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Abstract

Building 839 at Carlisle Barracks is a farmhouse that was likely construct-
ed in the middle 1850s. It was utilized as a farmhouse by individual own-
ers until the Carlisle Indian Industrial School acquired the farm in 1887.
The school utilized the house as living quarters for its farmer and as class-
room space for the farm unit of the school until 1918. After the War De-
partment reacquired Carlisle Barracks in 1918, the farmhouse was used for
officer housing. It was determined in a 2013 analysis and report to Carlisle
Barracks that Building 839 should be included within the existing Carlisle
Indian Industrial School National Historic Landmark District.

Architectural historians at the U.S. Army Engineer Research and Devel-
opment Center-Construction Engineering Research Laboratory (ERDC-
CERL), who conducted the previous analysis of Building 839, requested
assistance from the Historic Preservation Training Center (HPTC) of the
National Park Service to prepare an abbreviated Historic Structure As-
sessment Report (HSAR). Besides the HSAR reported herein, the work al-
so includes government Class C cost estimates for five potential treatments
for Building 839: restoration, rehabilitation, stabilization and mothballing,
relocation, and demolition.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Foreword

After researchers at ERDC-CERL conducted a prior historic context, integ-
rity analysis, and evaluation of Building 839 at Carlisle Barracks, Pennsyl-
vania,” follow-on assistance was requested by U.S. Army Garrison (USAG)
Carlisle Barracks. ERDC-CERL researchers sought technical assistance on
behalf of USAG Carlisle Barracks from the Historic Preservation Training
Center (HPTC) of the National Park Service.

The HPTC provided a Historic Structure Assessment Report for Building
839, and that report is reproduced in in its entirety as part of this ERDC-
CERL Contract Report.

Adam Smith, MArch
Project Manager

* Adam D. Smith, Susan |. Enscore, and Megan W. Tooker, Analysis of Building 839: Carlisle Barracks,
Pennsylvania, ERDC/CERL SR-13-19. (Champaign, IL: Engineer Research and Development Center-
Construction Engineering Research Laboratory, 2013).
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Preface

This work was conducted by the Historic Preservation Training Center
(HPTC) of the National Park Service under an Interagency Agreement
#W81EWF70651256 with U.S. Army Engineer Research and Development
Center, Construction Engineering Research Laboratory (ERDC-CERL) for
Project No. 461561, “Carlisle Barracks Farmhouse Analysis.” Funding for
project monitoring was provided by Military Interdepartmental Purchase
Request (MIPR) No. 10978224 from Carlisle Barracks to ERDC-CERL. Mr.
Paul Herzer of Carlisle Barracks helped to provide technical monitoring.

The overall project was managed and monitored by the Land and Heritage
Conservation Branch (CNC) of the Installations Division (CN) at ERDC-
CERL (CEERD). At the time of publication, Dr. Michael Hargrave was
Chief, CEERD-CNC; and Ms. Michelle J. Hanson was Chief, CEERD-CN.
The Deputy Director of ERDC-CERL was Dr. Kirankumar Topudurti, and
the Director was Dr. Ilker Adiguzel.

Assistance was provided to HPTC by two ERDC-CERL architects, Mr.
Adam D. Smith, who was also Program Manager, and Ms. Megan W.
Tooker.

The Commander of ERDC was COL Bryan S. Green, and the Director was
Dr. David W. Pittman.
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Project Overview 1.1

CHAPTER 1

Overview

The National Park Service (NPS) Historic Preservation Training Center (HPTC) was
engaged by the U.S. Army Corps of Engineers Construction Engineering Research
Laboratory (CERL) to prepare an abbreviated Historic Structure Assessment Report
(HSAR) for Building 839 at the Carlisle Barracks in Carlisle, Pennsylvania.
Accompanying the abbreviated HSAR are government Class C cost estimates for five
potential treatments for Building 839: restoration, rehabilitation, stabilization and
mothballing, relocation, and demolition.

Resource Information

Structure Name Building 839
Other Name(s) Farmhouse
Location Patton Road

Carlisle Barracks

Cumberland County, Pennsylvania
ca. 1859, with later alterations
6850 SF

Date of Construction
Total Gross Square Feet

National Register Status Not Listed — Deemed eligible as a contributing

structure
(Carlisle Indian Industrial School NHL District)
National Register Date N/A
National Historic No.
Landmark?
National Historic N/A
Landmark Date
Significance Level National
NR Period of Significance | 1887-1918

NR Criteria

A: Association with the Carlisle Indian Industrial
School, central to the agricultural vocational training
of Native American students.

Current Use

Vacant

Intended Use

TBD

Intended Treatment

TBD (stabilization, restoration, rehabilitation,
relocation, demolition)

Historic Structure Assessment Report

Building 839, Carlisle Barracks

September 2017
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Scope and Objectives

This project consists of the preparation of an abbreviated Historic Structure
Assessment Report (HSAR) as defined by the project agreement. The abbreviated
HSAR includes the following chapters:

1. Project Overview: project purpose and administrative information;

2. Resource Information: building information and summary of findings;

3. Standards and Definitions: references for agency policies that guide the project;

4. Condition Assessment Survey: architectural fabric survey and assessment,
summary of condition ratings, and maintenance deficiencies.

HPTC staff conducted an inspection and assessment during a series of field visits to
the building. The historic structure assessment process includes establishing a
Building Feature Master List. This list is derived from Uniformat II* as developed and
widely adopted by the federal government for use in the asset management process.
The list is modified specifically for Building 839 and is used as the guideline for the
inspection and condition assessment, and for preparing recommended treatments.

Once identified, the building features are assigned a Qualitative Condition Rating of
Good, Fair, or Poor and a Maintenance Deficiency Rating of Critical, Serious, or Minor
which allow for development of immediate, short- and long-term treatment
strategies. An approximate time period is selected in which the life-cycle assessment
(service life) is assessed and on which the treatment recommendations are prioritized
for planning purposes. In this project a three (3) to five (5) year time period was
selected for long-term treatment cycle and a one (1) to three (3) year time period
represents the short-term lifecycle assessment and treatment period. Those features
with an immediate need should be addressed within one (1) year; this includes
features requiring alterations for immediate mothballing/stabilization treatment.

Definitions of the previously listed terminology are derived from the NPS asset
management process and adopted for use for this project. Definitions are provided
in Chapter 2 and detailed more thoroughly in Appendix A.

Development of recommended treatments is based on the maintenance deficiencies
and condition ratings of the features and their significance as character-defining
features. All recommended treatments meet The Secretary of the Interior’s Standards
for the Treatment of Historic Properties and NPS-28 as it pertains to historic buildings.
All treatments are intended for general execution by trained historic preservation
professionals.

1 Uniformat II Work Breakdown Structure (WBS) (Rev 02.13.08).

Historic Structure Assessment Report
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Methodology

HPTC conducted a feature inventory and condition assessment for Building 839 which
included the following project tasks:

e Development of a Building Feature Master List adapted for the building;
Field research of historical building records and architectural documentation;

¢ Documentation of existing conditions of the structure through field
measurements, sketches, existing drawings, and photographs;

e Non-destructive, observation-based architectural fabric inspection and
condition assessment;

e Development of an abbreviated HSAR which includes an illustrated narrative
that depicts building conditions;

¢ Development of Class C cost estimates for five building treatment alternatives.

The following is a detailed description of the methodology involved in the
development of the abbreviated HSAR.

Field Research

HPTC worked collaboratively with Carlisle Barracks and the U.S. Army Corps of
Engineers (CERL) to research, gather, and review existing available background
documents, drawings, and photographs. Historic architectural drawings were
provided by Carlisle Barracks and CERL provided a report titled Analysis of Building
839, dated September 2013, which presents a historic context, integrity analysis,
and evaluation for the National Register of Historic Places.

Inspection and Condition Assessment

The project team conducted a site visit to Building 839 in May 2017 to perform a
condition assessment based on the Building Feature Master List (Appendix B). The
list is adjusted to accommodate special or additional features of the building. Each
building feature is inspected, assessed, and photographed. Maintenance deficiencies
were determined using non-destructive investigation and evaluation techniques and
visual observation.

Historic Structure Assessment Report

Results of the feature inventory and condition assessment are compiled into this
report. Maintenance deficiencies in the physical condition of the features, materials,
and building systems are identified. This report also provides a written and illustrated
narrative of the interior and exterior character-defining features of the building.
However individual recommended treatments for each building feature are not
provided in this abbreviated HSAR.

Historic Structure Assessment Report
Building 839, Carlisle Barracks
September 2017
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Class C Cost Estimates for Building Treatment Alternatives

For this report, Class C cost estimates were developed for various potential building
treatment alternatives based on the existing conditions of the structure. The five
estimated treatment alternatives include:

A.

Restoration (period of significance 1887 to 1918): convert building back to
single family residence or duplex arrangement.

Rehabilitation: Adaptive use of the building to include office space, restoration
of character-defining features.

Stabilization and Mothball: Estimates for 10 year and 20 year cycles.
Relocation: Relocate building to another location (within 10 mile radius for the
purpose of developing programmatic moving costs). The existing building
foundation will be abandoned and a new masonry foundation will be
constructed at the new location.

Demolition of existing building. (Using Army standards for deconstruction and
salvaging of historic materials.)

The overall objective of the project is to provide cost estimates for various treatments
(other than demolition) that will improve the overall condition of the structure from
Poor or Fair to Good. These treatment alternatives will enable Carlisle Barracks and
the U.S. Army Corps of Engineers to determine an appropriate and feasible treatment
plan for this National Register-eligible property.

Project Participants

The following individuals contributed to the report or field investigation:

Historic Preservation Training Center (HPTC)
Tom Vitanza, Senior Historical Architect
Mark Slater, Project Historical Architect
Caitlin Clinton-Selin, Exhibits Specialist

Construction Engineering Research Laboratory (CERL)
Megan Tooker, Historic Landscape Architect

Dr. Andrew Hamblin, Research Ecologist, Tribal Liaison
Adam Smith, Architectural Historian

Carlisle Barracks
Paul Herzer, Chief Environmental Officer and Cultural Resources Manager

Historic Structure Assessment Report
Building 839, Carlisle Barracks
September 2017
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References
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Condition Assessment Process (ASTM: Designation E2018-01). American Society for
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Preservation Brief No. 9, “The Repair of Historic Wooden Windows.” John H. Myers.
1981.

Preservation Brief No. 10, “Exterior Paint Problems on Historic Woodwork.” Kay D.
Weeks and David W. Look, AIA. September 1982.

Preservation Brief No. 16, “The Use of Substitute Materials on Historic Building
Exteriors.” Sharon C. Park, AIA. September 1988.

Preservation Brief No. 17, “Architectural Character: Identifying the Visual Aspects of
Historic Character as an Aid to Preserving Their Character.” Sarah M. Sweetser and
Lee H. Nelson, FAIA. 1982.

Preservation Brief No. 18, “Rehabilitating Interiors in Historic Buildings.” H. Ward
Jandl|. October 1988.

Preservation Brief No. 19, “The Repair and Replacement of Historic Wooden Shingle
Roofs.” Sharon C. Park, AIA. September 1989.

Preservation Brief No. 21, “Repairing Historic Flat Plaster - Walls and Ceilings.”
Marylee MacDonald. October 1989.

Preservation Brief No. 24, “Heating, Ventilating, and Cooling Historic Buildings:
Problems and Recommended Approaches.” Sharon C. Park, AIA. October 1991.

Preservation Brief No. 31, “"Mothballing Historic Structures.” Sharon C. Park, FAIA.
September 1993.

Preservation Brief No. 35, “Understanding Old Buildings: The Process of Architectural
Investigation.” Travis. C. McDonald, Jr. September 1994.

Preservation Brief No. 37, “"Appropriate Methods for Reducing Lead-Paint Hazards in
Historic Housing.” Sharon C. Park, FAIA, and Douglas C. Hicks. 2006.

Preservation Brief No. 39, “Holding the Line: Controlling Unwanted Moisture in
Historic Buildings.” Sharon C. Park, AIA. October 1996.

Preservation Brief No. 47, “"Maintaining the Exterior of Small and Medium Size Historic
Buildings.” Sharon C. Park, FAIA, NPS Heritage Preservation Services, June 2007.
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National Park Service Preservation Tech Notes (Appendix C)

e Windows Number 10, “Temporary Window Vents in Unoccupied Historic
Buildings.” Charles E. Fisher and Thomas A. Vitanza, U.S. Department of the
Interior, National Park Service, Preservation Assistance Division, Washington,
D.C., August 1985.

National Park Service Publications

The Secretary of the Interior Standards for the Treatment of Historic Properties with
Standards and Guidelines for Preserving, Rehabilitating, Restoring & Reconstructing
Historic Buildings, by Kay D. Weeks and Anne E. Grimmer, U.S. Department of the
Interior, National Park Service, Cultural Resource Stewardships and Partnerships,
Heritage Preservation Services, Washington, D.C., 1995—NPS, Heritage Preservation
Services.

Uniformat II Work Breakdown Structure (WBS) (Rev 04.19.07) developed by the
National Institute of Standards and Technology (NIST), the American Society of
Testing Materials (ASTM) the American Institute of Architects (AIA), the General
Services Administration (GSA), and the Construction Specification Institute (CSI).
See NIST report UNIFORMAT II Elemental Classification for Building Specifications,
Cost Estimating, and Cost Analysis.

End of Chapter 1
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Standards, Guidelines & Definitions 2.1

CHAPTER 2

Secretary of the Interior’s
Standards for the Treatment of Historic Properties

Building 839 is considered eligible for listing in the National Register of Historic Places
as a contributing resource to the Carlisle Indian Industrial School National Historic
Landmark district!. As such, treatment philosophies should be based on the most
appropriate treatment standards as defined by The Secretary of the Interior’s
Standards for the Treatment of Historic Properties.

The Standards offer four distinct approaches to the treatment of historic properties:
preservation, rehabilitation, restoration, and reconstruction with Guidelines for each
treatment.? Additional information is available in Appendix A - Preservation
Standards and Guidelines.

Following are synopsized definitions of these standards:

Preservation is appropriate “when the property's distinctive materials,
features, and spaces are essentially intact and thus convey the historic
significance without extensive repair or replacement; when depiction at a
particular period of time is not appropriate; and when a continuing or new use
does not require additions or extensive alterations. Prior to undertaking work,
a documentation plan for Preservation should be developed.”

Rehabilitation is appropriate “when repair and replacement of deteriorated
features are necessary, when alterations or additions to the property are
planned for a new or continued use; and when its depiction at a particular
period of time is not appropriate. Prior to undertaking work, a documentation
plan for Rehabilitation should be developed.”

! Smith, Adam D., Susan 1. Enscore, and Megan W. Tooker. “Analysis of Building 839.” U.S. Army
Corps of Engineers, Engineer Research and Development Center. ERDC/CERL SR-13-19. September

2013, p. 77.
2 The Secretary of the Interior Standards for the Treatment of Historic Properties with Standards and

Guidelines for Preserving, Rehabilitating, Restoring & Reconstructing Historic Buildings.

Historic Structure Assessment Report
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Standards, Guidelines & Definitions 2.2

Restoration is appropriate "when the property's design, architectural or
historical significance during a particular period of time outweighs the potential
loss of extant materials, features, spaces, and finishes that characterize other
historical periods; when there is substantial physical and documentary
evidence for the work, and when contemporary alterations and additions are
not planned. Prior to undertaking work, a particular period of time (i.e. the
restoration period) should be selected and justified, and a documentation plan
for Restoration developed.

