfied himself as to all quantities and conditions, and understands that in signing this Bid, he 
waives all rights to plead any misunderstanding regarding the same.

2. The Undersigned understands that his competence and responsibility and that of his proposed subcontractors, 
time of completion, as well as any other factors of interest to the Owner will be considered in making the 
award.  The Owner reserves the right to reject any or all bids, to accept or reject alternate bids and unit prices 
and to waive technicalities concerning the bids received, as it may be in his interest to do so.

(Legal Name of Bidder)

(SEAL, if bid is by 
              a corporation)

(Address of Bidder)

BY  longhand,   typewritten
(Title)
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SUPPLEMENTARY CONDITIONS OF THE CONTRACT  

1. DEFINITIONS - Supplement Paragraph 1.1 as follows: 
a. When words such as approved, proper, satisfactory, equal, and as directed are used, they imply such 

reference to the Architect’s specific approval and directions.
b. Provide means to furnish and install.
c. The provisions of the Agreement take precedence over all other Contract Documents.  

2. WARRANTY - Supplement Paragraph 3.5.1 as follows:
a. Contractor warrants to Owner and Architect that on receipt of notice from either of them, within the 

period of one (1) year following date of Substantial Completion, that defects in materials and/or 
workmanship have appeared in the Work, Contractor will promptly correct such defects to the state of 
condition originally required by the Contract Documents at Contractor’s expense.

3. SHOP DRAWINGS - Supplement Paragraph 3.12 as follows:
a. The Contractor shall submit one (1) electronic copy of all Shop or Setting Drawings and Schedules 

required for the work of the various trades, after same have been checked and compared with the 
Contract Document Requirements, and after checking with field conditions at the job and so certified 
on the Drawings by the Contractor.  Above Drawings will not be checked by Architect unless same 
bear certification.

b. Architect’s approval is subject to notations on Drawings, Compliance with Drawings and 
Specifications, and conditions and measurements at project.  Measurements and quantity not checked 
or approved.

4. SAMPLES - Supplement Subparagraph 3.12.3 as follows:
a. All samples as called for in the various Sections of this Specification and any other samples, as 

directed, shall be furnished by the Contractor for approval.
b. All samples of materials that require approval as to color, texture, finish and type shall be furnished at 

the same time, so that an intelligent selection of colors and textures may be made by the Architect.

 5. COLOR SELECTIONS
a. The Contractor shall provide for and coordinate into the project construction schedule, a 6-week time 

frame for the Architect/Designer to make final color selections from Contractor's submittals, obtain 
approval from the Owner and to submit a color schedule, indicating what colors go where, to the 
Contractor.  Time frame begins when Architect has received 100% of submittals listed below.

6. CLEAN UP - Supplement Paragraph 3.15 as follows:
a. Each Contractor shall, at all times, remove any and all of his rubbish from the buildings and grounds 

and keep the building site clean.
b. In addition to the general broom cleaning, the General Contractor shall do the following special 

cleaning for all trades at the completion of the work:
1) Glass.  Remove putty, stains and paint from all glass and wash and polish same.  Care shall be 

taken not to scratch the glass.
2) Painted, Decorated, and Stained Work.  Remove all marks, stains, fingerprints and other soil 

or dirt from all painted, decorated and stained work.
3) Temporary Protection.  Remove all temporary protections; clean and polish all floors at 

completion.
4) Woodwork.  Clean and polish all woodwork upon completion.
5) Hardware.  Clean and polish all hardware for all trades.  This shall include removal of all 

stains, dust, dirt, paint, etc., upon completion.
6) Tile Work.  Remove all spots, soil and paint from all tile work, wash same upon completion.
7) Fixtures and Equipment.  Clean all fixtures and equipment, removing all stains, paint, dirt and 

dust.
c. All combustible rubbish, and all debris and other rubbish shall be removed entirely from the premises.

7. MUTUAL RESPONSIBILITY OF CONTRACTORS - Supplement Paragraph 6.2 as follows:
a. General Contractor shall assume general coordination and direction of the project.  General Contractor 

shall cooperate with Mechanical and Electrical Contractors and other subcontractors and/or suppliers 
on the Work and install their work in sequence to facilitate and not delay the completion of the 
project.  The Architect is not the coordinator or expeditor of the work of the contractors and/or 
subcontractors referred to hereinbefore.
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8. CHANGES IN THE WORK
Refer to Paragraph 7.2 and insert the following:
a. Whenever a Change Order involves net cost decrease, the CREDIT to the Owner shall be such net cost 

decrease.  Whenever a Change Order involves a summary net increase, the Contract shall be increased 
by the amount of such net cost increase plus 10% of such net cost for overhead and profit.  The 
General Contractor will furnish supervision and coordination for 10% of the cost of additional 
Mechanical and Electrical work ordered by the Owner.

b. The Contractor shall furnish the Owner an itemized accounting with supporting data used in 
computing the value of any change that might be ordered.

c. Change Orders must state a number of added days or days to be deleted from completion time.  If no 
change in days is required by the change order, write NONE.  Failure to comply with above voids any 
later request for extra time.

9. APPLICATION FOR PROGRESS PAYMENTS AND CERTIFICATION FOR PAYMENT
a. Amend Subparagraph 9.3.1 and insert the following:  On or before the 25th day of each month, the 

Contractor shall submit to the Architect an itemized Application for Payment supported by such data 
substantiating the Contractor’s right to payment as the Owner or Architect may require.

b. Amend Subparagraph 9.4.1 and insert:  If the Contractor has made application for payment as above, 
the Architect will, with reasonable promptness and within seven (7) days after receipt of the 
application, issue an application for payment to the Owner, with a copy to the Contractor in the 
amount of 90% of the value of the Contract the Architect determines has been completed to the date of 
application, thus a 10% retainage, less any amount paid to the Contractor, or state in writing his reason 
for withholding an application as provided in Subparagraph 9.5.1.

c. Date of payment of the Application for Payment by the Owner is hereby defined as the earliest 
possible date that the Owner can prepare vouchers after receipt of Application for Payment from the 
Architect and approval of same by any governing body of the Owner and issuance of vouchers to 
cover Application for Payment.

10. CONTRACTOR’S LIABILITY INSURANCE
a. Workers’ Compensation and Employers Liability Insurance - Refer to Subparagraph 11.1.1.
b. Bodily Injury and Property Damage - Refer to Subparagraph 11.1.2.  Limits shall be as follows:

(1) Limits of liability coverage shall be $1,000,000.00 Combined Single Limit for Bodily Injury 
and Property Damage.

c. Owner’s Protective Liability Insurance - Refer to Paragraph 11.2 - Owner’s Option.

11. PERFORMANCE AND PAYMENT BONDS - Supplement Subparagraph 11.4.1 as follows:
a. Bond shall be equivalent to AIA Form A311, two part Performance Bond and Labor and Materials 

Bond with amount shown on each part equal to 100% of the total amount payable by the terms of the 
Contract.  Surety shall be company licensed to do business at the place of building and shall be 
acceptable to the Owner.

END OF SECTION  
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LIST OF DRAWINGS

General

Architectural

A1 Elevations and Photographs
A2 Elevations and Photographs
A3 Tower Elevations & Details 
A4 Tower Plans & Details
A5 Enlarged Plans, Elevations, and Details

Structural

S1 Structural Details

Electrical

E1 Lighting and Power Plans
E2 Lighting Schematics
E3 Wiring Schematics
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SAMPLE COPY - STATUTORY BOND

Statutory Bond shall be furnished in quadruplicate, two (2) copies shall have Power of Attorney attached.  

Wording of Statutory furnished must be an exact copy of this sample and on 8½" x 11" paper.
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STATUTORY BOND

KNOW ALL MEN BY THESE PRESENTS:

, as Principal, and

, a Corporation organized under the laws of the State of 

, as Surety are held and firmly bound unto the State of , in the penal sum of 

  Dollars 

$  lawful money of the United States, for the payment of which sum well and truly made, 

said Principal and Surety bind themselves, their heirs, administrators, executors, successors and assignees, jointly 

and severally by these presents.

Signed, sealed and delivered on this  day of 20 .  

THE CONDITION OF THE FOREGOING OBLIGATION IS SUCH THAT WHEREAS said Principal has entered 

into a written contract with 

, hereinafter called the "Owner" dated 

20 , for the construction or marking of the following described improvements:

all in accordance with the detailed Drawings and Specifications on file in the office of the Owner.

NOW THEREFORE, if the said Principal or the Subcontractor, or Sub-Subcontractors, of said Principal shall 

pay all indebtedness incurred for supplies, materials or labor furnished, used or consumed in connection with, 

in or about the construction or making of the above described improvements, including gasoline, lubrications, 

oils, fuel oils, greases, coat and similar items used or consumed directly in furtherance of such improvements, 

this obligation shall be void, otherwise it shall remain in full force and effect.

The said Surety, for value received, hereby stipulates and agrees that no change, extension of time, alteration 

or additions to the terms of the Contract or to the work to be performed thereunder or the Specifications 

accompanying the same shall in any way affect any such change, extension of time, alteration or addition to 

the terms of the Contract or to the Specifications.

(SEAL)

Principal

By: 

(SEAL)

Surety

By: 
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SECTION 01010 

GENERAL WORK REQUIREMENTS 

1. GENERAL
Should conflict occur between these General Work Requirements and the General Conditions, the 
requirements of this Section take precedence.  

2. INTENT OF DOCUMENTS 
The Contract Drawings are complementary and what is called for by anyone shall be as binding as if 
called by all.  The intention of the documents is to include all labor and materials, equipment and 
transportation necessary for the proper execution of the work.

3. MANUFACTURERS’ DIRECTIONS
All manufactured articles, materials and equipment shall be applied, installed, connected, erected, 
used, cleaned and conditioned as directed by the manufacturers, unless herein specified to the contrary.

4. COOPERATION - CONTRACTOR WITH OWNER 
It shall be clearly understood that the Owner reserves the right to install various equipment in the 
building prior to completion and acceptance, and it shall be the duty of the Contractor to cooperate 
with the Owner’s employees rendering such assistance and so arranging his work that the entire project 
will be delivered complete in the best possible condition when required.

5. BUILDING PERMIT
As stated in Subparagraph 4.7.1, AIA DOCUMENT A201, General Conditions, the General Contractor 
shall secure and pay for the building permit.

6. CONSTRUCTION COORDINATION
Before starting construction, a meeting shall be held with Contractor(s), Architect, Consulting 
Engineers in attendance to plan and coordinate the schedule of construction and to review intent of 
Contract Documents.  Contractor(s) shall follow instructions received at meeting in prosecuting the 
Work.

7. MATERIALS - EQUIPMENT - SUBSTITUTION
a. In general, these Specifications identify the required materials and equipment by naming one 

or more manufacturers, brand, model, catalog number and/or other identification; the first-
named manufacturer’s product used as a basis for design; the other named brands considered 
equivalent.  Equivalent brand manufacturers named must furnish products consistent with the 
Specifications for the first-named product, as determined by the Architect.  Base Bid shall 
include only those brands named and must be used on the project, except as hereinafter 
provided.

b. Materials or equipment specified exclusively, Base Bid shall be based on same and used on 
project, except as hereinafter provided.

c. Prior to receipt of bids, should Contractor wish to incorporate in Base Bid, brands or products 
other than those named in the Specifications, he shall submit written request for substitution to 
Architect not later than seven (7) days prior to date bids are due.  Architect will consider 
request and items approved will be listed in an addendum issued to all bidders.

d. After execution of Contract, substitution of product brands for those named in the 
Specifications will be considered, only if request is received within thirty (30) days after 
Contract Date and request includes showing credit due Owner.

e. Materials specified equivalent and those proposed for substitution must be equal or better than 
first-named material in construction, efficiency, utility, aesthetic design, physical size shall not 
be larger than space provided for it.  Request for substitution by full description and technical 
data in two (2) copies, including manufacturer’s name, model, catalog number, photographs or 
cuts, physical dimensions, operating characteristics, and any other information for comparison.

f. Owner reserves the right:
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1) To require any or all bidders, before execution of Contract, to state what materials they 
will use.

2) To require “if bound with the Bid Form,” the Contractor to fill out a BID SUPPLEMENT 
listing the BASE BID and “ADD” or “DEDUCT” for other materials he proposes to use.

8. APPROVAL OF SUBCONTRACTORS - MATERIALS
a. The Contractor, if requested, must submit for approval before signing Agreement, list of 

Subcontractors and material suppliers enumerating items of work to be performed, name of 
materials, equipment, etc., to be furnished and/or installed.  Refer to Paragraph - MATERIALS 
- EQUIPMENT - SUBSTITUTION.

b. If the list is not requested prior to signing of Agreement, list, as described in previous 
paragraph, shall be furnished within ten (10) days of signing Agreement.

9. PROTECTION - Supplement, ARTICLE 10, AIA GENERAL CONDITIONS
a. Refer to Paragraph - WEATHER CONDITIONS.

b. Each Contractor shall assume responsibility for his materials stored on the premises.

c. General Contractor shall take charge and assume general responsibility for proper protection of 
project during construction.

d. The General Contractor shall protect trees, shrubs, lawns and all landscape from damage, 
providing guards and covering.  Damaged work shall be repaired or replaced at his expense.  
Protect streets and sidewalks and make repairs at his expense.
1) Water Protection.  The General Contractor shall, at all times, protect the excavation, 

trenches, and/or the building from damage by rain water, spring water, ground water, 
backing up of drains or sewers and all other water.  He shall provide all pumps and 
equipment and enclosures to provide this protection.

2) Temporary Drainage.  The General Contractor shall construct and maintain all necessary 
temporary drainage and do all pumping necessary to keep the excavation free of water.

3) Snow and Ice.  The General Contractor shall remove all snow and ice from public 
sidewalks and from the building, as may be required for the proper protection and/or 
prosecution of the Work.

4) Bracing, Shoring and Sheeting.  The General Contractor shall provide all shoring, bracing 
and sheeting as required for safety and for the proper execution of the work and have same 
removed when the work is completed.

5) Guard Lights.  The General Contractor shall provide and maintain guard lights at all 
barricades, railings, obstructions in the streets, roads or sidewalks and at all trenches or 
pits adjacent to public walks or roads.

6) Weather Conditions.  The General Contractor shall, at all times, provide protection against 
weather; rain, winds, storms, frost, or heat, so as to maintain all work, materials, apparatus, 
and fixtures, free from injury or damage.  At the end of the day’s work, all new work likely 
to be damaged shall be covered.

10. WEATHER CONDITIONS
The Contractor shall protect all portions of his work and all materials, at all times from damage by 
water, freezing, frost and is to repair, replace and make good to the satisfaction of the Architect, any 
portion of same which may in the Architect’s opinion, have been damaged by the elements.
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11. GRADES, LINES, LEVELS, AND SURVEYS
The Owner will establish the lot lines, restrictions and a bench mark.  All other grades, lines, levels, 
and bench marks shall be established and maintained by the General Contractor, who shall be 
responsible for same.  The General Contractor shall verify all grades, lines, levels and dimensions as 
shown on the Drawings and he shall report all errors or inconsistencies in the above to the Architect 
before commencing work.
a. The General Contractor shall provide and maintain well-built batter boards at all corners.  He shall 

establish bench marks in not less than two (2) widely separated places.  As the work progresses, he 
shall establish bench marks at each floor, giving exact levels of the various floors.

b. As the work progresses, the General Contractor shall lay out in the forms and the rough flooring 
the exact location of all partitions as a guide to all trades.

c. The General Contractor shall verify all grades, lines, levels and dimensions as shown on the 
Drawings and he shall report any errors or inconsistencies in the above to the Architect before 
commencing work.

12. USE OF COMPLETED PORTIONS
The Owner reserves the right to take possession of and use any completed or partially completed 
portions of the building, and further reserves the right to install equipment and facilities which are not 
a part of the Contract, notwithstanding the fact that the time of completion of entire work or portions 
thereof may not have expired; but such taking possession or installation of facilities shall not be 
deemed an acceptance of any work not completed in accordance with the Contract Documents.  The 
Owner, in taking possession of completed portions or installing such equipment, and facilities, shall do 
so at his own expense any damage which may occur either directly or indirectly by reason of such 
action.
a. Building Completion-Occupancy.  Owner reserves the right to occupy building when the time 

for completion of work as stipulated in Contract has been reached, even though all parts of the 
work have not been completed and accepted by Owner.  All work, including heating, electrical, 
and water service, will be discontinued only to Owner schedule.

b. Limit of Contract is not confined to any particular area of the site, but includes any area 
required to perform work shown on the Drawings and/or specified in these Specifications.

13. REQUIREMENTS IMMEDIATELY AFTER EXECUTION OF CONTRACT
Immediately after execution of the Contract, the Contractor shall deliver to the Architect the following 
items which are described more fully in following Articles:

Schedule of Values
Schedule of Operations
Progress Charts
Samples
Superintendent’s name and resume of experience
List of Subcontractors and Material Suppliers

a. Schedule of Values on AIA Form G702, or other form approved by the Architect, a detailed 
breakdown of the Contract Sum indicating the amounts allotted to the various divisions of the 
work for labor and material.  The schedule will serve as a guide to the Architect in determining 
the amounts due each month as the work progresses.  The schedule shall be broken down as 
directed by the Architect.

b. Schedule of Operations based on the above Schedule of Values and indicating the progress of 
the work up to the first day of each month shall be prepared by the Contractor in a form 
approved by the Architect and shall be delivered to the Architect in duplicate with each 
application for payment.

c. Progress Charts based on the above specified schedule of operations and indicating the 
progress of the work up to the first day of each month shall be prepared by the Contractor in a 
form approved by the Architect and shall be delivered to the Architect in duplicate with each 
application for payment.  Progress charts shall be in the form of a bar graph.  Along with 
progress charts the Contractor shall provide an estimated monthly cash flow chart.
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14. CONSTRUCTION PROCEDURE
a. Each Contractor shall schedule his work so as to cause a minimum of interference with 

business operations during all of the construction work.

b. In-Use Areas.  Construction work within areas immediately adjacent to existing in-use areas 
shall be coordinated with the Owner, so that work is accomplished during periods of light 
occupancy of the areas and cause the least disturbance.  Work shall be executed by methods 
that will create the last amount of noise.  Work shall be prefabricated when practical to do so.  
New facilities shall be ready for use prior to disturbing existing areas.

c. Precautions and Cooperation
1) Notify the Owner 7 days in advance before any utility (natural gas, water, electricity, 

or sewer) is to be interrupted.

2) With proper notification, interruption in utilities up to 4 hours will be permitted 
without special provisions by the Contractor.  *If any interruption of a utility exceeds 4 
hours the Contractor must make arrangements for temporary alternate utility service.

3) Interruption of utilities must be coordinated with the Owner with changeovers and out 
of service at night.  Weekend and evening changeovers of utilities shall occur with no 
additional cost to the Owner.

15. TIME EXTENSIONS ADVERSE WEATHER
a. The Contractor shall comply with all provisions of the General Conditions in submitting any 

request for extension of Contract Time due to unusually severe weather.

b. Definitions:
1. Adverse Weather - Atmospheric conditions at a definite time and place which are 

unfavorable to construction activities.

2. Unusually Severe Weather - Weather which is more severe than the adverse weather 
anticipated for the season, location, or activity involved.

c. In order for any request of time extension due to unusually severe weather to be valid, the 
Contractor must document both of the following conditions.
1. The weather experienced at the project site during the Contract period is more severe 

that the adverse weather anticipated for the project location during any given month.

2. The unusually severe weather  actually caused a delay to the completion of the project.  
The delay must be beyond the control and without fault or negligence by the 
Contractor.

d. The following schedule of monthly anticipated adverse weather delays will constitute the 
baseline for monthly weather time evaluations.  The Contractor's Progress Schedule must 
reflect these anticipated adverse weather delays in all weather affected activities:
MONTHLY ANTICIPATED ADVERSE WEATHER DELAY WORK DAYS BASED ON 
FIVE (5) DAY WORK WEEK

 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
10  8  7  6  7  7  5  5  5  4  5  9

END OF SECTION 01010  
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SECTION 01019 

SPECIAL PROVISIONS  

1. GENERAL 
Should conflict occur between these Special Provisions and the General Conditions, the requirements 
of the Special Provisions shall take precedence.    

2. TIME OF CONSTRUCTION - LIQUIDATED DAMAGES 
a. Time of Construction - The Contractor will commence the work within ten (10) days after the 

Architect shall have given the Contractor written notice to commence construction to the 
satisfaction of the Owner within the calendar days as Contractor so stated in his Bid Form.  The 
time for completion herein set forth shall be extended for the period of any reasonable delay 
which is due exclusively to causes beyond the control and without the fault of the Contractor, 
including acts of God, fires, floods, and direction by the Architect.  It is impractical to perform 
any operation of construction and acts of omissions of the Owner with respect to matters for 
which Owner is solely responsible; provided, however, that no such extension of time for 
completion shall be granted the Contractor, unless within ten (10) days after the happening of 
any event relied upon by the Contractor for such extension of time, the Contractor shall have 
made a request, therefore, in writing to the Architect.  Extended time will be submitted with 
pay request for Owner’s approval. 

b. Liquidated Damages - The time of completion of the construction of the project is of the 
essence of this Contract.  Should the Contractor neglect, refuse, or fail to complete the project 
within the time herein agreed upon, after giving effect to extensions of time, if any, herein 
provided; then in that event and in view of the difficulty of estimating with exactness damages 
caused by such delay, the Owner shall have the right to deduct from and retain out of such 
money, which may then be due or which may become due and payable to the Contractor, the 
sum of THREE HUNDRED DOLLARS ($300.00) per day for each and every day that such 
construction is delayed in its completion beyond the specified time, as liquidated damages and 
not as a penalty.  If the amount due and to become due from the Contractor to the Owner is 
insufficient to pay in full any such liquidated damages, the Contractor shall pay to the Owner 
the amount necessary to effect such payment in full; provided, however, that the Owner shall 
promptly notify the Contractor in writing of the manner in which the amount retained, deducted 
or claimed as liquidated damages was computed.

c. Joint Responsibility - The General Contractor and/or Subcontractors causing the delay in 
completion of the project shall be responsible for payment of liquidated damages.  In no case 
shall the total liquidated damages for all contracts exceed the sum of daily liquidated damages 
multiplied by the number of days of delay in completion.

3. ALTERNATES - Refer to Bid Form
a. Alternates specified are not a part of Base Bid, but are Alternates to same, their acceptance 

being at option of Owner.

4. ENUMERATION OF DRAWINGS AND SPECIFICATIONS
a. Correlation.  Accompanying these Specifications are the Drawings, which jointly with these 

Specifications, are intended to explain each other and describe and coordinate the work to be 
performed under the Contract.

b. Verification of Documents.  Before submitting his bid, each Bidder shall check his set(s) of 
Drawings and Specifications and advise the Architect if any sheets are missing.

c. Specifications Explanations.  For convenience of reference, the Specifications are separated 
into Titled Divisions and Sections.  Such separation shall not, however, operate to make the 
Architect an arbiter to establish limits between the Contractor and Subcontractor or Sub-
Subcontractor.

d. Drawings.  Refer to LIST OF DRAWINGS.

e. Specifications.  Refer to TABLE OF CONTENTS. 
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5. WARRANTIES
Before being eligible for final payment, Contractor shall deliver to Owner, through Architect, all 
special warranties specified for materials, equipment and installation.

6. OPERATING INSTRUCTIONS 
Before being eligible for final payment, Contractor shall deliver to Owner, through Architect, three (3) 
copies of manufacturer’s operating instructions, one (1) complete set of shop drawings on each piece of 
equipment, and such framed instructions as instructed.

7. AS-BUILT DRAWINGS
Before being eligible for final payment, the Electrical and Mechanical Contractors shall prepare and 
deliver to Owner, through Architect, one (1) set of AS-BUILT DRAWINGS.  These drawings may 
consist of marked-up prints, if the Contractor so chooses, but shall show the correct location of every 
item of equipment, piping, conduit, panel boards, ductwork, switches, valves, etc.  If marked-up prints 
are used, they shall be new white prints.

8. CERTIFICATE OF COMPLIANCE
Upon completion of project, Contractor is to furnish written Certification to the Architect that he has 
complied with every paragraph of the Specifications and Drawings.

9. CONTRACTOR’S MONTHLY APPLICATION FOR PAYMENT FORM
Contractor’s monthly Application for Payment shall be submitted as per General Conditions.  AIA 
Document G702, Application and Certificate for Payment is approved and acceptable.

10. FILING AND RECORDING OF BONDS
In addition to furnishing the number of combination Performance Bond and Labor and Materials 
Payment Bond, and Statutory Bond, if required, the Contractor shall file copies of such bonds with 
Clerk of the District Court and furnish Architect with receipt furnished by Clerk of the District Court, 
covering charges for filing and recording of said bonds.

11. STATUTORY BONDS
In addition to furnishing the combination Performance and Labor and Materials Payment Bond 
specified in General Conditions, the Contractor shall furnish Statutory Bond in an amount not less than 
100% of the Agreement in such numbers and form stated in Sample Copy bound in the Specifications.  
Statutory Bond shall be filed and recorded with Clerk of the District Court, as specified in Paragraph - 
FILING AND RECORDING OF BONDS.

12. DOCUMENTS FURNISHED CONTRACTORS
The General Contractor will be furnished, free of charge, the following working drawings and 
specifications, including modifications for construction of the project - 20 sets.  The General Contractor 
will be responsible for distribution of these sets to the Subcontractors and suppliers.  The Contractor shall 
pay the actual cost of reproduction and postage for all additional sets requested by him.

13. SALES TAX EXEMPTIONS
a. Materials, labor and equipment incorporated into this project are not exempt from the 

payment of sales tax under the laws of the State of Kansas and such sales tax shall be 

included in the Bid of the Bidder.

END OF SECTION 01019 
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SECTION 01500 

TEMPORARY FACILITIES 

1. GENERAL 

Should conflict occur between the Temporary Facilities and the General Conditions, the requirements of 
this Section take precedence.   

2. TEMPORARY HEAT  

a. The General Contractor shall provide heat, fuel and services as necessary to protect all work and 
materials against injury from dampness and cold until final acceptance of all work and material in 
the Contract, unless the building or buildings are fully occupied by the Owner prior to such 
acceptance, in which case, the Owner shall assume all expenses of heating from date of occupancy.  
The General Contractor shall provide heat as follows:

1) At all times during the placing, setting and curing of concrete, provide sufficient heat to 
insure the heating of the spaces involved to not less than 50° F.

3. TEMPORARY ENCLOSURES
General Contractor to provide:
a. Temporary weathertight enclosures for all exterior openings as soon as possible as walls and roofs 

are built to protect work from weather.  Temporary exterior doors equipped with padlocks.

b. In cold weather, provide additional precautions necessary, including heat at such openings to 
protect building and contents.

4. TEMPORARY TRAILERS
The Contractor shall provide and maintain on the premises watertight storage trailers for storage of all 
materials which may be damaged by weather.  

5. TEMPORARY CONSTRUCTION ITEMS
General Contractor shall furnish necessary temporary stairs, chutes, runways, scaffolds, ladders and hoist.

6. TEMPORARY TOILET ACCOMMODATIONS
a. The General Contractor shall provide for the use of all workmen, in accordance with local 

ordinances, ample temporary sanitary toilet accommodations and keep such clean and free from 
flies.  Prior to completion of the Contract, all connections and appliances connected with same will 
be removed and the premises left perfectly clean.

7. TEMPORARY TELEPHONE
The General Contractor & super intendant shall have cell phone, available, to make and receive calls.

8. TEMPORARY LIGHT AND POWER
The Owner will furnish all Electricity for construction.  The General Contractor will be responsible for 
necessary electricity connections to existing source. 

9. WATER FOR CONSTRUCTION
The Owner will furnish all water for construction.  The General Contractor will be responsible for 
necessary water connections to existing source. 

END OF SECTION 01500
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SECTION 03010

MasterEmaco N® 420 CI Repair Mortar

Stucco Plaster and Wall Patch

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Application of nonsag concrete repair mortar with integral corrosion inhibitor for vertical 

and overhead applications.  Used at all exterior masonry walls, atrowel and float as stucco 

plaster, fill voids, and patch damaged areas.

1.2 SUBMITTALS

A. Comply with Specifications 

B. Product Data:  Submit manufacturer's technical data sheets and LEED product information for each 

product.

C. Quality Control Submittals:

1. Provide protection plan of surrounding areas and non-cementitious surfaces.

1.3 QUALITY ASSURANCE

A. Comply with Specifications 

B. Qualifications:

1. Manufacturer Qualifications:  Company with minimum 15 years of experience in 

manufacturing of specified products.

2. Manufacturer Qualifications:  Company shall be ISO 9001:2000 Certified.

3. Applicator Qualifications:  Company with minimum of 5 years’ experience in application of 

specified products on projects of similar size and scope, and is acceptable to product 

manufacturer.

a. Successful completion of a minimum of 5 projects of similar size and complexity to 

specified Work.

C. Field Sample:

1. Install at Project site or pre-selected area of building an area for field sample, minimum 4 

feet by 4 feet (1.2 m by 1.2 m), using specified material.

2. Apply material in accordance with manufacturer’s written application instructions.

3. Manufacturer’s representative or designated representative will review technical aspects; 

surface preparation, repair, and workmanship.

4. Field sample will be standard for judging workmanship on remainder of Project.

5. Maintain field sample during construction for workmanship comparison.

6. Do not alter, move, or destroy field sample until Work is completed and approved by 

Architect.

7. Obtain Architect’s written approval of field sample before start of material application, 

including approval of aesthetics, color, texture, and appearance.

1.4 DELIVERY, STORAGE, AND HANDLING

A. Comply with Specifications 

B. Comply with manufacturer’s ordering instructions and lead-time requirements to avoid 

construction delays.

C. Deliver materials in manufacturer’s original, unopened, undamaged containers with identification 

labels intact.

D. Store tightly sealed materials off ground and away from moisture, direct sunlight, extreme heat, 

and freezing temperatures.
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E. Precondition materials to 70 degrees F plus or minus 5 degrees F (21 degrees C plus or minus 3 

degrees C) before mixing.

1.5 PROJECT CONDITIONS

A. Environmental Requirements:

1. Do not use products under conditions of precipitation or freezing weather.  Do not apply 

material at temperatures below 45 degrees F (7.2 degrees C) or above 95 degrees F (35 

degrees C).  Use appropriate measures for protection and supplementary heating to ensure 

proper curing conditions per manufacturer's recommendations if application during 

inclement weather occurs.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Subject to compliance with requirements, provide products from the following manufacturer:

BASF Corporation

Construction Chemicals

889 Valley Park Drive

Shakopee, MN  55379

Customer Service:  800- 433-9517

Technical Service:  800-243-6739

Direct Phone:  952-496-6000

Internet: www.master-builders-solutions.basf.us

B. Substitutions:  Comply with Specifications 

C. Specifications and Drawings are based on manufacturer's proprietary literature from BASF 

Construction Chemicals.  Other manufacturers shall comply with minimum levels of material and 

detailing indicated in Specifications or on Drawings.  Architect will be sole judge of 

appropriateness of substitutions.

2.2 MATERIALS

A. Nonsag, lightweight, 1-component, high-strength, polymer-modified, repair mortar with integral 

corrosion inhibitor for vertical and overhead applications.

1. Manufactured to be placed from 1/4 inch (6 mm) to 2 inches (51 mm) per lift.

2. Acceptable Product:  MasterEmaco N 420CI by BASF.

B. Properties of mixed cementitious repair materials:

1. Working Time, 70 degrees F (21 degrees C):  20 to 30 minutes.

2. Color:  Gray

C. Properties of cured cementitious repair materials:

1. Compressive Strength, ASTM C109, Modified:

a. 7 Days:  4,500 psi (31 MPa).

b. 28 Days:  5,500 psi (40 MPa).

2. Splitting Tensile Strength, ASTM C496, Modified, wet cure:

a. 7 Days:  340 psi (2.3 MPa).

b. 28 Days:  380 psi (2.6 MPa).

3. Flexural Strength, ASTM C348, Modified:

a. 7 Days:  600 psi (4.1 MPa).

b. 28 Days:  1,000 psi (6.8 MPa).

4. Bond Strength, ASTM C882, Modified, mortar scrubbed into substrate:

a. 7 Days:  1,250 psi (12 MPa).

b. 28 Days:   1,700 psi (11.7 MPa).

5. Length Change, ASTM C157, ICRI modification (3” bars):

a. Drying shrinkage: -0.096%

b. Wetting expansion: +0.027%
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6. Freeze/thaw Resistance, ASTM A 666 (procedure A) %RDM

a. 300 cycles: 96.6

7. VOC Content:

a. 0 lbs per gal (0 g/L), less water and exempt solvents.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Comply with Specifications 

3.2 SURFACE PREPARATION

A. Protection:  Protect adjacent Work areas and finish surfaces from damage during repair mortar 

application.

B. Prepare surfaces in accordance with manufacturer’s instructions.

C. Ensure surfaces are clean, sound, and free of laitance, standing water, dirt, duct, grease, oil, 

efflorescence, paint, curing compounds, form oils, and other surface contaminants.

D. Remove loose materials.

E. Prepare concrete substrate to fractured aggregate profile for proper adhesion.

F. Clean exposed steel reinforcement to white-metal finish and prime with anti-corrosion coating 

acceptable to product manufacturer.

G. Saw-cut straight edges along repair area perimeters minimum of 1/4 inch (6 mm) deep to avoid 

featheredges.

H. Report cracks that appear in interface area of patch or overlay to Architect, and repair as directed.

I. Continue expansion and control joints through repair or as directed by Architect.

3.3 MIXING

A. Mix materials in accordance with manufacturer’s instructions.

B. Mix no more material than can be placed in 20 to 30 minutes at 70 degrees F (21 degrees C) and 50 

percent relative humidity.

3.4 APPLICATION

A. Apply and cure repair mortar in accordance with manufacturer’s instructions.

B. Placement:

1. Dampen surface with clean water to obtain saturated surface-dry (SSD) with no standing 

water.

2. Apply small quantity of mixed repair mortar to SSD substrate.  Thoroughly key-in and work 

material throughout cavity to promote bond.

3. Place repair mortar and key-in and compact thoroughly to secure bond.

4. Apply repair mortar in lifts of 1/4 inch (6 mm) to 2 inches (51 mm).

5. Avoid featheredging. For optimum mechanical bond on successive lifts, thoroughly score 

each lift and allow reaching initial set before next layer is applied.

6. Trowel repair mortar to desired finish after initial set.

C. Curing:

1. Cure with approved curing compound compliant with ASTM C 309 or ASTM C 1315

2. If repair is to receive a coating, wet curing is recommended

3.5 PROTECTION

A. Protect repair mortar from damage during construction.

B. Protect from freezing for minimum of 24 hours after application.

END OF SECTION
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SECTION 03100
 CONCRETE FORMWORK

PART 1 GENERAL 

1.01 SECTION INCLUDES   
A. Formwork for cast-in place concrete, with shoring, bracing and anchorage. 
B. Openings for other work.
C. Form accessories.
D. Form stripping. 

1.02 DELIVERY, STORAGE, AND HANDLING
A. Deliver, store, protect and handle products to site per the suppliers and/or manufacturer’s 

recommendations.
B. Store off ground in ventilated and protected manner to prevent deterioration from moisture.

1.03 COORDINATION
A. Coordinate this Section with other Sections of work which require attachment of components to formwork.
B. If formwork is placed after reinforcement resulting in insufficient concrete cover over reinforcement before 

proceeding, request instructions from Architect/Engineer.

PART 2 PRODUCTS 

2.01 WOOD FORM MATERIALS
A. Form Materials:  At the discretion of the Contractor.

2.02 PREFABRICATED FORMS
A. Preformed Steel Forms:  Minimum gage matched, tight fitting, stiffened to support weight of concrete 

without deflection detrimental to tolerances and appearance of finished surfaces.
B. Glass Fiber Fabric Reinforced Plastic Forms:  Matched, tight fitting, stiffened to support weight of concrete 

without deflection detrimental to tolerances and appearance of finished concrete surfaces.

2.03 FORMWORK ACCESSORIES
A. Form Ties:  Removable or Snap-off type, metal, size and shape to minimize filling, waterproofing and 

refinishing concrete surfaces.
B. Form Release Agent:  Colorless mineral oil which will not stain concrete, or absorb moisture, or impair 

natural bonding or color characteristics of coating intended for use on concrete.
C. Corners:  Chamfer, exposed edges 1/2 inch unless otherwise noted or detailed on the drawings.
D. Dovetail Anchor Slot:  Galvanized steel, 22 gage thick, release tape sealed slots, anchors for securing to 

concrete formwork.
E. Flashing Reglets:  Galvanized steel 22 gage thick, longest possible lengths, with alignment splines for 

joints, release tape sealed slots, anchors for securing to concrete formwork.
F. Nails, Spikes, Lag Bolts, Through Bolts, Anchorages:  Sized as required, of sufficient strength and 

character to maintain formwork in place while placing concrete.
G. Waterstops:  Rubber Polyvinyl chloride, minimum 1,750 psi tensile strength, minimum 50 degrees F to plus 

175 degrees F working temperature range, maximum possible lengths, ribbed profile, preformed corner 
sections, heat welded jointing.

PART 3 EXECUTION

3.01 EXAMINATION
A. Verify lines, levels and centers before proceeding with formwork.  Ensure that dimensions agree with 

drawings.

3.02 EARTH FORMS
A. Earth forms if permitted, hand trim sides and bottom of earth forms.  Remove loose soil prior to placing 

concrete.

3.03 ERECTION - FORMWORK
A. Erect formwork, shoring and bracing to achieve design requirements, in accordance with requirements of 

ACI 301.
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B. Provide bracing to ensure stability of formwork.  Shore or strengthen formwork subject to over stressing by 
construction loads.

C. Arrange and assemble formwork to permit dismantling and stripping.   Do not damage concrete during 
stripping.  Permit removal of remaining principal shores.

D. Align joints and make watertight.  Keep form joints to a minimum.
E. Obtain approval before framing openings in structural members which are not indicated on Drawings.
F. Provide chamfer strips on external corners of beams joists columns and exposed decorative concrete edges.
G. Install void forms in accordance with manufacturer’s recommendations.  Protect forms from moisture or 

crushing.

3.04 APPLICATION - FORM RELEASE AGENT
A. Apply form release agent on formwork in accordance with manufacturer’s recommendations.
B. Apply prior to placement of reinforcing steel, anchoring devices, and embedded items.
C. Do not apply form release agent where concrete surfaces will receive special finishes or applied coverings 

which are effected by agent.  Soak inside surfaces of untreated forms with clean water.  Keep surfaces 
coated prior to placement of concrete.

3.05 INSERTS, EMBEDDED PARTS, AND OPENINGS
A. Provide formed openings where required for items to be embedded in passing through concrete work.
B. Locate and set in place items which will be cast directly into concrete.
C. Coordinate with work of other sections in forming and placing openings, slots, reglets, recesses, sleeves, 

bolts, anchors, other inserts, and components of other Work.
D. Position recessed reglets for brick veneer masonry anchors to spacing and intervals specified in Section 

04300.
E. Install accessories in accordance with manufacturer’s instructions, straight, level, and plumb.  Ensure items 

are not disturbed during concrete placement.
F. Install waterstops continuous without displacing reinforcement.  Heat seal joints watertight.
G. Provide temporary ports or openings in formwork where required to facilitate cleaning and inspection.  

Locate openings at bottom of forms to allow flushing water to drain.
H. Close temporary openings with tight fitting panels, flush with inside face of forms, and neatly fitted so 

joints will not be apparent in exposed concrete surfaces.

3.06 FORM CLEANING
A. Clean forms as erection proceeds, to remove foreign matter within forms.
B. Clean formed cavities of debris prior to placing concrete.
C. Flush with water or use compressed air to remove remaining foreign matter.  Ensure that water and debris 

drain to exterior through clean-out ports.
D. During cold weather, remove ice and snow from within forms.  Do not use de-icing salts.  Do not use water 

to clean out forms, unless formwork and concrete construction proceed within heated enclosure.  Use 
compressed air or other means to remove foreign matter.

3.07 FORMWORK TOLERANCES
A. Construct formwork to maintain tolerances required by ACI 301.  Construct and align formwork for 

elevator hoistway in accordance with ANSI/ASME A17.1.

3.08 FIELD QUALITY CONTROL
A. Inspect erected formwork, shoring, and bracing to ensure that work is in accordance with formwork design, 

and that supports, fastenings, wedges, ties, and items are secure.
B. Do not reuse wood formwork more than 2 times for concrete surfaces to be exposed to view.  Do not patch 

formwork.

3.09 FORM REMOVAL 
A. Do not remove forms or bracing until concrete has gained sufficient strength to carry its own weight and
B. Loosen forms carefully.  Do not wedge pry bars, hammers, or tools against finish concrete surfaces 

scheduled for exposure to view.
C. Store removed forms in manner that surfaces to be in contact with fresh concrete will not be damaged.  

Discard damaged forms. 

END OF SECTION 03100  
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SECTION 03200

 CONCRETE REINFORCEMENT 

PART 1 GENERAL

1.01 SECTION INCLUDES   
A. Reinforcing steel bars, wire fabric and accessories for cast-in-place concrete.   

1.02 SUBMITTALS 
A. Submit under provisions of the General Requirements.
B. Shop Drawings:  Indicate bar sizes, spacings, locations, and quantities of reinforcing steel and wire 

fabric, bending and cutting schedules, and supporting and spacing devices.
 
1.03 QUALITY ASSURANCE 

A. Perform Work in accordance with CRSI - Manual of Standard Practice and ACI 301. 

1.04 QUALIFICATIONS
A. Design reinforcement under direct supervision of a Professional Structural Engineer experienced in 

design of this work and licensed in the State of Kansas.

1.05 COORDINATION
A. Coordinate with placement of formwork, formed openings and other Work. 

PART 2 PRODUCTS  

2.01 REINFORCEMENT
A. Reinforcing Steel:  ASTM A615, 40, 60, or 75 ksi yield grade as indicated on the drawings; deformed 

billet steel bars, unfinished.
B. Reinforcing Steel Plain Bar and Rod Mats:  ASTM A704, ASTM A615, Grade 40 or 60 as indicated on 

the drawings; steel bars or rods, unfinished.
C. Stirrup Steel:  ANSI/ASTM A82, unfinished.
D. Welded Steel Wire Fabric:  ASTM A815; in flat sheets or coiled rolls; unfinished.

2.02 ACCESSORY MATERIALS
A. Tie Wire:  Minimum 16 gage annealed type.
B. Chairs, Bolsters, Bar Supports, Spacers:  Sized and shaped for strength and support of reinforcement 

during concrete placement conditions including load bearing pad on bottom to prevent vapor barrier 
puncture.

C. Special Chairs, Bolsters, Bar Supports, Spacers Adjacent to Weather Exposed Concrete Surfaces:  
Plastic coated steel type; size and shape as required.

2.03 FABRICATION
A. Fabricate concrete reinforcing in accordance with CRSI Manual of Practice.
B. Weld reinforcement in accordance with ANSI/AWS D1.4.
C. Locate reinforcing splices not indicated on drawings, at point of minimum stress.

PART 3 EXECUTION

3.01 PLACEMENT
A. Place, support and secure reinforcement against displacement.  Do not deviate from required position.
B. Do not displace or damage vapor barrier.
C. Accommodate placement of formed openings. 
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D. Maintain concrete cover around reinforcing as indicated on the drawings or if not indicated as follows:

Item                               Coverage
Beams 1 1/2 inch 
Column Ties 1 1/2 inch 
Walls (exposed to weather or backfill) 2 inch 
Footings and Concrete Formed Against Earth 3 inch 
Slabs on Fill 3/4 inch 

END OF SECTION 03200
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SECTION 03300 

CAST-IN-PLACE CONCRETE

PART 1 GENERAL

1.01 SECTION INCLUDES   
A. Cast-in-place concrete floors, foundation walls, retaining walls, steps and ramps.
B. Floors and slabs on grade.
C. Control, expansion and contraction joint devices associated with concrete work, including joint 

sealants.
D. Equipment pads, light pole base and flagpole base.

1.02 SUBMITTALS 
A. Submit under provisions of the General Requirements. 
B. Product Data:  Provide data on joint devices, attachment accessories.
C. Samples:  Submit 2-inch long samples of expansion/contraction joint.
D. Manufacturer’s Installation Instructions:  Indicate installation procedures and interface required with 

adjacent Work.

1.03 PROJECT RECORD DOCUMENTS 
A. Accurately record actual locations of embedded utilities and components which are concealed from 

view.

1.04 QUALITY ASSURANCE
A. Perform Work in accordance with ACI 301.
B. Acquire cement and aggregate from same source for all work.
C. Conform to ACI 305R when concreting during hot weather.
D. Conform to ACI 306R when concreting during cold weather. 

1.05 COORDINATION 
A. Coordinate the placement of joint devices with erection of concrete formwork and placement of form 

accessories.

PART 2 PRODUCTS

2.01 CONCRETE MATERIALS
A. Cement:  ASTM C150, Type I - Normal or Type III - High Early Strength Type V - Sulfate Resistant as 

required Portland type.
B. Fine and Coarse Aggregates:  ASTM C33.
C. Water:  Clean and not detrimental to concrete.

2.02 ADMIXTURES
A. Air Entrainment:  ASTM C260.
B. Chemical:  ASTM C494 Type A - Water Reducing, Type B - Retarding, Type C - Accelerating, Type D 

- Water Reducing and Retarding, Type E - Water Reducing and Accelerating.

2.03 ACCESSORIES
A. Bonding Agent:  Polymer resin emulsion, polyvinyl acetate, Latex emulsion, two component modified 

epoxy resin, non-solvent two component polysulfide epoxy, mineral filled polysulfide polymer epoxy, 
mineral filled polysulfide polymer epoxy resin, or Polyamid cured epoxy as approved.

B. Vapor Barrier:  6 mil thick clear polyethylene film, type recommended for below grade application.
C. Non-Shrink Grout:  Premixed compound consisting of nonmetallic aggregate, cement, water reducing 

and plasticizing agents; capable of developing minimum compressive strength of 2,400 psi in 48 hours 
and 7,000 psi in 28 days.

2.04 JOINT DEVICES AND FILLER MATERIALS
A. Joint Filler:

1. Joint Filler Type A:  ASTM D1751; Asphalt impregnated fiberboard or felt, 1/4 inch thick.
2. Joint Filler Type B: ASTM D1752; Closed cell polyvinyl chloride foam, resiliency recovery of 

95 percent if not compressed more than 50 percent of original thickness.
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B. Expansion and Contraction Joint Devices:  ASTM B221 alloy, extruded aluminum; resilient 
elastomeric, vinyl, or neoprene, filler strip with a Shore A hardness of 35 to permit plus or minus 25 
percent joint movement with full recovery; extruded aluminum or vinyl cover plate, of longest 
manufactured length at each location, recess mounted; color as selected.

C. Sealant:  Rubber or synthetic rubber compound.

2.05 CONCRETE MIX
A. Mix concrete in accordance with ACI 304. Deliver concrete in accordance with ASTM C94.
B. Select proportions for normal weight concrete in accordance with ACI 301.
C. Provide concrete with compressive strength of 3,500 psi at 28 days.
D. Use accelerating admixtures in cold weather only when approved by Architect/Engineer.  Use of 

admixtures will not relax cold weather placement requirements.
E. Use calcium chloride only when approved by Architect/Engineer.
F. Use set retarding admixtures during hot weather only when approved by Architect/Engineer.
G. Add air entraining agent to normal weight concrete mix for work exposed to exterior.

