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Introduction 
 

The Management Plan for Historic Highway Bridges is a manual the Maryland State 
Highway Administration (SHA) will use to manage its historic highway bridges.  Input by both 
bridge engineers and architectural historians was incorporated into the publication to guide 
preservation and maintenance of SHA’s eligible bridges.  In 1995, SHA began the National 
Register of Historic Places (NRHP) eligibility evaluations for over 1000 bridges on Maryland’s 
state and county highways.  In 2001, SHA determined 168 of their bridges were eligible for the 
NRHP.  In order to determine the best candidates for long-term preservation, SHA reevaluated 
its bridges based on 21st century historic preservation standards.   
 

As a result of the reevaluation, SHA selected 17 bridges to be managed as Preservation 
Priority Eligible Bridges, 91 bridges as Eligible and 60 bridges as Non-priority Eligible bridges.  
These bridges were selected because of their historic importance found in their designs and 
materials - stone, concrete and metal arches; through and pony metal trusses; bascule and swing 
movables; and the state’s only aluminum girder bridge.  The structures also represent Maryland’s 
history of bridge building on nineteenth and twentieth century highways such as the National 
Road and US 13 Business.  In addition to historic significance, we considered practical and 
safety data such as the bridge’s condition and accident history.  The 17 Preservation Priority 
Bridges represent the best of SHA’s bridge building efforts from across the state and SHA’s 
Management Plan for Historic Highway Bridges contains written guidance for these bridges. 

 
SHA will maintain the Preservation Priority Bridges in good condition while retaining the 

original fabric whenever possible.  SHA’s Management Plan contains individual plans for each 
of the Preservation Priority Bridges as well as Best Practice Treatments to guide the maintenance 
and repair of Eligible and when appropriate, Non-priority Eligible bridges.  This guidance should 
be used by SHA’s Office of Structures’ Engineering and Inspection and Remedial Engineering 
Divisions, Inspectors, Maintenance crews, and Cultural Resources staff.  Following the 
guidelines contained herein will help SHA reduce the number of adverse effects to historic 
bridges.   
 

All of the Preservation Priority, Eligible, and Non-Priority Eligible Bridges are listed at 
the end of the Introduction. 

 
While SHA is committed to indefinitely preserving these 17 bridges, the remaining 91 

Eligible bridges will be evaluated on a case-by-case basis when project undertakings are 
proposed by SHA or when unanticipated maintenance is warranted for a bridge due to safety 
concerns.1  The 60 Non-priority Eligible bridges will be subject to the requirements of the 
Programmatic Agreement (PA) for SHA’s Historic Highway Bridges in Maryland.  This policy 
will provide SHA the flexibility to preserve its historic resources, to identify bridges for 
preservation, and to maintain safety.   
 

                                                 
1 The list may be updated from time to time as warranted by identification of new bridges or the selection 
of a bridge or small structure for preservation in place.   
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Methods and Results 
 
The Maryland State Highway Administration (SHA) contracted KCI Technologies, Inc. and their 
subconsultant TranSystems, to develop a comprehensive Historic Bridge Management Plan for 
SHA’s historic bridges.  This management plan is a compilation of the project and an explanation of 
the methodology.  The plan describes how the project was completed, and how decisions were 
made.  A summary of the previous studies and discussions of the individual preservation plans, 
best practice treatments implementing Preservation Briefs from the National Park Service (NPS), as 
well as a description of the database are included as part of this report. 
 
The project was divided into two phases.  Phase I consisted of re-evaluation of the preservation 
levels previously assigned to 102 SHA-owned bridges.  The Phase I studies were summarized in a 
report presented to SHA in August 2007.   
 
Phase II involved development of guidelines and recommendations to maintain and preserve SHA's 
historic bridges, including an individual preservation plan for each bridge identified as a priority for 
preservation and best practice treatments to maintain and preserve the structures.  Also as part of 
Phase II of the project, SHA’s existing historic bridge database was modified with the information 
and results of the Phase I studies and some of the Phase II work.  The final component of Phase II 
included the development and implementation of a training course to inform SHA personnel and 
local jurisdictions about conservation treatments appropriate for historic bridges. 
 
Also as part of Maryland’s Historic Bridge program, 79 concrete beam, concrete slab and metal 
girder bridges were reevaluated to determine whether they retained sufficient integrity and historic 
and/or engineering significance to be eligible for listing in the National Register of Historic Places.  
The reevaluation documentation was submitted to SHA in October 2009. 
 
This report outlines the results of Phases I and II of the project and provides a plan for managing 
historic bridges owned by SHA that are identified as a priority for preservation.  The management 
plan identifies Maryland’s significant historic bridges and provides recommendations and guidance 
to SHA to preserve and enhance the specific materials and elements of these historic structures.  
The plan also presents information about applicable federal and state environmental and historic 
preservation guidelines and regulations as they apply to historic bridges, potential funding sources 
to maintain and preserve historic bridges, and public involvement opportunities to guide both SHA 
and local historic bridge owners in the stewardship of their historic bridges. 
 
The preservation plan for each priority bridge, in conjunction with the best practice treatments, 
provide an outline of regular maintenance and treatment options to preserve the bridge for at least 
the next two decades, essentially taking the place of environmental and cultural resources studies 
and development of mitigation measures for these specific bridges. 
 
Previous Studies 
 
SHA prepared a historic context report and surveyed and evaluated their historic bridges across the 
state around 1995.  In Appendix C of the historic context report, the authors detailed the character-
defining elements (CDEs) of bridges.  They divided the CDEs into three levels: 
 

• Primary—"contribute in a major way to the structure's essential characteristics" 
• Secondary—"those with moderate importance…are less crucial to those characteristics" 
• Tertiary—"are incidental to the structure's essential characteristics" (C-28) 
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The CDEs are considered as part of the evaluation of integrity of National Register of Historic 
Places eligibility. 
 
National Register of Historic Places eligibility determinations for most bridges were previously made 
in 2001 by SHA and the Maryland Historical Trust (MHT), which serves as the State Historic 
Preservation Officer (SHPO).  The remaining bridges were evaluated and determined eligible as 
part of individual projects. 
 
Methods 
 
Phase I – Reevaluation 
 
In Phase I of the project, 102 bridges were re-evaluated to recommend which should be a priority 
for preservation.  This phase included three major tasks: research of previous studies, SHA plans, 
inspection files, and historic background; field survey of the 102 bridges; and evaluation and 
documentation of each bridge’s preservation potential. 
 
Research 
 
The office research consisted of reviewing the existing bridge files and other SHA documents such 
as the historic context report, Historic Bridge Inventory and Database, Maryland Inventory of 
Historic Places (MIHP) Forms, "Highway Needs" List, Consolidated Transportation Program (CTP) 
List, Bridge Inspection and Remedial Engineering Division (BIRE) Worklist, bridge plans, inspection 
files, and Structure Inventory and Appraisal (SI&A) database.  This included obtaining the following 
information for each of the 102 bridges: 
 

• Historical significance, bridge type, age, and design features. 
• General condition, and past repairs or alterations. 
• Determination of the future repairs, rehabilitations, or other work that are currently planned. 
• Current and future traffic volumes, and planned development nearby. 
• Structural capacity and geometric appraisal. 
• Hydraulic capacity and scour potential. 
• Location within an historic district, heritage area, or park, or on the National Road, scenic 

byway, or scenic river. 
  
The inspection frequency for any bridges on an inspection cycle that is more frequent than the 
standard, federally-mandated cycle of every two years was noted.  Additionally, where the safety of 
a historic bridge was potentially an issue, accident information was provided.  
 
Field Survey 
 
Upon completion of the office research outlined above, multidisciplinary field teams including an 
engineer and a historian made a site visit to each of the 102 bridges to gather the following: 
 

• Information on integrity, such as observations of current conditions, previous repairs and 
alterations, and current setting and use. 

• Photographs including general photos, defect photos, repair photos, and photos of 
character-defining elements (CDE) and other details. 

• Determination of any future repairs and rehabilitations that are likely to be required or will be 
needed to maintain the bridge as an historic bridge over the next 20 years. 
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Evaluation 
 
Using the information gathered from the office and field research, the engineers and historians 
assessed each of the 102 bridges using these considerations:  
 

• Whether the bridge retained integrity and its character-defining elements;  
• How it fits into its current setting;  
• Whether it is on a scenic byway or river, in a heritage area, or in a historic district;  
• Its traffic volume and accident history;  
• Its condition, likelihood of replacement, and ease of sensitive rehabilitation;  
• How it compares to other bridges of its type within the state. 

 
The recommended preservation levels were provided in an individual report for each bridge.  These 
reports were collected into the Phase I Re-Evaluation of Preservation Levels Report (August 2007).  
SHA selected 17 bridges to be included as a preservation priority.  These bridges are listed in Table 
4 below. 
 

Table 4.  Priority-Level Historic Bridges on the Maryland Highway System 
 

 
County 

 

 
Bridge 

No. 

 
Route 

 
Crossing 

 
MIHP No. 

 
Bridge Type 

Allegany 0103500 MD 
144AE 

Town Crk AL-II-A-149 Reinforced Concrete Arch, 
Filled 

Allegany 0104800 MD 51 C&O Canal AL-I-B-075 Steel Warren Pony Truss 
Allegany 0106600 MD 942 Potomac R AL-IV-A-

153 
Steel  Tied Thru-Arch 

Anne 
Arundel 

0205400 MD 214 Patuxent R AA-761 Steel Parker Thru-Truss 

Baltimore 0310500 MD 463 Little Falls BA-593 Stone Arch 
Baltimore 0310900 US 40 Patapsco R BA-2557 Reinforced Concrete Arch, 

Open-Spandrel 
Frederick 1003100 US 40 Middle Crk F-4-116 Reinforced Concrete Arch, 

Filled (Stone Façade) 
Garrett 1100700 US 40 Alt Casselman R G-II-C-101 Steel Pratt Thru-Truss 
Howard 1304600 Old MD 

32 
Patapsco R, CSX HO-673 Aluminum Box Girder 

Talbot 2002300 MD 331 Choptank R T-487 Movable Swing Span, Steel 
Subdivided Warren Thru-
Truss 

Washington 2100400 MD 845A Little Antietam Crk WA-II-1125 Reinforced Concrete Arch, 
Filled 

Washington 2101000 US 40 Licking Crk WA-V-416 Steel Wichert Girder 
Washington 2101200 US 40 Conococheague Crk WA-V-211 Reinforced Concrete Arch, 

Open-Spandrel 
Washington 2103800 MD 68 Antietam Crk WA-II-009 Stone Arch 
Wicomico 2200900 MD 991 Wicomico R WI-117 Movable Bascule, Double-

Leaf Trunnion 
Worcester 2300200 MD 12 Pocomoke R WO-178 Movable Bascule, Single-

Leaf Trunnion 
Worcester 2300400 US 13 

Bus 
Pocomoke R WO-177 Movable Bascule, Double-

Leaf Trunnion 
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Phase II – Management Plan 
 
Phase II of the project gathered the information from Phase I to develop a management plan on 
how to best preserve the 17 priority-level state-owned bridges.  Phase II also includes the 
development of best practice treatments addressing specific materials, bridge types, and features 
related to these 17 state-owned bridges; development of a preservation plan for each priority-level 
bridge; an update of the database, and development and implementation of training for engineers, 
cultural resources staff and maintenance personnel.  Included in the management plan are 
environmental requirements including applicable environmental laws, federal and state guidelines, 
funding opportunities for historic bridges, public involvement opportunities, and a brief discussion on 
non-SHA owned historic bridges in Maryland. 
 
Preservation Plans 
 
In deciding which bridges would be priority-level bridges, several criteria were considered:  
  

• was the bridge a part of early state transportation legislation 
• was the average daily traffic volume low  
• was the bridge located along a scenic by-way 
• was the bridge located within a heritage area 
• was the bridge not planned for replacement within the next 20 years 
• was the bridge used for local traffic only (e.g. the bridge was located on old U.S. 40) and 

has since been bypassed with a modern bridge 
• was the bridge a good example of its type with strong integrity   
• did the bridge have a high degree of preservation potential 

 
Each preservation plan includes basic information on the bridge such as type, year constructed, 
number of spans, length and width, as well as information regarding each bridge’s basic structural 
and historical elements.  Each preservation plan also provides recommendations for regular 
maintenance and specific repairs and activities intended to preserve the bridge’s historic integrity 
while supporting its continued use as a safe and functional structure for the next 20 years. 
 
Each preservation plan consists of the recommended (or currently planned) future repairs or 
rehabilitation that will be needed in the short-term, as well as over the next few decades, in order to 
maintain the bridge as a priority-level bridge in its historic form.  The preservation plans cross-
reference the best practice treatments for bridge type and materials as appropriate. 
 
Reevaluation of Bridges 
 
An additional component of SHA’s historic bridge program included the reevaluation in 2008 of 79 
concrete beam, concrete slab and metal girder bridges that had been determined eligible for listing 
in the National Register of Historic Places in 2001 as part of the earlier historic bridge survey.  
Research was conducted to gather information and provide additional analysis of each bridge’s 
integrity and significance to supplement the original NRHP evaluation.  At SHA’s Office of 
Structures (OOS), architectural historians and engineers reviewed Bridge Inspection Reports (BIR), 
repair history files, SHA Bridge Plans, the Bridge Inspection and Remedial Engineering (BIRE) 
Worklist, and Structure Inventory and Appraisal (SI&A) reports.  An architectural historian visited 
each bridge to examine and document current conditions with field notes, digital photography, and 
black and white photography. 
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For evaluation of the bridge’s historic significance and NRHP eligibility, the architectural historians 
consulted the original MIHP form, Historic Highway Bridges in Maryland: 1631-1960: Historic 
Context Report, A Context for Common Historic Bridge Types, NCHRP Project 25-25, Task 15, and 
“NR Bulletin 15: How to Apply the National Register Criteria for Evaluation.”  Each bridge was 
documented and reevaluated on a Maryland Inventory of Historic Places Determination of Eligibility 
(DOE) form accompanied by black and white photographs.  
 
MHT reviewed the DOE forms in 2009 and concurred that nine (9) of the bridges remained NR 
eligible, nine (9) of the bridges had lost integrity and were no longer NR eligible, and the remaining 
60 bridges were considered NR eligible and placed into a category called Non-priority Historic 
Bridges.  In March 2012, previously prepared documentation for each of the 60 Non-priority Historic 
Bridges was converted into the MIHP Addendum Sheet format and resubmitted to MHT to fulfill 
mitigation requirements included the PA.   
 
Programmatic Agreement 
 
A draft Programmatic Agreement (PA) that outlines mitigation and treatment of Maryland’s historic 
highway bridges has been prepared.  The PA has been reviewed by the Maryland Historical Trust 
(MHT), SHA, the Federal Highway Administration (FHWA), and the Advisory Council on Historic 
Preservation (ACHP), and currently is in draft form as of March 2012.   
 
The PA outlines the basis for the SHA’s administration of its Historic Highway Bridge Program and 
the FHWA and MD SHPO’s involvement with the Program and individual bridge projects under the 
Program.  Three treatment categories for SHA’s owned and managed historic bridges include: 

 
1.  Preservation Priority Historic Bridges: historic bridges designated for indefinite preservation 
2.  Eligible Historic Bridges: historic bridges that will be maintained and preserved, when 

feasible, and are subject to streamlined review process 
3.  Non-Priority Historic Bridges: historic bridges that do not require preservation in place and 

are subject to a streamlined review process and standard mitigation treatments. 
 
The PA provides stipulations for the appropriate management, coordination, and corresponding 
review processes for historic bridges within each of the three treatment categories.  This allows the 
review procedures to be streamlined and provides measures for bridge stewardship and outreach 
efforts when resources allow. 
 
Best Practice Treatments  
 
SHA’s priority-level bridges include stone, concrete and steel arch, pony and thru steel trusses, 
aluminum girders and moveable bridges.  The Maryland Best Maintenance and Conservation 
Practices for Older Bridge Types is a guide to best practices for conserving material and keeping 
steel and masonry bridges in service.  The guidance applies to all of Maryland’s historic bridges and 
should be consulted when maintaining or repairing a National Register of Historic Places listed or 
eligible bridge regardless of whether it is a preservation priority, eligible, or non-priority eligible 
structure. 
 
The best practice treatments will serve as general guidelines for engineers, historians, contractors, 
and maintenance personnel in designing and performing repairs, rehabilitations, treatments, and 
other actions that have been deemed as appropriate to preserve bridges in the study population of 
each bridge type/material intact.  The treatment guidelines include: 
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• Best Practice Maintenance Treatments Common to All Bridge Types 
• Reinforced Concrete Conservation and Repair 
• Addressing Moisture Penetration in Stone and Reinforced Concrete Arch Bridges 
• Repointing Stone Masonry – Including Stone Veneer 
• Protecting Steel from Rust/Corrosion 
• Strengthening of Steel Bridges/Replacement of Component Members 
• Repair of Damaged Steel Bridge Components/Members 
• Appropriate Railing Treatments 

 
The best practice treatments are included at the end of this document. 
 
Database 
 
The Historic Bridge Database was modified to include additional useful data-fields and to be more 
user-friendly.  Preconfigured queries and quick links to photos and bridge plans were incorporated 
into the updated database. 
 
Environmental Compliance, Funding Opportunities, and Public Involvement 
 
In establishing a management plan for each of the priority-level bridges, certain historic 
preservation and environmental legislative guidelines must be adhered to such as Section 106 of 
the National Historic Preservation Act, National Environmental Policy Act (NEPA) and Section 4(f) 
of the US Department of Transportation Act.  Funding sources for rehabilitation are available and 
some specific programs are outlined in this section.  Guidelines for public outreach also are an 
integral part of any transportation improvement project and are usually undertaken in conjunction 
with requirements for the federal laws described below.    
 
Historic Bridges not Owned by SHA 
 
While this report was developed for SHA, it is recognized that many historic bridges within the state 
are not owned by SHA.  These bridges may include: 
 

• Privately owned bridges by both residents and corporations (e.g. railroad companies) 
• City-owned bridges 
• County-owned bridges 
• Federally-owned bridges 
• Bridges owned by other state agencies (such as the state tolls authority - MdTA) 

 
Although this report acknowledges the existence of these historic bridges, this report does not and 
cannot take jurisdiction and mandate use of this management plan for those bridges not owned by 
SHA.  SHA encourages county Department of Public Works (DPW) and other state agencies to 
incorporate these treatments outlined in this document into their plans for maintaining and 
preserving historic bridges under their ownership. 
 
Historic Preservation and Environmental Requirements 
 
If a bridge project requires a federal action (money or permitting) the project would require review 
under one or more of the environmental and cultural resource laws outlined below.  Even if the 
Federal Highway Administration (FHWA) is not providing funding for a project, agencies such as 
Maryland's Department of Natural Resources (DNR) and the United States Army Corp of Engineers 
(USCOE) often require permits for bridge projects. 
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Two important laws related to historic preservation are Section 106 of the National Historic 
Preservation Act (NHPA) of 1966 and Section 4(f) of the U.S. Department of Transportation Act of 
1966.  These two laws assist in the preservation of historic resources at the planning stage and 
consider resources of national significance, as well as those important at the local and state levels.  
The National Environmental Policy Act (NEPA) of 1969 also considers impacts to historic properties 
in the context of the natural, social and cultural environment.  These three federal laws are often 
implemented together and studies for each are often interrelated.  Other applicable legislation that 
assists historic preservation within the state of Maryland is the Maryland Historic Trust Act of 1985 
as amended and the State Finance and Procurement Article §§ 5A-325 and 5A-326 of the 
Annotated Code of Maryland.  Coordination should be undertaken with SHA’s environmental and 
cultural resources staff to complete the appropriate studies and documentation to fulfill the 
requirements of Section 106, Section 4(f), NEPA, and Maryland’s historic preservation laws. 
 
Section 106 
 
Section 106 of the National Historic Preservation Act of 1966, as amended, (Public Law 89-665; 16 
U.S.C. 470 et seq.) requires that the federal agency consider the effect of its undertaking/project on 
resources listed in or determined eligible for listing in the NRHP and provide those concerned with 
the opportunity to comment. The full text of the NRHP can be found at 
http://www.achp.gov/docs/nhpa%202008-final.pdf. 
 
Guidelines for the evaluation of historic properties are set forth in the regulations of the Advisory 
Council of Historic Preservation (ACHP) at 36 CFR Part 800.  The full text of the ACHP guidelines 
can be found at http://www.achp.gov/regs-rev04.pdf.  
 
The guidelines define an effect on an historic property as an alteration to the characteristics of the 
historic property that qualify it for inclusion in or eligibility for listing in the NRHP [36 CFR § 
800.16(i)].  An adverse effect is defined in the guidelines as an alteration of 

…any of the characteristics of a historic property that qualify the property for 
inclusion in the National Register in a manner that would diminish the integrity of the 
property’s location, design, setting, materials, workmanship, feeling, or association.  
[36 C.F.R. § 800.5(a)(1)] 

 
Adverse effects on historic bridges could include: 
 

• Physical destruction of or damage to all or part of the bridge; 
• Alteration of the bridge, including restoration, rehabilitation, repair, maintenance, 

stabilization, and hazardous material remediation that is not consistent with the 
Secretary’s Standards for the Treatment of Historic Properties (36 CFR Part 68) and 
applicable guidelines; 

• Removal of the bridge from its historic location; 
• Change in the character of the bridge’s use or of physical features within the bridge’s 

setting that contribute to the historical significance; 
• Neglect of the bridge which results in its deterioration,  
• Transfer, lease or sale of the bridge out of federal ownership or control without 

adequate and legally enforceable restrictions or conditions to ensure long-term 
preservation of the bridge’s historic significance. 

 
 
 
 
 

http://www.achp.gov/docs/nhpa%202008-final.pdf
http://www.achp.gov/regs-rev04.pdf
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Section 4(f) 
 
Section 4(f) of the U.S. Department of Transportation Act of 1966, as amended, and Section 
6009(a) of the 2005 transportation authorization and funding bill, Safe, Accountable, Flexible, 
Efficient Transportation Equity Act:  A Legacy for Users (SAFETEA-LU), apply only to projects that 
require involvement by the U.S. DOT, which includes the Federal Highway Administration (FHWA).  
FHWA issued a final rule on Section 4(f) on March 12, 2008 and the regulation was moved to 23 
C.F.R. 774.  Information about Section 4(f) along with links to the laws can be found at the FHWA 
Environment website http://www.environment.fhwa.dot.gov/4f/index.asp.  Additional information can 
be found at SHA’s Section 4(f) website http://www.section4f.com/home.htm. 
 
For historic bridges, these laws require that FHWA consider whether there are alternatives, such as 
rehabilitation or relocation, that do not require the use of a historic bridge, and that the project 
should include planning to minimize harm to the bridge.  Compliance with these laws will require 
coordination with SHA environmental, cultural resources and engineering staff to develop and 
consider alternatives and prepare the appropriate documentation. 
 
NEPA 
 
The National Environmental Policy Act of 1969 (NEPA), as amended (42 USC § 4321 et seq.) 
considers the impacts to historic resources throughout the project through the evaluation of project 
needs, evaluation of alternatives, and detailed studies.  To help streamline the project, NEPA 
should be integrated with the Section 106.  The full text of NEPA can be found at 
http://ceq.hss.doe.gov/nepa/regs/nepa/nepaeqia.htm.  
 
Maryland Historic Trust Act of 1985 and the State Finance and Procurement Article §§ 5A-
325 and 5A-326 of the Annotated Code of Maryland  
 
Maryland’s legislation supports the NHPA of 1966 and further details the Section 106 process within 
the state.  Article §§ 5A-325 requires departments within the state to consult with the Maryland 
Historical Trust (the State Historic Preservation Office) on any state-financed capital projects that 
own or control properties. These departments must determine their project’s effects on these 
properties that 50 years of age or older.  Article §§ 5A-326 outlines the protection and use of 
historic properties.  The full text of the statute can be found at  
http://mht.maryland.gov/documents/PDF/MHT_Statute.pdf. 
 
Federal and State Guidelines 
 
In preparing treatment plans for rehabilitation for potential grant programs, the Secretary of Interior 
has established guidelines that must be followed.  For bridges, these would be beneficial for 
maintaining the integrity of primary CDEs.  State historic contexts assist in placing the bridge in its 
historic context and providing information about materials and techniques that were used to 
construct the bridges. 
 
Secretary of Interior's Standards for Rehabilitation 
 
The Secretary of Interior's Standards for Rehabilitation are codified in 36 CFR Part 67 and were 
developed to guide preservationists and planners for Federal tax credit projects and other 
government grant programs.  The Secretary of Interior’s Standards, in conjunction with the Best 
Practice Treatments developed for Maryland’s historic bridges as part of this Management Plan, 
provide guidance for rehabilitation, repair and maintenance specifically for historic properties 
(http://www.nps.gov/tps/standards/rehabilitation/rehab/index.htm).   

http://www.environment.fhwa.dot.gov/4f/index.asp
http://www.section4f.com/home.htm
http://ceq.hss.doe.gov/nepa/regs/nepa/nepaeqia.htm
http://mht.maryland.gov/documents/PDF/MHT_Statute.pdf
http://www.nps.gov/history/hps/tps/tax/rhb/
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Historic Context Reports 
 
SHA has four historic contexts that apply specifically to historic bridges: 
 

• Historic Highway Bridges in Maryland: 1631-1960, Historic Context Report 
 

The "Historic Highway Bridges in Maryland: 1631-1960: Historic Context Report" 
examines the history of bridge building from the colonial period to the recent past.  
Ten types of construction (arch, beam, cantilever, girder, movable, rigid frame, slab, 
suspension, timber and truss) and four types of materials (wood, stone, concrete and 
metal) characterize Maryland's bridges.  The context provides an overview and 
history of road, bridge and highway development; a discussion of government 
agencies which controlled the roads and bridges; images and three appendices 
which contain a timetable; list of bridge designers who were active in Maryland; and 
CDEs for each bridge type.  SHA uses this context to compile its historic bridge 
inventory and to evaluate each bridge for inclusion in the National Register.  Others 
can use this context to assess the historical significance of a bridge.  The type 
groupings allow a reviewer to compare a resource against a similar structure in the 
state or a county. 
 

• Small Structures on Maryland's Roadway's, Historic Context Report 
 

The "Small Structures on Maryland's Roadways, Historic Context Report" contains 
an historical overview of the development of Maryland's roadway system, focusing 
on small roadway structures less than twenty feet/ 20-feet long; a discussion of the 
types of small structures found on Maryland's roadways; and guidance for assessing  
 
the state's small structures for eligibility for inclusion in the National Register.  These 
structures may resemble a bridge, but are less than twenty feet long.  The early 
nineteenth century is associated with early turnpikes and the National Road.  The 
period from 1912 to 1933 is associated with the Maryland State Roads Commission's 
development of "Standard Plans" which allowed easy construction of concrete 
structures over almost any body of water in the state.  The state stopped using the 
standard plans in 1933, which concludes the period of significance for many 
twentieth century small structures. 

 
Links to these two historic contexts can be found at the Cultural Resources page of SHA’s website 
at http://sha.md.gov/index.aspx?PageId=729.  
 