Reconstruction is appropriate "when a contemporary depiction is required
to understand and interpret a property's historic value (including the re-
creation of missing components in a historic district or site); when no other
property with the same associative value has survived;, and when sufficient
historical documentation exists to ensure an accurate reproduction.

Stabilization

Another form of Preservation is Stabilization. While not one of the formally
defined treatment standards, stabilization is a common management technique
used to prevent the ultimate and untimely loss of a historic structure when
treatment is not immediately possible. The following definition is presented as part
of the Guidelines for Preservation in the Secretary’s Standards.

“Deteriorated portions of a historic building may need to be protected thorough
preliminary stabilization measures until additional work can be undertaken.
Stabilizing may include structural reinforcement, weatherization, or correcting
unsafe conditions. Temporary stabilization should always be carried out in such a
manner that it detracts as little as possible from the historic building's appearance.
Although it may not be necessary in every preservation project, stabilization is
nonetheless an integral part of the treatment Preservation; it is equally applicable
to the other treatments if circumstances warrant.”3

Further definition of the concept of stabilization is found in the National Park
Service Cultural Resources Management Guidelines. As part of the overall definition
of the preservation philosophy known as preservation maintenance, stabilization
is defined along with other types of maintenance.

3 Ibid.

Historic Structure Assessment Report
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Standards, Guidelines & Definitions 2.3

Preservation maintenance is an action to mitigate wear and deterioration of a
historic property without altering its historic character by protecting its condition,
repairing when its condition warrants with the least degree of intervention including
limited replacement in-kind, replacing an entire feature in-kind when the level of
deterioration or damage of materials precludes repair, and stabilization to protect
damaged materials or features from additional damage. Types of preservation
maintenance are: 4

* Housekeeping: the removal of undesirable deposits of soil in ways that
minimize harm to the surfaces treated, repeated at short intervals so that
the gentlest and least radical methods can be used.

= Routine maintenance: usually consists of service activities such as
tightening, adjusting, oiling, pruning, etc.

» Cyclic maintenance: maintenance performed less frequently than annually;
usually involves replacement or at least mending of material.

= Stabilization: action to render an unsafe, damaged, or deteriorated
property stable while retaining its present form.

Another closely related form of stabilization is known as mothballing. The National
Park Service’s Preservation Brief No. 31, Mothballing Historic Structures, offers the
following introduction:

"When all means of finding a productive use for a historic building have been
exhausted or when funds are not currently available to put a deteriorating
structure into a useable condition (or good condition), it may be necessary to
close-up the building temporarily to protect it from the weather as well as to
secure it from vandalism.

This process, known as mothballing, can be a necessary and effective
means of protecting the building while planning the property’s future, or
raising money for a preservation, rehabilitation or restoration project”.

The essential difference between stabilization and mothballing is that stabilization is
used to stop deterioration and often includes structural repair. Mothballing is the
preparation of a building for long-term inactivity. The two treatments are used in
tandem to prepare a building for long-term inactivity especially if the building has
structural deficiencies. When the long-term forecast for a building is to remain
vacant and no imminent structural failures are evident, then mothballing is the
preferred treatment option.

4 National Park Service Office of Policy: NPS-28, Cultural Resource Management Guideline,
available at https://www.nps.gov/parkhistory/online _books/nps28/28appena.htm.
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Condition Assessment Standard Definitions

The following standard condition assessment definitions are based on those outlined
by the National Park Service (NPS). NPS uses an industry-based condition
assessment tool known as the Asset Management Process which has been adopted
for use by HPTC for this project.

Qualitative Condition Ratings

Good
This rating indicates that:

= Routine maintenance should be sufficient to maintain the current condition;
and/or

= A cyclic maintenance or repair/rehabilitation project is not specifically required
to maintain the current condition or correct deficiencies.

Fair
This rating indicates that:

* The feature generally provides an adequate level of service to operations, but
* The feature requires more than routine maintenance attention.

This rating also indicates that cyclic maintenance or repair/rehabilitation work may
be required in the future.

Poor

This indicates that the feature is in need of immediate attention. This rating also
indicates that:

» Routine maintenance is needed at a much higher level of effort to meet
significant safety and legal requirements;

» Cyclic maintenance should be scheduled for the current year and/or

= A special repair/rehabilitation project should be requested consistent with the
building owner’s requirements, priorities, and long term management
objectives.

Historic Structure Assessment Report
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Maintenance Deficiency Priority Ratings (5-Year Rating Period)

Listed as “Priority Ratings” on the Feature Inventory Condition Assessment Tables,
these ratings are based on the condition rating of each feature and a priority rating
was established. These priority ratings indicate either a critical, serious, or minor
deficiency priority rating.

Critical - (Emergency/Immediate)

= This rating defines an advanced state of deterioration which has resulted in
the failure of a feature or will result in the failure of a feature if not corrected
within 1 year; or

= There is accelerated deterioration of adjacent or related materials or systems
as a result of the feature’s deficiencies if not corrected within 1 year; or

= There is an immediate threat to the health and/or safety of the user; or

* There is a failure to meet a legislated requirement.

Serious - (Immediate/Short Term)

* This rating defines a deteriorated condition that if not corrected within 1 to 3
years will result in the failure of the feature; or

= A threat to the health and/or safety of the user may occur within 1 to 3 years
if the ongoing deterioration is not corrected; or

» There is ongoing deterioration of adjacent or related materials and/or features
as a result of the feature’s deficiency.
Minor - (Short Term/Long Term)

» This rating indicates standard preventative maintenance practices and
preservation methods have not been followed; or

» There is reduced life expectancy of affected adjacent or related materials
and/or systems within 3 to 5 years and beyond; or

* There is a condition with a long term impact within 3 to 5 years and beyond.

For the purposes of this report, these definitions were adhered to as a way to
qualitatively assess the current condition of the Building 839.
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End of Chapter 2
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Condition Assessment Survey 3.1

CHAPTER 3

Introduction

This chapter of the report describes the current condition (May 2017) of the interior
and exterior architectural fabric of Building 839 at Carlisle Barracks and identifies
maintenance deficiencies of the building features as described in the Building Feature
Master List (Appendix B). Along with a written description of the observed conditions,
a condition rating and deficiency rating are provided for each substantially separate
building feature.

Site Visit

An on-site condition assessment was conducted at Building 839 on May 2-5, 2017 by
HPTC staff including a Historical Architect and Exhibits Specialist. Logistical assistance
was provided by CERL and Carlisle Barracks. The weather during the assessment was
cool with overcast conditions.

Summary of the Findings

Building 839 receives an Overall Quality Condition Rating of FAIR and an overall
Maintenance Deficiency Priority Rating categorized as SERIOUS.

The Overall Quality Condition Rating of FAIR indicates that the building
provides an adequate level of service to operations, but more than cyclic
maintenance is needed, i.e. capital improvement projects. This rating also
indicated that cyclic maintenance or repair/rehabilitation work will be required
in the future.

The Maintenance Deficiency Priority Rating of SERIOUS indicates that
some building components are in a deteriorated condition and if not corrected
within 1 to 5 years will result in the failure of the feature and possibly adjacent
or related materials.
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Building 839 has remained unoccupied since 2012 and has received minimal routine
maintenance and repair. The building is structurally stable; however several
components and finishes are in poor condition such as the exterior brick walls,
windows, and wood siding and trim.

Most of the deficiencies can be addressed as part of a rehabilitation or preservation
project and a cyclical maintenance program which will help to restore and maintain
the historic appearance of the building.

The most critical maintenance deficiencies include:

e Failing paint finish on the exterior brick walls and wood siding
e Failing glazing putty and paint finish on the wood windows

e Deteriorated exterior wood trim

e Failing paint and torn screen on the west porch

¢ Weathered and deteriorated exterior wood deck

e Insufficient ventilation of the interior of the building

e Degraded interior wall and ceiling finishes

e Lack of a fire alarm and suppression system

Building Feature Master List

The Building Feature Master List (Appendix B) is the overall outline used in the
condition assessment of the structure. The category, topic, code, and sub-code
nomenclature is derived from the format and structure of the Uniformat system which
is used by many facility management industry leaders. Refer to Chapter 1 for a
description of this methodology. The outline used for this project has been adapted
to address the building features of Building 839.

Condition Assessment Reports

Immediately following this section are the individual building feature condition
assessment reports which are organized according to the Building Feature Master List
as per Appendix B.
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Condition Assessment: Part A-Substructure 3.3

A | SUBSTRUCTURE

A10 | FOUNDATIONS

A101001 Wall Foundations

The foundations supporting the main block and ell are composed of rough fieldstone
approximately 1'-6" thick. Overall the stone foundation walls are in fair condition.
The exposed exterior foundation wall on the north elevation has some patched areas

and a failing paint finish. The interior of the foundation walls has a whitewashed finish
with some loose mortar and efflorescence.

W =2

i e SN NNE R, ST

The exposed stone foundation walls on the north elevation with a painted finish.
(Photo: HPTC, 5/2/17)
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Condition Assessment: Part A-Substructure

3.4

The stone foundation wall on the west elevation
of the main block is painted gray.
(Photo: HPTC, 5/2/17)

The southwest corner of the ell foundation has
concrete and brick patches and missing mortar
joints.

(Photo: HPTC, 5/2/17)

Whitewashed masonry main block foundation and
triangular west elevation chimney foundation.
(Photo: CERL, 5/2/17)

South stone foundation wall in the basement of
Unit B (Room 003), with access door to crawlspace
(Room 002).

(Photo: CERL, 5/2/17)

A101001 Wall Foundations

Qualitative Condition Rating

FAIR

Maintenance Deficiency Rating

MINOR
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| A103001 Standard Slab On Grade

The floors in the basement of the house consist of a concrete slab on grade. The slabs
are in good shape with some minor cracking and spalls. The floor in the main block
(Room 001) has a painted finish and some unfinished areas. The concrete floor in the
ell is unfinished.

Unfinished concrete slab on grade in the basement of Unit B (Room 003).
(Photo: CERL, 5/2/17)

A103001 Standard Slab On Grade

Qualitative Condition Rating GOOD

Maintenance Deficiency Rating MINOR
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End of Chapter 3, Part A.
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Part B-Shell 3.7

B | SHELL

B10 | SUPERSTRUCTURE

B1010 Floor Construction

The structural floor frame on the first floor of the main block (Unit A) is composed of
4" x 9" hewn joists spaced at 18” on-center supported by a 9” x 11” summer beam.
Joists run east-west.

The first-floor structural floor frame in the ell addition (Unit B) above the basement
crawlspace (Room 002) is composed of 2%2"” x 8” joists spaced at 16” on-center
running east-west. A 6’ x 6” wood beam running north-south is supported by three
6” x 6” wood posts on stone piers.

The first-floor structural floor frame in the ell addition (Unit B) above Room 003 is
composed of random-sized joists spaced at approximately 16” on-center with cross
bracing. The joists are supported by a 6” x 634" bolted steel U-channels running.

The floor frame is in good condition with some insect damage on select joists in the
main block. The second- and third-floor structural floor frames in the main block and
ell were not accessible but appear to be in good condition with no evidence of
deflection in the floors.

The south entry porch has a modern concrete floor in good condition, which likely
replaced a wood-framed floor. The west porch has a wood frame floor in fair
condition.

First-floor structural floor frame of the main block | First-floor structural floor frame of the ell addition
(Unit A) above Room 001. (Unit B) above Room 003. Bolted U-channels
(Photo: CERL, 5/2/17) (arrow) support the joists.

(Photo: CERL, 5/2/17)
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B1010 Floor Construction

Qualitative Condition Rating GOOD

Maintenance Deficiency Rating MINOR

| BL020 Roof Construction

The structural roof frame of the main block is comprised of 234" x 334" rafters spaced
at 24" on-center. The ell addition has 3” x 42" rafters at 24” on-center. The 1" x
10" collar ties appear to have been added at a later time. Several collar ties are
inscribed with *1914”, which may be the year they were added to the roof frame. The
main block and ell addition structural roof frames are in good condition.

The west porch roof frame is in fair to poor condition, with deteriorated post bases
and rafters and roof boards in poor condition. The south porch roof frame is non-
historic but is in fair condition.

Structural roof framing in the main block, visible in Room 302.
(Photo: CERL, 5/2/17)
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Structural roof framing in the ell addition, visible in Room 305.
(Photo: CERL, 5/2/17)

B1020 Roof Construction

Qualitative Condition Rating GOOD

Maintenance Deficiency Rating MINOR

| B20 | EXTERIOR ENCLOSURE

B2010 Exterior Walls

B201001 Exterior Skin

The exterior skin of the main block and ell addition consist of painted brick masonry
in fair condition. The walls have extensive paint failure; however the bricks and
mortar joints are solid.

Typical brick masonry"wall with failing pain.
(Photo: HPTC, 5/2/17)
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The exterior walls on the north and east elevations of the ell addition consists of
painted wood novelty siding with painted wood trim. The siding is in poor condition
with extensive paint failure and some deteriorated boards.

East elevation of the ell addition with painted Paint failure and deterioration at the northeast

wood novelty siding. corner of ell addition.
(Photo: HPTC, 5/2/17) (Photo: HPTC, 5/2/17)

B201001 Exterior Skin

Qualitative Condition Rating POOR

Maintenance Deficiency Rating SERIOUS

| B201008 Exterior Soffits (Cornice)

The cornice on the main block has wood molding and brackets. The front (south)
gable has decorative bargeboard.

The ell addition has plain, painted wood soffit and fascia with no brackets. The north
gable end has serrated rake boards and cornice returns with carved fascia boards. A
wooden balustrade is located on the second floor porch of the ell addition.

Generally the exterior wood trim is in poor condition with some missing components,
deterioration, and extensive paint failure. The ell addition balcony railing has
extensive paint failure and related deterioration.
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Wit e s N N e
Fascia and cornice returns on the north elevation
(Photo: HPTC, 5/2/17) of the ell addition.

(Photo: HPTC, 5/2/17)
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The second-floor balcbhy railihg on the east elevation of the ell addition has damaged wood components
and significant paint failure.
(Photo: HPTC, 5/2/17)

B201008 Exterior Soffits (Cornice)

Qualitative Condition Rating POOR

Maintenance Deficiency Rating SERIOUS
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| B201099 Masonry Chimneys

The main block has an interior brick on the west gable end and an exterior brick
chimney on the east gable end. The ell addition has an exterior brick chimney on the
north elevation. Each chimney has a capstone and side openings. The main block
chimneys have screening over the openings.

Generally the chimneys are in fair condition with some loose or missing mortar,
moderate staining, and loose flashing.

East chimney on the main block. The step flashing on the north chimney on the ell
(Photo: HPTC, 5/2/17) additon has become loose. (Photo: HPTC, 5/2/17)
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Interior chimney on the west gable end of the main block. (Photo: HPTC, 5/2/17)

B201099 Masonry Chimneys

Qualitative Condition Rating FAIR

Maintenance Deficiency Rating MINOR

| B2020 Exterior Windows

The house has several window types, both historic and non-historic. First- and
second-floor windows in Unit A and Unit B are wood 6-over-6 double-hung sash. All
of the windows are screwed shut and most openings have modern exterior storm
window units. The south elevation window openings have decorative hoods.

The third-floor windows in the main block include an oculus window with Plexiglas in
the south elevation and two pentagonal openings in each gable end. The pentagonal
openings have casement sashes and decorative wood hoods. Two of the casement
sashes have been removed and replaced with a plywood panel. The ell addition has
a pentagonal window in the north gable end on the third floor and is cover with
plywood on the interior side.