PART 3 EXECUTION 

3.01 EXAMINATION
A. Verify requirements for concrete cover over reinforcement.
B. Verify that anchors, seats, plates, reinforcement and other items to be cast into concrete are accurately 

placed, positioned securely, and will not cause hardship in placing concrete.

3.02 PREPARATION
A. Prepare previously placed concrete by cleaning with steel brush and applying bonding agent in 

accordance with manufacturer’s instructions.
B. In locations where new concrete is dowelled to existing work, drill holes in existing concrete, insert 

steel dowels and pack solid with non-shrink grout.

3.03 PLACING CONCRETE
A. Place concrete in accordance with ACI 301.
B. Notify Architect/Engineer minimum 24 hours prior to commencement of operations.
C. Ensure reinforcement, inserts, embedded parts, formed expansion and contraction joints are not 

disturbed during concrete placement.
D. Install vapor barrier under interior slabs on grade.  Lap joints minimum 6 inches and seal watertight by 

sealant applied between overlapping edges and ends or taping edges and ends.
E. Repair vapor barrier damaged during placement of concrete reinforcing.  Repair with vapor barrier 

material; lap over damaged areas minimum 6 inches and seal watertight.
F. Separate slabs on grade from vertical surfaces with 1/2 inch thick joint filler.
G. Place joint filler in floor slab pattern placement sequence.  Set top to required elevations.  Secure to 

resist movement by wet concrete.
H. Extend joint filler from bottom of slab to within 1/2 inch of finished slab surface.  Conform to Section 

07900 for finish joint sealer requirements.
I. Install joint devices in accordance with manufacturer’s instructions.
J. Install construction joint devices in coordination with floor slab pattern placement sequence.  Set top to 

required elevations.  Secure to resist movement by wet concrete.
K. Install joint device anchors.  Maintain correct position to allow joint cover to be flush with floor and 

wall finish.
L. Install joint covers in longest practical length, when adjacent construction activity is complete.
M. Apply sealants in joint devices in accordance with Section 07900.
N. Maintain records of concrete placement.  Record date, location, quantity, air temperature, and test 

samples taken.
O. Place concrete continuously between predetermined expansion, control, and construction joints.
P. Do not interrupt successive placement; do not permit cold joints to occur where possible.
Q. Place floor slabs in checkerboard or saw cut pattern indicated.
R. Saw cut joints within 24 hours after placing.  Use 3/16 inch thick blade, cut into 1/4 depth of slab 

thickness.
S. Screed floors and slabs on grade level, maintaining surface flatness of maximum 1/4 inch in 10 ft.
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3.04 CONCRETE FINISHING 
A. Provide formed concrete surfaces to be left exposed concrete walls columns beams joists with smooth 

rubbed finish. 
B. Finish concrete floor surfaces in accordance with ACI 301.
C. Wood float surfaces which will receive quarry tile, ceramic tile, or terrazzo with full bed setting system.
D. Steel trowel surfaces which will receive carpeting, resilient flooring, seamless flooring, thin set quarry 

tile, or thin set ceramic tile.
E. Steel trowel surfaces which are scheduled to be exposed.
F. In areas with floor drains, maintain floor elevation at walls; pitch surfaces uniformly to drains at 1/4 

inch per foot or as indicated on drawings.

3.05 CURING AND PROTECTION
A. Immediately after placement, protect concrete from premature drying, excessively hot or cold 

temperatures, and mechanical injury.
B. Maintain concrete with minimal moisture loss at relatively constant temperature for period necessary 

for hydration of cement and hardening of concrete.
C. Cure floor surfaces in accordance with ACI 308.
D. Ponding:  Maintain 100 percent coverage of water over floor slab areas continuously for 4 days.
E. Spraying:  Spray water over floor slab areas and maintain wet for 7 days.

3.06 FIELD QUALITY CONTROL
A. Field inspection and testing will be performed in accordance with ACI 301 and under provisions of the 

General Requirements.
B. Provide free access to Work and cooperate with appointed firm.
C. Submit proposed mix design of each class of concrete to inspection and testing firm for review prior to 

commencement of Work.
D. Tests of cement and aggregates may be performed to ensure conformance with specified requirements.
E. Three concrete test cylinders will be taken for every 75 or less cu yds of each class of concrete placed.
F. One additional test cylinder will be taken during cold weather concreting, cured on job site under same 

conditions as concrete it represents.
G. One slump test will be taken for each set of test cylinders taken. 

3.07 PATCHING
A. Allow Architect/Engineer to inspect concrete surfaces immediately upon removal of forms.
B. Excessive honeycomb or embedded debris in concrete is not acceptable.  Notify Architect/Engineer 

upon discovery.
C. Patch imperfections as directed or in accordance with ACI 301.

3.08 DEFECTIVE CONCRETE
A. Defective Concrete:  Concrete not conforming to required lines, details, dimensions, tolerances or 

specified requirements.
B. Repair or replacement of defective concrete will be determined by the Architect/Engineer.
C. Do not patch, fill, touch-up, repair, or replace exposed concrete except upon express direction of 

Architect/Engineer for each individual area.   

END OF SECTION 03300  
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SECTION 040120.63 – 

BRICK MASONRY REPAIR

(Reference Preservation Briefs & Match Existing)

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes repairing brick masonry, including replacing units.  Reference drawings for 

areas of work,  Other smaller areas will be approved and included as part of the unit price. 

1.2 UNIT PRICES

A. Portions of work this Section could be affected by unit prices.

1.3 DEFINITIONS

A. Rebuilding (Setting) Mortar: Mortar used to set and anchor masonry in a structure, distinct from 

pointing mortar installed after masonry is set in place.

1.4 INFORMATIONAL SUBMITTALS

A. Quality-control program.

1.5 QUALITY ASSURANCE

A. Brick Masonry Repair Specialist Qualifications: Engage an experienced brick masonry repair 

firm to perform work of this Section. Firm shall have completed work similar in material, 

design, and extent to that indicated for this Project with a record of successful in-service 

performance. Experience in only installing masonry is insufficient experience for masonry 

repair work.

B. Quality-Control Program: Prepare a written quality-control program for this Project to 

systematically demonstrate the ability of personnel to properly follow methods and use 

materials and tools without damaging masonry. Include provisions for supervising performance 

and preventing damage.

C. Mockups: Prepare mockups of brick masonry repair to demonstrate aesthetic effects and to set 

quality standards for materials and execution and for fabrication and installation.

1. Masonry Repair: Prepare sample areas for each type of masonry repair work performed. 

If not otherwise indicated, size each mockup not smaller than two adjacent whole units or 

approximately 48 inches (1200 mm) in least dimension. Construct sample areas in 

locations in existing walls where directed by Architect unless otherwise indicated. 

Demonstrate quality of materials, workmanship, and blending with existing work.

PART 2 - PRODUCTS

2.1 MASONRY MATERIALS

A. Face Brick: As required to complete brick masonry repair work.

1. Brick Matching Existing: Units with colors, color variation within units, surface texture, 

size, and shape that match existing brickwork.

a. Physical Properties: According to ASTM C 67.
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b. For existing brickwork that exhibits a range of colors or color variation within 

units, provide brick that proportionally matches that range and variation rather than 

brick that matches an individual color within that range.

2. Special Shapes:

a. Provide molded, 100 percent solid shapes for applications where core holes or 

"frogs" could be exposed to view or weather when in final position and where 

shapes produced by sawing would result in sawed surfaces being exposed to view.

b. Provide specially ground units, shaped to match patterns, for arches and where 

indicated.

c. Mechanical chopping or breaking brick, or bonding pieces of brick together by 

adhesive, are unacceptable procedures for fabricating special shapes.

B. Building Brick: ASTM C 62, Grade SW where in contact with earth or Grade SW, MW, or NW 

for concealed backup; and of same vertical dimension as face brick, for masonry work 

concealed from view.

2.2 MORTAR MATERIALS

A. Portland Cement: ASTM C 150/C 150M, Type I or Type II, except Type III may be used for 

cold-weather construction; white gray, or both required for color matching of mortar.

1. Provide cement containing not more than 0.60 percent total alkali when tested according 

to ASTM C 114.

B. Hydrated Lime: ASTM C 207, Type S.

C. Masonry Cement: ASTM C 91/C 91M.

D. Mortar Cement: ASTM C 1329/C 1329M.

E. Mortar Sand: ASTM C 144.

1. Exposed Mortar: Match size, texture, and gradation of existing mortar sand as closely as 

possible. Blend several sands if necessary to achieve suitable match.

2. Colored Mortar: Natural sand or ground marble, granite, or other sound stone of color 

necessary to produce required mortar color.

F. Mortar Pigments: ASTM C 979/C 979M, compounded for use in mortar mixes, and having a 

record of satisfactory performance in masonry mortars.

G. Water: Potable.

2.3 MANUFACTURED REPAIR MATERIALS

A. Brick Patching Compound: Factory-mixed cementitious product that is custom manufactured 

for patching brick masonry.

1. Use formulation that is vapor and water permeable (equal to or more than the masonry 

unit), exhibits low shrinkage, has lower modulus of elasticity than masonry units being 

repaired, and develops high bond strength to all types of masonry.

2. Formulate patching compound in colors and textures to match each masonry unit being 

patched.

2.4 ACCESSORY MATERIALS

A. Setting Buttons and Shims: Resilient plastic, nonstaining to masonry, sized to suit joint 

thicknesses and bed depths of masonry units, less the required depth of pointing materials 

unless removed before pointing.

B. Other Products: Select materials and methods of use based on the following, subject to approval 

of a mockup:

1. Previous effectiveness in performing the work involved.
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2. Minimal possibility of damaging exposed surfaces.

3. Consistency of each application.

4. Uniformity of the resulting overall appearance.

5. Do not use products or tools that could leave residue on surfaces.

2.5 MORTAR MIXES

A. Measurement and Mixing: Measure cementitious materials and sand in a dry condition by 

volume or equivalent weight. Do not measure by shovel; use known measure. Mix materials in 

a clean, mechanical batch mixer.

B. Colored Mortar: Produce mortar of color required by using specified ingredients. Do not alter 

specified proportions without Architect's approval.

1. Mortar Pigments: Where mortar pigments are indicated, do not add pigment exceeding 10 

percent by weight of the cementitious or binder materials, except for carbon black which 

is limited to 2 percent.

C. Do not use admixtures in mortar unless otherwise indicated.

D. Mixes: Mix mortar materials in the following proportions:

1. Rebuilding (Setting) Mortar by Type: ASTM C 270, Proportion Specification, Type N  

unless otherwise indicated; with cementitious material limited to portland cement and 

lime, masonry cement, or mortar cement.

2. Pigmented, Colored Mortar: Add mortar pigments to produce exposed, setting 

(rebuilding) mortar of colors required.

PART 3 - EXECUTION

3.1 PROTECTION

A. Remove all items in the way, preventing proper review, required for scope of work and to be 

demolished; conduits, gutters, boxes, fans, door & windows, downspouts, brackets, clips, lights, 

etc. all affecting work adjacent to masonary.  Store any items indictaed to be used or re-

installed, during masonry repair. Reinstall when repairs are complete.

1. Provide temporary rain drainage during work to direct water away from building.

3.2 BRICK REMOVAL AND REPLACEMENT

A. Remove Bricks at locations indicated, soft, damaged, deteriorated, and or spalled. Carefully 

remove entire units from joint to joint, without damaging surrounding masonry, in a manner that 

permits replacement with full-size units.

B. Support and protect remaining masonry that surrounds removal area.

C. Maintain flashing, reinforcement, lintels, and adjoining construction in an undamaged 

condition.

D. Notify Architect of unforeseen detrimental conditions including voids, cracks, bulges, and loose 

units in existing masonry backup, rotted wood, rusted metal, and other deteriorated items.

E. Remove in an undamaged condition as many whole bricks as possible.

1. Remove mortar, loose particles, and soil from brick by cleaning with hand chisels, 

brushes, and water.

2. Remove sealants by cutting close to brick with utility knife and cleaning with solvents.

F. Clean masonry surrounding removal areas by removing mortar, dust, and loose particles in 

preparation for brick replacement.

G. Install replacement brick into bonding and coursing pattern of existing brick. If cutting is 

required, use a motor-driven saw designed to cut masonry with clean, sharp, unchipped edges.

1. Maintain joint width for replacement units to match existing joints.
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2. Use setting buttons or shims to set units accurately spaced with uniform joints.

H. Lay replacement brick with rebuilding (setting) mortar and with completely filled bed, head, 

and collar joints. Butter ends with enough mortar to fill head joints and shove into place. Wet 

both replacement and surrounding bricks that have ASTM C 67 initial rates of absorption 

(suction) of more than 30 g/30 sq. in. per min. (30 g/194 sq. cm per min.) Use wetting methods 

that ensure that units are nearly saturated but surface is dry when laid.

1. Tool exposed mortar joints in repaired areas to match joints of surrounding existing 

brickwork.

2. Rake out mortar used for laying brick before mortar sets according to Section 040120.64 

"Brick Masonry Repointing." Point at same time as repointing of surrounding area.

3. When mortar is hard enough to support units, remove shims and other devices interfering 

with pointing of joints.

I. Curing: Cure mortar by maintaining in thoroughly damp condition for at least 72 consecutive 

hours, including weekends and holidays.

1. Hairline cracking within the mortar or mortar separation at edge of a joint is 

unacceptable. Completely remove such mortar and repoint.

3.3 MASONRY UNIT PATCHING

A. Patching Bricks:

1. Remove loose material from masonry surface. Carefully remove additional material so 

patch does not have feathered edges but has square or slightly undercut edges on area to 

be patched and is at least 1/4 inch (6 mm) thick, but not less than recommended in 

writing by patching compound manufacturer.

2. Mask adjacent mortar joint or rake out for repointing if patch extends to edge of masonry 

unit.

3. Mix patching compound in individual batches to match each unit being patched. 

Combine one or more colors of patching compound, as needed, to produce exact match.

4. Rinse surface to be patched and leave damp, but without standing water.

5. Brush-coat surfaces with slurry coat of patching compound according to manufacturer's 

written instructions.

6. Place patching compound in layers as recommended in writing by patching compound 

manufacturer, but not less than 1/4 inch (6 mm) or more than 2 inches (50 mm) thick. 

Roughen surface of each layer to provide a key for next layer.

7. Trowel, scrape, or carve surface of patch to match texture and surrounding surface plane 

or contour of masonry unit. Shape and finish surface before or after curing, as determined 

by testing, to best match existing masonry unit.

8. Keep each layer damp for 72 hours or until patching compound has set.

3.4 FINAL CLEANING

A. After mortar has fully hardened, thoroughly clean exposed masonry surfaces of excess mortar 

and foreign matter; use wood scrapers, stiff-nylon or -fiber brushes, and clean water, applied by 

low pressure spray.

1. Do not use metal scrapers or brushes.

2. Do not use acidic or alkaline cleaners.

END OF SECTION 040120.63
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SECTION 040120.64 

BRICK MASONRY REPOINTING

(Reference Preservation Briefs & Match Existing)

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes replacing damaged brick to match, removing portions of mortar and repointing 

joints with new mortar. Some area areas shown are to be for reworked 100% or complete tuck 

pointing.  Other smaller areas will be approved and included as part of the unit price. 

1.2 UNIT PRICES

A. Work of this Section is affected by unit prices specified in Section 012200 "Unit Prices."

1.3 PREINSTALLATION MEETINGS

A. Pre-installation Conference: Conduct conference at Project site.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Samples: For each exposed product and for each color and texture specified.

1.5 INFORMATIONAL SUBMITTALS

A. Quality-control program.

1.6 QUALITY ASSURANCE

A. Brick Masonry Repointing Specialist Qualifications: Engage an experienced brick masonry 

repointing firm to perform work of this Section. Firm shall have completed work similar in 

material, design, and extent to that indicated for this Project with a record of successful in-

service performance. Experience in only installing masonry is insufficient experience for 

masonry repointing work.

B. Quality-Control Program: Prepare a written quality-control program for this Project to 

systematically demonstrate the ability of personnel to properly follow methods and use 

materials and tools without damaging masonry. Include provisions for supervising performance 

and preventing damage.

PART 2 - PRODUCTS

2.1 MORTAR MATERIALS

Portland Cement: ASTM C 150/C 150M, Type I or Type II, except Type III may be used for 

cold-weather construction; white gray, or both where required for color matching of 

mortar.  Provide cement containing not more than 0.60 percent total alkali when tested 

according to ASTM C 114.

A. Hydrated Lime: ASTM C 207, Type S.

B. Masonry Cement: ASTM C 91/C 91M.

C. Mortar Cement: ASTM C 1329/C 1329M.

D. Mortar Sand: ASTM C 144.

1. Match size, texture, and gradation of existing mortar sand as closely as possible. 

Blend several sands if necessary to achieve suitable match.

Color: Provide natural sand or ground marble, granite, or other sound stone of color 

necessary to produce required mortar color.
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E. Mortar Pigments: ASTM C 979/C 979M, compounded for use in mortar mixes, and having a 

record of satisfactory performance in masonry mortars.

F. Water: Potable.

2.2 MORTAR MIXES

A. Measurement and Mixing: Measure cementitious materials and sand in a dry condition by 

volume or equivalent weight. Do not measure by shovel; use known measure. Mix materials in 

a clean, mechanical batch mixer.

1. Mixing Pointing Mortar: Thoroughly mix cementitious materials and sand together 

before adding any water. Then mix again, adding only enough water to produce a damp, 

unworkable mix that retains its form when pressed into a ball. Maintain mortar in this 

dampened condition for 15 to 30 minutes. Add remaining water in small portions until 

mortar reaches desired consistency. Use mortar within one hour of final mixing; do not 

retemper or use partially hardened material.

B. Colored Mortar: Produce mortar of color required by using specified ingredients. Do not alter 

specified proportions without Architect/Owner's approval.

1. Mortar Pigments: Where mortar pigments are indicated, do not add pigment exceeding 10 

percent by weight of the cementitious or binder materials, except for carbon black which 

is limited to 2 percent.

C. Do not use admixtures in mortar unless otherwise indicated.

D. Mixes: Mix mortar materials in the following proportions:

1. Pointing Mortar by Type: ASTM C 270, Proportion Specification, Type N unless 

otherwise indicated; with cementitious material limited to portland cement and lime 

masonry cement or mortar cement. Add mortar pigments to produce mortar colors 

required.

PART 3 - EXECUTION

3.1 PROTECTION

A. Remove all items in the way, preventing proper review, required for scope of work and to be 

demolished; conduits, gutters, boxes, fans, door & windows, downspouts, brackets, clips, lights, 

etc. all affecting work adjacent to masonry.  Store any items indicated to be used or re-installed, 

during masonry repair. Reinstall when repairs are complete.

1. Provide temporary rain drainage during work to direct water away from building.

3.2 REPOINTING MASONRY

A. Rake out and repoint joints to the following extent:

1. All joints in areas shaded and indicated as Entire area.  See drawings and 

approximate square footage. 

2. Void or loose joints and bricks in areas indicated as patch & paint, or no work, shall 

be reviewed and approved per the unit cost. 

3. Joints indicated as sealant-filled joints. Seal joints according to Section 079200 "Joint 

Sealants."

4. Joints at locations of the following defects:

a. Holes and missing mortar.

b. Cracks that can be penetrated 1/4 inch (6 mm) or more by a knife blade 0.027 inch 

(0.7 mm) thick.

c. Cracks 1/16 inch (1.6 mm) or more in width and of any depth.

d. Hollow-sounding joints when tapped by metal object.

e. Eroded surfaces 1/4 inch (6 mm) or more deep.



Stiefel Theatre Tower Reconstruction and Restoration 04012 0.64-3 Brick Masonry Repointing 
Salina, KS  JGR No. 19-3007

f. Deterioration to point that mortar can be easily removed by hand, without tools.

g. Joints filled with substances other than mortar.

B. Do not rake out and repoint joints where not required.

C. Rake out joints as follows, according to procedures demonstrated and approved:

1. Remove mortar from joints to depth of 2 times joint width, but not less than 3/4 inch (20 

mm) or not less than that required to expose sound, unweathered mortar. Do not remove 

unsound mortar more than 2 inches (50 mm) deep; consult Architect/Owner for 

direction.

2. Remove mortar from masonry surfaces within raked-out joints to provide reveals with 

square backs and to expose masonry for contact with pointing mortar. Brush, vacuum, or 

flush joints to remove dirt and loose debris.

3. Do not spall edges of masonry units or widen joints. Replace or patch damaged masonry 

units as directed by Architect/Owner.

D. Notify Architect/Owner of unforeseen detrimental conditions including voids in mortar joints, 

cracks, loose masonry units, rotted wood, rusted metal, and other deteriorated items.

E. Pointing with Mortar:

1. Rinse joint surfaces with water to remove dust and mortar particles. Time rinsing 

application so, at time of pointing, joint surfaces are damp but free of standing water. If 

rinse water dries, dampen joint surfaces before pointing.

2. Apply pointing mortar first to areas where existing mortar was removed to depths greater 

than surrounding areas. Apply in layers not greater than 3/8 inch (9 mm) until a uniform 

depth is formed. Fully compact each layer, and allow it to become thumbprint hard before 

applying next layer.

3. After deep areas have been filled to same depth as remaining joints, point joints by 

placing mortar in layers not greater than 3/8 inch (9 mm). Fully compact each layer and 

allow to become thumbprint hard before applying next layer. Where existing masonry 

units have worn or rounded edges, slightly recess finished mortar surface below face of 

masonry to avoid widened joint faces. Take care not to spread mortar beyond joint edges 

onto exposed masonry surfaces or to featheredge the mortar.

4. When mortar is thumbprint hard, tool joints to match original appearance of joints as 

demonstrated in approved mockup. Remove excess mortar from edge of joint by 

brushing.

5. Cure mortar by maintaining in thoroughly damp condition for at least 72 consecutive 

hours, including weekends and holidays.

6. Hairline cracking within mortar or mortar separation at edge of a joint is unacceptable. 

Completely remove such mortar and repoint.

F. Where repointing work precedes cleaning of existing masonry, allow mortar to harden at least 

30 days before beginning cleaning work.

3.3 FINAL CLEANING

A. After mortar has fully hardened, thoroughly clean exposed masonry surfaces of excess mortar 

and foreign matter; use wood scrapers, stiff-nylon or -fiber brushes, and clean water, applied by 

low pressure spray.

END OF SECTION 040120.64
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PRESERVATION BRIEF  1

Assessing Cleaning and Water-Repellent Treatments for 

Historic Masonry Buildings
 Preparing for a Cleaning Project

 Understanding the Building Materials 

 Cleaning Methods and Materials

 Planning a Cleaning Project

 Water-Repellent Coatings and Waterproof Coatings

Inappropriate cleaning and coating treatments are a major cause of damage to historic masonry 
buildings. While either or both treatments may be appropriate in some cases, they can be very 
destructive to historic masonry if they are not selected carefully. Historic masonry, as considered here, 
includes stone, brick, architectural terra cotta, cast stone, concrete and concrete block. It is frequently 
cleaned because cleaning is equated with improvement. Cleaning may sometimes be followed by the 
application of a water-repellent coating. However, unless these procedures are carried out under the 
guidance and supervision of an architectural conservator, they may result in irrevocable damage to the 
historic resource.
The purpose of this Brief is to provide information on the variety of cleaning methods and materials that 
are available for use on the exterior of historic masonry buildings, and to provide guidance in selecting 
the most appropriate method or combination of methods. The difference between water-repellent 
coatings and waterproof coatings is explained, and the purpose of each, the suitability of their 
application to historic masonry buildings, and the possible consequences of their inappropriate use are 
discussed.
The Brief is intended to help develop sensitivity to the qualities of historic masonry that makes it so 
special, and to assist historic building owners and property managers in working cooperatively with 
architects, architectural conservators, and contractors. Although specifically intended for historic 
buildings, the information is applicable to all masonry buildings. The Brief is not meant to be a cleaning 
manual or a guide for preparing specifications. Rather, it provides general information to raise 
awareness of the many factors involved in selecting cleaning and water-repellent treatments for historic 
masonry buildings. 

Preparing for a Cleaning Project, Reasons for Cleaning
First, it is important to determine whether it is appropriate to clean the masonry. The objective of 
cleaning a historic masonry building must be considered carefully before arriving at a decision to clean. 
There are several major reasons for cleaning a historic masonry building: improve the appearance of the 
building by removing unattractive dirt or soiling materials, or non-historic paint from the masonry; 
retard deterioration by removing soiling materials that may be damaging the masonry; or provide a 
clean surface to accurately match repointing mortars or patching compounds, or to conduct a condition 
survey of the masonry. 

Identify What is to be Removed
The general nature and source of dirt or soiling material on a building must be identified to remove it in 
the gentlest means possible--that is, in the most effective, yet least harmful, manner. Soot and smoke, 
for example, require a different cleaning agent to remove than oil stains or metallic stains. Other 
common cleaning problems include biological growth such as mold or mildew, and organic matter such 
as the tendrils left on masonry after removal of ivy.

Consider the Historic Appearance of the Building
If the proposed cleaning is to remove paint, it is important in each case to learn whether or not 
unpainted masonry is historically appropriate. And, it is necessary to consider why the building was 
painted. Was it to cover bad repointing or unmatched repairs? Was the building painted to protect soft 
brick or to conceal deteriorating stone? Or, was painted masonry simply a fashionable treatment in a 

https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm
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particular historic period? Many buildings were painted at the time of construction or shortly thereafter; 
retention of the paint, therefore, may be more appropriate historically than removing it. And, if the 
building appears to have been painted for a long time, it is also important to think about whether the 
paint is part of the character of the historic building and if it has acquired significance over time. 

Consider the Practicalities of Cleaning or Paint Removal
Some gypsum or sulfate crusts may have become integral with the stone and, if cleaning could result in 
removing some of the stone surface, it may be preferable not to clean. Even where unpainted masonry 
is appropriate, the retention of the paint may be more practical than removal in terms of long range 
preservation of the masonry. In some cases, however, removal of the paint may be desirable. For 
example, the old paint layers may have built up to such an extent that removal is necessary to ensure a 
sound surface to which the new paint will adhere.

Study the Masonry
Although not always necessary, in some instances it can be beneficial to have the coating or paint type, 
color, and layering on the masonry researched before attempting its removal. Analysis of the nature of 
the soiling or of the paint to be removed from the masonry, as well as guidance on the appropriate 
cleaning method, may be provided by professional consultants, including architectural conservators, 
conservation scientists, and preservation architects. The State Historic Preservation Office (SHPO), local 
historic district commissions, architectural review boards, and preservation-oriented websites may also 
be able to supply useful information on masonry cleaning techniques.

Understanding the Building Materials 
The construction of the building must be considered when developing a cleaning program because 
inappropriate cleaning can have a deleterious effect on the masonry as well as on other building 
materials. The masonry material or materials must be correctly identified. It is sometimes difficult to 
distinguish one type of stone from another; for example, certain sandstones can be easily confused with 
limestones. Or, what appears to be natural stone may not be stone at all, but cast stone or concrete. 
Historically, cast stone and architectural terra cotta were frequently used in combination with natural 
stone, especially for trim elements or on upper stories of a building where, from a distance, these 
substitute materials looked like real stone. Other features on historic buildings that appear to be stone, 
such as decorative cornices, entablatures and window hoods, may not even be masonry, but metal.

Identify Prior Treatments
Previous treatments of the building and its surroundings should be researched and building maintenance 
records should be obtained, if available. Sometimes if streaked or spotty areas do not seem to get 
cleaner following an initial cleaning, closer inspection and analysis may be warranted. The discoloration 
may turn out not to be dirt but the remnant of a water-repellent coating applied long ago which has 
darkened the surface of the masonry over time. Successful removal may require testing several cleaning 
agents to find something that will dissolve and remove the coating. Complete removal may not always 
be possible. Repairs may have been stained to match a dirty building, and cleaning may make these 
differences apparent. De-icing salts used near the building that have dissolved can migrate into the 
masonry. Cleaning may draw the salts to the surface, where they will appear as efflorescence (a 
powdery, white substance), which may require a second treatment to be removed. Allowances for 
dealing with such unknown factors, any of which can be a potential problem, should be included when 
investigating cleaning methods and materials. Just as more than one kind of masonry on a historic 
building may necessitate multiple cleaning approaches, unknown conditions that are encountered may 
also require additional cleaning treatments.

Choose the Appropriate Cleaner
The importance of testing cleaning methods and materials cannot be over emphasized. Applying the 
wrong cleaning agents to historic masonry can have disastrous results. Acidic cleaners can be extremely 
damaging to acid-sensitive stones, such as marble and limestone, resulting in etching and dissolution of 
these stones. Other kinds of masonry can also be damaged by incompatible cleaning agents, or even by 
cleaning agents that are usually compatible. There are also numerous kinds of sandstone, each with a 
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considerably different geological composition. While an acid-based cleaner may be safely used on some 
sandstones, others are acid-sensitive and can be severely etched or dissolved by an acid cleaner. Some 
sandstones contain water-soluble minerals and can be eroded by water cleaning. And, even if the stone 
type is correctly identified, stones, as well as some bricks, may contain unexpected impurities, such as 
iron particles, that may react negatively with a particular cleaning agent and result in staining. Thorough 
understanding of the physical and chemical properties of the masonry will help avoid the inadvertent 
selection of damaging cleaning agents.
Other building materials also may be affected by the cleaning process. Some chemicals, for example, 
may have a corrosive effect on paint or glass. The portions of building elements most vulnerable to 
deterioration may not be visible, such as embedded ends of iron window bars. Other totally unseen 
items, such as iron cramps or ties which hold the masonry to the structural frame, also may be subject 
to corrosion from the use of chemicals or even from plain water. The only way to prevent problems in 
these cases is to study the building construction in detail and evaluate proposed cleaning methods with 
this information in mind. However, due to the very likely possibility of encountering unknown factors, 
any cleaning project involving historic masonry should be viewed as unique to that particular building.

Cleaning Methods and Materials 
Masonry cleaning methods generally are divided into three major groups: water, chemical, and abrasive. 
Water methods soften the dirt or soiling material and rinse the deposits from the masonry surface. 
Chemical cleaners react with dirt, soiling material or paint to effect their removal, after which the 
cleaning effluent is rinsed off the masonry surface with water. Abrasive methods include blasting with 
grit, and the use of grinders and sanding discs, all of which mechanically remove the dirt, soiling 
material or paint (and, usually, some of the masonry surface). Abrasive cleaning is also often followed 
with a water rinse. Laser cleaning, although not discussed here in detail, is another technique that is 
used sometimes by conservators to clean small areas of historic masonry. It can be quite effective for 
cleaning limited areas, but it is expensive and generally not practical for most historic masonry cleaning 
projects.
Although it may seem contrary to common sense, masonry cleaning projects should be carried out 
starting at the bottom and proceeding to the top of the building always keeping all surfaces wet below 
the area being cleaned. The rationale for this approach is based on the principle that dirty water or 
cleaning effluent dripping from cleaning in progress above will leave streaks on a dirty surface but will 
not streak a clean surface as long as it is kept wet and rinsed frequently.
Water Cleaning
Water cleaning methods are generally the gentlest means possible, and they can be used safely to 
remove dirt from all types of historic masonry. There are essentially four kinds of water-based methods: 
soaking; pressure water washing; water washing supplemented with non-ionic detergent; and steam, or 
hot-pressurized water cleaning. Once water cleaning has been completed, it is often necessary to follow 
up with a water rinse to wash off the loosened soiling material from the masonry.
Water cleaning methods may not be appropriate to use on some badly deteriorated masonry because 
water may exacerbate the deterioration, or on gypsum or alabaster, which are very soluble in water.

Soaking
Prolonged spraying or misting with water is particularly effective for cleaning limestone and marble. It is 
also a good method for removing heavy accumulations of soot, sulfate crusts or gypsum crusts that tend 
to form in protected areas of a building not regularly washed by rain. Water is distributed to lengths of 
punctured hose or pipe with non-ferrous fittings hung from moveable scaffolding or a swing stage that 
continuously mists the surface of the masonry with a very fine spray. A timed on-off spray is another 
approach to using this cleaning technique. After one area has been cleaned, the apparatus is moved on 
to another. Soaking is often used in combination with water washing and is also followed by a final water 
rinse. Soaking is a very slow method—it may take several days or a week—but it is a very gentle 
method to use on historic masonry.

Water Washing
Washing with low-pressure or medium-pressure water is probably one of the most commonly used 
methods for removing dirt or other pollutant soiling from historic masonry buildings. Starting with a very 
low pressure (100 psi or below), even using a garden hose, and progressing as needed to slightly higher 
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pressure—generally no higher than 300-400 psi—is always the recommended way to begin. Scrubbing 
with natural bristle or synthetic bristle brushes—never metal which can abrade the surface and leave 
metal particles that can stain the masonry—can help in cleaning areas of the masonry that are especially 
dirty.

Water Washing with Detergents
Non-ionic detergents—which are not the same as soaps—are synthetic organic compounds that are 
especially effective in removing oily soil. (Examples of some of the numerous proprietary non-ionic 
detergents include Igepal by GAF, Tergitol by Union Carbide and Triton by Rohm & Haas.) Thus, the 
addition of a non-ionic detergent, or surfactant, to a low- or medium-pressure water wash can be a 
useful aid in the cleaning process. (A non-ionic detergent, unlike most household detergents, does not 
leave a solid, visible residue on the masonry.) Adding a non-ionic detergent and scrubbing with a natural 
bristle or synthetic bristle brush can facilitate cleaning textured or intricately carved masonry. This 
should be followed with a final water rinse.

Steam/Hot-Pressurized Water Cleaning
Steam cleaning is actually low-pressure hot water washing because the steam condenses almost 
immediately upon leaving the hose. This is a gentle and effective method for cleaning stone and 
particularly for acid-sensitive stones. Steam can be especially useful in removing built-up soiling 
deposits and dried-up plant materials, such as ivy disks and tendrils. It can also be an efficient means of 
cleaning carved stone details and, because it does not generate a lot of liquid water, it can sometimes 
be appropriate to use for cleaning interior masonry.

Potential Hazards of Water Cleaning
Despite the fact that water-based methods are generally the most gentle, even they can be damaging to 
historic masonry. Before beginning a water cleaning project, it is important to make sure that all mortar 
joints are sound and that the building is watertight. Otherwise water can seep through the walls to the 
interior, resulting in rusting metal anchors and stained and ruined plaster.
Some water supplies may contain traces of iron and copper which may cause masonry to discolor. 
Adding a chelating or complexing agent to the water, such as EDTA (ethylene diamine tetra-acetic acid), 
which inactivates other metallic ions, as well as softens minerals and water hardness, will help prevent 
staining on light-colored masonry.
Any cleaning method involving water should never be done in cold weather or if there is any likelihood of 
frost or freezing because water within the masonry can freeze, causing spalling and cracking. Since a 
masonry wall may take over a week to dry after cleaning, no water cleaning should be permitted for 
several days prior to the first average frost date, or even earlier if local forecasts predict cold weather.
Most important of all, it is imperative to be aware that using water at too high a pressure, a practice 
common to "power washing" and "water blasting", is very abrasive and can easily etch marble and other 
soft stones, as well as some types of brick. In addition, the distance of the nozzle from the masonry 
surface and the type of nozzle, as well as gallons per minute (gpm), are also important variables in a 
water cleaning process that can have a significant impact on the outcome of the project. This is why it is 
imperative that the cleaning be closely monitored to ensure that the cleaning operators do not raise the 
pressure or bring the nozzle too close to the masonry in an effort to "speed up" the process. The 
appearance of grains of stone or sand in the cleaning effluent on the ground is an indication that the 
water pressure may be too high.

Chemical Cleaning
Chemical cleaners, generally in the form of proprietary products, are another material frequently used to 
clean historic masonry. They can remove dirt, as well as paint and other coatings, metallic and plant 
stains, and graffiti. Chemical cleaners used to remove dirt and soiling include acids, alkalies and organic 
compounds. Acidic cleaners, of course, should not be used on masonry that is acid sensitive. Paint 
removers are alkaline, based on organic solvents or other chemicals.

Chemical Cleaners to Remove Dirt
Both alkaline and acidic cleaning treatments include the use of water. Both cleaners are also likely to 
contain surfactants (wetting agents), that facilitate the chemical reaction that removes the dirt. 
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Generally, the masonry is wet first for both types of cleaners, then the chemical cleaner is sprayed on at 
very low pressure or brushed onto the surface. The cleaner is left to dwell on the masonry for an 
amount of time recommended by the product manufacturer or, preferably, determined by testing, and 
rinsed off with a low- or moderate-pressure cold, or sometimes hot, water wash.
More than one application of the cleaner may be necessary, and it is always a good practice to test the 
product manufacturers recommendations concerning dilution rates and dwell times. Because each 
cleaning situation is unique, dilution rates and dwell times can vary considerably. The masonry surface 
may be scrubbed lightly with natural or synthetic bristle brushes prior to rinsing. After rinsing, pH strips 
should be applied to the surface to ensure that the masonry has been neutralized completely.

Acidic Cleaners
Acid-based cleaning products may be used on non-acid sensitive masonry, which generally includes: 
granite, most sandstones, slate, unglazed brick and unglazed architectural terra cotta, cast stone and 
concrete. Most commercial acidic cleaners are composed primarily of hydrofluoric acid, and often include 
some phosphoric acid to prevent rust-like stains from developing on the masonry after the cleaning. 
Acid cleaners are applied to the pre-wet masonry which should be kept wet while the acid is allowed to 
"work", and then removed with a water wash.

Alkaline Cleaners
Alkaline cleaners should be used on acid-sensitive masonry, including: limestone, polished and 
unpolished marble, calcareous sandstone, glazed brick and glazed architectural terra cotta, and polished 
granite. (Alkaline cleaners may also be used sometimes on masonry materials that are not acid 
sensitive--after testing, of course--but they may not be as effective as they are on acid-sensitive 
masonry.) Alkaline cleaning products consist primarily of two ingredients: a non-ionic detergent or 
surfactant; and an alkali, such as potassium hydroxide or ammonium hydroxide. Like acidic cleaners, 
alkaline products are usually applied to pre-wet masonry, allowed to dwell, and then rinsed off with 
water. (Longer dwell times may be necessary with alkaline cleaners than with acidic cleaners.) Two 
additional steps are required to remove alkaline cleaners after the initial rinse. First the masonry is given 
a slightly acidic wash--often with acetic acid--to neutralize it, and then it is rinsed again with water.

Chemical Cleaners to Remove Paint and Other Coatings, Stains and Graffiti
Removing paint and some other coatings, stains and graffiti can best be accomplished with alkaline paint 
removers, organic solvent paint removers, or other cleaning compounds. The removal of layers of paint 
from a masonry surface usually involves applying the remover either by brush, roller or spraying, 
followed by a thorough water wash. As with any chemical cleaning, the manufacturer's 
recommendations regarding application procedures should always be tested before beginning work.

Alkaline Paint Removers
These are usually of much the same composition as other alkaline cleaners, containing potassium or 
ammonium hydroxide, or trisodium phosphate. They are used to remove oil, latex and acrylic paints, 
and are effective for removing multiple layers of paint. Alkaline cleaners may also remove some acrylic 
water-repellent coatings. As with other alkaline cleaners, both an acidic neutralizing wash and a final 
water rinse are generally required following the use of alkaline paint removers.

Organic Solvent Paint Removers
The formulation of organic solvent paint removers varies and may include a combination of solvents, 
including methylene chloride, methanol, acetone, xylene and toluene.

Other Paint Removers and Cleaners
Other cleaning compounds that can be used to remove paint and some painted graffiti from historic 
masonry include paint removers based on N-methyl-2-pyrrolidone (NMP), or on petroleum-based 
compounds. Removing stains, whether they are industrial (smoke, soot, grease or tar), metallic (iron or 
copper), or biological (plant and fungal) in origin, depends on carefully matching the type of remover to 
the type of stain. Successful removal of stains from historic masonry often requires the application of a 
number of different removers before the right one is found. The removal of layers of paint from a 
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masonry surface is usually accomplished by applying the remover either by brush, roller or spraying, 
followed by a thorough water wash.

Potential Hazards of Chemical Cleaning
Since most chemical cleaning methods involve water, they have many of the potential problems of plain 
water cleaning. Like water methods, they should not be used in cold weather because of the possibility 
of freezing. Chemical cleaning should never be undertaken in temperatures below 40 degrees F (4 
degrees C), and generally not below 50 degrees F. In addition, many chemical cleaners simply do not 
work in cold temperatures. Both acidic and alkaline cleaners can be dangerous to cleaning operators, 
and clearly, there are environmental concerns associated with the use of chemical cleaners.
If not carefully chosen, chemical cleaners can react adversely with many types of masonry. Obviously, 
acidic cleaners should not be used on acid-sensitive materials; however, it is not always clear exactly 
what the composition is of any stone or other masonry material. For, this reason, testing the cleaner on 
an inconspicuous spot on the building is always necessary. While certain acid-based cleaners may be 
appropriate if used as directed on a particular type of masonry, if left too long or if not adequately rinsed 
from the masonry they can have a negative effect. For example, hydrofluoric acid can etch masonry 
leaving a hazy residue (whitish deposits of silica or calcium fluoride salts) on the surface. While this 
efflorescence may usually be removed by a second cleaning—although it is likely to be expensive and 
time-consuming—hydrofluoric acid can also leave calcium fluoride salts or a colloidal silica deposit on 
masonry which may be impossible to remove. Other acids, particularly hydrochloric (muriatic) acid, 
which is very powerful, should not be used on historic masonry, because it can dissolve lime-based 
mortar, damage brick and some stones, and leave chloride deposits on the masonry.
Alkaline cleaners can stain sandstones that contain a ferrous compound. Before using an alkaline cleaner 
on sandstone it is always important to test it, since it may be difficult to know whether a particular 
sandstone may contain a ferrous compound. Some alkaline cleaners, such as sodium hydroxide (caustic 
soda or lye) and ammonium bifluoride, can also damage or leave disfiguring brownish-yellow stains and, 
in most cases, should not be used on historic masonry. Although alkaline cleaners will not etch a 
masonry surface as acids can, they are caustic and can burn the surface. In addition, alkaline cleaners 
can deposit potentially damaging salts in the masonry which can be difficult to rinse thoroughly.

Poulticing to Remove Stains and Graffiti
Graffiti and stains, which have penetrated into the masonry, often are best removed by using a poultice. 
A poultice consists of an absorbent material or clay powder (such as kaolin or fullerís earth, or even 
shredded paper or paper towels), mixed with a liquid (a solvent or other remover) to form a paste which 
is applied to the stain. The poultice is kept moist and left on the stain as long as necessary for it to draw 
the stain out of the masonry. As it dries, the paste absorbs the staining material so that it is not 
redeposited on the masonry surface.

Some commercial cleaning products and paint removers are specially formulated as a paste or gel that 
will cling to a vertical surface and remain moist for a longer period of time in order to prolong the action 
of the chemical on the stain. Pre-mixed poultices are also available as a paste or in powder form needing 
only the addition of the appropriate liquid. The masonry must be pre-wet before applying an alkaline 
cleaning agent, but not when using a solvent. Once the stain has been removed, the masonry must be 
rinsed thoroughly.

Abrasive and Mechanical Cleaning
Generally, abrasive cleaning methods are not appropriate for use on historic masonry buildings. Abrasive 
cleaning methods are just that—abrasive. Grit blasters, grinders, and sanding discs all operate by 
abrading the dirt or paint off the surface of the masonry, rather than reacting with the dirt and the 
masonry which is how water and chemical methods work. Since the abrasives do not differentiate 
between the dirt and the masonry, they can also remove the outer surface of the masonry at the same 
time, and result in permanently damaging the masonry. Brick, architectural terra cotta, soft stone, 
detailed carvings, and polished surfaces, are especially susceptible to physical and aesthetic damage by 
abrasive methods. Brick and architectural terra cotta are fired products which have a smooth, glazed 
surface which can be removed by abrasive blasting or grinding. Abrasively-cleaned masonry is damaged 
aesthetically as well as physically, and it has a rough surface which tends to hold dirt and the roughness 
will make future cleaning more difficult. Abrasive cleaning processes can also increase the likelihood of 
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subsurface cracking of the masonry. Abrasion of carved details causes a rounding of sharp corners and 
other loss of delicate features, while abrasion of polished surfaces removes the polished finish of stone.
Mortar joints, especially those with lime mortar, also can be eroded by abrasive or mechanical cleaning. 
In some cases, the damage may be visual, such as loss of joint detail or increased joint shadows. As 
mortar joints constitute a significant portion of the masonry surface (up to 20 per cent in a brick wall), 
this can result in the loss of a considerable amount of the historic fabric. Erosion of the mortar joints 
may also permit increased water penetration, which will likely necessitate repointing.

Abrasive Blasting
Blasting with abrasive grit or another abrasive material is the most frequently used abrasive method. 
Sandblasting is most commonly associated with abrasive cleaning. Finely ground silica or glass powder, 
glass beads, ground garnet, powdered walnut and other ground nut shells, grain hulls, aluminum oxide, 
plastic particles and even tiny pieces of sponge, are just a few of the other materials that have also been 
used for abrasive cleaning. Although abrasive blasting is not an appropriate method of cleaning historic 
masonry, it can be safely used to clean some materials. Finely-powdered walnut shells are commonly 
used for cleaning monumental bronze sculpture, and skilled conservators clean delicate museum objects 
and finely detailed, carved stone features with very small, micro-abrasive units using aluminum oxide.
A number of current approaches to abrasive blasting rely on materials that are not usually thought of as 
abrasive, and not as commonly associated with traditional abrasive grit cleaning. Some patented 
abrasive cleaning processes—one dry, one wet—use finely-ground glass powder intended to "erase" or 
remove dirt and surface soiling only, but not paint or stains. Cleaning with baking soda (sodium 
bicarbonate) is another patented process. Baking soda blasting is being used in some communities as a 
means of quick graffiti removal. However, it should not be used on historic masonry which it can easily 
abrade and can permanently "etch" the graffiti into the stone; it can also leave potentially damaging 
salts in the stone which cannot be removed. Most of these abrasive grits may be used either dry or wet, 
although dry grit tends to be used more frequently.
Ice particles, or pelletized dry ice (carbon dioxide or CO2), are another medium used as an abrasive 
cleaner. This is also too abrasive to be used on most historic masonry, but it may have practical 
application for removing mastics or asphaltic coatings from some substrates. 
Some of these processes are promoted as being more environmentally safe and not damaging to historic 
masonry buildings. However, it must be remembered that they are abrasive and that they "clean" by 
removing a small portion of the masonry surface, even though it may be only a minuscule portion. The 
fact that they are essentially abrasive treatments must always be taken into consideration when 
planning a masonry cleaning project. In general, abrasive methods should not be used to clean historic 
masonry buildings. In some, very limited instances, highly-controlled, gentle abrasive cleaning may be 
appropriate on selected, hard-to-clean areas of a historic masonry building if carried out under the 
watchful supervision of a professional conservator. But, abrasive cleaning should never be used on an 
entire building.