Two other Maryland bridge contexts have been recently completed: 
 

• “Tomorrow’s Roads Today” Expressway Construction in Maryland, 1948-1965 
 

This historic context study and the companion piece by the URS Corporation, Phase 
II State Historic Bridge Context & Inventory of Modern Bridges, Survey Report and 
Assessments of Significance, Vols. I, II, and III (2004) address SHA’s efforts to 
identify, evaluate and assess eligibility of 286 bridges built between 1948 and 1965 
on Maryland highways.  SHA sought to streamline the review process while 
complying with Section 106 of the National Historic Preservation Act of 1966, as 
amended and its implementing regulations at 36 CFR Part 800 by identifying and 
evaluating bridges that were built between 1948 and 1965 on all Maryland state 
highways (3). 

http://sha.md.gov/index.aspx?PageId=729
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• Historic Context of Maryland Highway Bridges Built Between 1948 and 1960 
 

An updated and expanded historic context from the Historic Highway Bridges in 
Maryland: 1631-1960 Historic Context (Paula Spero & Associates and Louis Berger 
& Associates, 1995) was prepared for the Maryland State Highway Association 
(SHA) by URS Corporation in 2011. As the Executive Summary states “the 
expanded context was to develop more fully the historic context for bridges built in 
Maryland from the 1948-1960 period to reflect the technological innovations in bridge 
design and construction from this period; to establish criteria for the evaluation of the 
significance and integrity of 1948-1960 highway bridges in Maryland for their 
eligibility for listing in the National Register for Historic Places (NRHP); to document 
and record 21 highway bridges in Maryland from the 1948-1960 period representing 
12 different bridge types; and to apply this criteria in the evaluation of the 21 
surveyed highway bridges for their NRHP-eligibility” (i). 
 

A Context for Common Historic Bridge Types, a broad historic context that covers bridges built in 
the United States through 1955, was produced under the National Cooperative Highway Research 
Program, Project 25-25, Task 15 (October 2005).  As stated in the Abstract, “[the study] is intended 
to provide assistance to practitioners with assessing the historic significance or bridge types within 
the context of the United States…as well as providing an assessment of the technological and 
historical significance of the individual types” (p. iv).  The report is available online at 
http://onlinepubs.trb.org/onlinepubs/archive/NotesDocs/25-25(15)_FR.pdf.   
 
Funding Opportunities for Historic Bridges 
 
Funding for historic bridges is available through both public and private sources.  Most money is 
available through programs sponsored by the Federal Highway Administration and requires a 
matching grant of usually 20 percent.  Private money is partially given through federally sponsored 
organizations such as Save America's Treasures.  Grants also may be available through the SHPO 
and other state and local agencies to help preserve historic bridges. 
 
Transportation Enhancement Program 
 
The Transportation Enhancement Program (TEP) is sponsored by the Federal Highway 
Administration under 23 U.S.C. §101(a)(35).  This program provides 12 possible activities for 
funding for bridge-related projects.  Typically the applicant is responsible for a percentage of the 
grant.  Additional information about the federal Transportation Enhancement Program can be found 
at http://www.fhwa.dot.gov/environment/te/index.htm. 
 
As part of the federal program, SHA supports and administers the TEP in Maryland.  Project 
sponsors must provide a match of at least 50% of a project’s total costs, and 20% of the match 
must include a 20% non-federal cash match which applies to the costs of reimbursable activities.  
Additional information and guidelines regarding Maryland’s TEP program can be found at 
http://www.marylandroads.com and follow the links under “Environment and Community/ 
Community Improvement/Transportation Enhancement Program (TEP).” 
 
Highway Bridge Replacement and Rehabilitation Program 
 
The Highway Bridge Replacement and Rehabilitation Program (HBRRP) is sponsored by the 
Federal Highway Administration.  The program requires each state to complete a historic bridge 
inventory and market those historic bridges that face demolition.  If a suitable location and new 
owner are found, funds equal to the amount it would cost to demolish the bridge would be available 

http://onlinepubs.trb.org/onlinepubs/archive/NotesDocs/25-25(15)_FR.pdf
http://www.fhwa.dot.gov/environment/te/index.htm
http://www.marylandroads.com/
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under this program to move the structure.  Further information about the HBRRP, other FHWA 
historic bridge programs and links to additional historic bridge resources can be found at 
http://environment.fhwa.dot.gov/histpres/bridges.asp.  
 
Save America's Treasures 
  
Since its founding in 1998 through a joint effort of the White House, the National Park Service, and 
the National Trust for Historic Preservation, Save America's Treasures has allocated over $320 
million dollars in preserving historic resources important both locally and nationally in America's 
history.  Grants are awarded annually through public/private funds.  Further information about the 
Save America’s Treasures program can be found at http://www.saveamericastreasures.org/.  
 
National Historic Covered Bridge Preservation Program 
 
The National Historic Covered Bridge Preservation Program (NHCBPP) was part of the TEA-21 
legislation passed in 1998 and provides funding to help preserve covered bridges that are either 
eligible or listed on the National Register.  Further information about the NHCBPP can be found at 
http://www.fhwa.dot.gov/bridge/covered.cfm.  
 
Public Involvement Opportunities 
 
When a bridge project is reviewed under Section 106 of the NHPA or under NEPA, the public is 
afforded the opportunity to participate and provide comments as part of the public involvement 
components of the legislation.  Under Section 106, consulting parties, which generally include the 
State Historic Preservation Officer (SHPO) and local and regional historic preservation groups, 
review and comment on documents and recommendations prepared as part of the Section 106 
studies.  Consulting parties also help develop mitigation measures for projects where resources are 
adversely affected.  Under NEPA, SHA typically holds public meetings or plans displays, where the 
public is invited and encouraged to comment on proposed project plans, engineering alternatives 
and mitigation measures. 
 
Other public involvement opportunities may include engaging local volunteers and grass-roots 
campaigns, as communities are often the first to champion their local threatened historic sites.   
Educating the public through Boy Scout projects, school projects, and university projects can also 
help preserve historic bridges and can provide local manpower for those bridges where simple 
tasks, such as removal of debris, etc. is required.  National, state and regional groups devoted to 
historic bridges, such as the Historic Bridge Foundation and the Historic Bridge Alliance, also 
provide guidance and ideas for educating the public about preserving historic bridges in their 
communities. 
 

http://environment.fhwa.dot.gov/histpres/bridges.asp
http://www.saveamericastreasures.org/
http://www.fhwa.dot.gov/bridge/covered.cfm
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SHA Bridge No. 0103500 
MD 144AE over Town Creek 
 
Flintstone, Allegany County, MD 
MIHP No. AL-II-A-149 
 
 
Bridge Type: Closed-Spandrel, Filled, 
  Reinforced Concrete Arch 
 
Year Built: 1925 
 
No. of Spans:   1 
 
Total Length: 73'-0" 
 
Roadway Width: 24'-0" 
 
NRHP Eligibility:  Criteria A and C, as a significant example of concrete arch construction during 
the upgrading of the National Pike. 
 
Primary CDEs:  Arch barrel, spandrel walls, and balustrades. 
 
Other Comments:  The bridge is on the National Road Scenic Byway on this nearly abandoned 
alignment (MD 144AE) of the original National Pike between Baltimore and Cumberland.  It is a 
parallel alignment to the mainline portion of the current National Pike (MD 144). 
 
This bridge is currently in satisfactory condition and carries relatively little traffic (ADT of 300 in 
2002).  The stone masonry portions of the wingwalls were coated with shotcrete in the 1980s. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines. 

 
• Repair the concrete balustrades and spandrel walls, particularly along the interfaces 

between the spandrel walls and arch barrel. Other areas on the bridge may require similar 
concrete repairs. 

 
• If the balustrades require total replacement, they should be rebuilt to resemble the original 

balustrades.  State and federal requirements to upgrade the new balustrades to current 
highway traffic-barrier standards should be investigated, using the AASHTO guidance 
available for very low volume roads, and also considering the relatively low prevailing 
speeds and favorable roadway alignment. 

 
 



 

Maryland State Highway Administration  April 2012 30 
Historic Highway Bridge Management Plan 
Preservation Plan for Priority Level Bridges 

Bridge No. 0103500 
Page 2 
 
 

• Replace the bituminous wearing surface.  The existing wearing surface should be removed, 
rather than paved over, so that no additional dead load is added to the bridge.  As part of 
the wearing surface replacement, a waterproof membrane should be installed beneath the 
new pavement, as well as an adequate drainage system along the curbs, to move water and 
de-icing salts off of the bridge. 

 
• If a more major rehabilitation is needed beyond replacement of the wearing surface, then an 

acceptable treatment involves the removal of all or portions of the fill material over the arch, 
placing a waterproof membrane along the top of the exposed barrel, and replacing the fill 
with an engineered backfill.  Adequate drainage should be provided, as above, and another 
waterproof membrane should be placed on top of the new fill prior to placing the new 
wearing surface. 

 
• As the shotcrete on the wingwalls begins to fail, the loose portions of shotcrete should be 

removed and the stone masonry restored by repointing as needed.  This may need to be 
done on a periodic basis, as the shotcrete deteriorates over time.  It is not recommended to 
forcibly remove the shotcrete all at once, as this may damage the underlying stone masonry.   

 
• As the wingwalls are restored, the plastic drain pipes in the shotcreted areas should be 

removed, replaced, or otherwise made more inconspicuous, while providing for adequate 
drainage behind the stone masonry. 

 
• If initial movements are detected in the wingwalls, they may be stabilized by placing tie-back 

rods through the face of the wingwall and into the backfill.  The tie-back anchorages can be 
countersunk on the face of each wingwall, and then covered with a non-shrink grout.  
However, if the movements are significant, the wingwall should be replaced in-kind. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option. 
 

• Although the widening or alteration of this bridge may be a viable preservation option if 
faced with demolition, neither of these options is very likely to become a consideration at 
this rural location with a very low traffic volume, little chance of future development in the 
vicinity of the bridge, and the adjacent parallel roadways. 

 
• This bridge has already been bypassed twice in the past with the parallel alignments of 

MD 144 and I-68.  Therefore, a change in bridge use or setting as a result of another bypass 
is unlikely and is not a concern for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 3 – Addressing Moisture Penetration in Stone and Reinforced Concreted Arches 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 0104800 
MD 51 over C&O Canal 
 
Allegany County, MD 
(near Paw Paw, WV) 
MIHP No. AL-I-C-075 
 
 
Bridge Type: Steel Sub-Divided Warren 
  Camelback Pony Truss 
 
Year Built: 1932 
 
No. of Spans:   1 
 
Total Length: 89'-0" 
 
Roadway Width: 27'-0" 
 
NRHP Eligibility:  Criteria A and C, as a good example of pony truss construction during the Good 
Roads Movement in the 1930s. 
 
Primary CDEs:  Steel trusses, steel floorbeams, and concrete abutments. 
 
Other Comments:  The bridge is on the C&O Canal Scenic Byway and is within the C&O Canal 
National Historical Park.  It crosses over the currently dry canal and tow-path. This bridge is 
currently in fair to satisfactory condition and carries an ADT of approximately 2,000.  The bridge is 
considered fracture-critical. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation.  Also, maintain the vegetation beneath the bridge. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines, truss members, and abutment seats. 

 
• Repaint the superstructure steel. 

 
• Repair the general deterioration (spalls and delaminations) in the concrete abutments and 

wingwalls. 
 

• Repair the large vertical crack in the north abutment. 
 

• Replace secondary structural members as needed.  Repair deteriorated truss members by 
adding new plates or shapes.  Deteriorated rivets can be replaced with high-strength bolts. 

 
• Install roadway splash-shields along both trusses. 
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• Replace the existing concrete deck, including curbs, in its entirety.  A reliable roadway joint 
system should be included at each end of the deck.  A structurally and functionally 
adequate, yet context sensitive, traffic barrier should be incorporated into any deck 
replacement project. 

 
• If additional live load capacity becomes necessary, the member(s) governing the bridge’s 

capacity may be addressed by adding auxiliary members carefully detailed and positioned 
so as not to detract from the scale of the bridge or the make-up of the connections. 

 
• Because of the construction type of this bridge, moving it to another location is a feasible 

preservation option if faced with demolition. 
 

• Although the widening or alteration of this bridge may be a viable preservation option if 
faced with demolition, neither of these options is very likely to become a consideration at 
this rural location with a relatively low traffic volume. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 0106600 
The “Blue Bridge” 
MD 942 over Potomac River 
(Johnson St. / Bridge Ave.) 
 
Cumberland, Allegany County, MD 
and Ridgeley, WV 
MIHP No. AL-IV-A-153 
 
 
Bridge Type: Steel Tied Arch 
 
Year Built: 1955 
 
No. of Spans:   2 
 
Total Length: 315'-0" 
 
Roadway Width:   28'-0" 
 
NRHP Eligibility:  Criterion C, as a rare example of steel tied-arch construction in Maryland. 
 
Primary CDEs:  Steel arches, suspenders, and ties, and concrete pier and abutments. 
 
Other Comments:  This bridge is considered a local landmark, and is located adjacent to the Canal 
Place Heritage Area in downtown Cumberland, which is a “Preserve America” community.  The 
bridge is also located near the western termini of the C&O Canal Scenic Byway and the C&O Canal 
National Historical Park. 
 
This bridge is considered fracture-critical.  The bridge is currently in satisfactory condition and 
carries an ADT of approximately 1,000.  The bridge deck was rehabilitated in 1995, which included 
replacement of the small portions of steel open-grid deck along each gutterline with concrete.  The 
rehabilitation also included removal of the steel curb stringers, addition of exterior steel stringers 
under the new portions of deck, addition of concrete curbs, in-kind replacement of the concrete 
sidewalks, installation of new scupper drains, installation of new utility supports under the 
sidewalks, and a complete repainting of the steel superstructure. 
 
Right-of-Way:  Responsibility for this bridge is shared with West Virginia.  MD SHA inspects and 
maintains the bridge; WV DOH shares these costs. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines, sidewalks, and pier and abutment seats. 

 
• Periodically remove debris from the river. 
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• Repair general deterioration (spalls and delaminations) in the concrete pier, abutments, and 
wingwalls as required. 

 
• Replace missing pigeon screens throughout the bridge, and install additional screens as 

needed. 
 

• Clean pigeon droppings from throughout the bridge by power-washing on a regular cycle. 
 

• Repaint the superstructure steel. 
 

• Replace secondary structural members as needed.  Repair deteriorated superstructure 
members by adding new plates or shapes.  Deteriorated rivets can be replaced with high-
strength bolts. 

 
• Install roadway splash-shields along both bridge railings. 

 
• Replace the bituminous wearing surface.  The existing wearing surface should be removed, 

rather than paved over, so that no additional dead load is added to the bridge. 
 

• Replace the existing concrete deck, including curbs and sidewalks, in its entirety.  A reliable 
roadway joint system should be included at the end of each span. 

 
• Install an appropriate traffic barrier along each curbline to separate vehicular and pedestrian 

traffic. 
 

• Replace or supplement the existing bridge railings along each sidewalk with fencing or 
additional railing to meet current pedestrian railing requirements, but to also fit the scale of 
the bridge. 

 
• If additional live load capacity becomes necessary, the member(s) governing the bridge’s 

capacity may be addressed by adding auxiliary members carefully detailed and positioned 
so as not to detract from the scale of the bridge or the make-up of the connections. 

 
• Alteration of this bridge may be a viable preservation option if faced with demolition, which is 

not an acceptable option. 
 

• Moving this bridge to another location is also a feasible preservation option if faced with 
demolition.  However, moving the bridge would be very difficult because of the large scale of 
this bridge.  Likewise, widening is possible and acceptable, but would be extremely difficult. 

 
Applicable Best Practice Treatments: 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 0205400 
MD 214 over Patuxent River 
 
Davidsonville, Anne Arundel & 
Prince Georges Counties, MD 
MIHP No. AA-761 
 
 
Bridge Type: Steel Parker Through Truss 
 
Year Built: 1935 
 
No. of Spans:   1 
 
Total Length: 200'-0" 
 
Roadway Width:   30'-0" 
 
NRHP Eligibility:  Criterion A for its association with continuing advances in metal truss technology 
and fabrication in the early 20th century, and Criterion C as a good example of a Parker through 
truss. 
 
Primary CDEs:  Steel trusses, sway-bracing portals, floorbeams, and concrete abutments and 
wingwalls. 
 
Other Comments:  The bridge was built as part of the Good Roads Movement and was fabricated 
by the Roanoke Iron and Bridge Works.  It is located along the Patuxent Scenic River.  Five sway-
bracing members were replaced in-kind, due to accident damage, in 2001. 
 
This bridge is currently in fair condition and carries an ADT of approximately 12,000.  The vertical 
clearance available to vehicles is just under 16'-0".  The bridge is considered fracture-critical, and is 
on an increased (yearly) inspection cycle because of substandard load-carrying capacity. 
 
A deck replacement was recently performed on this bridge.  The rehabilitation also included the 
replacement of several steel members in-kind, new bridge railings, installation of fiberglass splash-
shields behind the railings, and total repainting of the bridge. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation.  Also, periodically cut back the vegetation beneath the 
bridge and overhanging the sides of the bridge. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

curblines, truss members, and abutment seats. 
 

• Periodically remove graffiti from the abutment areas. 
 

• Repaint the superstructure steel. 
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• Repair general deterioration (spalls and delaminations) in the concrete abutments and 
wingwalls. 

 
• Although a bridge rehabilitation was recently completed, additional steel deterioration may 

occur in the future.  If so, replace secondary structural members as needed.  Repair 
deteriorated truss members by adding new plates or shapes.  Deteriorated rivets can be 
replaced with high-strength bolts. 

 
• If additional live load capacity becomes necessary, the member(s) governing the bridge’s 

capacity may be addressed by adding auxiliary members carefully detailed and positioned 
so as not to detract from the scale of the bridge or the make-up of the connections. 

 
• Alteration or widening of this bridge may be a viable preservation option if faced with 

demolition, which is not an acceptable option. 
 

• Moving this bridge to another location is also a feasible preservation option if faced with 
demolition.  However, moving the bridge would be fairly difficult because of the large size of 
this truss. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 0310500 
MD 463 over Little Falls 
(Old York Road) 
 
Parkton, Baltimore County, MD 
MIHP No. BA-593 
 
 
Bridge Type: Stone Masonry Arch 
 
Year Built: 1809 
 
No. of Spans:   2 
 
Total Length: 62'-0" 
 
Roadway Width: 20'-0" 
 
NRHP Eligibility:  Criterion A for its association with transportation and commerce on an early 
turnpike, and Criterion C as a relatively well-preserved example of a stone arch bridge. 
 
Primary CDEs:  Arch barrels, spandrel walls, parapets, pier, and wingwalls. 
 
Other Comments:  This bridge is particularly significant as the oldest known stone arch bridge still 
in service in Maryland.  It was one of five bridges built along the Baltimore and York-Town Turnpike.  
The former Parkton Hotel, which is listed on the National Register of Historic Places, sits at the 
southwest corner of the bridge.  The hotel was built in the 1850s as a stop-over point for travelers 
on both the Baltimore and York-Town Turnpike and the Baltimore and Susquehanna Railroad.  To 
the southeast of the bridge is the former First National Bank of Parkton.  The Northern Central 
Railroad Trail is located south of the bridge on the bed of the former Baltimore and Susquehanna 
Railroad.   
 
This bridge is currently in satisfactory condition and carries a negligible traffic volume.  The entire 
structure was coated with shotcrete at an unknown date. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation. 
 

• Periodically remove debris from the stream channel at the bridge. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines. 

 
• As the shotcrete on the bridge begins to fail, the loose portions of shotcrete should be 

removed and the stone masonry restored by repointing as needed.  This may need to be 
done on a periodic basis, as the shotcrete deteriorates over time.  It is not recommended to 
forcibly remove the shotcrete all at once, as this may damage the underlying stone masonry. 
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• Replace the bituminous wearing surface.  The existing wearing surface should be removed, 
rather than paved over, so that no additional dead load is added to the bridge.  As part of 
the wearing surface replacement, a waterproof membrane should be installed beneath the 
new pavement, as well as an adequate drainage system along the curblines, to move water 
and de-icing salts off of the bridge. 

 
• If a more major rehabilitation is needed beyond replacement of the wearing surface, then an 

acceptable treatment involves temporarily shoring the arch, removing of all or portions of the 
fill material over the arch, repairing/repointing the exposed stone masonry, placing a 
waterproof membrane along the top of the exposed barrel, and replacing the fill with an 
engineered backfill or relieving structure.  Adequate drainage should be provided, as above, 
and another waterproof membrane should be placed on top of the new fill prior to placing 
the new wearing surface. 

 
• State and federal requirements to install approach traffic barriers meeting current highway 

traffic-barrier standards should be investigated, using the AASHTO guidance available for 
very low volume roads, and also considering the very low prevailing speeds at this bridge. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option. 
 

• Although the widening or alteration of this bridge may be a viable preservation option if 
faced with demolition, neither of these options is very likely to become a consideration at 
this rural location with a negligible traffic volume and the adjacent parallel roadways. 

 
• This bridge has already been bypassed twice in the past with the parallel alignments of 

MD 45 (the present York Road) and I-83.  Therefore, a change in bridge use or setting as a 
result of another bypass is unlikely and is not a concern for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 3 – Addressing Moisture Penetration in Stone and Reinforced Concrete Arches 
• Chapter 4 – Repointing Stone Masonry – Including Stone Veneer 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 0310900 
US 40 over Patapsco River 
 
Catonsville, Baltimore County, MD 
Ellicott City, Howard County, MD 
MIHP No. BA-2557 
 
 
Bridge Type: Open-Spandrel, Ribbed, 

Reinforced Concrete Arch 
 
Year Built: 1936 
 
No. of Spans:   1 
 
Total Length: 334'-0" 
 
Roadway Width: Two roadways at 24'-0" each, separated by a concrete median.  (4 lanes total) 
 
NRHP Eligibility:  Criterion C, as a strong example of an open-spandrel reinforced concrete arch. 
 
Primary CDEs:  Arch ribs, spandrel columns, abutments, wingwalls, and balustrades. 
 
Other Comments:  The bridge is located in the Patapsco Heritage Greenway and crosses over the 
Patapsco Valley State Park. 
 
A modern concrete safety-shape barrier was installed along the center of the roadway in 1975, and 
metal guardrails have recently been installed along the full length of both balustrades. 
 
This bridge is currently in satisfactory to poor condition and carries an ADT of approximately 
42,000.  The bridge is on an increased (yearly) inspection cycle because of substandard load-
carrying capacity. 
 
 
Preservation Recommendations: 
 

• A major bridge rehabilitation that includes acceptable preservation treatments is forthcoming.  
The rehabilitation will include replacement of the deck and floorbeams, as well as about half of 
the spandrel columns (in-kind).  The remaining superstructure and substructure components will 
be repaired with concrete.  The sidewalks will be removed and the deck cantilevers widened 
slightly (Due to the large scale of this bridge, a minor deck widening is acceptable.).  A new 
concrete barrier will be placed along the center of the roadway and the balustrades will be 
replaced with modern safety-shape concrete barriers, which will have inset panels to mimic the 
existing open-balustrade architectural details on the exterior faces.  The important views of this 
bridge are from the perspective of the state park, and not from the roadway itself; therefore, 
this parapet treatment is acceptable. 

 
• Modify the drainage system on the bridge so that it does not drain onto any of the concrete 

elements of the bridge. 
 

• Continue routine condition inspections and regular maintenance. 
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• Keep bridge free of vegetation. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines. 

 
• Periodically remove graffiti from the lower portions of the bridge.  Apply an anti-graffiti 

coating to problem areas to facilitate easier cleaning in the future. 
 

• Although a bridge rehabilitation is forthcoming, additional deterioration may occur in the 
concrete elements over time, and should be repaired. 

 
• Install erosion protection along the embankment slopes at each end of the bridge, if it 

becomes necessary. 
 

• Because of the construction type of this bridge, moving it to another location would not be a 
feasible preservation option.  Likewise, the demolition of this bridge is not an acceptable 
preservation option. 

 
• This bridge has already been bypassed with the parallel alignment of I-70.  Therefore, a 

change in bridge use or setting as a result of another bypass is unlikely and is not a concern 
for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types  
• Chapter 2 – Reinforced Concrete Conservation and Repair  
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 1003100 
US 40 over Middle Creek 
 
Myersville, Frederick County, MD 
MIHP No. F-4-116 
 
 
Bridge Type: Closed-Spandrel, Filled, 
  Reinforced Concrete Arch 
  with Stone Masonry Veneer 
 
Year Built: 1936 
 
No. of Spans:   2 
 
Total Length: 144'-0" 
 
Roadway Width:   40'-0" 
 
NRHP Eligibility:  Criteria A and C, as a significant example of concrete arch construction during 
the relocation and widening of US 40 in the 1930s. 
 
Primary CDEs:  Arch barrels, spandrel walls, parapets, and all of the stone veneer and 
architectural treatments on the wingwalls, buttresses, and parapets. 
 
Other Comments:  This bridge is one of three very similar bridges located along a short segment 
of US 40.  The three bridges were designed to complement one another, and blend in with the 
context of their surroundings.  These bridges are located on the Catoctin Mountain Scenic Byway, 
and are within the Heart of the Civil War Heritage Area.  This portion of US 40 is on the current 
alignment of the National Pike.  This bridge is currently in satisfactory condition and carries an ADT 
of approximately 4,800.  Metal guardrail attachments have been bolted through the parapet 
endposts. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation.  Also, periodically cut back the vegetation beneath the 
bridge and overhanging the sides of the bridge. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

curblines. 
 

• Periodically remove debris from the stream channel at the bridge. 
 

• Perform periodic repointing of the mortar joints as needed.  Reset any missing stones at that 
time.  These can most likely be recovered on-site.  Also, the efflorescence throughout the 
stone veneer should be removed by careful cleaning (see guidance in NPS Briefs). 
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• Replace the bituminous wearing surface.  The existing wearing surface should be removed, 
rather than paved over, so that no additional dead load is added to the bridge.  As part of 
the wearing surface replacement, a waterproof membrane should be installed beneath the 
new pavement, as well as an adequate drainage system along the curbs, to move water and 
de-icing salts off of the bridge (and eliminate further efflorescence on the veneer). 

 
• If initial movements are detected in the wingwalls, they may be stabilized by placing tie-back 

rods through the face of the wingwall and into the backfill.  The tie-back anchorages can be 
hidden behind the veneer.  However, if the movements are significant, the wingwall should 
be replaced in-kind. 

 
• If a more major rehabilitation is needed beyond replacement of the wearing surface, then an 

acceptable treatment involves the removal of all or portions of the fill material over the arch, 
placing a waterproof membrane along the top of the exposed barrel, and replacing the fill 
with an engineered backfill.  Adequate drainage should be provided, as above, and another 
waterproof membrane should be placed on top of the new fill prior to placing the new 
wearing surface. 

 
• Repair the concrete portions of the structure, particularly the curbs.  Any concrete behind a 

stone veneer will not need to adhere to the Best Practice Treatments for matching concrete. 
 