The windows are in poor condition overall, with significant glazing failure, several
cracked lights and broken/missing storms, and paint failure on sash, jambs, and sills.
Several openings have been modified to accept air conditioning units. None of the
openings has ventilation louvers or screens in order to provide cross ventilation within
the building.
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An oculus

Typical historic wood 6-over-6 double-hung | Typical windows on the west elevation of the main
window on the south elevation with a decorative | block with plain wood lintels and sills.

hood and an exterior storm unit. (Photo: HPTC, 5/2/17)

(Photo: HPTC, 5/2/17)
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Ty>pic'él..p.entégoﬁ.al'v.\'/iAnd‘E)w in the gable ends of th-e
main block. (Photo: HPTC, 5/2/17)

2%

A variant of the pentagoal window in the gable
end on the south elevation of the ell addition.
(Photo: HPTC, 5/2/17)

B2020 Exterior Windows

Qualitative Condition Rating

POOR

Maintenance Deficiency Rating

SERIOUS

| B2030 Exterior Doors

The exterior doors are historic wood doors of various types: 4-panel, 4-lite/2-panel,
9-lite/1-panel, and vertical board. Most doors have modern storm doors. Metal Bilco

doors are used to access one of the basement entries.

are operational and in fair condition.

Overall, the exterior doors
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3.16

Front door (D101) on the south elevation.
(Photo: HPTC, 5/2/17)

Front door (D102) on the south elevation.
(Photo: HPTC, 5/2/17)

West porh door (D106 n the west eevatlon.

(Photo: HPTC, 5/2/17)

One of two identical doors (D103, D'1(‘)4) on the
east elevation. (Photo: HPTC, 5/2/17)
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3.17

Steel basement access doors on the east elevation.
(Photo: HPTC, 5/2/17)

Basement door (D002) on the north elevation.
(Photo: HPTC, 5/2/17)

B2020 Exterior Windows

Qualitative Condition Rating

FAIR

Maintenance Deficiency Rating

MINOR
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| B30 | ROOFING

B3010 Roof Coverings

B301001 Roof Finishes

The finish on the roofs of the main block, ell addition, and west elevation porch is
standing seam metal roofing. The south porch and east elevation entrance roofs are
flat seam metal. Sheathing consists of 34" x 934" boards in the main block and a
combination of 3" tongue-and-groove and 10” standard boards in the ell addition.

Overall, the roofing systems are in good condition, with one damaged area on the
south porch roof.

Typical standing seam metal roof. Flat seam metal roof on the south porch.
(Photo: HPTC, 5/2/17) (Photo: HPTC, 5/2/17)

B301001 Roof Finishes

Qualitative Condition Rating GOOD

Maintenance Deficiency Rating MINOR

| B301004 Flashing and Trim

The roofs and chimneys of the main block and ell addition are flashed. Overall,
flashings are in fair condition, with some failure/loose components on the south
elevation porch roof and the north elevation chimney.
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Valley flashing between the ell ddition and main
block roofs. (Photo: HPTC, 5/2/17)

-

The step flashing has separated from the south
chimney on the ell addition.
(Photo: HPTC, 5/2/17)

B301004 Flashing and Trim

Qualitative Condition Rating

FAIR

Maintenance Deficiency Rating

MINOR
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| B301005 Gutters and Downspouts

Gutters are corrugated half round on most of the building, with box gutters on the
main block. The downspouts are 5” round fluted. One downspout is connected to
an underdrain and the other downspouts outlet to splash pads. Overall, the gutter
and downspout system is in fair condition.

-

Roof plan of the various drainage zones:

includes the east slope of the ell addition and the east half of the north slope of the main block.
There are two sections of gutter, one at the lower edge of each slope. A shared downspout that drains
to grade is located at the north end of the ell addition.

Orange includes the south slope of the main block roof and the south entry porch roof. Gutters are
located at the lower edge of the main block roof and the lower edges of the south entry porch roof. A
shared downspout at the southwest corner of the south elevation drains to an underdrain and a shared
downspout at the southeast corner of the main block drains to grade.

Blue includes the west end of the north slope of the main block roof, the west slope of the ell addition
roof, and the west entry porch roof. These areas share a downspout at the northwest corner of the ell
addition roof.

Green includes the shed roof of the east elevation entry porch. This roof has no gutter and drains from
the eave to the porch below.
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3.21

}

Downspout with splash pad, northwest corner of
ell addition. (Photo: HPTC, 5/2/17)

Half-round gutter on the ell addition and box gutter
on the main block. (Photo: HPTC, 5/2/17)

B301005 Gutters and Downspouts

Qualitative Condition Rating

FAIR

Maintenance Deficiency Rating

MINOR
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Part B-Shell 3.22

End of Chapter 3, Part B.
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Part C-Interiors 3.23

C | INTERIORS

C10 | Interior Construction

C1010 Partitions

C101001 Fixed Partitions

The interior fixed partitions (non-loadbearing) walls are wood frame construction and
are in overall fair condition. Several modern framed partition walls in the third floor of
Unit A have been vandalized and are in poor condition.

Partition wall, Room 109, Unit B, first floor. Déyaged partition walls in Room 304 on the third

(Photo: CERL, 5/2/17) floor in Unit A. (Photo: CERL, 5/2/17)
C101001 Fixed Partitions

Qualitative Condition Rating FAIR

Maintenance Deficiency Rating MINOR

C1020 Interior Doors

C102001 Standard Interior Doors

The interior doors are painted wood with two panels and four panels and most doors
are through-tenoned. All doors are original historic doors except one modern bi-fold
door in the second-floor hall (Room 204) in Unit B. The historic hardware is present
on most doors.

Jamb mortises are present in several first-floor door openings where doors have been
removed. Some historic doors have been stored in the attic in Unit B. Overall, the
interior doors are in fair condition.

Historic Structure Assessment Report
Building 839, Carlisle Barracks
September 2017




Part C-Interiors 3.24

Closet doors, Room 202, Unit A. Most of the
closet doors in Unit A are through-tenoned. Note
that one door retains its historic hardware and one
does not. (Photo: CERL, 5/2/17)

Door D204, Room 205, Unit B.
(Photo: CERL, 5/2/17)

C102001 Standard Interior Doors

Qualitative Condition Rating FAIR

Maintenance Deficiency Rating MINOR

| | C1030 Fittings (Trim, Cabinets, Counters)

The trim on the interior of the house is mostly painted wood. Trim includes window
surrounds, door surrounds, and baseboards in assorted rooms as well as the stair
balustrades and newel posts.

The interior trim is largely historic, with several exceptions. The first-floor mantel in
Unit A is non-historic, as are most fittings in the kitchens and bathrooms. Baseboards
throughout Unit A are also non-historic, likely having been replaced when drywall was
installed over the historic plaster in Unit A. A small segment of historic baseboard is
located between Doors D212 and D213 in Unit A. Modern vinyl baseboards are present
in the bathrooms.

Overall, the fittings are in good condition.
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3.25

Non-historic baseboards and historic door
surround in Room 112, Unit A.
(Photo: CERL, 5/2/17)

The only extant historic baseboard in Unit A is
located between Doors D212 and D213.
(Photo: HPTC, 5/5/17)

Historic baseboard, Room 205, Unit B.
(Photo: CERL, 5/2/17)

Right: Historic window surround, Room 112, Unit
A. Non-historic strips have been added to the
perimeter of window surrounds throughout the
first floor of Unit A to accommodate the
installation of drywall. (Photo: CERL, 5/2/17)

Historic Structure Assessment Report
Building 839, Carlisle Barracks
September 2017




Part C-Interiors

3.26

Historic newel post and balustrade on the main
stairs in Unit A. (Photo: CERL, 5/2/17)

RS

Non-hitri mantl,il-kbom 112, Unit A.
(Photo: CERL, 5/2/17)

Non-historic cabinets in the kitchen (Room 103)
in Unit A. (Photo: CERL, 5/2/17)

Sink and toilet in the third-floor bathroom (Room
301). The sink is the only extant historic
plumbing fixture in the building, but does not
date to the period of significance. Note also non-
historic baseboards. (Photo: CERL, 5/2/17)

C1030 Fittings (Trim, Cabinets, Counters)

Qualitative Condition Rating

GOOD

Maintenance Deficiency Rating

MINOR
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C20

STAIRS

C2010 Stair Construction

C201001 Interior Stair Structure

Each unit has an interior basement stair and an interior main stair.
extends from the first floor to the third floor in Unit A and from the first floor to the
second floor in Unit B. A fold-down stair is used to access the attic in Unit B.

The main stair

Both main stairs are in good structural condition. Each is supported by a structural
wall. The Unit A main stair has metal supports on the balustrade side of the staircase,
likely added after the period of significance.

Both sets of interior basement stairs are non-historic, but are in good structural
condition.

Méin stair, Unit A. Note metal supports. Main stair, Unit B.
(Photo: CERL, 5/2/17)

(Photo: CERL, 5/2/17)
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Non-historic
(Photo: CERL, 5/2/17)

interior basement stair, Unit B.

Attic access stair in Unit B (Room 204). The
bottom tread is missing. (Photo: CERL, 5/2/17)

C201001 Interior Stair Structure

Qualitative Condition Rating

GOOD

Maintenance Deficiency Rating

MINOR
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| | C2020 Stair Finishes

The main stair and the basement stair in Unit A are carpeted and in poor condition.
The main stair in Unit B has rubber treads affixed to the top of each wooden tread.
The treads are in fair condition. The basement stairs in Unit B have unfinished wood
treads in fair condition.

Main stair, Unit B.

Main stair, Unit A. Note metal supports.

(Photo: CERL, 5/2/17) (Photo: CERL, 5/2/17)
C2020 Stair Finishes

Qualitative Condition Rating FAIR

Maintenance Deficiency Rating MINOR

C30 | Interior Finishes

C3010 Wall Finishes

The majority of wall finishes in Unit A are drywall over historic plaster. A small amount
of painted beaded board wall finish is present in the enclosed east porch (Room 104).
Modern tiles are present in the second floor bathroom (Room 201). Third floor walls
consist of drywall over modern framing and brick. The interior walls in Room 302 in
the attic are unfinished.
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Historic plaster is the predominant wall finish in Unit B. Modern drywall is present in
the kitchen in Unit B (Room 111). Painted and varnished beaded board wall finishes
are present in the enclosed first and second story east elevation porches (Rooms 105,
211). The west wall in the enclosed east first-floor porch (Room 105) is brick and
was formerly an exterior wall. Modern tiles are present on second-floor bathroom
walls (Room 206).

Overall, the wall finishes are in fair condition. However, both units have extensive
paint failure throughout and some localized damage in locations where previous
invasive materials testing was conducted. The wall damage in Rooms 304 and 305
was caused by vandalism.

Most wall finishes in Unit A are drywall over historic | Most wall finishes in Unit B are historic plaster.
plaster. (Photo: CERL, 5/2/17) Note paint failure. (Photo: CERL, 5/2/17)
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Beaded board wall finish damaged by invasive
materials testing in Room 106.
(Photo: CERL, 5/2/17)

Left: Painted brick and beaded board wall finishes
in Room 107. (Photo: CERL, 5/2/17)

g~ -
Damaged drywall walls in Room 304 in Unit A.
(Photo: CERL, 5/2/17)

Left: Drywall over plaster wall finish damaged by
invasive materials testing (Room 112).
(Photo: CERL, 5/2/17)

C3010 Wall Finishes

Qualitative Condition Rating

FAIR

Maintenance Deficiency Rating

MINOR
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| | €C3020 Floor Finishes

The floor finishes in Unit A are predominantly wood strip flooring installed over older
wood flooring. The wood strip floor finishes are in fair to good condition. The linoleum
sheet flooring in Rooms 101, 102, 112, 201, 301, and 303, likely installed over historic
wood floors, is in poor condition. The non-historic carpeting on basement and main
stairs is in poor condition.

Wood strip flooring is also the predominant flooring in Unit B, and is in fair condition.
Modern linoleum sheet flooring is present in Unit B in Rooms 107, 111, and 206 and
is in fair to poor condition. Painted tongue-and-groove flooring located in the enclosed
former porch (Rooms 105 and 106) is in fair condition.

Wood strip flooring in Room 210 and carpeting on | Sheet linoleum flooring in Room 103 is not historic.
the main stair in Unit A. Note two layers of wood | (Photo: CERL, 5/2/17)

flooring, evident at base of balusters.
(Photo: CERL, 5/2/17)

C3020 Floor Finishes

Qualitative Condition Rating FAIR

Maintenance Deficiency Rating MINOR

| | €3030 Ceiling Finishes

The ceilings in Unit A have various finishes. Rooms 102, 103, 112, and 113 have
painted drywall ceilings in good condition except for some minor water damage to the
ceiling in Room 113. Room 101 has a plaster ceiling with cracking and paint failure
and Room 104 has a painted tongue-and-groove beaded board ceiling with evidence
of water damage. Second-floor rooms have painted drywall ceilings in good condition.
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The plaster ceiling in Room 210 has some minor cracking. Third-floor ceilings are
unfinished or drywall in fair to poor condition.

The ceilings in Rooms 108, 109, 110, 203, 204, 205, and 207 in Unit B are painted
plaster in fair condition with some paint failure and minor cracking. An approximately
2’-0" x 3'-0" area of plaster has been removed from the Room 110 ceiling. Rooms
111 and 206 have painted drywall ceilings in good condition. Rooms 107 and 109
have painted beaded board ceiling finishes in fair to poor condition, with water
damage at the exterior wall. Room 108 has a painted beaded board ceiling in fair
condition. The exterior second-floor storage space on the east balcony has an
unpainted beaded board ceiling finish in fair condition.

Exposed lath in the ceiling of Room 110.
(Photo: CERL, 5/2/17)

Pair{féd plaster ceiling in Room 101.
(Photo: CERL, 5/2/17)

C3030 Ceiling Finishes

Qualitative Condition Rating FAIR

Maintenance Deficiency Rating MINOR
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End of Chapter 3, Part C.
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NOTE: The Services (Plumbing System, HVAC, Fire Protection Specialties, and
Electrical System) for Building 839 were not inspected for code compliance as part
of this assessment. However, a cursory visual inspection of the Services was
conducted to provide general observations.

D | SERVICES

D20 | PLUMBING

Plumbing System observations:
e The water supply to the building is turned off and the supply line in the
northwest corner of the Unit B basement is cut below the valve.
e A 130 gal water heater (ca. 2005) is located in the basement of Unit B.
e The condition of the plumbing system and the sewer system is unknown.
e A natural gas meter is located on the exterior at the northeast corner of the
building. The gas supply is turned off.

Qualitative Condition Rating Not Rated
Maintenance Deficiency Rating MINOR
| D30 | HVAC

HVAC System observations:
e The boiler in the basement of Unit A appears to be in good condition and
reusable.
e The condition of the radiators throughout the building is unknown.
e The building does not have central air conditioning.

Qualitative Condition Rating Not Rated

Maintenance Deficiency Rating MINOR

| D40 | FIRE PROTECTION SYSTEMS

Fire Protection System observations:
e No fire detection or suppression system is installed in the building.
¢ No fire extinguishers are located in the building.
e Several of the existing battery-operated smoke detectors are non-working.

Qualitative Condition Rating POOR

Maintenance Deficiency Rating CRITICAL
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| D50 | ELECTRICAL

Electrical System observations:
e The power is on in the building.
e Breaker panels are located in both basements.

e The condition of the wiring, devices, and fixtures throughout the building is
unknown.

e The building does not have a security system installed.