Grinders and Sanding Disks
Grinding the masonry surface with mechanical grinders and sanding disks is another means of abrasive 
cleaning that should not be used on historic masonry. Like abrasive blasting, grinders and disks do not 
really clean masonry but instead grind away and abrasively remove and, thus, damage the masonry 
surface itself rather than remove just the soiling material. 

Planning a Cleaning Project 
Once the masonry and soiling material or paint have been identified, and the condition of the masonry 
has been evaluated, planning for the cleaning project can begin.

Testing Cleaning Methods
In order to determine the gentlest means possible, several cleaning methods or materials may have to 
be tested prior to selecting the best one to use on the building. Testing should always begin with the 
gentlest and least invasive method proceeding gradually, if necessary, to more complicated methods, or 
a combination of methods. All too often simple methods, such as a low-pressure water wash, are not 
even considered, yet they frequently are effective, safe, and not expensive. Water of slightly higher 
pressure or with a non-ionic detergent additive also may be effective. It is worth repeating that these 
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methods should always be tested prior to considering harsher methods; they are safer for the building 
and the environment, often safer for the applicator, and relatively inexpensive.
The level of cleanliness desired also should be determined prior to selection of a cleaning method. 
Obviously, the intent of cleaning is to remove most of the dirt, soiling material, stains, paint or other 
coating. A "brand new" appearance, however, may be inappropriate for an older building, and may 
require an overly harsh cleaning method to be achieved. When undertaking a cleaning project, it is 
important to be aware that some stains simply may not be removable. It may be wise, therefore, to 
agree upon a slightly lower level of cleanliness that will serve as the standard for the cleaning project. 
The precise amount of residual dirt considered acceptable may depend on the type of masonry, the type 
of soiling and difficulty of total removal, and local environmental conditions.
Cleaning tests should be carried out in an area of sufficient size to give a true indication of their 
effectiveness. It is preferable to conduct the test in an inconspicuous location on the building so that it 
will not be obvious if the test is not successful. A test area may be quite small to begin, sometimes as 
small as six square inches, and gradually may be increased in size as the most appropriate methods and 
cleaning agents are determined. Eventually the test area may be expanded to a square yard or more, 
and it should include several masonry units and mortar joints. It should be remembered that a single 
building may have several types of masonry and that even similar materials may have different surface 
finishes. Each material and different finish should be tested separately. Cleaning tests should be 
evaluated only after the masonry has dried completely. The results of the tests may indicate that several 
methods of cleaning should be used on a single building.
When feasible, test areas should be allowed to weather for an extended period of time prior to final 
evaluation. A waiting period of a full year would be ideal in order to expose the test patch to a full range 
of seasons. If this is not possible, the test patch should weather for at least a month or two. For any 
building which is considered historically important, the delay is insignificant compared to the potential 
damage and disfigurement which may result from using an incompletely tested method. The successfully 
cleaned test patch should be protected as it will serve as a standard against which the entire cleaning 
project will be measured.

Environmental Considerations
The potential effect of any method proposed for cleaning historic masonry should be evaluated carefully. 
Chemical cleaners and paint removers may damage trees, shrubs, grass, and plants. A plan must be 
provided for environmentally safe removal and disposal of the cleaning materials and the rinsing effluent 
before beginning the cleaning project. Authorities from the local regulatory agency--usually under the 
jurisdiction of the federal or state Environmental Protection Agency (EPA)--should be consulted prior to 
beginning a cleaning project, especially if it involves anything more than plain water washing. This 
advance planning will ensure that the cleaning effluent or run-off, which is the combination of the 
cleaning agent and the substance removed from the masonry, is handled and disposed of in an 
environmentally sound and legal manner. Some alkaline and acidic cleaners can be neutralized so that 
they can be safely discharged into storm sewers. However, most solvent-based cleaners cannot be 
neutralized and are categorized as pollutants, and must be disposed of by a licensed transport, storage 
and disposal facility. Thus, it is always advisable to consult with the appropriate agencies before starting 
to clean to ensure that the project progresses smoothly and is not interrupted by a stop-work order 
because a required permit was not obtained in advance. 
Vinyl guttering or polyethylene-lined troughs placed around the perimeter of the base of the building can 
serve to catch chemical cleaning waste as it is rinsed off the building. This will reduce the amount of 
chemicals entering and polluting the soil, and also will keep the cleaning waste contained until it can be 
removed safely. Some patented cleaning systems have developed special equipment to facilitate the 
containment and later disposal of cleaning waste.
Concern over the release of volatile organic compounds (VOCs) into the air has resulted in the 
manufacture of new, more environmentally responsible cleaners and paint removers, while some 
materials traditionally used in cleaning may no longer be available for these same reasons. Other health 
and safety concerns have created additional cleaning challenges, such as lead paint removal, which is 
likely to require special removal and disposal techniques.

Cleaning can also cause damage to non-masonry materials on a building, including glass, metal and 
wood. Thus, it is usually necessary to cover windows and doors, and other features that may be 
vulnerable to chemical cleaners. They should be covered with plastic or polyethylene, or a masking 
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agent that is applied as a liquid which dries to form a thin protective film on glass, and is easily peeled 
off after the cleaning is finished. Wind drift, for example, can also damage other property by carrying 
cleaning chemicals onto nearby automobiles, resulting in etching of the glass or spotting of the paint 
finish. Similarly, airborne dust can enter surrounding buildings, and excess water can collect in nearby 
yards and basements.

Safety Considerations
Possible health dangers of each method selected for the cleaning project must be considered before 
selecting a cleaning method to avoid harm to the cleaning applicators, and the necessary precautions 
must be taken. The precautions listed in Material Safety Data Sheets (MSDS) that are provided with 
chemical products should always be followed. Protective clothing, respirators, hearing and face shields, 
and gloves must be provided to workers to be worn at all times. Acidic and alkaline chemical cleaners in 
both liquid and vapor forms can also cause serious injury to passers-by. It may be necessary to 
schedule cleaning at night or weekends if the building is located in a busy urban area to reduce the 
potential danger of chemical overspray to pedestrians. Cleaning during non-business hours will allow 
HVAC systems to be turned off and vents to be covered to prevent dangerous chemical fumes from 
entering the building which will also ensure the safety of the buildingís occupants. Abrasive and 
mechanical methods produce dust which can pose a serious health hazard, particularly if the abrasive or 
the masonry contains silica.

Water-Repellent Coatings and Waterproof Coatings 
To begin with, it is important to understand that waterproof coatings and water-repellent coatings are 
not the same. Although these terms are frequently interchanged and commonly confused with one 
another, they are completely different materials. Water-repellent coatings—often referred to incorrectly 
as "sealers", but which do not or should not "seal"—are intended to keep liquid water from penetrating 
the surface but to allow water vapor to enter and leave, or pass through, the surface of the masonry. 
Water-repellent coatings are generally transparent, or clear, although once applied some may darken or 
discolor certain types of masonry while others may give it a glossy or shiny appearance. Waterproof 
coatings seal the surface from liquid water and from water vapor. They are usually opaque, or 
pigmented, and include bituminous coatings and some elastomeric paints and coatings.

Water-Repellent Coatings
Water-repellent coatings are formulated to be vapor permeable, or "breathable". They do not seal the 
surface completely to water vapor so it can enter the masonry wall as well as leave the wall. While the 
first water-repellent coatings to be developed were primarily acrylic or silicone resins in organic solvents, 
now most water-repellent coatings are water-based and formulated from modified siloxanes, silanes and 
other alkoxysilanes, or metallic stearates. While some of these products are shipped from the factory 
ready to use, other water-borne water repellents must be diluted at the job site. Unlike earlier water-
repellent coatings which tended to form a "film" on the masonry surface, modern water-repellent 
coatings actually penetrate into the masonry substrate slightly and, generally, are almost invisible if 
properly applied to the masonry. They are also more vapor permeable than the old coatings, yet they 
still reduce the vapor permeability of the masonry. Once inside the wall, water vapor can condense at 
cold spots producing liquid water which, unlike water vapor, cannot escape through a water-repellent 
coating. The liquid water within the wall, whether from condensation, leaking gutters, or other sources, 
can cause considerable damage.

Water-repellent coatings are not consolidants. Although modern water-repellents may penetrate slightly 
beneath the masonry surface, instead of just "sitting" on top of it, they do not perform the same 
function as a consolidant which is to "consolidate" and replace lost binder to strengthen deteriorating 
masonry. Even after many years of laboratory study and testing, few consolidants have proven very 
effective. The composition of fired products such as brick and architectural terra cotta, as well as many 
types of building stone, does not lend itself to consolidation.
Some modern water-repellent coatings which contain a binder intended to replace the natural binders in 
stone that have been lost through weathering and natural erosion are described in product literature as 
both a water repellent and a consolidant The fact that the newer water-repellent coatings penetrate 
beneath the masonry surface instead of just forming a layer on top of the surface may indeed convey at 
least some consolidating properties to certain stones. However, a water-repellent coating cannot be 
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considered a consolidant. In some instances, a water-repellent or "preservative" coating, if applied to 
already damaged or spalling stone, may form a surface crust which, if it fails, may exacerbate the 
deterioration by pulling off even more of the stone. 

Is a Water-Repellent Treatment Necessary?
Water-repellent coatings are frequently applied to historic masonry buildings for the wrong reason. They 
also are often applied without an understanding of what they are and what they are intended to do. And 
these coatings can be very difficult, if not impossible, to remove from the masonry if they fail or become 
discolored. Most importantly, the application of water-repellent coatings to historic masonry is usually 
unnecessary.
Most historic masonry buildings, unless they are painted, have survived for decades without a water-
repellent coating and, thus, probably do not need one now. Water penetration to the interior of a 
masonry building is seldom due to porous masonry, but results from poor or deferred maintenance. 
Leaking roofs, clogged or deteriorated gutters and downspouts, missing mortar, or cracks and open 
joints around door and window openings are almost always the cause of moisture-related problems in a 
historic masonry building. If historic masonry buildings are kept watertight and in good repair, water-
repellent coatings should not be necessary.
Rising damp (capillary moisture pulled up from the ground), or condensation can also be a source of 
excess moisture in masonry buildings. A water-repellent coating will not solve this problem either and, in 
fact, may be likely to exacerbate it. Furthermore, a water-repellent coating should never be applied to a 
damp wall. Moisture in the wall would reduce the ability of a coating to adhere to the masonry and to 
penetrate below the surface. But, if it did adhere, it would hold the moisture inside the masonry 
because, although a water-repellent coating is permeable to water vapor, liquid water cannot pass 
through it. In the case of rising damp, a coating may force the moisture to go even higher in the wall 
because it can slow down evaporation, and thereby retain the moisture in the wall.
Excessive moisture in masonry walls may carry waterborne soluble salts from the masonry units 
themselves or from the mortar through the walls. If the water is permitted to come to the surface, the 
salts may appear on the masonry surface as efflorescence (a whitish powder) upon evaporation. 
However, the salts can be potentially dangerous if they remain in the masonry and crystallize beneath 
the surface as subflorescence. Subflorescence eventually may cause the surface of the masonry to spall, 
particularly if a water-repellent coating has been applied which tends to reduce the flow of moisture out 
from the subsurface of the masonry. Although many of the newer water-repellent products are more 
breathable than their predecessors, they can be especially damaging if applied to masonry that contains 
salts, because they limit the flow of moisture through masonry.

When a Water-Repellent Coating May be Appropriate
There are some instances when a water-repellent coating may be considered appropriate to use on a 
historic masonry building. Soft, incompletely fired brick from the 18th-and early-19th centuries may 
have become so porous that paint or some type of coating is needed to protect it from further 
deterioration or dissolution. When a masonry building has been neglected for a long period of time, 
necessary repairs may be required in order to make it watertight. If, following a reasonable period of 
time after the building has been made watertight and has dried out completely, moisture appears 
actually to be penetrating through the repointed and repaired masonry walls, then the application of a 
water-repellent coating may be considered in selected areas only. This decision should be made in 
consultation with an architectural conservator. And, if such a treatment is undertaken, it should not be 
applied to the entire exterior of the building.
Anti-graffiti or barrier coatings are another type of clear coating—although barrier coatings can also be 
pigmented—that may be applied to exterior masonry, but they are not formulated primarily as water 
repellents. The purpose of these coatings is to make it harder for graffiti to stick to a masonry surface 
and, thus, easier to clean. But, like water-repellent coatings, in most cases the application of anti-graffiti 
coatings is generally not recommended for historic masonry buildings. These coatings are often quite 
shiny which can greatly alter the appearance of a historic masonry surface, and they are not always 
effective. Generally, other ways of discouraging graffiti, such as improved lighting, can be more effective 
than a coating. However, the application of anti-graffiti coatings may be appropriate in some instances 
on vulnerable areas of historic masonry buildings which are frequent targets of graffiti that are located in 
out-of-the-way places where constant surveillance is not possible.
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Some water-repellent coatings are recommended by product manufacturers as a means of keeping dirt 
and pollutants or biological growth from collecting on the surface of masonry buildings and, thus, 
reducing the need for frequent cleaning. While this at times may be true, in some cases a coating may 
actually retain dirt more than uncoated masonry. Generally, the application of a water-repellent coating 
is not recommended on a historic masonry building as a means of preventing biological growth. Some 
water-repellent coatings may actually encourage biological growth on a masonry wall. Biological growth 
on masonry buildings has traditionally been kept at bay through regularly-scheduled cleaning as part of 
a maintenance plan. Simple cleaning of the masonry with low-pressure water using a natural- or 
synthetic-bristled scrub brush can be very effective if done on a regular basis. Commercial products are 
also available which can be sprayed on masonry to remove biological growth.
In most instances, a water-repellent coating is not necessary if a building is watertight. The application 
of a water-repellent coating is not a recommended treatment for historic masonry buildings unless there 
is a specific problem which it may help solve. If the problem occurs on only part of the building, it is best 
to treat only that area rather than an entire building. Extreme exposures such as parapets, for example, 
or portions of the building subject to driving rain can be treated more effectively and less expensively 
than the entire building. Water-repellent coatings are not permanent and must be reapplied periodically 
although, if they are truly invisible, it can be difficult to know when they are no longer providing the 
intended protection.
Testing a water-repellent coating by applying it in one small area may not be helpful in determining its 
suitability for the building because a limited test area does not allow an adequate evaluation of a 
treatment. Since water may enter and leave through the surrounding untreated areas, there is no way 
to tell if the coated test area is "breathable." But trying a coating in a small area may help to determine 
whether the coating is visible on the surface or if it will otherwise change the appearance of the 
masonry.

Waterproof Coatings
In theory, waterproof coatings usually do not cause problems as long as they exclude all water from the 
masonry. If water does enter the wall from the ground or from the inside of a building, the coating can 
intensify the damage because the water will not be able to escape. During cold weather this water in the 
wall can freeze causing serious mechanical disruption, such as spalling.
In addition, the water eventually will get out by the path of least resistance. If this path is toward the 
interior, damage to interior finishes can result; if it is toward the exterior, it can lead to damage to the 
masonry caused by built-up water pressure.
In most instances, waterproof coatings should not be applied to historic masonry. The possible exception 
to this might be the application of a waterproof coating to below-grade exterior foundation walls as a 
last resort to stop water infiltration on interior basement walls. Generally, however, waterproof coatings, 
which include elastomeric paints, should almost never be applied above grade to historic masonry 
buildings. 

Summary 
A well-planned cleaning project is an essential step in preserving, rehabilitating or restoring a historic 
masonry building. Proper cleaning methods and coating treatments, when determined necessary for the 
preservation of the masonry, can enhance the aesthetic character as well as the structural stability of a 
historic building. Removing years of accumulated dirt, pollutant crusts, stains, graffiti or paint, if done 
with appropriate caution, can extend the life and longevity of the historic resource. Cleaning that is 
carelessly or insensitively prescribed or carried out by inexperienced workers can have the opposite of 
the intended effect. It may scar the masonry permanently, and may actually result in hastening 
deterioration by introducing harmful residual chemicals and salts into the masonry or causing surface 
loss. Using the wrong cleaning method or using the right method incorrectly, applying the wrong kind of 
coating or applying a coating that is not needed can result in serious damage, both physically and 
aesthetically, to a historic masonry building. Cleaning a historic masonry building should always be done 
using the gentlest means possible that will clean, but not damage the building. It should always be 
taken into consideration before applying a water-repellent coating or a waterproof coating to a historic 
masonry building whether it is really necessary and whether it is in the best interest of preserving the 
building.
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PRESERVATION BRIEFS  2

Repointing Mortar Joints in Historic Masonry Buildings
 Historical Background

 Identifying the Problem Before Repointing

 Finding an Appropriate Mortar Match

 Properties of Mortar 

 Mortar Analysis

 Components of Mortar

 Mortar Type and Mix

 Execution of the Work 

 Visually Examining the Mortar and the Masonry Units 

 Summary

Masonry—brick, stone, terra-cotta, and concrete block—is found on nearly every historic 

building. Structures with all-masonry exteriors come to mind immediately, but most other buildings at 

least have masonry foundations or chimneys. Although generally considered "permanent," masonry is 

subject to deterioration, especially at the mortar joints. Repointing, also known simply as "pointing"or—

somewhat inaccurately—"tuck pointing"*, is the process of removing deteriorated mortar from the joints 

of a masonry wall and replacing it with new mortar. Properly done, repointing restores the visual and 

physical integrity of the masonry. Improperly done, repointing not only detracts from the appearance of 

the building, but may also cause physical damage to the masonry units themselves. 

The purpose of this Brief is to provide general guidance on appropriate materials and methods for 

repointing historic masonry buildings and it is intended to benefit building owners, architects, and 

contractors. The Brief should serve as a guide to prepare specifications for repointing historic masonry 

buildings. It should also help develop sensitivity to the particular needs of historic masonry, and to 

assist historic building owners in working cooperatively with architects, architectural conservators and 

historic preservation consultants, and contractors. Although specifically intended for historic buildings, 

the guidance is appropriate for other masonry buildings as well. This publication updates Preservation 

Briefs 2: Repointing Mortar Joints in Historic Brick Buildings to include all types of historic unit masonry. 

The scope of the earlier Brief has also been expanded to acknowledge that the many buildings 

constructed in the first half of the 20th century are now historic and eligible for listing in the National 

Register of Historic Places, and that they may have been originally constructed with portland cement 

mortar.

Historical Background 
Mortar consisting primarily of lime and sand has been used as an integral part of masonry structures for 

thousands of years. Up until about the mid-19th century, lime or quicklime (sometimes called lump 

lime) was delivered to construction sites, where it had to be slaked, or combined with water. Mixing with 

water caused it to boil and resulted in a wet lime putty that was left to mature in a pit or wooden box for 

several weeks, up to a year. Traditional mortar was made from lime putty, or slaked lime, combined 

with local sand, generally in a ratio of 1 part lime putty to 3 parts sand by volume. Often other 

ingredients, such as crushed marine shells (another source of lime), brick dust, clay, natural cements, 

pigments, and even animal hair were also added to mortar, but the basic formulation for lime putty and 

sand mortar remained unchanged for centuries until the advent of portland cement or its forerunner, 

Roman cement, a natural, hydraulic cement.

Portland cement was patented in Great Britain in 1824. It was named after the stone from Portland in 

Dorset which it resembled when hard. This is a fast-curing, hydraulic cement which hardens under 

water. Portland cement was first manufactured in the United States in 1872, although it was imported 

before this date. But it was not in common use throughout the country until the early 20th century. Up 

until the turn of the century portland cement was considered primarily an additive, or "minor ingredient" 

to help accelerate mortar set time. By the 1930s, however, most masons used a mix of equal parts 

portland cement and lime putty. Thus, the mortar found in masonry structures built between 1873 and 

1930 can range from pure lime and sand mixes to a wide variety of lime, portland cement, and sand 

combinations. 

In the 1930s more new mortar products intended to hasten and simplify masons' work were introduced 

in the U.S. These included masonry cement, a premixed, bagged mortar which is a combination of 
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portland cement and ground limestone, and hydrated lime, machine-slaked lime that eliminated the 

necessity of slaking quicklime into putty at the site.

Identifying the Problem Before Repointing return to top ▲
The decision to repoint is most often related to some obvious sign of deterioration, such as 

disintegrating mortar, cracks in mortar joints, loose bricks or stones, damp walls, or damaged 

plasterwork. It is, however, erroneous to assume that repointing alone will solve deficiencies that result 

from other problems. The root cause of the deterioration—leaking roofs or gutters, differential 

settlement of the building, capillary action causing rising damp, or extreme weather exposure—should 

always be dealt with prior to beginning work.

Without appropriate repairs to eliminate the source of the problem, mortar deterioration will continue 

and any repointing will have been a waste of time and money.

Use of Consultants
Because there are so many possible causes for deterioration in historic buildings, it may be desirable to 

retain a consultant, such as a historic architect or architectural conservator, to analyze the building. In 

addition to determining the most appropriate solutions to the problems, a consultant can prepare 

specifications which reflect the particular requirements of each job and can provide oversight of the work 

in progress. Referrals to preservation consultants frequently can be obtained from State Historic 

Preservation Offices, the American Institute for Conservation of Historic and Artistic Works (AIC), the 

Association for Preservation Technology (APT), and local chapters of the American Institute of Architects 

(AIA). 

Finding an Appropriate Mortar Match
Preliminary research is necessary to ensure that the proposed repointing work is both physically and 

visually appropriate to the building. Analysis of unweathered portions of the historic mortar to which the 

new mortar will be matched can suggest appropriate mixes for the repointing mortar so that it will not 

damage the building because it is excessively strong or vapor impermeable. 

Examination and analysis of the masonry units—brick, stone or terra cotta—and the techniques used in 

the original construction will assist in maintaining the building's historic appearance. A simple, non- 

technical, evaluation of the masonry units and mortar can provide information concerning the relative 

strength and permeability of each—critical factors in selecting the repointing mortar—while a visual 

analysis of the historic mortar can provide the information necessary for developing the new mortar mix 

and application techniques.

Although not crucial to a successful repointing project, for projects involving properties of special historic 

significance, a mortar analysis by a qualified laboratory can be useful by providing information on the 

original ingredients. However, there are limitations with such an analysis, and replacement mortar 

specifications should not be based solely on laboratory analysis. Analysis requires interpretation, and 

there are important factors which affect the condition and performance of the mortar that cannot be 

established through laboratory analysis. These may include: the original water content, rate of curing, 

weather conditions during original construction, the method of mixing and placing the mortar, and the 

cleanliness and condition of the sand. The most useful information that can come out of laboratory 

analysis is the identification of sand by gradation and color. This allows the color and the texture of the 

mortar to be matched with some accuracy because sand is the largest ingredient by volume.

In creating a repointing mortar that is compatible with the masonry units, the objective is to achieve one 

that matches the historic mortar as closely as possible, so that the new material can coexist with the old 

in a sympathetic, supportive and, if necessary, sacrificial capacity. The exact physical and chemical 

properties of the historic mortar are not of major significance as long as the new mortar conforms to the 

following criteria:

 The new mortar must match the historic mortar in color, texture and tooling. (If a 

laboratory analysis is undertaken, it may be possible to match the binder components and 

their proportions with the historic mortar, if those materials are available.)

 The sand must match the sand in the historic mortar. (The color and texture of the new 

mortar will usually fall into place if the sand is matched successfully.)

 The new mortar must have greater vapor permeability and be softer (measured in 

compressive strength) than the masonry units.

https://www.nps.gov/tps/how-to-preserve/briefs/2-repoint-mortar-joints.htm
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 The new mortar must be as vapor permeable and as soft or softer (measured in 

compressive strength) than the historic mortar. (Softness or hardness is not necessarily an 

indication of permeability; old, hard lime mortars can still retain high permeability.)

Mortar Analysis 
Methods for analyzing mortars can be divided into two broad categories: wet chemical and 

instrumental. Many laboratories that analyze historic mortars use a simple wet-chemical method 

called acid digestion, whereby a sample of the mortar is crushed and then mixed with a dilute acid. The 

acid dissolves all the carbonate-containing minerals not only in the binder, but also in the aggregate 

(such as oyster shells, coral sands, or other carbonate-based materials), as well as any other acid-

soluble materials. The sand and fine-grained acid-insoluble material is left behind. There are several 

variations on the simple acid digestion test. One involves collecting the carbon dioxide gas given off as 

the carbonate is digested by the acid; based on the gas volume the carbnate content of the mortar can 

be accurately determined (Jedrzejewska, 1960). Simple acid digestion methods are rapid, inexpensive, 

and easy to perform, but the information they provide about the original composition of a mortar is 

limited to the color and texture of the sand. The gas collection method provides more information about 

the binder than a simple acid digestion test.

Instrumental analysis methods that have been used to evaluate mortars include polarized light or thin-

section microscopy, scanning electron microscopy, atomic absorption spectroscopy, X-ray diffraction, 

and differential thermal analysis. All instrumental methods require not only expensive, specialized 

equipment, but also highly-trained experienced analysts. However, instrumental methods can provide 

much more information about a mortar. Thin-section microscopy is probably the most commonly used 

instrumental method. Examination of thin slices of a mortar in transmitted light is often used to 

supplement acid digestion methods, particularly to look for carbonate-based aggregate. For example, 

the new ASTM test method, ASTM C 1324-96 "Test Method for Examination and Analysis of Hardened 

Mortars" which was designed specifically for the analysis of modern lime-cement and masonry cement 

mortars, combines a complex series of wet chemical analyses with thin-section microscopy.

The drawback of most mortar analysis methods is that mortar samples of known composition have not 

been analyzed in order to evaluate the method. Historic mortars were not prepared to narrowly defined 

specifications from materials of uniform quality; they contain a wide array of locally derived materials 

combined at the discretion of the mason. While a particular method might be able to accurately 

determine the original proportions of a lime-cement-sand mortar prepared from modern materials, the 

usefulness of that method for evaluating historic mortars is questionable unless it has been tested 

against mortars prepared from materials more commonly used in the past.

Properties of Mortar 
Mortars for repointing should be softer or more permeable than the masonry units and no harder or 

more impermeable than the historic mortar to prevent damage to the masonry units. It is a common 

error to assume that hardness or high strength is a measure of appropriateness, particularly for lime-

based historic mortars. Stresses within a wall caused by expansion, contraction, moisture migration, or 

settlement must be accommodated in some manner; in a masonry wall, these stresses should be 

relieved by the mortar rather than by the masonry units. A mortar that is stronger in compressive 

strength than the masonry units will not "give," thus causing stresses to be relieved through the 

masonry units—resulting in permanent damage to the masonry, such as cracking and spalling, that 

cannot be repaired easily. 

While stresses can also break the bond between the mortar and the masonry units, permitting water to 

penetrate the resulting hairline cracks, this is easier to correct in the joint through repointing than if the 

break occurs in the masonry units.

Permeability, or rate of vapor transmission, is also critical. High lime mortars are more permeable than 

denser cement mortars. Historically, mortar acted as a bedding material—not unlike an expansion 

joint—rather than a "glue" for the masonry units, and moisture was able to migrate through the mortar 

joints rather than the masonry units. When moisture evaporates from the masonry it deposits any 

soluble salts either on the surface as efflorescence or below the surface as subflorescence. While salts 

deposited on the surface of masonry units are usually relatively harmless, salt crystallization within a 

masonry unit creates pressure that can cause parts ofthe outer surface to spall off or delaminate. If the 

mortar does not permitmoisture or moisture vapor to migrate out of the wall and evaporate, theresult 

will be damage to the masonry units.
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Components of Mortar 
Sand
Sand is the largest component of mortar and the material that gives mortar its distinctive color, texture 

and cohesiveness. Sand must be free of impurities, such as salts or clay. The three key characteristics of 

sand are: particle shape, gradation and void ratios. 

When viewed under a magnifying glass or low-power microscope, particles of sand generally have either 

rounded edges, such as found in beach and river sand, or sharp, angular edges, found in crushed or 

manufactured sand. For repointing mortar, rounded or natural sand is preferred for two reasons. It is 

usually similar to the sand in the historic mortar and provides a better visual match. It also has better 

working qualities or plasticity and can thus be forced into the joint more easily, forming a good contact 

with the remaining historic mortar and the surface of the adjacent masonry units. Although 

manufactured sand is frequently more readily available, it is usually possible to locate a supply of 

rounded sand. 

The gradation of the sand (particle size distribution) plays a very important role in the durability and 

cohesive properties of a mortar. Mortar must have a certain percentage of large to small particle sizes in 

order to deliver the optimum performance. Acceptable guidelines on particle size distribution may be 

found in ASTM C 144 (American Society for Testing and Materials). However, in actuality, since neither 

historic nor modern sands are always in compliance with ASTM C 144, matching the same particle 

appearance and gradation usually requires sieving the sand. 

A scoop of sand contains many small voids between the individual grains. A mortar that performs well 

fills all these small voids with binder (cement/lime combination or mix) in a balanced manner. Well-

graded sand generally has a 30 per cent void ratio by volume. Thus, 30 per cent binder by volume 

generally should be used, unless the historic mortar had a different binder: aggregate ratio. This 

represents the 1:3 binder to sand ratios often seen in mortar specifications. 

For repointing, sand generally should conform to ASTM C 144 to assure proper gradation and freedom 

from impurities; some variation may be necessary to match the original size and gradation. Sand color 

and texture also should match the original as closely as possible to provide the proper color match 

without other additives. 

Lime
Mortar formulations prior to the late-19th century used lime as the primary binding material. Lime is 

derived from heating limestone at high temperatures which burns off the carbon dioxide, and turns the 

limestone into quicklime. There are three types of limestone—calcium, magnesium, and dolomitic—

differentiated by the different levels of magnesium carbonate they contain which impart specific qualities 

to mortar. Historically, calcium lime was used for mortar rather than the dolomitic lime (calcium 

magnesium carbonate) most often used today. But it is also important to keep in mind the fact that the 

historic limes, and other components of mortar, varied a great deal because they were natural, as 

opposed to modern lime which is manufactured and, therefore, standardized. Because some of the kinds 

of lime, as well as other components of mortar, that were used historically are no longer readily 

available, even when a conscious effort is made to replicate a "historic" mix, this may not be achievable 

due to the differences between modern and historic materials. 

Lime, itself, when mixed with water into a paste is very plastic and creamy. It will remain workable and 

soft indefinitely, if stored in a sealed container. Lime (calcium hydroxide) hardens by carbonation 

absorbing carbon dioxide primarily from the air, converting itself to calcium carbonate. Once a lime and 

sand mortar is mixed and placed in a wall, it begins the process of carbonation. If lime mortar is left to 

dry too rapidly, carbonation of the mortar will be reduced, resulting in poor adhesion and poor 

durability. In addition, lime mortar is slightly water soluble and thus is able to re-seal any hairline cracks 

that may develop during the life of the mortar. Lime mortar is soft, porous, and changes little in volume 

during temperature fluctuations thus making it a good choice for historic buildings. Because of these 

qualities, high calcium lime mortar may be considered for many repointing projects, not just those 

involving historic buildings. 

For repointing, lime should conform to ASTM C 207, Type S, or Type SA, Hydrated Lime for Masonry 

Purposes. This machine-slaked lime is designed to assure high plasticity and water retention. The use of 

quicklime which must be slaked and soaked by hand may have advantages over hydrated lime in some 

restoration projects if time and money allow. 
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Lime Putty
Lime putty is slaked lime that has a putty or paste-like consistency. It should conform to ASTM C 5. 

Mortar can be mixed using lime putty according to ASTM C 270 property or proportion specification. 

Portland Cement
More recent, 20th-century mortar has used portland cement as a primary binding material. A straight 

portland cement and sand mortar is extremely hard, resists the movement of water, shrinks upon 

setting, and undergoes relatively large thermal movements. When mixed with water, portland cement 

forms a harsh, stiff paste that is quite unworkable, becoming hard very quickly. (Unlike lime, portland 

cement will harden regardless of weather conditions and does not require wetting and drying cycles.) 

Some portland cement assists the workability and plasticity of the mortar without adversely affecting the 

finished project; it also provides early strength to the mortar and speeds setting. Thus, it may be 

appropriate to add some portland cement to an essentially lime-based mortar even when repointing 

relatively soft 18th or 19th century brick under some circumstances when a slightly harder mortar is 

required. The more portland cement that is added to a mortar formulation the harder it becomes—and 

the faster the initial set. 

For repointing, portland cement should conform to ASTM C 150. White, non- staining portland cement 

may provide a better color match for some historic mortars than the more commonly available grey 

portland cement. But, it should not be assumed, however, that white portland cement is always 

appropriate for all historic buildings, since the original mortar may have been mixed with grey cement. 

The cement should not have more than 0.60 per cent alkali to help avoid efflorescence. 

Masonry Cement
Masonry cement is a preblended mortar mix commonly found at hardware and home repair stores. It is 

designed to produce mortars with a compressive strength of 750 psi or higher when mixed with sand 

and water at the job site. It may contain hydrated lime, but it always contains a large amount of 

portland cement, as well as ground limestone and other workability agents, including air-entraining 

agents. Because masonry cements are not required to contain hydrated lime, and generally do not 

contain lime, they produce high strength mortars that can damage historic masonry. For this reason, 

they generally are not recommended for use on historic masonry buildings. 

Lime Mortar (pre-blended)
Hydrated lime mortars, and pre-blended lime putty mortars with or without a matched sand are 

commercially available. Custom mortars are also available with color. In most instances, pre-blended 

lime mortars containing sand may not provide an exact match; however, if the project calls for total 

repointing, a pre-blended lime mortar may be worth considering as long as the mortar is compatible in 

strength with the masonry. If the project involves only selected, "spot" repointing, then it may be better 

to carry out a mortar analysis which can provide a custom pre-blended lime mortar with a matching 

sand. In either case, if a preblended lime mortar is to be used, it should contain Type S or SA hydrated 

lime conforming to ASTM C 207. 

Water
Water should be potable—clean and free from acids, alkalis, or other dissolved organic materials.

Other Components

Historic components
In addition to the color of the sand, the texture of the mortar is of critical importance in duplicating 

historic mortar. Most mortars dating from the mid-19th century on—with some exceptions—have a fairly 

homogeneous texture and color. Some earlier mortars are not as uniformly textured and may contain 

lumps of partially burned lime or "dirty lime", shell (which often provided a source of lime, particularly in 

coastal areas), natural cements, pieces of clay, lampblack or other pigments, or even animal hair. The 

visual characteristics of these mortars can be duplicated through the use of similar materials in the 

repointing mortar.

Replicating such unique or individual mortars will require writing new specifications for each project. If 

possible, suggested sources for special materials should be included. For example, crushed oyster shells 

can be obtained in a variety of sizes from poultry supply dealers.
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Pigments
Some historic mortars, particularly in the late 19th century, were tinted to match or contrast with the 

brick or stone. Red pigments, sometimes in the form of brick dust, as well as brown, and black pigments 

were commonly used. Modern pigments are available which can be added to the mortar at the job site, 

but they should not exceed 10 per cent by weight of the portland cement in the mix, and carbon black 

should be limited to 2 per cent. Only synthetic mineral oxides, which are alkali-proof and sun-fast, 

should be used to prevent bleaching and fading.

Modern Components
Admixtures are used to create specific characteristics in mortar, and whether they should be used will 

depend upon the individual project. Air entraining agents, for example, help the mortar to resist freeze-

thaw damage in northern climates. Accelerators are used to reduce mortar freezing prior to setting while 

retarders help to extend the mortar life in hot climates. Selection of admixtures should be made by the 

architect or architectural conservator as part of the specifications, not something routinely added by the 

masons.

Generally, modern chemical additives are unnecessary and may, in fact, have detrimental effects in 

historic masonry projects. The use of antifreeze compounds is not recommended. They are not very 

effective with high lime mortars and may introduce salts, which may cause efflorescence later. A better 

practice is to warm the sand and water, and to protect the completed work from freezing. No definitive 

study has determined whether air-entraining additives should be used to resist frost action and enhance 

plasticity, but in areas of extreme exposure requiring high-strength mortars with lower permeability, air-

entrainment of 10-16 percent may be desirable (see formula for "severe weather exposure" in Mortar 

Type and Mix). Bonding agents are not a substitute for proper joint preparation, and they should 

generally be avoided. If the joint is properly prepared, there will be a good bond between the new 

mortar and the adjacent surfaces. In addition, a bonding agent is difficult to remove if smeared on a 

masonry surface.

Mortar Type and Mix 
Mortars for repointing projects, especially those involving historic buildings, typically are custom mixed 

in order to ensure the proper physical and visual qualities. These materials can be combined in varying 

proportions to create a mortar with the desired performance and durability. The actual specification of a 

particular mortar type should take into consideration all of the factors affecting the life of the building 

including: current site conditions, present condition of the masonry, function of the new mortar, degree 

of weather exposure, and skill of the mason.

Thus, no two repointing projects are exactly the same. Modern materials specified for use in repointing 

mortar should conform to specifications of the American Society for Testing and Materials (ASTM) or 

comparable federal specifications, and the resulting mortar should conform to ASTM C 270, Mortar for 

Unit Masonry.

Specifying the proportions for the repointing mortar for a specific job is not as difficult as it might seem. 

Five mortar types, each with a corresponding recommended mix, have been established by ASTM to 

distinguish high strength mortar from soft flexible mortars. The ASTM designated them in decreasing 

order of approximate general strength as Type M (2,500 psi), Type S (1,800 psi), Type N (750 psi), 

Type O (350 psi) and Type K (75 psi). (The letters identifying the types are from the words MASON 

WORK using every other letter.) Type K has the highest lime content of the mixes that contain portland 

cement, although it is seldom used today, except for some historic preservation projects. The 

designation "L" in the accompanying chart identifies a straight lime and sand mix. Specifying the 

appropriate ASTM mortar by proportion of ingredients, will ensure the desired physical properties. 

Unless specified otherwise, measurements or proportions for mortar mixes are always given in the 

following order: cement-lime-sand. Thus, a Type K mix, for example, would be referred to as 1-3-10, or 

1 part cement to 3 parts lime to 10 parts sand. Other requirements to create the desired visual qualities 

should be included in the specifications.

The strength of a mortar can vary. If mixed with higher amounts of portland cement, a harder mortar is 

obtained. The more lime that is added, the softer and more plastic the mortar becomes, increasing its 

workability. A mortar strong in compressive strength might be desirable for a hard stone (such as 

granite) pier holding up a bridge deck, whereas a softer, more permeable lime mortar would be 

preferable for a historic wall of soft brick. Masonry deterioration caused by salt deposition results when 

the mortar is less permeable than the masonry unit. A strong mortar is still more permeable than hard, 

dense stone. However, in a wall constructed of soft bricks where the masonry unit itself has a relatively 
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high permeability or vapor transmission rate, a soft, high lime mortar is necessary to retain sufficient 

permeability.

Execution of the Work 
Test Panels
These panels are prepared by the contractor using the same techniques that will be used on the 

remainder of the project. Several panel locations—preferably not on the front or other highly visible 

location of the building—may be necessary to include all types of masonry, joint styles, mortar colors, 

and other problems likely to be encountered on the job.

If cleaning tests, for example, are also to be undertaken, they should be carried out in the same 

location. Usually a 3 foot by 3 foot area is sufficient for brickwork, while a somewhat larger area may be 

required for stonework. These panels establish an acceptable standard of work and serve as a 

benchmark for evaluating and accepting subsequent work on the building.

Joint Preparation
Old mortar should be removed to a minimum depth of 2 to 2-1/2 times the width of the joint to ensure 

an adequate bond and to prevent mortar "popouts." For most brick joints, this will require removal of 

the mortar to a depth of approximately Ω to 1 inch; for stone masonry with wide joints, mortar may 

need to be removed to a depth of several inches. Any loose or disintegrated mortar beyond this 

minimum depth also should be removed.

Although some damage may be inevitable, careful joint preparation can help limit damage to masonry 

units. The traditional manner of removing old mortar is through the use of hand chisels and mash 

hammers. Though labor-intensive, in most instances this method poses the least threat for damage to 

historic masonry units and produces the best final product.

The most common method of removing mortar, however, is through the use of power saws or grinders. 

The use of power tools by unskilled masons can be disastrous for historic masonry, particularly soft 

brick. Using power saws on walls with thin joints, such as most brick walls, almost always will result in 

damage to the masonry units by breaking the edges and by overcutting on the head, or vertical joints.

However, small pneumatically-powered chisels generally can be used safely and effectively to remove 

mortar on historic buildings as long as the masons maintain appropriate control over the equipment. 

Under certain circumstances, thin diamond-bladed grinders may be used to cut out horizontal joints only 

on hard portland cement mortar common to most early-20th century masonry buildings. Usually, 

automatic tools most successfully remove old mortar without damaging the masonry units when they 

are used in combination with hand tools in preparation for repointing. Where horizontal joints are 

uniform and fairly wide, it may be possible to use a power masonry saw to assist the removal of mortar, 

such as by cutting along the middle of the joint; final mortar removal from the sides of the joints still 

should be done with a hand chisel and hammer. Caulking cutters with diamond blades can sometimes be 

used successfully to cut out joints without damaging the masonry. Caulking cutters are slow; they do 

not rotate, but vibrate at very high speeds, thus minimizing the possibility of damage to masonry units. 

Although mechanical tools may be safely used in limited circumstances to cut out horizontal joints in 

preparation for repointing, they should never be used on vertical joints because of the danger of slipping 

and cutting into the brick above or below the vertical joint. Using power tools to remove mortar without 

damaging the surrounding masonry units also necessitates highly skilled masons experienced in working 

on historic masonry buildings. Contractors should demonstrate proficiency with power tools before their 

use is approved.

Using any of these power tools may also be more acceptable on hard stone, such as quartzite or granite, 

than on terra cotta with its glass-like glaze, or on soft brick or stone. The test panel should determine 

the acceptability of power tools. If power tools are to be permitted, the contractor should establish a 

quality control program to account for worker fatigue and similar variables.

Mortar should be removed cleanly from the masonry units, leaving square corners at the back of the cut. 

Before filling, the joints should be rinsed with a jet of water to remove all loose particles and dust. At 

the time of filling, the joints should be damp, but with no standing water present. For masonry walls—

limestone, sandstone and common brick—that are extremely absorbent, it is recommended that a 

continual mist of water be applied for a few hours before repointing begins.

Mortar Preparation
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Mortar components should be measured and mixed carefully to assure the uniformity of visual and 

physical characteristics. Dry ingredients are measured by volume and thoroughly mixed before the 

addition of any water. Sand must be added in a damp, loose condition to avoid over sanding. Repointing 

mortar is typically pre-hydrated by adding water so it will just hold together, thus allowing it to stand for 

a period of time before the final water is added. Half the water should be added, followed by mixing for 

approximately 5 minutes. The remaining water should then be added in small portions until a mortar of 

the desired consistency is reached. The total volume of water necessary may vary from batch to batch, 

depending on weather conditions. It is important to keep the water to a minimum for two reasons: first, 

a drier mortar is cleaner to work with, and it can be compacted tightly into the joints; second, with no 

excess water to evaporate, the mortar cures without shrinkage cracks. Mortar should be used within 

approximately 30 minutes of final mixing, and "retempering," or adding more water, should not be 

permitted.

Using Lime Putty to Make Mortar
Mortar made with lime putty and sand, sometimes referred to as roughage or course stuff, should be 

measured by volume, and may require slightly different proportions from those used with hydrated lime. 

No additional water is usually needed to achieve a workable consistency because enough water is 

already contained in the putty. Sand is proportioned first, followed by the lime putty, then mixed for five 

minutes or until all the sand is thoroughly coated with the lime putty. But mixing, in the familiar sense 

of turning over with a hoe, sometimes may not be sufficient if the best possible performance is to be 

obtained from a lime putty mortar. Although the old practice of chopping, beating and ramming the 

mortar has largely been forgotten, recent field work has confirmed that lime putty and sand rammed 

and beaten with a wooden mallet or ax handle, interspersed by chopping with a hoe, can significantly 

improve workability and performance. The intensity of this action increases the overall lime/sand contact 

and removes any surplus water by compacting the other ingredients. It may also be advantageous for 

larger projects to use a mortar pan mill for mixing. Mortar pan mills which have a long tradition in 

Europe produce a superior lime putty mortar not attainable with today's modern paddle and drum type 

mixers.

For larger repointing projects the lime putty and sand can be mixed together ahead of time and stored 

indefinitely, on or off site, which eliminates the need for piles of sand on the job site. This mixture, 

which resembles damp brown sugar, must be protected from the air in sealed containers with a wet 

piece of burlap over the top or sealed in a large plastic bag to prevent evaporation and premature 

carbonation. The lime putty and sand mixture can be recombined into a workable plastic state months 

later with no additional water.

If portland cement is specified in a lime putty and sand mortar—Type O (1:2:9) or Type K (1:3:11)—the 

portland cement should first be mixed into a slurry paste before adding it to the lime putty and sand. 

Not only will this ensure that the portland cement is evenly distributed throughout the mixture, but if 

dry portland cement is added to wet ingredients it tends to "ball up," jeopardizing dispersion. (Usually 

water must be added to the lime putty and sand anyway once the portland cement is introduced.) Any 

color pigments should be added at this stage and mixed for a full five minutes. The mortar should be 

used within 30 minutes to 1Ω hours and it should not be retempered. Once portland cement has been 

added the mortar can no longer be stored.

Filling the Joint
Where existing mortar has been removed to a depth of greater than 1 inch, these deeper areas should 

be filled first, compacting the new mortar in several layers. The back of the entire joint should be filled 

successively by applying approximately 1/4 inch of mortar, packing it well into the back corners. This 

application may extend along the wall for several feet. As soon as the mortar has reached thumb-print 

hardness, another 1/4 inch layer of mortar—approximately the same thickness—may be applied. Several 

layers will be needed to fill the joint flush with the outer surface of the masonry. It is important to allow 

each layer time to harden before the next layer is applied; most of the mortar shrinkage occurs during 

the hardening process and layering thus minimizes overall shrinkage.

When the final layer of mortar is thumb-print hard, the joint should be tooled to match the historic joint. 

Proper timing of the tooling is important for uniform color and appearance. If tooled when too soft, the 

color will be lighter than expected, and hairline cracks may occur; if tooled when too hard, there may be 

dark streaks called "tool burning," and good closure of the mortar against the masonry units will not be 

achieved.
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If the old bricks or stones have worn, rounded edges, it is best to recess the final mortar slightly from 

the face of the masonry. This treatment will help avoid a joint which is visually wider than the actual 

joint; it also will avoid creation of a large, thin featheredge which is easily damaged, thus admitting 

water. After tooling, excess mortar can be removed from the edge of the joint by brushing with a natural 

bristle or nylon brush. Metal bristle brushes should never be used on historic masonry.

Curing Conditions
The preliminary hardening of high-lime content mortars—those mortars that contain more lime by 

volume than portland cement, i.e., Type O (1:2:9), Type K (1:3:11), and straight lime/sand, Type "L" 

(0:1:3)—takes place fairly rapidly as water in the mix is lost to the porous surface of the masonry and 

through evaporation. A high lime mortar (especially Type "L") left to dry out too rapidly can result in 

chalking, poor adhesion, and poor durability. Periodic wetting of the repointed area after the mortar 

joints are thumb-print hard and have been finish tooled may significantly accelerate the carbonation 

process. When feasible, misting using a hand sprayer with a fine nozzle can be simple to do for a day or 

two after repointing. Local conditions will dictate the frequency of wetting, but initially it may be as often 

as every hour and gradually reduced to every three or four hours. Walls should be covered with burlap 

for the first three days after repointing. (Plastic may be used, but it should be tented out and not placed 

directly against the wall.) This helps keep the walls damp and protects them from direct sunlight. Once 

carbonation of the lime has begun, it will continue for many years and the lime will gain strength as it 

reverts back to calcium carbonate within the wall.