• When it becomes necessary, replace the existing metal guardrails and parapet anchorages 
with context-sensitive traffic barriers that meet current highway safety standards. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option. 
 

• Although the widening or alteration of this bridge may be a viable preservation option if 
faced with demolition, neither of these options is very likely to become a consideration at 
this rural location with a roadway that can already accommodate additional lanes, and with 
the adjacent parallel roadway. 

 
• This bridge has already been bypassed with the parallel alignment of I-70.  Therefore, a 

change in bridge use or setting as a result of another bypass is unlikely and is not a concern 
for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 3 – Addressing Moisture Penetration in Stone and Reinforced Concrete Arches  
• Chapter 4 – Repointing Stone Masonry – Including Stone Veneer 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 1100700 
US 40 Alt over Casselman River 
 
Grantsville, Garrett County, MD 
MIHP No. G-II-C-101 
 
 
Bridge Type: Steel Pratt Through Truss 
 
Year Built: 1932 
 
No. of Spans:   1 
 
Total Length: 133'-0" 
 
Roadway Width:   40'-0" 
 
NRHP Eligibility:  Criteria A and C, as one of a small but significant number of metal truss bridges 
erected in Maryland from the 1920s through the 1940s. 
 
Primary CDEs:  Steel trusses, sway-bracing portals, floorbeams, and concrete abutments and 
wingwalls. 
 
Other Comments:  The bridge was built as part of the Good Roads Movement and the realignment 
and expansion of the National Road (US 40).  This bridge is located on the National Road Scenic 
Byway and is within the Garrett County Heritage Area.  It is adjacent to the state park containing the 
original 1813 stone arch bridge crossing the Casselman River.  The stone arch bridge is a National 
Historic Landmark.  The truss bridge is also adjacent to the Penn Alps artisan village, a tourism 
destination.  Additionally, this location displays three eras of bridge-building technology, from stone 
arch to metal truss, to the modern high-level steel multi-girder interstate bridges located just 
upstream. 
 
Two sway-bracing portal elements have been replaced in-kind.  The original steel channel portions 
of the bridge railings (a secondary CDE) have been replaced with modern metal guardrails. 
 
This bridge is currently in poor condition and carries an ADT of approximately 4,500.  The vertical 
clearance available to vehicles is less than 15'-0".  The bridge is considered fracture-critical, and is 
on an increased (yearly) inspection cycle because of substandard load-carrying capacity. 
 
A deck replacement and rehabilitation was recently completed on this bridge.  The new deck 
incorporated a modern traffic barrier system along both sides of the bridge.  The new barriers help 
to protect the superstructure steel from roadway splash and de-icing salts.  The previous metal 
guardrails were removed from the trusses.  The rehabilitation also included minor steel plating 
repairs to superstructure members and in-kind replacement of a few truss members and 
deteriorated gusset and batten plates.  In performing the steel repairs, deteriorated rivets were 
replaced with high-strength bolts.  Minor concrete repairs to the abutments were also completed.   
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Preservation Recommendations: 
 

• Perform an analysis of the portal sway braces to determine if they can be modified and 
raised, and to what extent, to increase the vertical clearance available to vehicles. 

 
• Continue routine condition inspections and regular maintenance. 

 
• Keep bridge free of vegetation.  Also, periodically cut back the vegetation overhanging the 

sides of the bridge. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines, truss members, and abutment seats. 

 
• Repaint the superstructure steel. 

 
• Although a recent bridge rehabilitation was performed, additional concrete deterioration may 

occur in the future.  If so, repair general deterioration (spalls and delaminations) in the 
concrete abutments and wingwalls, as needed.  Likewise, any future steel deterioration 
should be addressed accordingly. 

 
• If additional live load capacity becomes necessary, the member(s) governing the bridge’s 

capacity may be addressed by adding auxiliary members carefully detailed and positioned 
so as not to detract from the scale of the bridge or the make-up of the connections. 

 
• Alteration or widening of this bridge may be a viable preservation option if faced with 

demolition, which is not an acceptable option. 
 

• Moving this bridge to another location is also a feasible preservation option if faced with 
demolition.  However, moving the bridge would be fairly difficult because of the large size of 
this truss. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 1304600 
Old MD 32 over CSX Railroad, 
River Road, & Patapsco River 
 
Sykesville, Howard & Carroll Counties, MD 
MIHP No. HO-673 
 
 
Bridge Type: Aluminum Box Girder 
 
Year Built: 1963 
 
No. of Spans:   3 
 
Total Length: 296'-0" 
 
Roadway Width:   30'-0" 
 
NRHP Eligibility:  Criterion C as a significant and rare 
example of an aluminum bridge in Maryland, and Criterion G for a bridge that has met historic 
significance within the last 50 years.  The bridge is only one of six aluminum bridges built in the US 
between 1948 and 1963, and is the only example in Maryland. 
 
Primary CDEs:  Aluminum box girders. 
 
Other Comments:  The box girders consist of riveted built-up aluminum triangular box-stiffened 
sheet girders.  They were designed and fabricated by the Fairchild Engine and Airplane Corp. 
 
This bridge is currently in poor condition with extensive deterioration in the primary structural 
elements of the box girders, which have been determined to be irreparable.  This led to the 
construction of a new adjacent bridge in 2006, and the permanent closure of the aluminum bridge.  
As a condition to permit the new bridge construction, SHA entered into a preservation agreement 
with MHT to close and preserve the aluminum bridge in place.   
 
 
Preservation Recommendation: 
 
In 2003 and 2004, SHA performed the following steps in accordance with the bridge’s preservation 
agreement:   
 

• Installed interpretive signage at the bridge. 
• All spalled and delaminated areas of the concrete curbs and parapets were repaired. 
• The roadway joints were sealed. 
• All debris from inside the aluminum box beam and beam seat areas was removed. 
• Steel post barricades at each end of the bridge were installed to close the bridge to traffic. 

 
Additional recommendations to preserve and maintain the bridge include: 
 

• Repeat the above work on an as-needed basis.  
• Perform any other repairs to defects that are discovered during the routine biennial 

inspections of this bridge. Even without traffic on the bridge, the concrete substructure will 
deteriorate over time, and should be repaired when warranted. 
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• It is understood that the SHA is likely to retain ownership and maintenance responsibilities 
for this bridge for the foreseeable future.  However, transfer of ownership of this bridge to a 
private organization or local jurisdiction is an acceptable preservation option, if it ensures 
close adherence to this Preservation Plan. 
 

• If it is determined that the bridge can no longer be safely maintained in place, SHA should 
coordinate with FHWA, MHT, and any other consulting party to develop appropriate 
mitigation measures.  One option could include dismantling the bridge and keeping a portion 
(cross section) of the superstructure intact so that its unique design and construction 
techniques are apparent.  The bridge section could then be safely displayed at its current 
location or a venue similar to the Baltimore Museum of Industry.  The existing interpretive 
signage at the bridge site should accompany the preserved cross-section of the bridge.  
Ownership of the preserved portion should transfer to a preservation organization, and the 
aluminum elements properly refurbished. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
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SHA Bridge No. 2002300 
MD 331 over Choptank River 
“Dover Drawbridge” 
 
Talbot & Caroline Counties, MD 
MIHP No. T-487 
 
 
Bridge Type: Steel Sub-Divided Warren 
  Through Truss, with a 

  Center Swing Span, and 
  Reinforced Concrete Slab 
  Approach Spans 

 
Year Built: 1933 
 
No. of Spans:   3 Truss Spans (1 Swing) 
   8 Approach Spans 
 
Total Length: 842'-0" 
 
Roadway Width:   24'-0" 
 
NRHP Eligibility:  Criterion A for its association with bridge construction during the 1920s and 
1930s to meet growing vehicular demands, and Criterion C as a strong example of a Warren 
truss/swing span bridge. 
 
Primary CDEs:  Steel trusses, sway-bracing portals, floorbeams, pivot girder, and the pivot, drive, 
and wedge mechanisms.  Also, the concrete pivot pier and rest piers of the truss spans.  (This is a 
center-bearing swing span.) 
 
Other Comments:  The bridge is located in a rural, marshy setting along the Chesapeake Country 
Scenic Byway and within the Stories of the Chesapeake Heritage Area. 
 
Numerous repairs and alterations have been performed on this bridge over the years, primarily to 
secondary and tertiary CDEs.  The work has included fender repairs, substructure concrete repairs, 
roadway joint replacements, approach slab repairs, steel plating repairs, replacement of some 
gussets and braces, and installation of fiberglass jackets on the river piers.  A complete overhaul of 
the mechanical/electrical system was performed in 1999, followed by replacement of the swing 
span deck in 2003.  Two swing span floorbeams were strengthened at that time, and additional 
mechanical/electrical upgrades were undertaken. 
 
This bridge is currently in fair to satisfactory condition and is functionally obsolete.  It carries an ADT 
of approximately 12,000.  The vertical clearance available to vehicles is approximately 15'-0."  The 
truss spans are considered fracture-critical, and the bridge is on an increased (yearly) inspection 
cycle because of substandard load-carrying capacity. 
 
The bridge is scheduled to be bypassed within five years.  It will then remain under very limited 
service on the SHA road system.  The swing span is to be left in the open position for the vast 
majority of the time, to allow marine traffic to pass freely, and operated about once per year for civic 
functions.  However, this presents the opportunity for a lack of maintenance. 
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Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance, even after the bridge is 
bypassed. 

 
• Minor repairs are currently planned for this bridge, to include deck patching, fender repairs, 

and mechanical/electrical maintenance.  These repairs should proceed.  Short-term minor 
repairs should also include concrete repairs to the curbs along the fixed truss spans. 

 
• Establish and adhere to a maintenance schedule, particularly for the swing span and 

mechanical systems.  This should include regular lubrication and testing (more frequent than 
yearly) of the mechanical and operating systems, as well as regular maintenance of the 
navigational lights and electrical system, and regular maintenance and upkeep of the 
tender’s house. 

 
• Since the bridge will no longer carry regular vehicular traffic, safety upgrades to meet current 

highway standards are not necessary. 
 

• Maintain the vegetation around the ends of the bridge, and periodically cut back the 
vegetation beneath and alongside the approach spans. 

 
• Maintain a strict schedule of cleaning dirt, debris and bird droppings from the bridge, 

particularly the deck, truss members, and pier and abutment seats. 
 

• Repaint the superstructure steel and mechanical components. 
 

• Repair general deterioration (spalls and delaminations) in the concrete decks, abutments, 
wingwalls, and piers, as needed over time. 

 
• Repair the timber fenders as needed over time. 

 
• Although the widening or alteration of this bridge may be a viable preservation option if 

faced with demolition, neither of these options is very likely to become a consideration at 
this location after the bridge is bypassed. 

 
• Moving this bridge to another location is also unlikely, but could be a feasible preservation 

option if faced with demolition.  However, moving the bridge would be fairly difficult because 
of the large size of this truss. 

 
• It is understood that the SHA is likely to retain ownership and maintenance responsibilities 

for this bridge for the foreseeable future.  However, transfer of ownership of this bridge to a 
private organization or local jurisdiction is an acceptable preservation option, if it ensures 
close adherence to this Preservation Plan.  The bridge could be left in place and transferred 
to an entity such as the nearby Chesapeake Bay Maritime Museum. 
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SHA Bridge No. 2100400 
MD 845A (Main Street) over 
Little Antietam Creek 
 
Keedysville, Washington County, 
MD 
MIHP No. WA-II-1125 
 
Bridge Type: Closed-Spandrel, Filled, 
  Reinforced Concrete Arch 
 
Year Built: 1927 
 
No. of Spans:   1 
 
Total Length: 50'-0" 
 
Roadway Width: 24'-0" 
 
NRHP Eligibility:  Criterion A for its association with the bridge building work of the State Roads 
Commission in the 1920s in eliminating dangerous geometry, and Criterion C for its engineering 
and architecture. 
 
Primary CDEs:  Arch barrel, spandrel walls, and balustrades. 
 
Other Comments:  The bridge was built by the Luten Bridge Company, and was constructed using 
monies from the “Special Bridge Fund”.  It was built to improve the connection between the county 
seat and the rural countryside.  The bridge is a contributing element within the Keedysville Historic 
District, and is located within the Heart of the Civil War Heritage Area and on the Antietam 
Campaign Scenic Byway (a designated Civil War Trail). 
 
This bridge is currently in satisfactory condition and carries relatively little traffic (ADT of 600 in 
2002).  The original lampposts were removed from the bridge at an unknown date. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation. 
 

• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 
curblines and sidewalks. 

 
• Install scour and erosion protection along the abutments and adjacent stream banks, if 

needed. 
 

• Repair the concrete balustrades and spandrel walls, particularly along the interfaces 
between the spandrels and arch barrel, when it becomes necessary.  Other areas on the 
bridge, such as the barrels and cantilevered sidewalk brackets, may require similar concrete 
repairs. 
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• If the balustrades require total replacement, they should be rebuilt to resemble the original 
balustrades.  State and federal requirements to upgrade the new balustrades to current 
highway traffic-barrier standards should be investigated, using the AASHTO guidance 
available for low volume roads, and also considering the relatively low prevailing speeds and 
favorable roadway alignment.  Replacement of the balustrades may include the replacement 
of sidewalks and cantilever brackets as well.  Any attached utilities should be incorporated 
(hidden) within the new balustrades or sidewalks.  Any historical plaques should be 
preserved, refurbished, and properly installed on the new balustrades. 

 
• Re-wire the bridge for electrical service and install new lamp posts along the balustrades to 

replicate or closely resemble the original lamp posts and luminaires. 
 

• Replace the bituminous wearing surface.  The existing wearing surface should be removed, 
rather than paved over, so that no additional dead load is added to the bridge.  As part of 
the wearing surface replacement, a waterproof membrane should be installed beneath the 
new pavement, as well as an adequate drainage system along the curbs, to move water and 
de-icing salts off of the bridge. 

 
• If a more major rehabilitation is needed beyond replacement of the wearing surface, then an 

acceptable treatment involves the removal of all or portions of the fill material over the arch, 
placing a waterproof membrane along the top of the exposed barrel, and replacing the fill 
with an engineered backfill.  Adequate drainage should be provided, as above, and another 
waterproof membrane should be placed on top of the new fill prior to placing the new 
wearing surface. 

 
• If initial movements are detected in the wingwalls, they may be stabilized by placing tie-back 

rods through the face of the wingwall and into the backfill.  The tie-back anchorages can be 
countersunk on the face of each wingwall, and then covered with a non-shrink grout.  
However, if the movements are significant, the wingwall should be replaced in-kind. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option. 
 

• Although the widening or alteration of this bridge may be a viable preservation option if 
faced with demolition, neither of these options is very likely to become a consideration at 
this location in a village setting with a very low traffic volume, little chance of future 
development in the vicinity of the bridge, and the adjacent parallel roadway. 

 
• This bridge has already been bypassed with the parallel alignment of MD 34.  Therefore, a 

change in bridge use or setting as a result of another bypass is unlikely and is not a concern 
for this bridge. 

 
Applicable Best Practice Treatments: 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 3 – Addressing Moisture Penetration in Stone and Reinforced Concrete Arches 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 2101000 
US 40 over Licking Creek 
 
Indian Springs, Washington County, MD 
MIHP No. WA-V-416 
 
 
Bridge Type: Steel Wichert Girder/Truss 
  System 
 
Year Built: 1938 
 
No. of Spans:   3 
 
Total Length: 306'-0" 
 
Roadway Width:   28'-0" 
 
NRHP Eligibility:  Criterion C, as a significant example of a metal truss and girder bridge. 
 
Primary CDEs:  Steel girder/truss system, concrete abutments and piers, and the ornamental 
bridge railings. 
 
Other Comments:  This bridge is located along the National Road Scenic Byway. 
 
Although substantially rehabilitated and slightly altered in 2006, the treatment of this bridge was well 
done.  The work included a deck replacement and minor concrete and steel repairs.  The 
ornamental metal-and-concrete Art Deco bridge railings were preserved, replicated, and reset 
outside of the new concrete traffic barriers along the deck.  A post-tensioning retrofit had been 
previously added to the girder/truss system over each pier. 
 
This bridge is currently in very good to satisfactory condition and carries an ADT of approximately 
1,400.  The bridge is considered fracture-critical, and is on an increased (yearly) inspection cycle 
because of substandard load-carrying capacity 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation.  Also, periodically cut back the vegetation beneath the 
bridge and overhanging the sides of the bridge. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

curblines, the pier and abutment seats, and around the bottoms of the ornamental railings. 
 

• Repaint the superstructure steel and the metal portions of the ornamental railings. 
 

• Periodically remove debris from the stream channel at the piers. 
 

• Install scour and erosion protection along the bottoms of the piers, along the adjacent 
stream banks, and on the steep embankments in front of each abutment, as needed. 
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• Repair general deterioration (spalls and delaminations) in the concrete abutments, 
wingwalls, and piers, as needed over time. 

 
• Although a bridge rehabilitation was recently completed, additional steel deterioration may 

occur in the future.  If so, replace secondary structural members as needed.  Repair 
deteriorated girder and truss members by adding new plates or shapes.  Deteriorated rivets 
can be replaced with high-strength bolts. 

 
• Maintain and track the monitoring system attached to the post-tensioning retrofit rods. 

 
• If additional live load capacity becomes necessary, the member(s) governing the bridge’s 

capacity may be addressed by adding auxiliary members carefully detailed and positioned 
so as not to detract from the scale of the bridge or the make-up of the connections. 

 
• Alteration or widening of this bridge may be a viable preservation option if faced with 

demolition, which is not an acceptable option. 
 

• Because of the construction type of this bridge, moving it to another location would not be a 
feasible preservation option. 

 
• This bridge has already been bypassed with the parallel alignment of I-70.  Therefore, a 

change in bridge use or setting as a result of another bypass is unlikely and is not a concern 
for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 2101200 
US 40 over Conococheague 
Creek 
 
Wilson, Washington County, MD 
MIHP No. WA-V-211 
 
 
Bridge Type: Open-Spandrel, Ribbed, 
  Reinforced Concrete Arch 
 
Year Built: 1936 
 
No. of Spans:   3 
 
Total Length: 370'-0" 
 
Roadway Width:   44'-0" 
 
NRHP Eligibility:  Criteria A and C, as a significant example of a reinforced concrete open-
spandrel arch bridge constructed by the State Roads Commission as part of the Good Roads 
Movement. 
 
Primary CDEs:  Arch ribs, spandrel columns, abutments, wingwalls, piers, and balustrades. 
 
Other Comments:  The bridge is located along the National Road Scenic Byway, adjacent to the 
Wilson Bridge Park which contains the historic Wilson stone arch bridge. 
 
The only questionable alteration to the bridge occurred in 1952 and included the destruction of 
small portions of the parapet walls to install modern light poles.  The current tall aluminum mast-arm 
light poles were installed in 2001. 
 
This bridge is currently in satisfactory to fair condition and carries an ADT of approximately 13,000.   
 
 
Preservation Recommendations: 
 

• General concrete repairs throughout the bridge, roadway joint modifications, and installation 
of drainage trough downspouts are currently planned for this bridge.  These repairs should 
proceed in accordance with the Best Practice Treatments. 

 
• Continue routine condition inspections and regular maintenance. 

 
• Keep bridge free of vegetation. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

curblines and sidewalks. 
 

• Periodically remove graffiti from the lower portions of the bridge.  Apply an anti-graffiti 
coating to problem areas to facilitate easier cleaning in the future. 

 
• Periodically remove debris from the stream channel at the piers. 
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• If a major bridge rehabilitation becomes necessary, the work could include replacement of 
the surface of the concrete deck, or complete replacement of the deck and floorbeams (in-
kind).  The remaining superstructure and substructure components would be repaired with 
concrete.  Because of the generous roadway width for only two lanes of traffic, a new traffic 
barrier can be constructed along the curblines, to meet current highway safety standards, 
and to separate pedestrian and vehicular traffic. 

 
• If the balustrades require total replacement, they should be rebuilt to resemble the original 

balustrades.  State and federal requirements to upgrade the new balustrades to current 
highway traffic-barrier standards should be investigated, using the AASHTO guidance 
available, and also considering the favorable roadway alignment. 

 
• A balustrade replacement may include the sidewalks and cantilever brackets as well.  

Widening of the sidewalks (toward the center of the bridge, rather than outward) would be 
acceptable and practical at this bridge.  Any attached utilities should be incorporated 
(hidden) within the new balustrades or sidewalks, or installed beneath the new deck.  Any 
historical plaques should be preserved, refurbished, and properly installed on the new 
balustrades. 

 
• Remove the tall mast-arm light poles from the bridge when the balustrades are replaced.  

New lamp posts and luminaires that closely resemble lamp posts of the period of original 
bridge construction, but that provide the necessary roadway lighting in accordance with 
current highway safety standards, should then be installed along the balustrades. 

 
• Modify the drainage system on the bridge so that it does not drain onto any of the concrete 

elements of the bridge, and is not visually obtrusive. 
 

• Although concrete repairs may soon be completed, additional concrete deterioration may 
occur in the future.  If so, repair general deterioration (spalls and delaminations) throughout 
the bridge, as needed. 

 
• Install scour protection around the piers, and erosion protection along the embankment 

slopes at each end of the bridge, as it becomes necessary. 
 

• Because of the construction type of this bridge, moving it to another location would not be a 
feasible preservation option. 

 
• Although the widening or alteration of this bridge may be a viable preservation option if 

faced with demolition, neither of these options is very likely to become a consideration at 
this location with a roadway that is already accommodating more lanes than needed, and 
with the adjacent parallel roadway. 

 
• This bridge has already been bypassed with the parallel alignment of I-70.  Therefore, a 

change in bridge use or setting as a result of another bypass is unlikely and is not a concern 
for this bridge. 
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Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 2103800 
MD 68 over Antietam Creek 
“Booth’s Mill Bridge” 
 
Lappans, Washington County, MD 
MIHP No. WA-II-009 
 
 
Bridge Type: Stone Masonry Arch 
 
Year Built: 1833 
 
No. of Spans:   3 
 
Total Length: 133'-0" 
 
Roadway Width:   20'-0" 
 
NRHP Eligibility:  Criterion C, for its stone arch engineering and architectural design. 
 
Primary CDEs:  Arch barrels, spandrel walls, parapets, piers, abutments, and wingwalls. 
 
Other Comments:  The bridge is situated within the Heart of the Civil War Heritage Area and is 
located in Devil’s Backbone County Park. 
 
In 1996, the bridge underwent a major rehabilitation and reconstruction, which included a partial 
structural bypass of the masonry arch with a rigid concrete arch.  Nonetheless, the work was 
completed in a historically sensitive manner, incorporating nearly all of the material from the original 
bridge.  More recent repairs have included fixing damage at the ends of the parapets, which is 
being repeatedly caused by trucks with long trailers.  The alignment of the most often damaged 
corner has already been adjusted slightly to reduce the frequency of impacts, but this has not 
solved the problem. 
 
This bridge is currently in satisfactory condition, but is functionally obsolete.  It carries an ADT of 
approximately 2,250.  The bridge is currently posted for a vehicle weight restriction of 27,000 lbs 
and a vehicle length restriction of 50 feet. 
 
 
Preservation Recommendations: 
 

• Continue routine condition inspections and regular maintenance. 
 

• Keep bridge free of vegetation. 
 

• The bridge requires major repointing of the mortar joints throughout the structure, which are 
currently failed or failing.  The bond and mortar joints should match the original design.  
Perform subsequent periodic repointing of the mortar joints as needed.  Delaminated or 
cracked stones should be repaired or replaced in-kind where possible. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

curblines. 
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• Periodically remove debris from the stream channel at the piers and abutments. 
 

• Replace the bituminous wearing surface.  The existing wearing surface should be removed, 
rather than paved over, so that no additional dead load is added to the bridge.  As part of 
the wearing surface replacement, a waterproof membrane should be installed beneath the 
new pavement, as well as an adequate drainage system along the curblines, to move water 
and de-icing salts off of the bridge. 

 
• If a more major rehabilitation is needed beyond replacement of the wearing surface, work 

similar to the 1996 rehabilitation should be undertaken, which involves temporarily shoring 
the arch, removing of all or portions of the fill material over the arch, repairing/repointing the 
exposed stone masonry, placing a waterproof membrane along the top of the exposed 
barrel, and replacing the fill with an engineered backfill or relieving structure.  Adequate 
drainage should be provided, as above, and another waterproof membrane should be 
placed on top of the new fill prior to placing the new wearing surface. 

 
• Repair the damaged ends of the parapets in-kind when damaged by trucks.  Serious 

consideration should be given to making the existing vehicle weight and length restrictions 
more stringent on this bridge (and enforcing those restrictions more diligently). 

 
• Replace the existing context-sensitive timber traffic barriers along the approaches in-kind 

when deteriorated or damaged beyond serviceable limits. 
 

• Because of the construction type of this bridge, moving it to another location would not be a 
feasible preservation option. 

 
• Although the widening or alteration of this bridge may be a viable preservation option if 

faced with demolition, neither of these options is very likely to become a consideration at 
this rural location within county parkland. 

 
• Likewise, a change in bridge use or setting as a result of a bypass is unlikely and is not a 

concern for this bridge. 
 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 3 – Addressing Moisture Penetration in Stone and Reinforced Concrete Arches 
• Chapter 4 – Repointing Stone Masonry – Including Stone Veneer 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 2200900 
MD 991 (Main Street) over 
Wicomico River 
 
Salisbury, Wicomico County, MD 
MIHP No. WI-117 
 
 
Bridge Type: Steel Double-Leaf Trunnion 

  Bascule 
 
Year Built: 1928 
 
No. of Spans:   1 
 
Total Length: 83'-0" 
 
Roadway Width: 26'-0" 
 
Eligibility:  Criterion A for its association with the development of vehicular traffic, which began to 
take over as the primary means of transport on the Eastern Shore, and Criterion C as a significant 
example of a Chicago trunnion-style bascule bridge and for the architectural aspects of the tender’s 
tower. 
 
Primary CDEs:  Bascule girders, trunnions, counterweights, drive machinery, tender’s tower, and 
bascule piers. 
 
Other Comments:  The tender’s tower was built in the Classical Revival style and is considered to 
be one of the most notable buildings in the Salisbury Historic District (MIHP No. WI-145).  The 
bridge is located within the Lower Eastern Shore Heritage Area and is on the Blue Crab Scenic 
Byway. 
 
The bridge has had several rehabilitations in the past.  Major repairs in 1981 included replacing a 
large number of floorbeams, stringers, sidewalk brackets, lateral bracing, and trunnion supports in-
kind.  In 1996, the bulkhead and fender system was replaced.  New timber sidewalks were installed 
in 1998.  The tender’s tower had been altered in the past; however, the exterior was restored in 
2001 to nearly its original appearance.  The original lamp posts on the bridge were removed at an 
unknown date.  The original timber deck was replaced with a steel grid deck in 1938, which in turn 
was replaced in-kind in 2005.  Other major repairs in 2005 included replacement of the 
electrical/control system, restoration of the interior of the tender’s tower, repairs to the bascule 
girders, replacement of some bracing and connection steel, minor concrete repairs to the piers, and 
replacement of the nose locks and brakes. 
 