Qualitative Condition Rating Not Rated

Maintenance Deficiency Rating SERIOUS

End of Chapter 3, Part D.
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NOTE: A cursory visual inspection of the Building Sitework was conducted to
provide general observations.

G | BUILDING SITEWORK
G20 | SITE IMPROVEMENTS

Site Improvements observations:
e The asphalt parking lot is in good condition.
e All pedestrian paving around the building is in good condition.
e All landscaping is maintained and in good condition.
e The overall building site drainage is functional and in good condition.

Qualitative Condition Rating GOOD
Maintenance Deficiency Rating MINOR
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End of Chapter 3, Part G.
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Summary of Condition Assessment Ratings 3.39
Carlisle Barracks Building 839 - Summary of Condition Assessment Ratings
UNIFORMAT Ii Outline Data | S

A | SUBSTRUCTURE
Al10 | FOUNDATIONS
A1010 | Standard Foundations
A101001 | Wall Foundations | Fair | Minor
A1030 | Slab On Grade
A103001 | Standard Slab On Grade | Good | Minor
B [ SHELL
B10 | SUPERSTRUCTURE
B1010 | Floor Construction
B101001 | Structural Frame | Good | Minor
B1020 | Roof Construction
B102001 | Structural Frame | Good | Minor
B20 | EXTERIOR ENCLOSURE
B2010 | Exterior Walls
B201001 | Exterior Skin
B201001-1 | Brick Poor Serious
B201001-2 | Wood Siding Poor Serious
B201008 | Exterior Soffits (Cornice) Poor Serious
B201099 | Masonry Chimneys Fair Minor
B2020 | Exterior Windows
B2020-1 | Basement Windows Poor Serious
B2020-2 | 1t Floor Windows Poor Serious
B2020-3 | 2" Floor Windows Poor Serious
B2020-4 | Attic Windows Poor Serious
B2030 | Exterior Doors
B2030-1 | Basement Doors Fair Minor
B2030-2 | 1t Floor Doors Good Minor
B30 | ROOFING
B3010 | Roof Coverings
B301001 | Roof Finishes Good Minor
B301004 | Flashings & Trim Fair Minor
B301005 | Gutters & Downspouts Fair Minor
C | INTERIORS
C10 | INTERIOR CONSTRUCTION
C1010 | Partitions
C101001 | Fixed Partitions | Fair | Minor
C1020 | Interior Doors
C102001 | Standard Interior Doors Fair Minor
C1030 | Fittings Good Minor
C20 | STAIRS
C2010 | Stair Construction
C201001 | Interior Stair Structure Good Minor
C2020 | Stair Finishes Fair Minor
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C30 | INTERIOR FINISHES
C3010 | Wall Finishes Fair Minor
C3020 | Floor Finishes Fair Minor
C3030 | Ceiling Finishes Fair Minor
D [ SERVICES
D20 | PLUMBING NotRated | Minor
D30 | HVAC NotRated | Minor
D40 | FIRE PROTECTION SYSTEMS
D4030 | Fire Protection Specialties
D403001 | Fire Extinguishing Devices Poor | Critical
D4090 | Other Fire Protection Systems
D409099 | Smoke/Heat Detectors Not Rated | Critical
D50 | ELECTRICAL
D5010 | Electrical Service & Distribution Not Rated Minor
D5020 | Lighting & Branch Wiring Not Rated Minor
D5030 | Communications & Security
D503001 | Fire Alarm System N/A Critical
D503003 | Telecommunications System Not Rated Minor
D503008 | Security System N/A Serious
G | BUILDING SITEWORK
G20 | SITE IMPROVEMENTS
G2020 | Parking Lots Good Minor
G2030 | Pedestrian Paving Good Minor
G2050 | Landscaping Good Minor
G90 | OTHER SITE WORK
G9087 | Overall Building Site Drainage Good | Minor
End of Table
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CHAPTER 4

Class C Cost Estimate for Building 839
Class C (Conceptual) Construction Cost Estimating

Class C Construction Cost Estimates are referred to as conceptual estimates by the
Federal government and are generally prepared without a fully-defined scope of work.
These estimates are general in nature, representative of a broad-based vision rather
than focused on specific details and require a great deal of interpretation and
assumptions on the part of the estimator to fill in the blanks between programmed
elements. Class C estimates are generally used for: feasibility studies, development
of project scope and program, establishing preliminary budgets, and selecting from
among alternative design types.

The Class C Construction Cost Estimates is a conceptual cost estimate based on a
combination of detailed installation analysis, typical assembly costs, and some lump
sum or square footage costs derived from similar projects.

Class C Construction Cost Estimating Accuracy

Class C Construction Estimates are generally prepared with little, if any, formal design
documents and often without a fully defined scope of work. This lack of detail requires
that a high level of skill and careful estimating judgment is employed during the
development of conceptual costs.

The generally accepted industry accuracy range of Class C Construction Cost
Estimates is -30% to +50%. For example, with this as the accepted accuracy, a
$1,000,000 Class C Construction Cost Estimate would have an accepted range of
$700,000 to $1,500,000.

Class C Construction Cost Estimate Mark-ups and Design Contingencies

The cost information used to prepare Conceptual Class C Cost Estimates may be a
combination of local costs obtained through detailed research, and/or be derived from
sources other than park- and/or project-specific cost data. Complete design details
are likely not available to precisely define every aspect of the work and some design
elements may still change or be eliminated, while others may need to be added.
Some additional elements may include location adjustments, design contingency, and
general conditions including conditions that relate to the use of historic buildings.
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Historic Preservation Factor

If a project involves additions or repairs to historic structures, or is in close proximity
to historical or cultural sites, a Historic Preservation Factor may need to be included
to account for unknown or unidentified costs associated with protecting and/or
matching the historical fabric of the resource.

At the Class C Construction Cost Estimate level, few of these impacts are typically
quantified for most projects; therefore a mark-up should be applied to the estimate
to allow for the associated costs. A range of 0-10% is not uncommon.

For many new construction and other non-historical projects it is common for this
mark-up factor to be zero (0). For solely historical preservation/restoration projects,
all of the additional associated costs should be included in the direct cost items.

NPS Cost Estimating Requirements Handbook

The NPS Cost Estimating Requirements Handbook offers a clear overview of the
background and purpose of the NPS cost estimating system.

Chapter 1 of the Handbook addresses Background, Purpose, Application, and Cost
Management Policies. Technical and administrative requirements are presented for
the development, preparation, documentation, and submittal of construction cost
estimates during the project life cycle of a NPS construction project’'s pre-
planning/pre-design, schematic design, design development, and construction
document preparation phases.

NOTE: After a review of these requirements, the information provided for this project
is considered to pre-planning/pre-design information for the purposes of cost
estimating.
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Building Treatment Options

The U.S. Army Corps of Engineers Construction Engineering Research Center (CERL)
is considering five potential treatments and uses for Building 839 at the Carlisle
Barracks. These include:

1.

2.

uihw

Restoration: to period of significance (1887-1918). Convert building back to
use as residence(s).

Rehabilitation: adaptive use of the building for office use while restoring
character-defining features.

Stabilization/Mothballing: 10 and 20 year cycles.

Relocation: relocate building to another location.

Demolition
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Option 1: Restoration to 1887-1918 for Use as Residence(s)

This treatment consists of restoration of the interior and exterior of the Building 839
with retention and preservation of character-defining features. This treatment also
includes removing modern additions (e.g. screened-in porch), and reproducing lost
CDFs to the building (e.g. paint colors and front porch trim details). The building
interior would be upgraded for use as a single residence or duplex.

Restoration tasks include:

- Conduct a historic paint study/analysis to determine historic paint colors

- Foundations: spot repointing, paint stripping, and cleaning

- Treatment for wood-boring insects

- Repairs to the west porch roof structural system (posts, rafters, and roof
boards)

- Exterior Brick Walls: paint stripping and repainting to match historic colors

- Exterior Siding: replacement of deteriorated boards, prep, and repainting
to match historic colors

- Trim & Porches: wood repair/replacement, where needed, removal of
screen-in porch components, restoration of the lost trim components at
front porch, prep and repaint to match historic colors

- Chimneys: add screening to cap openings, where missing, and repoint, as
needed

- Exterior Windows: complete preservation of windows and openings,
removal of unsympathetic storm windows, installation of new interior storm
windows, and removal of window air condition units

- Exterior Doors: minor preservation of wood exterior doors, replacement of
exterior storm doors with compatible new units

- Repair of flashing at south elevation porch and north elevation chimney

- Repair of third-floor partition walls

- Interior Doors: minor repairs, prep, and repainting

- Interior Trim: minor repairs, prep, and repainting; complete replacement
of non-historic mantel in Unit A, Room 112

- Cabinets & Counters: Replace kitchen cabinets, restore bathrooms to
historic appearance

- Stairs: remove carpet and rubberized treads, prep and repaint, new Unit B
attic access stair

- Walls: remove drywall and modern bathroom tiles, restore underlying
plaster, prep, and paint

- Floors: remove linoleum, install more historically-sensitive material

- Ceilings: remove drywall, restore underlying plaster, prep, and paint

NOTE: Utilities and mechanical, electrical, plumbing (MEP) systems are not addressed
in tasks needed, as these systems were not assessed by the HPTC assessment team.
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Average Building 839 SF
Cost Range? Cost/SF? (1st 2nd 34 Floors) Restoration Cost
Low $210/SF 5,420 SF $1,138,200
Medium $300/SF 5,420 SF $1,626,000
High $450/SF 5,420 SF $2,439,000
Average $320/SF 5,420 SF $1,734,400

The generally accepted industry accuracy range of Class C Construction Cost
Estimates is -30% to +50%.

Restoration: Class C Cost Estimate Range based on average cost of $1,734,400.

Accepted industry accuracy range:
-30% [-$520,320] to + 50% [+$867,200] = $1,214,080 to $2,601,600

Mean cost equals approximately $1,907,840 in FY17 dollars, or $352/SF.

NOTE: Allowances for inflation are required in future out-year estimates.

! Derived from RS Means Square Foot Costs, 2017. These represent construction costs only and do not
include traditional contractor’s overhead and profit or the architectural design fees.
2 Derived from RS Means Quick Estimating Tool for metro Washington, D.C.

Historic Structure Assessment Report
Building 839, Carlisle Barracks
September 2017



Class C Cost Estimate 4.6

Option 2: Rehabilitation for Use as Offices

This treatment consists of the general rehabilitation of the interior and exterior of
Building 839 with retention and preservation of character-defining features. The
interior spaces would be upgraded for use as administrative offices or other
compatible uses (e.g. meeting space, gallery space, exhibition space, interpretive
display (non-archival) space, public information display space, or an education
center) which would to allow visitors to access to the building.

Rehabilitations tasks include:

- Foundations: spot repointing, paint stripping, and cleaning

- Treatment for wood-boring insects

- Repairs to the west porch roof structural system (posts, rafters, and roof
boards)

- Exterior Brick Walls: paint stripping and repaint

- Exterior Siding: replacement of deteriorated boards, prep, and repaint

- Trim & Porches: wood repair/replacement, where needed, prep and repaint

- Chimneys: add screening to cap openings, where missing, and repoint, as
needed

- Exterior Windows: complete preservation of windows and openings, repair
of storm windows, installation of new exterior storm windows where
missing, and removal of window air condition units

- Exterior Doors: minor preservation of wood exterior doors, repair of
exterior storm doors

- Repair of flashing at south elevation porch and north elevation chimney

- Repair of third-floor partition walls

- Interior Doors: minor repairs, prep, and repaint

- Interior Trim: minor repairs, prep, and repaint

- Stairs: remove carpet and rubberized treads, prep and repaint, new Unit B
attic access stair

- Walls: repair drywall/plaster, prep, and paint

- Floors: replace damaged linoleum

- Ceilings: repair drywall/plaster, prep, and paint

- Accessibility: provide accessible route from the exterior, accessible
entrance, and accessible space on at least one floor.

NOTE: Utilities and mechanical, electrical, plumbing (MEP) systems are not addressed
in tasks needed, as these systems were not assessed by the HPTC assessment team
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Average Building 839 SF
Cost Range® Cost/SF* (1st 24 371 Floors) | Rehabilitation Cost
Low $140/SF 5,420 SF $758,800
Medium $200/SF 5,420 SF $1,084,000
High $300/SF 5,420 SF $1,626,000
Average $213/SF 5,420 SF $1,154,460

The generally accepted industry accuracy range of Class C Construction Cost
Estimates is -30% to +50%.

$1,154,460.

Accepted industry accuracy range:
-30% [-$346,338] to + 50% [+$577,230] = $808,122 to $1,731,690

Rehabilitation: Class C Cost Estimate Range based on average cost of

Mean cost equals approximately $1,269,906 in FY17 dollars, or $234/SF.

NOTE: Allowances for inflation are required in future out-year estimates.

3 Derived from RS Means Square Foot Costs, 2017. These represent construction costs only and do not
include traditional contractor’s overhead and profit or the architectural design fees.

4 Derived from RS Means Quick Estimating Tool for metro Washington, D.C.
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Option 3: Stabilization/Mothballing

This treatment consists of the stabilization of the exterior and mothballing of the
interior of Building 839 with retention and preservation of character-defining
features. This treatment accommodates vacancy of the building for an interim period
of 10 to 20 years.

Stabilization/mothballing tasks include:

- Foundations: spot repointing, scrape paint

- Treatment for wood-boring insects

- Repairs to the west porch roof structural system (posts, rafters, and roof
boards)

- Exterior Brick Walls: scape paint

- Exterior Siding: replacement of deteriorated boards, prep, and repaint

- Trim & Porches: wood repair/replacement, where needed, prep and repaint

- Chimneys: add screening to cap openings, where missing, and repoint, as
needed

- Exterior Windows: repair of storm windows, installation of new storm
windows where missing, removal of window air condition units, installation
of screened louvers throughout building

- Exterior Doors: repair exterior storm doors

- Repair of flashing at south elevation porch and north elevation chimney

- Interior Doors: block in open position

- Stairs: remove carpet, new Unit B attic access stair

Average Building 839 SF Stabilization/
Cost Range® Cost/SF® (1st 2" 3 Floors) Mothballing Cost
Low $49/SF 5,420 SF $265,580
Medium $70/SF 5,420 SF $379,400
High $105/SF 5,420 SF $569,100
Average $75/SF 5,420 SF $406,500

The generally accepted industry accuracy range of Class C Construction Cost
Estimates is -30% to +50%.

5 Derived from RS Means Square Foot Costs, 2017. These represent construction costs only and do not
include traditional contractor’s overhead and profit or the architectural design fees.
6 Derived from RS Means Quick Estimating Tool for metro Washington, D.C.
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Stabilization/Mothballing: Class C Cost Estimate Range based on average cost of
$406,500.

Accepted industry accuracy range:
-30% [-$121,950] to + 50% [+$203,250] = $284,550 to $609,750

Mean cost equals approximately $894,300 in FY17 dollars, or $165/SF.

NOTE: Allowances for inflation are required in future out-year estimates.
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Option 4: Demolition

This treatment consists of the complete demolition and removal of Building 839with
no replacement. The cost below does not include site work after removal or removal
of utilities to the building.

Average Building 839 SF Stabilization/
Cost Range’ Cost/SF8 (B 1st 2" 3 Floors) Mothballing Cost
Low $35/SF 7,427 SF $259,945
Medium $50/SF 7,427 SF $371,350
High $75/SF 7,427 SF $557,025
Average $53/SF 7,427 SF $393,631

The generally accepted industry accuracy range of Class C Construction Cost
Estimates is -30% to +50%.