Aging the Mortar
Even with the best efforts at matching the existing mortar color, texture, and materials, there will 

usually be a visible difference between the old and new work, partly because the new mortar has been 

matched to the unweathered portions of the historic mortar. Another reason for a slight mismatch may 

be that the sand is more exposed in old mortar due to the slight erosion of the lime or cement. Although 

spot repointing is generally preferable and some color difference should be acceptable, if the difference 

between old and new mortar is too extreme, it may be advisable in some instances to repoint an entire 

area of a wall, or an entire feature such as a bay, to minimize the difference between the old and the 

new mortar. If the mortars have been properly matched, usually the best way to deal with surface color 

differences is to let the mortars age naturally. Other treatments to overcome these differences, including 

cleaning the non-repointed areas or staining the new mortar, should be carefully tested prior to 

implementation.

Staining the new mortar to achieve a better color match is generally not recommended, but it may be 

appropriate in some instances. Although staining may provide an initial match, the old and new mortars 

may weather at different rates, leading to visual differences after a few seasons. In addition, the 

mixtures used to stain the mortar may be harmful to the masonry; for example, they may introduce 

salts into the masonry which can lead to efflorescence.

Cleaning the Repointed Masonry
If repointing work is carefully executed, there will be little need for cleaning other than to remove the 

small amount of mortar from the edge of the joint following tooling. This can be done with a stiff natural 

bristle or nylon brush after the mortar has dried, but before it is initially set (1-2 hours). Mortar that has 

hardened can usually be removed with a wooden paddle or, if necessary, a chisel.

Further cleaning is best accomplished with plain water and natural bristle or nylon brushes. If chemicals 

must be used, they should be selected with extreme caution. Improper cleaning can lead to 

deterioration of the masonry units, deterioration of the mortar, mortar smear, and efflorescence. New 

mortar joints are especially susceptible to damage because they do not become fully cured for several 

months. Chemical cleaners, particularly acids, should never be used on dry masonry. The masonry 

should always be completely soaked once with water before chemicals are applied. After cleaning, the 

walls should be flushed again with plain water to remove all traces of the chemicals.

Several precautions should be taken if a freshly repointed masonry wall is to be cleaned. First, the 

mortar should be fully hardened before cleaning. Thirty days is usually sufficient, depending on weather 

and exposure; as mentioned previously, the mortar will continue to cure even after it has hardened. 

Test panels should be prepared to evaluate the effects of different cleaning methods. Generally, on 

newly repointed masonry walls, only very low pressure (100 psi) water washing supplemented by stiff 

natural bristle or nylon brushes should be used, except on glazed or polished surfaces, where only soft 

cloths should be used.**
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New construction "bloom" or efflorescence occasionally appears within the first few months of repointing 

and usually disappears through the normal process of weathering. If the efflorescence is not removed by 

natural processes, the safest way to remove it is by dry brushing with stiff natural or nylon bristle 

brushes followed by wet brushing. Hydrochloric (muriatic) acid, is generally ineffective, and it should not 

be used to remove efflorescence. It may liberate additional salts, which, in turn, can lead to more 

efflorescence.

Surface grouting is sometimes suggested as an alternative to repointing brick buildings, in particular. 

This process involves the application of a thin coat of cement-based grout to the mortar joints and the 

mortar/brick interface. To be effective, the grout must extend slightly onto the face of the masonry 

units, thus widening the joint visually. The change in the joint appearance can alter the historic 

character of the structure to an unacceptable degree. In addition, although masking of the bricks is 

intended to keep the grout off the remainder of the face of the bricks, some level of residue, called 

"veiling," will inevitably remain. Surface grouting cannot substitute for the more extensive work of 

repointing, and it is not a recommended treatment for historic masonry.

Visually Examining the Mortar and the Masonry Units 
A simple in situ comparison will help determine the hardness and condition of the mortar and the 

masonry units. Begin by scraping the mortar with a screwdriver, and gradually tapping harder with a 

cold chisel and mason's hammer. Masonry units can be tested in the same way beginning, even more 

gently, by scraping with a fingernail. This relative analysis which is derived from the 10-point hardness 

scale used to describe minerals, provides a good starting point for selection of an appropriate mortar. It 

is described more fully in "The Russack System for Brick & Mortar Description" referenced in Reading 

List at the end of this Brief.

Mortar samples should be chosen carefully, and picked from a variety of locations on the building to find 

unweathered mortar, if possible. Portions of the building may have been repointed in the past while 

other areas may be subject to conditions causing unusual deterioration. There may be several colors of 

mortar dating from different construction periods or sand used from different sources during the initial 

construction. Any of these situations can give false readings to the visual or physical characteristics 

required for the new mortar. Variations should be noted which may require developing more than one 

mix.

1. Remove with a chisel and hammer three or four unweathered samples of the mortar to be 

matched from several locations on the building. (Set the largest sample aside--this will be 

used later for comparison with the repointing mortar). Removing a full representation of 

samples will allow selection of a "mean" or average mortar sample.

2. Mash the remaining samples with a wooden mallet, or hammer if necessary, until they are 

separated into their constituent parts. There should be a good handful of the material.

3. Examine the powdered portion—the lime and/or cement matrix of the mortar. Most 

particularly, note the color. There is a tendency to think of historic mortars as having white 

binders, but grey portland cement was available by the last quarter of the 19th century, and 

traditional limes were also sometimes grey. Thus, in some instances, the natural color of the 

historic binder may be grey, rather than white. The mortar may also have been tinted to 

create a colored mortar, and this color should be identified at this point.

4. Carefully blow away the powdery material (the lime and/or cement matrix which bound the 

mortar together).

5. With a low power (10 power) magnifying glass, examine the remaining sand and other 

materials such as lumps of lime or shell.

6. Note and record the wide range of color as well as the varying sizes of the individual grains 

of sand, impurities, or other materials.

Other Factors to Consider

Color
Regardless of the color of the binder or colored additives, the sand is the primary material that gives 

mortar its color. A surprising variety of colors of sand may be found in a single sample of historic 

mortar, and the different sizes of the grains of sand or other materials, such as incompletely ground 

lime or cement, play an important role in the texture of the repointing mortar. Therefore, when 

specifying sand for repointing mortar, it may be necessary to obtain sand from several sources and to 

https://www.nps.gov/tps/how-to-preserve/briefs/2-repoint-mortar-joints.htm
https://www.nps.gov/tps/how-to-preserve/briefs/2-repoint-mortar-joints.htm
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combine or screen them in order to approximate the range of sand colors and grain sizes in the historic 

mortar sample.

Pointing Style
Close examination of the historic masonry wall and the techniques used in the original construction will 

assist in maintaining the visual qualities of the building. Pointing styles and the methods of producing 

them should be examined. It is important to look at both the horizontal and the vertical joints to 

determine the order in which they were tooled and whether they were the same style. Some late-19th 

and early-20th century buildings, for example, have horizontal joints that were raked back while the 

vertical joints were finished flush and stained to match the bricks, thus creating the illusion of horizontal 

bands. Pointing styles may also differ from one facade to another; front walls often received greater 

attention to mortar detailing than side and rear walls. Tuckpointing is not true repointing but the 

application of a raised joint or lime putty joint on top of flush mortar joints. Penciling is a purely 

decorative, painted surface treatment over a mortar joint, often in a contrasting color.

Masonry Units
The masonry units should also be examined so that any replacement units will match the historic 

masonry. Within a wall there may be a wide range of colors, textures, and sizes, particularly with hand-

made brick or rough-cut, locally-quarried stone. Replacement units should blend in with the full range of 

masonry units rather than a single brick or stone.

Matching Color and Texture of the Repointing Mortar
New mortar should match the unweathered interior portions of the historic mortar. The simplest way to 

check the match is to make a small sample of the proposed mix and allow it to cure at a temperature of 

approximately 70 degrees F for about a week, or it can be baked in an oven to speed up the curing; this 

sample is then broken open and the surface is compared with the surface of the largest "saved" sample 

of historic mortar.

If a proper color match cannot be achieved through the use of natural sand or colored aggregates like 

crushed marble or brick dust, it may be necessary to use a modern mortar pigment.

During the early stages of the project, it should be determined how closely the new mortar should match 

the historic mortar. Will "quite close" be sufficient, or is "exactly" expected? The specifications should 

state this clearly so that the contractor has a reasonable idea how much time and expense will be 

required to develop an acceptable match.

The same judgment will be necessary in matching replacement terra cotta, stone or brick. If there is a 

known source for replacements, this should be included in the specifications. If a source cannot be 

determined prior to the bidding process, the specifications should include an estimated price for the 

replacement materials with the final price based on the actual cost to the contractor.

Mortar Types (Measured by volume)

Designation Cement Hydrated Lime or Lime Putty Sand

M 1 1/4 3 - 3 3/4

S 1 1/2 4–4 1/2

N 1 1 5–6

O 1 2 8–9

K 1 3 10–12

"L" 0 1 2 1/4–3

Suggested Mortar Types for Different Exposures

Exposure

Masonry Material Sheltered Moderate Severe
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Very durable: granite, hard-cored brick, etc. O N S

Moderately durable:limestone, durable stone, molded brick K O N

Minimally durable:soft hand-made brick "L" K O

Summary and References 
A good repointing job is meant to last, at least 30 years, and preferably 50- 100 years. Shortcuts and 

poor craftsmanship result not only in diminishing the historic character of a building, but also in a job 

that looks bad, and will require future repointing sooner than if the work had been done correctly. The 

mortar joint in a historic masonry building has often been called a wall's "first line of defense." Good 

repointing practices guarantee the long life of the mortar joint, the wall, and the historic structure. 

Although careful maintenance will help preserve the freshly repointed mortar joints, it is important to 

remember that mortar joints are intended to be sacrificial and will probably require repointing some time 

in the future. Nevertheless, if the historic mortar joints proved durable for many years, then careful 

repointing should have an equally long life, ultimately contributing to the preservation of the entire 

building.
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PRESERVATION BRIEF  6

Dangers of Abrasive Cleaning to Historic Buildings
 What is Abrasive Cleaning?

 Why are Abrasive Cleaning Methods Used? 

 Problems of Abrasive Cleaning

 How Building Materials React to Abrasive Cleaning

 When is Abrasive Cleaning Permissible?

 Do Not Abrasively Clean these Historic Interiors

 Mitigating the Effects of Abrasive Cleaning

 Summary 

Abrasive cleaning methods are responsible for causing a great deal of damage to historic 

building materials. To prevent indiscriminate use of these potentially harmful techniques, this brief 

has been prepared to explain abrasive cleaning methods, how they can be physically and aesthetically 

destructive to historic building materials, and why they generally are not acceptable preservation 

treatments for historic structures. There are alternative, less harsh means of cleaning and removing 

paint and stains from historic buildings. However, careful testing should precede general cleaning to 

assure that the method selected will not have an adverse effect on the building materials. A historic 

building is irreplaceable, and should be cleaned using only the "gentlest means possible" to best 

preserve it.

What is Abrasive Cleaning?
Abrasive cleaning methods include all techniques that physically abrade the building surface to remove 

soils, discolorations or coatings. Such techniques involve the use of certain materials which impact or 

abrade the surface under pressure, or abrasive tools and equipment. Sand, because it is readily 

available, is probably the most commonly used type of grit material. However, any of the following 

materials may be substituted for sand, and all can be classified as abrasive substances: ground slag or 

volcanic ash, crushed (pulverized) walnut or almond shells, rice husks, ground corncobs, ground coconut 

shells, crushed eggshells, silica flour, synthetic particles, glass beads and micro-balloons. Even water 

under pressure can be an abrasive substance. Tools and equipment that are abrasive to historic building 

materials include wire brushes, rotary wheels, power sanding disks and belt sanders.  The use of water 

in combination with grit may also be classified as an abrasive cleaning method. Depending on the 

manner in which it is applied, water may soften the impact of the grit, but water that is too highly 

pressurized can be very abrasive. There are basically two different methods which can be referred to as 

"wet grit," and it is important to differentiate between the two. One technique involves the addition of a 

stream of water to a regular sandblasting nozzle. This is done primarily to cut down dust, and has very 

little, if any, effect on reducing the aggressiveness, or cutting action of the grit particles. With the 

second technique, a very small amount of grit is added to a pressurized water stream. This method may 

be controlled by regulating the amount of grit fed into the water stream, as well as the pressure of the 

water.

Why Are Abrasive Cleaning Methods Used?
Usually, an abrasive cleaning method is selected as an expeditious means of quickly removing years of 

dirt accumulation, unsightly stains, or deteriorating building fabric or finishes, such as stucco or paint.  

The fact that sandblasting is one of the best known and most readily available building cleaning 

treatments is probably the major reason for its frequent use.  Many mid-19th century brick buildings 

were painted immediately or soon after completion to protect poor quality brick or to imitate another 

material, such as stone. Sometimes brick buildings were painted in an effort to produce what was 

considered a more harmonious relationship between a building and its natural surroundings. By the 

1870s, brick buildings were often left unpainted as mechanization in the brick industry brought a 

cheaper pressed brick and fashion decreed a sudden preference for dark colors. However, it was still 

customary to paint brick of poorer quality for the additional protection the paint afforded.

It is a common 20th century misconception that all historic masonry buildings were initially unpainted. If 

the intent of a modern restoration is to return a building to its original appearance, removal of the paint 

not only may be historically inaccurate, but also harmful. Many older buildings were painted or stuccoed 

https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
https://www.nps.gov/tps/how-to-preserve/briefs/6-dangers-abrasive-cleaning.htm
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at some point to correct recurring maintenance problems caused by faulty construction techniques, to 

hide alterations, or in an attempt to solve moisture problems. If this is the case, removal of paint or 

stucco may cause these problems to reoccur.  Another reason for paint removal, particularly in 

rehabilitation projects, is to give the building a "new image" in response to contemporary design trends 

and to attract investors or tenants. Thus, it is necessary to consider the purpose of the intended 

cleaning. While it is clearly important to remove unsightly stains, heavy encrustations of dirt, peeling 

paint or other surface coatings, it may not be equally desirable to remove paint from a building which 

originally was painted. Many historic buildings which show only a slight amount of soil or discoloration 

are much better left as they are.  A thin layer of soil is more often protective of the building fabric than 

it is harmful, and seldom detracts from the building's architectural and/or historic character. Too 

thorough cleaning of a historic building may not only sacrifice some of the building's character, but also, 

misguided cleaning efforts can cause a great deal of damage to historic building fabric. Unless there are 

stains, graffiti or dirt and pollution deposits which are destroying the building fabric, it is generally 

preferable to do as little cleaning as possible, or to repaint where necessary. It is important to 

remember that a historic building does not have to look as if it were newly constructed to be an 

attractive or successful restoration or rehabilitation project.

Problems of Abrasive Cleaning 
The crux of the problem is that abrasive cleaning is just that--abrasive. An abrasively cleaned historic 

structure may be physically as well as aesthetically damaged. Abrasive methods "clean" by eroding dirt 

or paint, but at the same time they also tend to erode the surface of the building material. In this way, 

abrasive cleaning is destructive and causes irreversible harm to the historic building fabric. If the fabric 

is brick, abrasive methods remove the hard, outer protective surface, and therefore make the brick 

more susceptible to rapid weathering and deterioration.  Grit blasting may also increase the water 

permeability of a brick wall. The impact of the grit particles tends to erode the bond between the mortar 

and the brick, leaving cracks or enlarging existing cracks where water can enter. Some types of stone 

develop a protective patina or "quarry crust" parallel to the worked surface (created by the movement of 

moisture towards the outer edge), which also may be damaged by abrasive cleaning. The rate at which 

the material subsequently weathers depends on the quality of the inner surface that is exposed.  

Abrasive cleaning can destroy, or substantially diminish, decorative detailing on buildings such as a 

molded brickwork or architectural terra-cotta, ornamental carving on wood or stone, and evidence of 

historic craft techniques, such as tool marks and other surface textures.  In addition, perfectly sound 

and/or "tooled" mortar joints can be worn away by abrasive techniques. This not only results in the loss 

of historic craft detailing but also requires repointing, a step involving considerable time, skill and 

expense, and which might not have been necessary had a gentler method been chosen. Erosion and 

pitting of the building material by abrasive cleaning creates a greater surface area on which dirt and 

pollutants collect. In this sense, the building fabric "attracts" more dirt, and will require more frequent 

cleaning in the future.  In addition to causing physical and aesthetic harm to the historic fabric, there 

are several adverse environmental effects of dry abrasive cleaning methods. Because of the friction 

caused by the abrasive medium hitting the building fabric, these techniques usually create a 

considerable amount of dust, which is unhealthy, particularly to the operators of the abrasive 

equipment. It further pollutes the environment around the job site, and deposits dust on neighboring 

buildings, parked vehicles and nearby trees and shrubbery. Some adjacent materials not intended for 

abrasive treatment such as wood or glass, may also be damaged because the equipment may be difficult 

to regulate.  Wet grit methods, while eliminating dust, deposit a messy slurry on the ground or other 

objects surrounding the base of the building. In colder climates where there is the threat of frost, any 

wet cleaning process applied to historic masonry structures must be done in warm weather, allowing 

ample time for the wall to dry out thoroughly before cold weather sets in. Water which remains and 

freezes in cracks and openings of the masonry surface eventually may lead to spalling. High-pressure 

wet cleaning may force an inordinate amount of water into the walls, affecting interior materials such as 

plaster or joist ends, as well as metal building components within the walls.

Variable Factors
The greatest problem in developing practical guidelines for cleaning any historic building is the large 

number of variable and unpredictable factors involved. Because these variables make each cleaning 

project unique, it is difficult to establish specific standards at this time. This is particularly true of 
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abrasive cleaning methods because their inherent potential for causing damage is multiplied by the 

following factors:

 the type and condition of the material being cleaned

 the size and sharpness of the grit particles or the mechanical equipment

 the pressure with which the abrasive grit or equipment is applied to the building surface

 the skill and care of the operator, and

 the constancy of the pressure on all surfaces during the cleaning process.


Pressure: The damaging effects of most of the variable factors involved in abrasive cleaning are self 

evident. However, the matter of pressure requires further explanation. In cleaning specifications, 

pressure is generally abbreviated as "psi" (pounds per square inch), which technically refers to the "tip" 

pressure, or the amount of pressure at the nozzle of the blasting apparatus. Sometimes "psig," or 

pressure at the gauge (which may be many feet away, at the other end of the hose), is used in place of 

"psi." These terms are often incorrectly used interchangeably.  Despite the apparent care taken by most 

architects and building cleaning contractors to prepare specifications for pressure cleaning which will not 

cause harm to the delicate fabric of a historic building, it is very difficult to ensure that the same amount 

of pressure is applied to all parts of the building. For example, if the operator of the pressure equipment 

stands on the ground while cleaning a two-story structure, the amount of force reaching the first story 

will be greater than that hitting the second story, even if the operator stands on scaffolding or in a 

cherry picker, because of the "line drop" in the distance from the pressure source to the nozzle. 

Although technically it may be possible to prepare cleaning specifications with tight controls that would 

eliminate all but a small margin of error, it may not be easy to find professional cleaning firms willing to 

work under such restrictive conditions. The fact is that many professional building cleaning firms do not 

really understand the extreme delicacy of historic building fabric, and how it differs from modern 

construction materials. Consequently, they may accept building cleaning projects for which they have no 

experience.  The amount of pressure used in any kind of cleaning treatment which involves pressure, 

whether it is dry or wet grit, chemicals or just plain water, is crucial to the outcome of the cleaning 

project. Unfortunately, no standards have been established for determining the correct pressure for 

cleaning each of the many historic building materials which would not cause harm. The considerable 

discrepancy between the way the building cleaning industry and architectural conservators define "high" 

and "low" pressure cleaning plays a significant role in the difficulty of creating standards.

Non-historic/Industrial: A representative of the building cleaning industry might consider "high" 

pressure water cleaning to be anything over 5,000 psi, or even as high as 10,000 to 15,000 psi! Water 

under this much pressure may be necessary to clean industrial structures or machinery, but would 

destroy most historic building materials. Industrial chemical cleaning commonly utilizes pressures 

between 1,000 and 2,500 psi.

Historic: By contrast, conscientious dry or wet abrasive cleaning of a historic structure would be 

conducted within the range of 20 to 100 psi at a range of 3 to 12 inches. Cleaning at this low pressure 

requires the use of a very fine 00 or 0 mesh grit forced through a nozzle with a 1/4-inch opening. A 

similar, even more delicate method being adopted by architectural conservators uses a micro-abrasive 

grit on small, hard-to-clean areas of carved, cut or molded ornament on a building facade. Originally 

developed by museum conservators for cleaning sculpture, this technique may employ glass beads, 

micro-balloons, or another type of micro-abrasive gently powered at approximately 40 psi by a very 

small, almost pencil-like pressure instrument. Although a slightly larger pressure instrument may be 

used on historic buildings, this technique still has limited practical applicability on a large scale building 

cleaning project because of the cost and the relatively few technicians competent to handle the task. In 

general, architectural conservators have determined that only through very controlled conditions can 

most historic building material be abrasively cleaned of soil or paint without measurable damage to the 

surface or profile of the substrate.  Yet some professional cleaning companies which specialize in 

cleaning historic masonry buildings use chemicals and water at a pressure of approximately 1,500 psi, 

while other cleaning firms recommend lower pressures ranging from 200 to 800 psi for a similar project. 

An architectural conservator might decide, after testing, that some historic structures could be cleaned 

properly using a moderate pressure (200-600 psi), or even a high pressure (600-1800 psi) water rinse. 

However, cleaning historic buildings under such high pressure should be considered an exception rather 

than the rule, and would require very careful testing and supervision to assure that the historic surface 

materials could withstand the pressure without gouging, pitting or loosening.  These differences in the 
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amount of pressure used by commercial or industrial building cleaners and architectural conservators 

point to one of the main problems in using abrasive means to clean historic buildings: misunderstanding 

of the potentially fragile nature of historic building materials. There is no one cleaning formula or 

pressure suitable for all situations. Decisions regarding the proper cleaning process for historic 

structures can be made only after careful analysis of the building fabric, and testing.

How Building Materials React to Abrasive Cleaning
Brick and Architectural Terra-cotta: Abrasive blasting does not affect all building materials to the 

same degree. Such techniques quite logically cause greater damage to softer and more porous 

materials, such as brick or architectural terra-cotta. When these materials are cleaned abrasively, the 

hard, outer layer (closest to the heat of the kiln) is eroded, leaving the soft, inner core exposed and 

susceptible to accelerated weathering. Glazed architectural terra-cotta and ceramic veneer have a baked 

on glaze which is also easily damaged by abrasive cleaning. Glazed architectural terra-cotta was 

designed for easy maintenance, and generally can be cleaned using detergent and water; but chemicals 

or steam may be needed to remove more persistent stains. Large areas of brick or architectural terra-

cotta which have been painted are best left painted, or repainted if necessary.

Plaster and Stucco: Plaster and stucco are types of masonry finish materials that are softer than brick 

or terra-cotta; if treated abrasively these materials will simply disintegrate. Indeed, when plaster or 

stucco is treated abrasively it is usually with the intention of removing the plaster or stucco from 

whatever base material or substrate it is covering. Obviously, such abrasive techniques should not be 

applied to clean sound plaster or stuccoed walls, or decorative plaster wall surfaces.

Building Stones: Building stones are cut from the three main categories of natural rock: dense, 

igneous rock such as granite; sandy, sedimentary rock such as limestone or sandstone; and crystalline, 

metamorphic rock such as marble. As opposed to kiln-dried masonry materials such as brick and 

architectural terra-cotta, building stones are generally homogeneous in character at the time of a 

building's construction. However, as the stone is exposed to weathering and environmental pollutants, 

the surface may become friable, or may develop a protective skin or patina. These outer surfaces are 

very susceptible to damage by abrasive or improper chemical cleaning.  Building stones are frequently 

cut into ashlar blocks or "dressed" with tool marks that give the building surface a specific texture and 

contribute to its historic character as much as ornately carved decorative stonework. Such detailing is 

easily damaged by abrasive cleaning techniques; the pattern of tooling or cutting is erased, and the 

crisp lines of moldings or carving are worn or pitted.  Occasionally, it may be possible to clean small 

areas of rough-cut granite, limestone or sandstone having a heavy dirt encrustation by using the "wet 

grit" method, whereby a small amount of abrasive material is injected into a controlled, pressurized 

water stream. However, this technique requires very careful supervision in order to prevent damage to 

the stone. Polished or honed marble or granite should never be treated abrasively, as the abrasion 

would remove the finish in much the way glass would be etched or "frosted" by such a process. It is 

generally preferable to underclean, as too strong a cleaning procedure will erode the stone, exposing a 

new and increased surface area to collect atmospheric moisture and dirt. Removing paint, stains or 

graffiti from most types of stone may be accomplished by a chemical treatment carefully selected to 

best handle the removal of the particular type of paint or stain without damaging the stone. (See section 

on the "Gentlest Means Possible.")

Wood: Most types of wood used for buildings are soft, fibrous and porous, and are particularly 

susceptible to damage by abrasive cleaning. Because the summer wood between the lines of the grain is 

softer than the grain itself, it will be worn away by abrasive blasting or power tools, leaving an uneven 

surface with the grain raised and often frayed or "fuzzy." Once this has occurred, it is almost impossible 

to achieve a smooth surface again except by extensive hand sanding, which is expensive and will quickly 

negate any costs saved earlier by sandblasting. Such harsh cleaning treatment also obliterates historic 

tool marks, fine carving and detailing, which precludes its use on any interior or exterior woodwork 

which has been hand planed, milled or carved.

Metals: Like stone, metals are another group of building materials which vary considerably in hardness 

and durability. Softer metals which are used architecturally, such as tin, zinc, lead, copper or aluminum, 

generally should not be cleaned abrasively as the process deforms and destroys the original surface 

texture and appearance, as well as the acquired patina.  Much applied architectural metal work used on 
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historic buildings--tin, zinc, lead and copper--is often quite thin and soft, and therefore susceptible to 

denting and pitting. Galvanized sheet metal is especially vulnerable, as abrasive treatment would wear 

away the protective galvanized layer.  In the late 19th and early 20th centuries, these metals were often 

cut, pressed or otherwise shaped from sheets of metal into a wide variety of practical uses such as 

roofs, gutters and flashing, and facade ornamentation such as cornices, friezes, dormers, panels, 

cupolas, oriel windows, etc. The architecture of the 1920s and 1930s made use of metals such as 

chrome, nickel alloys, aluminum and stainless steel in decorative exterior panels, window frames, and 

doorways. Harsh abrasive blasting would destroy the original surface finish of most of these metals, and 

would increase the possibility of corrosion.  However, conservation specialists are now employing a 

sensitive technique of glass bead peening to clean some of the harder metals, in particular large bronze 

outdoor sculpture. Very fine (75125 micron) glass beads are used at a low pressure of 60 to 80 psi. 

Because these glass beads are completely spherical, there are no sharp edges to cut the surface of the 

metal. After cleaning, these statues undergo a lengthy process of polishing. Coatings are applied which 

protect the surface from corrosion, but they must be renewed every 3 to 5 years. A similarly delicate 

cleaning technique employing glass beads has been used in Europe to clean historic masonry structures 

without causing damage. But at this time the process has not been tested sufficiently in the United 

States to recommend it as a building conservation measure.  Sometimes a very fine smooth sand is 

used at a low pressure to clean or remove paint and corrosion from copper flashing and other metal 

building components. Restoration architects recently found that a mixture of crushed walnut shells and 

copper slag at a pressure of approximately 200 psi was the only way to remove corrosion successfully 

from a mid-19th century terne-coated iron roof. Metal cleaned in this manner must be painted 

immediately to prevent rapid recurrence of corrosion. It is thought that these methods "work harden" 

the surface by compressing the outer layer, and actually may be good for the surface of the metal. But 

the extremely complex nature and the time required by such processes make it very expensive and 

impractical for large-scale use at this time.  Cast and wrought iron architectural elements may be gently 

sandblasted or abrasively cleaned using a wire brush to remove layers of paint, rust and corrosion. 

Sandblasting was, in fact, developed originally as an efficient maintenance procedure for engineering 

and industrial structures and heavy machinery--iron and steel bridges, machine tool frames, engine 

frames, and railroad rolling stock--in order to clean and prepare them for repainting. Because iron is 

hard, its surface, which is naturally somewhat uneven, will not be noticeably damaged by controlled 

abrasion. Such treatment will, however, result in a small amount of pitting. But this slight abrasion 

creates a good surface for paint, since the iron must he repainted immediately to prevent corrosion. Any 

abrasive cleaning of metal building components will also remove the caulking from joints and around 

other openings. Such areas must be recaulked quickly to prevent moisture from entering and rusting the 

metal, or causing deterioration of other building fabric inside the structure.

When is Abrasive Cleaning Permissible?
For the most part, abrasive cleaning is destructive to historic building materials. A limited number of 

special cases have been explained when it may be appropriate, if supervised by a skilled conservator, to 

use a delicate abrasive technique on some historic building materials. The type of "wet grit" cleaning 

which involves a small amount of grit injected into a stream of low pressure water may be used on small 

areas of stone masonry (i.e., rough cut limestone, sandstone or unpolished granite), where milder 

cleaning methods have not been totally successful in removing harmful deposits of dirt and pollutants. 

Such areas may include stone window sills, the tops of cornices or column capitals, or other detailed 

areas of the facade.  This is still an abrasive technique, and without proper caution in handling, it can be 

just as harmful to the building surface as any other abrasive cleaning method. Thus, the decision to use 

this type of "wet grit" process should be made only after consultation with an experienced building 

conservator. Remember that it is very time consuming and expensive to use any abrasive technique on 

a historic building in such a manner that it does not cause harm to the often fragile and friable building 

materials.  At this time, and only under certain circumstances, abrasive cleaning methods may he used 

in the rehabilitation of interior spaces of warehouse or industrial buildings for contemporary uses.  

Interior spaces of factories or warehouse structures in which the masonry or plaster surfaces do not 

have significant design, detailing, tooling or finish, and in which wooden architectural features are not 

finished, molded, beaded or worked by hand, may be cleaned abrasively in order to remove layers of 

paint and industrial discolorations such as smoke, soot, etc. It is expected after such treatment that 

brick surfaces will be rough and pitted, and wood will be somewhat frayed or "fuzzy" with raised wood 

grain. These nonsignificant surfaces will be damaged and have a roughened texture, but because they 

are interior elements, they will not be subject to further deterioration caused by weathering.
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Historic Interiors That Should Not Be Cleaned Abrasively 
Those instances (generally industrial and some commercial properties), when it may be acceptable to 

use an abrasive treatment on the interior of historic structures have been described. But for the majority 

of historic buildings, the Secretary of the Interior's Guidelines for Rehabilitation do not recommend 

"changing the texture of exposed wooden architectural features (including structural members) and 

masonry surfaces through sandblasting or use of other abrasive techniques to remove paint, 

discolorations and plaster.  Thus, it is not acceptable to clean abrasively interiors of historic residential 

and commercial properties which have finished interior spaces featuring milled woodwork such as doors, 

window and door moldings, wainscoting, stair balustrades and mantelpieces. Even the most modest 

historic house interior, although it may not feature elaborate detailing, contains plaster and woodwork 

that is architecturally significant to the original design and function of the house. Abrasive cleaning of 

such an interior would be destructive to the historic integrity of the building.  Abrasive cleaning is also 

impractical. Rough surfaces of abrasively cleaned wooden elements are hard to keep clean. It is also 

difficult to seal, paint or maintain these surfaces which can be splintery and a problem to the building's 

occupants. The force of abrasive blasting may cause grit particles to lodge in cracks of wooden 

elements, which will be a nuisance as the grit is loosened by vibrations and gradually sifts out. Removal 

of plaster will reduce the thermal and insulating value of the walls. Interior brick is usually softer than 

exterior brick, and generally of a poorer quality. Removing surface plaster from such brick by abrasive 

means often exposes gaping mortar joints and mismatched or repaired brickwork which was never 

intended to show. The resulting bare brick wall may require repointing, often difficult to match. It also 

may be necessary to apply a transparent surface coating (or sealer) in order to prevent the mortar and 

brick from "dusting." However. a sealer may not only change the color of the brick, but may also 

compound any existing moisture problems by restricting the normal evaporation of water vapor from the 

masonry surface.

“Gentlest Means Possible”  There are alternative means of removing dirt, stains and paint from 

historic building surfaces that can be recommended as more efficient and less destructive than abrasive 

techniques. The "gentlest means possible" of removing dirt from a building surface can be achieved by 

using a low-pressure water wash, scrubbing areas of more persistent grime with a natural bristle (never 

metal) brush. Steam cleaning can also be used effectively to clean some historic building fabric. Low-

pressure water or steam will soften the dirt and cause the deposits to rise to the surface, where they 

can be washed away.  A third cleaning technique which may be recommended to remove dirt, as well as 

stains, graffiti or paint, involves the use of commercially available chemical cleaners or paint removers, 

which, when applied to masonry, loosen or dissolve the dirt or stains. These cleaning agents may be 

used in combination with water or steam, followed by a clear water wash to remove the residue of dirt 

and the chemical cleaners from the masonry. A natural bristle brush may also facilitate this type of 

chemically assisted cleaning, particularly in areas of heavy dirt deposits or stains, and a wooden scraper 

can be useful in removing thick encrustations of soot. A limewash or absorbent talc, whiting or clay 

poultice with a solvent can be used effectively to draw out salts or stains from the surface of the 

selected areas of a building facade. It is almost impossible to remove paint from masonry surfaces 

without causing some damage to the masonry, and it is best to leave the surfaces as they are or repaint 

them if necessary.  Some physicists are experimenting with the use of pulsed laser beams and xenon 

flash lamps for cleaning historic masonry surfaces. At this time it is a slow, expensive cleaning method, 

but its initial success indicates that it may have an increasingly important role in the future.  There are 

many chemical paint removers which, when applied to painted wood, soften and dissolve the paint so 

that it can be scraped off by hand. Peeling paint can be removed from wood by hand scraping and 

sanding. Particularly thick layers of paint may be softened with a heat gun or heat plate, providing 

appropriate precautions are taken, and the paint film scraped off by hand. Too much heat applied to the 

same spot can burn the wood, and the fumes caused by burning paint are dangerous to inhale, and can 

he explosive. Furthermore, the hot air from heat guns can start fires in the building cavity. Thus, 

adequate ventilation is important when using a heat gun or heat plate, as well as when using a chemical 

stripper. A torch or open flame should never he used.  

Preparations for Cleaning: It cannot be overemphasized that all of these cleaning methods must be 

approached with caution. When using any of these procedures which involve water or other liquid 

cleaning agents on masonry, it is imperative that all openings be tightly covered, and all cracks or joints 
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be well pointed in order to avoid the danger of water penetrating the building's facade, a circumstance 

which might result in serious moisture related problems such as efflorescence and/or subflorescence. 

Any time water is used on masonry as a cleaning agent, either in its pure state or in combination with 

chemical cleaners, it is very important that the work be done in warm weather when there is no danger 

of frost for several months. Otherwise water which has penetrated the masonry may freeze, eventually 

causing the surface of the building to crack and spall, which may create another conservation problem 

more serious to the health of the building than dirt.

Each kind of masonry has a unique composition and reacts differently with various chemical cleaning 

substances. Water and/or chemicals may interact with minerals in stone and cause new types of stains 

to leach out to the surface immediately, or more gradually in a delayed reaction. What may be a safe 

and effective cleaner for certain stain on one type of stone, may leave unattractive discolorations on 

another stone, or totally dissolve a third type.

Testing: Cleaning historic building materials, particularly masonry, is a technically complex subject, and 

thus, should never be done without expert consultation and testing. No cleaning project should be 

undertaken without first applying the intended cleaning agent to a representative test patch area in an 

inconspicuous location on the building surface. The test patch or patches should be allowed to weather 

for a period of time, preferably through a complete seasonal cycle, in order to determine that the 

cleaned area will not he adversely affected by wet or freezing weather or any by-products of the 

cleaning process.

Mitigating the Effects of Abrasive Cleaning 
There are certain restoration measures which can be adopted to help preserve a historic building 

exterior which has been damaged by abrasive methods. Wood that has been sandblasted will exhibit a 

frayed or "fuzzed" surface, or a harder wood will have an exaggerated raised grain. The only way to 

remove this rough surface or to smooth the grain is by laborious sanding. Sandblasted wood, unless it 

has been extensively sanded, serves as a dustcatcher, will weather faster, and will present a continuing 

and ever worsening maintenance problem. Such wood, after sanding, should be painted or given a clear 

surface coating to protect the wood, and allow for somewhat easier maintenance.

There are few successful preservative treatments that may be applied to grit-blasted exterior masonry. 

Harder, denser stone may have suffered only a loss of crisp edges or tool marks, or other indications of 

craft technique. If the stone has a compact and uniform composition, it should continue to weather with 

little additional deterioration. But some types of sandstone, marble and limestone will weather at an 

accelerated rate once their protective "quarry crust" or patina has been removed.

Softer types of masonry, particularly brick and architectural terra-cotta, are the most likely to require 

some remedial treatment if they have been abrasively cleaned. Old brick, being essentially a soft, baked 

clay product, is greatly susceptible to increased deterioration when its hard, outer skin is removed 

through abrasive techniques. This problem can be minimized by painting the brick. An alternative is to 

treat it with a clear sealer or surface coating but this will give the masonry a glossy, or shiny look. It is 

usually preferable to paint the brick rather than to apply a transparent sealer since sealers reduce the 

transpiration of moisture, allowing salts to crystallize as subflorescence that eventually spalls the brick. 

If a brick surface has been so extensively damaged by abrasive cleaning and weathering that spalling 

has already begun, it may be necessary to cover the walls with stucco, if it will adhere.

Of course, the application of paint, a clear surface coating (sealer), or stucco to deteriorating masonry 

means that the historical appearance will be sacrificed in an attempt to conserve the historic building 

materials. However, the original color and texture will have been changed already by the abrasive 

treatment. At this point it is more important to try to preserve the brick, and there is little choice but to 

protect it from "dusting" or spalling too rapidly. As a last resort, in the case of severely spalling brick, 

there may be no option but to replace the brick--a difficult, expensive (particularly if custom-made 

reproduction brick is used), and lengthy process. As described earlier, sandblasted interior brick work, 

while not subject to change of weather, may require the application of a transparent surface coating or 

painting as a maintenance procedure to contain loose mortar and brick dust. (See Preservation Briefs 

No. 1 for a more thorough discussion of coatings.)  Metals, other than cast or wrought iron, that have 

been pitted and dented by harsh abrasive blasting usually cannot be smoothed out. Although fillers may 

be satisfactory for smoothing a painted surface, exposed metal that has been damaged usually will have 

to be replaced.

https://www.nps.gov/how-to-preserve/briefs/1-cleaning-water-repellent.htm
https://www.nps.gov/how-to-preserve/briefs/1-cleaning-water-repellent.htm
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Summary 
Sandblasting or other abrasive methods of cleaning or paint removal are by their nature destructive to 

historic building materials and should not be used on historic buildings except in a few well-monitored 

instances. There are exceptions when certain types of abrasive cleaning may be permissible, but only if 

conducted by a trained conservator, and if cleaning is necessary for the preservation of the historic 

structure.  There is no one formula that will be suitable for cleaning all historic building surfaces. 

Although there are many commercial cleaning products and methods available, it is impossible to state 

definitively which of these will be the most effective without causing harm to the building fabric. It is 

often difficult to identify ingredients or their proportions contained in cleaning products; consequently it 

is hard to predict how a product will react to the building materials to be cleaned. Similar uncertainties 

affect the outcome of other cleaning methods as they are applied to historic building materials. Further 

advances in understanding the complex nature of the many variables of the cleaning techniques may 

someday provide a better and simpler solution to the problems. But until that time, the process of 

cleaning historic buildings must be approached with caution through trial and error.

It is important to remember that historic building materials are neither indestructible, nor are they 

renewable. They must be treated in a responsible manner, which may mean little or no cleaning at all if 

they are to be preserved for future generations to enjoy. If it is in the best interest of the building to 

clean it, then it should be done "using the gentlest means possible." 
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SECTION 04300

 UNIT MASONRY SYSTEM

PART 1 GENERAL

1.01 SECTION INCLUDES   
A. Concrete masonry or brick units. 
B. Reinforcement, anchorage, and accessories. 

1.02 SUBMITTALS
A. Submit under provisions of the General Requirements.
B. Product Data:  Provide data for masonry and brick units and fabricated wire reinforcement.

1.03  QUALIFICATIONS 
A. Manufacturer:  Company specializing in manufacturing the Products specified in this section with 

minimum three years documented experience.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Deliver, store, protect and handle products to site under provisions of the General Requirements. 
B. Accept units on site.  Inspect for damage.

1.05  ENVIRONMENTAL REQUIREMENTS 
A. Maintain materials and surrounding air temperature to minimum 40 degrees F prior to, during, and 48 

hours after completion of masonry work.
B. Maintain materials and surrounding air temperature to maximum 90 degrees F prior to, during, and 48 

hours after completion of masonry work.
C. Hot Cold Weather Requirements:  IMIAC - Recommended Practices and Guide Specifications for Hot 

or Cold Weather Masonry Construction.

PART 2 PRODUCTS

2.01 CONCRETE MASONRY UNITS
A. Non-Load Bearing Block Units (CMU):  ASTM C90, Heavy weight, sand, light weight will not be 

accepted.  Type I - Moisture Controlled.
B. Size and Shape:  Nominal modular size of 8 and 4 x 16 x 8 inches.  Provide special units for 90 degree 

corners.
C. Style and Color.

1. Moisture controlled with coloring additive.  Coloring to be determined by Architect.
2. Provide as indicated on drawings:

2.02  REINFORCEMENT AND ANCHORAGE
A. Single Wythe Joint Reinforcement:  Truss type; steel wire, hot dip galvanized to ASTM A641 after 

fabrication, No. 9 side rods with No. 9 cross ties.
1. Manufacturers:

a. DUR-O-WALL
b. TRU-MESH
c. BET-R-WALL

B. Reinforcing Steel:  ASTM A615, 40 or 60 ksi yield grade, deformed billet bars, uncoated finish.
C. Wall Ties:  Formed steel wire, 3/16 inch thick, adjustable, hot dip galvanized to ASTM A123 steel 

finish.
1. Manufacturers:

a. DUR-O-WALL
b. TRU-MESH
c. BET-R-WALL

2.03  MORTAR AND GROUT
A. Mortar and Grout:  As specified in Section 04100. 

2.04  FLASHINGS
A. Plastic Flashings:  Sheet polyvinyl chloride or polyethylene; 20 mil thick.
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B. Lap Sealant:  Butyl type as specified in Section 07900.
 
2.05 ACCESSORIES

A. Preformed Control Joints:  Rubber, Neoprene, Polyvinyl chloride material.  Provide with corner and 
tee accessories, heat or cement fused joints.

B. Joint Filler:  Closed cell polyvinyl chloride, polyethylene, polyurethane or rubber; oversized 50 
percent to joint width; self expanding.

C. Building Paper:  No. 30 asphalt saturated felt.
D. Nailing Strips:  Softwood, preservative treated for moisture resistance, dovetail shape, sized to 

masonry joints.
E. Weeps:  Preformed plastic cotton wick filled, or cotton rope.
F. Cavity Vents:  Molded polyvinyl chloride grilles; insect resistant.
G. Cleaning Solution:  Non-acidic, not harmful to masonry work or adjacent materials.

PART 3 EXECUTION

3.01 EXAMINATION
A. Verify that field conditions are acceptable and are ready to receive work. 
B. Verify items provided by other sections of work are properly sized and located.
C. Verify that built-in items are in proper location, and ready for roughing into masonry work.

3.02 PREPARATION
A. Direct and coordinate placement of metal anchors supplied to other sections.
B. Provide temporary bracing during installation of masonry work.  Maintain in place until building 

structure provides permanent bracing.

3.03 COURSING
A. Establish lines, levels, and coursing indicated.  Protect from displacement.
B. Maintain masonry courses to uniform dimension.  Form vertical and horizontal joints of uniform 

thickness.
C. Concrete Masonry Units:

1. Bond:  Running unless otherwise indicated.
2. Coursing:  One unit and one mortar joint to equal 8 inches.
3. Mortar Joints:  Concave, unless noted otherwise.

D. Brick Units:
1. Bond:  Running, unless noted otherwise.
2. Coursing:  Three units and three mortar joints to equal 8 inches.
3. Mortar Joints:  Concave, unless noted otherwise.

3.04 PLACING AND BONDING
A. Lay solid masonry units in full bed of mortar, with full head joints, uniformly jointed with other work.
B. Lay hollow masonry units with face shell bedding on head and bed joints.
C. Buttering corners of joints or excessive furrowing of mortar joints are not permitted.
D. Remove excess mortar as work progresses.
E. Interlock intersections and external corners.
F. Do not shift or tap masonry units after mortar has achieved initial set.  Where adjustment must be 

made, remove mortar and replace.
G. Perform job site cutting of masonry units with proper tools to provide straight, clean, unchipped 

edges.  Prevent broken masonry unit corners or edges.
H. Cut mortar joints flush where wall tile is scheduled, resilient base is scheduled, cavity insulation 

vapor barrier adhesive is applied, or bitumen damp proofing is applied.
I. Isolate masonry partitions from vertical structural framing members with a control joint.
J. Isolate top joint of masonry partitions from horizontal structural framing members and slabs or decks 

with compressible joint filler.

3.05 WEEPS
A. Install weeps in veneer at 32 inches oc horizontally above through-wall flashing, above shelf angles 

and lintels, and at bottom of walls.

3.06 CAVITY WALL
A. Do not permit mortar to drop or accumulate into cavity air space or to plug weeps.
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B. Build inner wythe ahead of outer wythe to receive cavity insulation and air/vapor barrier adhesive.

3.07 REINFORCEMENT AND ANCHORAGE 
A. Install horizontal joint reinforcement 16 inches oc.
B. Place masonry joint reinforcement in first and second horizontal joints above and below openings.  

Extend minimum 16 inches each side of opening.
C. Place joint reinforcement continuous in first and second joint below top of walls.
D. Lap joint reinforcement ends minimum 6 inches.
E. Support and secure reinforcing bars from displacement.  Maintain position within 1/2 inch of 

dimensioned position.
F. At masonry veneer, embed wall ties in masonry back-up to bond veneer at maximum 16 inches oc 

vertically and 36 inches oc horizontally.  Place at maximum 3 inches oc each way around perimeter of 
openings, within 12 inches of openings.

3.08 MASONRY FLASHINGS
A. Extend flashings horizontally at foundation walls, above ledge or shelf angles and lintels, under 

parapet caps, and at bottom of walls.
B. Turn flashing up minimum 8 inches and bed into mortar joint of masonry, seal to concrete, seal or 

underlap at sheathing over framed back-up.
C. Lap end joints minimum 6 inches and seal watertight.
D. Turn flashing, fold, and seal at corners, bends, and interruptions.