This bridge is currently in good condition, but is functionally obsolete.  It carries an ADT of 
approximately 12,650.  The bascule span is considered fracture-critical. 
 
 
Preservation Recommendations: 
 

• Concrete repairs to the bascule piers and various repairs to the fender system are currently 
being planned.  These repairs should proceed as planned. 
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• Continue routine condition inspections and regular maintenance. 
 

• Repaint the entire bridge (superstructure steel, tender’s tower, parapets, railings, piers, 
mechanical components, fender and bulkhead, etc.). 

 
• Install ornamental lamp posts and luminaires, which replicate the originals, at the original 

lamp post locations. 
 

• Establish and adhere to a maintenance schedule for the mechanical and control systems.  
This should include regular lubrication and testing of the mechanical and operating systems, 
as well as regular maintenance of the navigational lights, traffic safety system, and electrical 
system, and regular maintenance and upkeep of the tender’s tower. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

sidewalks, the curblines on top of the counterweights, the machinery and counterweight pits, 
and the bascule superstructure. 

 
• Although concrete repairs may soon be completed, additional concrete deterioration may 

occur in the future.  If so, repair general deterioration (spalls and delaminations) in the 
concrete counterweights, parapets, approach sidewalks, and bascule piers, as needed. 

 
• Likewise, repair any future deterioration in the timber and steel fenders and bulkheads, as 

needed. 
 

• Replace the top concrete riding surface of each counterweight as it ages and deteriorates.  
This work should include replacement of the curbs.  Likewise, the steel grid deck and 
flooring system will require partial or total replacement after a few decades of service, as 
well as the timber sidewalk. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option.  Likewise, the widening, alteration, or demolition of this bridge 
are not acceptable preservation options. 

 
• This bridge has already been bypassed twice in the past with the parallel alignments of US 

50 and US 50 Business.  Therefore, a change in bridge use or setting as a result of another 
bypass is unlikely and is not a concern for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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MD 12 over Pocomoke River 
“Snow Hill Drawbridge” 
 
Snow Hill, Worcester County, MD 
MIHP No. WO-178 
 
 
Bridge Type: Steel Single-Leaf Trunnion 

  Bascule 
 
Year Built: 1932 
 
No. of Spans:   2 
 
Total Length: 100'-0" 
 
Roadway Width: 30'-0" 
 
Eligibility:  Criterion A for its association with the development of vehicular traffic, which replaced 
steam boats as the primary transport of local agricultural and maritime goods on the Eastern Shore.  
The bridge is also eligible under Criterion C as a significant example of a Chicago trunnion-style 
bascule bridge, and for the architectural aspect of the tender’s house.   
 
Primary CDEs:  Bascule girders, trunnions, counterweights, drive machinery, and tender’s house.   
 
Other Comments:  The tender’s house was built in the Neo-classical style.  The bridge is located 
in and contributes to the Snow Hill Historic District and is within the Lower Eastern Shore Heritage 
Area.  It is also situated on the Blue Crab Scenic Byway and the Pocomoke Scenic River.  The 
concrete open-balustrades, steel railings, and ornamental lights are not considered primary CDEs, 
but they add to the aesthetic appeal of the bridge. 
 
Some rehabilitation has been performed on the bridge in the past.  The original timber deck on the 
bascule span was replaced with a steel grid deck in 1955.  The steel purlins supporting the grid 
deck were replaced in 1984, and new concrete curbs were constructed.  In 1990, one steel 
floorbeam was replaced in-kind.  Major mechanical and electrical maintenance was performed in 
2004.  In 2007, the timber sidewalk planks were replaced, repairs were made to the railings and 
fenders, and mechanical/electrical maintenance was completed  
 
This bridge is functionally obsolete and in fair to satisfactory condition.  It carries an ADT of 
approximately 6,500.  The bascule span is considered fracture-critical. 
 
 
Preservation Recommendations: 
 

• Major structural, mechanical, and electrical rehabilitation is currently scheduled, to include: 
concrete repairs, structural steel repairs, replacement of the span lock system, complete 
replacement of the electrical and control systems, repainting of the entire bridge, and 
installation of a safety barrier at the west end which will deploy when the draw-span is 
raised.  This work should proceed as planned. 
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• Routine minor structural, mechanical, and electrical maintenance items have also been 
scheduled and should proceed as planned in the interim.   
 

• Continue routine condition inspections and regular maintenance. 
 

• Establish and adhere to a maintenance schedule for the mechanical and control systems.  
This should include regular lubrication and testing of the mechanical and operating systems, 
as well as regular maintenance of the navigational lights, traffic safety system, and electrical 
system, and regular maintenance and upkeep of the tender’s house. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly from the 

movable span bearings on the rest pier, the bascule superstructure, and the machinery and 
counterweight pit. 

 
• Although concrete repairs may soon be completed, additional concrete deterioration may 

occur in the future.  If so, repair general deterioration (spalls and delaminations) in the 
concrete counterweight, parapets, approach sidewalks, and bascule piers, as needed. 
 

• Likewise, repair any future deterioration in the timber and steel fenders and bulkheads, as 
needed. 
 

• The steel grid deck and flooring system will require partial or total replacement after a few 
decades of service, as well as the timber sidewalk. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option.  Likewise, the widening, alteration, or demolition of this bridge 
are not acceptable preservation options. 

 
• No future expansion is planned for this roadway, and no significant development is 

anticipated in the vicinity of the bridge.  Therefore, a change in bridge use or setting as a 
result of a bypass is unlikely and is not a concern for this bridge. 

 
 
Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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SHA Bridge No. 2300400 
US 13 Business over 
Pocomoke River 
“Pocomoke Drawbridge” 
 
Pocomoke City, 
Worcester & Somerset Counties, MD 
MIHP No. WO-177 
 
 
Bridge Type: Steel Double-Leaf Trunnion 
  Bascule, with Steel Beam 

  Approach Spans 
 
Year Built: 1920 
 
No. of Spans: 1 Bascule Span, 
  6 Approach Spans 
 
Total Length: 308'-0" 
 
Roadway Width:   24'-0" 
 
NRHP Eligibility:  Criterion A for its association with the development of vehicular traffic, which 
replaced steam boats as the primary transport of local agricultural and maritime goods on the 
Eastern Shore, and Criterion C as a significant example of a bascule bridge and for the architectural 
aspects of the tender’s house and end pylons. 
 
Primary CDEs:  Bascule girders, trunnions, counterweights, drive machinery, tender’s house, 
bascule piers, and end pylons. 
 
Other Comments:  The bridge is a contributing element to the Pocomoke City Historic District 
(MIHP No. WO-187) and is located within the Lower Eastern Shore Heritage Area.  It is also on the 
Blue Crab Scenic Byway and the Pocomoke Scenic River. 
 
The bridge has had several rehabilitations in the past, particularly on the approach spans.  In 1942, 
a sidewalk was added to the north side of the bridge, and a new steel grid deck was placed on the 
bascule span.  Major mechanical upgrades were made in 1981.  In 1988, a section of the approach 
spans collapsed into the river.  As a result, all of the original reinforced concrete T-beam approach 
spans were replaced with steel beam spans, the bascule stringers were repaired, the bascule piers 
were underpinned, the counterweights were repaired, and new ornamental lamp posts were 
installed along the parapets.  In 1998, the grid deck and stringers were partially replaced on the 
bascule span, while the remaining stringers and floorbeams were repaired.  Upgrades to the 
electrical/control system were made at that time as well.  Around 2005, machinery supports were 
repaired, and new windows and doors were installed on the tender’s house. 
 
This bridge is currently in satisfactory condition, but is functionally obsolete.  It carries an ADT of 
approximately 4,200.  The bascule span is considered fracture-critical, and it is on an increased 
(yearly) inspection cycle because it has a posted weight restriction of 25 tons for single-unit vehicles 
and 30 tons for combination vehicles. 
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Preservation Recommendations: 
 

• A major rehabilitation is currently proposed for the bascule span, to include replacement of 
the grid deck and stringers, repair of steel curbs and steel railings, concrete repairs on the 
bascule piers, a complete overhaul of the mechanical/electrical system, and replacement of 
the nose locks, trunnion bearings, counterweights, and fender system.  This rehabilitation 
should proceed as planned. 

 
• Continue routine condition inspections and regular maintenance. 

 
• Repaint the entire bridge (superstructure steel, tender’s house, parapets, mechanical 

components, piers, etc.). 
 

• Install additional ornamental lamp posts and luminaires, which match the existing lamp 
posts, where there are bare wires exposed at several original (removed) lamp post 
locations. 

 
• Establish and adhere to a maintenance schedule for the mechanical and control systems.  

This should include regular lubrication and testing of the mechanical and operating systems, 
as well as regular maintenance of the navigational lights, traffic safety system, and electrical 
system, and regular maintenance and upkeep of the tender’s house. 

 
• Maintain a strict schedule of cleaning dirt and debris from the bridge, particularly the 

curblines on the deck, the pier and abutment seats, the bascule pier areas, and the bascule 
superstructure.  Also, the scupper drains along the deck should be kept free of debris. 

 
• Although concrete repairs may soon be completed, additional concrete deterioration may 

occur in the future.  If so, repair general deterioration (spalls and delaminations) in the 
concrete decks, parapets, abutments, wingwalls, piers, and end pylons, as needed. 

 
• Likewise, repair any future deterioration in the timber fenders and sidewalks as necessary. 

 
• Replace the concrete surfacing on the approach span decks as they age and deteriorate.  

However, total replacement of the approach span decks and parapets may become 
necessary in the future. 

 
• Because of the construction type of this bridge, moving it to another location would not be a 

feasible preservation option.  Likewise, the widening, alteration, or demolition of this bridge 
are not acceptable preservation options. 

 
• This bridge has already been bypassed with the parallel alignment of the US 13 mainline.  

Therefore, a change in bridge use or setting as a result of another bypass is unlikely and is 
not a concern for this bridge. 
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Applicable Best Practice Treatments: 
 

• Chapter 1 – Best Practice Maintenance Treatments Common to All Bridge Types 
• Chapter 2 – Reinforced Concrete Conservation and Repair 
• Chapter 5 – Protecting Steel from Rust/Corrosion 
• Chapter 6 – Strengthening of Steel Bridges/Replacement of Components/Members 
• Chapter 7 – Repair of Damaged Steel Bridge Components/Members 
• Chapter 8 – Appropriate Railing Treatments 
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MARYLAND BEST MAINTENANCE AND CONSERVATION PRACTICES 
FOR OLDER BRIDGE TYPES 
 
Introduction 
 
A successful maintenance/conservation strategy is one where preventive maintenance 
is performed and then, when problems are identified, the source(s) of the problem, not 
just the manifestations of the problem, are addressed.  For example, patching an 
eroded section of a concrete pier will not be a long-term solution if the deck joint that 
leaked and caused the deterioration is not also addressed.  Likewise, application of 
shotcrete to spalling reinforced concrete that has chloride infiltration and corroded 
reinforcing bars does little more than cover up the real problems.   
 
Successful maintenance/conservation strategies include routine maintenance activities 
that are obvious but sometimes are not routinely performed.  The best strategy remains 
to perform routine maintenance activities and to address problems when they first 
manifest themselves.  It is a time-honored truism that lack of proper maintenance 
results in more extensive and expensive rehabilitation work that could have been 
avoided.  Fortunately, there are many effective and sometimes very economical 
procedures that, when performed regularly or when problems first develop, can prolong 
the useful life of a bridge. 
 
 
1.  Best Practice Maintenance Treatments Common to All Bridge Types 
 
Best practices for preservation of historic bridges start with the same maintenance and 
conservation strategies used for all bridges – performing routine maintenance and 
addressing problems when they first appear.  In many instances, this proactive 
approach stops deterioration before it becomes so pervasive that it adversely affects the 
bridge.  Routine maintenance activities are effective and seemingly obvious yet are 
sometimes not performed.  This includes tasks such as ensuring that all drains are kept 
open and in good repair, seasonally removing accumulated debris, and washing the 
bridge. 
 
1.1 Remove Accumulated Debris by Regularly Washing Bridge 
 
Washing a bridge with potable water is one of the simplest yet most cost-effective 
preventative treatments.  Debris accumulates on exposed horizontal surfaces, such as 
the deck joints and abutment seats at the bearings of most bridges and on the lower 
chords of truss bridges.  Accumulated debris can act like a poultice to accelerate 
material deterioration, and its presence greatly reduces the evaporation of water thus 
providing favorable conditions for metal to rust and concrete and mortar joints to 
deteriorate.  It should be removed using a low-pressure washing at least annually.  In 
locations where deicing salts are used, a wash each spring is recommended.  
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1.2. Keep Concrete Decks in Good Condition 
 
The most effective maintenance/conservation strategy for any bridge with a reinforced 
concrete deck is to keep it in good repair and watertight.  Moisture penetration from a 
failing deck can start with cracked or deteriorated deck pavement, depressions that 
collect and retain water, roadway drains that are clogged or not functioning properly, or 
failed expansion joints.  Leaking utility pipes buried within the fill of a closed spandrel 
arch are also a source of damaging moisture. 
 
Keeping a deck watertight is accomplished by making sure that the pavement on the 
bridge and where it joins the curb are not so deteriorated that there is water infiltration. 
Any detected deck cracks should be patched, and scuppers and bridge drainage 
systems should be cleaned and kept open. Any expansion joints should also be cleaned 
and kept in good repair or replaced as needed.  
 
If not already in place, adequate means of draining water away from the bridge should 
be installed.  Depending on the type of bridge, scuppers can be installed at the deck 
level either on or adjacent to the bridge.  Weep holes or pipes wrapped in filter fabric 
can be installed into cored holes placed inconspicuously at the bottom of a closed 
spandrel arch to drain any moisture that gets into the fill. 
 
1.3 Enforce Load Limits 
 
Enforcing posted load restrictions protects the bridge from structural damage and 
prolongs its useful life.  Many older bridges were designed for lighter loads.  They are 
often posted for restricted loads, but the posted restrictions may be ignored. Repeatedly 
exceeding the posted load limits results in the eventual loss of the bridge.  Some 
jurisdictions have adopted programs to protect their posted historic bridges enforcing 
weight restrictions by deputizing public works employees who then use a portable scale.  
Violators are then ticketed and fined.  Others use vertical clearance barriers on 
approaches to the bridge to prevent overloaded vehicles on the bridge.  
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2.  Reinforced Concrete Conservation and Repair 
 
Most deterioration of reinforced concrete is caused by moisture that leads to corrosion 
of the embedded reinforcing steel and degradation of the concrete itself.  Other 
problems can arise from a variety of reasons, like use of improper material at time of 
construction or structural issues. Understanding the cause(s) of deterioration is central 
to identifying an effective conservation and rehabilitation plan.  Excellent explanations of 
the cumulative deterioration that affects reinforced concrete and its manifestations are 
found in Preservation Briefs 15 (Appendix C).  Of particular interest are the problems 
related to concrete used before air-entrained concrete was introduced in the 1930s.  
 
2.1 Keep Vegetation Off Bridge Elements 
 

Keeping bridges free of vegetation prolongs the useful life of all types of concrete and 
reinforced-concrete bridge components, from mortar joints to piers, wingwalls, and 
railings/parapets. Vegetation such as lichen, moss, or trees can break down concrete 
resulting in moisture penetration and deterioration that when severe enough can cause 
movement of walls.  All vegetation should be killed (in order to destroy the root system) 
and then removed from concrete before it has the opportunity to grow and become well 
established.  
 
2.2 Have a Maintenance Plan  
 
Having and implementing a maintenance plan to prevent water-related deterioration is 
the most effective conservation treatment for avoiding deterioration associated with 
moisture penetration. The plan should begin with an in-depth inspection that establishes 
the baseline condition information and then continues with careful, periodic inspection 
and monitoring of the structure.   
 
2.3 Make Repairs with Compatible Material that Matches the Existing Concrete 
 
Use of prepackaged concrete materials is never appropriate for the repair of historic 
concrete bridges.  Any new concrete or repair material needs to visually match the 
existing material as closely as possible and also match its physical properties.  And while 
it is acceptable to use air-entrained or polymer-modified material, it is important that the 
properties of the historic and new materials, such as the coefficient of thermal expansion, 
modulus of elasticity, and strength, are compatible so that the old and new material will 
bond well. The new material should be applied only to a properly prepared substrate 
where all deteriorated concrete has been removed exposing sound concrete.  Rusted or 
lost reinforcing steel must be cleaned or replaced. Removal of concrete will typically 
extend beyond the level of the reinforcing steel so that the patch encapsulates it and 
thus provides the mechanical attachment for the repair.  Failure to address the 
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soundness of the substrate often results in the failure of the repair and continued 
deterioration of the bridge.   
 
15 Preservation Briefs: Preservation of Historic Concrete: Problems and General 
Approaches (Appendix C) describes the proper strategy for planning and executing 
concrete repairs, including laboratory testing.  Test patches, including finishing 
techniques, on inconspicuous parts of the structure should be done and allowed to cure 
completely before being evaluated. The new material should match the existing in color, 
composition, and finish.  Finish is often the hardest to replicate and requires 
understanding of the original finishing techniques and skill.  This may require rubbing or 
a mild pressure wash to achieve the “weathered” appearance. The techniques described 
in 2 Preservation Briefs: Repointing Mortar Joints in Historic Masonry Buildings (see 
Appendix A) should be followed to achieve a proper patch. The Briefs should also be 
consulted for the suitable strategy for repairing or replacing lost mortar joints on railings 
and any architectural detailing on the bridge.  
 
Hiding problems under a pneumatically or troweled application of cementitious materials, 
including shotcrete and bagged masonry cement, does not address the cause(s) of the 
problems or contribute to their solution, and it is not a suitable strategy. With proper 
substrate preparation, shotcrete can be used to repair reinforced concrete, but it should 
never be used to “solve” moisture penetration problems without first making sure that the 
structure is watertight.  
 
All repairs should be done in a manner that reproduces original detailing, like scoring or 
cornices/string courses.  
 
2.4 Use Waterproof and Water-Repellent Coatings Only When and Where 
Necessary  
 
While coatings and sealers are common for non-historic concrete, waterproof and water-
repellent coatings as well as anti-graffiti coatings are not recommended for historic 
concrete because of the visual change they cause and the fact that they are not 
reversible.  Clear or opaque waterproof coatings seal the surface from liquid water and 
water vapor and make it impervious to water. Water-repellent coatings keep liquid water 
from penetrating the surface but allow water vapor to enter and leave through “pores” 
that are part of the concrete.  Once water vapor is inside the material, however, it can 
condense into liquid water and then cannot get back out through the water-repellent 
coating. These coatings seldom stop the source(s) of moisture penetration, and they can 
trap moisture and salts resulting in efflorescence and spalling.  If conditions are severe 
enough to require a coating, only the affected areas of the bridge should be treated, not 
the whole structure. A test patch that is allowed to go through a freeze-thaw cycle is 
recommended.   
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2.5 Clean Bridge Only When Necessary and with the Gentlest Means Possible 
 
Cleaning is a highly technical and specialized process that should be undertaken only 
under professional direction and after a test patch has been prepared and permitted to 
weather for an extended period. The proper strategy for cleaning is first to define the 
reason for cleaning. If it is determined to be necessary, then define what is to be 
cleaned. Is it to remove dirt and discoloration, or rust stains or mold stains? The nature 
and source of what is to be removed should drive selection of the gentlest means 
possible for cleaning. Chemical and abrasive cleaning can change the appearance of the 
bridge and can damage the concrete.  The same considerations should also apply to 
stone masonry.  
 
There are various water, chemical, poulticing, and mildly abrasive cleaning processes.  
Water tends to soften the deposits and eventually washes them from the surface. 
Chemical cleaners react with the deposits to hasten the removal process; the deposits, 
reaction products, and excess chemicals are then washed away from the surface with 
water. Poulticing is a technique used for removing stains by drawing them out of the 
material. Abrasive methods include all techniques that physically abrade the surface; 
they can be particularly destructive to architectural detailing.    
 
The advantages and appropriateness of masonry cleaning are thoroughly described in 
several National Park Service publications including A Glossary of Historic Masonry 
Deterioration Problems and Preservation Treatments and 6 Preservation Briefs: Dangers 
of Abrasive Cleaning to Historic Buildings (see Appendix B).  These and other 
publications on the conservation of historic masonry are available online at nps.gov or 
from the SHPO office.    
 
2.6 Increasing Load-Carrying Capacity  

 
Increasing the load-carrying capacity of a closed-spandrel arch bridge should be done in 
an unobtrusive manner and should preferably be performed internally to avoid an 
adverse visual effect. 
 
Saddle or Relieving Slabs.  Relieving slabs are used to relieve the existing arch from 
some or all of its live load. One method to accomplish this is to construct a reinforced 
concrete saddle directly over the extrados of the existing arch. Another method is to 
construct the reinforced concrete slab on the fill at the roadway level thereby more 
evenly distributing the live load away from the arch. Since installing a saddle or relieving 
slab may require excavation of some fill, replacement of unsuitable fill with a properly 
draining material and an adequate drainage system should be done at the same time.  

 
Construct a New Bridge Within the Confines of the Spandrel Walls.  When there is 
sufficient fill above the arch crown to fit the depth of a new superstructure, a new bridge 
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can be constructed over the existing arch. This is accomplished by constructing 
abutments and piers, in the case of multi-span arches, behind or at the base of the 
existing arch and then spanning the distance between these units with a new 
superstructure (usually reinforced or prestressed concrete slab or box beams). If there is 
not sufficient depth of fill, it is sometimes possible to re-profile the existing roadway 
slightly in order to accommodate the depth of the new member. A reconstruction or 
modification of the existing bridge railings may also be required. 
 
Replace Earth Fill With Flowable Backfill.  Flowable fill, the excavational backfill material 
that is frequently used in utility trenches, can be used to replace fill material.  When used 
in a closed spandrel arch bridge, it creates a “solid” structure where the fill, spandrel 
walls and arch ring act together allowing for better load distribution. Replacement of fill 
material has no effect on historic bridges.   
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3.  Addressing Moisture Penetration in Stone and Reinforced Concrete Arches 
 
3.1 Routinely Remove Vegetation 
 
Keeping bridges free of vegetation prolongs the useful life of all types of masonry 
components from mortar joints to wingwalls and parapets. Vegetation such as lichen, 
moss, or trees can break down both the masonry and the bond between the masonry 
units. This permits moisture penetration, deterioration, and when severe enough, 
movement of walls, and if on the arch itself, moisture penetration into the fill. All 
vegetation should be killed and removed from masonry bridges, including load-bearing 
masonry spandrel walls, parapets, and wingwalls, before it has the opportunity to grow 
and become established. 
 
If vegetation has established itself on or adjacent to a stone or brick bridge or the 
wingwalls, it should be killed and then removed. Attempting to remove vegetation that 
has established its root structure in the masonry can dislodge or loosen the units and 
affect structural integrity. Trees of any size should be cut as close to the ground or wall 
as possible, and the root system should be left to decompose. Holes can be drilled in the 
stumps and an approved herbicide used to accelerate decomposition.  Any voids caused 
by vegetation should be repaired in accordance with sections 4.1 and 4.3 
 
Additionally, the seasonal accumulation of natural debris on and adjacent to the structure 
should be routinely removed. The build up of debris, including leaves and branches, 
holds moisture and prevents the structure from drying out. All roadway and structure 
drains should also be cleared of debris.  
 
3.2 Keep Deck in Good Condition 
 
Keep the deck watertight.  This is accomplished by making sure that the pavement on 
the bridge and where it joins the curbs or railings/parapets is not so cracked that there is 
water infiltration, that there is adequate means of draining water away from the bridge, 
and that any utility pipes buried within the fill are not leaking.  Deck cracks should be 
patched, and scuppers and bridge drainage systems should be cleaned and kept open.  
If not already in place, adequate means of draining water away from the bridge should 
be installed.  Weep holes or pipes wrapped in filter fabric can be installed into cored 
holes placed inconspicuously at the bottom of the arch ring to accommodate draining 
moisture.  Expansion joints should also be cleaned and kept in good repair or replaced 
as needed. 
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3.3 Provide Good Waterproofing and Proper Drainage 
 
When moisture penetration has fouled the fill and failed the waterproofing, the saturated 
fill material should be removed and a new waterproofing membrane installed along with 
an adequate means for drainage.  Fill is not a significant feature of any arch bridge.  The 
replacement of the existing fill with a solid engineered backfill material or flowable fill will 
decrease the dead load on the structure and increase the live load capacity of the bridge 
and minimize water infiltration.  If solid fill is placed, the waterproofing membrane should 
be placed between the pavement and the new fill.  Proper drains direct the water to 
either storm drains or through drains in the abutment into a stream.  Weep holes need to 
be installed in the spandrel walls and arch ring of stone arch bridges.   
  
During the excavation to install any of these options, extreme care must be exercised to 
avoid uneven excavation of the fill which may cause the arch to lose its shape and 
therefore its load carrying capabilities. This situation can be avoided by providing 
temporary centering below the arch during the operation. Additional information on 
excavation is outlined in the Construction Division section of the AASHTO Standard 
Specifications.  Also, there may be utilities present in the fill that could be the source of 
the problem, such as leaks from a water main.  
 
3.4 Keep Mortar Joints Watertight 
 
Mortar bonds masonry units together, and whether a bridge is stone or brick, the most 
effective maintenance strategy is to keep all mortar joints in good condition. This will 
keep moisture from penetrating into the structure.  Watertightness is achieved by 
replacing lost and failing mortar joints with an appropriate mortar before moisture 
penetration damage affects the masonry units, and thereby the structural integrity of the 
bridge. 
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4.  Repointing Stone Masonry – Including Stone Veneer  
 
Repointing is the process of removing failing mortar, preferably by hand, from joints and 
replacing it, as well as filling open joints, with new mortar.  When properly done, 
repointing restores the visual appearance and ensures the structural integrity of the 
masonry.  The new mortar should be compatible with the historic mortar in physical 
properties; compressive strength, texture, color, and style (size and finish of joint). 
Improperly done repointing can be unsightly, can adversely affect the historical 
significance of the bridge, and can cause damage to the masonry units.  
 
Before repointing, the cause of the failure of the joints must be determined and 
corrected. Joints may have failed for reasons other than age-related deterioration. Open 
joints may be providing relief of hydraulic pressure for moisture trapped behind the wall. 
Closing the joints will only worsen the problem of improper drainage of the bridge deck. 
 
It should be noted that filling failing or lost mortar joints with a modern masonry cement 
(premixed, bagged mixture) is not considered repointing, and the practice is not a 
suitable strategy for historic masonry.  Modern masonry cement does not bond well with 
the historic mortar because it is too hard, and it never matches the historic mortar in 
color or properties.  Consequently, application of masonry cement is generally 
irreversible.  It is also a common error to assume that hardness or high-strength in 
repointing mortar is appropriate for historic masonry, particularly lime-based mortars. 
Stresses will, and do, occur in a masonry structure, and if the mortar is too hard, the 
stress will be relieved by cracking the softer masonry units rather than the too-hard 
mortar joints. While stresses can also break the bond between the mortar and the 
masonry units, it is much easier to correct the problem by repointing the joints than by 
replacing cracked bricks and stones or rebuilding the structure.  
 