Rehabilitation: Class C Cost Estimate Range based on average cost of $393,631.

Accepted industry accuracy range:
-30% [-$118,089] to + 50% [+$196,816] = $275,542 to $590,447

Mean cost equals approximately $432,995 in FY17 dollars, or $58.30/SF.

NOTE: Allowances for inflation are required in future out-year estimates.

7 Derived from RS Means Square Foot Costs, 2017. These represent construction costs only and do not
include traditional contractor’s overhead and profit or the architectural design fees.
8 Derived from RS Means Quick Estimating Tool for metro Washington, D.C.
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Option 5: Relocation

This treatment consists of relocating Building 839 from its current location at Carlisle
Barracks approximately 0.5 miles east-southeast to the U.S. Army Heritage and
Education Center located at 950 Soldiers Drive, Carlisle, PA. The approximate
relocation route would include transfer of the house to adjacent Post Road, left of
Claremont Road, right on Army Heritage Drive, and transfer onto its new site.

After relocation, a building treatment and use (Options 1-3 above) would need to be
select to properly maintain the building for an extended period of time. These
treatment costs would be in addition to the actual relocation costs.

Relocation costs include:

- Construction of new foundations and slab at the new site
- Demolition of old foundations and slab
- Jacking, moving, leveling, and placing building on new foundation

NOTE: The cost below does not include site work after removal, or removal of utilities
to the building or reestablishment of utilities to the building at its new location.

Average Building 839 SF
Cost Range® Cost/SF° (B 1t 24 3™ Floors) Relocation Cost
Low $30/SF 7,427 SF $22,810
Medium $45/SF 7,427 SF $334,215
High $68/SF 7,427 SF $505,036
Average $48/SF 7,427 SF $356,496

The generally accepted industry accuracy range of Class C Construction Cost
Estimates is -30% to +50%.

9 Derived from RS Means Square Foot Costs, 2017. These represent construction costs only and do not
include traditional contractor’s overhead and profit or the architectural design fees.
10 Derived from RS Means Quick Estimating Tool for metro Washington, D.C.
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Rehabilitation: Class C Cost Estimate Range based on average cost of $356,496.

Accepted industry accuracy range:
-30% [-$106,949] to + 50% [+$178,248] = $249,547 to $534,744

Mean cost equals approximately $392,146 in FY17 dollars, or $53/SF.

NOTE: Allowances for inflation are required in future out-year estimates.

End of Chapter 4.
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Appendix A A.l

PRESERVATION STANDARDS AND GUIDELINES

Preservation is defined as the act or process of applying measures necessary to
sustain the existing form, integrity, and materials of an historic property. Work,
including preliminary measures to protect and stabilize the property, generally
focuses upon the ongoing maintenance and repair of historic materials and features
rather than extensive replacement and new construction. New exterior additions
are not within the scope of this treatment; however, the limited and sensitive
upgrading of mechanical, electrical, and plumbing systems and other code-required
work to make properties functional is appropriate within a preservation project.

Standards for Preservation

1. A property will be used as it was historically, or be given a new use that
maximizes the retention of distinctive materials, features, spaces, and spatial
relationships. Where a treatment and use have not been identified, a property
will be protected and, if necessary, stabilized until additional work may be
undertaken.

2. The historic character of a property will be retained and preserved. The
replacement of intact or repairable historic materials or alteration of features,
spaces, and spatial relationships that characterize a property will be avoided.

3. Each property will be recognized as a physical record of its time, place, and use.
Work needed to stabilize, consolidate, and conserve existing historic materials
and features will be physically and visually compatible, identifiable upon close
inspection, and properly documented for future research.

4. Changes to a property that have acquired historic significance in their own right
will be retained and preserved.

5. Distinctive materials, features, finishes, and construction techniques or
examples of craftsmanship that characterize a property will be preserved.

6. The existing condition of historic features will be evaluated to determine the
appropriate level of intervention needed. Where the severity of deterioration
requires repair or limited replacement of a distinctive feature, the new material
will match the old in composition, design, color, and texture.

7. Chemical or physical treatments, if appropriate, will be undertaken using the
gentlest means possible. Treatments that cause damage to historic materials will
not be used.
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8. Archeological resources will be protected and preserved in place. If such
resources must be disturbed, mitigation measures will be undertaken.

Guidelines for Preservation

Choosing Preservation as a Treatment

In Preservation, the options for replacement are less extensive than in the
treatment, Rehabilitation. This is because it is assumed at the outset that building
materials and character-defining features are essentially intact, i.e., which more
historic fabric has survived, unchanged over time. The expressed goal of the
Standards for Preservation and Guidelines for Preserving Historic Buildings
is retention of the building's existing form, features and detailing. This may be as
simple as basic maintenance of existing materials and features or may involve
preparing a historic structure report, undertaking laboratory testing such as paint
and mortar analysis, and hiring conservators to perform sensitive work such as
reconstituting interior finishes. Protection, maintenance, and repair are emphasized
while replacement is minimized.

Identify, Retain, and Preserve Historic Materials and Features

The guidance for the treatment Preservation begins with recommendations to
identify the form and detailing of those architectural materials and features that are
important in defining the building's historic character and which must be retained in
order to preserve that character. Therefore, guidance on identifying, retaining,
and preserving character-defining features is always given first. The character of
a historic building may be defined by the form and detailing of exterior materials,
such as masonry, wood, and metal; exterior features, such as roofs, porches, and
windows; interior materials, such as plaster and paint; and interior features, such
as moldings and stairways, room configuration and spatial relationships, as well as
structural and mechanical systems; and the building's site and setting.

Stabilize Deteriorated Historic Materials and Features as a Preliminary Measure

Deteriorated portions of a historic building may need to be protected thorough
preliminary stabilization measures until additional work can be undertaken.
Stabilizing may include structural reinforcement, weatherization, or correcting
unsafe conditions. Temporary stabilization should always be carried out in such a
manner that it detracts as little as possible from the historic building's appearance.
Although it may not be necessary in every preservation project, stabilization is
nonetheless an integral part of the treatment Preservation; it is equally applicable,
if circumstances warrant, for the other treatments.
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Protect and Maintain Historic Materials and Features

After identifying those materials and features that are important and must be
retained in the process of Preservation work, then protecting and maintaining
them are addressed. Protection generally involves the least degree of intervention
and is preparatory to other work. For example, protection includes the maintenance
of historic materials through treatments such as rust removal, caulking, limited
paint removal, and re-application of protective coatings; the cyclical cleaning of roof
gutter systems; or installation of fencing, alarm systems and other temporary
protective measures. Although a historic building will usually require more
extensive work, an overall evaluation of its physical condition should always begin
at this level.

Repair (Stabilize, Consolidate, and Conserve) Historic Materials and Features

Next, when the physical condition of character-defining materials and features
requires additional work, repairing by stabilizing, consolidating, and
conserving is recommended. Preservation strives to retain existing materials and
features while employing as little new material as possible. Consequently, guidance
for repairing a historic material, such as masonry, again begins with the least
degree of intervention possible such as strengthening fragile materials through
consolidation, when appropriate, and repointing with mortar of an appropriate
strength. Repairing masonry as well as wood and architectural metal features may
also include patching, splicing, or otherwise reinforcing them using recognized
preservation methods. Similarly, within the treatment Preservation, portions of a
historic structural system could be reinforced using contemporary materials such as
steel rods. All work should be physically and visually compatible, identifiable upon
close inspection and documented for future research.

Limited Replacement in Kind of Extensively Deteriorated Portions of Historic
Features

If repair by stabilization, consolidation, and conservation proves inadequate, the
next level of intervention involves the limited replacement in kind of extensively
deteriorated or missing parts of features when there are surviving prototypes (for
example, brackets, dentils, steps, plaster, or portions of slate or tile roofing). The
replacement material needs to match the old both physically and visually, i.e.,
wood with wood, etc. Thus, with the exception of hidden structural reinforcement
and new mechanical system components, substitute materials are not appropriate
in the treatment Preservation. Again, it is important that all new material be
identified and properly documented for future research. If prominent features are
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missing, such as an interior staircase, exterior cornice, or a roof dormer, then a
Rehabilitation or Restoration treatment may be more appropriate.

Energy Efficiency/Accessibility Considerations and Health & Safety Code
Considerations

These sections of the Preservation guidance address work done to meet
accessibility requirements and health and safety code requirements; or limited
retrofitting measures to improve energy efficiency. Although this work is quite often
an important aspect of preservation projects, it is usually not part of the overall
process of protecting, stabilizing, conserving, or repairing character-defining
features; rather, such work is assessed for its potential negative impact on the
building's historic character. For this reason, particular care must be taken not to
obscure, damage, or destroy character-defining materials or features in the process
of undertaking work to meet code and energy requirements.

Preservation Maintenance Treatment

This project has been determined to be a preservation maintenance project. By its
definition this includes cyclical maintenance planning. The information gathered
from the building survey directs the prioritization process for preservation
maintenance work tasks (recommended treatments).

Recommendations in this report address the actual condition of the historic building
and present recommended treatments to maintain the structure for a five (5) to ten
(10) year period. Certain treatments will inherently have a service life that will
exceed 5 - 10 years if maintained in good condition.

It is important there is a clear understanding of the treatment. The NPS Cultural
Resource Management Guidelines (formerly NPS-28, Release No. 5, 1997) define
preservation maintenance as follows:

Action to mitigate wear and deterioration of a historic property without
altering its historic character by protecting its condition, repairing when its
condition warrants with the least degree of intervention including limited
replacement in-kind, replacing an entire feature in-kind when the level of
deterioration or damage of materials precludes repair, and stabilization to
protect damaged materials and features from additional damage.
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Types of preservation maintenance are:

» Housekeeping: the removal of undesirable deposits of soil in ways that
minimize harm to the surfaces treated, repeated at short intervals so that
the gentlest and least radical methods can be used.

» Routine Maintenance: usually consists of service activities such as tightening,
adjusting, oiling, pruning, etc.

= Cyclic Maintenance: maintenance performed less frequently than annually,
usually involves replacement or at least mending of material.

= Stabilization: action to render an unsafe, damaged, or deteriorated property
stable while retaining its present form.
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REHABILITATION STANDARDS AND GUIDELINES

Rehabilitation is defined as the act or process of making possible a compatible
use for a property through repair, alterations, and additions while preserving those
portions or features which convey its historical, cultural, or architectural values.

Standards for Rehabilitation

1. A property will be used as it was historically or be given a new use that requires
minimal change to its distinctive materials, features, spaces, and spatial
relationships.

2. The historic character of a property will be retained and preserved. The removal
of distinctive materials or alteration of features, spaces, and spatial relationships
that characterize a property will be avoided.

3. Each property will be recognized as a physical record of its time, place, and use.
Changes that create a false sense of historical development, such as adding
conjectural features or elements from other historic properties, will not be
undertaken.

4. Changes to a property that have acquired historic significance in their own right
will be retained and preserved.

5. Distinctive materials, features, finishes, and construction techniques or
examples of craftsmanship that characterize a property will be preserved.

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

7. Chemical or physical treatments, if appropriate, will be undertaken using the
gentlest means possible. Treatments that cause damage to historic materials will
not be used.

8. Archeological resources will be protected and preserved in place. If such
resources must be disturbed, mitigation measures will be undertaken.

9. New additions, exterior alterations, or related new construction will not destroy
historic materials, features, and spatial relationships that characterize the
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property. The new work shall be differentiated from the old and will be
compatible with the historic materials, features, size, scale and proportion, and
massing to protect the integrity of the property and its environment.

10.New additions and adjacent or related new construction will be undertaken in
such a manner that, if removed in the future, the essential form and integrity of
the historic property and its environment would be unimpaired.

Guidelines for Rehabilitation

Choosing Rehabilitation as a Treatment

In Rehabilitation, historic building materials and character-defining features are
protected and maintained as they are in the treatment Preservation; however, an
assumption is made prior to work that existing historic fabric has become damaged
or deteriorated over time and, as a result, more repair and replacement will be
required. Thus, latitude is given in the Standards for Rehabilitation and
Guidelines for Rehabilitation to replace extensively deteriorated, damaged, or
missing features using either traditional or substitute materials. Of the four
treatments, only Rehabilitation includes an opportunity to make possible an efficient
contemporary use through alterations and additions.

Identify, Retain, and Preserve Historic Materials and Features

Like Preservation, guidance for the treatment Rehabilitation begins with
recommendations to identify the form and detailing of those architectural materials
and features that are important in defining the building's historic character and
which must be retained in order to preserve that character. Therefore, guidance on
identifying, retaining, and preserving character-defining features is always
given first. The character of a historic building may be defined by the form and
detailing of exterior materials, such as masonry, wood, and metal; exterior
features, such as roofs, porches, and windows; interior materials, such as plaster
and paint; and interior features, such as moldings and stairways, room
configuration and spatial relationships, as well as structural and mechanical
systems.

Protect and Maintain Historic Materials and Features

After identifying those materials and features that are important and must be
retained in the process of Rehabilitation work, then protecting and maintaining
them are addressed. Protection generally involves the least degree of intervention
and is preparatory to other work. For example, protection includes the maintenance
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of historic material through treatments such as rust removal, caulking, limited paint
removal, and re-application of protective coatings; the cyclical cleaning of roof
gutter systems; or installation of fencing, alarm systems and other temporary
protective measures. Although a historic building will usually require more
extensive work, an overall evaluation of its physical condition should always begin
at this level.

Repair Historic Materials and Features

Next, when the physical condition of character-defining materials and features
warrants additional work repairing is recommended. Rehabilitation guidance for
the repair of historic materials such as masonry, wood, and architectural metals
again begins with the least degree of intervention possible such as patching,
piecing-in, splicing, consolidating, or otherwise reinforcing or upgrading them
according to recognized preservation methods. Repairing also includes the limited
replacement in kind--or with compatible substitute material--of extensively
deteriorated or missing parts of features when there are surviving prototypes (for
example, brackets, dentils, steps, plaster, or portions of slate or tile roofing).
Although using the same kind of material is always the preferred option, substitute
material is acceptable if the form and design as well as the substitute material itself
convey the visual appearance of the remaining parts of the feature and finish.

Replace Deteriorated Historic Materials and Features

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

When an entire interior or exterior feature is missing (for example, an entrance, or
cast iron facade; or a principal staircase), it no longer plays a role in physically
defining the historic character of the building unless it can be accurately recovered
in form and detailing through the process of carefully documenting the historical
appearance. Although accepting the loss is one possibility, where an important
architectural feature is missing, its replacement is always recommended in the
Rehabilitation guidelines as the first or preferred, course of action. Thus, if
adequate historical, pictorial, and physical documentation exists so that the feature
may be accurately reproduced, and if it is desirable to re-establish the feature as
part of the building's historical appearance, then designing and constructing a new
feature based on such information is appropriate. However, a second acceptable
option for the replacement feature is a new design that is compatible with the
remaining character-defining features of the historic building. The new design
should always take into account the size, scale, and material of the historic building
itself and, most importantly, should be clearly differentiated so that a false
historical appearance is not created.