3.09 GROUTED COMPONENTS
A. Reinforce bond beam as indicated or detailed.
B. Lap splices minimum 24 bar diameters.
C. Support and secure reinforcing bars from displacement. Maintain position within 1/2 inch of 

dimensioned position.
D. Place and consolidate grout fill without displacing reinforcing.
E. At bearing locations, fill masonry cores with grout for a minimum 12 inches either side of opening.

3.10 CONTROL AND EXPANSION JOINTS
A. Do not continue horizontal joint reinforcement through control and expansion joints.
B. Install preformed control joint device in continuous lengths.  Seal butt and corner joints in accordance 

with manufacturer’s instructions.
C. Size control joint in accordance with Section 07900 for sealant performance.
D. Form expansion joint as detailed.

3.11 BUILT-IN WORK
A. As work progresses, install built-in metal door and glazed frames, fabricated metal frames, window 

frames, wood nailing strips, fireplace accessories, anchor bolts, plates, and other items to be built-in 
the work and furnished by other sections.

B. Install built-in items plumb and level.
C. Bed anchors of metal door and glazed frames in adjacent mortar joints.  Fill frame voids solid with 

grout.  Fill adjacent masonry cores with grout minimum 12 inches from framed openings.
D. Do not build in organic materials subject to deterioration.

3.12 TOLERANCES
A. Maximum Variation From Alignment of Columns:  1/4 inch.
B. Maximum Variation From Unit to Adjacent Unit:  1/32 inch.
C. Maximum Variation from Plane of Wall:  1/4 inch in 10 ft and 1/2 inch in 20 ft or more.
D. Maximum Variation from Plumb:  1/4 inch per story non-cumulative; 1/2 inch in two stories or more.
E. Maximum Variation from Level Coursing:  1/8 inch in 3 ft and 1/4 inch in 10 ft; 1/2 inch in 30 ft.
F. Maximum Variation of Joint Thickness:  1/8 inch in 3 ft.
G. Maximum Variation from Cross Sectional Thickness of Walls:  1/4 inch.

3.13 CUTTING AND FITTING
A. Cut and fit for chases, pipes, conduit, sleeves, and grounds.  Coordinate with other sections of work to 

provide correct size, shape, and location.
B. Obtain approval prior to cutting or fitting masonry work not indicated or where appearance or strength 

of masonry work may be impaired.
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3.14 CLEANING
A. Remove excess mortar and mortar smears as work progresses.
B. Replace defective mortar.  Match adjacent work.
C. Clean soiled surfaces with cleaning solution.
D. Use non-metallic tools in cleaning operations.

3.15 PROTECTION OF FINISHED WORK
A. Protect finished Work.
B. Without damaging completed work, provide protective boards at exposed external corners which may 

be damaged by construction activities. 

END OF SECTION 04300
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PRESERVATION BRIEF  1 

Assessing Cleaning and Water-Repellent Treatments for 
Historic Masonry Buildings 

 Preparing for a Cleaning Project 

 Understanding the Building Materials  

 Cleaning Methods and Materials 

 Planning a Cleaning Project 

 Water-Repellent Coatings and Waterproof Coatings 

Inappropriate cleaning and coating treatments are a major cause of damage to historic masonry 

buildings. While either or both treatments may be appropriate in some cases, they can be very 

destructive to historic masonry if they are not selected carefully. Historic masonry, as considered here, 

includes stone, brick, architectural terra cotta, cast stone, concrete and concrete block. It is frequently 

cleaned because cleaning is equated with improvement. Cleaning may sometimes be followed by the 

application of a water-repellent coating. However, unless these procedures are carried out under the 

guidance and supervision of an architectural conservator, they may result in irrevocable damage to the 

historic resource. 

The purpose of this Brief is to provide information on the variety of cleaning methods and materials that 

are available for use on the exterior of historic masonry buildings, and to provide guidance in selecting 

the most appropriate method or combination of methods. The difference between water-repellent 

coatings and waterproof coatings is explained, and the purpose of each, the suitability of their 

application to historic masonry buildings, and the possible consequences of their inappropriate use are 

discussed. 

The Brief is intended to help develop sensitivity to the qualities of historic masonry that makes it so 

special, and to assist historic building owners and property managers in working cooperatively with 

architects, architectural conservators, and contractors. Although specifically intended for historic 

buildings, the information is applicable to all masonry buildings. The Brief is not meant to be a cleaning 

manual or a guide for preparing specifications. Rather, it provides general information to raise 

awareness of the many factors involved in selecting cleaning and water-repellent treatments for historic 

masonry buildings.  

 

Preparing for a Cleaning Project, Reasons for Cleaning 
First, it is important to determine whether it is appropriate to clean the masonry. The objective of 

cleaning a historic masonry building must be considered carefully before arriving at a decision to clean. 

There are several major reasons for cleaning a historic masonry building: improve the appearance of the 

building by removing unattractive dirt or soiling materials, or non-historic paint from the masonry; 

retard deterioration by removing soiling materials that may be damaging the masonry; or provide a 

clean surface to accurately match repointing mortars or patching compounds, or to conduct a condition 

survey of the masonry.  

 

Identify What is to be Removed 
The general nature and source of dirt or soiling material on a building must be identified to remove it in 

the gentlest means possible--that is, in the most effective, yet least harmful, manner. Soot and smoke, 

for example, require a different cleaning agent to remove than oil stains or metallic stains. Other 

common cleaning problems include biological growth such as mold or mildew, and organic matter such 

as the tendrils left on masonry after removal of ivy. 

 

Consider the Historic Appearance of the Building 
If the proposed cleaning is to remove paint, it is important in each case to learn whether or not 

unpainted masonry is historically appropriate. And, it is necessary to consider why the building was 
painted. Was it to cover bad repointing or unmatched repairs? Was the building painted to protect soft 

brick or to conceal deteriorating stone? Or, was painted masonry simply a fashionable treatment in a 

https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm#prepare
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm#materials
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm#cleaning
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm#planning
https://www.nps.gov/tps/how-to-preserve/briefs/1-cleaning-water-repellent.htm#waterproof
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particular historic period? Many buildings were painted at the time of construction or shortly thereafter; 

retention of the paint, therefore, may be more appropriate historically than removing it. And, if the 

building appears to have been painted for a long time, it is also important to think about whether the 

paint is part of the character of the historic building and if it has acquired significance over time.  

 

Consider the Practicalities of Cleaning or Paint Removal 
Some gypsum or sulfate crusts may have become integral with the stone and, if cleaning could result in 

removing some of the stone surface, it may be preferable not to clean. Even where unpainted masonry 

is appropriate, the retention of the paint may be more practical than removal in terms of long range 

preservation of the masonry. In some cases, however, removal of the paint may be desirable. For 

example, the old paint layers may have built up to such an extent that removal is necessary to ensure a 

sound surface to which the new paint will adhere. 

 

Study the Masonry 
Although not always necessary, in some instances it can be beneficial to have the coating or paint type, 

color, and layering on the masonry researched before attempting its removal. Analysis of the nature of 

the soiling or of the paint to be removed from the masonry, as well as guidance on the appropriate 

cleaning method, may be provided by professional consultants, including architectural conservators, 

conservation scientists, and preservation architects. The State Historic Preservation Office (SHPO), local 

historic district commissions, architectural review boards, and preservation-oriented websites may also 

be able to supply useful information on masonry cleaning techniques. 

 

Understanding the Building Materials  
The construction of the building must be considered when developing a cleaning program because 

inappropriate cleaning can have a deleterious effect on the masonry as well as on other building 

materials. The masonry material or materials must be correctly identified. It is sometimes difficult to 

distinguish one type of stone from another; for example, certain sandstones can be easily confused with 

limestones. Or, what appears to be natural stone may not be stone at all, but cast stone or concrete. 

Historically, cast stone and architectural terra cotta were frequently used in combination with natural 

stone, especially for trim elements or on upper stories of a building where, from a distance, these 

substitute materials looked like real stone. Other features on historic buildings that appear to be stone, 

such as decorative cornices, entablatures and window hoods, may not even be masonry, but metal. 

 

Identify Prior Treatments 
Previous treatments of the building and its surroundings should be researched and building maintenance 

records should be obtained, if available. Sometimes if streaked or spotty areas do not seem to get 

cleaner following an initial cleaning, closer inspection and analysis may be warranted. The discoloration 

may turn out not to be dirt but the remnant of a water-repellent coating applied long ago which has 

darkened the surface of the masonry over time. Successful removal may require testing several cleaning 

agents to find something that will dissolve and remove the coating. Complete removal may not always 

be possible. Repairs may have been stained to match a dirty building, and cleaning may make these 

differences apparent. De-icing salts used near the building that have dissolved can migrate into the 

masonry. Cleaning may draw the salts to the surface, where they will appear as efflorescence (a 

powdery, white substance), which may require a second treatment to be removed. Allowances for 

dealing with such unknown factors, any of which can be a potential problem, should be included when 

investigating cleaning methods and materials. Just as more than one kind of masonry on a historic 

building may necessitate multiple cleaning approaches, unknown conditions that are encountered may 

also require additional cleaning treatments. 

 
Choose the Appropriate Cleaner 
The importance of testing cleaning methods and materials cannot be over emphasized. Applying the 

wrong cleaning agents to historic masonry can have disastrous results. Acidic cleaners can be extremely 

damaging to acid-sensitive stones, such as marble and limestone, resulting in etching and dissolution of 
these stones. Other kinds of masonry can also be damaged by incompatible cleaning agents, or even by 

cleaning agents that are usually compatible. There are also numerous kinds of sandstone, each with a 
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considerably different geological composition. While an acid-based cleaner may be safely used on some 

sandstones, others are acid-sensitive and can be severely etched or dissolved by an acid cleaner. Some 

sandstones contain water-soluble minerals and can be eroded by water cleaning. And, even if the stone 

type is correctly identified, stones, as well as some bricks, may contain unexpected impurities, such as 

iron particles, that may react negatively with a particular cleaning agent and result in staining. Thorough 

understanding of the physical and chemical properties of the masonry will help avoid the inadvertent 

selection of damaging cleaning agents. 

Other building materials also may be affected by the cleaning process. Some chemicals, for example, 

may have a corrosive effect on paint or glass. The portions of building elements most vulnerable to 

deterioration may not be visible, such as embedded ends of iron window bars. Other totally unseen 

items, such as iron cramps or ties which hold the masonry to the structural frame, also may be subject 

to corrosion from the use of chemicals or even from plain water. The only way to prevent problems in 

these cases is to study the building construction in detail and evaluate proposed cleaning methods with 

this information in mind. However, due to the very likely possibility of encountering unknown factors, 

any cleaning project involving historic masonry should be viewed as unique to that particular building. 

 

Cleaning Methods and Materials  
Masonry cleaning methods generally are divided into three major groups: water, chemical, and abrasive. 

Water methods soften the dirt or soiling material and rinse the deposits from the masonry surface. 

Chemical cleaners react with dirt, soiling material or paint to effect their removal, after which the 

cleaning effluent is rinsed off the masonry surface with water. Abrasive methods include blasting with 

grit, and the use of grinders and sanding discs, all of which mechanically remove the dirt, soiling 

material or paint (and, usually, some of the masonry surface). Abrasive cleaning is also often followed 

with a water rinse. Laser cleaning, although not discussed here in detail, is another technique that is 

used sometimes by conservators to clean small areas of historic masonry. It can be quite effective for 

cleaning limited areas, but it is expensive and generally not practical for most historic masonry cleaning 

projects. 

Although it may seem contrary to common sense, masonry cleaning projects should be carried out 

starting at the bottom and proceeding to the top of the building always keeping all surfaces wet below 

the area being cleaned. The rationale for this approach is based on the principle that dirty water or 

cleaning effluent dripping from cleaning in progress above will leave streaks on a dirty surface but will 

not streak a clean surface as long as it is kept wet and rinsed frequently. 

Water Cleaning 

Water cleaning methods are generally the gentlest means possible, and they can be used safely to 

remove dirt from all types of historic masonry. There are essentially four kinds of water-based methods: 

soaking; pressure water washing; water washing supplemented with non-ionic detergent; and steam, or 

hot-pressurized water cleaning. Once water cleaning has been completed, it is often necessary to follow 

up with a water rinse to wash off the loosened soiling material from the masonry. 

Water cleaning methods may not be appropriate to use on some badly deteriorated masonry because 

water may exacerbate the deterioration, or on gypsum or alabaster, which are very soluble in water. 

 

Soaking 
Prolonged spraying or misting with water is particularly effective for cleaning limestone and marble. It is 

also a good method for removing heavy accumulations of soot, sulfate crusts or gypsum crusts that tend 

to form in protected areas of a building not regularly washed by rain. Water is distributed to lengths of 

punctured hose or pipe with non-ferrous fittings hung from moveable scaffolding or a swing stage that 

continuously mists the surface of the masonry with a very fine spray. A timed on-off spray is another 

approach to using this cleaning technique. After one area has been cleaned, the apparatus is moved on 

to another. Soaking is often used in combination with water washing and is also followed by a final water 

rinse. Soaking is a very slow method—it may take several days or a week—but it is a very gentle 

method to use on historic masonry. 

 
Water Washing 
Washing with low-pressure or medium-pressure water is probably one of the most commonly used 

methods for removing dirt or other pollutant soiling from historic masonry buildings. Starting with a very 

low pressure (100 psi or below), even using a garden hose, and progressing as needed to slightly higher 
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pressure—generally no higher than 300-400 psi—is always the recommended way to begin. Scrubbing 

with natural bristle or synthetic bristle brushes—never metal which can abrade the surface and leave 

metal particles that can stain the masonry—can help in cleaning areas of the masonry that are especially 

dirty. 

 

Water Washing with Detergents 
Non-ionic detergents—which are not the same as soaps—are synthetic organic compounds that are 

especially effective in removing oily soil. (Examples of some of the numerous proprietary non-ionic 

detergents include Igepal by GAF, Tergitol by Union Carbide and Triton by Rohm & Haas.) Thus, the 

addition of a non-ionic detergent, or surfactant, to a low- or medium-pressure water wash can be a 

useful aid in the cleaning process. (A non-ionic detergent, unlike most household detergents, does not 

leave a solid, visible residue on the masonry.) Adding a non-ionic detergent and scrubbing with a natural 

bristle or synthetic bristle brush can facilitate cleaning textured or intricately carved masonry. This 

should be followed with a final water rinse. 

 

Steam/Hot-Pressurized Water Cleaning 
Steam cleaning is actually low-pressure hot water washing because the steam condenses almost 

immediately upon leaving the hose. This is a gentle and effective method for cleaning stone and 

particularly for acid-sensitive stones. Steam can be especially useful in removing built-up soiling 

deposits and dried-up plant materials, such as ivy disks and tendrils. It can also be an efficient means of 

cleaning carved stone details and, because it does not generate a lot of liquid water, it can sometimes 

be appropriate to use for cleaning interior masonry. 

 

Potential Hazards of Water Cleaning 
Despite the fact that water-based methods are generally the most gentle, even they can be damaging to 

historic masonry. Before beginning a water cleaning project, it is important to make sure that all mortar 

joints are sound and that the building is watertight. Otherwise water can seep through the walls to the 

interior, resulting in rusting metal anchors and stained and ruined plaster. 

Some water supplies may contain traces of iron and copper which may cause masonry to discolor. 

Adding a chelating or complexing agent to the water, such as EDTA (ethylene diamine tetra-acetic acid), 

which inactivates other metallic ions, as well as softens minerals and water hardness, will help prevent 

staining on light-colored masonry. 

Any cleaning method involving water should never be done in cold weather or if there is any likelihood of 

frost or freezing because water within the masonry can freeze, causing spalling and cracking. Since a 

masonry wall may take over a week to dry after cleaning, no water cleaning should be permitted for 

several days prior to the first average frost date, or even earlier if local forecasts predict cold weather. 

Most important of all, it is imperative to be aware that using water at too high a pressure, a practice 

common to "power washing" and "water blasting", is very abrasive and can easily etch marble and other 

soft stones, as well as some types of brick. In addition, the distance of the nozzle from the masonry 

surface and the type of nozzle, as well as gallons per minute (gpm), are also important variables in a 

water cleaning process that can have a significant impact on the outcome of the project. This is why it is 

imperative that the cleaning be closely monitored to ensure that the cleaning operators do not raise the 

pressure or bring the nozzle too close to the masonry in an effort to "speed up" the process. The 

appearance of grains of stone or sand in the cleaning effluent on the ground is an indication that the 

water pressure may be too high. 

 

Chemical Cleaning 
Chemical cleaners, generally in the form of proprietary products, are another material frequently used to 

clean historic masonry. They can remove dirt, as well as paint and other coatings, metallic and plant 

stains, and graffiti. Chemical cleaners used to remove dirt and soiling include acids, alkalies and organic 

compounds. Acidic cleaners, of course, should not be used on masonry that is acid sensitive. Paint 

removers are alkaline, based on organic solvents or other chemicals. 

 

Chemical Cleaners to Remove Dirt 
Both alkaline and acidic cleaning treatments include the use of water. Both cleaners are also likely to 

contain surfactants (wetting agents), that facilitate the chemical reaction that removes the dirt. 
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Generally, the masonry is wet first for both types of cleaners, then the chemical cleaner is sprayed on at 

very low pressure or brushed onto the surface. The cleaner is left to dwell on the masonry for an 

amount of time recommended by the product manufacturer or, preferably, determined by testing, and 

rinsed off with a low- or moderate-pressure cold, or sometimes hot, water wash. 

More than one application of the cleaner may be necessary, and it is always a good practice to test the 

product manufacturers recommendations concerning dilution rates and dwell times. Because each 

cleaning situation is unique, dilution rates and dwell times can vary considerably. The masonry surface 

may be scrubbed lightly with natural or synthetic bristle brushes prior to rinsing. After rinsing, pH strips 

should be applied to the surface to ensure that the masonry has been neutralized completely. 

 

Acidic Cleaners 
Acid-based cleaning products may be used on non-acid sensitive masonry, which generally includes: 

granite, most sandstones, slate, unglazed brick and unglazed architectural terra cotta, cast stone and 

concrete. Most commercial acidic cleaners are composed primarily of hydrofluoric acid, and often include 

some phosphoric acid to prevent rust-like stains from developing on the masonry after the cleaning. 

Acid cleaners are applied to the pre-wet masonry which should be kept wet while the acid is allowed to 

"work", and then removed with a water wash. 

 

Alkaline Cleaners 
Alkaline cleaners should be used on acid-sensitive masonry, including: limestone, polished and 

unpolished marble, calcareous sandstone, glazed brick and glazed architectural terra cotta, and polished 

granite. (Alkaline cleaners may also be used sometimes on masonry materials that are not acid 

sensitive--after testing, of course--but they may not be as effective as they are on acid-sensitive 

masonry.) Alkaline cleaning products consist primarily of two ingredients: a non-ionic detergent or 

surfactant; and an alkali, such as potassium hydroxide or ammonium hydroxide. Like acidic cleaners, 

alkaline products are usually applied to pre-wet masonry, allowed to dwell, and then rinsed off with 

water. (Longer dwell times may be necessary with alkaline cleaners than with acidic cleaners.) Two 

additional steps are required to remove alkaline cleaners after the initial rinse. First the masonry is given 

a slightly acidic wash--often with acetic acid--to neutralize it, and then it is rinsed again with water. 

 

Chemical Cleaners to Remove Paint and Other Coatings, Stains and Graffiti 
Removing paint and some other coatings, stains and graffiti can best be accomplished with alkaline paint 

removers, organic solvent paint removers, or other cleaning compounds. The removal of layers of paint 

from a masonry surface usually involves applying the remover either by brush, roller or spraying, 

followed by a thorough water wash. As with any chemical cleaning, the manufacturer's 

recommendations regarding application procedures should always be tested before beginning work. 

 

Alkaline Paint Removers 
These are usually of much the same composition as other alkaline cleaners, containing potassium or 

ammonium hydroxide, or trisodium phosphate. They are used to remove oil, latex and acrylic paints, 

and are effective for removing multiple layers of paint. Alkaline cleaners may also remove some acrylic 

water-repellent coatings. As with other alkaline cleaners, both an acidic neutralizing wash and a final 

water rinse are generally required following the use of alkaline paint removers. 

 

Organic Solvent Paint Removers 
The formulation of organic solvent paint removers varies and may include a combination of solvents, 

including methylene chloride, methanol, acetone, xylene and toluene. 

 

Other Paint Removers and Cleaners 
Other cleaning compounds that can be used to remove paint and some painted graffiti from historic 

masonry include paint removers based on N-methyl-2-pyrrolidone (NMP), or on petroleum-based 

compounds. Removing stains, whether they are industrial (smoke, soot, grease or tar), metallic (iron or 

copper), or biological (plant and fungal) in origin, depends on carefully matching the type of remover to 
the type of stain. Successful removal of stains from historic masonry often requires the application of a 

number of different removers before the right one is found. The removal of layers of paint from a 
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masonry surface is usually accomplished by applying the remover either by brush, roller or spraying, 

followed by a thorough water wash. 

 

Potential Hazards of Chemical Cleaning 
Since most chemical cleaning methods involve water, they have many of the potential problems of plain 

water cleaning. Like water methods, they should not be used in cold weather because of the possibility 

of freezing. Chemical cleaning should never be undertaken in temperatures below 40 degrees F (4 

degrees C), and generally not below 50 degrees F. In addition, many chemical cleaners simply do not 

work in cold temperatures. Both acidic and alkaline cleaners can be dangerous to cleaning operators, 

and clearly, there are environmental concerns associated with the use of chemical cleaners. 

If not carefully chosen, chemical cleaners can react adversely with many types of masonry. Obviously, 

acidic cleaners should not be used on acid-sensitive materials; however, it is not always clear exactly 

what the composition is of any stone or other masonry material. For, this reason, testing the cleaner on 

an inconspicuous spot on the building is always necessary. While certain acid-based cleaners may be 

appropriate if used as directed on a particular type of masonry, if left too long or if not adequately rinsed 

from the masonry they can have a negative effect. For example, hydrofluoric acid can etch masonry 

leaving a hazy residue (whitish deposits of silica or calcium fluoride salts) on the surface. While this 

efflorescence may usually be removed by a second cleaning—although it is likely to be expensive and 

time-consuming—hydrofluoric acid can also leave calcium fluoride salts or a colloidal silica deposit on 

masonry which may be impossible to remove. Other acids, particularly hydrochloric (muriatic) acid, 

which is very powerful, should not be used on historic masonry, because it can dissolve lime-based 

mortar, damage brick and some stones, and leave chloride deposits on the masonry. 

Alkaline cleaners can stain sandstones that contain a ferrous compound. Before using an alkaline cleaner 

on sandstone it is always important to test it, since it may be difficult to know whether a particular 

sandstone may contain a ferrous compound. Some alkaline cleaners, such as sodium hydroxide (caustic 

soda or lye) and ammonium bifluoride, can also damage or leave disfiguring brownish-yellow stains and, 

in most cases, should not be used on historic masonry. Although alkaline cleaners will not etch a 

masonry surface as acids can, they are caustic and can burn the surface. In addition, alkaline cleaners 

can deposit potentially damaging salts in the masonry which can be difficult to rinse thoroughly. 

 

Poulticing to Remove Stains and Graffiti 
Graffiti and stains, which have penetrated into the masonry, often are best removed by using a poultice. 

A poultice consists of an absorbent material or clay powder (such as kaolin or fullerís earth, or even 

shredded paper or paper towels), mixed with a liquid (a solvent or other remover) to form a paste which 

is applied to the stain. The poultice is kept moist and left on the stain as long as necessary for it to draw 

the stain out of the masonry. As it dries, the paste absorbs the staining material so that it is not 

redeposited on the masonry surface. 

 

Some commercial cleaning products and paint removers are specially formulated as a paste or gel that 

will cling to a vertical surface and remain moist for a longer period of time in order to prolong the action 

of the chemical on the stain. Pre-mixed poultices are also available as a paste or in powder form needing 

only the addition of the appropriate liquid. The masonry must be pre-wet before applying an alkaline 

cleaning agent, but not when using a solvent. Once the stain has been removed, the masonry must be 

rinsed thoroughly. 

 

Abrasive and Mechanical Cleaning 
Generally, abrasive cleaning methods are not appropriate for use on historic masonry buildings. Abrasive 

cleaning methods are just that—abrasive. Grit blasters, grinders, and sanding discs all operate by 

abrading the dirt or paint off the surface of the masonry, rather than reacting with the dirt and the 

masonry which is how water and chemical methods work. Since the abrasives do not differentiate 

between the dirt and the masonry, they can also remove the outer surface of the masonry at the same 

time, and result in permanently damaging the masonry. Brick, architectural terra cotta, soft stone, 

detailed carvings, and polished surfaces, are especially susceptible to physical and aesthetic damage by 

abrasive methods. Brick and architectural terra cotta are fired products which have a smooth, glazed 

surface which can be removed by abrasive blasting or grinding. Abrasively-cleaned masonry is damaged 

aesthetically as well as physically, and it has a rough surface which tends to hold dirt and the roughness 

will make future cleaning more difficult. Abrasive cleaning processes can also increase the likelihood of 
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subsurface cracking of the masonry. Abrasion of carved details causes a rounding of sharp corners and 

other loss of delicate features, while abrasion of polished surfaces removes the polished finish of stone. 

Mortar joints, especially those with lime mortar, also can be eroded by abrasive or mechanical cleaning. 

In some cases, the damage may be visual, such as loss of joint detail or increased joint shadows. As 

mortar joints constitute a significant portion of the masonry surface (up to 20 per cent in a brick wall), 

this can result in the loss of a considerable amount of the historic fabric. Erosion of the mortar joints 

may also permit increased water penetration, which will likely necessitate repointing. 

 

Abrasive Blasting 
Blasting with abrasive grit or another abrasive material is the most frequently used abrasive method. 

Sandblasting is most commonly associated with abrasive cleaning. Finely ground silica or glass powder, 

glass beads, ground garnet, powdered walnut and other ground nut shells, grain hulls, aluminum oxide, 

plastic particles and even tiny pieces of sponge, are just a few of the other materials that have also been 

used for abrasive cleaning. Although abrasive blasting is not an appropriate method of cleaning historic 

masonry, it can be safely used to clean some materials. Finely-powdered walnut shells are commonly 

used for cleaning monumental bronze sculpture, and skilled conservators clean delicate museum objects 

and finely detailed, carved stone features with very small, micro-abrasive units using aluminum oxide. 

A number of current approaches to abrasive blasting rely on materials that are not usually thought of as 

abrasive, and not as commonly associated with traditional abrasive grit cleaning. Some patented 

abrasive cleaning processes—one dry, one wet—use finely-ground glass powder intended to "erase" or 

remove dirt and surface soiling only, but not paint or stains. Cleaning with baking soda (sodium 

bicarbonate) is another patented process. Baking soda blasting is being used in some communities as a 

means of quick graffiti removal. However, it should not be used on historic masonry which it can easily 

abrade and can permanently "etch" the graffiti into the stone; it can also leave potentially damaging 

salts in the stone which cannot be removed. Most of these abrasive grits may be used either dry or wet, 

although dry grit tends to be used more frequently. 

Ice particles, or pelletized dry ice (carbon dioxide or CO2), are another medium used as an abrasive 

cleaner. This is also too abrasive to be used on most historic masonry, but it may have practical 

application for removing mastics or asphaltic coatings from some substrates.  

Some of these processes are promoted as being more environmentally safe and not damaging to historic 

masonry buildings. However, it must be remembered that they are abrasive and that they "clean" by 

removing a small portion of the masonry surface, even though it may be only a minuscule portion. The 

fact that they are essentially abrasive treatments must always be taken into consideration when 

planning a masonry cleaning project. In general, abrasive methods should not be used to clean historic 

masonry buildings. In some, very limited instances, highly-controlled, gentle abrasive cleaning may be 

appropriate on selected, hard-to-clean areas of a historic masonry building if carried out under the 

watchful supervision of a professional conservator. But, abrasive cleaning should never be used on an 

entire building. 

 

Grinders and Sanding Disks 
Grinding the masonry surface with mechanical grinders and sanding disks is another means of abrasive 

cleaning that should not be used on historic masonry. Like abrasive blasting, grinders and disks do not 

really clean masonry but instead grind away and abrasively remove and, thus, damage the masonry 

surface itself rather than remove just the soiling material.  

 

Planning a Cleaning Project  
Once the masonry and soiling material or paint have been identified, and the condition of the masonry 

has been evaluated, planning for the cleaning project can begin. 

 

Testing Cleaning Methods 
In order to determine the gentlest means possible, several cleaning methods or materials may have to 

be tested prior to selecting the best one to use on the building. Testing should always begin with the 

gentlest and least invasive method proceeding gradually, if necessary, to more complicated methods, or 

a combination of methods. All too often simple methods, such as a low-pressure water wash, are not 
even considered, yet they frequently are effective, safe, and not expensive. Water of slightly higher 

pressure or with a non-ionic detergent additive also may be effective. It is worth repeating that these 
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methods should always be tested prior to considering harsher methods; they are safer for the building 

and the environment, often safer for the applicator, and relatively inexpensive. 

The level of cleanliness desired also should be determined prior to selection of a cleaning method. 

Obviously, the intent of cleaning is to remove most of the dirt, soiling material, stains, paint or other 

coating. A "brand new" appearance, however, may be inappropriate for an older building, and may 

require an overly harsh cleaning method to be achieved. When undertaking a cleaning project, it is 

important to be aware that some stains simply may not be removable. It may be wise, therefore, to 

agree upon a slightly lower level of cleanliness that will serve as the standard for the cleaning project. 

The precise amount of residual dirt considered acceptable may depend on the type of masonry, the type 

of soiling and difficulty of total removal, and local environmental conditions. 

Cleaning tests should be carried out in an area of sufficient size to give a true indication of their 

effectiveness. It is preferable to conduct the test in an inconspicuous location on the building so that it 

will not be obvious if the test is not successful. A test area may be quite small to begin, sometimes as 

small as six square inches, and gradually may be increased in size as the most appropriate methods and 

cleaning agents are determined. Eventually the test area may be expanded to a square yard or more, 

and it should include several masonry units and mortar joints. It should be remembered that a single 

building may have several types of masonry and that even similar materials may have different surface 

finishes. Each material and different finish should be tested separately. Cleaning tests should be 

evaluated only after the masonry has dried completely. The results of the tests may indicate that several 

methods of cleaning should be used on a single building. 

When feasible, test areas should be allowed to weather for an extended period of time prior to final 

evaluation. A waiting period of a full year would be ideal in order to expose the test patch to a full range 

of seasons. If this is not possible, the test patch should weather for at least a month or two. For any 

building which is considered historically important, the delay is insignificant compared to the potential 

damage and disfigurement which may result from using an incompletely tested method. The successfully 

cleaned test patch should be protected as it will serve as a standard against which the entire cleaning 

project will be measured. 

 

Environmental Considerations 
The potential effect of any method proposed for cleaning historic masonry should be evaluated carefully. 

Chemical cleaners and paint removers may damage trees, shrubs, grass, and plants. A plan must be 

provided for environmentally safe removal and disposal of the cleaning materials and the rinsing effluent 

before beginning the cleaning project. Authorities from the local regulatory agency--usually under the 

jurisdiction of the federal or state Environmental Protection Agency (EPA)--should be consulted prior to 

beginning a cleaning project, especially if it involves anything more than plain water washing. This 

advance planning will ensure that the cleaning effluent or run-off, which is the combination of the 

cleaning agent and the substance removed from the masonry, is handled and disposed of in an 

environmentally sound and legal manner. Some alkaline and acidic cleaners can be neutralized so that 

they can be safely discharged into storm sewers. However, most solvent-based cleaners cannot be 

neutralized and are categorized as pollutants, and must be disposed of by a licensed transport, storage 

and disposal facility. Thus, it is always advisable to consult with the appropriate agencies before starting 

to clean to ensure that the project progresses smoothly and is not interrupted by a stop-work order 

because a required permit was not obtained in advance.  

Vinyl guttering or polyethylene-lined troughs placed around the perimeter of the base of the building can 

serve to catch chemical cleaning waste as it is rinsed off the building. This will reduce the amount of 

chemicals entering and polluting the soil, and also will keep the cleaning waste contained until it can be 

removed safely. Some patented cleaning systems have developed special equipment to facilitate the 

containment and later disposal of cleaning waste. 

Concern over the release of volatile organic compounds (VOCs) into the air has resulted in the 

manufacture of new, more environmentally responsible cleaners and paint removers, while some 

materials traditionally used in cleaning may no longer be available for these same reasons. Other health 

and safety concerns have created additional cleaning challenges, such as lead paint removal, which is 

likely to require special removal and disposal techniques. 

 

Cleaning can also cause damage to non-masonry materials on a building, including glass, metal and 
wood. Thus, it is usually necessary to cover windows and doors, and other features that may be 

vulnerable to chemical cleaners. They should be covered with plastic or polyethylene, or a masking 
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agent that is applied as a liquid which dries to form a thin protective film on glass, and is easily peeled 

off after the cleaning is finished. Wind drift, for example, can also damage other property by carrying 

cleaning chemicals onto nearby automobiles, resulting in etching of the glass or spotting of the paint 

finish. Similarly, airborne dust can enter surrounding buildings, and excess water can collect in nearby 

yards and basements. 

 

Safety Considerations 
Possible health dangers of each method selected for the cleaning project must be considered before 

selecting a cleaning method to avoid harm to the cleaning applicators, and the necessary precautions 

must be taken. The precautions listed in Material Safety Data Sheets (MSDS) that are provided with 

chemical products should always be followed. Protective clothing, respirators, hearing and face shields, 

and gloves must be provided to workers to be worn at all times. Acidic and alkaline chemical cleaners in 

both liquid and vapor forms can also cause serious injury to passers-by. It may be necessary to 

schedule cleaning at night or weekends if the building is located in a busy urban area to reduce the 

potential danger of chemical overspray to pedestrians. Cleaning during non-business hours will allow 

HVAC systems to be turned off and vents to be covered to prevent dangerous chemical fumes from 

entering the building which will also ensure the safety of the buildingís occupants. Abrasive and 

mechanical methods produce dust which can pose a serious health hazard, particularly if the abrasive or 

the masonry contains silica. 

Water-Repellent Coatings and Waterproof Coatings  
To begin with, it is important to understand that waterproof coatings and water-repellent coatings are 

not the same. Although these terms are frequently interchanged and commonly confused with one 

another, they are completely different materials. Water-repellent coatings—often referred to incorrectly 

as "sealers", but which do not or should not "seal"—are intended to keep liquid water from penetrating 

the surface but to allow water vapor to enter and leave, or pass through, the surface of the masonry. 

Water-repellent coatings are generally transparent, or clear, although once applied some may darken or 

discolor certain types of masonry while others may give it a glossy or shiny appearance. Waterproof 

coatings seal the surface from liquid water and from water vapor. They are usually opaque, or 

pigmented, and include bituminous coatings and some elastomeric paints and coatings. 

 

Water-Repellent Coatings 
Water-repellent coatings are formulated to be vapor permeable, or "breathable". They do not seal the 

surface completely to water vapor so it can enter the masonry wall as well as leave the wall. While the 

first water-repellent coatings to be developed were primarily acrylic or silicone resins in organic solvents, 

now most water-repellent coatings are water-based and formulated from modified siloxanes, silanes and 

other alkoxysilanes, or metallic stearates. While some of these products are shipped from the factory 

ready to use, other water-borne water repellents must be diluted at the job site. Unlike earlier water-

repellent coatings which tended to form a "film" on the masonry surface, modern water-repellent 

coatings actually penetrate into the masonry substrate slightly and, generally, are almost invisible if 

properly applied to the masonry. They are also more vapor permeable than the old coatings, yet they 

still reduce the vapor permeability of the masonry. Once inside the wall, water vapor can condense at 

cold spots producing liquid water which, unlike water vapor, cannot escape through a water-repellent 

coating. The liquid water within the wall, whether from condensation, leaking gutters, or other sources, 

can cause considerable damage. 

 

Water-repellent coatings are not consolidants. Although modern water-repellents may penetrate slightly 

beneath the masonry surface, instead of just "sitting" on top of it, they do not perform the same 

function as a consolidant which is to "consolidate" and replace lost binder to strengthen deteriorating 

masonry. Even after many years of laboratory study and testing, few consolidants have proven very 

effective. The composition of fired products such as brick and architectural terra cotta, as well as many 

types of building stone, does not lend itself to consolidation. 

Some modern water-repellent coatings which contain a binder intended to replace the natural binders in 

stone that have been lost through weathering and natural erosion are described in product literature as 

both a water repellent and a consolidant The fact that the newer water-repellent coatings penetrate 
beneath the masonry surface instead of just forming a layer on top of the surface may indeed convey at 

least some consolidating properties to certain stones. However, a water-repellent coating cannot be 
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considered a consolidant. In some instances, a water-repellent or "preservative" coating, if applied to 

already damaged or spalling stone, may form a surface crust which, if it fails, may exacerbate the 

deterioration by pulling off even more of the stone.  

 

Is a Water-Repellent Treatment Necessary? 
Water-repellent coatings are frequently applied to historic masonry buildings for the wrong reason. They 

also are often applied without an understanding of what they are and what they are intended to do. And 

these coatings can be very difficult, if not impossible, to remove from the masonry if they fail or become 

discolored. Most importantly, the application of water-repellent coatings to historic masonry is usually 

unnecessary. 

Most historic masonry buildings, unless they are painted, have survived for decades without a water-

repellent coating and, thus, probably do not need one now. Water penetration to the interior of a 

masonry building is seldom due to porous masonry, but results from poor or deferred maintenance. 

Leaking roofs, clogged or deteriorated gutters and downspouts, missing mortar, or cracks and open 

joints around door and window openings are almost always the cause of moisture-related problems in a 

historic masonry building. If historic masonry buildings are kept watertight and in good repair, water-

repellent coatings should not be necessary. 

Rising damp (capillary moisture pulled up from the ground), or condensation can also be a source of 

excess moisture in masonry buildings. A water-repellent coating will not solve this problem either and, in 

fact, may be likely to exacerbate it. Furthermore, a water-repellent coating should never be applied to a 

damp wall. Moisture in the wall would reduce the ability of a coating to adhere to the masonry and to 

penetrate below the surface. But, if it did adhere, it would hold the moisture inside the masonry 

because, although a water-repellent coating is permeable to water vapor, liquid water cannot pass 

through it. In the case of rising damp, a coating may force the moisture to go even higher in the wall 

because it can slow down evaporation, and thereby retain the moisture in the wall. 

Excessive moisture in masonry walls may carry waterborne soluble salts from the masonry units 

themselves or from the mortar through the walls. If the water is permitted to come to the surface, the 

salts may appear on the masonry surface as efflorescence (a whitish powder) upon evaporation. 

However, the salts can be potentially dangerous if they remain in the masonry and crystallize beneath 

the surface as subflorescence. Subflorescence eventually may cause the surface of the masonry to spall, 

particularly if a water-repellent coating has been applied which tends to reduce the flow of moisture out 

from the subsurface of the masonry. Although many of the newer water-repellent products are more 

breathable than their predecessors, they can be especially damaging if applied to masonry that contains 

salts, because they limit the flow of moisture through masonry. 

 

When a Water-Repellent Coating May be Appropriate 
There are some instances when a water-repellent coating may be considered appropriate to use on a 

historic masonry building. Soft, incompletely fired brick from the 18th-and early-19th centuries may 

have become so porous that paint or some type of coating is needed to protect it from further 

deterioration or dissolution. When a masonry building has been neglected for a long period of time, 

necessary repairs may be required in order to make it watertight. If, following a reasonable period of 

time after the building has been made watertight and has dried out completely, moisture appears 

actually to be penetrating through the repointed and repaired masonry walls, then the application of a 

water-repellent coating may be considered in selected areas only. This decision should be made in 

consultation with an architectural conservator. And, if such a treatment is undertaken, it should not be 

applied to the entire exterior of the building. 

Anti-graffiti or barrier coatings are another type of clear coating—although barrier coatings can also be 

pigmented—that may be applied to exterior masonry, but they are not formulated primarily as water 

repellents. The purpose of these coatings is to make it harder for graffiti to stick to a masonry surface 

and, thus, easier to clean. But, like water-repellent coatings, in most cases the application of anti-graffiti 

coatings is generally not recommended for historic masonry buildings. These coatings are often quite 

shiny which can greatly alter the appearance of a historic masonry surface, and they are not always 

effective. Generally, other ways of discouraging graffiti, such as improved lighting, can be more effective 

than a coating. However, the application of anti-graffiti coatings may be appropriate in some instances 
on vulnerable areas of historic masonry buildings which are frequent targets of graffiti that are located in 

out-of-the-way places where constant surveillance is not possible. 
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Some water-repellent coatings are recommended by product manufacturers as a means of keeping dirt 

and pollutants or biological growth from collecting on the surface of masonry buildings and, thus, 

reducing the need for frequent cleaning. While this at times may be true, in some cases a coating may 

actually retain dirt more than uncoated masonry. Generally, the application of a water-repellent coating 

is not recommended on a historic masonry building as a means of preventing biological growth. Some 

water-repellent coatings may actually encourage biological growth on a masonry wall. Biological growth 

on masonry buildings has traditionally been kept at bay through regularly-scheduled cleaning as part of 

a maintenance plan. Simple cleaning of the masonry with low-pressure water using a natural- or 

synthetic-bristled scrub brush can be very effective if done on a regular basis. Commercial products are 

also available which can be sprayed on masonry to remove biological growth. 

In most instances, a water-repellent coating is not necessary if a building is watertight. The application 

of a water-repellent coating is not a recommended treatment for historic masonry buildings unless there 

is a specific problem which it may help solve. If the problem occurs on only part of the building, it is best 

to treat only that area rather than an entire building. Extreme exposures such as parapets, for example, 

or portions of the building subject to driving rain can be treated more effectively and less expensively 

than the entire building. Water-repellent coatings are not permanent and must be reapplied periodically 

although, if they are truly invisible, it can be difficult to know when they are no longer providing the 

intended protection. 

Testing a water-repellent coating by applying it in one small area may not be helpful in determining its 

suitability for the building because a limited test area does not allow an adequate evaluation of a 

treatment. Since water may enter and leave through the surrounding untreated areas, there is no way 

to tell if the coated test area is "breathable." But trying a coating in a small area may help to determine 

whether the coating is visible on the surface or if it will otherwise change the appearance of the 

masonry. 

 

Waterproof Coatings 
In theory, waterproof coatings usually do not cause problems as long as they exclude all water from the 

masonry. If water does enter the wall from the ground or from the inside of a building, the coating can 

intensify the damage because the water will not be able to escape. During cold weather this water in the 

wall can freeze causing serious mechanical disruption, such as spalling. 

In addition, the water eventually will get out by the path of least resistance. If this path is toward the 

interior, damage to interior finishes can result; if it is toward the exterior, it can lead to damage to the 

masonry caused by built-up water pressure. 

In most instances, waterproof coatings should not be applied to historic masonry. The possible exception 

to this might be the application of a waterproof coating to below-grade exterior foundation walls as a 

last resort to stop water infiltration on interior basement walls. Generally, however, waterproof coatings, 

which include elastomeric paints, should almost never be applied above grade to historic masonry 

buildings.  

 

Summary  
A well-planned cleaning project is an essential step in preserving, rehabilitating or restoring a historic 

masonry building. Proper cleaning methods and coating treatments, when determined necessary for the 

preservation of the masonry, can enhance the aesthetic character as well as the structural stability of a 

historic building. Removing years of accumulated dirt, pollutant crusts, stains, graffiti or paint, if done 

with appropriate caution, can extend the life and longevity of the historic resource. Cleaning that is 

carelessly or insensitively prescribed or carried out by inexperienced workers can have the opposite of 

the intended effect. It may scar the masonry permanently, and may actually result in hastening 

deterioration by introducing harmful residual chemicals and salts into the masonry or causing surface 

loss. Using the wrong cleaning method or using the right method incorrectly, applying the wrong kind of 

coating or applying a coating that is not needed can result in serious damage, both physically and 

aesthetically, to a historic masonry building. Cleaning a historic masonry building should always be done 

using the gentlest means possible that will clean, but not damage the building. It should always be 

taken into consideration before applying a water-repellent coating or a waterproof coating to a historic 

masonry building whether it is really necessary and whether it is in the best interest of preserving the 
building. 



 
 

 



SECTION 047200  

CAST STONE MASONRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Cast-stone trim. 

 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. For cast-stone units, include dimensions and finishes. 

B. Shop Drawings: Show fabrication and installation details for cast-stone units. Include 

dimensions, details of reinforcement and anchorages if any, and indication of finished faces. 

C. Samples: 

1. For each color and texture of cast stone required. 

2. For colored mortar. 

 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer. 

B. Material Test Reports: For each mix required to produce cast stone, based on testing according 

to ASTM C 1364. 

 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications: A qualified manufacturer of cast-stone units similar to those 

indicated for this Project, that has sufficient production capacity to manufacture required units, 

and is a plant certified by the Cast Stone Institute the Architectural Precast Association or 

the Precast/Prestressed Concrete Institute for Group A. 

PART 2 - PRODUCTS 

2.1 CAST-STONE UNITS 

A. Cast-Stone Units: Comply with ASTM C 1364. 

1. Units shall be manufactured using the vibrant dry tamp or wet-cast method to best 

match existing. 

2. Units shall be resistant to freezing and thawing as determined by laboratory testing 

according to ASTM C 666/C 666M, Procedure A, as modified by ASTM C 1364. 

 

B. Fabricate units with sharp arris and accurately reproduced details, with indicated texture on all 

exposed surfaces unless otherwise indicated. 

1. Slope exposed horizontal surfaces 1:12 to drain unless otherwise indicated. 

2. Provide raised fillets at backs of sills and at ends indicated to be built into jambs. 

3. Provide drips on projecting elements unless otherwise indicated. 

 

C. Cure Units as Follows: 

1. Cure units in enclosed, moist curing room at 95 to 100 percent relative humidity and 

temperature of 100 deg F (38 deg C) for 12 hours or 70 deg F (21 deg C) for 16 hours. 

2. Keep units damp and continue curing to comply with one of the following: 

a. No fewer than five days at mean daily temperature of 70 deg F (21 deg C) or 

above. 

D. Acid etch units after curing to remove cement film from surfaces to be exposed to view. 
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E. Colors and Textures: Match existing units. 

2.2 ACCESSORIES 

A. Anchors: Type and size indicated, fabricated from steel complying with ASTM A 36/A 36M 

and hot-dip galvanized to comply with ASTM A 123/A 123M. 

 

B. Dowels: 1/2-inch- (12-mm-) diameter round bars, fabricated from steel complying with 

ASTM A 36/A 36M and hot-dip galvanized to comply with ASTM A 123/A 123M. 

 

 

C. Proprietary Acidic Cleaner: Manufacturer's standard-strength cleaner designed for removing 

mortar/grout stains, efflorescence, and other new construction stains from new masonry without 

discoloring or damaging masonry surfaces. Use product expressly approved for intended use by 

cast-stone manufacturer and expressly approved by cleaner manufacturer for use on cast stone 

and adjacent masonry materials. 

2.3 MORTAR 

A. Comply with requirements in Section 042000 "Unit Masonry" for mortar mixes. 

1. For setting mortar, use Type N. 

2. For pointing mortar, use Type N. 

 

B. Pigmented Mortar: Use colored cement product or select and proportion pigments with other 

ingredients to produce color required. Do not add pigments to colored cement products. 