4.1 Proper Repointing  
  
It is important to use accepted conservation standards when repointing historic masonry, 
and this starts with understanding the physical make-up of the old mortar. The setting 
and pointing mortars used before World War I are different from modern, portland 
cement-based mortar and premixes, and have many advantages over their modern 
counterparts. Lime-based mortars are generally and purposely softer/weaker than the 
masonry units. New mortar with high lime content bonds well with old mortar, is porous, 
and changes little in volume during temperature fluctuations. It is slightly water soluble 
and thus able to re-seal any hairline cracks that may develop. Portland cement, on the 
other hand, can be extremely hard, is resistant to movement of water, shrinks upon 
setting, and undergoes relatively large thermal movements.  
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An appropriate mortar mix is composed of sand, a small part of portland cement, and 
lime, which are then mixed with water to make a paste. A commonly used mix ratio is not 
greater than one part white, nonstaining portland cement (to achieve workability and 
plasticity), two parts lime, and six to eight parts sand for setting mortar and up to 12 parts 
sand for pointing mortar. Pointing mortar is usually softer than the setting mortar. While 
mortar analysis by a qualified laboratory can provide useful information about the historic 
mortar, it is not always crucial to success. The most useful information that can come out 
of laboratory analysis is the identification of the sand gradation and color. This 
information is useful in achieving a match of color and texture. A fracture test will identify 
the compressive strength of the historic mortar.  
 
The color and texture of the new mortar will usually fall into place if the sand is 
successfully matched, but it is important to understand that if the bridge is not being 
cleaned (see below), the new mortar should match the existing mortar, which is usually 
weathered. Matching the original mortar in color and texture rather than the existing 
appearance of the mortar can result in mortar that is too light in color. There are many 
appropriate finishing techniques to match the existing texture of weathered concrete, 
including rubbing or a mild water blast to expose the sand. Crushed or manufactured 
sand is generally not the appropriate type of sand to use. Rounded or natural sand is 
preferred because (1) it is usually similar to the original sand and is thus a better match, 
and (2) it has better working qualities or plasticity and can be forced into joints more 
easily. Test patches to determine how well a mortar mix will match the existing mortar 
should always be done in an inconspicuous part of the structure.  
 
The proper methodology for repointing historic masonry is clearly and thoroughly 
explained in the National Park Service’s Preservation Briefs 2: Repointing Mortar Joints 
in Historic Masonry Buildings (see Appendix A).  The guidance is directly applicable to 
historic bridges as well as buildings. 
 
4.2 Install Weep Holes 
 
Any repointing, especially on the barrel of an arch or intrados, should include installation 
of weep holes. Strategically located weep holes will ensure relief of water pressure and 
provide a drainage path for any moisture that does penetrate the fill.  
 
4.3 Stone Spandrel Wall Rehabilitation   
 
Bulging of stone spandrel walls and wingwalls must be addressed by remedial action or 
the failing component will eventually collapse.  The failing sections need to be 
dismantled, the cause of the problem (usually moisture penetration, lateral pressure from 
live loads, or roots dislodging the stonework) addressed, and the stone then re-laid in the 
same bond/pattern with a mortar mix that matches the existing mortar in texture, color, 
and composition in accordance with proper repointing described above.   
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Replacing damaged or missing masonry units with concrete patches is not appropriate. 
All damaged and lost units should be replaced in-kind. Lost stones that have fallen from 
the structure may well be nearby or in the stream bed.  They can be reset using a 
stronger setting mortar and mechanical connections (rock anchors) when necessary.  
 
If the bulging is minor, consideration can be given to addressing the source of the 
bulging and then installing metal tie rods through the structure and anchor plates.  This 
will stabilize the wall or section of wall without reconstructing it. The technique has 
successfully been used on buildings and bridges for centuries.  
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5.  Protecting Steel from Rust/Corrosion  
 
5.1. Keep Bridge Free of Debris to Prevent Moisture Penetration and Rust 
 
The best maintenance and conservation strategy for preservation of iron and steel 
bridges of all types is to keep them free from accumulated debris, which is frequently 
found on exposed horizontal surfaces such as abutment seats at the bearings, top 
flanges of stringers and floorbeams, and at lower chord panel points. Rust also occurs at 
the interface of rivet- and bolt-connected members, a condition known as impacted rust. 
Routinely removing accumulated debris and cleaning bridges with a low-pressure, 
potable-water wash after the danger of frost has passed is an easy and cost-effective 
methodology.  It eliminates conditions that promote rust and markedly increases the 
longevity of metal bridge members, including stringers, bearings, and members at lower 
chord panel points on metal truss bridges.  This has proven to be the single most 
effective practice for preventing rust.   
 
5.2 Keep Bridge Paint or Coating System in Good Condition 
 
The paint or coating system is the most significant mechanical tool for preservation of all 
types of steel bridges, so its initial application should be done properly with careful 
attention to surface preparation and then maintained.  Paint and coating failures should 
be addressed on a spot basis, and all touch ups should be applied only after proper 
surface preparation.  
 
Even with increased understanding of capturing hazardous materials and the 
development and availability of cost-effective and long-lived coating systems, 
painting/coating is still the biggest issue related to metal truss bridges.  It is frequently 
the most expensive factor associated with their maintenance, rehabilitation, and 
preservation.  On a large truss bridge, the painting/coating cost alone, which will include 
all environmental considerations for containment of lead-based paint, can drive the 
decision on the prudence of preserving it.  Much of the expense, as much as 85 to 90 
percent of the total cost, is associated with the containment system that must be erected 
to capture and contain the removed paint and blast medium, protect the workers, and 
address proper disposal of the collected waste. 
 
Because of the singular importance of paint and coatings, any maintenance and 
conservation activities related to them should be done in a manner to ensure maximum 
benefit to the structure. Research should be done to determine the best coating system 
for a given bridge and the most cost-effective way to clean and coat the structure. For a 
small bridge, moving it to an offsite location for cleaning and coating is often a cost-
effective strategy. There is a great deal of technical assistance on paint and coating 
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systems available from sources such as FHWA, state departments of transportation, and 
paint/coating system manufactures and contractors.  
 
5.3 Keep Concrete Deck Components of Steel Bridges in Good Condition 
 
It is important to keep deck components, including the deck itself, curbs, drains, and 
expansion joints, in good repair and sufficiently crack free in order to prevent water 
infiltration that can affect the structural steel components below the deck.  Deck cracks 
should be patched, and scuppers and bridge drainage systems should be periodically 
cleaned and kept open. If not already in place, adequate means of draining water away 
from the bridge should be installed in a manner that does not mar the elevation view. 
 
Expansion joints should also be cleaned and kept in good repair or replaced as needed. 
Deck joints should be replaced or rehabilitated to eliminate leakage through the joints. 
There are various deck joint systems available that can be adapted successfully to the 
various types of structures and the full range of expansion and contraction that must be 
accommodated. The type chosen should be properly sized and based on performance 
and adaptability and not on historic issues because expansion joints do not affect 
historical significance. 
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6.  Strengthening of Steel Bridges/Replacement of Components/Members  
 
There are many cost-effective approaches to increasing the load-carrying capacity of old 
bridges that do not have an adverse effect on what makes them historic.  Generally 
accepted preservation guidance, including the National Park Service’s The Secretary of 
the Interior’s Standards for Rehabilitation (1977, rev. 1983, 1990), allows for in-kind 
replacement of deteriorated fabric/members and adding new members, so there are a 
variety of successful methodologies ranging from replacing decks with lighter ones to 
post- tensioning longitudinal beams or tension truss members.  
 
Truss members that have deteriorated or need to be strengthened can be replaced with 
higher strength steel equivalents as long as the connections are done in the original 
manner. Bolts are an acceptable substitute for rivets and have been since the 1960s. It is 
also acceptable to use bolts to attach new material to existing members and to weld 
plate to existing cover plates, upper chords, end posts, and beam flanges in order to 
strengthen the bridge, if it is known for certain that the coverplate and beams are steel.  
Field welding, however, is generally discouraged due to its lack of a controlled 
environment.  If welding is performed, then a full understanding of fatigue design issues 
is an absolute must.   
 
Most post-1895 truss bridges are steel, but the transition from wrought iron to steel in the 
middle to late 1890s was gradual.  There are two low-cost, non-destructive tests that can 
be performed to characterize ferrous material as to whether it is wrought iron, mild steel, 
or steel. These include the spark test and field metallography where the metal is 
polished, etched and then its microstructure is replicated for examination in the 
laboratory.  Iron and steel each have a distinctive microstructure that reveals which 
material it is (Figure 1).  

Figure 1.  Non-destructive metallographic examination (left) can be used to identify the microstructure 
of wrought iron (top right) versus steel (bottom right).  Note the distinctive elongated slag fibres in the 
wrought iron. 
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6.1 Deck Replacement to Reduce Dead Load and Increase Live Load Capacity 
 
Decks, wearing surfaces, and pavements on fill are generally not historically significant 
features of a bridge. Therefore replacing them with lighter concrete decks, timber, fiber 
reinforced plastic (FRP), or grid decks is often an effective way to reduce dead load, as 
is removing layers of overlay on the bridge and corresponding approach roadways, and 
thus increasing load-carrying capacity.  Such work should not be considered an adverse 
effect, or even an effect, on a historic bridge.  Before any decisions can be made about 
the extent of the replacement or repair of an existing deck, if its condition is not already 
obvious, a deck condition survey must be conducted. The survey will indicate whether 
partial or full deck replacement is required.  
 
6.2 Use of Higher Strength Steel for Flooring Systems  
 
The floorbeams and stringers (flooring system) on truss, girder-floorbeam, and steel 
through arch bridges are generally not historically significant features, although they are 
considered primary historic elements in Maryland.  In many instances, these members 
can be upgraded to increase load-carrying capacity as long as the members are 
replaced in-kind (steel with steel even if the replacement steel is a higher strength).  The 
floorbeams should be connected in the original manner, meaning with eye heads or pin 
plates at pin connections or with bolts at gusset plates at rigid connections.  Stringer-to-
floorbeam connections are not as critical, which means that angle shelves or notching 
does not necessarily need to be reproduced. In-kind replacement of flooring system 
members with higher strength steel is an appropriate way to increase load-carrying 
capacity, again, as long as the type of connection of the floorbeam is maintained. 
 
Another way to increase capacity of floorbeams or indeed any beam is to weld or bolt 
coverplate to beam flanges.  Welding has been a common means of attachment since 
the development of arc-welding equipment in the late 1920s.  Care needs to be taken to 
never weld the connection, pinned or riveted, just the attachment of the coverplate to the 
flanges of the floorbeam.  From both the historical and the structural perspectives, it is 
important to not change the original manner of connection at the panel point or gusset 
plate.  Again, any field welding needs to be carefully controlled.  
 
When adequacy of the waterway opening permits, longitudinal stringers and transverse 
floorbeams can also be post-tensioned using rods or strands to add load-carrying 
capacity into the member and the bridge.  
  
6.3 Add Auxiliary Members  
 
This option involves the placement of additional members to help increase load capacity.   
Methodologies will vary with bridge type. A good rule-of-thumb, which is also in 
accordance with The Secretary of the Interior’s Standards, is to sensitively add material 
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but not to take historical material away.  For stringer bridges or bridges with 
stringer/floorbeam flooring systems, this can include placing new beams between the 
interior beams and retaining the existing fascia beams (i.e., not a bridge/deck widening).  
This treatment should have no adverse effect.  The same members can also be post-
tensioned with rods or strands (see 6.7 Post-Tensioning below). 
 
When analysis reveals that some of the truss bridge members require strengthening, 
consideration should be given to adding new members to take all or part of the load. For 
increasing the capacity of tension members, post-tensioning has proven to be cost 
effective when there is enough room at the panel points to accommodate the additional 
material.  Additional material can be added to compression members, but, as with post-
tensioning, the members must be large enough in the first place for this approach to be 
appropriate.  Additional members can generally be added without shoring the bridge, but 
then the new members will only support live loads.  One way for additional members to 
support dead load is to add them prior to the placement of a new deck so that the dead 
load is now shared by the existing and new members.  The new members should be 
positioned in the least conspicuous location and not be visually intrusive.  For truss 
bridges, it is also important to remember that new members must structurally tie into the 
existing joint/panel point connections.  To install auxiliary members, a temporary means 
of supporting the existing trusses may be necessary. 
 
6.4 Add Section to Existing Members  
 
Shapes built-up from angles and plates (i.e., members like floorbeams, girders, and 
verticals, chords, and end posts on truss bridges) lend themselves well to being 
strengthened by using the conventional method of adding material to the flanges and 
webs.  Adding section is a way to keep historic fabric in place, but it can also involve the 
removal of existing rivets and their subsequent replacement with high-strength bolts. If 
the rivets are visually prominent and it is important to preserve the historic appearance 
and mechanical connection, button-head bolts can be used.  It is important to define 
which side will have the head and which will have the shank. If not specified, the 
contractor will generally do whichever is easiest, not which is best for the appearance of 
the bridge (Figure 2). The same treatment can be used to replacing/repairing 
deteriorated sections of built-up members.    
 
6.5 In-Kind Replacement of Undersized or Deteriorated Members 
 
Existing steel members can be replaced in-kind, wholly or in part, with steel members 
that have better material properties such as higher strength when the member being 
replaced is not the source of historical significance.  This can be achieved without an 
adverse effect, but only when the replacement material is used in the same manner and 
configuration of the member it is replacing.  How a particular bridge type performs, like 
the bending strength of a longitudinal beam resisting the live loads or how stresses are 
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transferred at panel-point connections on a truss bridge, must be maintained since 
pinned and rigid connection designs handle stresses differently. Replacing a failed eye 
bar on a pin-connected bridge with a modern steel rod with end eyes that fit around the 
original pin is proper. While the appearance is different, the detail permits the bridge to 
continue to accommodate stresses as it was originally designed (Figure 2). 
 

 
 
 
6.6 Connections for In-Kind Replacement  
 
When rivets at gusset plated panel points need to be replaced or when new section is 
being added to strengthen or replace deteriorated original fabric, high-strength bolts are 
generally an acceptable substitute, especially for bridges that remain on system and in 
service.  Rivets do represent period technology, and they should be preserved whenever 
possible, but they are generally not what make a bridge historic.  Selected replacement 
of rivets with high-strength bolts has been a generally accepted rehabilitation technique 
for decades.  A bolt also provides a more fatigue-resistant, as well as a stronger and 
more reliable, connection.  If appearance of the connection is important, a high-strength, 
button-head bolt can be used, but it is generally not necessary.  What is important, 
however, is to define which side will have the head and which will have the shank. If not 
specified, the contractor will generally do whichever is easiest, not which is best for the 
appearance of the bridge (Figure 2). 

Figure 2 (below).  Use of high-strength bolts to replace 
rivets.  It is best to specify to which side to place the heads 
and the shanks to ensure a consistent appearance.  In this 
example, some shanks are on the wrong side. 
 
Figure 3 (left).  Modern steel bars with end eyes that will fit 
around the original pins in the same manner and 
configuration of the members they are replacing. 
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On truss bridges, welding new or replacement members to a pin, or welding the pin itself, 
should never be done.  It is an adverse effect, both from the historical and structural 
perspectives as it changes how the bridge performs.  Welding will make the joint a rigid 
connection and will introduce bending moments for which the members were not 
originally designed. High residual stresses are then introduced, particularly into the 
tension members, and could lead to the initiation of cracks. Likewise, welding counters 
together to eliminate noise from vibration should not be done. Welding is seldom 
reversible since the base metal is permanently changed at the weld location, even if the 
weld itself is removed. 
 
6.7 Post-Tensioning To Increase Load Carrying Capacity or Add Redundancy 
 
When analysis reveals that truss bridge tension members, longitudinal beams or 
floorbeams require strengthening consideration should be given to adding new members 
to take part of the load.  Post-tensioning consists of installing a post-tension cable or 
high-strength rod to reduce some of the dead load stress and transfer it to the post-
tensioning system.  It has proven to be a cost-effective means to increase load carrying 
capacity for undersized members or where redundancy is desired.  This treatment is 
most appropriate for larger and heavier truss bridges (Figures 4, 5). 
 
 

 

Figure 4 (left).  Post-tensioned lower chord of pin-
connected thru truss bridge.  Note new members and guide 
placed between the eyebar packs.  
 
Figure 5 (below).  Post-tensioned floorbeam using standard 
high-strength rods.  This increases the capacity of the 
floorbeam. 
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6.8 Strengthening by Reusing Part of Bridge and Placing New Superstructure for 
Live Loads  
 
When load-carrying capacity and geometry are sufficiently low that widening or placing a 
new superstructure to carry live loads is warranted, there are treatments that, while not 
generally considered “best practices”, have gained acceptance because a high 
percentage of the historic metal bridge can be reused and preserved.  These are 
treatments that the public has come to embrace as a way to balance preservation with 
the need to provide a safe and efficient transportation system.  Often, reusing part of a 
historic steel bridge is the only prudent alternative given site conditions and other 
environmental considerations.  Or, there may no prudent way to strengthen the bridge 
enough to meet the needs of the crossing without destroying what it is that made the 
bridge significant in the first place. 
 
When approach road geometry and sight lines are adequate, there are many ways to 
widen a steel bridge.  When the superstructure is underneath the deck, it is possible to 
preserve the historic beams in place and add additional beams in-kind to increase width. 
Stringer bridges can easily be widened by extending abutments/wingwalls and then 
placing additional beams. Another approach is to add cantilevered deck sections.  In 
either of these approaches, railings may become an issue as they will need to be 
removed and replaced or reset (see Railings below).  If possible, a parallel bridge can be 
constructed, leaving the historic bridge in place to carry one direction of traffic.   
 
When widening a stringer or girder-floorbeam bridge is considered, the proposed 
treatment needs to be balanced against what is making the bridge historic. If, for 
example, the bridge is important as an early and complete example of continuous 
beams, it is the continuous beams that are the important feature.  Consideration could be 
given to reusing historic beams as the fascia beams so that they are visible and reflect 
the original design of the historic bridge.  This consideration is particularly important to 
continuous design and girder-floorbeam bridges.  
 
Increasingly historic truss bridges are being reused as part of new stronger and wider 
stringer bridges. While this does change how the bridge supports loads and is not 
generally accepted as a “best practice,” it is nevertheless one that the public has come to 
embrace and demand as a way to “preserve” truss bridges.  Consequently, it cannot be 
dismissed.  Consideration needs to be given to ensure that any widening is still within a 
realistic sense of proportion for the original truss lines.  Widening out a light, 60'-long 
pony truss from 18' to 40' by placing a new superstructure would be unrealistic where a 
100'-long through truss might convincingly accommodate such a change.  When 
widening trusses, be mindful of the original proportions and scale the widening 
accordingly.      
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In any fascia treatment, it is important for the fascia beams or truss lines to be more than 
decorative; they need to convey that they are load bearing, supporting at least 
themselves and some of the deck, whether that be sidewalks, safety walks or part of the 
shoulder.  Relocated or reused fascia beams and truss lines need to convincingly relate 
to substructure units and be an integral part of the bridge. It is particularly important to 
retain enough of the floorbeams on truss bridges in order to make the connection to the 
new superstructure (Figure 6). 

 
 
 
 
 
 
 
 

 
6. 9 Bearings 
 
If the existing bearings on a steel beam or truss bridge are not functioning as designed 
and pose an imminent threat to the structure, they should be replaced.  Bearings are not 
significant, and their replacement should be considered no adverse effect to the bridge. 
Replacement bearings, however, should function similar to the ones being replaced in 
how they accommodate rotation and expansion, and they should maintain the position of 
the superstructure.    

Figure 6.  When attaching historic truss lines to a 
new superstructure make sure to retain a 
sufficient length of the floorbeams to facilitate 
attachment to the beams.  The truss lines 
support themselves.   
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7.  Repair of Damaged Steel Bridge Components/Members 
 
7.1 Heat Straighten Minor Damage 
 
Over the past decades, research has demonstrated that instead of mechanical force, 
which can further damage a member or impose residual stresses, heat straightening can 
be an efficient and economical way to repair steel members that have been deformed as 
a result of impact damage. The technique is a procedure of applying repetitive heating 
and cooling cycles to produce a gradual straightening of the material.  Its advantages are 
that it is economical as it does not require removal of the member nor temporary shoring.  
The work should be performed by skilled professionals as the location and the amount of 
heat is critical to the success of the process. Additionally, extreme care needs to be 
exercised to remove nicks and other defects so there is no chance of future fatigue or 
fracture occurring.  In 2000, FHWA issued Heat-Straightening Repairs of Damaged Steel 
Bridges: A Technical Guide and Manual of Practice.  More in-depth discussion of the 
technique can be found in the recently completed NCHRP 10-63: Heat Straightening 
Repair of Damaged Steel Bridge Girders: Fatigue and Fracture Performance. 
 
7.2 Replace Section In Kind to Address Localized Impact Damage 
 
In certain cases, it may be cost effective to remove damaged steel sections/members 
and splice in new material or to plate over a damaged section. When the affected 
members are not subjected to full live loading, the need for shoring is eliminated.  
Impact-damaged material is removed by flame cutting, and the adjacent remaining steel 
is ground smooth.  A new steel section, similar in cross section to what was removed, 
can then be spliced to the existing member using bolts.  Plating over damaged material 
typically involves adding steel plates using bolts to provide additional section to 
compensate for losses or holes.  Refer to sections 6.5 and 6.6 for additional details on 
this treatment.   
 
7.3 Raising Portal and Lateral Bracing to Increase Vertical Clearance 
 
When analysis supports that it is structurally acceptable to do so, the lower strut and 
knee braces and lateral bracing can be raised to increase vertical clearance across a 
bridge.  This is a common technique to preserve vulnerable members from impact 
damage, and it generally has no adverse effect on the bridge.  It is also a technique that 
has been successfully used over the decades to resolve the very common problem of 
ever-increasing vertical overloading.  It is also possible that the lower strut of many portal 
braces is already an in kind replacement of the original fabric.  The raising, however, 
needs to be kept in scale with the overall proportions of the bridge, which means that 
less increase is possible on shorter and smaller spans than on longer and larger spans. 
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8.  Appropriate Railing Treatments 
 
8.1 Whenever Possible, Keep Original Railings Behind Crash Worthy Traffic 
Barriers 
 
Railings on historic bridges are often substandard because they do not meet today’s test 
level (TL) safety standards for crash worthiness (capability to effectively redirect an 
errant vehicle and to safely stop it in a controlled manner), adequacy of geometry and 
safety, or the guidelines for height. Most are too low and therefore do not guard against 
vehicle rollover.  They are generally set back at less-than-the-required offset distance, 
increasing the probability of being struck by an errant vehicle. Some old railings can also 
create snagging and pocketing problems that result in excessive and unacceptable 
vehicular deceleration and damage. 
 
While railings can be a visually important aspect of an old bridge, they are first and 
foremost a safety feature that has to meet the current safety requirements at the 
crossing.  Safety is paramount, but that does not mean that all old railings have to be 
replaced.  There are several effective practices for retaining original railings or placing 
new ones that are historically compatible and crashworthy.1  Whenever possible, it is 
always preferred to leave the existing railings in place and then put a new crash-tested 
barrier system at the curbline in front of the old railings rather than remove and replace 
them. This practice works well when there are sidewalks and thus space for the traffic 
railing that segregates vehicular and pedestrian traffic, but any change in the width of 
sidewalks should comply with ADA requirements.  There are many appropriate choices 
for crashworthy traffic railings including the TL-3 Kansas corral rails, several designs of 
tubular railings, and even powder-coated finish beam guide rail systems.  There are also 
ways to achieve the desired stiffness by burying I beams in the horizontal members of 
architectonic railings such as Oregon DOT’s “stealth” railings.  Additionally, Eastern 
Federal Lands Highway Division has been a national leader in developing aesthetic 
railings that vary in TL rating (see footnote 1) (Figure 7). 
 
8.2 Care Attaching Modern Guide Rail Systems 
 
In many instances, there is no alternative but to attach the end of an approach guide rail 
system to the end posts of the old railings. Such attachments should be done in the least 
intrusive manner possible.  Any plaques that are in the location of the attachment should 
be relocated to ensure their preservation and conservation (Figure 8). 

                                                 
1  See http://www.efl.fhwa.dot.gov/technology-abs.aspx for plans, specifications, 

and crash test information for a variety of aesthetic railings developed or modified by 
Eastern Federal Lands.  The TL ratings range from 1 through 3.  At this point no 
photographs are included in the folder for each railings design, but the site is being 
updated.   The railings are rated against FHWA requirements.  
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8.3 Consider Using Standards Other Than NCHRP 350 
 
Replication of historic railings to meet crash test requirements is difficult because the 
older railings were not designed for modern design impact loads.  Many configurations of 
railings have been crash tested, and approved railings can be found at 
http://www.efl.fhwa.dot.gov/technology-abs.aspx . 
 
Some agencies use the AASHTO Standard Specifications for Highway Bridges, 17th 
Edition instead of NCHRP 350 to define safe bridge railings on historic bridges.  Deficient 
railings on existing bridges can be replaced using designs that defer to the historic shape 
while meeting safety and load requirements specified in the Standard Specifications. 
States like Oregon use this approach to construct new reinforced concrete railings that  
resist snagging, are capable of withstanding a 10,000 pound horizontal force, and still 
look like the historic railings they replaced.  This approach, which is used with FHWA 
and SHPO concurrence, provides the opportunity to design new railings that are visually 
historic while meeting the design load requirements for railing strength.  When railings 
are truly an important part of the historic value of a bridge, this approach should be 
considered.  

Figure 7.  A crash tested 
traffic railing that blends well 
with many historic bridges is 
the Kansas coral railing, used 
here on the John Mack Bridge 
at Wichita, KS.  Adding it to 
the historic bridge was no 
adverse effect.  
 

Figure 8.  Partridge Bridge, 
Maine, an example of new 
railings, inspired by, but not 
exact replicas of, the original.  
Note the detail for the 
acceptable attachment for the 
approach guide rails. 
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Often it is not possible to place a new traffic railing in front of an existing railing because 
of roadway/bridge width. In those instances, it is appropriate to construct new railings 
that defer to the historic ones with an aesthetically pleasing, contemporary design that is 
appropriate for the setting and bridge type and meets current safety requirements at the 
crossing.  Existing reinforced concrete railings should be replaced in-kind as should open 
railings when that is possible.  One approach is to find an appropriate crash-tested 
barrier, like the open balustrade Texas Railing (T411), that recalls the appearance of a 
commonly used historic design or to consult http://www.efl.fhwa.dot.gov/technology-
abs.aspx.  Another is to use inset panels on solid barriers to recall the pattern of the 
historic railing.  Existing stone parapets can be rebuilt as reinforced concrete safety 
shape barriers to meet current codes and faced with a stone veneer.  This approach, 
which is in keeping with the Secretary of the Interior’s and National Park Service (NPS) 
guidance for working on historic structures, permits use of safer, stronger, and/or crash-
tested railings. Nowhere does NPS guidance state that new work has to be an exact 
copy of what is being replaced (Figure 9). 
 