Alterations/Additions for the New Use

Some exterior and interior alterations to a historic building are generally needed to
assure its continued use, but it is most important that such alterations do not
radically change, obscure, or destroy character-defining spaces, materials, features,
or finishes. Alterations may include providing additional parking space on an
existing historic building site; cutting new entrances or windows on secondary
elevations; inserting an additional floor; installing an entirely new mechanical
system; or creating an atrium or light well. Alteration may also include the selective
removal of buildings or other features of the environment or building site that are
intrusive and therefore detract from the overall historic character. The construction
of an exterior addition to a historic building may seem to be essential for the new
use, but it is emphasized in the Rehabilitation guidelines that such new additions
should be avoided, if possible, and considered only after it is determined that those
needs cannot be met by altering secondary, i.e., non character-defining interior
spaces. If, after a thorough evaluation of interior solutions, an exterior addition is
still judged to be the only viable alterative, it should be designed and constructed to
be clearly differentiated from the historic building and so that the character-defining
features are not radically changed, obscured, damaged, or destroyed. Additions and
alterations to historic buildings are referenced within specific sections of the
Rehabilitation guidelines such as Site, Roofs, Structural Systems, etc., but are
addressed in detail in New Additions to Historic Buildings.
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Energy Efficiency/Accessibility Considerations and Health & Safety Code
Considerations

These sections of the guidance address work done to meet accessibility
requirements and health and safety code requirements; or retrofitting measures to
improve energy efficiency. Although this work is quite often an important aspect of
Rehabilitation projects, it is usually not a part of the overall process of protecting
or repairing character-defining features; rather, such work is assessed for its
potential negative impact on the building's historic character. For this reason,
particular care must be taken not to radically change, obscure, damage, or destroy
character-defining materials or features in the process of meeting code and energy
requirements.

End of Appendix A
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Building Feature Master List (Uniformat II)

The Building Feature Master List is the overall outline checklist used in the condition
assessment of Building 839. This outline creates a hierarchical structure based on
industry standards adopted by the government.

The category, topic, code and sub-code nomenclature is derived from current NPS
condition assessment systems, which, in turn, utilize the format and structure of
the Uniformat system used by many facility management industry leaders. Refer to
Section 1 for a description of this methodology.

The following document is the blank master condition assessment outline designed
for Building 839 and may be used for future reference.
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BUILDING FEATURE MASTER LIST (FMSS)
UNIFORMAT II Work Breakdown Structure (WBS)
(Rev. 2/13/2008)

A | SUBSTRUCTURE

All work below the lowest floor construction and the enclosing elements required to a form
basement.

A10 | FOUNDATIONS

A1010 | Standard Foundations
Continuous footings, spread footings, grade beams, foundation walls, pile
caps, and column piers.

A101001 | Wall Foundations

A1030 | Slab On Grade
A slab poured on earth.

A103001 | Standard Slab On Grade

B | SHELL

All structural slabs, and decks and supports within basements and above grade. Includes both
horizontal items and vertical structural components.

B10 | SUPERSTRUCTURE

B1010 | Floor Construction
Could consist of wood, concrete, CMU, steel frame, etc.

B101001 | Structural Floor Frame

B1020 | Roof Construction
Framework supporting the roof and roof decks.

B102001 | Structural Roof Frame

B20 | EXTERIOR ENCLOSURE

Exterior facing of the building, including all vertical and horizontal exterior closure
facilities excluding roof.

B2010 | Exterior Walls
All materials associated with exterior wall construction.

B201001 | Exterior Skin

B201001-1 | Brick

B201001-2 | Wood Siding

B201008 | Exterior Soffits

B201099 | Masonry Chimneys

B2020 | Exterior Windows
All windows located in exterior walls.

B2020-1 | Basement Windows

B2020-2 | 1st Floor Windows

B2020-3 | 2" Floor Windows

B2020-4 | Attic Windows

B2030 | Exterior Doors
All doors located in exterior walls.

B2030-1 | Basement Doors

B2030-2 | 1st Floor Doors
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B30 | ROOFING
B3010 | Roof Coverings
All waterproof roof coverings and insulation, together with skylights, hatches,
ventilators, and all required trim.
B301001 | Roof Finishes
B301004 | Flashings & Trim
B301005 | Gutters & Downspouts
C | INTERIORS
Construction which takes place inside the exterior wall or exterior skin, excluding interior
structural walls.
C10 | INTERIOR CONSTRUCTION
C1010 | Partitions
C101001 | Fixed Partitions
C1020 | Interior Doors
C102001 | Standard Interior Doors
C1030 | Fittings
C20 | STAIRS
C2010 | Stair Construction
C201001 | Interior Stair Structure
C2020 | Stair Finishes
C30 | INTERIOR FINISHES
C3010 | Wall Finishes
C3020 | Floor Finishes
C3030 | Ceiling Finishes
D | SERVICES
D20 | PLUMBING
The plumbing system’s primary function is the transfer of liquids and gases. System
includes all water supply and waste items within the building.
D30 | HVAC
All equipment, distribution systems, controls, and energy supply systems required by the
heating, ventilating, and air conditioning system.
D40 | FIRE PROTECTION SYSTEMS
Standard and special fire protection systems. See D503001 for fire alarm systems.
D4030 | Fire Protection Specialties
D403001 | Fire Extinguishing Devices
D4090 | Other Fire Protection Systems
D409099 | Smoke/Heat Detectors
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D50

ELECTRICAL
This system is defined by the electric current used or regarded as a source of power.

D5010 | Electrical Service & Distribution

D5020 | Lighting & Branch Wiring

D5030 | Communications & Security

D503001 | Fire Alarm System

D503003 | Telecommunication System

D503008 | Security System

G | BUILDING SITEWORK

G20

Site Improvements
Includes improvements such as parking lots, sidewalks, roadways, fencing, retaining
walls, and landscaping.

G2020 | Parking Lots

G2030 | Pedestrian Paving

G2050 | Landscaping

G90

Other Site Work

G9087 | Overall Building Site Drainage

END OF TABLE
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Repointing Mortar Joints
in Historic Masonry Buildings

Robert C. Mack, FATA
John P. Speweik
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Herijtage Preservation Services

Figure 1. After removing deteriorated mortar, an experienced mason repoints
a portion of this early-20th century limestone building. Photo: Robert C.
Mack, FAIA.

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 (Fig. 1). 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.

*Tuckpointing technically describes a primarily decorative application
of a raised mortar joint or lime putty joint on top of flush mortar joints.



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 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

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 (Fig. 2). 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

Figure 2. Much of the mortar on this building has been leached away by
water from a leaking downspout. The downspout must be replaced and any
other drainage problems repaired before repointing. Photo: Robert C. Mack,
FAIA.

prepare specifications which reflect the particular require-
ments 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 (Figs. 3-4). 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
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




Figure 3. Good-quality repointing closely replicates the original in composition, texture, joint type and profile on this 19th century brick building (left), and on this
Inte-19th century granite on H.H. Richardson’s Glessner House in Chicago (right). Photos: Charles E. Fisher: Sharon C. Park, FAIA.

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
~hysical and chemical properties of the historic mortar are
t of major significance as long as the new mortar
nforms 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.

*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.)

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

Figure 4. (left) The poor quality of this repointing—it appears to have been “tooled” with the mason’s finger—does not match the delicacy of the original beaded joint on
this 19th-century brick wall. (right) It is obvious that the repointing on this “test patch” is not an appropriate replacement mortar joint for this early-19th century

stone foundation. Photos: Lee H. Nelson, FAIA.



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 the 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 (Fig. 5). 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 of the
outer surface to spall off or delaminate. If the mortar does
not permit moisture or moisture vapor to migrate out of
the wall and evaporate, the result will be damage to the
masonry units.

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.

Figure 5. The use of hard, portland-cement mortar that is less permeable than
the soft bricks has resulted in severe damage to this brick wall. Moisture
trapped in the wall was unable to evaporate through the mortar which is
intended to be sacrificial, and thus protect the bricks. As a result the moisture
remained in the walls until water pressure eventually popped the surface off
the bricks. Photo: National Park Service Files.

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 {/
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 use
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 n-
longer readily available, even when a conscious effortz\
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
rbon dioxide primarily from the air, converting itself to
Jcium 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.

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.

Dortland cement. More recent, 20th-century mortar has

ed portland cement as a primary binding material. A

caight 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
ment. The cement should not have more than 0.60 per
it 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




Figure 6. Tinted mortar. (left)Black mortar with a beaded joint was used here on this Inte-19th century hard pressed red brick and, (center) a dark brown tinted mortar
with an almost flush joint was used on this early-20th century Roman brick. (right) When constructed at the turn-of-the-century, this building was pointed with a
dark gray mortar to blend with the color of the stone, but the light-colored mortar used in spot repointing has destroyed this harmony and adversely impacts the
building’s historic character. Photos: Anne Grimmer.

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 char-
acteristics 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.

Pigments. Some historic mortars, particularly in the late
19th century, were tinted to match or contrast with the
brick or stone (Fig. 6). 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 (
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 specifi-
cations, 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” iy
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 (Fig. 7).




Mortar Type and Mix

Mortars for repointing projects, especially those involving
historic buildings, typically are custom mixed in order to
sure the proper physical and visual qualities. These

~aterials 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,
«cept for some historic preservation projects. The
Jsignation “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.

Figure 7. The dark stain on
either side of the vertical
joint on this sandstone
watertable probably resulted
from the use of a bonding
agent that was not properly
cleaned off the masonry
after repointing. Photo:
Anne Grimmer.

Figure 8. Due to inadequate joint preparation, the repointing mortar has not
adhered properly and is falling out of the joint. Photo: Robert C. Mack, FAIA.

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 that
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
high permeability or vapor transmission rate, a soft, high
lime mortar is necessary to retain sufficient permeability.

Budgeting and Scheduling

Repointing is both expensive and time consuming due to
the extent of handwork and special materials required.
It is preferable to repoint only those areas that require
work rather than an entire wall, as is often specified.
But, if 25 to 50 per cent or more of a wall needs to be
repointed, repointing the entire wall may be more cost
effective than spot repointing. Total repointing may also
be more sensible when access is difficult, requiring the
erection of expensive scaffolding (unless the majority of
the mortar is sound and unlikely to require replacement
in the foreseeable future). Each project requires
judgement based on a variety of factors. Recognizing
this at the outset will help to prevent many jobs from
becoming prohibitively expensive.

In scheduling, seasonal aspects need to be considered
first. Generally speaking, wall temperatures between 40
and 95 degrees F (8 and 38 degrees C) will prevent
freezing or excessive evaporation of the water in the
mortar. Ideally, repointing should be done in shade,
away from strong sunlight in order to slow the drying
process, especially during hot weather. If necessary,
shade can be provided for large-scale projects with
appropriate modifications to scaffolding.

The relationship of repointing to other work proposed on
the building must also be recognized. For example, if
paint removal or cleaning is anticipated, and if the
mortar joints are basically sound and need only selective
repointing, it is generally better to postpone repointing



Incorrect
Mortar not cleaned out to a
sufficient uniform depth

Edges of brick damaged by tool or
grinder. Creates wider joint

Correct
Mortar cleaned out to a
uniform depth~about 1” deep.

‘ Undamaged edges of brick.

Figure 9. Comparison of incorrect and correct preparation of mortar joints
for repointing. Drawing: Robert C. Mack, FAIA, and David W. Look, AIA.

until after completion of these activities. However, if the
mortar has eroded badly, allowing moisture to penetrate
deeply into the wall, repointing should be accomplished
before cleaning. Related work, such as structural or roof
repairs, should be scheduled so that they do not interfere
with repointing and so that all work can take maximum
advantage of erected scaffolding.

Building managers also must recognize the difficulties
that a repointing project can create. The process is time
consuming, and scaffolding may need to remain in place
for an extended period of time. The joint preparation
process can be quite noisy and can generate large
quantities of dust which must be controlled, especially at
air intakes to protect human health, and also where it
might damage operating machinery. Entrances may be
blocked from time to time making access difficult for
both building tenants and visitors. Clearly, building
managers will need to coordinate the repointing work
with other events at the site.

Contractor Selection

The ideal way to select a contractor is to ask knowledge-
able owners of recently repointed historic buildings for
recommendations. Qualified contractors then can
provide lists of other repointing projects for inspection.
More commonly, however, the contractor for a repointing
project is selected through a competitive bidding process
over which the client or consultant has only limited
control. In this situation it is important to ensure that
the specifications stipulate that masons must have a
minimum of five years’ experience with repointing
historic masonry buildings to be eligible to bid on the
project. Contracts are awarded to the lowest responsible

bidder, and bidders who have performed poorly on other
projects usually can be eliminated from consideration on
this basis, even if they have the lowest prices.

The contract documents should call for unit prices as wy”
as a base bid. Unit pricing forces the contractor to
determine in advance what the cost addition or reduction
will be for work which varies from the scope of the base
bid. If, for example, the contractor has fifty linear feet
less of stone repointing than indicated on the contract
documents but thirty linear feet more of brick repointing,
it will be easy to determine the final price for the work.
Note that each type of work—brick repointing, stone
repointing, or similar items—will have its own unit price.
The unit price also should reflect quantities; one linear
foot of pointing in five different spots will be more
expensive than five contiguous linear feet.

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

Figure 10. Using a hammer and masonry chisel is the least damaging and,
thus, generally the preferred method of removing old mortar in preparation
for repointing historic masonry. Photo: John P. Speweik.




Figure 11. The damage to the edges and corners of these historic bricks was
caused by using a mechanical grinder to rake out the joints. Note the
overcutting of the head joint and the damage to the arises (corners) of the
bricks. Photo: Lee H. Nelson, FAIA.

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
ablish an acceptable standard of work and serve as a
hchmark 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/, times the width of the joint
to ensure an adequate bond and to prevent mortar
“popouts” (Fig. 8). For most brick joints, this will
require removal of the mortar to a depth of approximate-
ly 1/, 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 (Fig. 9).

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
(Fig. 10). 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
" 2 masonry units by breaking the edges and by
ircutting on the head, or vertical joints (Fig. 11).

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.

Figure 12.. A power grinder, operated correctly by a skilled mason may be
used in preparation for repointing to cut wide, horizontal mortar joints,
typical of many early-20th century brick structures without causing damage
to the brick. Note the use of protective safety equipment. Photo: Robert C.
Mack, FAIA.

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 (Fig. 12). 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 (Fig. 13). Although mechanical tools may
be used safely 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
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Figure 13. (left) In preparation for repointing, the mortar joints on these
granite steps are first cut out mechanically (note the vacuum attached to the
cutting tool in foreground to cut down on dust). (right) Final removal of the
old mortar is done by hand to avoid damage to the edges of the joints.
Mechanical preparation of horizontal joints by an experienced mason may
sometimes be acceptable, especially where the joints are quite wide and the
masonry is a very hard stone. Photos: Anne Grimmer.

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. 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 (
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 (Fig. 14). 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 an<;?,
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,” jeopardiz-
ing 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 1 %2 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 %4 inch of
mortar, packing it well into the back corners. This
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Figure 14. Mixing mortar using lime putty: (a) proportioning sand; (b) proportioning lime putty; (c) placing lime putty on top of sand; (d) mixing sand over
lime putty; () hand mixing mortar; and, (f) sample of mortar after mixing. Photos: John P. Speweik.

application may extend along the wall for several

feet. As soon as the mortar has reached thumb-print
hardness, another /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 (Fig. 15).
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.

If the old bricks or stones have worn, rounded edges, it
is best to recess the final mortar slightly from the face of
e masonry. This treatment will help avoid a joint

‘ch is visually wider than the actual joint; it also will
__Jid creation of a large, thin featheredge which is easily
damaged, thus admitting water (Fig. 16). 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

11
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Figure 15. The profile of the repointed joints on the left replicate the historic
joints around the corner to the right on the front of this stone building in
Leesburg, VA. The contractor’s pride in the repointing work is evident by the
signature in the vertical joint. Photo: Anne Grimmer.