2.4 SOURCE QUALITY CONTROL 

A. Engage a qualified independent testing agency to sample and test cast-stone units according to 

ASTM C 1364. 

1. Include one test for resistance to freezing and thawing. 

PART 3 - EXECUTION 

3.1 SETTING CAST STONE IN MORTAR 

A. Install cast-stone units to comply with requirements in Section 042000 "Unit Masonry." 

 

B. Set units in full bed of mortar with full head joints unless otherwise indicated. 

1. Fill dowel holes and anchor slots with mortar. 

2. Fill collar joints solid as units are set. 

3. Build concealed flashing into mortar joints as units are set. 

4. Keep head joints in copings and between other units with exposed horizontal surfaces 

open to receive sealant. 

5. Keep joints at shelf angles open to receive sealant. 

 

C. Rake out joints for pointing with mortar to depths of not less than 3/4 inch (19 mm). Rake joints 

to uniform depths with square bottoms and clean sides. Scrub faces of units to remove excess 

mortar as joints are raked. 

D. Point mortar joints by placing and compacting mortar in layers not greater than 3/8 inch (10 

mm). Compact each layer thoroughly and allow it to become thumbprint hard before applying 

next layer. 
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E. Tool exposed joints slightly concave when thumbprint hard. Use a smooth plastic jointer larger 

than joint thickness.  Match Existing  

 

F. Where indicated, Rake out joints for pointing with sealant to depths of not less than 3/4 inch 

(19 mm). Scrub faces of units to remove excess mortar as joints are raked. 

 

G. Provide sealant joints at head joints of copings and other horizontal surfaces; at expansion, 

control, and pressure-relieving joints; and at locations indicated. 

1. Keep joints free of mortar and other rigid materials. 

2. Prepare and apply sealant of type and at locations indicated to comply with applicable 

requirements in Section 079200 "Joint Sealants." 

3.2 SETTING ANCHORED CAST STONE WITH SEALANT-FILLED JOINTS 

A. Set cast stone as indicated on Drawings. Set units accurately in locations indicated, with edges 

and faces aligned according to established relationships and indicated tolerances. 

1. Install anchors, supports, fasteners, and other attachments indicated or necessary to 

secure units in place. 

2. Shim and adjust anchors, supports, and accessories to set cast stone in locations indicated 

with uniform joints. 

B. Fill anchor holes with sealant. 

1. Where dowel holes occur at pressure-relieving joints, provide compressible material at 

ends of dowels. 

C. Set cast stone supported on clip or continuous angles on resilient setting shims. Use material of 

thickness required to maintain uniform joint widths. Hold shims back from face of cast stone a 

distance at least equal to width of joint. 

D. Prepare and apply sealant of type and at locations indicated to comply with applicable 

requirements in Section 079200 "Joint Sealants." 

3.3 INSTALLATION TOLERANCES 

A. Variation from Plumb: Do not exceed 1/8 inch in 10 feet (3 mm in 3 m), 1/4 inch in 20 feet (6 

mm in 6 m), or 1/2 inch (12 mm) maximum. 

B. Variation from Level: Do not exceed 1/8 inch in 10 feet (3 mm in 3 m), 1/4 inch in 20 feet (6 

mm in 6 m), or 1/2 inch (12 mm) maximum. 

C. Variation in Joint Width: Do not vary joint thickness more than 1/8 inch in 36 inches (3 mm in 

900 mm) or one-fourth of nominal joint width, whichever is less. 

D. Variation in Plane between Adjacent Surfaces (Lipping): Do not vary from flush alignment with 

adjacent units or adjacent surfaces indicated to be flush with units by more than 1/16 inch (1.5 

mm), except where variation is due to warpage of units within tolerances specified. 

3.4 ADJUSTING AND CLEANING 

A. Remove and replace stained and otherwise damaged units and units not matching approved 

Samples. Cast stone may be repaired if methods and results are approved by Architect. 
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B. Replace units in a manner that results in cast stone matching approved Samples, complying with 

other requirements, and showing no evidence of replacement. 

C. In-Progress Cleaning: Clean cast stone as work progresses. 

1. Remove mortar fins and smears before tooling joints. 

2. Remove excess sealant immediately, including spills, smears, and spatter. 

D. Final Cleaning: After mortar is thoroughly set and cured, clean exposed cast stone as follows: 

1. Remove large mortar particles by hand with wooden paddles and nonmetallic scrape hoes 

or chisels. 

2. Test cleaning methods on sample; leave one sample uncleaned for comparison purposes. 

Obtain Architect's approval of sample cleaning before proceeding with cleaning of cast 

stone. 

3. Protect adjacent surfaces from contact with cleaner by covering them with liquid 

strippable masking agent or polyethylene film and waterproof masking tape. 

4. Wet surfaces with water before applying cleaners; remove cleaners promptly by rinsing 

thoroughly with clear water. 

5. Clean cast stone by bucket-and-brush hand-cleaning method described in BIA 

Technical Notes 20. 

6. Clean cast stone with proprietary acidic cleaner applied according to manufacturer's 

written instructions. 

END OF SECTION 047200 
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SECTION 07533 

ELASTOMERIC SHEET ROOFING ADHERED

PART 1 GENERAL   

1.01 SECTION INCLUDES 
A. Membrane Roofing system 20-year warranty, complete with flashings and terminations
B. Cover board, as required by Manufacturer, fully adhered per manufacturer.
C. Expansion joints, cant strips, and counter flashings.
D. Roof system shall meet UL 90 and FM I90 requirements for 90 mph uplift. 

1.02 RELATED SECTIONS 
A. Section 06114 - Wood Blocking and Curbing:  Wood nailers and cant strips.
B. Section 07620 - Sheet Metal Flashing and Trim:  Counter flashing.

1.03 REFERENCES
A. ASTM C177 - Test Method for Steady-State Thermal Transmission Properties by Means of the 

Guarded Hot Plate.
B. Factory Mutual (FM) Engineering Corporation - Roof Assembly Classifications.
C. National Roofing Contractors Association (NRCA) - Roofing and Waterproofing Manual.
D. Underwriters Laboratories (UL) - Fire Hazard Classifications.

1.04 SYSTEM DESCRIPTION.
A. Elastomeric Sheet Membrane Conventional Roofing System:  One ply fully adhered membrane system, 

slip sheet, ¼” min. and /or Dens Glass, as required by manufacturer.  System shall comply with UL 90 
requirements.  Installation & Warranty shall be as required for a 20-year manufacturer’s weather 
tightness warranty covering material and workmanship.  

1.05   SUBMITTALS 
A. Submit under provisions of the General Requirements.
B. Shop Drawings:  Indicate setting plan for flat and tapered insulation, joint or termination detail 

conditions.
C. Product Data:  Provide characteristics on membrane materials, flashing materials, insulation.
D. Manufacturer’s Installation Instructions:  Indicate special precautions required for seaming the 

membrane.
E. Manufacturer’s Certificate:  Certify that products meet or exceed specified requirements.
F. Samples:  Submit two membrane samples, 3-1/2” x 3-1/2” in size, illustrating color and material.

1.06 QUALIFICATIONS 
A. Manufacturer:  Company specializing in manufacturing the products specified in this section with five 

years documented experience.
B. Applicator:  Company specializing in performing the work of this section with five years experience 

and approved by system manufacturer.
C. Work of this section to conform to manufacturer’s instructions.

1.07 REGULATORY REQUIREMENTS  
A. Underwriters Laboratories, Inc. (UL):  UL 90, Class A minimum Fire Hazard Classification.
B. Factory Mutual Engineering Corporation (FM):  Roof Assembly Classification, of Class 1 

Construction, wind uplift requirement of I90.

1.08 DELIVERY, STORAGE, AND HANDLING
A. Deliver, store, protect and handle products to site in accordance with manufacturer’s instructions.
B. Deliver products in manufacturer’s original containers, dry, undamaged, seals and labels intact.
C. Store products in weather protected environment, clear of ground and moisture.
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1.09 ENVIRONMENTAL REQUIREMENTS
A. Do not apply roofing membrane during inclement weather, ambient temperatures below 45 degrees F.
B. Do not apply roofing membrane to damp or frozen deck surface.
C. Do not expose materials vulnerable to water or sun damage in quantities greater than can be 

weatherproofed during same day.

1.10 COORDINATION 
A. Coordinate the work with the installation of associated metal flashings, as the work of this section 

proceeds.

1.11 WARRANTY
A. Provide roofer’s Two-year warranty covering all materials (including insulation and flashings) and 

workmanship.
1. Provide Manufacturer’s 20-year warranty.  The roofing system shall be approved and installed 

to provide manufacturer’s twenty-year total system warranty, covering materials and 
workmanship, and weather tightness.  Warranty shall be Non-Prorated, No Limit type.

PART 2 PRODUCTS

2.01 MANUFACTURERS - MEMBRANE MATERIAL
A. DURO-LAST ROOFING, INC.  60 mil Duro-Last membrane.
B. I/B Roof Systems. 60 mil membrane

2.02 MEMBRANE AND ASSOCIATED MATERIALS
A. Membrane:  FVC; .06 inch thick, color - white.
B. Seaming Materials:  As required or recommended by membrane manufacturer.

2.03 SUBSTRATE COVERING MATERIALS, as required by Manufacturer
A. Membrane manufacturers:  Conforming to UL requirements, fire resistant sheet vapor retarder. 
B. Dens Deck, 5/8” installed and approved by manufacturer.
C. Cover board, ½” installed and approved by manufacturer.
D. Vapor Barrier, 15 mil., installed and approved by manufacturer.

2.04 SHEET METAL FLASHING AND TRIM
A. Pre-Coated Galvanized Steel:  ASTM A446, Grade A, G90  zinc coating; 24 gage core steel, exposed 

flashings shall be shop prefinished with KYNAR coating of color as selected.

2.06 FLASHINGS
A. Flexible Flashings:  Same material as membrane, Duro-Last, color to be selected.
B. Counterflashings:  Galvanized metal, as specified in Section 07620.  Kynar finish. 
C. Edge Drip Flashing:  Aluminum or galvanized / prefinished to match existing. 

2.07 ACCESSORIES
A. Fiber Cant and Tapered Edge Strips:  Asphalt impregnated wood fiberboard, preformed to 45 degree 

angle, tapered edge strip, configuration as detailed.
E. Fasteners:  Galvanized, hot dipped or non-ferrous type, size as required to suit application as 

recommended by manufacturer. 
F. Sealants:  As recommended by membrane manufacturer.
G. Strip Bar Devices:  Galvanized steel; maximum possible lengths per location, with attachment flanges. 

Attachments shall be secured to building @ minimum 6” o.c. 
H. Adhesive:  As recommended by roofing manufacturer.  Adhesives must be tested and approved for use 

in U.L. and F.M. uplift assemblies.

PART 3 EXECUTION

3.01 EXAMINATION
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A. Verify that surfaces and site conditions are ready to receive work and all existing roofing materials 
have been properly removed and cleaned.

B. Verify flashings, anchors, attachments, caulk, roofing mastic, etc., have been proper removed cleaned 
and ready for new roof assembly.  

C. Verify deck is supported and secure, any loose, damaged or rotted decking has been replaced.
C. Verify deck is clean and smooth, free of depressions, waves, or projections.
D. Verify deck surfaces are dry and free of snow or ice.  Confirm dry deck by moisture meter with 12 

percent moisture maximum.
E. Verify roof openings, curbs, pipes, sleeves, ducts, and vents through roof are solidly set, and cant strips 

and wood nailers are in place.  

3.03 MEMBRANE APPLICATION
A. Apply membrane in accordance with manufacturer’s instructions.
B. Roll out membrane, free from wrinkles or tears.  Place sheet into place without stretching.
C. Bond sheet to substrate.
D. Overlap edges and ends and seal by contact adhesive, minimum 5 inches.  Seal permanently waterproof.  

Apply uniform bead of sealant to joint edge.
E. Shingle joints on sloped substrate in direction of drainage.  Apply joint tape and seal.
F. Extend membrane up cant strips and minimum of 6 inches onto vertical surfaces.
G. Seal membrane around roof penetrations.
H. Apply double layer of membrane at splash areas from high roofs and condensate drains. 

3.04 FLASHINGS AND ACCESSORIES
A. Apply flexible flashings to seal membrane to vertical elements.
B. Secure to nailing strips at 4 inches oc.
C. Fabricate roofing control and expansion joints to isolate roof into areas as indicated.
D. Coordinate installation of roof drains, sumps, related flashings and roof curbing.
E. Seal flashings and flanges of items penetrating membrane.

3.05 FIELD QUALITY CONTROL
A. Correct identified defects or irregularities.
B. Require site attendance of roofing manufacturer’s representatives during completion of the Work, as 

required to meet manufacturer’s warranty requirements.

3.06 CLEANING
A. In areas where finished surfaces are soiled by Work of this section, consult manufacturer of surfaces for 

cleaning advice and conform to their instructions.
B. Repair or replace defaced or disfigured finishes caused by Work of this section.

3.07 PROTECTION
A. Protect building surfaces against damage from roofing work.
B. Where traffic must continue over finished roof membrane, protect surfaces. 

END OF SECTION 07533 
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SECTION 07620

SHEET METAL FLASHING AND TRIM

PART 1 GENERAL 

1.01 SECTION INCLUDES
A. Cap and sill flashings.
B. Gutters and down spouts.
C. Counterflashings at roof mounted equipment and vent stacks.
D. Fascias.
E. Miscellaneous flashings and closure pieces.

1.02 SUBMITTALS
A. Shop Drawings:  Indicate material profile, jointing pattern, jointing details, fastening methods, 

flashings, terminations, and installation details.

1.03 QUALITY ASSURANCE 
A. Perform work in accordance with SMACNA standard details and requirements.

1.04 QUALIFICATIONS
A. Fabricator and Installer:  Company specializing in sheet metal flashing work with three years 

documented experience.

1.05 DELIVERY, STORAGE, AND HANDLING 
A. Deliver, store, protect and handle products to site under provisions of the General Requirements.
B. Stack preformed and prefinished material to prevent twisting, bending, or abrasion, and to provide 

ventilation.  Slope metal sheets to ensure drainage.
C. Prevent contact with materials which may cause discoloration or staining.

PART 2 PRODUCTS 

2.01 SHEET MATERIALS 
A. Pre-Coated Galvanized Steel:  ASTM A446, Grade A, G90  zinc coating; 24 gage core steel, exposed 

flashings shall be shop prefinished with KYNAR coating of color as selected.

2.02 ACCESSORIES
A. Fasteners:  Galvanized steel with soft neoprene washers.
B. Underlayment:  ASTM D2178, No. 30  asphalt saturated roofing felt.
C. Slip Sheet:  Rosin sized building paper.
D. Primer:  Zinc chromate type.
E. Sealant:  Polyurethane type, specified in Section 07900. 
F. Bedding Compound:  Rubber-asphalt type.
G. Plastic Cement:  ASTM D4586, Type II.
H. Reglets:  Recessed type, galvanized steel; face and ends covered with plastic tape.
I. Gutter and Downspout Anchorage Devices:  SMACNA requirements. Type recommended by 

fabricator.

2.03 COMPONENTS
A. Gutters:  Size and shape per drawings.
B. Downspouts:  Rectangular profile.
C. Accessories:  Profiled to suit gutters and downspouts.
D. Downspout Boots:  Flexible plastic or metal.

2.04 FABRICATION
A. Form sections true to shape, accurate in size, square, and free from distortion or defects.
B. Fabricate cleats of metal, same material as sheet, interlockable with sheet.
C. Form pieces in longest possible lengths.  Hem exposed edges on underside 1/2 inch; miter and seam 

corners.
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D. Form material with flat lock seams.
E. Fabricate corners from one piece with minimum 18 inch long legs; seam and/or solder for rigidity, seal 

with sealant.
F. Fabricate vertical faces with bottom edge formed outward 1/4 inch and hemmed to form drip.
G. Fabricate flashings to allow toe to extend 2 inches over roofing.  Return and brake edges.

2.05 FINISH
A. Exposed metal shall pre-finished with Kynar finish color to be selected.

PART 3 EXECUTION

3.01 EXAMINATION
A. Verify roof openings, curbs, pipes, sleeves, ducts, or vents through roof are solidly set, reglets in place, 

and nailing strips located.
B. Verify roofing termination and base flashings are in place, sealed, and secure.

3.02 PREPARATION
A. Install starter and edge strips, and cleats before starting installation.
B. Install surface mounted reglets true to lines and levels.  Seal top of reglets with sealant.

3.03 INSTALLATION
A. Conform to drawing details included in the SMACNA manual unless otherwise indicated on the 

drawings.
B. Insert flashings into reglets to form tight fit.  Secure in place with lead wedges.  Pack remaining spaces 

with lead wool.  Seal flashings into reglets with sealant.
C. Apply plastic cement compound between metal flashings and felt flashings.
D. Fit flashings tight in place.  Make corners square, surfaces true and straight in planes, and lines accurate 

to profiles.
E. Seal metal joints watertight.  Secure gutters and downspouts in place using fasteners.  Set splash pans 

under downspouts.  Seal metal joints watertight. 

END OF SECTION 07620 
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SECTION 07900 

JOINT SEALERS 

PART 1 GENERAL

1.01 SECTION INCLUDES  
A. Preparing substrate surfaces. 
B. Sealant and joint backing.

1.02 QUALITY ASSURANCE
A. Perform work in accordance with sealant manufacturer’s requirements for preparation of surfaces and 

material installation instructions.
B. Perform acoustical sealant application work in accordance with ASTM C919.

1.03 QUALIFICATIONS
A. Manufacturer:  Company specializing in manufacturing the Products specified in this section with 

minimum three years documented experience.
B. Applicator:  Company specializing in performing the work of this section with minimum years 

documented experience.

1.04 WARRANTY
A. Provide five year warranty.
B. Warranty:  Include coverage for installed sealants and accessories which fail to achieve air tight seal, 

water tight seal, and exhibit loss of adhesion or cohesion, or do not cure.

PART 2 PRODUCTS  

2.01 SEALANTS
A. Acrylic Latex (Interior Minor Movement):  ASTM C920, Single component, non-staining, 

non-bleeding, non-sagging; white color paintable; manufactured by Pecora AC 20 + silicone.
B. Butyl Sealant (Interior Minor Movement):  ASTM C920 single component, solvent release, non-

skinning, non-sagging, white, paintable; manufactured by Pecora BC 158.
C. Silicone Sealant (Exterior, Interior Major Movement and Water Resistant Areas):  Single component, 

solvent curing, non-sagging, non-staining, fungus resistant, non-bleeding; color as selected or to match 
adjacent materials; manufactured by Pecora 895 silicone.

D. Bituminous Based (Paving):  Single component, asphalt compound, elongation capability of 0 to 2 
percent of joint width.

2.02 ACCESSORIES
A. Primer:  Non-staining type, recommended by sealant manufacturer to suit application.
B. Joint Cleaner:  Non-corrosive and non-staining type, recommended by sealant manufacturer; 

compatible with joint forming materials.
C. Joint Backing:  ASTM D1056; round, closed or open cell polyethylene foam rod; oversized 30 to 50 

percent larger than joint width.
D. Bond Breaker:  Pressure sensitive tape recommended by sealant manufacturer to suit application.

PART 3 EXECUTION

3.01 EXAMINATION 
A. Verify that substrate surfaces and joint openings are ready to receive work.
B. Verify that joint backing and release tapes are compatible with sealant.

3.02 PREPARATION
A. Remove loose materials and foreign matter which might impair adhesion of sealant.
B. Clean and prime joints in accordance with manufacturer’s instructions.
C. Perform preparation in accordance with manufacturer’s instructions.
D. Protect elements surrounding the work of this section from damage or disfiguration. 
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3.03 INSTALLATION
A. Install sealant in accordance with manufacturer’s instructions.
B. Measure joint dimensions and size materials to achieve required 2:1 width/depth ratios.
C. Install joint backing to achieve a neck dimension no greater than 1/3 of the joint width.
D. Install bond breaker where joint backing is not used.
E. Install sealant free of air pockets, foreign embedded matter, ridges, and sags.
F. Apply sealant within recommended application temperature ranges.  Consult manufacturer when 

sealant cannot be applied within these temperature ranges.

3.04 SCHEDULE
A. Interior:  Caulk around all frames, windows, doors, openings, trim, etc., as required to seal or fill gaps, 

cracks, to make material transitions watertight and/or visually tight and finished.
B. Exterior:  Caulk around all frames, windows, doors, openings, trim, material transitions etc., as required 

to seal or fill gaps, cracks, to make material transitions watertight and/or visually tight finished.
C. Paving:  Caulk as required to seal or fill gaps, expansion joints, and cracks to make transitions 

watertight and/or visually tight.  

END OF SECTION 07900
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PRESERVATION BRIEFS 13

The Repair and Thermal Upgrading of Historic Steel Windows
 Historical Development

 Evaluation

 Typical Rolled Steel Windows

 Routine Maintenance

 Repair

 Weatherization

 Window Replacement

 Summary

The Secretary of the Interior's "Standards for Rehabilitation" require that where historic windows 

are individually significant features, or where they contribute to the character of significant 

facades, their distinguishing visual qualities must not be destroyed. Further, the rehabilitation 

guidelines recommend against changing the historic appearance of windows through the use of 

inappropriate designs, materials, finishes, or colors which radically change the sash, depth of 

reveal, and muntin configuration; the reflectivity and color of the glazing; or the appearance of the 

frame.

Windows are among the most vulnerable features of historic buildings undergoing 

rehabilitation. This is especially the case with rolled steel windows, which are often mistakenly not 

deemed worthy of preservation in the conversion of old buildings to new uses. The ease with which they 

can be replaced and the mistaken assumption that they cannot be made energy efficient except at great 

expense are factors that typically lead to the decision to remove them.

In many cases, however, repair and retrofit of the historic windows are more economical than wholesale 

replacement, and all too often, replacement units are unlike the originals in design and appearance. If 

the windows are important in establishing the historic character of the building, insensitively designed 

replacement windows may diminish—or destroy—the building's historic character.

This Brief identifies various types of historic steel windows that dominated the metal window market 

from 1890-1950. It then gives criteria for evaluating deterioration and for determining appropriate 

treatment, ranging from routine maintenance and weatherization to extensive repairs, so that 

replacement may be avoided where possible.1 This information applies to do-it-yourself jobs and to large 

rehabilitations where the volume of work warrants the removal of all window units for complete overhaul 

by professional contractors.

This Brief is not intended to promote the repair of ferrous metal windows in every case, but rather to 

ensure that preservation is always the first consideration in a rehabilitation project. Some windows are 

not important elements in defining a building's historic character; others are highly significant, but so 

deteriorated that repair is infeasible. In such cases, the Brief offers guidance in evaluating appropriate 

replacement windows.

Historical Development 
Although metal windows were available as early as 1860 from catalogues published by architectural 

supply firms, they did not become popular until after 1890. Two factors combined to account for the 

shift from wooden to metal windows about that time. Technology borrowed from the rolling industry 

permitted the mass production of rolled steel windows. This technology made metal windows cost 

competitive with conventional wooden windows. In addition, a series of devastating urban fires in 

Boston, Baltimore, Philadelphia, and San Francisco led to the enactment of strict fire codes for industrial 

and multi-story commercial and office buildings.

As in the process of making rails for railroads, rolled steel windows were made by passing hot bars of 

steel through progressively smaller, shaped rollers until the appropriate angled configuration was 

achieved. The rolled steel sections, generally 1/8" thick and 1" - 1-1/2" wide, were used for all the 

components of the windows: sash, frame, and subframe. With the addition of wire glass, a fire-resistant 

window resulted. These rolled steel windows are almost exclusively found in masonry or concrete 

buildings.

A by-product of the fire-resistant window was the strong metal frame that permitted the installation of 

larger windows and windows in series. The ability to have expansive amounts of glass and increased 

https://www.nps.gov/tps/how-to-preserve/briefs/13-steel-windows.htm
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ventilation dramatically changed the designs of late 19th and early 20th century industrial and 

commercial buildings.

The newly available, reasonably priced steel windows soon became popular for more than just their fire-

resistant qualities. They were standardized, extremely durable, and easily transported. These qualities 

led to the use of steel windows in every type of construction, from simple industrial and institutional 

buildings to luxury commercial and apartment buildings. Casement, double-hung, pivot, projecting, 

austral, and continuous windows differed in operating and ventilating capacities. In addition, the thin 

profiles of metal windows contributed to the streamlined appearance of the Art Deco, Art Modern, and 

International Styles, among others. 

The extensive use of rolled steel metal windows continued until after World War II when cheaper, 

noncorroding aluminum windows became increasingly popular. While aluminum windows dominate the 

market today, steel windows are still fabricated. Should replacement of original windows become 

necessary, replacement windows may be available from the manufacturers of some of the earliest steel 

windows. Before an informed decision can be made whether to repair or replace metal windows, 

however, the significance of the windows must be determined and their physical condition assessed.

Evaluation 
Historic and Architectural Considerations
An assessment of the significance of the windows should begin with a consideration of their function in 

relation to the building's historic use and its historic character. Windows that help define the building's 

historic character should be preserved even if the building is being converted to a new use. For example, 

projecting steel windows used to introduce light and an effect of spaciousness to a warehouse or 

industrial plant can be retained in the conversion of such a building to offices or residences.

Other elements in assessing the relative importance of the historic windows include the design of the 

windows and their relationship to the scale, proportion, detailing and architectural style of the building. 

While it may be easy to determine the aesthetic value of highly ornamented windows, or to recognize 

the importance of streamlined windows as an element of a style, less elaborate windows can also 

provide strong visual interest by their small panes or projecting planes when open, particularly in 

simple, unadorned industrial buildings.

One test of the importance of windows to a building is to ask if the overall appearance of the building 

would be changed noticeably if the windows were to be removed or radically altered. If so, the windows 

are important in defining the building's historic character, and should be repaired if their physical 

condition permits.

Physical Evaluation
Steel window repair should begin with a careful evaluation of the physical condition of each unit. Either 

drawings or photographs, liberally annotated, may be used to record the location of each window, the 

type of operability, the condition of all three parts—sash, frame and subframe—and the repairs essential 

to its continued use. 

Specifically, the evaluation should include: presence and degree of corrosion; condition of paint; 

deterioration of the metal sections, including bowing, misalignment of the sash, or bent sections; 

condition of the glass and glazing compound; presence and condition of all hardware, screws, bolts, and 

hinges; and condition of the masonry or concrete surrounds, including need for caulking or resetting of 

improperly sloped sills.

Corrosion, principally rusting in the case of steel windows, is the controlling factor in window repair; 

therefore, the evaluator should first test for its presence. Corrosion can be light, medium, or heavy, 

depending on how much the rust has penetrated the metal sections. If the rusting is merely a surface 

accumulation or flaking, then the corrosion is light. If the rusting has penetrated the metal (indicated by 

a bubbling texture), but has not caused any structural damage, then the corrosion is medium. If the rust 

has penetrated deep into the metal, the corrosion is heavy. Heavy corrosion generally results in some 

form of structural damage, through delamination, to the metal section, which must then be patched or 

spliced.

A sharp probe or tool, such as an ice pick, can be used to determine the extent of corrosion in the metal. 

If the probe can penetrate the surface of the metal and brittle strands can be dug out, then a high 

degree of corrosive deterioration is present.

In addition to corrosion, the condition of the paint, the presence of bowing or misalignment of metal 

sections, the amount of glass needing replacement, and the condition of the masonry or concrete 

surrounds must be assessed in the evaluation process. These are key factors in determining whether or 
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not the windows can be repaired in place. The more complete the inventory of existing conditions, the 

easier it will be to determine whether repair is feasible or whether replacement is warranted.

Rehabilitation Work Plan
Following inspection and analysis, a plan for the rehabilitation can be formulated. The actions necessary 

to return windows to an efficient and effective working condition will fall into one or more of the 

following categories: routine maintenance, repair, and weatherization. The routine maintenance and 

weatherization measures described here are generally within the range of do-it-yourselfers. Other 

repairs, both moderate and major, require a professional contractor. Major repairs normally require the 

removal of the window units to a workshop, but even in the case of moderate repairs, the number of 

windows involved might warrant the removal of all the deteriorated units to a workshop in order to 

realize a more economical repair price. Replacement of windows should be considered only as a last 

resort.

Since moisture is the primary cause of corrosion in steel windows, it is essential that excess moisture be 

eliminated and that the building be made as weathertight as possible before any other work is 

undertaken. Moisture can accumulate from cracks in the masonry, from spalling mortar, from leaking 

gutters, from air conditioning condensation runoff, and from poorly ventilated interior spaces.

Finally, before beginning any work, it is important to be aware of health and safety risks involved. Steel 

windows have historically been coated with lead paint. The removal of such paint by abrasive methods 

will produce toxic dust. Therefore, safety goggles, a toxic dust respirator, and protective clothing should 

be worn. Similar protective measures should be taken when acid compounds are used. Local codes may 

govern the methods of removing lead paints and proper disposal of toxic residue.

Typical Rolled Steel Windows 
DOUBLE-HUNG industrial windows duplicated the look of traditional wooden windows. Metal double-

hung windows were early examples of a building product adapted to meet stringent new fire code 

requirements for manufacturing and high-rise buildings in urban areas. Soon supplanted in industrial 

buildings by less expensive pivot windows, double-hung metal windows regained popularity in the 1940s 

for use in speculative suburban housing.

PIVOT windows were an early type of industrial window that combined inexpensive first cost and low 

maintenance. Pivot windows became standard for warehouses and power plants where the lack of 

screens was not a problem. The window shown here is a horizontal pivot. Windows that turned about a 

vertical axis were also manufactured (often of iron). Such vertical pivots are rare today.

PROJECTING windows, sometimes called awning or hopper windows, were perfected in the 1920s for 

industrial and institutional buildings. They were often used in "combination" windows, in which upper 

panels opened out and lower panels opened in. Since each movable panel projected to one side of the 

frame only, unlike pivot windows, for example, screens could be introduced.

AUSTRAL windows were also a product of the 1920s. They combined the appearance of the double-

hung window with the increased ventilation and ease of operation of the projected window. (When fully 

opened, they provided 70% ventilation as compared to 50% ventilation for double-hung windows.) 

Austral windows were often used in schools, libraries and other public buildings.

CASEMENT windows adapted the English tradition of using wrought iron casements with leaded cames 

for residential use. Rolled steel casements (either single, as shown, or paired) were popular in the 1920s 

for cottage style residences and Gothic style campus architecture. More streamlined casements were 

popular in the 1930s for institutional and small industrial buildings.

CONTINUOUS windows were almost exclusively used for industrial buildings requiring high overhead 

lighting. Long runs of clerestory windows operated by mechanical tension rod gears were typical. Long 

banks of continuous windows were possible because the frames for such windows were often structural 

elements of the building.

Routine Maintenance
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A preliminary step in the routine maintenance of steel windows is to remove surface dirt and grease in 

order to ascertain the degree of deterioration, if any. Such minor cleaning can be accomplished using a 

brush or vacuum followed by wiping with a cloth dampened with mineral spirits or denatured alcohol.

If it is determined that the windows are in basically sound condition, the following steps can 

be taken:

1. removal of light rust, flaking and excessive paint;

2. priming of exposed metal with a rust-inhibiting primer;

3. replacement of cracked or broken glass and glazing compound;

4. replacement of missing screws or fasteners; 

5. cleaning and lubrication of hinges; 

6. repainting of all steel sections with two coats of finish paint compatible with the primer; and 

7. caulking the masonry surrounds with a high quality elastomeric caulk.

Recommended methods for removing light rust include manual and mechanical abrasion or the 

application of chemicals. Burning off rust with an oxyacetylene or propane torch, or an inert gas welding 

gun, should never be attempted because the heat can distort the metal. In addition, such intense heat 

(often as high as 3800 deg. F) vaporizes the lead in old paint, resulting in highly toxic fumes. 

Furthermore, such heat will likely result in broken glass. Rust can best be removed using a wire brush, 

an aluminum oxide sandpaper, or a variety of power tools adapted for abrasive cleaning such as an 

electric drill with a wire brush or a rotary whip attachment. Adjacent sills and window jambs may need 

protective shielding.

Rust can also be removed from ferrous metals by using a number of commercially prepared 

anticorrosive acid compounds. Effective on light and medium corrosion, these compounds can be 

purchased either as liquids or gels. Several bases are available, including phosphoric acid, ammonium 

citrate, oxalic acid and hydrochloric acid. Hydrochloric acid is generally not recommended; it can leave 

chloride deposits, which cause future corrosion. Phosphoric acid-based compounds do not leave such 

deposits, and are therefore safer for steel windows. However, any chemical residue should be wiped off 

with damp cloths, then dried immediately. Industrial blow-dryers work well for thorough drying. The use 

of running water to remove chemical residue is never recommended because the water may spread the 

chemicals to adjacent surfaces, and drying of these surfaces may be more difficult. Acid cleaning 

compounds will stain masonry; therefore plastic sheets should be taped to the edge of the metal 

sections to protect the masonry surrounds. The same measure should be followed to protect the glazing 

from etching because of acid contact.

Measures that remove rust will ordinarily remove flaking paint as well. Remaining loose or flaking paint 

can be removed with a chemical paint remover or with a pneumatic needle scaler or gun, which comes 

with a series of chisel blades and has proven effective in removing flaking paint from metal windows. 

Well-bonded paint may serve to protect the metal further from corrosion, and need not be removed 

unless paint buildup prevents the window from closing tightly. The edges should be feathered by sanding 

to give a good surface for repainting.

Next, any bare metal should be wiped with a cleaning solvent such as denatured alcohol, and dried 

immediately in preparation for the application of an anticorrosive primer. Since corrosion can recur very 

soon after metal has been exposed to the air, the metal should be primed immediately after cleaning. 

Spot priming may be required periodically as other repairs are undertaken. Anticorrosive primers 

generally consist of oil-alkyd based paints rich in zinc or zinc chromate.2 Red lead is no longer available 

because of its toxicity. All metal primers, however, are toxic to some degree and should be handled 

carefully. Two coats of primer are recommended. Manufacturer's recommendations should be followed 

concerning application of primers.

Repair
Repair in Place
The maintenance procedures described above will be insufficient when corrosion is extensive, or when 

metal window sections are misaligned. Medium to heavy corrosion that has not done any structural 

damage to the metal sections can be removed either by using the chemical cleaning process described 

under "Routine Maintenance" or by sandblasting. Since sandblasting can damage the masonry surrounds 

and crack or cloud the glass, metal or plywood shields should be used to protect these materials. The 

sandblasting pressure should be low, 80-100 pounds per square inch, and the grit size should be in the 

range of #10–#45. Glass peening beads (glass pellets) have also been successfully used in cleaning 

steel sections. While sandblasting equipment comes with various nozzle sizes, pencil-point blasters are 

most useful because they give the operator more effective control over the direction of the spray. The 
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small aperture of the pencil-point blaster is also useful in removing dried putty from the metal sections 

that hold the glass. As with any cleaning technique, once the bare metal is exposed to air, it should be 

primed as soon as possible. This includes the inside rabbeted section of sash where glazing putty has 

been removed. To reduce the dust, some local codes allow only wet blasting. In this case, the metal 

must be dried immediately, generally with a blow drier (a step that the owner should consider when 

calculating the time and expense involved). Either form of sandblasting metal covered with lead paints 

produces toxic dust. Proper precautionary measures should be taken against toxic dust and silica 

particles. 

Bent or bowed metal sections may be the result of damage to the window through an impact or 

corrosive expansion. If the distortion is not too great, it is possible to re-align the metal sections without 

removing the window to a metal fabricator's shop. The glazing is generally removed and pressure is 

applied to the bent or bowed section. In the case of a muntin, a protective 2 x 4 wooden bracing can be 

placed behind the bent portion and a wire cable with a winch can apply progressively more pressure 

over several days until the section is realigned. The 2 x 4 bracing is necessary to distribute the pressure 

evenly over the damaged section. Sometimes a section, such as the bottom of the frame, will bow out 

as a result of pressure exerted by corrosion and it is often necessary to cut the metal section to relieve 

this pressure prior to pressing the section back into shape and making a welded repair.

Once the metal sections have been cleaned of all corrosion and straightened, small holes and uneven 

areas resulting from rusting should be filled with a patching material and sanded smooth to eliminate 

pockets where water can accumulate. A patching material of steel fibers and an epoxy binder may be 

the easiest to apply. This steel-based epoxy is available for industrial steel repair; it can also be found in 

auto body patching compounds or in plumber's epoxy. As with any product, it is important to follow the 

manufacturer's instructions for proper use and best results. The traditional patching technique—melting 

steel welding rods to fill holes in the metal sections—may be difficult to apply in some situations; 

moreover, the window glass must be removed during the repair process, or it will crack from the 

expansion of the heated metal sections. After these repairs, glass replacement, hinge lubrication, 

painting, and other cosmetic repairs can be undertaken as necessary.

To complete the checklist for routine maintenance, cracked glass, deteriorated glazing compound, 

missing screws, and broken fasteners will have to be replaced; hinges cleaned and lubricated; the metal 

windows painted, and the masonry surrounds caulked. If the glazing must be replaced, all clips, glazing 

beads, and other fasteners that hold the glass to the sash should be retained, if possible, although 

replacements for these parts are still being fabricated. When bedding glass, use only glazing compound 

formulated for metal windows. To clean the hinges (generally brass or bronze), a cleaning solvent and 

fine bronze wool should be used. The hinges should then be lubricated with a non-greasy lubricant 

specially formulated for metals and with an anticorrosive agent. These lubricants are available in a spray 

form and should be used periodically on frequently opened windows.

Final painting of the windows with a paint compatible with the anticorrosive primer should proceed on a 

dry day. (Paint and primer from the same manufacturer should be used.) Two coats of finish paint are 

recommended if the sections have been cleaned to bare metal. The paint should overlap the glass 

slightly to insure weathertightness at that connection. Once the paint dries thoroughly, a flexible exterior 

caulk can be applied to eliminate air and moisture infiltration where the window and the surrounding 

masonry meet.

Caulking is generally undertaken after the windows have received at least one coat of finish paint. The 

perimeter of the masonry surround should be caulked with a flexible elastomeric compound that will 

adhere well to both metal and masonry. The caulking used should be a type intended for exterior 

application, have a high tolerance for material movement, be resistant to ultraviolet light, and have a 

minimum durability of 10 years. Three effective compounds (taking price and other factors into 

consideration) are polyurethane, vinyl acrylic, and butyl rubber. In selecting a caulking material for a 

window retrofit, it is important to remember that the caulking compound may be covering other 

materials in a substrate. In this case, some compounds, such as silicone, may not adhere well. Almost 

all modern caulking compounds can be painted after curing completely. Many come in a range of colors, 

which eliminates the need to paint. If colored caulking is used, the windows should have been given two 

coats of finish paint prior to caulking.

Repair in Workshop
Damage to windows may be so severe that the window sash and sometimes the frame must be removed 

for cleaning and extensive rust removal, straightening of bent sections, welding or splicing in of new 
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sections, and reglazing. These major and expensive repairs are reserved for highly significant windows 

that cannot be replaced; the procedures involved should be carried out only by skilled workmen.

As part of the orderly removal of windows, each window should be numbered and the parts labeled. The 

operable metal sash should be dismantled by removing the hinges; the fixed sash and, if necessary, the 

frame can then be unbolted or unscrewed. (The subframe is usually left in place. Built into the masonry 

surrounds, it can only be cut out with a torch.) Hardware and hinges should be labeled and stored 

together.

The two major choices for removing flaking paint and corrosion from severely deteriorated windows are 

dipping in a chemical bath or sandblasting. Both treatments require removal of the glass. If the windows 

are to be dipped, a phosphoric acid solution is preferred, as mentioned earlier. While the dip tank 

method is good for fairly evenly distributed rust, deep set rust may remain after dipping. For that 

reason, sandblasting is more effective for heavy and uneven corrosion. Both methods leave the metal 

sections clean of residual paint. As already noted, after cleaning has exposed the metal to the air, it 

should be primed immediately after drying with an anticorrosive primer to prevent rust from recurring.

Sections that are seriously bent or bowed must be straightened with heat and applied pressure in a 

workshop. Structurally weakened sections must be cut out, generally with an oxyacetylene torch, and 

replaced with sections welded in place and the welds ground smooth. Finding replacement metal 

sections, however, may be difficult. While most rolling mills are producing modern sections suitable for 

total replacement, it may be difficult to find an exact profile match for a splicing repair. The best source 

of rolled metal sections is from salvaged windows, preferably from the same building. If no salvaged 

windows are available, two options remain. Either an ornamental metal fabricator can weld flat plates 

into a built-up section, or a steel plant can mill bar steel into the desired profile.

While the sash and frame are removed for repair, the subframe and masonry surrounds should be 

inspected. This is also the time to reset sills or to remove corrosion from the subframe, taking care to 

protect the masonry surrounds from damage.

Missing or broken hardware and hinges should be replaced on all windows that will be operable. 

Salvaged windows, again, are the best source of replacement parts. If matching parts cannot be found, 

it may be possible to adapt ready-made items. Such a substitution may require filling existing holes with 

steel epoxy or with plug welds and tapping in new screw holes. However, if the hardware is a highly 

significant element of the historic window, it may be worth having reproductions made.

Weatherization
Historic metal windows are generally not energy efficient; this has often led to their wholesale 

replacement. Metal windows can, however, be made more energy efficient in several ways, varying in 

complexity and cost. Caulking around the masonry openings and adding weather-stripping, for example, 

can be do-it-yourself projects and are important first steps in reducing air infiltration around the 

windows. They usually have a rapid payback period. Other treatments include applying fixed layers of 

glazing over the historic windows, adding operable storm windows, or installing thermal glass in place of 

the existing glass. In combination with caulking and weather-stripping, these treatments can produce 

energy ratings rivaling those achieved by new units.3

Weather stripping
The first step in any weatherization program, caulking, has been discussed above under "Routine 

Maintenance." The second step is the installation of weather-stripping where the operable portion of the 

sash, often called the ventilator, and the fixed frame come together to reduce perimeter air infiltration. 

Four types of weather-stripping appropriate for metal windows are spring-metal, vinyl strips, 

compressible foam tapes, and sealant beads. The spring-metal, with an integral friction fit mounting clip, 

is recommended for steel windows in good condition. The clip eliminates the need for an applied glue; 

the thinness of the material insures a tight closure. The weather-stripping is clipped to the inside 

channel of the rolled metal section of the fixed frame. To insure against galvanic corrosion between the 

weather-stripping (often bronze or brass), and the steel window, the window must be painted prior to 

the installation of the weather-stripping. This weather-stripping is usually applied to the entire perimeter 

of the window opening, but in some cases, such as casement windows, it may be best to avoid weather-

stripping the hinge side. The natural wedging action of the weather-stripping on the three sides of the 

window often creates an adequate seal.

Vinyl weather-stripping can also be applied to metal windows. Folded into a "V" configuration, the 

material forms a barrier against the wind. Vinyl weather-stripping is usually glued to the frame, although 
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some brands have an adhesive backing. As the vinyl material and the applied glue are relatively thick, 

this form of weather-stripping may not be appropriate for all situations.

Compressible foam tape weather-stripping is often best for large windows where there is a slight 

bending or distortion of the sash. In some very tall windows having closure hardware at the sash 

midpoint, the thin sections of the metal window will bow away from the frame near the top. If the gap is 

not more than 1/4", foam weather-stripping can normally fill the space. If the gap exceeds this, the 

window may need to be realigned to close more tightly. The foam weather-stripping comes either with 

an adhesive or plain back; the latter variety requires application with glue. Compressible foam requires 

more frequent replacement than either spring-metal or vinyl weather-stripping.

A fourth type of successful weather-stripping involves the use of a caulking or sealant bead and a 

polyethylene bond breaker tape. After the window frame has been thoroughly cleaned with solvent, 

permitted to dry, and primed, a neat bead of low modulus (firm setting) caulk, such as silicone, is 

applied. A bond breaker tape is then applied to the operable sash covering the metal section where 

contact will occur. The window is then closed until the sealant has set (27 days, depending on 

temperature and humidity). When the window is opened, the bead will have taken the shape of the air 

infiltration gap and the bond breaker tape can be removed. This weather-stripping method appears to be 

successful for all types of metal windows with varying degrees of air infiltration.

Since the several types of weather-stripping are appropriate for different circumstances, it may be 

necessary to use more than one type on any given building. Successful weather-stripping depends upon 

using the thinnest material adequate to fill the space through which air enters. Weather-stripping that is 

too thick can spring the hinges, thereby resulting in more gaps.

Appropriate Types of Weather-stripping for Metal Windows
SPRING-METAL comes in bronze, brass or stainless steel with an integral friction fit clip. The weather-

stripping is applied after the repaired windows are painted to avoid galvanic corrosion. This type of thin 

weather-stripping is intended for windows in good condition.

VINYL STRIPS are scored and fold into a "V" configuration. Applied adhesive is necessary which will 

increase the thickness of the weather-stripping, making it inappropriate for some situations. The 

weather-stripping is generally applied to the window after painting.

Closed cell FOAM TAPE comes either with or without an adhesive backing. It is effective for windows 

with a gap of approximately 1/4" and is easy to install. However, this type of weather-stripping will need 

frequent replacement on windows in regular use. The metal section should be cleaned of all dirt and 

grease prior to its application.

SEALANT BEAD. This very effective type of weather-stripping involves the application of a clean bead 

of firm setting caulk on the primed frame with a polyethelene bond breaker tape on the operable sash. 

The window is then closed until the bead has set and takes the form of the gap. The sash is then opened 

and the tape is removed leaving the set caulk as the weather-stripping.

Thermal Glazing
Another weatherization treatment is to install an additional layer of glazing to improve the thermal 

efficiency of the existing window. The decision to pursue this treatment should proceed from careful 

analysis. Each of the most common techniques for adding a layer of glazing will affect approximately the 

same energy savings (approximately double the original insulating value of the windows); therefore, 

cost and aesthetic considerations usually determine the choice of method. Methods of adding a layer of 

glazing to improve thermal efficiency include adding a new layer of transparent material to the window; 

adding a separate storm window; and replacing the single layer of glass in the window with thermal 

glass.

The least expensive of these options is to install a clear material (usually rigid sheets of acrylic or glass) 

over the original window. The choice between acrylic and glass is generally based on cost, ability of the 

window to support the material, and long-term maintenance outlook. If the material is placed over the 

entire window and secured to the frame, the sash will be inoperable. If the continued use of the window 

is important (for ventilation or for fire exits), separate panels should be affixed to the sash without 

obstructing operability. Glass or acrylic panels set in frames can be attached using magnetized gaskets, 

interlocking material strips, screws or adhesives. Acrylic panels can be screwed directly to the metal 

windows, but the holes in the acrylic panels should allow for the expansion and contraction of this 

material. A compressible gasket between the prime sash and the storm panel can be very effective in 

establishing a thermal cavity between glazing layers. To avoid condensation, 1/8" cuts in a top corner 

and diagonally opposite bottom corner of the gasket will provide a vapor bleed, through which moisture 

can evaporate. (Such cuts, however, reduce thermal performance slightly.) If condensation does occur, 
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however, the panels should be easily removable in order to wipe away moisture before it causes 

corrosion.