The design of new railings or barriers should not create a false sense of history or rely on 
inappropriately applied decoration to mitigate the loss of the original treatment.  Railing 
types should also match bridge type.  For example, it is not acceptable to specify metal 
lattice traffic railings on an all reinforced concrete unit T beam bridge, which would have 
had open concrete railings or solid parapets, or the use of the Texas railing in a rural 
setting because it is an urban/suburban railing.  Use of form liners as a way to decorate 
new work is not a best practice. It is better to make the new railings well proportioned 
and aesthetically compatible based on their intrinsic design rather than decorated. 

Figure 9.  This is an 
appropriate, urban use of the 
crash-tested Texas Railing.  It 
has proven to be a good 
replacement design for open 
balustrade railings used by 
many departments of 
transportation through the 
1950s. This railing would not 
be appropriate for a rural 
setting because historically it 
was rarely used for non-urban 
bridges. 
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A NOTE TO OUR USERS: The web versions of the Preservation Briefs differ somewhat from the printed versions.
Many illustrations are new, captions are simplified, illustrations are typically in color rather than black and white, and
some complex charts have been omitted. 

Masonry--brick, stone, terra-cotta, and concrete block--is found on nearly every
historic building. Structures with all-masonry exteriors come to mind immediately, but
most other buildings at least have masonry foundations or chimneys. Although generally
considered "permanent," masonry is subject to deterioration, especially at the mortar
joints. Repointing, also known simply as "pointing"or--somewhat inaccurately--"tuck
pointing"*, is the process of removing deteriorated mortar from the joints of a masonry
wall and replacing it with new mortar. Properly done, repointing restores the visual and
physical integrity of the masonry. Improperly done, repointing not only detracts from
the appearance of the building, but may also cause physical damage to the masonry
units themselves.

The purpose of this Brief is to provide general guidance on appropriate materials and
methods for repointing historic masonry buildings and it is intended to benefit building
owners, architects, and contractors. The Brief should serve as a guide to prepare
specifications for repointing historic masonry buildings. It should also help develop
sensitivity to the particular needs of historic masonry, and to assist historic building
owners in working cooperatively with architects, architectural conservators and historic
preservation consultants, and contractors. Although specifically intended for historic
buildings, the guidance is appropriate for other masonry buildings as well. This
publication updates Preservation Briefs 2: Repointing Mortar Joints in Historic Brick
Buildings to include all types of historic unit masonry. The scope of the earlier Brief has
also been expanded to acknowledge that the many buildings constructed in the first half
of the 20th century are now historic and eligible for listing in the National Register of

Preservation Brief 2: Repointing Mortar Joints in Historic Masonry Buildings http://www.nps.gov/hps/tps/briefs/brief02.htm

1 of 19 4/3/2012 11:57 AM



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. The root cause of the deterioration--
leaking roofs or gutters, differential settlement of the building, capillary action causing
rising damp, or extreme weather exposure--should always be dealt with prior to
beginning work.

Without appropriate repairs to eliminate the source of the problem, mortar deterioration
will continue and any repointing will have been a waste of time and money.

Use of Consultants. Because there are so many possible causes for deterioration in
historic buildings, it may be desirable to retain a consultant, such as a historic architect
or architectural conservator, to analyze the building. In addition to determining the
most appropriate solutions to the problems, a consultant can prepare specifications
which reflect the particular requirements of each job and can provide oversight of the
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Masons practice using lime putty mortar to
repair historic marble. Photo: NPS files.

This late 19th century granite has
recently been repointed with the joint
profile and mortar color carefully
matched to the original. Photo: NPS
files.

work in progress. Referrals to preservation
consultants frequently can be obtained from
State Historic Preservation Offices, the
American Institute for Conservation of Historic
and Artistic Works (AIC), the Association for
Preservation Technology (APT), and local
chapters of the American Institute of Architects
(AIA).

Finding an Appropriate Mortar Match

Preliminary research is necessary to ensure that
the proposed repointing work is both physically
and visually appropriate to the building. Analysis of unweathered portions of the historic
mortar to which the new mortar will be matched can suggest appropriate mixes for the
repointing mortar so that it will not damage the building because it is excessively strong
or vapor impermeable.

Examination and analysis of the masonry units--
brick, stone or terra cotta--and the techniques used
in the original construction will assist in maintaining
the building's historic appearance. A simple, non-
technical, evaluation of the masonry units and
mortar can provide information concerning the
relative strength and permeability of each--critical
factors in selecting the repointing mortar--while a
visual analysis of the historic mortar can provide the
information necessary for developing the new mortar
mix and application techniques.

Although not crucial to a successful repointing
project, for projects involving properties of special
historic significance, a mortar analysis by a qualified
laboratory can be useful by providing information on

the original ingredients. However, there are limitations with such an analysis, and
replacement mortar specifications should not be based solely on laboratory analysis.
Analysis requires interpretation, and there are important factors which affect the
condition and performance of the mortar that cannot be established through laboratory
analysis. These may include: the original water content, rate of curing, weather
conditions during original construction, the method of mixing and placing the mortar,
and the cleanliness and condition of the sand. The most useful information that can
come out of laboratory analysis is the identification of sand by gradation and color. This
allows the color and the texture of the mortar to be matched with some accuracy
because sand is the largest ingredient by volume.

In creating a repointing mortar that is compatible with the masonry units, the objective
is to achieve one that matches the historic mortar as closely as possible, so that the new
material can coexist with the old in a sympathetic, supportive and, if necessary,
sacrificial capacity. The exact physical and chemical properties of the historic mortar are
not of major significance as long as the new mortar conforms to the following criteria:

The new mortar must match the historic mortar in color, texture and tooling.
(If a laboratory analysis is undertaken, it may be possible to match the binder
components and their proportions with the historic mortar, if those materials are
available.)

The sand must match the sand in the historic mortar. (The color and texture of
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This mortar is the
proper consistency for
repointing historic brick.
Photo: John P.
Speweik.

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.)

  

Mortar Analysis

Methods for analyzing mortars can be divided into two broad
categories: wet chemical and instrumental. Many laboratories
that analyze historic mortars use a simple wet-chemical method
called acid digestion, whereby a sample of the mortar is crushed
and then mixed with a dilute acid. The acid dissolves all the
carbonate-containing minerals not only in the binder, but also in
the aggregate (such as oyster shells, coral sands, or other
carbonate-based materials), as well as any other acid-soluble
materials. The sand and fine-grained acid-insoluble material is left
behind. There are several variations on the simple acid digestion
test. One involves collecting the carbon dioxide gas given off as the
carbonate is digested by the acid; based on the gas volume the
carbnate content of the mortar can be accurately determined

(Jedrzejewska, 1960). Simple acid digestion methods are rapid, inexpensive, and easy
to perform, but the information they provide about the original composition of a mortar
is limited to the color and texture of the sand. The gas collection method provides more
information about the binder than a simple acid digestion test.

Instrumental analysis methods that have been used to evaluate mortars include
polarized light or thin-section microscopy, scanning electron microscopy, atomic
absorption spectroscopy, X-ray diffraction, and differential thermal analysis. All
instrumental methods require not only expensive, specialized equipment, but also
highly-trained experienced analysts. However, instrumental methods can provide much
more information about a mortar. Thin-section microscopy is probably the most
commonly used instrumental method. Examination of thin slices of a mortar in
transmitted light is often used to supplement acid digestion methods, particularly to look
for carbonate-based aggregate. For example, the new ASTM test method, ASTM C
1324-96 "Test Method for Examination and Analysis of Hardened Mortars" which was
designed specifically for the analysis of modern lime-cement and masonry cement
mortars, combines a complex series of wet chemical analyses with thin-section
microscopy.

The drawback of most mortar analysis methods is that mortar samples of known
composition have not been analyzed in order to evaluate the method. Historic mortars
were not prepared to narrowly defined specifications from materials of uniform quality;
they contain a wide array of locally derived materials combined at the discretion of the
mason. While a particular method might be able to accurately determine the original
proportions of a lime-cement-sand mortar prepared from modern materials, the
usefulness of that method for evaluating historic mortars is questionable unless it has
been tested against mortars prepared from materials more commonly used in the past.
Lorraine Schnabel.
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This early 19th century
building is being repointed with
lime mortar. Photo: Travis
McDonald.

Properties of Mortar

Mortars for repointing should be softer or more permeable than the masonry units and
no harder or more impermeable than the historic mortar to prevent damage to the
masonry units. It is a common error to assume that hardness or high strength is a
measure of appropriateness, particularly for lime-based historic mortars. Stresses within
a wall caused by expansion, contraction, moisture migration, or settlement must be
accommodated in some manner; in a masonry wall, these stresses should be relieved by
the mortar rather than by the masonry units. A mortar that is stronger in compressive
strength than the masonry units will not "give," thus causing stresses to be relieved
through the masonry units--resulting in permanent damage to the masonry, such as
cracking and spalling, that cannot be repaired easily.

While stresses can also break the bond between the mortar
and the masonry units, permitting water to penetrate the
resulting hairline cracks, this is easier to correct in the joint
through repointing than if the break occurs in the masonry
units.

Permeability, or rate of vapor transmission, is also critical.
High lime mortars are more permeable than denser cement
mortars. Historically, mortar acted as a bedding material--not
unlike an expansion joint--rather than a "glue" for the
masonry units, and moisture was able to migrate through the
mortar joints rather than the masonry units. When moisture
evaporates from the masonry it deposits any soluble salts
either on the surface as efflorescence or below the surface as
subflorescence. While salts deposited on the surface of
masonry units are usually relatively harmless, salt
crystallization within a masonry unit creates pressure that
can cause parts ofthe outer surface to spall off or delaminate.
If the mortar does not permitmoisture or moisture vapor to
migrate out of the wall and evaporate, theresult will be damage to the masonry units.

Components of Mortar

Sand. Sand is the largest component of mortar and the material that gives mortar its
distinctive color, texture and cohesiveness. Sand must be free of impurities, such as
salts or clay. The three key characteristics of sand are: particle shape, gradation and
void ratios.

When viewed under a magnifying glass or low-power microscope, particles of sand
generally have either rounded edges, such as found in beach and river sand, or sharp,
angular edges, found in crushed or manufactured sand. For repointing mortar, rounded
or natural sand is preferred for two reasons. It is usually similar to the sand in the
historic mortar and provides a better visual match. It also has better working qualities
or plasticity and can thus be forced into the joint more easily, forming a good contact
with the remaining historic mortar and the surface of the adjacent masonry units.
Although manufactured sand is frequently more readily available, it is usually possible
to locate a supply of rounded sand.

The gradation of the sand (particle size distribution) plays a very important role in the
durability and cohesive properties of a mortar. Mortar must have a certain percentage of
large to small particle sizes in order to deliver the optimum performance. Acceptable
guidelines on particle size distribution may be found in ASTM C 144 (American Society
for Testing and Materials). However, in actuality, since neither historic nor modern
sands are always in compliance with ASTM C 144, matching the same particle
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Caulking was inappropriately used here in place
of mortar on the top of the wall. As a result, it
has not been durable. Photo: NPS files.

appearance and gradation usually requires sieving the sand.

A scoop of sand contains many small voids between the individual grains. A mortar that
performs well fills all these small voids with binder (cement/lime combination or mix) in
a balanced manner. Well-graded sand generally has a 30 per cent void ratio by volume.
Thus, 30 per cent binder by volume generally should be used, unless the historic mortar
had a different binder: aggregate ratio. This represents the 1:3 binder to sand ratios
often seen in mortar specifications.

For repointing, sand generally should conform to ASTM C 144 to assure proper
gradation and freedom from impurities; some variation may be necessary to match the
original size and gradation. Sand color and texture also should match the original as
closely as possible to provide the proper color match without other additives.

Lime. Mortar formulations prior to the late-19th century used lime as the primary
binding material. Lime is derived from heating limestone at high temperatures which
burns off the carbon dioxide, and turns the limestone into quicklime. There are three
types of limestone--calcium, magnesium, and dolomitic--differentiated by the different
levels of magnesium carbonate they contain which impart specific qualities to mortar.
Historically, calcium lime was used for mortar rather than the dolomitic lime (calcium
magnesium carbonate) most often used today. But it is also important to keep in mind
the fact that the historic limes, and other components of mortar, varied a great deal
because they were natural, as opposed to modern lime which is manufactured and,
therefore, standardized. Because some of the kinds of lime, as well as other components
of mortar, that were used historically are no longer readily available, even when a
conscious effort is made to replicate a "historic" mix, this may not be achievable due to
the differences between modern and historic materials.

Lime, itself, when mixed with water into a
paste is very plastic and creamy. It will remain
workable and soft indefinitely, if stored in a
sealed container. Lime (calcium hydroxide)
hardens by carbonation absorbing carbon
dioxide primarily from the air, converting itself
to calcium carbonate. Once a lime and sand
mortar is mixed and placed in a wall, it begins
the process of carbonation. If lime mortar is
left to dry too rapidly, carbonation of the
mortar will be reduced, resulting in poor
adhesion and poor durability. In addition, lime
mortar is slightly water soluble and thus is
able to re-seal any hairline cracks that may
develop during the life of the mortar. Lime

mortar is soft, porous, and changes little in volume during temperature fluctuations thus
making it a good choice for historic buildings. Because of these qualities, high calcium
lime mortar may be considered for many repointing projects, not just those involving
historic buildings.

For repointing, lime should conform to ASTM C 207, Type S, or Type SA, Hydrated Lime
for Masonry Purposes. This machine-slaked lime is designed to assure high plasticity and
water retention. The use of quicklime which must be slaked and soaked by hand may
have advantages over hydrated lime in some restoration projects if time and money
allow.

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.
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Portland cement. More recent, 20th-century mortar has used portland cement as a
primary binding material. A straight portland cement and sand mortar is extremely
hard, resists the movement of water, shrinks upon setting, and undergoes relatively
large thermal movements. When mixed with water, portland cement forms a harsh, stiff
paste that is quite unworkable, becoming hard very quickly. (Unlike lime, portland
cement will harden regardless of weather conditions and does not require wetting and
drying cycles.) Some portland cement assists the workability and plasticity of the mortar
without adversely affecting the finished project; it also provides early strength to the
mortar and speeds setting. Thus, it may be appropriate to add some portland cement to
an essentially lime-based mortar even when repointing relatively soft 18th or 19th
century brick under some circumstances when a slightly harder mortar is required. The
more portland cement that is added to a mortar formulation the harder it becomes--and
the faster the initial set.

For repointing, portland cement should conform to ASTM C 150. White, non- staining
portland cement may provide a better color match for some historic mortars than the
more commonly available grey portland cement. But, it should not be assumed,
however, that white portland cement is always appropriate for all historic buildings,
since the original mortar may have been mixed with grey cement. The cement should
not have more than 0.60 per cent alkali to help avoid efflorescence.

Masonry cement. Masonry cement is a preblended mortar mix commonly found at
hardware and home repair stores. It is designed to produce mortars with a compressive
strength of 750 psi or higher when mixed with sand and water at the job site. It may
contain hydrated lime, but it always contains a large amount of portland cement, as well
as ground limestone and other workability agents, including air-entraining agents.
Because masonry cements are not required to contain hydrated lime, and generally do
not contain lime, they produce high strength mortars that can damage historic masonry.
For this reason, they generally are not recommended for use on historic masonry
buildings.

Lime mortar (pre-blended). Hydrated lime mortars, and pre-blended lime putty
mortars with or without a matched sand are commercially available. Custom mortars are
also available with color. In most instances, pre-blended lime mortars containing sand
may not provide an exact match; however, if the project calls for total repointing, a
pre-blended lime mortar may be worth considering as long as the mortar is compatible
in strength with the masonry. If the project involves only selected, "spot" repointing,
then it may be better to carry out a mortar analysis which can provide a custom
pre-blended lime mortar with a matching sand. In either case, if a preblended lime
mortar is to be used, it should contain Type S or SA hydrated lime conforming to ASTM
C 207.

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

Other Components

Historic components. In addition to the color of the sand, the texture of the mortar is
of critical importance in duplicating historic mortar. Most mortars dating from the
mid-19th century on--with some exceptions--have a fairly homogeneous texture and
color. Some earlier mortars are not as uniformly textured and may contain lumps of
partially burned lime or "dirty lime", shell (which often provided a source of lime,
particularly in coastal areas), natural cements, pieces of clay, lampblack or other
pigments, or even animal hair. The visual characteristics of these mortars can be
duplicated through the use of similar materials in the repointing mortar.

Replicating such unique or individual mortars will require writing new specifications for
each project. If possible, suggested sources for special materials should be included. For

Preservation Brief 2: Repointing Mortar Joints in Historic Masonry Buildings http://www.nps.gov/hps/tps/briefs/brief02.htm

7 of 19 4/3/2012 11:57 AM



Here, a hammer and
chisel are being correctly

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. Red pigments, sometimes in the form of brick
dust, as well as brown, and black pigments were commonly used. Modern pigments are
available which can be added to the mortar at the job site, but they should not exceed
10 per cent by weight of the portland cement in the mix, and carbon black should be
limited to 2 per cent. Only synthetic mineral oxides, which are alkali-proof and sun-fast,
should be used to prevent bleaching and fading.

Modern components. Admixtures are used to create specific characteristics in mortar,
and whether they should be used will depend upon the individual project. Air entraining
agents, for example, help the mortar to resist freeze-thaw damage in northern climates.
Accelerators are used to reduce mortar freezing prior to setting while retarders help to
extend the mortar life in hot climates. Selection of admixtures should be made by the
architect or architectural conservator as part of the specifications, not something
routinely added by the masons.

Generally, modern chemical additives are unnecessary and may, in fact, have
detrimental effects in historic masonry projects. The use of antifreeze compounds is not
recommended. They are not very effective with high lime mortars and may introduce
salts, which may cause efflorescence later. A better practice is to warm the sand and
water, and to protect the completed work from freezing. No definitive study has
determined whether air-entraining additives should be used to resist frost action and
enhance plasticity, but in areas of extreme exposure requiring high-strength mortars
with lower permeability, air-entrainment of 10-16 percent may be desirable (see
formula for "severe weather exposure" in Mortar Type and Mix). Bonding agents are
not a substitute for proper joint preparation, and they should generally be avoided. If
the joint is properly prepared, there will be a good bond between the new mortar and
the adjacent surfaces. In addition, a bonding agent is difficult to remove if smeared on a
masonry surface.

Mortar Type and Mix

Mortars for repointing projects, especially those involving historic buildings, typically are
custom mixed in order to ensure the proper physical and visual qualities. These
materials can be combined in varying proportions to create a mortar with the desired
performance and durability. The actual specification of a particular mortar type should
take into consideration all of the factors affecting the life of the building including:
current site conditions, present condition of the masonry, function of the new mortar,
degree of weather exposure, and skill of the mason.

Thus, no two repointing projects are exactly the same. Modern
materials specified for use in repointing mortar should conform to
specifications of the American Society for Testing and Materials
(ASTM) or comparable federal specifications, and the resulting
mortar should conform to ASTM C 270, Mortar for Unit Masonry.

Specifying the proportions for the repointing mortar for a specific
job is not as difficult as it might seem. Five mortar types, each
with a corresponding recommended mix, have been established
by ASTM to distinguish high strength mortar from soft flexible
mortars. The ASTM designated them in decreasing order of
approximate general strength as Type M (2,500 psi), Type S
(1,800 psi), Type N (750 psi), Type O (350 psi) and Type K (75
psi). (The letters identifying the types are from the words MASON
WORK using every other letter.) Type K has the highest lime
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used to prepare a joint
for repointing. Photo:
John P. Speweik.

When repairing this stone wall, the mason
matched the raised profile of the original
tuckpointing. Photo: NPS files.

content of the mixes that contain portland cement, although it is
seldom used today, except for some historic preservation projects.
The designation "L" in the accompanying chart identifies a

straight lime and sand mix. Specifying the appropriate ASTM mortar by proportion of
ingredients, will ensure the desired physical properties. Unless specified otherwise,
measurements or proportions for mortar mixes are always given in the following order:
cement-lime-sand. Thus, a Type K mix, for example, would be referred to as 1-3-10, or
1 part cement to 3 parts lime to 10 parts sand. Other requirements to create the desired
visual qualities should be included in the specifications.

The strength of a mortar can vary. If mixed with higher amounts of portland cement, a
harder mortar is obtained. The more lime that is added, the softer and more plastic the
mortar becomes, increasing its workability. A mortar strong in compressive strength
might be desirable for a hard stone (such as granite) pier holding up a bridge deck,
whereas a softer, more permeable lime mortar would be preferable for a historic wall of
soft brick. Masonry deterioration caused by salt deposition results when the mortar is
less permeable than the masonry unit. A strong mortar is still more permeable than
hard, dense stone. However, in a wall constructed of soft bricks where the masonry unit
itself has a relatively 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 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.
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A mechanical grinder
improperly used to cut
out the horizontal joint
and incompatible
repointing have seriously
damaged the 19th
century brick. Photo: NPS
files.

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 knowledgeable
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 well 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 example, are also to be undertaken, they should be carried out in
the same location. Usually a 3 foot by 3 foot area is sufficient for brickwork, while a
somewhat larger area may be required for stonework. These panels establish an
acceptable standard of work and serve as a benchmark for evaluating and accepting
subsequent work on the building.

Joint Preparation. Old mortar should be removed to a minimum depth of 2 to 2-1/2
times the width of the joint to ensure an adequate bond and to prevent mortar
"popouts." For most brick joints, this will require removal of the mortar to a depth of
approximately ½ 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.
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Unskilled repointing has
negatively impacted the
character of this late-19th
century building. Photo: NPS
files.

Although some damage may be inevitable, careful joint
preparation can help limit damage to masonry units. The
traditional manner of removing old mortar is through the
use of hand chisels and mash hammers. Though labor-
intensive, in most instances this method poses the least
threat for damage to historic masonry units and produces
the best final product.

The most common method of removing mortar, however, is
through the use of power saws or grinders. The use of
power tools by unskilled masons can be disastrous for
historic masonry, particularly soft brick. Using power saws
on walls with thin joints, such as most brick walls, almost
always will result in damage to the masonry units by
breaking the edges and by overcutting on the head, or
vertical joints.

However, small pneumatically-powered chisels generally
can be used safely and effectively to remove mortar on historic buildings as long as the
masons maintain appropriate control over the equipment. Under certain circumstances,
thin diamond-bladed grinders may be used to cut out horizontal joints only on hard
portland cement mortar common to most early-20th century masonry buildings. Usually,
automatic tools most successfully remove old mortar without damaging the masonry
units when they are used in combination with hand tools in preparation for repointing.
Where horizontal joints are uniform and fairly wide, it may be possible to use a power
masonry saw to assist the removal of mortar, such as by cutting along the middle of the
joint; final mortar removal from the sides of the joints still should be done with a hand
chisel and hammer. Caulking cutters with diamond blades can sometimes be used
successfully to cut out joints without damaging the masonry. Caulking cutters are slow;
they do not rotate, but vibrate at very high speeds, thus minimizing the possibility of
damage to masonry units. Although mechanical tools may be safely used in limited
circumstances to cut out horizontal joints in preparation for repointing, they should
never be used on vertical joints because of the danger of slipping and cutting into the
brick above or below the vertical joint. Using power tools to remove mortar without
damaging the surrounding masonry units also necessitates highly skilled masons
experienced in working on historic masonry buildings. Contractors should demonstrate
proficiency with power tools before their use is approved.

Using any of these power tools may also be more acceptable on hard stone, such as
quartzite or granite, than on terra cotta with its glass-like glaze, or on soft brick or
stone. The test panel should determine the acceptability of power tools. If power tools
are to be permitted, the contractor should establish a quality control program to account
for worker fatigue and similar variables.

Mortar should be removed cleanly from the masonry units, leaving square corners at the
back of the cut. Before filling, the joints should be rinsed with a jet of water to remove
all loose particles and dust. At the time of filling, the joints should be damp, but with no
standing water present. For masonry walls--limestone, sandstone and common
brick--that are extremely absorbent, it is recommended that a continual mist of water
be applied for a few hours before repointing begins.

Mortar Preparation. 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
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small portions until a mortar of the desired consistency is reached. The total volume of
water necessary may vary from batch to batch, depending on weather conditions. It is
important to keep the water to a minimum for two reasons: first, a drier mortar is
cleaner to work with, and it can be compacted tightly into the joints; second, with no
excess water to evaporate, the mortar cures without shrinkage cracks. Mortar should be
used within approximately 30 minutes of final mixing, and "retempering," or adding
more water, should not be permitted.

Using Lime Putty to Make Mortar. Mortar made with lime putty and sand, sometimes
referred to as roughage or course stuff, should be measured by volume, and may
require slightly different proportions from those used with hydrated lime. No additional
water is usually needed to achieve a workable consistency because enough water is
already contained in the putty. Sand is proportioned first, followed by the lime putty,
then mixed for five minutes or until all the sand is thoroughly coated with the lime
putty. But mixing, in the familiar sense of turning over with a hoe, sometimes may not
be sufficient if the best possible performance is to be obtained from a lime putty mortar.
Although the old practice of chopping, beating and ramming the mortar has largely been
forgotten, recent field work has confirmed that lime putty and sand rammed and beaten
with a wooden mallet or ax handle, interspersed by chopping with a hoe, can
significantly improve workability and performance. The intensity of this action increases
the overall lime/sand contact and removes any surplus water by compacting the other
ingredients. It may also be advantageous for larger projects to use a mortar pan mill for
mixing. Mortar pan mills which have a long tradition in Europe produce a superior lime
putty mortar not attainable with today's modern paddle and drum type mixers.

For larger repointing projects the lime putty and sand can be mixed together ahead of
time and stored indefinitely, on or off site, which eliminates the need for piles of sand
on the job site. This mixture, which resembles damp brown sugar, must be protected
from the air in sealed containers with a wet piece of burlap over the top or sealed in a
large plastic bag to prevent evaporation and premature carbonation. The lime putty and
sand mixture can be recombined into a workable plastic state months later with no
additional water.

If portland cement is specified in a lime putty and sand mortar--Type O (1:2:9) or Type
K (1:3:11)--the portland cement should first be mixed into a slurry paste before adding
it to the lime putty and sand. Not only will this ensure that the portland cement is
evenly distributed throughout the mixture, but if dry portland cement is added to wet
ingredients it tends to "ball up," jeopardizing dispersion. (Usually water must be added
to the lime putty and sand anyway once the portland cement is introduced.) Any color
pigments should be added at this stage and mixed for a full five minutes. The mortar
should be used within 30 minutes to 1½ hours and it should not be retempered. Once
portland cement has been added the mortar can no longer be stored.

Filling the Joint. Where existing mortar has been removed to a depth of greater than 1
inch, these deeper areas should be filled first, compacting the new mortar in several
layers. The back of the entire joint should be filled successively by applying
approximately 1/4 inch of mortar, packing it well into the back corners. This application
may extend along the wall for several feet. As soon as the mortar has reached
thumb-print hardness, another 1/4 inch layer of mortar--approximately the same
thickness--may be applied. Several layers will be needed to fill the joint flush with the
outer surface of the masonry. It is important to allow each layer time to harden before
the next layer is applied; most of the mortar shrinkage occurs during the hardening
process and layering thus minimizes overall shrinkage.