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

Joints
filled
too full

Wide

feather edge
susceptible to
spalling

Joints
slightly
recessed

Figure 16. Comparison of visual effect of full mortar joints vs. slightly recessed
joints. Filling joints too full hides the actual joint thickness and changes the
character of the original brickwork. Drawing: Robert C. Mack, FAIA.

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 masony
should always be completely soaked once with waterr(
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

Figure 17. This photograph shows the significant visual change to the
character of this historic brick building that has resulted from improper
repointing procedures and a noticeably increased thickness of the mortar
joints. Photo: Lee H. Nelson, FAIA.




Mortar Types Suggested Mortar Types for Different Exposures
- (Measured by volume) Exposure
Designation Cement Hydrated Lime Sand Masonry Material Sheltered Moderate Severe
or Lime Putty
M 1 1 3.33 Very Durable:
f / granite, hard-cored
S 1 1/ 4-41/ brick, etc. (@] N S
N 1 1 5-6 Moderately Durable:
1) 1 2 8-9 limestone, durable stone,
molded brick K O N
K 1 3 10-12
o ) Minimally Durable:
T 0 1 2'4-3 soft hand-made brick "L K (@]
methods. Generally, on newly repointed masonry walls, Summary

only very low pressure (100 psi) water washing supple-
mented by stiff natural bristle or nylon brushes should be
used, except on glazed or polished surfaces, where only
soft cloths should be used.**

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
~tural processes, the safest way to remove it is by dry

ishing with stiff natural or nylon bristle brushes
-sllowed 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.

**Additional information on masonry cleaning is presented in
Preservation Briefs 1: The Cleaning and Waterproof Coating of Masonry
Buildings, Robert C. Mack, ATA, Washington, D.C.: Technical
Preservation Services, National Park Service, U.S. Department of the
Tnterior, 1975; and Keeping it Clean: Removing Exterior Dirt, Paint, Stains &
fiti from Historic Masonry Buildings, Anne E. Grimmer, Washington,
i: Technical Preservation Services, National Park Service, U.S.
“——<partment of the Interior, 1988.

For the Owner/Administrator. The owner or adminis-
trator of a historic building should remember that
repointing is likely to be a lengthy and expensive
process. First, there must be adequate time for
evaluation of the building and investigation into the
cause of problems. Then, there will be time needed for
preparation of the contract documents. The work itself
is precise, time-consuming and noisy, and scaffolding
may cover the face of the building for some time.
Therefore, the owner must carefully plan the work

to avoid problems. Schedules for both repointing and
other activities will thus require careful coordination to
avoid unanticipated conflicts. The owner must avoid
the tendency to rush the work or cut corners if the
historic building is to retain its visual integrity and the
job is to be durable.

For the Architect/Consultant. Because the primary role
of the consultant is to ensure the life of the building, a
knowledge of historic construction techniques and the
special problems found in older buildings is essential.
The consultant must assist the owner in planning for
logistical problems relating to research and construction.
It is the consultant’s responsibility to determine the cause
of the mortar deterioration and ensure that it is corrected
before the masonry is repointed. The consultant must also
be prepared to spend more time in project inspections
than is customary in modern construction.

For the Masons. Successful repointing depends on the
masons themselves. Experienced masons understand
the special requirements for work on historic buildings
and the added time and expense they require. The
entire masonry crew must be willing and able to perform
the work in conformance with the specifications, even when
the specifications may not be in conformance with standard
practice. At the same time, the masons should not hesitate
to question the specifications if it appears that the work
specified would damage the building.

13
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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 Selected Reading 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 deteriora-
tion. 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
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Figure 19. Mortar joints of 18th century brick buildings were often as much
as 1/2 inch wide, cut flush and struck with a grapevine joint, but for window
and door surrounds where a finer quality rubbed brick was used, mortar
joints were very thin. Photo: National Park Service Files.

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 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 originax
construction will assist in maintaining the visual
qualities of the building (Fig. 18). 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 (Fig. 19).
Tuckpointing is not true repointing but the

Figure 20. This stone garden wall was tuckpointed to match the tuckpointing
on the c. 1920s house on the property. Photo: Anne Grimmer.




Figure 18. A cross-section of mortar joint types. (a)
Grapevine joints on a mid-18th century brick building;
(b) flush joinis on a mid-to-late 19th century brick
building; (c) beaded joints on a lnte-19th century brick
building; (d) early-20th century beaded joints on rough-
cut limestone where the vertical joints were struck prior
to the horizontal joints; (e) raked joints on 1920s wire
brick; (f) horizontal joints on a 1934 building designed
by Frank Lloyd Wright were raked back from the face of
the bricks, and the vertical joints were filled with a red-
tinted mortar to emphasize the horizontality of the
narrow bricks, and struck flush with the face of the
bricks; (g) the joints on this 20th century glazed terra-
cotta tile building are raked slightly, emphasizing the
glazed block face. Photos: National Park Service Files
(a,b,e); Robert C. Mack, FATA (¢4 f.g).
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application of a raised joint or lime putty joint on top
of flush mortar joints (Fig. 20). 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
p~ “ons of the historic mortar. The simplest way to

‘ the match is to make a small sample of the

p- _ »sed 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.

15



16

Conclusion

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 (Fig. 17). 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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Significance of the Roof

A weather-tight roof is basic in the preservation of a struc-
ture, regardless of its age, size, or design. In the system that
allows a building to work as a shelter, the roof sheds the rain,
shades from the sun, and buffers the weather.

During some periods in the history of architecture, the roof
imparts much of the architectural character. It defines the
style and contributes to the building’s aesthetics. The hipped
roofs of Georgian architecture, the turrets of Queen Anne, the
Mansard roofs, and the graceful slopes of the Shingle Style
and Bungalow designs are examples of the use of roofing as a
major design feature.

But no matter how decorative the patterning or how com-
pelling the form, the roof is a highly vulnerable element of a
shelter that will inevitable fail. A poor roof will permit the
accelerated deterioration of historic building materials—
masonry, wood, plaster, paint—and will cause general dis-
integration of the basic structure. Furthermore, there is an
urgency involved in repairing a leaky roof since such repair
costs will quickly become prohibitive. Although such action is
desirable as soon as a failure is discovered, temporary patch-
ing methods should be carefully chosen to prevent inadvertent
damage to sound or historic roofing materials and related
features. Before any repair work is performed, the historic
value of the materials used on the roof should be understood.
Then a complete internal and external inspection of the roof
should be planned to determine all the causes of failure and to
identify the alternatives for repair or replacement of the
roofing.

Historic Roofing Materials in America

Clay Tile: European settlers used clay tile for roofing as early
as the mid-17th century; many pantiles (S-curved tiles), as well
as flat roofing tiles, were used in Jamestown, Virginia. In
some cities such as New York and Boston, clay was popularly
used as a precaution against such fire as those that engulfed
London in 1666 and scorched Boston in 1679.

Tiles roofs found in the mid-18th century Moravian settle-
ments in Pennsylvania closely resembled those found in Ger-
many. Typically, the tiles were 14-15" long, 6-7" wide with a
curved butt. A lug on the back allowed the tiles to hang on the
lathing without nails or pegs. The tile surface was usually
scored with finger marks to promote drainage. In the South-
west, the tile roofs of the Spanish missionaries (mission tiles)
were first manufactured (ca. 1780) at the Mission San An-
tonio de Padua in California. These semicircular tiles were
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Repairs on this pantile roof were made with new tiles held in place
with metal hangers. (Main Building, Ellis Island, New York)

made by molding clay over sections of logs, and they were
generally 22" long and tapered in width.

The plain or flat rectangular tiles most commonly used from
the 17th through the beginning of the 19th century measured
about 10” by 6” by ¥2”, and had two holes at one end for a
nail or peg fastener. Sometimes mortar was applied between
the courses to secure the tiles in a heavy wind.

In the mid-19th century, tile roofs were often replaced by
sheet-metal roofs, which were lighter and easier to install and
maintain. However, by the turn of the century, the Romanes-
que Revival and Mission style buildings created a new demand
and popularity for this picturesque roofing material.

Slate: Another practice settlers brought to the New World was
slate roofing. Evidence of roofing slates have been found also
among the ruins of mid-17th-century Jamestown. But because
of the cost and the time required to obtain the material, which
was mostly imported from Wales, the use of slate was initially
limited. Even in Philadelphia (the second largest city in the
English-speaking world at the time of the Revolution) slates
were so rare that ‘‘The Slate Roof House”’ distinctly referred
to William Penn’s home built late in the 1600s. Sources of
native slate were known to exist along the eastern seaboard
from Maine to Virginia, but difficulties in inland transporta-
tion limited its availability to the cities, and contributed to its
expense. Welsh slate continued to be imported until the
development of canals and railroads in the mid-19th century
made American slate more accessible and economical.

Slate was popular for its durability, fireproof qualities, and
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The Victorians loved to used different colored slates to create
decorative patterns on their roofs, an effect which cannot be easily
duplicated by substitute materials. Before any repair work on a roof
such as this, the slate sizes, colors, and position of the patterning
should be carefully recorded to assure proper replacement. (Ebenezer
Maxwell Mansion, Philadelphia, Pennsylvania, photo courtesy of
William D. Hershey)

aesthetic potential. Because slate was available in different
colors (red, green, purple, and blue-gray), it was an effective
material for decorative patterns on many 19th-century roofs
(Gothic and Mansard styles). Slate continued to be used well
into the 20th century, notably on many Tudor revival style
buildings of the 1920s.

Shingles: Wood shingles were popular throughout the country

in all periods of building history. The size and shape of the
shingles as well as the detailing of the shingle roof differed ac-
cording to regional craft practices. People within particular
regions developed preferences for the local species of wood
that most suited their purposes. In New England and the Del-
aware Valley, white pine was frequently used: in the South,
cypress and oak; in the far west, red cedar or redwood. Some-
times a protective coating was applied to increase the durabil-
ity of the shingle such as a mixture of brick dust and fish oil,
or a paint made of red iron oxide and linseed oil.
Commonly in urban areas, wooden roofs were

not a major concern. On many Vict
practice of wood shingling survived the technol

vances of metal ruomo m [1 e l‘)m century
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Metal: Metal roofing in America is principally
century phenomenon. Before then the only metal
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Replacement of particular historic details is important to the indi-
vidual historic character of a roof, such as the ireatment at the eaves
of this rounded butt wood shingle roof. Alsc note that the surface of
the roof was carefully sloped to drain water away from the side of the
dormer. In the restoration, this function was augmented with the ad-
dition of carefully concealed modern metal flashing. (Mount Vernon,
Virginia)

Galvanized sheet-metal shingles imitating the appearance of pantiles
remained popular from the second half of the 19th century into the
20th century. (Episcopal Church, now the Jerome Historical Society
Building, Jerome, Arizona, 1927)

used were lead and copper. For example, a lead roof covered
‘‘Rosewell,”” one of the grandest mansions in 18th-century
Virginia. But more often, lead was used for protective
flashing. Lead, as well as copper, covered roof surfaces where
wood, tile, or slate shingles were inappropriate because of the
roof’s pitch or shape.

Copper with standing seams covered some of the more
notable early American roofs including that of Christ Church
(1727-1744) in Philadelphia. Flat-seamed copper was used on
many domes and cupolas. The copper sheets were imported
from England until the end of the 18th century when facilities
for rolling sheet metal were developed in America.

Sheet iron was first known to have been manufactured here
by the Revolutionary War financier, Robert Morris, who had
a rolling mill near Trenton, New Jersey. At his mill Morris
produced the roof of his own Philadelphia mansion, which he
started in 1794. The architect Benjamin H. Latrobe used sheet
iron to replace the roof on Princeton’s ‘*Nassau Hall,”” which
had been gutted by fire in 1802.

The method for corrugating iron was originally patent
land in 1829. Corr,wanno stiffened the sheets, and
n over a lighter framework, as well as
n time and laoor In 1834 the American
ickland proposed corrugated iron to
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Repeated repair with asphalt, which cracks as it hardens, has created a
blistered surface on this sheet-metal roof and built-in gutter, which
will retain water. Repairs could be made by carefully heating and
scraping the surface clean, repairing the holes in the metal with a flexi-
ble mastic compound or a metal patch, and coating the surface with a
fibre paint. (Roane County Courthouse, Kingston, Tennessee, photo
courtesy of Building Conservation Technology, Inc.)

South was installed on the U.S. Mint in New Orleans. The
Mint was thereby ““fireproofed’” with a 20-gauge galvanized,
corrugated iron roof on iron trusses.

Tin-plate iron, commonly called ‘‘tin roofing,”’ was used
extensively in Canada in the 18th century, but it was not as
common in the United States until later. Thomas Jefferson
was an early advocate of tin roofing, and he installed a
standing-seam tin roof on ‘“‘Monticello’’ (ca. 1770-1802). The
Arch Street Meetinghouse (1804) in Philadelphia had tin
shingles laid in a herringbone pattern on a *‘piazza’’ roof.

However, once rolling mills were established in this country,
the low cost, light weight, and low maintenance of tin plate
made it the most common roofing material. Embossed tin
shingles, whose surfaces created interesting patterns, were
popular throughout the country in the late 19th century. Tin
roofs were kept well-painted, usually red; or, as the architect
A.J. Davis suggested, in a color to imitate the green patina of
copper.

Terne plate differed from tin plate in that the iron was
dipped in an alloy of lead and tin, giving it a duller finish.
Historic, as well as modern, documentation often confuses
the two, so much that it is difficult to determine how often
actual ‘‘terne’’ was used.

Zinc came into use in the 1820s, at the same time tin plate
was becoming popular. Although a less expensive substitute
for lead, its advantages were controversial, and it was never
widely used in this country.
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A Chicago firm’s catalog dated 1896 illustrates a method of unrolling,
turning the edges, and finishing the standing seam on a metal roof.
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Tin shingles, commonly embossed to imitate wood or tile, or with a
decorative design, were popular as an inexpensive, textured roofing
material. These shingles 8/s inch by 12'/, inch on the exposed surface)
were designed with interlocking edges, but they have been repaired by
surface nailing, which may cause future leakage. (Ballard House,
Yorktown, Virgina, photo by Gordie Whittington, National Park
Service)

Other Materials: Asphalt shingles and roll roofing were used
in the 1890s. Many roofs of asbestos, aluminum, stainless
steel, galvinized steel, and lead-coated copper may soon have
historic values as well. Awareness of these and other tradi-
tions of roofing materials and their detailing will contribute to
more sensitive preservation treatments.

Locating the Problem
Failures of Surface Materials

When trouble occurs, it is important to contact a profes-
sional, either an architect, a reputable roofing contractor, or a
craftsman familiar with the inherent characteristics of the
particular historic roofing system involved. These profes-
sionals may be able to advise on immediate patching pro-
cedures and help plan more permanent repairs. A thorough
examination of the roof should start with an appraisal of the
existing condition and quality of the roofing material itself.
Particular attention should be given to any southern slope
because year-round exposure to direct sun may cause it to
break down first.

Wood: Some historic roofing materials have limited life
expectancies because of normal organic decay and ‘“wear.”’
For example, the flat surfaces of wood shingles erode from
exposure to rain and ultraviolet rays. Some species are more
hardy than others, and heartwood, for example, is stronger
and more durable than sapwood.

Ideally, shingles are split with the grain perpendicular to



the surface. This is because if shingles are sawn across the
grain, moisture may enter the grain and cause the wood to
deteriorate. Prolonged moisture on or in the wood allows
moss or fungi to grow, which will further hold the moisture
and cause rot.