The second method of adding a layer of glazing is to have independent storm windows fabricated. (Pivot 

and austral windows, however, which project on either side of the window frame when open, cannot 

easily be fitted with storm windows and remain operational.) The storm window should be compatible 

with the original sash configuration. For example, in paired casement windows, either specially 

fabricated storm casement windows or sliding units in which the vertical meeting rail of the slider 

reflects the configuration of the original window should be installed. The decision to place storm windows 

on the inside or outside of the window depends on whether the historic window opens in or out, and on 

the visual impact the addition of storm windows will have on the building. Exterior storm windows, 

however, can serve another purpose besides saving energy: they add a layer of protection against air 

pollutants and vandals, although they will partially obscure the prime window. For highly ornamental 

windows this protection can determine the choice of exterior rather then interior storm windows.

The third method of installing an added layer of glazing is to replace the original single glazing with 

thermal glass. Except in rare instances in which the original glass is of special interest (as with stained 

or figured glass), the glass can be replaced if the hinges can tolerate the weight of the additional glass. 

The rolled metal sections for steel windows are generally from 1" 1-1/2" thick. Sash of this thickness can 

normally tolerate thermal glass, which ranges from 3/8" 5/8". (Metal glazing beads, readily available, 

are used to reinforce the muntins, which hold the glass.) This treatment leaves the window fully 

operational while preserving the historic appearance. It is, however, the most expensive of the 

treatments discussed here.

Window Replacement
Repair of historic windows is always preferred within a rehabilitation project. Replacement should be 

considered only as a last resort. However, when the extent of deterioration or the unavailability of 

replacement sections renders repair impossible, replacement of the entire window may be justified.

In the case of significant windows, replacement in kind is essential in order to maintain the historic 

character of the building. However, for less significant windows, replacement with compatible new 

windows may be acceptable. In selecting compatible replacement windows, the material, configuration, 

color, operability, number and size of panes, profile and proportion of metal sections, and reflective 

quality of the original glass should be duplicated as closely as possible.

A number of metal window manufacturing companies produce rolled steel windows. While stock modern 

window designs do not share the multi-pane configuration of historic windows, most of these 

manufacturers can reproduce the historic configuration if requested, and the cost is not excessive for 

large orders. Some manufacturers still carry the standard pre-World War II multi-light windows using 

the traditional 12" x 18" or 14" x 20" glass sizes in industrial, commercial, security, and residential 

configurations. In addition, many of the modern steel windows have integral weather-stripping, thermal 

break construction, durable vinyl coatings, insulating glass, and other desirable features.

Windows manufactured from other materials generally cannot match the thin profiles of the rolled steel 

sections. Aluminum, for example, is three times weaker than steel and must be extruded into a boxlike 

configuration that does not reflect the thin historic profiles of most steel windows. Wooden and vinyl 

replacement windows generally are not fabricated in the industrial style, nor can they reproduce the thin 

profiles of the rolled steel sections, and consequently are generally not acceptable replacements.

For product information on replacement windows, the owner, architect, or contractor should consult 

manufacturers' catalogues, building trade journals, or the Steel Window Institute, 1230 Keith Building, 

Cleveland, Ohio 44115.

Summary 
The National Park Service recommends the retention of significant historic metal windows whenever 

possible. Such windows, which can be a character-defining feature of a historic building, are too often 

replaced with inappropriate units that impair rather than complement the overall historic appearance. 

The repair and thermal upgrading of historic steel windows is more practicable than most people realize. 

Repaired and properly maintained metal windows have greatly extended service lives. They can be made 

energy efficient while maintaining their contribution to the historic character of the building.
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SECTION 08800 

GLAZING

PART 1   GENERAL 

1.01 SECTION INCLUDES 
A. Glass and glazing for Sections referencing this Section for products and installation.

1.02 PERFORMANCE REQUIREMENTS
A. Glass and glazing materials of this Section shall provide continuity of building enclosure vapor and 

air barrier:
1. To utilize the inner pane of multiple pane sealed units for the continuity of the air and vapor 

seal.
2. Maintain continuous air and vapor barrier throughout glazed assembly from glass pane to heel 

bead of glazing sealant.
B. Size glass to withstand dead loads and positive and negative live loads acting normal to plane of glass 

as calculated in accordance with UBC 91 code.
C. Limit glass deflection to 1/200 flexure limit of glass with full recovery of glazing materials, 

whichever is less.

1.03 ENVIRONMENTAL REQUIREMENTS 
A. Do not install glazing when ambient temperature is less than 50 degrees F.
B. Maintain minimum ambient temperature before, during and 24 hours after installation of glazing 

compounds.

1.04 FIELD MEASUREMENTS
A. Verify that field measurements are as indicated on shop drawings.

1.05 COORDINATION
A. Coordinate the Work with glazing frames, wall openings, and perimeter air and vapor seal to adjacent 

Work.

1.06 WARRANTY
A. Provide five year manufacturer’s warranty.

PART 2   PRODUCTS 

2.01 FLAT GLASS MATERIALS 
A. Float Glass (Type FG):  Clear, 1/4 inch  thick minimum.

2.03 GLAZING COMPOUNDS
A. Exterior windows not shop installed shall be glazed with vinyl or neoprene gaskets, extruded elastic 

polybutene tape sealant, a combination of polysulphide base compound and elastic glazing compound, 
or a combination of extruded polysulphide tape, polysulphide base compound elastic glazing 
compound.

 
B. Exterior glazing of steel sash shall be DAP Metal Glaze.  Interior glazing of steel sash shall be DAP 

Steel Sash Putty.

2.04 GLAZING ACCESSORIES
A. Setting Blocks:  Neoprene or Silicone, 80 - 90 Shore A durometer hardness, length of 0.1 inch for 

each square foot of glazing or minimum 4 inch x width of glazing rabbet space minus 1/16 inch x 
height to suit glazing method and pane weight and area.

B. Spacer Shims:  Neoprene or Silicone, 50 - 60 Shore A durometer hardness, minimum 3 inch long x 
one half the height of the glazing stop x thickness to suit application, self adhesive on one face.

C. Glazing Tape:  Preformed butyl compound with integral resilient tube spacing device; 10 - 15 Shore A 
durometer hardness; coiled on release paper.
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D. Glazing Clips:  Manufacturer’s standard type.

PART 3   EXECUTION

3.01 EXAMINATION
A. Verify that openings for glazing are correctly sized and within tolerance.
B. Verify that surfaces of glazing channels or recesses are clean, free of obstructions, and ready to 

receive glazing.

3.02 PREPARATION
A. Clean contact surfaces with solvent and wipe dry.
B. Seal porous glazing channels or recesses with substrate compatible primer or sealer.
C. Prime surfaces scheduled to receive sealant.
D. Install glazing in accordance with Flat Jobbers Association Glazing Manual.

3.04 CLEANING
A. Remove glazing materials from finish surfaces.  Remove labels after work is complete.  Clean glass 

and mirrors.

3.05 PROTECTION OF FINISHED WORK
A. After installation, mark pane with an “X” by using removable plastic tape or paste.  Do not mark heat 

absorbing or reflective glass units.  

END OF SECTION 08800  
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SECTION 09900 
PAINTING

PART 1 GENERAL

1.01 SECTION INCLUDES   
A. Surface preparation and field application of paints and coatings.   

1.02 QUALIFICATIONS
A. Manufacturer:  Company specializing in manufacturing the Products specified in this section with minimum 

three years documented experience.
B. Applicator:  Company specializing in performing the work of this section with minimum years documented 

experience and approved by manufacturer.

1.03 DELIVERY, STORAGE, AND HANDLING 
A. Deliver, store, protect and handle products to site.
B. Deliver products to site in sealed and labeled containers; inspect to verify acceptability.
C. Container label to include manufacturer’s name, type of paint, brand name, lot number, brand code, 

coverage, surface preparation, drying time, cleanup requirements, color designation, and instructions for 
mixing and reducing.

D. Store paint materials at minimum ambient temperature of 45 degrees F and a maximum of 90 degrees F, in 
ventilated area, and as required by manufacturer’s instructions.

1.04 ENVIRONMENTAL REQUIREMENTS
A. Do not apply materials when surface and ambient temperatures are outside the temperature ranges required 

by the paint product manufacturer.
B. Do not apply exterior coatings during rain or snow, or when relative humidity is outside the humidity ranges 

required by the paint product manufacturer.
C. Minimum Application Temperatures for Latex Paints:  45 degrees F for interiors; 50 degrees F for exterior; 

unless required otherwise by manufacturer’s instructions. 
D. Minimum Application Temperature for Varnish and Finishes:  65 degrees F for interior or exterior, unless 

required otherwise by manufacturer’s instructions.
E. Provide lighting level of 80 foot candles measured mid-height at substrate surface.

PART 2 PRODUCTS

2.01 MANUFACTURERS
A. Manufacturer - Paint, Transparent Finishes, Stain, Primer Sealers, and Block Filler by SHERWIN-

WILLIAMS or as approved equal.

2.02 MATERIALS
A. Coatings:  Ready mixed, except field catalyzed coatings.  Process pigments to a soft paste consistency, 

capable of being readily and uniformly dispersed to a homogeneous coating; good flow and brushing 
properties; capable of drying or curing free of streaks or sags.

B. Accessory Materials:  Linseed oil, shellac, turpentine, paint thinners and other materials not specifically 
indicated but required to achieve the finishes specified, of commercial quality.

C. Patching Materials:  Latex filler.
D. Fastener Head Cover Materials:  Latex filler.
E. All interior paints and primers shall comply with Green Seal standards for low VOC limits.

2.03 FINISHES
A. Refer to schedule at end of section for surface finish schedule.

PART 3 EXECUTION

3.01 EXAMINATION
A. Verify that surfaces and substrate conditions are ready to receive work as instructed by the product 

manufacturer.
B. Examine surfaces scheduled to be finished prior to commencement of work.  Report any condition that may 

potentially affect proper application.
C. Test shop applied primer for compatibility with subsequent cover materials.
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3.02  PREPARATION
A. Remove or mask electrical plates, hardware, light fixture trim, escutcheons, and fittings prior to preparing 

surfaces or finishing.
B. Correct defects and clean surfaces which affect work of this section.  Remove existing coatings that exhibit 

loose surface defects.
C. Seal with shellac and seal marks which may bleed through surface finishes.
D. Impervious Surfaces:  Remove mildew by scrubbing with solution of trisodium phosphate and bleach.  Rinse 

with clean water and allow surface to dry.
E. Decorative Pressed Metal, & Aluminum Surfaces Scheduled for Paint Finish:  Use approved abrasive 

cleaning with media approved for substrate - Remove existing paint, surface contamination, and caulking, by 
media blasting, steam or other approved methods. Apply etching primer or paint primer immediately 
following cleaning.

F. Asphalt, Creosote, or Bituminous Surfaces Scheduled for Paint Finish:  Remove foreign particles to permit 
adhesion of finishing materials.  Apply compatible sealer or primer.

G. Insulated Coverings:  Remove dirt, grease, and oil from canvas and cotton.
H. Concrete Floors:  Remove contamination, acid etch, and rinse floors with clear water.  Verify required acid-

alkali balance is achieved.  Allow to dry.
I. Copper Surfaces Scheduled for a Paint Finish:  Remove contamination by steam, high pressure water, or 

solvent washing.  Apply vinyl etch primer immediately following cleaning.
J. Copper Surfaces Scheduled for a Natural Oxidized Finish:  Remove contamination by applying oxidizing 

solution of copper acetate and ammonium chloride in acetic acid.  Rub on repeatedly for required effect.  
Once attained, rinse surfaces with clear water and allow to dry.

K. Gypsum Board Surfaces:  Fill minor defects with filler compound.  Spot prime defects after repair.
L. Galvanized Surfaces:  Remove surface contamination and oils and wash with solvent.  Apply coat of etching 

primer.
M. Concrete, Brick and Unit Masonry Surfaces Scheduled to Receive Paint or Sealer Finish:  Such as all 

interior Brick & masonry walls, Use approved abrasive cleaning with media approved for substrate - Remove 
dirt, loose mortar, scale, salt or alkali powder, and other foreign matter.  Remove oil and grease with a 
solution of trisodium phosphate; rinse well and allow to dry.  Remove stains caused by weathering of 
corroding metals with a solution of sodium metasilicate after thoroughly wetting with water.  Allow to dry.

N. Plaster Surfaces:  Fill hairline cracks, small holes, and imperfections with latex patching plaster.  Make 
smooth and flush with adjacent surfaces.  Wash and neutralize high alkali surfaces.

O. Uncoated Steel and Iron Surfaces:  Such as existing exterior trusses, Use approved abrasive cleaning with 
media approved for substrate - Remove rust, paint, caulk, grease, mill scale, weld splatter, and dirt.  Where 
heavy coatings of scale are evident, remove by hand, power tool wire brushing or sandblasting; clean by 
washing with solvent.  Apply a treatment of phosphoric acid solution, ensuring weld joints, bolts, and nuts 
are similarly cleaned.  Spot prime paint after repairs.

P. Shop Primed Steel Surfaces:  Sand and scrape to remove loose primer and rust.  Feather edges to make 
touch-up patches inconspicuous.  Clean surfaces with solvent.  Prime bare steel surfaces.

Q. Interior Wood Items Scheduled to Receive Paint Finish:  Wipe off dust and grit prior to priming.  Seal 
knots, pitch streaks, and sappy sections with sealer.  Fill nail holes and cracks after primer has dried; sand 
between coats.

R. Interior Wood Items Scheduled to Receive Transparent Finish:  Wipe off dust and grit prior to sealing, seal 
knots, pitch streaks, and sappy sections with sealer.  Fill nail holes and cracks after sealer has dried; sand 
lightly between coats.

S. Exterior Wood Scheduled to Receive Paint Finish:  Remove dust, grit, and foreign matter.  Seal knots, pitch 
streaks, and sappy sections.  Fill nail holes with tinted exterior caulking compound after prime coat has been 
applied.

T. Exterior Wood Scheduled to Receive Transparent Finish:  Remove dust, grit, and foreign matter; seal knots, 
pitch streaks, and sappy sections with sealer.  Fill nail holes with tinted exterior caulking compound after 
sealer has been applied.

U. Glue-Laminated Beams:  Prior to finishing, wash surfaces with solvent, remove grease and dirt.
V. Wood and Metal Doors Scheduled for Painting: Seal top and bottom edges with primer.
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3.03 APPLICATION
A. Apply products in accordance with manufacturer’s instructions.
B. Do not apply finishes to surfaces that are not dry.
C. Apply each coat to uniform finish.
D. Apply each coat of paint slightly darker than preceding coat unless otherwise approved.
E. Sand wood and metal lightly between coats to achieve required finish.
F. Vacuum clean surfaces free of loose particles.  Use tack cloth just prior to applying next coat.
G. Allow applied coat to dry before next coat is applied.
H. Where clear finishes are required, tint fillers to match wood.  Work fillers into the grain before set.  Wipe 

excess from surface.
I. Prime concealed surfaces of interior and exterior woodwork with primer paint.
J. Prime concealed surfaces of interior woodwork scheduled to receive stain or varnish finish with gloss varnish 

reduced 25 percent with mineral spirits.

3.04 FINISHING MECHANICAL AND ELECTRICAL EQUIPMENT
A. Remove unfinished louvers, grilles, covers, and access panels on mechanical and electrical components and 

paint separately.
B. Prime and paint insulated and exposed pipes, conduit, boxes, insulated and exposed ducts, hangers, brackets, 

collars and supports except where items are prefinished.
C. Paint interior surfaces of air ducts, and convector and baseboard heating cabinets that are visible through 

grilles and louvers with one coat of flat black paint, to visible surfaces.  Paint dampers exposed behind 
louvers, grilles, and convector and baseboard cabinets to match face panels.

D. Paint exposed conduit and electrical equipment occurring in finished areas.
E. Paint both sides and edges of plywood backboards for electrical and telephone equipment before installing 

equipment.
F. Reinstall electrical cover plates, hardware, light fixture trim, escutcheons, and fittings removed prior to 

finishing.

3.05 CLEANING
A. Collect waste material which may constitute a fire hazard, place in closed metal containers and remove daily 

from site.

3.06 SCHEDULE
The following are for exterior and interior surfaces, and are all products of Sherwin-Williams.
EXTERIOR SURFACES

1. FERROUS & HOLLOW METAL (Window Frames & Doors, Ref Drawings)
A. Painted (Gloss Finish/Alkyd Base)

Primer:   B66W1310  Pro-Cryl Acrylic Primer 
1st Coat:  B66W01153 Pro Ind, DTM Acrylic 
2nd Coat:  B66W01153 Pro Ind, DTM Acrylic

2. CONCRETE MASONRY UNITS (Brick or Block, Ref Drawings)
A. Painted (Satin Finish/Latex Base)

1st Coat:  Loxon Primer/Sealer
2nd Coat:  Duration, Satin
3rd Coat:  Duration, Satin

3. CONCRETE, STUCCO, & BRICK (Ref Drawings)
A. Painted (Satin Finish/Latex Base)

1st Coat:  Loxon Primer/Sealer
2nd Coat:  Duration, Satin
3rd Coat:  Duration, Satin

5. GALVANIZED METAL, (Scupper & Downspouts, Ref Drawings) 
A. Painted (Flat Finish/Latex Base)

1st Coat:  ProMar 200 Latex Flat Wall Paint, B30W200 
2nd Coat:  ProMar 200 Latex Flat Wall Paint, B30W200 

END OF SECTION 09900 
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SECTION 26 0500 

BASIC ELECTRICAL MATERIALS AND METHODS 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes general electrical requirements, and specific requirements on electrical, 

lighting and power system components and installation. 

1.2 SUBMITTALS 

A. Product Data:  Illustrate and indicate style, material, strength, fastening provision, and finish for 

each type and size of electrical support component used 

B. Shop Drawings: 

1. Descriptive information that states conformance to codes, recognized testing, or 

manufacturing standards. 

2. Manufacturer's name and catalog cuts listing type, model No., catalog No., materials, 

styles, finish. 

C. Field Test Reports:  Indicate and interpret test results for compliance with performance 

requirements. 

D. Review submittals for equipment furnished under other Sections prior to installation and 

electrical rough-in.  Verify location, size, and type of connections.  Coordinate details of 

equipment connections with supplier and installer. 

E. Contractor shall note any deviations from the requirements of the contract plans and 

specifications. 

F. The Lightning Protection System is designed as a performance specification.  The contractor is 

responsible for the complete design and installation based on the requirements in the 

specifications and NFPA 780.   

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories shall be listed and labeled as defined in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction such as 

Underwriters Laboratories, Inc., and marked for intended use. 

B. Perform Work in accordance with the current edition of the National Electrical Code (NEC) 

and the National Electrical Safety Code (NESC). 

C. Perform Work in accordance with local ordinances, codes and statutes. 

D. Work shown and specified in these Contract Documents establishes the minimum standard of 

construction.  Comply with any additional requirements of the codes or local requirements. 

1.4 COORDINATION 

A. Coordinate chases, slots, inserts, sleeves, and openings with general construction work and 

arrange in building structure during progress of construction to facilitate the electrical 

installations that follow: 

1. Set inserts and sleeves in poured-in-place concrete, masonry work, and other structural 

components as they are constructed. 
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B. Coordinate installing electrical materials and equipment for efficient flow of the Work.  

Coordinate installing large equipment requiring positioning before closing in the building. 

C. Coordinate location of access panels and doors for electrical items that are concealed by 

finished surfaces.  Comply with the requirements of the NEC. 

D. Where electrical identification devices are applied to field-finished surfaces, coordinate 

installation of identification devices with completion of finished surface. 

PART 2  PRODUCTS 

2.1 SUPPORTING DEVICES 

A. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, 

shapes, and bars; black and galvanized. 

B. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or 

their supports to building surfaces include the following requirements. 

1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened Portland cement 

concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 

supported loads and building materials where used. 

2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated or stainless steel as 

required in Part 3 of this specification, for use in hardened Portland cement concrete with 

tension, shear, and pullout capacities appropriate for supported loads and building 

materials in which used. 

3. Through Bolts:  Structural type, hex head, high strength.  Comply with ASTM A325. 

4. Toggle Bolts:  All-steel springhead type. 

5. Hanger Rods:  Threaded steel. 

2.2 CONDUCTORS IN VERTICAL CONDUIT 

A. Support for Conductors in Vertical Conduit:  Provide a factory-fabricated assembly consisting 

of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or 

cables in riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces 

as required to suit individual conductors or cables supported.  Body shall be malleable iron. 

2.3 EQUIPMENT ENCLOSURES 

A. Do not install equipment in a more severe environment than recommended by the equipment 

manufacturer.  When not indicated, provide enclosures suitable for the environment in which 

they are located in accordance with NEMA Standard No. 250. 

2.4 TOUCHUP PAINT 

A. For Equipment:  Equipment manufacturer's paint selected to match installed equipment finish. 

B. Galvanized Surfaces:  Zinc-rich paint recommended by item manufacturer. 

2.5 FIRESTOPPING 

A. Firestopping materials shall meet the requirements of Division 7 – Firestopping. 
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PART 3  EXECUTION 

3.1 ELECTRICAL EQUIPMENT INSTALLATION 

A. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, 

arrange and install components and equipment to provide the maximum possible headroom. 

B. Materials and Components:  Install level, plumb, and parallel and perpendicular to other 

building systems and components, unless otherwise indicated. 

C. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components.  

Connect for ease of disconnecting, with minimum interference with other installations. 

D. Working clearance.  Provide working clearance as required by the NEC. 

E. Dedicated space.  Provide dedicated space for electrical equipment as required by the NEC. 

3.2 ELECTRICAL SUPPORTING DEVICE APPLICATION 

A. Damp or Wet Locations and Outdoors:  Provide hot dip galvanized steel slot (strut) channel, 

aluminum channel, or stainless steel (Type 304 or 316) channel.  Provide stainless steel anchor 

bolts. 

B. Indoor, Dry Locations:  Provide pre-galvanized or electro-galvanized steel slot (strut) channel. 

C. Do not attach aluminum channel directly to concrete.  Provide plastic spacers or coat surfaces 

in contact with concrete with epoxy paint. 

D. For channel attached to aluminum handrails or other aluminum structures, provide aluminum or 

stainless steel channels with stainless steel hardware. 

E. Provide stainless steel anchor bolts for stainless steel, or aluminum, or epoxy coated steel 

channels or in damp, wet or outdoor locations. 

F. Field Cuts:  Grind all edges smooth, make cuts square unless angles are required for 

installation.  Paint field cuts of galvanized steel channel with a galvanizing solution or zinc rich 

paint.  Apply epoxy coating to field cuts of epoxy coated steel channel. Install end caps on all 

exposed channel ends. 

3.3 SUPPORT INSTALLATION 

A. Install support devices to securely and permanently fasten and support electrical components. 

1. Do not fasten supports to piping, ceiling support wires, ductwork, mechanical equipment, 

or conduit. 

2. Install surface-mounted cabinets and panelboards with minimum of four anchors. 

3. Provide metal channel supports to stand cabinets and conduit one inch off wall in wet 

locations. 

4. Bridge studs top and bottom with channels to support flush-mounted cabinets and 

panelboards in stud walls. 

B. Install individual and multiple raceway hangers and riser clamps to support raceways.  Provide 

U-bolts, clamps, attachments, and other hardware necessary for hanger assemblies and for 

securing hanger rods and conduits. 

C. Support parallel runs of horizontal raceways together on trapeze- or bracket-type hangers. 

D. Size supports for multiple raceway installations so capacity can be increased by a 25 percent 

minimum in the future. 

E. Support individual horizontal raceways with separate, malleable-iron pipe hangers or clamps. 

F. Install 1/4-inch- (6-mm-) diameter or larger threaded steel hanger rods, unless otherwise 

indicated. 
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G. Spring-steel fasteners specifically designed for supporting single conduits or tubing may be 

used instead of malleable-iron hangers for 1-1/2-inch (38-mm) and smaller raceways serving 

lighting and receptacle branch circuits above suspended ceilings and for fastening raceways to 

slotted channel and angle supports.  Do not use spring steel fasteners in damp, wet or corrosive 

locations. 

H. Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried 

entirely by raceway supports, with no weight load on raceway terminals. 

I. Simultaneously install vertical conductor supports with conductors. 

J. Separately support cast boxes that are threaded to raceways and used for fixture support.  

Support sheet-metal boxes directly from the building structure or by bar hangers.  If bar hangers 

are used, attach bar to raceways on opposite sides of the box and support the raceway with an 

approved fastener not more than 24 inches (610 mm) from the box. 

K. Install metal channel racks for mounting cabinets, panelboards, disconnect switches, control 

enclosures, pull and junction boxes, transformers, and other devices unless components are 

mounted directly to structural elements of adequate strength. 

L. Install sleeves for cable and raceway penetrations of concrete slabs and walls unless core-

drilled holes are used.  Install sleeves for cable and raceway penetrations of masonry and fire-

rated gypsum walls and of all other fire-rated floor and wall assemblies.  Install sleeves during 

erection of concrete and masonry walls. 

M. Securely fasten electrical items and their supports to the building structure per the following 

requirements, unless otherwise indicated.  Perform fastening according to the following 

requirements unless other fastening methods are indicated.  Verify with manufacturer the 

suitability of fasteners in subparagraphs below for use in lightweight concrete or concrete slabs 

less than 4 inches (100 mm) thick.  Fasteners which fracture or damage surfaces are not 

acceptable. 

1. Masonry:  Toggle bolts on hollow masonry units and expansion bolts on solid masonry 

units. 

2. New Concrete:  Concrete inserts with machine screws and bolts. 

3. Existing Concrete:  Expansion bolts. 

4. Instead of expansion bolts, threaded studs driven by a powder charge and provided with 

lock washers may be used. 

5. Steel:  Welded threaded studs or spring-tension clamps on steel. 

6. Welding to steel structure may be used only for threaded studs, not for conduits, pipe 

straps, or other items. 

7. Light Steel:  Sheet-metal screws. 

8. Fasteners:  Select so the load applied to each fastener does not exceed 25 percent of its 

proof-test load. 

3.4 CONDUCTORS IN VERTICAL CONDUIT 

A. Provide support for conductors in vertical conduit where required by Article 300 of the NEC. 

3.5 FIRESTOPPING 

A. Apply U.L. listed firestopping to cable and raceway penetrations of fire-rated floor and wall 

assemblies to achieve fire-resistance rating of the assembly.  See architectural drawings for 

locations of fire rated floors, walls, ceilings and partitions. 
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3.6 DEMOLITION 

A. Protect existing electrical equipment and installations indicated to remain.  If damaged or 

disturbed in the course of the Work, remove damaged portions and install new products of 

equal capacity, quality, and functionality. 

B. Accessible Work:  Remove exposed electrical equipment and installations, indicated to be 

demolished, in their entirety. 

C. Abandoned Work:  Remove all abandoned wiring.  In exposed locations, cut and remove buried 

raceway 2 inches (50 mm) below the surface of adjacent construction.  Cap raceways and patch 

surface to match existing finish.  In concealed locations, cut raceways flush with surface.  Plug 

or cap raceways. 

D. Remove, store, clean, reinstall, reconnect, and make operational components indicated for 

relocation. 

3.7 EXISTING ELECTRICAL WORK 

A. Verify that abandoned wiring and equipment serve only abandoned facilities. 

B. Disconnect existing electrical systems in walls, floors, and ceilings indicated for removal. 

C. Existing Receptacle and Lighting circuits and devices which are not scheduled for demolition, 

but which are inadvertently affected by demolition activities, will be restored to full function. 

D. Coordinate utility service outages and reconnections with Utility Company and Owner. 

E. Provide temporary wiring and connections to maintain existing systems in service during 

construction. 

1. Existing Electrical Service:  Maintain existing system in service until new service is 

complete and existing loads are reconnected. 

2. Existing Electrical Feeders and Branch Circuits:  Maintain feeders and branch circuits in 

service until replacement circuits are installed and ready to connect. 

3. Existing Fire Alarm System:  Maintain existing system in service until new system is 

accepted. 

F. Remove, relocate, and repair existing installations to accommodate new construction. 

1. Remove abandoned wiring to source of supply. 

2. Remove exposed abandoned conduit and boxes. 

3. Disconnect abandoned outlets and remove devices. 

4. Provide blank cover for abandoned outlets which are not removed. 

5. Disconnect and remove abandoned panelboards and distribution equipment. 

6. Disconnect and remove electrical devices and equipment serving utilization equipment 

that has been removed. 

G. Repair adjacent construction and finishes damaged during removal of existing electrical work. 

H. Maintain access to existing, active electrical installations. 

I. Extend existing installations using materials and methods compatible with existing electrical 

installations, and as specified. 

3.8 CUTTING AND PATCHING 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces required to 

permit electrical installations.  Perform cutting by skilled mechanics of trades involved. 

B. Repair and refinish disturbed finish materials and other surfaces to match adjacent undisturbed 

surfaces.  Install new fireproofing where existing firestopping has been disturbed.  Repair and 

refinish materials and other surfaces by skilled mechanics of trades involved. 
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3.9 REFINISHING AND TOUCHUP PAINTING 

A. Refinish and touch up painting: 

1. Clean damaged and disturbed areas and apply primer, intermediate, and finish coats to suit 

the degree of damage at each location. 

2. Follow paint manufacturer's written instructions for surface preparation and for timing and 

application of successive coats. 

3. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 

4. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 

3.10 CLEANING AND PROTECTION 

A. On completion of installation, inspect and clean all electrical equipment and enclosures 

including panelboard, switchboard, transformer, motor control center, control panel and 

electrical enclosure interiors, light fixtures and lenses, outlet boxes, floor mounted devices, 

fittings, and wiring devices.  Remove burrs, dirt, paint spots, and construction debris. 

B. Protect equipment and installations and maintain conditions to ensure that coatings, finishes, 

and cabinets are without damage or deterioration at time of Substantial Completion. 

END OF SECTION 
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SECTION 26 0519 

CONDUCTORS AND CABLES 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes building wires and cables and associated connectors, splices, and 

terminations for wiring systems rated 600 V and less. 

1.2 SUBMITTALS 

A. Product Data:  For conductors and cables 250 kcmil and larger, splices, and connectors. 

B. Shop Drawings: 

1. Descriptive information that states conformance to codes, recognized testing or 

manufacturing standards. 

2. Manufacturer's name and catalog cuts listing manufacturer, type, model No., catalog 

number. 

3. Electrical characteristics such as voltage and ampacity. 

4. Cable and Conductor material and insulation. 

5. NEC designation and plenum rating where applicable. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

PART 2  PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Power and Lighting Circuits:  Provide No. 12 AWG minimum conductors. 

B. 120-volt Control and Alarm Circuits:  Provide No. 14 AWG minimum conductors. 

C. Conductor Material:  Copper complying with  ICEA S-95-658 /NEMA WC70 , solid conductor 

for No. 10 AWG and smaller, stranded for No. 8 AWG and larger. 

D. Service entrance and below grade feeders:  Provide single copper conductors with the following 

characteristics: 

1. Insulated with 600-volt crosslinked polyethylene insulation. 

2. Comply with UL standard 584 for Type USE-2. 

3. Comply with UL standard 44 for Types RHW-2 and RHH. 

4. Comply with VW-1 flame test ratings. 

5. Comply with UL standard 44 for Gasoline and Oil Resistant II. 

E. Above grade and interior location feeders, branch circuits and field wired control circuits 

operating at 120 volts or greater:  600 Volt THWN or THHN insulation unless otherwise 

indicated. 

F. Cord Drops and Portable Appliance Connections:  Type SO, hard service cord. 
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G. Wiring Installed in Cable Tray:  Provide conductors rated TC in accordance with NEC Article 

336 or single conductors in accordance with NEC Article 392.  NM or NMC conductors shall 

not be used in cable tray. 

H. 600-Volt Interlocked Armored Cable, Type MC:  Conductor insulation shall be cross-linked 

polyethylene or ethylene propylene rubber.  Metal covering shall be interlocking armor, 

galvanized steel or aluminum.  A stranded copper ground wire shall be present in the cable 

interstice(s).  Cable shall meet requirements of ICEA S-95-658 and be UL listed as type MC.  

Fittings shall mechanically secure the cable against pullout or rotation and provide secure 

electrical contact between fitting and armor.  Fittings shall be suitable for and compatible with 

the cable. 

I. NM and NMC cable shall not be used. 

2.2 CONNECTORS AND SPLICES 

A. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, 

and class for application and service indicated. 

B. Connections: 

1. Soldered connections are not acceptable. 

2. Push-in connectors are not acceptable. 

3. Indoor dry locations for No. 10 AWG wire and smaller:   Provide solderless twist-on 

connectors listed to UL 486C - Ideal "Wire Nuts," 3M "Scotchlok," or equal. 

4. Indoor dry locations for No. 8 AWG wire and larger:  Provide solderless connectors such 

as hydraulically crimped type or split bolts - Burndy, O.Z., Penn-Union or equal.  

Uninsulated joints shall be taped over with plastic tape, 3M "Scotch Brand" No. 33 Plus or 

equal, to provide an insulation value greater than or equal to that on the wire. 

5. Indoor dry locations in junction boxes or wireways:  Power distribution blocks consisting 

of a single block of tin plated aluminum alloy mounted to an insulating base.  The block 

shall be provided with conductor openings and set screws. Provide with insulated covers.  

The power distribution block shall be secured to the enclosure.  Provide Ilsco PDB series 

or equal. 

6. Damp locations for No. 8 AWG wire and smaller:  Provide solderless twist-on 

connections, factory pre-filled with silicone sealant listed to UL 486C and UL 486D – 

Ideal “WeatherProof” or equal. 

7. Wet and below grade locations (including below grade pullboxes and manholes) for No. 8 

AWG and smaller:  Provide solderless twist-on connections, factory pre-filled with 

silicone sealant listed to UL 486C and UL 486D for direct burial – Ideal “Underground” 

or equal. 

8. Wet and below grade locations (including below grade pullboxes and manholes) for No. 6 

and larger:  Provide connectors of one the following types: 

a. Multi-conductor connectors consisting of a single block of tin plated aluminum alloy 

covered with not less than 125 mils of dielectric plastisol.  The block shall be 

provided with conductor openings and set screws.  Each opening and set screw shall 

be provided with a removeable access plug.  Do not install more than one conductor 

in any port.  The assembly shall be listed to UL 486D for direct burial and 

submersible applications.  Provide NSI Industries Polaris IPLW, ITW, ISPB, or ISPC 

series or equal. 

b. Gel splices consisting of a hydraulically crimped connector covered with a sealant gel 

and protective cover.  The sealant gel shall seal upon contact to protect the splice 

from moisture.  The gel shall be contained within a protective polypropylene 
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enclosure.  Splice shall be qualified to ANSI  C119.1 for underground splicing and 

shall be UV resistant.  Provide NSI Industries series WAGS, ESGS, ESGHS or equal. 

c. Poured splices consisting of a hydraulically crimped connector placed inside of a 

protective mold which is then filled with a waterproof polyurethane or resin.  The 

polyurethane or resin shall be a liquid that when mixed that reacts to set into a solid, 

insulating  material around the splice.  The splice shall be listed to UL 486D for 

direct burial.  Provide 3M series Scotchcast, Uraseal series ES, or equal. 

2.3 TERMINATIONS 

A. Compression type solderless lugs shall be tin plated cast copper and U.L. listed for the 

application.  Terminal lugs shall have a temperature rating  that is equal or greater than that of 

the wire and terminal equipment. 

PART 3  EXECUTION 

3.1 CONDUCTOR DERATING 

A. Conductors shown on the drawings are based on no more than three current carrying conductors 

in a raceway.  If the Contractor chooses to combine homeruns resulting in more than three 

current carrying conductors in a raceway then the Contractor shall apply the NEC derating 

factors for more than three current carrying conductors in a raceway 

3.2 INSTALLATION 

A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated. 

B. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 

must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended 

maximum pulling tensions and sidewall pressure values.  Monitor pulling tension on cables 

sized 250 MCM and larger on pulls over 300 feet. 

C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that will 

not damage cables or raceway. 

3.3 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 

486A and UL 486B. 

B. Terminations:  Terminate stranded wire at screw terminals with compression type lugs.  

Terminations made by looping stranded wire around a terminal screw are not acceptable. 

C. Make splices and taps that are compatible with conductor material and that possess equivalent 

or better mechanical strength and insulation ratings than unspliced conductors. 

3.4 MC CABLE INSTALLATION 

A. Type MC cable shall only be used in the following locations: 

1. For 120 volt and 277 volt, 15- and 20-ampere lighting and receptacle circuits within a 

particular room or space.  Homerun circuit from the room or space shall be installed in 

conduit. 

2. For 120 volt and 277 volt, 15- and 20-ampere light fixture “whips” from a junction box to 

a light fixture. 

3. For “fishing” circuits through inaccessible spaces in existing construction. 
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B. Do not install PVC jacketed cables in plenums or spaces used for environmental air. 

3.5 TESTS 

A. General:  Test all conductors of each feeder or circuit rated 50 amperes and larger by applying 

500 volts direct-current to the conductor with a megohm meter (megger).  Conduct test after 

conductor is pulled and spliced, but prior to connection to any transformers, switchgear, 

switchboards, motor control centers, starters, capacitors, surge arresters, motors or any other 

equipment. 

B. Procedure:  Test in accordance with the megohm meter manufacturer's instructions. 

C. Test Equipment:  Provide megohm meter, test personnel, and all other equipment required to 

perform the tests.  Resident Project Representative and/or Owner shall witness each test. 

D. Damage During Testing:  Conduct test in accordance with test equipment manufacturer's 

instructions.  Replace any conductor, materials, or equipment damaged during testing. 

E. Test Results:  Provide test results that include the following information as a minimum: 

1. Date 

2. Names of testing personnel. 

3. Test procedures used. 

4. Conductor designation including circuit and phase. 

5. Conductor description. 

6. Temperature at time of test. 

7. Megohm reading. 

8. Brand, model number, and serial number of test equipment. 

9. Meter calibration report indicating valid and current NIST certification. 

10. Signature of testing personnel. 

11. Signature of witness. 

F. Review of Test Results:  Architect/Engineer shall review all test results.  Megohm values of 

less than 20 megohms are not acceptable.  Replace any unacceptable conductors or splices and 

test the conductor when repairs are complete. 

END OF SECTION 
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SECTION 26 0526 

GROUNDING AND BONDING 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes grounding of electrical systems and equipment.  Grounding requirements 

specified in this Section may be supplemented by special requirements of systems described in 

other Sections. 

1.2 SUBMITTALS 

A. Product Data:  For the following: 

1. Ground rods. 

2. Grounding conductors and cables 

3. Connector products 

B. Shop Drawings: 

1. Descriptive information which states conformance to codes, recognized testing or 

manufacturing standards. 

2. Manufacturer's name and catalog cuts listing type, model No., catalog No., finish, 

performance data. 

C. Field Test Reports:  Submit written test reports to include the following: 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

4. Description of equipment used. 

5. Calibration certificates for equipment used. 

6. Personnel and their qualifications. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

1. Comply with UL 467. 

PART 2  PRODUCTS 

2.1 GROUNDING AND BONDING CONDUCTORS 

A. For insulated conductors, comply with Division 26 SECTION "Conductors and Cables". 

B. Material:  Copper. 

C. Equipment Grounding Conductors:  Insulated with green-colored insulation. 

D. Isolated Ground Conductors:  Insulated with green-colored insulation with yellow stripe.  On 

feeders with isolated ground, use colored tape, alternating bands of green and yellow tape to 

provide a minimum of three bands of green and two bands of yellow. 
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E. Grounding Electrode Conductors:  Stranded cable. 

F. Underground Conductors:  Bare stranded soft drawn copper. 

G. Bare Copper Conductors:  Comply with the following: 

1. For Solid Conductors:  ASTM B 3. 

2. For Assembly of Stranded Conductors:  ASTM B 8. 

H. Ground Conductor and Conductor Protector for Wood Poles: 

1. No. 4 AWG minimum, soft-drawn copper conductor. 

2. Conductor protector:  Wood, use pressure-treated fir, or cypress or cedar. 

I. Grounding Bus:  Bare, annealed copper bars of rectangular cross section, with insulators. 

J. Protect exposed ground conductors in exterior locations to a height of 3'-0" minimum above 

grade with Schedule 40 PVC conduit or wood molding designed for the purpose. 

2.2 CONNECTOR PRODUCTS 

A. Comply with IEEE 837 and UL 467; listed for use for specific types, sizes, and combinations of 

conductors and connected items. 

B. The following type of connectors may be used: 

1. Bolted pressure-type. 

2. Compression-type connectors, terminals and lugs shall be tin plated copper. 

3. Exothermic-welded type, in kit form, and selected per manufacturers written instructions. 

2.3 GROUNDING RODS 

A. Ground Rods:  Copper-clad steel unless otherwise noted. 

1. .Size:  3/4 by 120 inches (19 by 3000 mm) in diameter. 

B. Ground Rods:  Sectional type;  Copper-clad steel unless otherwise noted. 

1. Size:  3/4 by 120 inches (19 by 3000 mm) in diameter. 

2.4 GROUND WELLS 

A. Ground well.  Where indicated, provide a concrete or plastic composite ground well with a 

minimum 10” diameter and a minimum 12” deep.  Ground well and cover shall meet the live 

load requirements of AASHTO H-10.  Cover shall have “Ground” stamped or cast on top 

surface.  Provide a 6”x6” concrete, grade level collar around ground wells not installed in 

paved areas. 

PART 3  EXECUTION 

3.1 APPLICATION 

A. Use only copper conductors. 

B. In raceways, use insulated equipment grounding conductors. 

C. Direct Buried and Underground Connections: Use Exothermic-Welded Connections, except 

those at ground wells. 

D. Connections to Structural Steel:  Use Exothermic-Welded connections or bolted pressure 

connections. 

E. Equipment Grounding Conductor Terminations:  Use bolted pressure clamps. 

F. Ground Rod Clamps at Ground Wells:  Use bolted pressure clamps with at least two bolts. 
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3.2 EQUIPMENT GROUNDING CONDUCTORS 

A. Comply with NFPA 70, Article 250, for types, sizes, and quantities of equipment grounding 

conductors, unless specific types, larger sizes, or more conductors than required by NFPA 70 

are indicated. 

B. Install equipment grounding conductors in all feeders and circuits. 

C. Isolated Grounding Receptacle Circuits:  In addition to an equipment grounding conductor, 

install an insulated equipment grounding conductor connected to the receptacle’s isolated 

grounding terminal.  Isolate grounding conductor from raceway and from panelboard grounding 

terminals.  Terminate at equipment grounding conductor terminal of the applicable derived 

system or service, unless otherwise indicated. 

D. Metal Poles Supporting Outdoor Lighting Fixtures:  Provide a grounding rod in addition to 

installing a separate equipment grounding conductor with supply branch-circuit conductors. 

E. Common Ground Bonding with Lightning Protection System:  Bond electrical power system 

ground directly to lightning protection system grounding conductor at closest point to electrical 

service grounding electrode.  Use bonding conductor sized same as system grounding electrode 

conductor. 

3.3 SIGNAL AND COMMUNICATION SYSTEMS 

A. For telephone, alarm, voice and data, and other communication systems, provide No. 6 AWG 

minimum insulated grounding conductor from grounding electrode system to each service 

location, terminal cabinet, wiring closet, and central equipment location. 

3.4 INSTALLATION 

A. Ground Rods:  At exterior locations drive ground rods until tops are 12 inches (50 mm) below 

final grade, unless otherwise indicated.  Where multiple ground rods are required to meet 

resistance requirements, install ground rods a minimum of 6 feet apart.  Interconnect ground 

rods with grounding electrode conductors. 

B. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise 

indicated.  Avoid obstructing access or placing conductors where they may be subjected to 

strain, impact, or damage. 

C. Bonding Straps and Jumpers:  Install so vibration by equipment mounted on vibration isolation 

hangers and supports is not transmitted to rigidly mounted equipment.  Use exothermic-welded 

connectors for outdoor locations, unless a disconnect-type connection is required; then, use a 

bolted clamp.  Bond straps directly to the basic structure taking care not to penetrate any 

adjacent parts.  Install straps only in locations accessible for maintenance. 

D. Metal Water Service Pipe:  Provide grounding electrode conductor from the building's 

grounded service conductor at the main electric service equipment to the buildings main metal 

water service entrance.  Connect grounding electrode conductors to main metal water service 

pipe with grounding clamp connectors.  Where a dielectric main water fitting is installed, do 

not connect grounding electrode conductor to the street side of the water service pipe.  Bond 

interior metal water piping system as required by the NEC. 

E. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  

Connect to pipe with grounding clamp connectors. 

F. When grounding conductors are installed in metal conduit, bond conduit at each end to the 

grounding conductor. 

G. Bond interior metal piping systems, including above ground gas piping system as required by 

the NEC. 



 

Stiefel Theater Tower Reconstruction 

Salina, KS 

26 0526 - 4 GROUNDING AND BONDING 
JGR No. 19-3007 

 

3.5 UFER GROUND 

A. Concrete-Encased Grounding Electrode:  Fabricate according to NFPA 70, Article 250. Bond 

grounding conductor to reinforcing steel with an exothermic weld or grounding clamps 

approved for the application in at least four locations.  Connections to anchor bolts shall be 

made with bolted grounding clamps approved for the application.  Extend grounding conductor 

below grade and connect to building grounding grid or to a grounding electrode external to 

concrete. 

3.6 CONNECTIONS 

A. General:  Make connections so galvanic action or electrolysis possibility is minimized.  Select 

connectors, connection hardware, conductors, and connection methods so metals in direct 

contact will be galvanically compatible. 

1. Use electroplated or tinned materials. 

2. Make connections with clean, bare metal at points of contact. 

3. Coat and seal connections having dissimilar metals with bitimus mastic or similar 

waterproofing material to prevent future penetration of moisture to contact surfaces. 

B. Exothermic-Welded Connections:  Comply with manufacturers written instructions.  Welds that 

are puffed up or that show convex surfaces indicating improper cleaning are not acceptable.  

Pull conductor and tap connection with a hammer to confirm a good weld.  Molds shall be 

designed for the connection being made. 

C. Equipment Grounding Conductor Terminations:  For No. 8 AWG and larger, use pressure-type 

grounding lugs.  No. 10 AWG and smaller grounding conductors may be terminated with 

winged pressure-type connectors. 

D. If metallic raceways terminate at metal housings without an electrical connection to housing, 

terminate each conduit with a grounding bushing.  Connect grounding bushings with a bare 

grounding conductor to grounding bus or terminal in housing.  Bond electrically noncontinuous 

conduits at entrances and exits with grounding bushings and bare grounding conductors, unless 

otherwise indicated. 

E. Tighten screws and bolts for grounding and bonding connectors and terminals according to 

manufacturer's published torque-tightening values.  If manufacturer's torque values are not 

indicated, use those specified in UL 486A. 

F. Compression-Type Connections:  Use hydraulic compression tools to provide correct 

circumferential pressure for compression connectors.  Use tools and dies recommended by 

connector manufacturer.  Provide embossing die code or other standard method to make a 

visible indication that a connector has been adequately compressed on grounding conductor. 

G. Moisture Protection:  If insulated grounding conductors are connected to ground rods or 

grounding buses, insulate entire area of connection and seal against moisture penetration of 

insulation and cable. 