When the final layer of mortar is thumb-print hard, the joint should be tooled to match
the historic joint. Proper timing of the tooling is important for uniform color and
appearance. If tooled when too soft, the color will be lighter than expected, and hairline
cracks may occur; if tooled when too hard, there may be dark streaks called "tool
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This 18th century pediment and
surrounding wall exhibit distinctively
different mortar joints. Photo: NPS files.

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 the masonry. This treatment will help avoid a joint which is
visually wider than the actual joint; it also will avoid creation of a large, thin
featheredge which is easily damaged, thus admitting water. After tooling, excess mortar
can be removed from the edge of the joint by brushing with a natural bristle or nylon
brush. Metal bristle brushes should never be used on historic masonry.

Curing Conditions. The preliminary hardening of high-lime content mortars--those
mortars that contain more lime by volume than portland cement, i.e., Type O (1:2:9),
Type K (1:3:11), and straight lime/sand, Type "L" (0:1:3)--takes place fairly rapidly as
water in the mix is lost to the porous surface of the masonry and through evaporation.
A high lime mortar (especially Type "L") left to dry out too rapidly can result in chalking,
poor adhesion, and poor durability. Periodic wetting of the repointed area after the
mortar joints are thumb-print hard and have been finish tooled may significantly
accelerate the carbonation process. When feasible, misting using a hand sprayer with a
fine nozzle can be simple to do for a day or two after repointing. Local conditions will
dictate the frequency of wetting, but initially it may be as often as every hour and
gradually reduced to every three or four hours. Walls should be covered with burlap for
the first three days after repointing. (Plastic may be used, but it should be tented out
and not placed directly against the wall.) This helps keep the walls damp and protects
them from direct sunlight. Once carbonation of the lime has begun, it will continue for
many years and the lime will gain strength as it reverts back to calcium carbonate
within the wall.

Aging the Mortar. Even with the best efforts at
matching the existing mortar color, texture, and
materials, there will usually be a visible difference
between the old and new work, partly because the
new mortar has been matched to the unweathered
portions of the historic mortar. Another reason for
a slight mismatch may be that the sand is more
exposed in old mortar due to the slight erosion of
the lime or cement. Although spot repointing is
generally preferable and some color difference
should be acceptable, if the difference between old
and new mortar is too extreme, it may be
advisable in some instances to repoint an entire
area of a wall, or an entire feature such as a bay,
to minimize the difference between the old and the new mortar. If the mortars have
been properly matched, usually the best way to deal with surface color differences is to
let the mortars age naturally. Other treatments to overcome these differences, including
cleaning the non-repointed areas or staining the new mortar, should be carefully tested
prior to implementation.

Staining the new mortar to achieve a better color match is generally not recommended,
but it may be appropriate in some instances. Although staining may provide an initial
match, the old and new mortars may weather at different rates, leading to visual
differences after a few seasons. In addition, the mixtures used to stain the mortar may
be harmful to the masonry; for example, they may introduce salts into the masonry
which can lead to efflorescence.

Cleaning the Repointed Masonry. If repointing work is carefully executed, there will
be little need for cleaning other than to remove the small amount of mortar from the
edge of the joint following tooling. This can be done with a stiff natural bristle or nylon
brush after the mortar has dried, but before it is initially set (1-2 hours). Mortar that
has hardened can usually be removed with a wooden paddle or, if necessary, a chisel.
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Further cleaning is best accomplished with plain water and natural bristle or nylon
brushes. If chemicals must be used, they should be selected with extreme caution.
Improper cleaning can lead to deterioration of the masonry units, deterioration of the
mortar, mortar smear, and efflorescence. New mortar joints are especially susceptible to
damage because they do not become fully cured for several months. Chemical cleaners,
particularly acids, should never be used on dry masonry. The masonry should always be
completely soaked once with water before chemicals are applied. After cleaning, the
walls should be flushed again with plain water to remove all traces of the chemicals.

Several precautions should be taken if a freshly repointed masonry wall is to be cleaned.
First, the mortar should be fully hardened before cleaning. Thirty days is usually
sufficient, depending on weather and exposure; as mentioned previously, the mortar
will continue to cure even after it has hardened. Test panels should be prepared to
evaluate the effects of different cleaning methods. Generally, on newly repointed
masonry walls, only very low pressure (100 psi) water washing supplemented by stiff
natural bristle or nylon brushes should be used, except on glazed or polished surfaces,
where only soft cloths should be used.**

New construction "bloom" or efflorescence occasionally appears within the first few
months of repointing and usually disappears through the normal process of weathering.
If the efflorescence is not removed by natural processes, the safest way to remove it is
by dry brushing with stiff natural or nylon bristle brushes followed by wet brushing.
Hydrochloric (muriatic) acid, is generally ineffective, and it should not be used to
remove efflorescence. It may liberate additional salts, which, in turn, can lead to more
efflorescence.

Surface Grouting is sometimes suggested as an alternative to repointing brick
buildings, in particular. This process involves the application of a thin coat of
cement-based grout to the mortar joints and the mortar/brick interface. To be effective,
the grout must extend slightly onto the face of the masonry units, thus widening the
joint visually. The change in the joint appearance can alter the historic character of the
structure to an unacceptable degree. In addition, although masking of the bricks is
intended to keep the grout off the remainder of the face of the bricks, some level of
residue, called "veiling," will inevitably remain. Surface grouting cannot substitute for
the more extensive work of repointing, and it is not a recommended treatment for
historic masonry.

**Additional information on masonry cleaning is presented in Preservation Briefs 1:
Assessing Cleaning and Water-Repellent Treatments for Historic Masonry Buildings,
Robert C. Mack, FAIA, and Anne Grimmer, Washington, D.C.: Technical Preservation
Services, National Park Service, U.S. Department of the Interior, 2000; and Keeping it
Clean: Removing Exterior Dirt, Paint, Stains & Graffiti from Historic Masonry Buildings,
Anne E. Grimmer, Washington, D.C.: Technical Preservation Services, National Park
Service, U.S. Department of the Interior, 1988.

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
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building to find unweathered mortar, if possible. Portions of the building may have been
repointed in the past while other areas may be subject to conditions causing unusual
deterioration. There may be several colors of mortar dating from different construction
periods or sand used from different sources during the initial construction. Any of these
situations can give false readings to the visual or physical characteristics required for
the new mortar. Variations should be noted which may require developing more than
one mix.

1) Remove with a chisel and hammer three or four unweathered samples of the mortar
to be matched from several locations on the building. (Set the largest sample aside--this
will be used later for comparison with the repointing mortar). Removing a full
representation of samples will allow selection of a "mean" or average mortar sample.

2) Mash the remaining samples with a wooden mallet, or hammer if necessary, until
they are separated into their constituent parts. There should be a good handful of the
material.

3) Examine the powdered portion--the lime and/or cement matrix of the mortar. Most
particularly, note the color. There is a tendency to think of historic mortars as having
white binders, but grey portland cement was available by the last quarter of the 19th
century, and traditional limes were also sometimes grey. Thus, in some instances, the
natural color of the historic binder may be grey, rather than white. The mortar may also
have been tinted to create a colored mortar, and this color should be identified at this
point.

4) Carefully blow away the powdery material (the lime and/or cement matrix which
bound the mortar together).

5) With a low power (10 power) magnifying glass, examine the remaining sand and
other materials such as lumps of lime or shell.

6) Note and record the wide range of color as well as the varying sizes of the individual
grains of sand, impurities, or other materials.

Other Factors to Consider

Color. Regardless of the color of the binder or colored additives, the sand is the primary
material that gives mortar its color. A surprising variety of colors of sand may be found
in a single sample of historic mortar, and the different sizes of the grains of sand or
other materials, such as incompletely ground lime or cement, play an important role in
the texture of the repointing mortar. Therefore, when specifying sand for repointing
mortar, it may be necessary to obtain sand from several sources and to combine or
screen them in order to approximate the range of sand colors and grain sizes in the
historic mortar sample.

Pointing Style. Close examination of the historic masonry wall and the techniques used
in the original construction will assist in maintaining the visual qualities of the building.
Pointing styles and the methods of producing them should be examined. It is important
to look at both the horizontal and the vertical joints to determine the order in which
they were tooled and whether they were the same style. Some late-19th and early-20th
century buildings, for example, have horizontal joints that were raked back while the
vertical joints were finished flush and stained to match the bricks, thus creating the
illusion of horizontal bands. Pointing styles may also differ from one facade to another;
front walls often received greater attention to mortar detailing than side and rear walls.
Tuckpointing is not true repointing but the application of a raised joint or lime putty
joint on top of flush mortar joints. Penciling is a purely decorative, painted surface
treatment over a mortar joint, often in a contrasting color.

Masonry Units.The masonry units should also be examined so that any replacement
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units will match the historic masonry. Within a wall there may be a wide range of colors,
textures, and sizes, particularly with hand-made brick or rough-cut, locally-quarried
stone. Replacement units should blend in with the full range of masonry units rather
than a single brick or stone.

Matching Color and Texture of the Repointing Mortar

New mortar should match the unweathered interior portions of the historic mortar. The
simplest way to check the match is to make a small sample of the proposed mix and
allow it to cure at a temperature of approximately 70 degrees F for about a week, or it
can be baked in an oven to speed up the curing; this sample is then broken open and
the surface is compared with the surface of the largest "saved" sample of historic
mortar.

If a proper color match cannot be achieved through the use of natural sand or colored
aggregates like crushed marble or brick dust, it may be necessary to use a modern
mortar pigment.

During the early stages of the project, it should be determined how closely the new
mortar should match the historic mortar. Will "quite close" be sufficient, or is "exactly"
expected? The specifications should state this clearly so that the contractor has a
reasonable idea how much time and expense will be required to develop an acceptable
match.

The same judgment will be necessary in matching replacement terra cotta, stone or
brick. If there is a known source for replacements, this should be included in the
specifications. If a source cannot be determined prior to the bidding process, the
specifications should include an estimated price for the replacement materials with the
final price based on the actual cost to the contractor.

Mortar Types
(Measured by volume)

Designation Cement Hydrated Lime
or Lime Putty Sand

M 1 1/4 3 - 3 3/4
S 1 1/2 4 - 4 1/2
N 1 1 5 - 6
O 1 2 8 - 9
K 1 3 10 - 12

"L" 0 1 2 1/4 - 3

Suggested Mortar Types for Different Exposures
 Exposure

Masonry Material Sheltered Moderate Severe
Very durable:
granite, hard-cored brick, etc. O N S

Moderately durable:
limestone, durable stone, molded brick K O N

Minimally durable:
soft hand-made brick "L" K O

Summary
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For the Owner/Administrator. The owner or administrator 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.

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. 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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Tethnlcal -#on Wrvlces 6 Preservation Briefs ~ a l o n a l  park S O C Y I ~ ~  
U.S. Dopartmnt of tho lnterlor 

Dangers of Abrasive Cleaning to 
Historic Buildings 

Anne Em Grimmer 

%What is Abrasive Cleanino? 
mWhv Are Abrasive Cleaning Methods Used? 
n M  
*How B u l l v c t  t~ Abrasive Cleaning 
*When is Abrasive Cleanina Permissible? 
MDO Not Abrasivelv Clean Th.-oric Interiors 
*M'ltlaatlnahemxtsofmm&- 
nSummaw 

A NOTE TO OUR USERS: The web versions of the Pmwrvation Briofa dlfkr m e w h a t  from the prlnted versions. 
Many illustrations are new, captlons are sirnplW, illustrations are typically In color rather than blak and whlte, and 
some complex charts have been o m l w .  

"Chemical or physical treatments, such as sand blasting, that cause damage to 
hlrtorlc mateirlals shall not be used. The surface ckanlng of structures, if 
appropriate, shall be undertaken using thm gentlest means possible." The 
Secmtary of the ~nterIo>s Standards for Rehabllltatlon. 

Abrasive cleaning methods are responsible for causlng a great deal of damage to historic 
building materials. To prevent indlscrlminate use of these potentlally harmful techniques, 
this brief has been prepared to explain abrasive cleanlng methods, how they can be 
physically and aesthetically destructive to historic buildlng materials, and why they 
generally are not acceptable preservation treatments for hlstorlc structures. There are 
alternative, less harsh means of cleaning and removing palnt and stains from historic 
buildings. However, careful testlng should precede general cleanlng to assure that the 
method selected will not have an adverse effect on the building materials. A historic 
building is irreplaceable, and should be cleaned using only the "gentlest means possible" 
to best preserve it. 

What is Abrasive Cleaning? 

Abraslve cleanlng methods Include all techniques that 
physically abrade the building surface to remove soils, 
discolorations or coatings, Such techniques involve the use of 
cerlaln materials which impact or abrade the surface under 
pressure, or abraslve hols and equipment. Sand, because it 
Is readlly available, is probably the most commonly used type 
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of grit material. However, any of the following materials may 
be substltuted for sand, and all can be classlfled as abrasive 
substances: ground slag or volcanic ash, crushed (pulverized) 
walnut or almond shells, rice husks, ground corncobs, ground 
coconut shells, crushed eggshells, sillca flour, synthetic 
particles, glass beads and micro-balloons. Even water under 
pressure can be an abrasive substance. Tools and equipment I that are abrasive to historic building materials include wlre 
~rushes, rotary wheels, power sanding disks and belt I sanders. 

1 The use of water in combination with grlt may also be 
classified as an abrasive cleaning method. Depending on the 

--. - - _._,Dieana;&! manner in which it Is applied, water may soften the impact of 
wrmanent damage to the grit, but water that is too highly pressurized can be very 
hi*or1c such ap this abrasive. There are basically two different methods which can 
brlck wdl. Photo: NPS A l w ,  

be referred to as "wet grit," and It Is Important to differentiate 
between the two. One technique involves the addltlon of a stream of water to a regular 
sandblasting nozzle. This is done primarily to cut down dust, and has very tittle, if any, 
effect on reduclng the aggressiveness, or cutting action of the grlt particles. With the 
second technique, a very small amount of grit Is added to a pressurized water stream. 
This methud may be controlled by regulating the amount of grit fed into the water 
stream, as well as the pressure of the water. 

Why Are Abrasive Cleaning Methods Used? 

Usually, an abrasive cleaning method is selected as an expeditious means of quickly 
removing years of dirt accumulation, unsightly stains, or deterloratlng bullding fabric or 
finishes, such as stucco or paint. 

The fact that sandblasting is one of the best known and most 
readlly available building cleaning treatments is probably the 
major reason for I& frequent use. 

Many mld-19th century brlck buildings were painted 
immediately or soon after completion to protect poor quality 
brick or to imitate another material, such as stone. Sometimes 
brick buildings were painted in an effort to produce what was 
considered a more harmonious relationship between a buildlng 
and its natural surroundings. By the 1870s, brick buildings were 

I 
offen left unpainted as rnechanizatlon in the brlck industry 
brought a cheaper pressed brick and fashlon decreed a sudden 
preference for dark colors. However, it was stlll customary to I -- 
paint brick of poorer quality for the additional protection the Br~c- mwmg nuxr w w e  
palnt afforded. wlndow has h e n  merely  

abraded by sandbkstlng 
to remove paint. Photo: 

It is a common 20th century mlsconceptlon that all historic MPS CHSS. 

masonry buildings were initially unpainted. If the Intent of a 
modern restoration is to return a building to its original appearance, removal of the paint 
not only may be historically inaccurate, but also harmful. Many older buildings were 
painted or stuccoed at  some point to correct recurring maintenance problems caused by 
faulty construction techniques, to hide alterations, or in an attempt to solve molsture 
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5 PRESERVATION I BRIEFS 
Preservation of Historic Concrete 
PauI Gaudette and Deborah Slaton 

National Park Servtce 
U.S. Department of the Interim 

Heritage Prewrvatlon Services 

Introduction to Historic Concrete 

Concrete is an extraordinarily versatile building material 
used for utilitarian, ornamental, and monumental 
structures since ancient times. Composed of a mixture 
af sand, gravel, crushed stone, or other coarse material, 
bound together with lime or cement, concrete undergoes 
a chemical reaction and hardens when water is added. 
Inserting reinforcement adds tensile strength to 
structural concrete elements. The use of reinforcement 
contributes significantly to the range and size of 
building and structure types-that can be constructed 
with concrete. 

While early twentieth century proponents of modern 
concrete often considered it to be permanent, it is, 
like all materials, subject to deterioration. This Brief 
provides an overview of the history of concrete and 
its popularization in the United States, surveys the 
principal caauses and modes of concrete deterioration, 
and outlines approaches to repair and protection that 
are appropriate to historic concrete. In the context of this 
Brief, historic concrete is considered to be concrete used 
in construction of structures of historical, architectural, 
or engineering interest, whether those structures are old 
or relatively new. 

Brief History of Use and Manufacture 

The ancient Romans found that a mixture of lime putty 
and pozzolana, a fine volcanic ash, would harden 
under water, The resulting hydraulic cement became 
a major feature of Roman building practice, and was 
used in many buildings and engineering projects 
such as bridges and aqueducts. Concrete technology 
was kept alive during the Middle Ages in Spain and 
Africa. The Spanish introduced a form of concrete to 
the New World in the first decades of the sixteenth 
century, referred to as "Lapia" or "tabby." This material, 
a mixture of l i e ,  sand, and shell or stone aggregate 

mixed with water, was placed between wooden forms, 
tamped, and allowed to dry in successive layers. Tabby 
was later used by the English settlers in the coastal 
mu theastern United States. 

The early history of concrete was fragmented, 
with developments in materials and construction 
techniques occurring on different continents and In 
various countries. In the United States, concrete was 
slow in achieving widespread acceptance in building 
construction and did not begin to gain popularity until 
the late nineteenth century. It was more readily accepted 
for use in transportation and infrastructure systems. 

The Erie Canal in New York is an example of the 
early use of concrete in transportation in the United 
States. The natural hydraulic cement used in the canal 
construction was p m s s e d  from a deposit of limestone 
found in 1818 near Chittenango, southeast of Syracuse. 
The use of concrete in residential construction was 

Fignre I. The Sebastcpol House in Segltirr, Tems, k isan 1856 Greek 
Revl'val-sfyle house constructed of lime co~rcmte. Lime concrete 
or "limmle" raws a popirhr construction material, as if mld be 
mnde itrexpensi~l~from !oca:a[ materiais. By 1900, the towtr had 
approximately ninety liprecrele structures, twenty ofwhich m a i n .  
Photo: Texas Parks and wildlife Dglnrlrncni. 



Figure 2. Cmnert~n nuuse wrrs me home oj tne post trader at hurt 
Fred Steel in Wyoming, &e ofseveraljorts established in fhe 186& 
to meet the U n h  PacFc Railrod. The u>alls of the post trader's 
house w m  built using stone aggregate and little, uritlrou t cement. 
Tke use of this materid presents special presema t ion challenges. 

pubiicized in the second edition of Orson S. Fowler's A 
Homefor All (1 853) which described the advantages of 
"gravel wall".cmstruction to a wide audience. The town 
of Seguin, Texas, kty-f ive  miles east of San Antonio, 
already had a number of concrete buildings by the 1850s 
and came to be called "?he Mother of Concrete Cities," 
with approximately ninety concrete buildings made 
from local "lime water" and gravel (Fig. 1). 

Impressed by the economic advantages of poured gravel 
wall or " lime-grout" construction, the Quartermaster 
General's Office of the War Department embarked on a 
campaign to improve the quality of building for h t i e r  
military posts. As a result, lime-grout structures were 
constructed at several western posts soon after the Civil 
War, including Fort Fred Stee1.e and Fort Laramie, both 
in Wyoming (Fig. 2). By the 18809, sufficient experience 
had been gained with unreinforced concrete to permit 
construction of much larger buildings. A notable 
example from this period is the Pone de Leon Hotel in 
St. Augustine, Florida. 

Extensive construction in conmete also occurred through 
the system of coastal fortifications commissioned by the 
federal government in the 1890s for the Atlantic, Pacific, 
and Gulf coasts. Unlike most. concrete construction 
to that time, the special requirements of coastal 
fortifications called for concrete walls as much as 20 feet 
thick, often at sites that were difficult to access. Major 
structures in the coastal defenses of the 1890s were built 
of mass concrete with no internal reinforcing a practice 
that was replaced by the use of reinforcing bars in 
fortifmtions constructed after about 1 SIX?. 

The use of reinforced concrete in the United States dates 
from 1860;'when S.T. Fowler a a i n e d  a patent for a *- 

reinforced concrete wall. In the early 1870s, William E. 
ward built his own house in Port Chester, New York, 
using concrete reinforced with iron rods for all structural 
elements. Despite these developments, such construction 
remained a novelty un ti1 after 1880, when innovations 
introduced by Ernest L. Ransome made the use of 
reinforred concrete more practicable. Ransome made 
many contributions to the development of concrete 
construction technology, including the use of twisted 
reinforcing bars to improve bond between the concrete 
and the steel, which he patented in 1884. Two years later, 
Ransome introduced the rotary k i i  to United States 
cement production. The new kiln had greater capacity 
and burned more thoroughly and uniformly, allowing 
devet opmen t sf a less expensive, more uniform, and 
more reliable manufactud cement. Improvements in 
concrete production initiated by Ransom led to a much 
greater acceptance of concrete after 1500. 

The Lincoln Highway Association, incorporated in 
1913, promoted the use of concrete in construction of a 
coast-to-mast roadway system. The goal of the Lincoln 
Highway Association and highway advocate Henry 
0. Joy was to educate the country in the need for good 
roads made of concrete, with an improved Lincoln 

F i g t m  3. The Lincoln H i g h m y  Assmiah p m f e d  wnsfmcf ion of 
a high quality epnfittuws had suJ;rce m d u q  arms thc county 
The Boys Soouts of America imfdld mcrete road markers a l o q  th 
Lincoln Highway i~ 1928. 

Figure 4. rite highly ornamental mrrmte panels om the exterior 
fhcade ofthe Baha'i House of Worship in Wihne*, Illinois, illus trnle 
the work offabrimlor John I. Emley, knoPun ns "the man who nfa& 
c u n d e  beurrrlifii. " 



Figure 5. Following Worid War 11, utckitects and engineers tmk 
advantage of i m p r m e n t s  in mt~cre#~t p d u c f i m t  quality mnfrol. 
and advances in pre~llst wnmte to design efructures such rrs the Police 
Headquartm building in Philadelphia, Pennsylvania, msiructed in 
196 1. Phota: C o u r t q  of fk PhiUphin Police Deprhmt. 

Highway as an example. C~ncrete "seedling miles" 
were constructed in remote amas to emphasize the 
superiority of mncrek over unimproved dirt. The 
Association believed that as peaple learned about 
concrete, they would press the government to construct 
gmd mads throughout their states. Americans' 
enthusiasm for good roads led to the involvement 
of the federal government in road-building and the 
---A:-- 2 -..- L--A I f @  --*. *--:-LL-in+nn mi- *$ 

During the early twentieth century, Ernest Ransome 
in Beverly Massachusetts, Albert Kahn in.Detroit, and 
Richard E. Schmidt in Chicago, promoted concrele 
for use in "Factory Style" utilihrian buildings with 
a n  wnnwtl mrr-te frnrnn infillor1 with aman- 

of glass. lhomas hdmn's cast-m-place remforced 
concrete homes in Union Township, New Jersey 
(1908), proclaimed a similarly functional emphasis 
in residential construction. From the 1920s onward, 
concrete began to be used with spectacular design 
results: examples include John J. Earley's Meridian 
Hill Park in Washington, B.C.; Louis Bourgeois' 
exuberant, graceful Baha'i Temple in Wilmette, h i s  
(1920-19531, for which Earley fabricated the concrete 
(Fig. 4); and Frank Lloyd Wright's Fallingwater 
near Bear Run, Pennsylvania (1934). Continuing 
improvements in qualitjl control and development 
of innovative fabrication p-s, such as lhe 
Shocklxton method for precast concrete, provided 
increasing opportunities for architects and engineers. 
Wright's Guggenheim Museum in New York City 
(1959); Geddes Brecher Qualls & Cunningham's Police 
Headquarters building in Philadelphia, Pennsylvania 
(1961); and Eero Saarinen's soaring terminal building at 
Dulles International Airport outside Washington, D.C., 
and the TWA terminal at Kennedy Airport in New 
York (19621, exemplify the masterful use of m c r e t e  
achieved in the madern era (Fig. 5). 

> -i-, ::-- . ' : --=;- 
'-.?"- .*" .,*---- .- b e .  

Figure 6. 7 7 ~  Bai lq  Magnet School in Jacbn ,  Mississippi, ums 
&signed as the J a c b n  Junior High S h l  by the jirm of N. W. 
Ooerstreet & Tmn in 1936. T b  streamlined building aentplpo the 
npplicnbiliiy of wmrete lo creuting a modern archikc1 aral aesthetic. 
Photo: Bill Burris, BurrislWagnon Architecfs, PA. 

Figutc 7. Detail& rel2fi as weil as sculpfirws, such as fhis lion at 
fhe b i l e y  Magnet School, could be u d  as mmentufian on concrete 
buildings. SculptumI mnmte elements awe fypicnlly cast in molds. 

Throughout the twentieth century, a wide range of 
architectural and engineering structures were built using 
concrete as a practical and cost-effective choice-and 
concrete also became valued for its aesthetic qualities. 
Cast in place and precast concrete were readily adapted 
to the Streamlined M o d e m  style, as exemplified by the 
Bailey Magnet School in Jackson, Mississippi, designed 
as the Jackson Junior High School by N.W. Overstreet 
& Town in 1936 (Figs. 6 and 7). The school is one of 
many concrete buildings designed and constructed 
under the auspices of the Public Works Administration. 
Recreational structum and landscape features also 
utilized the structural range and unique character of 
exposed concrete to advantage, as seen in Chicago's 
Lincoln Park Chess Pavilion, designed by Morris 
Webster in 1954 (Fig. 81, and the Ira C Keller Fountain 
in Portland Oregon, designed by Lawrence Halprin in 
1969 (Fig. 9). Concrete was also popular for building 
interiors, with ornamental features and exposed 
structural elerrtents rwognized a5 part of the design 
aesthetic (See Figs. 10 and 11 in sidebar). 



Concrete Characteristics 

Concrete is composed 01 fine (sand) and 
coarse (crushed stone or gravel) aggregates 
and paste made of portland cement and water. 
The predominant material in terms of bulk is 
the aggregate. Portland cement is the binder 
most commonly used in modern concrete. It 
is commercially manu factud by blending 
limestone or chalk with clays that contain 
alumina, silica, lime, iron oxide and magnesia, 
and heating the compounds together to high 
taperaturn. The hydration process that 
occurs w e e n  the portland cement and water 
results in formation of an alkali paste that 
surrounds and binds the aggregate together as 
a solid mass, 

The quality of the conmte is dependent on 
the ratio of water to the binder; binder content; 
sound, durable, and weu-graded aggregates; 
compaction during placement; and proper 
curing. The amount of water used in the mix 
affects the concrete permeability and strength. 
The use of excess water beyond that required 
in the hydration process results in more 
permeable concrete, which is more susceptible 
to weathering and deterioration. Admixtures 
are commudy added to concrete to adjust 
concrete properties such as setting or hardening 
time, requirements for water, workability, and 
other characteristics. For example, the advent 
of air entraining agents in the 1930s provided 
enhanced durability for concrete. 