Metal: Of the inorganic roofing materials used on historic
buildings, the most common are perhaps the sheet metals:
lead, copper, zinc, tin plate, terne plate, and galvanized iron.
In varying degrees each of these sheet metals are likely to
deteriorate from chemical action by pitting or streaking. This
can be caused by airborn poliutants; acid rainwater; acids from
lichen or moss; alkalis found in lime mortars or portland
cement, which might be on adjoining features and washes
down on the roof surface; or tannic acids from adjacent wood
sheathings or shingles made of red cedar or oak.

Corrosion from ‘‘galvanic action’” occurs when dissimilar
metals, such as copper and iron, are used in direct contact.
Corrosion may also occur even though the metals are physi-
cally separated; one of the metals will react chemically
against the other in the presence of an electrolyte such as rain-
water. In roofing, this situation might occur when either a
copper roof is decorated with iron cresting, or when steel nails
are used in copper sheets. In some instances the corrosion can
be prevented by inserting a plastic insulator between the
dissimilar materials. Ideally, the fasteners should be a metal
sympathetic to those involved.

Iron rusts unless it is well-painted or plated. Historically
this problem was avoided by use of tin plating or galvinizing.
But this method is durable only as long as the coating remains
intact. Once the plating is worn or damaged, the exposed iron
will rust. Therefore, any iron-based roofing material needs to
be undercoated, and its surface needs to be kept well-painted
to prevent corrosion.

One cause of sheet metal deterioration is fatigue. Depending
upon the size and the gauge of the metal sheets, wear and
metal failure can occur at the joints or at any protrusions in
the sheathing as a result from the metal’s alternating move-
ment to thermal changes. Lead will tear because of ‘‘creep,”’
or the gravitational stress that causes the material to move
down the roof slope.

Slate: Perhaps the most durable roofing materials are slate
and tile. Seemingly indestructable, both vary in quality. Some
slates are hard and tough without being brittle. Soft slates are
more subject to erosion and to attack by airborne and rain-

This detail shows slate delamination caused by a combination of
weathering and pollution. In addition, the slates have eroded around
the repair nails, incorrectly placed in the exposed surface of the siates.
(Lower Pontalba Building, New Orleans, photo courtesy of Building
Conservation Technology, Inc.)
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water chemicals, which cause the slates to wear at nail holes,
to delaminate, or to break. In winter, slate is very susceptible
to breakage by ice, or ice dams.

Tile: Tiles will weather well, but tend to crack or break if hit,
as by tree branches, or if they are walked on improperly. Like
slates, tiles cannot support much weight. Low quality tiles
that have been insufficiently fired during manufacture, will
craze and spall under the effects of freeze and thaw cycles on
their porous surfaces.

Failures of Support Systems

Once the condition of the roofing material has been deter-
mined, the related features and support systems should be
examined on the exterior and on the interior of the roof.

The gutters and downspouts need periodic cleaning and
maintenance since a variety of debris fill them, causing water
to back up and seep under roofing units. Water will eventually
cause fasteners, sheathing, and roofing structure to deteri-
orate. During winter, the daily freeze-thaw cycles can cause
ice floes to develop under the roof surface. The pressure from
these ice floes will dislodge the roofing material, especially
slates, shingles, or tiles. Moreover, the buildup of ice dams
above the gutters can trap enough moisture to rot the
sheathing or the structural members.

Many large public buildings have built-in gutters set within
the perimeter of the roof. The downspouts for these gutters
may run within the walls of the building, or drainage may be
through the roof surface or through a parapet to exterior
downspouts. These systems can be effective if properly main-
tained; however, if the roof slope is inadequate for good
runoff, or if the traps are allowed to clog, rainwater will form
pools on the roof surface. Interior downspouts can collect
debris and thus back up, perhaps leaking water into the sur-
rounding walls. Exterior downspouts may fill with water,
which in cold weather may freeze and crack the pipes. Con-
duits from the built-in gutter to the exterior downspout may
also leak water into the surrounding roof structure or walls.

Failure of the flashing system is usually a major cause of
roof deterioration. Flashing should be carefully inspected for
failure caused by either poor workmanship, thermal stress, or
metal deterioration (both of flashing material itself and of the
fasteners). With many roofing materials, the replacement of
flashing on an existing roof is a major operation, which may
require taking up large sections of the roof surface.
Therefore, the installation of top quality flashing material on
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Temporary stabilization or ““mothballing’’ with materials such as
plywood and building paper can protect the roof of a project until it
can be properly repaired or replaced. (Narbonne House, Salem,
Massachusetts)



These two views of the same house demonstrate how the use of a substitute material can drastically affect the overall character of a structure. The

textural interest of the original tile roof was lost with the use of asphalt shingles. Recent preservation efforts are replacing the tile roof. (Frank
House, Kearney, Nebraska, photo courtesy of the Nebraska State Historical Society, Lincoln, Nebraska)

a new or replaced roof should be a primary consideration.
Remember, some roofing and flashing materials are not
compatible.

Roof fasteners and clips should also be made of a material
compatible with all other materials used, or coated to prevent
rust. For example, the tannic acid in oak will corrode iron
nails. Some roofs such as slate and sheet metals may fail if
nailed too rigidly.

If the roof structure appears sound and nothing indicates
recent movement, the area to be examined most closely is the
roof substrate—the sheathing or the battens. The danger spots
would be near the roof plates, under any exterior patches, at
the intersections of the roof planes, or at vertical surfaces
such as dormers. Water penetration, indicating a breach in the
roofing surface or flashing, should be readily apparent, usual-
ly as a damp spot or stain. Probing with a small pen knife may
reveal any rot which may indicate previously undetected
damage to the roofing membrane. Insect infestation evident
by small exit holes and frass (a sawdust-like debris) should
also be noted. Condensation on the underside of the roofing is
undesirable and indicates improper ventilation. Moisture will
have an adverse effect on any roofing material; a good roof
stays dry inside and out.

Repair or Replace

Understanding potential weaknesses of roofing material also
requires knowledge of repair difficulties. Individual slates can
be replaced normally without major disruption to the rest of
the roof, but replacing flashing on a slate roof can require
substantial removal of surrounding slates. If it is the substrate
or a support material that has deteriorated, many surface
materials such as slate or tile can be reused if handled care-
fully during the repair. Such problems should be evaluated at
the outset of any project to determine if the roof can be effec-
tively patched, or if it should be completely replaced.

Will the repairs be effective? Maintenance costs tend to
multiply once trouble starts. As the cost of labor escalates,
repeated repairs could soon equal the cost of a new roof.

The more durable the surface is initially, the easier it will be
to maintain. Some roofing materials such as slate are expen-
sive to install, but if top quality slate and flashing are used, it
will last 40-60 years with minimal maintenance. Although the
installation cost of the roof will be high, low maintenance
needs will make the lifetime cost of the roof less expensive.

Historical Research

In a restoration project, research of documents and physical
investigation of the building usually will establish the roof’s
history. Documentary research should include any original
plans or building specifications, early insurance surveys,
newspaper descriptions, or the personal papers and files of
people who owned or were involved in the history of the
building. Old photographs of the building might provide
evidence of missing details.

Along with a thorough understanding of any written history
of the building, a physical investigation of the roofing and its
structure may reveal information about the roof’s construc-
tion history. Starting with an overall impression of the struc-
ture, are there any changes in the roof slope, its configura-
tion, or roofing materials? Perhaps there are obvious patches
or changes in patterning of exterior brickwork where a gable
roof was changed to a gambrel, or where a whole upper story
was added. Perhaps there are obvious stylistic changes in the
roof line, dormers, or ornamentation. These observations
could help one understand any important alteration, and
could help establish the direction of further investigation.

Because most roofs are physically out of the range of
careful scrutiny, the ““principle of least effort’” has probably
limited the extent and quality of previous patching or replac-
ing, and usually considerable evidence of an earlier roof sur-
face remains. Sometimes the older roof will be found as an
underlayment of the current exposed roof. Original roofing
may still be intact in awkward places under later features on a
roof. Often if there is any unfinished attic space, remnants of
roofing may have been dropped and left when the roof was
being built or repaired. If the configuration of the roof has
been changed, some of the original material might still be in
place under the existing roof. Sometimes whole sections of the
roof and roof framing will have been left intact under the
higher roof. The profile and/or flashing of the earlier roof
may be apparent on the interior of the walls at the level of the
alteration. If the sheathing or lathing appears to have survived
changes in the roofing surface, they may contain evidence of
the roofing systems. These may appear either as dirt marks,
which provide ‘‘shadows’’ of a roofing material, or as nails
broken or driven down into the wood, rather than pulled out
during previous alterations or repairs. Wooden headers in the
roof framing may indicate that earlier chimneys or skylights
have been removed. Any metal ornamentation that might
have existed may be indicated by anchors or unusual markings
along the ridge or at other edges of the roof. This primary
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evidence of a single item, as recycling of materials is not a
mid-20th-century innovation. Carpenters have been rf'nmg
materials, sheathing, and framing members in the interest of

economy for centuries. Therefore, any analysis Dfihe mate-
rials found, such as nails or sawmarks on the wood, requires
anaccurate knowledge of the history of local building prac-

es before any final conclusion can be accurately reached. It
IS helptul to establish a sequence of construction history for
the roof and roofing materials; any historic fabric or pertinent
evidence in the roof should be photographed, measured. and
recorded for future reference.

During the repair work, useful evidence might unexpec tedly
appear. It is essential that records be kept of any type of work
on a historic building, before, during, and after the project.
Photographs are generally the easiest and fastest method, and
should include overall views and details at the gutters, flash-
ing, dormers, chimneys, valleys, ridges, and eaves. All
photographs should be immediately labeled to insure accurate
identification at a later date. Any patterning or design on the
roofing deserves particular attention. For example, slate roofs
are often decorative and have subtle changes in size, color,
and texture, such as a gradually decreasing coursing length
from the eave to the peak. If not carefully noted before a
project begins, there may be problems in replacing the sur-
face. The standard reference for this phase of the work is
Recording Historic Buildings, compiled by Harley J. McKee
for the Historic American Buildings Survey, National Park
Service, Washington, D.C., 1970.

Replacing the Historic Roofing Material

Professional advice will be needed to assess the various
aspects of replacing a historic roof. With some exceptions,
most historic roofing materials are available today. If not, an
architect or preservation group who has previously worked
with the same type material may be able to recommend sup-
pliers. Special roofing materials, such as tile or embossed
metal shingles, can be produced by manufacturers of related
products that are commonly used elsewhere, either on the ex-
terior or interior of a structure. With some creative thinking
and research, the historic materials usually can be found.

Because of the roof’s visibility, the slate detailing around the dormers
is important to the character of this structure. Note how the siates
swirl from a horizontal pattern on the main roof to a diamond pattern
on the dormer roofs and side walls. {I18th and Que Streets, NW,
Washington, D.C.)
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‘‘handsplit’’ and re-sawn shingle bears no resemblance to th
hand-made roofing materials used on early American
buildings.

Good design and quality materials for the roof surface, fastenings,
and flashing minimize roofing failures. This is essential on roofs such
as on the National Cathedral where a thorough maintenance inspec-
tion and minor repairs cannot be done easily without special scaf-
Sfolding. However, the success of the roof on any structure depends on
[frequent cleaning and repair of the gutter system. ( Washington, D.C.,
photo courtesy of John Burns, A.L.A.)

Early craftsmen worked with a great deal of common sense;
they understood their materials. For example they knew that
wood shingles should be relatively narrow; shingles much
wider than about 6" would split when walked on, or they may
curl or crack from varying temperature and moisture. It is im-
portant to understand these aspects of craftsmanship, re-
membering that people wanted their roofs to be weather-tight
and to last a long time. The recent use of ‘“mother-goose”’
shingles on historic structures is a gross underestimation of
the early craftsman’s skills.
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Many older roofing practices are no longer performed
because of modern improvements. Research and review of
specific detailing in the roof with the contractor before begin-
ning the project is highly recommended. For example, one
early craft practice was to finish the ridge of a wood shingle
roof with a roof ‘‘comb’’—that is, the top course of one slope
of the roof was extended uniformly beyond the peak to shield
the ridge, and to provide some weather protection for the raw
horizontal edges of the shingles on the other slope. If the
‘“comb’’ is known to have been the correct detail, it should be
used. Though this method leaves the top course vulnerable to
the weather, a disguised strip of flashing will strengthen this
weak point.

Detail drawings or a sample mock-up will help ensure that
the contractor or craftsman understands the scope and special
requirements of the project. It should never be assumed that
the modern carpenter, slater, sheet metal worker, or roofer
will know all the historic details. Supervision is as important
as any other stage of the process.

Special problems inherent in the design of an elaborate historic roof
can be controlled through the use of good materials and regular
maintenance. The shape and detailing are essential elements of the
building’s historic character, and should not be modified, despite the
use of alternative surface materials. (Gamwell House, Bellingham,
Washington)

Alternative Materials

The use of the historic roofing material on a structure may be
restricted by building codes or by the availability of the
materials, in which case an appropriate alternative will have
to be found.

Some municipal building codes allow variances for roofing
materials in historic districts. In other instances, individual
variances may be obtained. Most modern heating and cooking
is fueled by gas, electricity, or oil—none of which emit the hot
embers that historically have been the cause of roof fires.
Where wood burning fireplaces or stoves are used, spark ar-
restor screens at the top of the chimneys help to prevent flam-
ing material from escaping, thus reducing the number of fires
that start at the roof. In most states, insurance rates have been
equalized to reflect revised considerations for the risks in-
volved with various roofing materials.

In a rehabilitation project, there may be valid reasons for
replacing the roof with a material other than the original. The
historic roofing may no longer be available, or the cost of ob-
taining specially fabricated materials may be prohibitive. But

the decision to use an alternative material should be weighed
carefully against the primary concern to keep the historic
character of the building. If the roof is flat and is not visible
from any elevation of the building, and if there are advan-
tages to substituting a modern built-up composition roof for
what might have been a flat metal roof, then it may make bet-
ter economic and construction sense to use a modern roofing
method. But if the roof is readily visible, the alternative
material should match as closely as possible the scale, texture,
and coloration of the historic roofing material.

Asphalt shingles or ceramic tiles are common substitute ma-
terials intended to duplicate the appearance of wood shingles,
slates, or tiles. Fire-retardant, treated wood shingles are cur-
rently available. The treated wood tends, however, to be brit-
tle, and may require extra care (and expense) to install. In
some instances, shingles laid with an interlay of fire-retardent
building paper may be an acceptable alternative.

Lead-coated copper, terne-coated steel, and aluminum/
zinc-coated steel can successfully replace tin, terne plate, zinc,
or lead. Copper-coated steel is a less expensive (and less
durable) substitute for sheet copper.

The search for alternative roofing materials is not new. As
early as the 18th century, fear of fire cause many wood shingle
or board roofs to be replaced by sheet metal or clay tile. Some
historic roofs were failures from the start, based on over-
ambitious and naive use of materials as they were first devel-
oped. Research on a structure may reveal that an inadequately
designed or a highly combustible roof was replaced early in its
history, and therefore restoration of a later roof material
would have a valid precedent. In some cities, the substitution
of sheet metal on early row houses occurred as soon as the
rolled material became available.

Cost and ease of maintenance may dictate the substitution
of a material wholly different in appearance from the
original. The practical problems (wind, weather, and roof
pitch) should be weighed against the historical consideration
of scale, texture, and color. Sometimes the effect of the alter-
native material will be minimal. But on roofs with a high
degree of visibility and patterning or texture, the substitution
may seriously alter the architectural character of the building.

Temporary Stabilization

It may be necessary to carry out an immediate and temporary
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