H. Underground connections shall be U.L. listed for underground use. 

I. Twisting ground wires together as the only means of connection is not acceptable. 

3.7 FIELD QUALITY CONTROL 

A. Testing:  Owner will engage a qualified testing agency to perform the following field quality-

control testing: 

B. Testing:  Engage a qualified testing agency to perform the following field quality control 

testing: 

C. Testing:  Perform the following field quality control testing: 
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1. After installing grounding system but before permanent electrical circuitry has been 

energized, test for compliance with requirements. 

2. Test completed grounding system at each location where a maximum ground-resistance 

level is specified, at service disconnect enclosure grounding terminal, and at ground wells.  

Measure ground resistance not less than two full days after the last trace of precipitation, 

and without the soil being moistened by any means other than natural drainage or seepage 

and without chemical treatment or other artificial means of reducing natural ground 

resistance.  Perform tests according to the InterNational Electrical Testing Association. 

3. Provide drawings locating each ground rod and ground rod assembly and other grounding 

electrodes, identify each by letter in alphabetical order, and key to the record of tests and 

observations.  Include the number of rods driven and their depth at each location and 

include observations of weather and other phenomena that may affect test results.  

Describe measures taken to improve test results. 

4. Maximum ground resistance shall be as follows: 

a. Equipment Rated 500 kVA and Less:  10 ohms. 

b. Equipment Rated 500 to 1000 kVA:  5 ohms. 

c. Equipment Rated More Than 1000 kVA:  3 ohms. 

d. Substations and Pad-Mounted Switching Equipment:  5 ohms. 

e. Manhole Grounds:  10 ohms. 

5. Excessive Ground Resistance:  When the required ground resistance is not met, additional 

electrodes shall be provided to achieve the specified ground resistance.  The additional 

electrodes shall be a minimum of 6 feet apart and meet the requirements of this 

specification. 

END OF SECTION 
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SECTION 26 0533 

RACEWAYS AND BOXES 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1.2 SUBMITTALS 

A. Product Data:  For conduit, surface raceways, wireways and fittings, floor boxes, hinged-cover 

enclosures, and cabinets. 

B. Shop Drawings: 

1. Descriptive information that states conformance to codes, recognized testing, or 

manufacturing standards. 

2. Manufacturer's name and catalog cuts listing type, model No., catalog No., materials, 

styles, finish. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

1.4 COORDINATION 

A. Coordinate layout and installation of raceways, boxes, enclosures, cabinets, and suspension 

system with other construction that penetrates ceilings or is supported by them, including light 

fixtures, HVAC equipment, fire-suppression system, and partition assemblies. 

PART 2  PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Rigid Metal Conduit (RMC) - Steel:  ANSI C80.1. 

B. Rigid Metal Conduit (RMC) - Aluminum:  ANSI C80.5. 

C. Intermediate Metal Conduit (IMC):  ANSI C80.6. 

D. PVC-Coated Steel Conduit and Fittings: 

1. Material:  Conduit shall conform to NEMA RN1.  Conduit shall be rigid galvanized steel 

coated on the exterior with PVC, 40 mils nominal thickness.  Conduit interior shall be 

coated with urethane, 2 mils nominal thickness. 

2. Fittings shall conform to NEMA RN1 and shall have the same exterior and interior 

coatings as the conduit.  Fittings shall be of the same manufacturer as the conduit. 

3. Pipe straps and other accessories shall be PVC coated.  All threads shall be protected from 

corrosion.  Anchor bolts and fasteners shall be stainless steel. 

E. PVC-Coated IMC and Fittings:  NEMA RN 1. 

F. Electrical Metallic Tubing (EMT) and Fittings:  ANSI C80.3. 
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1. Fittings:  Compression type only.  Hydraulically crimped or set screw connections are not 

acceptable. 

G. Flexible Metal Conduit (FMC):  Zinc-coated steel. 

H. Liquidtight Flexible Metal Conduit (LFMC):  Flexible steel conduit with oil-proof PVC jacket. 

I. Flexible Couplings (Hazardous Location):  Couplings for connection to vibrating equipment 

shall be stainless steel. Couplings shall be rated Class I Division 1 & 2 Groups A,B,C,D;  Class 

II Division 1 & 2 Groups E,F,G;  Class III;  and watertight. 

J. Fittings:  NEMA FB 1; compatible with conduit and tubing materials. 

2.2 NONMETALLIC CONDUIT AND TUBING 

A. Rigid Non-metallic Conduit (RNC):  NEMA TC2, Schedule 40 and Schedule 80 PVC. 

B. RNC Fittings:  NEMA TC 3; match to conduit type and material. 

C. High Density Polyethylene (HDPE): UL 651A, Schedule 80.  Couplings shall be pressure tight 

rated to 200 psi and suitable for direct burial. 

D. Electrical Nonmetallic Tubing (ENT) is not acceptable. 

2.3 METAL WIREWAYS 

A. Material and Construction:  Sheet metal sized and shaped as indicated. Indoor enclosures shall 

be rated NEMA 1 and outdoor or wet location enclosures shall be rated NEMA 3R unless 

otherwise indicated. 

B. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-

down straps, end caps, and other fittings to match and mate with wireways as required for 

complete system. 

C. Select features, unless otherwise indicated, as required to complete wiring system and to 

comply with NFPA 70. 

D. Wireway Covers:  Flanged-and-gasketed type. 

E. Finish:  Manufacturer's standard enamel finish. 

2.4 SURFACE RACEWAYS 

A. General:  Raceway shall be compact, shaped like molding to blend with wall and ceiling 

construction.  Provide surface raceway systems complete with fittings, boxes, adapters for use 

with existing boxes, and all accessories necessary for a complete and finished installation.  

Boxes shall be suitable for surface mounting at locations shown.  Provide the manufacturers 

standard mounting straps, assemblies, covers, elbows, couplings, support clips, tee’s and box 

connectors. 

2.5 BOXES AND ENCLOSURES 

A. Enclosure ratings:  NEMA 250. 

B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, Type FD, with gasketed cover. 

D. Nonmetallic Outlet and Device Boxes:  Shall not be used. 

E. Junction and Pull Boxes: 

1. Boxes less than 100 cubic inches:  NEMA OS 1. 

2. Boxes larger than 100 cubic inches: UL 50. 

3. Screw covers shall be used unless otherwise indicated on drawings. 
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F. Floor Boxes:  Cast metal, fully adjustable, with 2 separate power/data/communications service 

compartments.  Fully gasket door openings shall meet UL 514A scrub water exclusion test 

standards. 

2.6 FACTORY FINISHES 

A. Finish:  For raceway, enclosure, or cabinet components, provide manufacturer's standard grey 

paint applied to factory-assembled surface raceways, enclosures, and cabinets before shipping. 

2.7 WEATHERPROOF HUBS 

A. Provide weatherproof hubs for any conduit entry on the top of all enclosures located in damp or 

wet locations. 

PART 3  EXECUTION 

3.1 RACEWAY APPLICATION 

A. General:   Use of any of the conduit types in accordance with NEC, Articles 342 through 360, is 

acceptable with the following exceptions. 

1. EMT shall not be installed in concrete, in wet locations as defined by NEC, in wet 

locations as noted on the Drawings, or in direct contact with the earth. 

2. Nonmetallic conduit shall only be installed underground or encased within poured 

concrete structures.  Nonmetallic conduit shall be adapted to the appropriate type of metal 

conduit before it emerges from concealment.  All elbows shall be metallic. 

B. Outdoors, damp: 

1. Exposed:  RMC or IMC. 

2. Concealed:  RMC or IMC. 

3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 

4. Boxes and Enclosures:  NEMA 3R unless otherwise indicated. 

C. Outdoors, wet: 

1. Exposed:  RMC or IMC. 

2. Concealed:  RMC or IMC. 

3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 

4. Boxes and Enclosures:  NEMA 3R unless otherwise indicated. 

D. Indoors, dry: 

1. Exposed:  EMT. 

2. Concealed:  EMT. 

3. Connection to Vibrating Equipment Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment:  FMC. 

4. Connections to light fixtures above accessible ceilings:  FMC. 

5. Boxes and Enclosures: Type 1 unless otherwise indicated. 

E. Indoors, damp: 

1. Exposed:  RMC or IMC. 

2. Concealed:  RMC or IMC. 

3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):   use LFMC. 

4. Connections to light fixtures above accessible ceilings:  FMC. 
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5. Boxes and Enclosures:  Type 4, unless otherwise indicated. 

F. Indoors, wet: 

1. Exposed:  RMC or IMC. 

2. Concealed:  RMC or IMC. 

3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):   use LFMC. 

4. Connections to light fixtures above accessible ceilings:  FMC. 

5. Boxes and Enclosures:  Type 4, unless otherwise indicated. 

G. Raceways Embedded in floor slabs:  Install in middle 1/3 of slab thickness where practical and 

provide at least 2 inches (50 mm) of concrete top cover and 1 inch bottom concrete cover.  If 

the contractor cannot meet these criteria, do not embed conduits in floor slabs. 

1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete 

placement. 

2. Space raceways laterally to prevent voids in concrete. 

3. Conduit shall be a minimum of 1-inch trade size. 

4. Nonmetallic conduit shall be adapted to the appropriate type of metal conduit before it 

emerges from concealment. 

5. Lateral spacing of conduits shall not be less than three conduit diameters. 

H. Conduits installed below floor slabs:    Where specifically permitted or shown, conduits shall be 

placed a minimum of 4 inches below the floor slab.  Conduits shall have sufficient cover to 

prevent floating when concrete is poured. 

1. Nonmetallic conduit shall conform to RNC Schedule 80 and shall be joined with solvent 

cement. 

2. Sufficiently cover or secure raceways to prevent sagging or shifting during concrete 

placement. 

3. Conduit shall be a minimum of 1-inch trade size. 

4. Nonmetallic conduit shall be adapted to the appropriate type of metal conduit before it 

emerges from concealment. 

5. Lateral spacing of conduits shall not be less than three conduit diameters. 

I. Conduit Penetrations:  All conduits penetrating through floor slabs, concrete walls or grade 

shall be galvanized rigid steel with factory PVC coating or wrapped with PVC tape.  Coating 

shall extend 2 inches minimum above slab or finished grade.  PVC tape shall be 3M Scotchrap 

50 (10 mils) or equal.  Conduit shall be cleaned and painted with 3M Scotchrap pipe primer and 

tape shall be half-lapped to provide a minimum of 20 mils coating at any point on the conduit.  

Adapters from buried PVC conduit to galvanized rigid steel conduit shall be wrapped with PVC 

tape after assembly. 

J. Conduit Installed Underground (Exterior of Buildings) – Concrete Encased: 

1. Use:  Unless otherwise indicated on the Drawings, all conduits underground on the 

exterior of building foundations shall be concrete encased. 

2. Material:  RMC, IMC, PVC coated RMC, or nonmetallic.  Nonmetallic conduit shall 

conform to RNC Schedule 80.  Nonmetallic conduit and fittings shall be joined by solvent 

cement. 

3. Concrete Encasement:  Concrete encasement shall extend at least 2 inches beyond all 

conduit surfaces. 

4. Concrete Dye:  Concrete mix shall contain red dye to color the concrete a distinctive, 

permanent, red color. 

5. Size:  One-inch nominal size minimum. 

6. Depth:  Top of concrete encasement at 30 inches minimum below finished grade. 
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7. Marking:  Underground conduit routes shall be marked with tape printed with 

identification lettering as specified in SECTION “Electrical Identification”.  Tape shall be 

buried 8 to 10 inches below the surface over the entire length of the conduit. 

8. Tracing Wire:  Provide a #14 AWG THWN tracing wire placed in the trench with the 

conduit.  Route the wire through intermediate handholes.  Route the wire to above grade at 

each end of the conduit run and coil at least 12 inches at an accessible location.  Identify 

as “Trace Wire” with a tag or label.  Place wire in trench on top of the concrete 

encasement. 

9. Cleaning:  All conduits including spares shall be cleaned.  A mandrel, not less that 12 

inches long and diameter of ½ inch less that the diameter of the conduit shall be pulled 

through the conduit.  Following the mandrel, a brush with stiff bristles shall be pulled 

through the conduit to clean out debris.  Blocked conduits shall be replaced. 

K. Conduit Installed Underground (Exterior of Buildings) – Direct Buried: 

1. Use:  Only where indicated on the Drawings may conduits be installed direct buried on the 

exterior of building foundations. 

2. Material:  PVC coated RGS or RNC Schedule 80.  Nonmetallic conduit and fittings shall 

be joined by solvent cement. 

3. Size:  2-inch nominal size minimum. 

4. Depth:  Top of conduit at 30 inches minimum below finished grade. 

5. Marking:  Underground conduit routes shall be marked with tape printed with 

identification lettering as specified in “Electrical Identification”.  Tape shall be buried 8 to 

10 inches below the surface over the entire length of the conduit. 

6. Tracing Wire:  Provide a #14 AWG THWN or THHN tracing wire placed in the trench 

with the conduit.  Route the wire through intermediate handholes.  Route the wire to above 

grade at each end of the conduit run and coil at least 12 inches at an accessible location.  

Identify as “Trace Wire” with a tag or label. 

7. Cleaning:  All conduits including spares shall be cleaned.  A mandrel, not less that 12 

inches long and diameter of ½ inch less that the diameter of the conduit shall be pulled 

through the conduit.  Following the mandrel, a brush with stiff bristles shall be pulled 

through the conduit to clean out debris.  Blocked conduits shall be replaced. 

L. Conduit Installed Underground (Exterior of Buildings) – Directional Bore: 

1. Use:  Where specifically noted on the drawings, provide conduit installed by directional 

bore. 

2. Material:  UL Listed Schedule 80 PVC.  Nonmetallic conduit and fittings shall be joined 

by solvent cement.  HDPE shall be joined with UL approved fittings. 

3. Size:  2-inch nominal size minimum. 

4. Depth:  Top of conduit at 30 inches minimum below finished grade. 

M. Minimum Raceway Size:  3/4-inch trade size (DN 21). 

N. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise 

indicated. 

2. EMT:  Use compression fittings only.  Set screw fittings are not acceptable. 

O. Install nonferrous conduit or tubing for circuits operating above 60 Hz.  Where aluminum 

raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve. 

P. Do not install aluminum conduits embedded in or in contact with concrete or earth. 
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3.2 INSTALLATION 

A. Keep raceways at least 8 inches (150 mm) away from parallel runs of flues and steam or hot-

water pipes.  Install horizontal raceway runs above water and steam piping. 

B. Complete raceway installation before starting conductor installation. 

C. Support raceways as specified in Division 26 SECTION "Basic Electrical Materials and 

Methods". 

D. Install temporary closures to prevent foreign matter from entering raceways. 

E. Protect stub-ups from damage where conduits rise through floor slabs.  Arrange so curved 

portions of bends are not visible above the finished slab. 

F. Make bends and offsets so ID is not reduced.  Keep legs of bends in the same plane and keep 

straight legs of offsets parallel, unless otherwise indicated. 

G. Conceal conduit within finished walls, ceilings, and floors, unless otherwise indicated. 

1. Install concealed raceways with a minimum of bends in the shortest practical distance, 

considering type of building construction and obstructions, unless otherwise indicated. 

2. Conduits in unfinished areas associated with exposed equipment, and raceways on open 

ceiling construction, may be installed exposed. 

H. Install conduits exposed and boxes surface mounted unless otherwise specified or shown. 

I. RMC and IMC:  Support and securely fasten in place at intervals not to exceed 10'-0". 

J. EMT:  Support and securely fasten in place at intervals not to exceed 5'-0". 

K. PVC Coated Conduit: Conduit system shall be installed in accordance with manufacturer's 

recommendations and care shall be used to prevent damage to the coatings.  Any damage to 

interior or exterior coatings shall be repaired with manufacturer-approved materials. 

L. Install exposed raceways parallel or at right angles to nearby surfaces or structural members 

and follow surface contours as much as possible. 

1. Run parallel or banked raceways together on common supports. 

2. When bending parallel conduits, all conduit bends shall have the same radius or concentric 

bends. 

3. Raceway installation shall not obstruct light fixtures, electrical equipment and mechanical 

assemblies. 

M. Join raceways with fittings designed and approved for that purpose and make joints tight. 

1. Use insulating bushings to protect conductors. 

N. Terminations: 

1. Where raceways are terminated with locknuts and bushings, align raceways to enter 

squarely and install locknuts with dished part against box.  Use two locknuts, one inside 

and one outside box. 

2. Where raceways are terminated with threaded hubs, screw raceways or fittings tightly into 

hub so end bears against wire protection shoulder.  Where chase nipples are used, align 

raceways so coupling is square to box; tighten chase nipple so no threads are exposed. 

O. Install pull lines in empty raceways.  Use polypropylene or monofilament plastic line with not 

less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each 

end of pull line and tie to a support so that the line can not slip into conduit. 

P. Telephone and Signal System Raceways, 2-Inch Trade Size (DN 53) and Smaller:  In addition 

to above requirements, install indoor raceways in maximum lengths of 150 feet (45 m) and with 

a maximum of two 90-degree bends or equivalent.  Separate lengths with pull or junction boxes 

where necessary to comply with these requirements. 
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Q. Install raceway-sealing fittings at suitable, approved, and accessible locations and fill them with 

UL-listed sealing compound.  For concealed raceways, install each fitting in a flush steel box 

with a blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install 

raceway-sealing fittings at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 

spaces. 

2. Hazardous locations or where otherwise required by NFPA 70. 

R. Stub-up connections:  Stub-up conduits a minimum of 2” above floor or equipment pad of free 

standing equipment.  Provide bushings on metallic conduit, and provide caps for spare conduits. 

S. Flush Stub-up Connections:  Where indicated as a flush stub up, Extend conduits through 

concrete floor for connection to freestanding equipment.  Install with an adjustable top or 

coupling threaded inside for plugs set flush with finished floor.  Install screwdriver-operated, 

threaded plugs flush with floor for future equipment connections. 

T. All conduit stub-outs and sleeves for wiring not installed in raceways shall have bushings 

installed on the end of each conduit where not connected to a box or fitting.  Bushings shall be 

securely fastened to the conduit and shall be threaded or hammer-on type. 

U. Flexible Connections:  Use maximum of 72 inches (1830 mm) of flexible conduit for recessed 

and semi-recessed lighting fixtures. 

V. Set floor boxes level and flush with finished floor surface. 

W. Install hinged-cover enclosures and cabinets plumb.  Support at each corner. 

X. Fire Rated Penetrations:  Where conductor raceways or cable trays penetrate fire rated wall or 

floor assemblies, openings shall be firestopped with UL listed sealants, barriers, or other 

devices specifically approved for the purpose. 

Y. Temperature: 

1. Conduits exposed to changes in temperature or attached to structures that may expand or 

contract shall be provided with expansion fittings. 

2. Nonmetallic or PVC coated conduits shall not be installed in areas where the temperature 

may exceed 122 degrees F for extended periods of time. 

Z. Provide raceway expansion joints where raceway crosses building and structural expansion 

joints. 

3.3 PENETRATION SLEEVES 

A. Sleeves:  Furnish sleeves for conduit passing through concrete walls, partitions, beams, floors 

and roof while same are under construction.  A conduit sleeve shall be one size larger than the 

size of conduit which it serves except where sealing bushings are used in sleeves through walls 

below grade.  Sleeves are not required for conduits installed before the wall, partition, floor, or 

roof is constructed. 

B. Sleeves Set in Concrete Floor:  Sleeves shall be 18-gauge galvanized steel or PVC.  Sleeves 

shall extend 2 inches above the finished floor.  Conduit passing through concrete or masonry 

walls shall have Schedule 40 galvanized steel sleeves.  Sleeves shall be set flush with finished 

wall.  If holes and sleeves are not properly installed and cutting and patching become 

necessary, it shall be done at no expense to Owner.  Undertake no cutting or patching without 

first securing approval.  Where penetrations must be waterproofed, properly caulk with oakum 

and run full of asphalt mastic or silicone rubber caulking. 

C. Sleeves Penetrating Walls Below Grade:  Sleeves shall be Schedule 40 black steel pipe with 

1/4-inch thick steel plate secured to the pipe with continuous fillet weld or a factory made 

sealing fitting employing pressure rings and sealing grommet.  The plate shall be located in the 
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middle of the wall and shall be 1/4-inch wider all around than the sleeve which it encircles.  

The entire assembly shall be hot-dipped galvanized after fabrication. 

3.4 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 

without damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 

2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 

3.5 CLEANING 

A. After completing installation of exposed, factory-finished raceways and boxes, inspect exposed 

finishes and repair damaged finishes.  Match factory finish with same material and color. 

END OF SECTION 
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SECTION 26 4113 

LIGHTNING PROTECTION FOR STRUCTURES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Strike (air) terminals and interconnecting conductors. 

B. Grounding and bonding for lightning protection. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0526 - Grounding and Bonding for Electrical Systems:  Electrical system grounds. 

B. Surge Protection for Wiring Systems:  Specified in individual system requirements. 

1.3 REFERENCE STANDARDS 

A. NFPA 780 - Standard for the Installation of Lightning Protection Systems; 2017. 

B. UL 96 - Lightning Protection Components; Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination with Roofing Work:  Ensure adequate attachment of strike terminals and 

conductors without damage to roofing. 

B. Preinstallation Meeting:  Convene a meeting at least at least two weeks prior to commencement 

of any work affected by lightning protection system requirements to discuss prerequisites and 

coordination required by other installers; require attendance by representatives of installers 

whose work will be affected. 

1.5 SUBMITTALS 

A. Shop Drawings:  Indicate location and layout of air terminals, grounding electrodes, and 

bonding connections to structure and other metal objects.  Include terminal, electrode, and 

conductor sizes, and connection and termination details. Shop drawings for the installation shall 

be sealed by a Kansas registered professional engineer. 

1. Include data on actual ground resistance determined by field measurement in accordance 

with NFPA 780. 

2. Include engineering analysis of equalization of potential to metal bodies within the 

structure. 

3. Include access panels, test holes, and disconnecting means for maintenance. 

B. Product Data:  Provide dimensions and materials of each component, indication of testing 

agency listing, and installation instructions. 

C. Manufacturer's Certificate:  Certify that products meet or exceed specified requirements. 

D. Installation Certification:  Submit copy of certification agency's approval. 

E. Operation and Maintenance Data:  Provide recommended inspection and testing plan, including 

recommended intervals, to achieve periodic maintenance as recommended in NFPA 780; 

provide customized plan reflecting actual installation configuration with specific installed 

components identified. 

F. Project Record Documents:  Record actual locations of air terminals, grounding electrodes, 

bonding connections, and routing of system conductors in project record documents. 

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%2096
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
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1.6 QUALITY ASSURANCE 

A. Maintain one copy of each referenced system design standard on site. 

B. Manufacturer Qualifications:  Company specializing in lightning protection equipment with 

minimum five years documented experience. 

C. Designer Qualifications:  Person or entity, employed by installer, who specializes in lightning 

protection system design with five documented experience. 

D. Installer Qualifications:  Capable of providing the specified certification of the installed system. 

PART 2  PRODUCTS 

2.1 LIGHTNING PROTECTION SYSTEM 

A. Lightning Protection System:  Provide complete system complying with NFPA 780, including 

air terminals, bonding, interconnecting conductors and grounding electrodes. 

1. Provide system that protects: 

a. The new masonry / steel tower structure located on the southwest corner of the 

existing building. 

b. Metal structure mounted on top of renovated masonry tower. 

2. Coordinate with other grounding and bonding systems specified. 

3. Determine ground resistance by field measurement. 

4. Provide copper, bronze, or stainless steel components, except where aluminum is allowed 

by NFPA 780. 

5. Provide disconnecting means and access panels or similar devices to allow complete 

periodic inspection and testing as described by NFPA 780 Annex D. 

6. Provide system certified by Underwriters Laboratories or the Lightning Protection 

Institute. 

B. Strike Terminals:  Provide strike (air) terminals as designed and indicated on the system shop 

drawings.: 

1. Roofs. 

2. Tower Structure. 

2.2 COMPONENTS 

A. All Components:  Complying with applicable requirements of UL 96. 

B. Strike (Air) Terminals:  Aluminum, solid, with adhesive bases for single-ply roof installations. 

C. Grounding Rods:  Solid copper. 

D. Ground Plate:  Copper. 

E. Conductors:  Aluminum cable. 

F. Connectors and Splicers:  Aluminum – Compatible with the aluminum cable. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as indicated on shop drawings. 

B. Coordinate work with installation of roofing and exterior and interior finishes. 

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%2096
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3.2 INSTALLATION 

A. Install in accordance with referenced system standards and as required for specified 

certification. 

B. Connect conductors using mechanical connectors or exothermic welding process; protect 

adjacent construction elements and finishes from damage. 

C. Coordinate the installation / location of the vertical down cabling with the owner.   

3.3 FIELD QUALITY CONTROL 

A. Perform visual inspection as specified in NFPA 780 as if this were a periodic follow-up 

inspection. 

B. Perform continuity testing as specified in NFPA 780 as if this were testing for periodic 

maintenance. 

END OF SECTION 

 

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%20780
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SECTION 26 5500 

DMX LIGHTING CONTROL SYSTEM 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes general electrical requirements, and specific requirements for the DMX 

dimming and lighting control system. 

1.2 SUBMITTALS 

A. Product Data:  Illustrate and indicate style, material, strength, fastening provision, and finish for 

each type and size of electrical component used. 

B. Shop Drawings: 

1. Descriptive information that states conformance to codes, recognized testing, or 

manufacturing standards. 

2. Manufacturer's name and catalog cuts listing type, model No., catalog No., materials, 

styles, finish. 

C. Field Test Reports:  Indicate and interpret test results for compliance with performance 

requirements. 

D. Review submittals for equipment furnished under other Sections prior to installation and 

electrical rough-in.  Verify location, size, and type of connections.  Coordinate details of 

equipment connections with supplier and installer. 

E. Contractor shall note any deviations from the requirements of the contract plans and 

specifications. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories shall be listed and labeled as defined in NFPA 

70, Article 100, by a testing agency acceptable to authorities having jurisdiction such as 

Underwriters Laboratories, Inc., and marked for intended use. 

B. Perform Work in accordance with the current edition of the National Electrical Code (NEC) and 

the National Electrical Safety Code (NESC). 

C. Perform Work in accordance with local ordinances, codes and statutes. 

D. Work shown and specified in these Contract Documents establishes the minimum standard of 

construction.  Comply with any additional requirements of the codes or local requirements. 

E. Contractor shall provide a two-year limited warranty for the entire system.  Provide full parts 

and labor warranty for the first year and a parts warranty for year two. 

1.4 COORDINATION 

A. Coordinate chases, slots, inserts, sleeves, and openings with general construction work and 

arrange in building structure during progress of construction to facilitate the electrical 

installations that follow: 

1. Set inserts and sleeves in poured-in-place concrete, masonry work, and other structural 

components as they are constructed. 

B. Coordinate installing electrical materials and equipment for efficient flow of the Work.  

Coordinate installing large equipment requiring positioning before closing in the building. 
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C. Coordinate location of access panels and doors for electrical items that are concealed by finished 

surfaces.  Comply with the requirements of the NEC. 

D. Where electrical identification devices are applied to field-finished surfaces, coordinate 

installation of identification devices with completion of finished surface. 

PART 2  PRODUCTS 

2.1 LIGHTING CONTROLLER 

A. Provide DXT modules and assemblies which are designed for reliable control of DMX/RDM luminaires. 

Factory pre- wired within a NEMA 1 enclosure, DXT assemblies are meant for permanent installation. 

B. Controllers shall feature conduit knock outs, screw-down terminal strips and diagnostic LEDs, the DXT 

Modules are factory installed and wired for easy installation in commercial applications. Compatibility with 

luminaires and controllers is assured because DXT Modules are compliant to the latest revisions of the ANSI 

DMX/RDM standard as documented. 

C. Equal to a Fresco DXT M09 NE1S with the following features: 

 Factory installed DMX512 control and interface modules 

 1, 2 or 3 modules may be installed as specified 

 Removable plug-on terminal strip connectors for all field wiring 

 Direct pass-through connection for DMX/RDM 

 Auto-terminating on the DMX/RDM outputs 

 Black powder coated finish On the NEMA 1 enclosure 

 Class 2 Power Supply 120/277V provided within each enclosure 

 Ground lug provided with each enclosure 

 Ethernet Switch with PoE 

 Architectural controller for 485 version of Fresco Show NSB and Vignette 

2.2 TOUCH SCREEN DISPLAY / PROGAMMER 

A. Integrated touchscreen lighting control solution for dynamic control and programming of the DMX lighting 

system. Provide a glass front panel with aluminum frame. Unit shall provide control of traditional line-voltage 

dimming, switching, 0-10 V, DALI, nLight® and DMX for RGB and tunable white fixtures. 

B. Equal to a Fresco FCS 7TSN X with the following features: 

 On screen lighting design and setup, no computer required 

 Lighting Control: forward and reverse phase dimming, 0-10 V, DMX (RGB/Tunable White), nLight® 

enabled luminaires (including nTune™), nLight power packs, and DALI 

 72 individual channels and 36 scenes to control lighting intensity, color and color temperature 

 65,000 zones per Fresco network 

 Integral astronomic timeclock and on screen scheduling 

 Direct DMX512 fixture control for single universe 

 Automatic wake-up with proximity sensor 

 Ethernet connection for remote configuration and control 

 Integral Bluetooth® radio for wireless App control 
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 Partition status control for up to 24 rooms (Roomlink) 

 Digital motion sensor, daylight harvesting, RS-232, contact closure and wall station input from 

nLight devices 

 Compatible with Fresco LMP dimming and switching cabinets (requires DMX option) 

 Shade control integration capable (Lutron QS, Somfy, and MechoShade IQ) 

 All device settings are stored on-board in non-volatile memory 

 Integrates with Building Management Systems (BMS) through BACnet/IP 

2.3 POWER SYNC CONTROLLER 

A. PROVIDE PowerSync™ Data Injector controllers as shown.  The devices shall combine the 

convenience of standard wiring methods to translate control signals into a digital format that can be 

transmitted over standard copper wire. This allows highly granular addressing and high speed digital 

control of every luminaire, using only four wires. The PowerSync™ Data Injector accepts a growing list 

of standard protocols (0-10 V, DMX / RDM), for simple integration with a wide selection of control systems 

using these industry standard protocols. 

B. Equal to a Lumascape LS 6540 controller with the following features: 

 110 – 240V input voltage 

 16A max connected current 

 Line Voltage In (2+E). Power Sync Out (2+E+Data) 

 Protocols - DMX / RDM, Artnet, PWM
(1)

, 0 - 10V (sink or source)
(1)

, Phase Dimming
(1 

 Provide with specified 4 wire cable only to power light fixtures. 

2.4 LED FLOOD LIGHT / SPOT LIGHT  

A. Provide small architectural grade spotlight that combines technology and performance 

in a modern form factor. Packed with features including EasyGlow™ visual comfort and 

CoolDrive™ thermal management technologies. PowerSync™ allows for highly 

granular digital control via common protocols. Unique and flexible mounting with 

glare control accessories enable installation in multiple orientations. Lighting 

professionsals now have greater creative flexibility with the choice of designer options 

which reduces colour-over-angle seperation, few striations in the beam and shorter 

blending distances. 

B. Equal to a Lumascape LS9120 with the following features: 

 RGBW dynamic color range 

 1,800 Lumen Output 

 59.0 Lm/W 

 52,000 Peak Intensity (cd) 

 30W 

 Power Sync Interface 

 DMX / RDM, 0-10V Dimming 

 Die Cast Marine Grade with adjustable mounting bracket 

 Wet Location Rated 

 5 year warranty 
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PART 3  EXECUTION 

3.1 ELECTRICAL EQUIPMENT INSTALLATION 

A. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components.  

Connect for ease of disconnecting, with minimum interference with other installations. 

B. Working clearance.  Provide working clearance as required by the NEC. 

E. Dedicated space.  Provide dedicated space for electrical equipment as required by the NEC. 

3.2 CLEANING AND PROTECTION 

A. On completion of installation, inspect and clean all electrical equipment and enclosures 

including panelboard, control panel and electrical enclosure interiors, light fixtures and lenses, 

outlet boxes, floor mounted devices, fittings, and wiring devices.  Remove burrs, dirt, paint 

spots, and construction debris. 

B. Protect equipment and installations and maintain conditions to ensure that coatings, finishes, and 

cabinets are without damage or deterioration at time of Substantial Completion. 

END OF SECTION 
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTALS
	A. Comply with Specifications
	B. Product Data:  Submit manufacturer's technical data sheets and LEED product information for each product.
	C. Quality Control Submittals:

	1.3 QUALITY ASSURANCE
	A. Comply with Specifications
	B. Qualifications:
	C. Field Sample:

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Comply with Specifications
	B. Comply with manufacturer’s ordering instructions and lead-time requirements to avoid construction delays.
	C. Deliver materials in manufacturer’s original, unopened, undamaged containers with identification labels intact.
	D. Store tightly sealed materials off ground and away from moisture, direct sunlight, extreme heat, and freezing temperatures.
	E. Precondition materials to 70 degrees F plus or minus 5 degrees F (21 degrees C plus or minus 3 degrees C) before mixing.

	1.5 PROJECT CONDITIONS
	A. Environmental Requirements:


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERs
	A. Subject to compliance with requirements, provide products from the following manufacturer:
	B. Substitutions:  Comply with Specifications
	C. Specifications and Drawings are based on manufacturer's proprietary literature from BASF Construction Chemicals.  Other manufacturers shall comply with minimum levels of material and detailing indicated in Specifications or on Drawings.  Architect will be sole judge of appropriateness of substitutions.

	2.2 MATERIALS
	A. Nonsag, lightweight, 1-component, high-strength, polymer-modified, repair mortar with integral corrosion inhibitor for vertical and overhead applications.
	B. Properties of mixed cementitious repair materials:
	C. Properties of cured cementitious repair materials:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Comply with Specifications

	3.2 SURFACE PREPARATION
	A. Protection:  Protect adjacent Work areas and finish surfaces from damage during repair mortar application.
	B. Prepare surfaces in accordance with manufacturer’s instructions.
	C. Ensure surfaces are clean, sound, and free of laitance, standing water, dirt, duct, grease, oil, efflorescence, paint, curing compounds, form oils, and other surface contaminants.
	D. Remove loose materials.
	E. Prepare concrete substrate to fractured aggregate profile for proper adhesion.
	F. Clean exposed steel reinforcement to white-metal finish and prime with anti-corrosion coating acceptable to product manufacturer.
	G. Saw-cut straight edges along repair area perimeters minimum of 1/4 inch (6 mm) deep to avoid featheredges.
	H. Report cracks that appear in interface area of patch or overlay to Architect, and repair as directed.
	I. Continue expansion and control joints through repair or as directed by Architect.

	3.3 mixing
	A. Mix materials in accordance with manufacturer’s instructions.
	B. Mix no more material than can be placed in 20 to 30 minutes at 70 degrees F (21 degrees C) and 50 percent relative humidity.

	3.4 application
	A. Apply and cure repair mortar in accordance with manufacturer’s instructions.
	B. Placement:
	C. Curing:

	3.5 pROTECTION
	A. Protect repair mortar from damage during construction.
	B. Protect from freezing for minimum of 24 hours after application.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes repairing brick masonry, including replacing units.  Reference drawings for areas of work,  Other smaller areas will be approved and included as part of the unit price.

	1.2 UNIT PRICES
	A. Portions of work this Section could be affected by unit prices.

	1.3 DEFINITIONS
	A. Rebuilding (Setting) Mortar: Mortar used to set and anchor masonry in a structure, distinct from pointing mortar installed after masonry is set in place.

	1.4 INFORMATIONAL SUBMITTALS
	A. Quality-control program.

	1.5 QUALITY ASSURANCE
	A. Brick Masonry Repair Specialist Qualifications: Engage an experienced brick masonry repair firm to perform work of this Section. Firm shall have completed work similar in material, design, and extent to that indicated for this Project with a record of successful in-service performance. Experience in only installing masonry is insufficient experience for masonry repair work.
	B. Quality-Control Program: Prepare a written quality-control program for this Project to systematically demonstrate the ability of personnel to properly follow methods and use materials and tools without damaging masonry. Include provisions for supervising performance and preventing damage.
	C. Mockups: Prepare mockups of brick masonry repair to demonstrate aesthetic effects and to set quality standards for materials and execution and for fabrication and installation.


	PART 2 -  PRODUCTS
	2.1 MASONRY MATERIALS
	A. Face Brick: As required to complete brick masonry repair work.
	B. Building Brick: ASTM C 62, Grade SW where in contact with earth or Grade SW, MW, or NW for concealed backup; and of same vertical dimension as face brick, for masonry work concealed from view.

	2.2 MORTAR MATERIALS
	A. Portland Cement: ASTM C 150/C 150M, Type I or Type II, except Type III may be used for cold-weather construction; white gray, or both required for color matching of mortar.
	B. Hydrated Lime: ASTM C 207, Type S.
	C. Masonry Cement: ASTM C 91/C 91M.
	D. Mortar Cement: ASTM C 1329/C 1329M.
	E. Mortar Sand: ASTM C 144.
	F. Mortar Pigments: ASTM C 979/C 979M, compounded for use in mortar mixes, and having a record of satisfactory performance in masonry mortars.
	G. Water: Potable.

	2.3 MANUFACTURED REPAIR MATERIALS
	A. Brick Patching Compound: Factory-mixed cementitious product that is custom manufactured for patching brick masonry.

	2.4 ACCESSORY MATERIALS
	A. Setting Buttons and Shims: Resilient plastic, nonstaining to masonry, sized to suit joint thicknesses and bed depths of masonry units, less the required depth of pointing materials unless removed before pointing.
	B. Other Products: Select materials and methods of use based on the following, subject to approval of a mockup:

	2.5 MORTAR MIXES
	A. Measurement and Mixing: Measure cementitious materials and sand in a dry condition by volume or equivalent weight. Do not measure by shovel; use known measure. Mix materials in a clean, mechanical batch mixer.
	B. Colored Mortar: Produce mortar of color required by using specified ingredients. Do not alter specified proportions without Architect's approval.
	C. Do not use admixtures in mortar unless otherwise indicated.
	D. Mixes: Mix mortar materials in the following proportions:


	PART 3 -  EXECUTION
	3.1 PROTECTION
	A. Remove all items in the way, preventing proper review, required for scope of work and to be demolished; conduits, gutters, boxes, fans, door & windows, downspouts, brackets, clips, lights, etc. all affecting work adjacent to masonary.  Store any items indictaed to be used or re-installed, during masonry repair. Reinstall when repairs are complete.

	3.2 BRICK REMOVAL AND REPLACEMENT
	A. Remove Bricks at locations indicated, soft, damaged, deteriorated, and or spalled. Carefully remove entire units from joint to joint, without damaging surrounding masonry, in a manner that permits replacement with full-size units.
	B. Support and protect remaining masonry that surrounds removal area.
	C. Maintain flashing, reinforcement, lintels, and adjoining construction in an undamaged condition.
	D. Notify Architect of unforeseen detrimental conditions including voids, cracks, bulges, and loose units in existing masonry backup, rotted wood, rusted metal, and other deteriorated items.
	E. Remove in an undamaged condition as many whole bricks as possible.
	F. Clean masonry surrounding removal areas by removing mortar, dust, and loose particles in preparation for brick replacement.
	G. Install replacement brick into bonding and coursing pattern of existing brick. If cutting is required, use a motor-driven saw designed to cut masonry with clean, sharp, unchipped edges.
	H. Lay replacement brick with rebuilding (setting) mortar and with completely filled bed, head, and collar joints. Butter ends with enough mortar to fill head joints and shove into place. Wet both replacement and surrounding bricks that have ASTM C 67 initial rates of absorption (suction) of more than 30 g/30 sq. in. per min. (30 g/194 sq. cm per min.) Use wetting methods that ensure that units are nearly saturated but surface is dry when laid.
	I. Curing: Cure mortar by maintaining in thoroughly damp condition for at least 72 consecutive hours, including weekends and holidays.

	3.3 MASONRY UNIT PATCHING
	A. Patching Bricks:

	3.4 FINAL CLEANING
	A. After mortar has fully hardened, thoroughly clean exposed masonry surfaces of excess mortar and foreign matter; use wood scrapers, stiff-nylon or -fiber brushes, and clean water, applied by low pressure spray.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes replacing damaged brick to match, removing portions of mortar and repointing joints with new mortar. Some area areas shown are to be for reworked 100% or complete tuck pointing.  Other smaller areas will be approved and included as part of the unit price.

	1.2 UNIT PRICES
	A. Work of this Section is affected by unit prices specified in Section 012200 "Unit Prices."

	1.3 PREINSTALLATION MEETINGS
	A. Pre-installation Conference: Conduct conference at Project site.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Samples: For each exposed product and for each color and texture specified.

	1.5 INFORMATIONAL SUBMITTALS
	A. Quality-control program.

	1.6 QUALITY ASSURANCE
	A. Brick Masonry Repointing Specialist Qualifications: Engage an experienced brick masonry repointing firm to perform work of this Section. Firm shall have completed work similar in material, design, and extent to that indicated for this Project with a record of successful in-service performance. Experience in only installing masonry is insufficient experience for masonry repointing work.
	B. Quality-Control Program: Prepare a written quality-control program for this Project to systematically demonstrate the ability of personnel to properly follow methods and use materials and tools without damaging masonry. Include provisions for supervising performance and preventing damage.


	PART 2 -  PRODUCTS
	2.1 MORTAR MATERIALS
	A. Hydrated Lime: ASTM C 207, Type S.
	B. Masonry Cement: ASTM C 91/C 91M.
	C. Mortar Cement: ASTM C 1329/C 1329M.
	D. Mortar Sand: ASTM C 144.
	E. Mortar Pigments: ASTM C 979/C 979M, compounded for use in mortar mixes, and having a record of satisfactory performance in masonry mortars.
	F. Water: Potable.

	2.2 MORTAR MIXES
	A. Measurement and Mixing: Measure cementitious materials and sand in a dry condition by volume or equivalent weight. Do not measure by shovel; use known measure. Mix materials in a clean, mechanical batch mixer.
	B. Colored Mortar: Produce mortar of color required by using specified ingredients. Do not alter specified proportions without Architect/Owner's approval.
	C. Do not use admixtures in mortar unless otherwise indicated.
	D. Mixes: Mix mortar materials in the following proportions:


	PART 3 -  EXECUTION
	3.1 PROTECTION
	A. Remove all items in the way, preventing proper review, required for scope of work and to be demolished; conduits, gutters, boxes, fans, door & windows, downspouts, brackets, clips, lights, etc. all affecting work adjacent to masonry.  Store any items indicated to be used or re-installed, during masonry repair. Reinstall when repairs are complete.

	3.2 REPOINTING MASONRY
	A. Rake out and repoint joints to the following extent:
	B. Do not rake out and repoint joints where not required.
	C. Rake out joints as follows, according to procedures demonstrated and approved:
	D. Notify Architect/Owner of unforeseen detrimental conditions including voids in mortar joints, cracks, loose masonry units, rotted wood, rusted metal, and other deteriorated items.
	E. Pointing with Mortar:
	F. Where repointing work precedes cleaning of existing masonry, allow mortar to harden at least 30 days before beginning cleaning work.

	3.3 FINAL CLEANING
	A. After mortar has fully hardened, thoroughly clean exposed masonry surfaces of excess mortar and foreign matter; use wood scrapers, stiff-nylon or -fiber brushes, and clean water, applied by low pressure spray.
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	Assessing Cleaning and Water-Repellent Treatments for Historic Masonry Buildings
	Preparing for a Cleaning Project, Reasons for Cleaning
	Identify What is to be Removed
	Consider the Historic Appearance of the Building
	Consider the Practicalities of Cleaning or Paint Removal
	Study the Masonry
	Understanding the Building Materials
	Identify Prior Treatments
	Choose the Appropriate Cleaner
	Cleaning Methods and Materials
	Soaking
	Water Washing
	Water Washing with Detergents
	Steam/Hot-Pressurized Water Cleaning
	Potential Hazards of Water Cleaning
	Chemical Cleaning
	Chemical Cleaners to Remove Dirt
	Acidic Cleaners
	Alkaline Cleaners
	Chemical Cleaners to Remove Paint and Other Coatings, Stains and Graffiti
	Alkaline Paint Removers
	Organic Solvent Paint Removers
	Other Paint Removers and Cleaners
	Potential Hazards of Chemical Cleaning
	Poulticing to Remove Stains and Graffiti
	Abrasive and Mechanical Cleaning
	Abrasive Blasting
	Grinders and Sanding Disks
	Planning a Cleaning Project
	Testing Cleaning Methods
	Environmental Considerations
	Safety Considerations
	Water-Repellent Coatings and Waterproof Coatings
	To begin with, it is important to understand that waterproof coatings and water-repellent coatings are not the same. Although these terms are frequently interchanged and commonly confused with one another, they are completely different materials. Water-repellent coatings—often referred to incorrectly as "sealers", but which do not or should not "seal"—are intended to keep liquid water from penetrating the surface but to allow water vapor to enter and leave, or pass through, the surface of the masonry. Water-repellent coatings are generally transparent, or clear, although once applied some may darken or discolor certain types of masonry while others may give it a glossy or shiny appearance. Waterproof coatings seal the surface from liquid water and from water vapor. They are usually opaque, or pigmented, and include bituminous coatings and some elastomeric paints and coatings.
	Water-Repellent Coatings
	Water-repellent coatings are formulated to be vapor permeable, or "breathable". They do not seal the surface completely to water vapor so it can enter the masonry wall as well as leave the wall. While the first water-repellent coatings to be developed were primarily acrylic or silicone resins in organic solvents, now most water-repellent coatings are water-based and formulated from modified siloxanes, silanes and other alkoxysilanes, or metallic stearates. While some of these products are shipped from the factory ready to use, other water-borne water repellents must be diluted at the job site. Unlike earlier water-repellent coatings which tended to form a "film" on the masonry surface, modern water-repellent coatings actually penetrate into the masonry substrate slightly and, generally, are almost invisible if properly applied to the masonry. They are also more vapor permeable than the old coatings, yet they still reduce the vapor permeability of the masonry. Once inside the wall, water vapor can condense at cold spots producing liquid water which, unlike water vapor, cannot escape through a water-repellent coating. The liquid water within the wall, whether from condensation, leaking gutters, or other sources, can cause considerable damage.
	Water-repellent coatings are not consolidants. Although modern water-repellents may penetrate slightly beneath the masonry surface, instead of just "sitting" on top of it, they do not perform the same function as a consolidant which is to "consolidate" and replace lost binder to strengthen deteriorating masonry. Even after many years of laboratory study and testing, few consolidants have proven very effective. The composition of fired products such as brick and architectural terra cotta, as well as many types of building stone, does not lend itself to consolidation.
	Some modern water-repellent coatings which contain a binder intended to replace the natural binders in stone that have been lost through weathering and natural erosion are described in product literature as both a water repellent and a consolidant The fact that the newer water-repellent coatings penetrate beneath the masonry surface instead of just forming a layer on top of the surface may indeed convey at least some consolidating properties to certain stones. However, a water-repellent coating cannot be considered a consolidant. In some instances, a water-repellent or "preservative" coating, if applied to already damaged or spalling stone, may form a surface crust which, if it fails, may exacerbate the deterioration by pulling off even more of the stone.
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