During the twentieth century, there was 
a steady rise in the strength of ordinary 
concrete as chemical processes became better 
understood and quality control measures 
improved. In addition, the need to protect 
embedded reinforcement against corrosion 
was acknowledged. Requirements for concrete 
cover over reinforcing steel, increased cement 
content, decreased wa ter-cemen t ratio, and air 
entrainment all contributed to greater concrete 
strength and improved durability. 

Mechanisms and Modes of 
Deterioration 

Concrete deterioration occurs primarily because 
of corrosion of the embedded steel, degradation 
of the concrete itself, use of improper techniques 
or materials in construction, or structural 
problems. The causes of concrete deterioration 
must be understd in order to select an 
appropriate repair and protection system. 



While reinforcing steel has pIayed a pivotal role in 
expanding the appIications of concrete in twentieth 
century architecture, corrosion of this steel has also 
caused deterioration in many historic structures. 
Reinforcing steel embedded in the concrete i s  normally 
surroundmi by a passiva ting 
oxide layer that, when present, 
protects the steel from corrosion 
and aids in bonding the 
steel and concrete. When the 
concrete's normal ahline 
environment (above a pH 
of 10) is compromised and 
the steel is exposed to water, 
water vapor, or high relative 
humidity, corrosion of the 
steel reinforcing takes place. A 
reduction in alkdinity results 
from carbonation, a process that 
occurs when the carbon dioxide Figure 8. The Chw Pmilion in Chicago's Lincoln Park 

in the atmosphere reacts with urns designed by archikt Morris Webster and umsfructed 

calcium hydrdxide and moisture ill 1956. Tke pavilion is a distinctiae htldsurpe&turc, 

in the concrete. Carbonation with its reinJorced WHC& c a n t i i d  slab that prmides 
rover f ir  chess phjers. starts at the concrete's exposed 

surface but may extend to the 
reinforcing steel over time, 
When carbonation reaches 
the metal reinforcement, the 
concrete no longer protects the 
steel from corrosion* 

Corrosion of embedded 
reinforcing steel may be 
initiated and accelerated if 
calcium chloride was added to 
the concrete as a set accelerator 
during original construction 
to promote more lapid curingm Figure 9.7hr 110 C Kdln Fountain in Portland, Oregon, 
It may also take plae if the was designed by bunma Halprin and construcled in 
concrete is later exposed to 1969. Thefountain is mnsttllcfed primarily of concrete 
deicing salts, as may occur p7lm nrirhfurmBpmd tetures and surrounding clenrents, 
during the winter in northern pattend wifh gmmft+k iim, which&o'litatc the path 
climates. Seawater or other ofwafer. Phofo: Anifa W&, Wiss, lanney, Elsfner 
marine environments on Asm5?tes, Inc. 
also provide large amounts 
of chloride, either from 
inadequately washed original aggregate or from 
exposure of the concrete to seawater. 

Lack of proper maintenance of building elements 
such as roofs and drainage systems can contribute to 
water-related deterioration of the adjacent concrete, 
particularly when concrete is sa&ted with water 
and then exposed to freezing temperatures. As water 

within the concrete freezes, it 
expands and exerts forces on 
the adjacent concrete. Repeated 
freezing and thawing can result 
in the concrete cracking and 
delaminating. Such damage 
appears as surface degradation, 
including severe scaling and 
micro-cracking that extends 
into the concrete. The condition 
is most often observed near 
the surface of the concrete but 
can also eventually occur deep 
within the concrete. This type 
of deterioration is usually most 
severe at joints, architectural 
details, and other areas with 
more surface exposure to 
weather. In the second half of 
the twentieth century, concrete 
has utilized entrained air (the 
incorpora tion of microscopic 
air bubbles) to provide 
enhand protdon against 
damage due to cyclic freezing 
of saturated concrete. 

Corrosion-related damage to reinforced concrete is 
the result of rust, a product of the corrosion process of 
steel, which expands and thus requires more space in 
the concrete than the steel did at the time of installation. 
This change in volume of the steel results in expansive 
forces, whi& cause cracking and spalling of the 
adjacent concrete (Fig. 12). Other signs of corrosion of 
embedded steel include delamination of the concrete 
(planar separations parallel to the surface) and rust 
staining (often a precursor to spdIing) on the concrete 
near the steel. 

The use of certain aggregates 
can also result in deterioration 
of the concrete. Alkali- 
aggregate reactions- in some 
cases a1 kali-silica reaction 
( ASR) -occur when alkalis 
normally present in cement 
react with certain aggregates, 
leading to the development of 
an expansive crystalline gel. 
When this gel is exposed to 
moisture, it expands and causes 
cracking of the aggregate and 
concrete matrix. Deleterious 

aggregates are typically found only in certain areas of 
the country and can be detected through analysis by an 
experienced petrographer. Low-alkali cements as well 
as fly ash are used today in new construction to prevent 
such reactions where this problem may occur. 

Problem Specifially Encountered with 
Historic Concrete 

Materials and workmanship used in the construction 
of historic concrete structures, particularly those built 
before the First World War, sometimes present potential 
sources of problems. For example, where the aggregate 
consisted of cinder from burned coat or crushed brick, 



Figure 12. mncrete lighthouse at the Kilalrea Point 
Light Station, Kilnuea, h ~ r a i ,  Hawaii, wns conslructed 
cim 1913. The concrete, which was R good quality, high 
strength mixfor its day, is in good condition aper drnost 
one hundred years in m i c e ,  Deterioration in theform of 
sylling related fo cornsion of em bedded reilzforcing steel 
has occurred printnrily irr nreas of kighn mnmt~mtation 
such as projeding bands and brackets (see c k - u p  photo). 

the concrete tends to be weak and porous 
because these aggregates absorb water. Some of 
these aggregates can be extremely susceptible 
to deterioration when exposed to moisture 
and cyclic freezing and thawing. Concrete 
was sometimes compromised by inclusion of 
seawater or beach sand that was not thoroughly 
washed with fresh water, a condition more 
common with coastal fortifications built prior to 
2900. The sodium chloride present in seawater 
and beach sand accelerates the rate of corrosion 
of the reinforced concrete. 

Another problem encountered with historic 
concrete is related to poor consoIidation of the 

concrete during its placement in farms, or in molds in the case 
of precasting. This problem is especially prevalent in highly 
ornamental units. Early twentieth century concrete was often 
tamped or rodded into place, s i m i  to techniques used in 
forming cast stone. Poorly consolidated concrete often contains 
voids (" bugholes" or "honeycombs"), which can reduce the 
protective concrete cover over the embedded reinforcing 
bars, entrap water, and, if sufficiently large and strategically 
numerous, reduce I o c a l i  concrete strength. Vibration 
technology has improved over time and flowability agents are 
also used today to address this problem. 

A common type of deterioration observed in concrete is the 
effect of weathering from exposure to wind, rain, snow, and 
salt water or spray. Weathering appears as erosion of the 
cement paste, a condition more prevalent in northern regions 
where precipitation can be highly acidic. This results in the 
exposure of the aggregate particles on the exposed concrete 
surface. Variations may occur in the aggregate exposure due 
to differential erosion or dissolution of exposed cement paste. 
Emion can also be caused by the mechanical action of water 
channeled over concrete, such as by the lack of drip grwves in 
belt courses and sills, and by inadequate drainage. In addition, 
high-pressure water when used for cleaning can also erode the 
concrete surface. 

In concrete structures built prior to the First World War, 
concrete was often placed into forms in relatively short 
vertical lifts due to limitations in lifhg and pouring 
techniques available at the time. Joints between different 
concrete placements (often termed cold joints or lift lines) may 
sometimes be considered an important part of the character of 
a concrete element (Fig. 13). However, wide joints may permit 
water to infiltrate the concrete, resulting in more rapid paste 
erosion or freeze-thaw deterioration of adjacent concrete in 
cold climates. 

In the early twentieth century, concrete was sometimes placed 
in several layers parallel to the exterior surface. A base concrete 
was first created with formwork and then a more cement rich 
mortar layer was applied to the exposed vertical face of the 

Figure 13. Fort C w  on AdrniraIty Hend, For! Casey, Washing fon, turn 
m f r u c t d  in 2898. The l@ linesfrom pinwmmt of concrete are clerorly 
visible ptr the exterior mils and ~ h a r a c f ~ z e  tk$nislred appearancf. 



base concrete, The higher cement content in the facing 
concrete provided a more water-resistant outer layer 
and finished surface. The application of a cement-rich 
top layer, referred to in some early concrete publications 
as "waterproohg" was also used on top surfaces of 
concrete walls, or as the top layer in sidewatks. With this 
type of concrete construction, deterioration can occur 
over time as a result of debonding between layers, and 
can proceed very rapidly once the protective cement-rich 
layer begins to break down. 

It is common for historic concrete to have a highly 
variable appearance, including color and finish texture. 
D irent  levels of aggregate exposure due to paste 
erosion are often found in exposed aggregate concrete. 
This variability in the appearance of historic concrete 
increases the level of difficulty in assessing and repairing 
weathered concrete. 

Signs of Distress and Deterimation 

Characteristic signs of failure in concrete include 
c r a w  spalling. staining. and deflection. Cracking 
occurs in most concrete but will vary in deptk width, 
direction, pattern, and lwtion,  and can be either active 
or dormant (inactive). Active cracks can widen, deepen, 
or migrate through the concrete, while dormant cracks 
remain relatively unchanged in size. %me domant 
cracks, such as those caused by early age shrinkage of 
the concrete during curing, are not a struchual concern 
but when left unrepaired, can provide convenient 
channels for moisture penetration and subsequent 
damage. Random surface cracks, also called map cracks 
due to their resemblance to lines on a map, are usually 
related to early-age shrinkage but may also indicate 
other types of deterioration such as alkali-silica reaction. 

Structural cracks can k caused by temporary or 
continued overloads, uneven foundation settling, seismic 
forces, or original design inadequacies. StructuraI cracks 
are active if excessive loads are applied to a structure, if 
the overload is continuing, or if settlement is ongoing. 
These cracks are dormant if the temporary overloads 
have been removed or if differential settlement has 
stabilized, Thermally-indumd cracks result from 
stresses produced by the expansion and con traction 
of the concrete during temperature changes. These 
cracks frequently occur at the ends or re-entrant corners 
of older concrete structures that were built without 
expansion joints to relieve such stress. 

Spalling (the loss of surface material) is often asociated 
with freezing and thawing as well as cracking and 
delamination of the concrete cover over embedded 
reinforcing steel. Spalhng o m  ts  when reinforting 
bars corrode and the corrosion by-products expand, 
creating high stresw on the adjacent concrete, which 
cracks and is displaced. Spalling can also occur when 
water absorbed by the concrete freezes and thaws (Fig. 
14). In addition, surface spalling or scaling may result 
from the improper finishing, forming. or other surface 

Figures 14. Layers ofarchifectuml c~ncre te that h m  d w e d  
( sp~1led) f im the s u $ i  m r e  mozwdfrom a historic zuafer tank 
durir~g the inmtigation &ormed to assess existing conditions. 
Photos: Anita Wdko, Wm, ]an t ry ,  Elstner Assuctnlcs, 1 rtc. 

phenomena when watercrich cement paste (lai tance) 
rises to the surface. The resulting weak material is 
vulnerable to spalling of thin layers, or scaling. In some 
cases, spalling of the concrete can diminish the load- 
carrying capacity of the structure. 

Deflection is the bending or sagging of structural beams, 
joists, or slabs, and can be an indication of deficiencies in 
the strength and structural soundness of concrete. This 
condition can be produced by overloading, corrosion 
of embedded reinforcing, or inadequate design or 
construction, such as use of low-strength concrete or 
undersized reinforcing bars. 

Staining of the concrete surface can be related to soiling 
from atmospheric pollutants or other contaminants, 
dirt acmmula tion, and the presence of organic growth 
However, stains can also indicate more serious 
underlying problems, such as corrosion of embedded 
reinforcing steel, improper previous surface treatments, 
alkali-aggregate reaction, or efflorescence, the deposition 
of soluble salts on the surface of the concrete as a result 
of water migration (Fig. 15). 



Planning for Concrete Preservation 

The significance of a historic concrete building or 
structure- including whether it is important for its 
architectural or engineering design, for its materials 
and construction techniques, or both - guides decision 
making about repair and, if needed, replacement 
methods. Determining the causes of deterioration is also 
central to the development of a conservation and repair 
plm. With historic concrete buildings, one of the more 
difficult challenges is allowing for suHicient time during 
the planning phase to analyze the concrete, develop 
mixes, and provide time for adequate aging of mock-ups 
for matching to the original concrete. 

An understanding of the original construction 
techniques (cement characteristics, mix design, original 
intent of assembly, type of placement, precast versus 
cast in place, etc.) and previous repair work performed 
on the concrete is important in determining causes 
of existing deterioration and the susceptibility of the 
structure to potential other types of deterioration. 
For example, conaete placed in short lifts (individual 
concrete placements) or constructed in precast segments 
will haw numerous joints that can provide entry points 
for water infiltration. Inappropriate prior repairs, such 
as installation of patches using an incompatible material, 
can affect the future performance of the concrete. Such 
prior repairs may require corrective work, 

As with other pervation projects, three primary 
approa&es are usually considered for historic concrete 
structures: maintenance, repair, or replacement. 
MAintenance and repair best achieve the presewation 
goal of minimal intervention and the greatest retention 
of existing historic fabric. However, where elements of 
the building are severely deteriorated or where inherent 
problems with the material lead to ongoing failures, 
replacement may be necessary. 

During p l a q  informa tion is gathered through 
research, visual survey, inspection openings, and 
laboratory studies. The material should then be 
reviewed by professionals exprienced in concrete 
deterioration to help evaluate the nature and causes of 
the concrete problems, to assess both the short-term and 
long-term effects of the deterioration, and to formulate 
proper repair approaches. 

Condition Assessment 

A condition assessment of a concrete building or 
structure should begin with a review of all available 
documents related to original construetion and prior 
repairs. While plans and specifications for older 
concrete buiIdings are not always available, they can 
be an invaluable resource and every attempt should be 
made to find them. They may provide information on 
the composition oC the concrete mix or on the type and 
location of reinforcing bars. If available, documents 
related to past repairs should atso be reviewed to 

Figure IS, Evidarce of 
moisture movement through 
concrete is a p m t  
in fhefornr ofmineral 
dqmits  on the concrete 
s u . f . .  Cyclicfrcexing 
nnd fhawing afmlrappcd 
moistur~~ and corrosion of 
embedded rei~rforcerment, 
have also contributed to 
deterioratb~ of the mncrete 
coltrtn~t on this jettw at 
Cmker Field in Fitchburg, 
MRssnchvWts, designed by 
the Olmsted Bmfhm. 

understand how the repairs were made and to help 
evaIuate their anticipated performance and service life, 
Archival photographs can also provide a valuable source 
of information about original construction. 

A visual condition survey will help identify and 
evaluate the extent, types, and panems of distress 
and deterioration. The American Concrete Institute 
offers several useful guides on how to perform a visual 
condition survey of concrete. Generally, the condition 
assessment begins with an overall visual survey, 
followed by a close-up investigation of representative 
areas to obtain more detailed information about modes 
of deterioration. 

A number of nondestructive testing methods can be 
used in the field to evaluate concealed conditions. Basic 
technique include sounding with a hand-held hammer 
(or for horizontal surfaces, a chin) to help idenhfy areas 
of delamination. More sophisticated techniques include 
impact-echo testing (Fig. 141, ground penetrating radar, 
pulse velocity, and other methods that characterize 
concrete thickness and locate voids or delaminations. 
Magnetic detection instruments are used to locate 
embedded reinforcing steel and can be calibrated to 
idenhfy the size and depth of reinforcement. Corrosion 
measurements can be taken using mpperapper 
sulfate half-cell tests or linear polarktion techniques to 
determine the probability or rate of active corrosion of 
the reinforcing steel. 

To further evaluate the condition of the concrete, 
samples may be removed for laboratory study to 
determine material components and composition, 
and causes of deterioration. Samples need to be 
representative of existing condi tiom but should be taken 
from unobtrusive locations. Laboratory studies of the 
concrete may include petrographic evaluation following 
ASTM C856, Praclicefir Petrographic Examination 
of Hardened Concrele. Petrographic examination, 
consisting of microscopical studies performed by a 
geologist speciaIizing in the evaluation of construction 
materials, is performed to determine air content, water- 
cement ratio, cement content, and general aggregate 
characteristics. Laboratory studies can also include 



chemical analyses to determine chloride content, sulfate 
content, and alkali levels of the concrete; identification 
of deleterious agpgates; and determination of depth 
of carbonation. Compressive strength studies can 
be conducted to evaluate the strength of the existing 
concrete and provide information for repair work. The 
laboratory studies provide a general identification of 
the ori@ concrete's components and aggregates, 
and evidence of damage due to various mechanisms 
including cyclic freezing and thawing, alkali-aggrega te 
reactivity, or sulfate attack. Informa tian gatherd 
through laboratory studies can also be u s 4  to help 
develop a mix design for the repair concrete. 

Cleaning 

As with other historic structures, concrete structures are 
cleaned for several reasons: to improve the appearance 
of the concrete, as a cyclical maintenance measure, or 
in preparation for repairs. Consideration should first be 
given to whether the historic concrete structure needs to 
be cleaned at all: If cleaning is required, then the gentlest 
system that will be effective should be sel&ed. 

T h e  primary methods are used for cleaning concrete 
water methods, abrasive surface treatments, and 
chemical surface treatments. Low-pressure water (less 
khan 200 psi) or steam cleaning can effectively remove 
surface soiling from sound concrete; however, care is 
required on fragile or deteriorated surfaces. In addition, 
water and steam methods are typically not effective in 
removing staining or severe soiling. Power washing 
with high-pressure water is sometimes used to dean or 
remove coatings from sound, high-strength 'concrete, but 
high-pressure water washing is generally damaging to 
and not appropriate for concrete on historic structures. 

When used with proper controls and at very low 
pressures (typically 35 to 75 psi), microabrasive 

Figire 16, Impel echm ksting is pi$-vint-d un a mmte strudural 
dub fo help determine depth ~fdet~wafion.  In this method, a short 
pulse of energy is kltrodrrcd into the structure nnd a trnnsducer 
nsounld on the impacted s ~ l r f a a  Q f f k  structure r e c c i m  the 
reflected i n p f  zmw or echoes. k rwnles me analyzed to help 
idrn f ifyflauls and deteriorutiprr within the conmte. 

surface treatments using very fine particulates, such 
as dolomitic limestone powder, can sometimes dean 
effectively. However, miuoabrasive cleaning may alter 
the texture and surface reflectivity of concrete. Some 
concrete can be damaged even by fine particulates 
applied at vwy low pressures. 

Chemical surface treatments can dean effedively 
but may also alter the appearance of the concrete by 
bleaching the concrete, removing the paste, etching 
the aggregate, or otherwise altering the surface. 
Detergent cleaners or mild, diluted add cleaners may 
be appropriate for removal of staining or severe soiling. 
Cleaning products that contain strong acids such as 
hydrochloric (muriatic) or hydrofluoric acid, which will 
damage concrete and are harmful to persons, animals, 
site features, and the environment, should not be used. 

For any cleaning process, trial samples should be 
performed prior to full-scale implementation. The 
intent of the cleaning program should not be to return 
the structure to a like new appearance. Concrete can 
age gracefully, and as long as soiling is not severe or 
deleterious, many structures can still be appreciated 
without extensive cleaning. 

Methods of Maintenance and Repair 

The maintenance of historic concrete often is thought of 
in terms of appropriate cleaning to remove unattractive 
dirt or soiling materials. However, the implementation 
of an overall maintenance plan for a historic structure is 
the most effective way to help protect historic concrete. 
For examples, the lack of mainlemce to roofs and 
drainage systems can promote water related damage 
to adjacent concrete features. The repeated use of 
deicing salts in winter climates can pit the surface of old 
concrete and also may promote decay in embedded steel 
reinforcements. Inadequate protection of concrete walls 
adjacent to driveways and parking areas can result in the 
need for repair work later on. 

The maintenance of historic concrete involves the regular 
inspection of concrete to establish baseline conditions 
and identify needed repairs. bqection tasks involve 
monitoring protection systems, including sealant joints, 
expansion joints, and protective coatings; reviewing 
existing conditions for deveIopment of distress such as 
cracking and delaminations; documenting conditions 
observed; and developing and implementing a cyclical 
repair program. 

Sealants are an important part of maintenance of historic 
concrete structures. Elastomeric sealants, which have 
replaced traditional oil-resin based caulks for many 
applications, are used to seal cracks and joints to keep 
out moisture and reduce air infiltration. Sealants are 
camonly  used at windows and door perimeters, 
at interfaces between concrete and other materials, 
and at attachments to or through walls or mfs,  such 
as with lamps, signs, or exterior plumbing fixtures. 



Figure 17. la) Tke 63rd Sfreet Beach House was mstructed on the showtine ofChicago in 1919. The highly exposed nggwgals wncrefc ojtk 
eximior wnlls ofthe beach house um5 u.feAfor many buildings in the Chiago parks as an altcrnatizre to more q m s t k  stone construction. Phew: 
Leslie Schwrtz Pkt~graphy. Ib) Canmte delerbralion itzcluded cracking, spalling, anddd~mindion c n u d  by cormion ofembedded reinforcing 
s t ~ l  and'concrefc dnmage due fo cyclicfreming and thawing. Ic) Various sizes and types of aggregates were r e p i d f o r  matching to fhe wigid 
conmfe nralerials. Idl Mock-ups qf f he conmte repair mix werc ppadJbr comparison to Ikt  original concrele. Comiderations included a m a t e  
type mid size, m e n t  wlm, proportiom, ~ g g q & e  expositre, and surfnce jlttish, fc) The c r u ~ s m m i j n i h d  the s u r w  ra replicate the originai 
appmrance in a mock-up on the structure. Here,'he u d  a n y h  bridle brush to remm iwsc p i e  and expose the aggregate, creafiwg a verisble 
s u w  to match fire ndjace~t original conmete. 

Where used for crack repairs on historic facades, the 
finished appearance of the sealant application must 
be considered, as it may be visually intrusive. In some 
cases, sand can be broadcast onto the surface of the 
sealant to help conceal the repair. 

construction did not provide for long-term durability, 
or to facilitate a change in use of the structure. 
Examples include increasing concrete cover to protect 
reinforring steel and reducing water infiltration into the 
structure by repair of joints. Any such improvements 

Urethane and polyurethane sealants are often used to 
seal joints and cracks in concrete structures, paviw 
and walkways; these sealants provide a service life of 
up to kn years. High-performance si limm sealants 
also are often used with concrete, as they provide a 
range of movement capabilities and a service life of 
twenty years or more. Some silicone sealants may stain 
adjacent materials, wheh may be a problem with more 
porous concrete, and may also tend to accurnuIate 
dust and dirt. The effectiveness of sealants for sealing 
joints and cracks depends on numerous factors 
including proper surface preparation and application. 
Sealants should be examined as part of routine 
maintenance inspections, as these materials deteriorate 
faster than their substrates and must be replaced 
periodically a5 a part of cyclical maintenance. 

Repair of historic concrete may be required to 
address deterioration because the ariginal design and 

must be thbroughly Aaluated for compatibility with 
the original design and appearance. Care is required in 
all aspects of historic concrete repair, including surface 
preparation; installation of formwork; development 
of the concrete mix design; and concrete placement, 
consolidation, and curing. 

An appropriate repair program addresses existing 
distress and reduces the rate of future deterioration, 
which in many c a s  involves moisture-related issues. 
The repair program should Incorporate materials and 
me thds that are sympathetic to the existing materials 
in character and appearance, and which provide good 
long-term performane. In addition, repair materials 
should age and weather similarly to the original 
materials. In order to best achieve these goals, concrete 
repair projects should be divided into thee phases: 
development of trial tepair procedures, trial repairs and 
evaluation, and production repair work. 



For any concrete repair project, the process of investigation, 
laboratory analysis, trial samples, mock-ups, and full-scale 
repairs allows ongoing refinement of the repair work as 
well as implementation of quality~ntrol measures. The 
trial repair process provides an opportunity for the owner, 
architect, engineer, and contractor to evaluate the concrete 
mix design and the installation and fintshing techniques for 
the repairs fm both technical and aesthetic standpoints. 
The final repair materials and procedures should match 
the original m a t e  in appearance while meeting the 
established criteria for durability. Information gathered 
through trial repairs and mock-ups is invaluable in refining 
the construction documents prior to the stad of the overall 
repair project (Fig. 17). 

Surface Preparation 

In undertaking surface preparation for historic concrete 
repair, care must be taken to limit removal of existing 
material while still providhg an appropriate substrate for 
repairs. This is particularly important where ornamentation 
and fine details are involved. Preparation for localized 
repairs usually begins with removal of the loose concrete 
to determine the general extent of the repair, followed by 
saw-cutting the perimeter of the repair a m .  The repair area 
should extend beyond the qrea of conae te deterioration 
to a sufficient extent to provide a sound substrak. When 
repairing concrete with an exposed aggregate or other 
s e a l  surface texture, a sawcut edge may be too visually 
evident. To hide the repair edge, techniques such as lightly 
hand-chipping the edge of the pat& may be used to 
conceal the joint between the original concrete and the new 
repair material. The depth to which the concrete d s  to 
be removed may be difficult to determine without mvasive 
probing in the repair area. Removal of concrete shoutd 
typically extend beyond the level ofthe reinforcing steel, if 
present, so that the patch encapsulates the reinforcing steel, 
which provides mechanical attachment for the repair, 

li the concrete was originally of lower strength and quality, 
the assessment of present soundness is mare dBcu1 t. 
Deteriorated and w u n d  concrek is typically removed 
using pneumatic chipping hammers. Removal of concrete 
in historic structures is better controlhd by using smaller 
chipping hammers or hand tools. The area of the concrete 
to be repaired and the exposed reinforcing steel are 
then clearied, usually by careful sandblast and air blast 
procedures applied only within the repair area. Adjacent 
original concrete surfaces should be protected during this 
work. In some cases, project mn&aints such as dust control 
may limit the ability to thoroughly dean the concrete and 
steel. For example, it may be necessq to use needle scaling 
(a small pneumatic impact device) and wire brushmg 
instead of sandblasting. 

Supplemental s t e 1  may be needed when existing 
reinforcing steel is severely deteriorated, or if reinforcing 
steel is not present in repair areas. Exposed existing 
reinforcing and other embedded steel elements can be 
cleaned, primed, and painted with a corrosion-inhibiting 
coating. The p a t h g  material should be reinforced 

and mechanically attached to the existing concrete. 
Reinforcement materials used in repairs most often 
include mild steel, epoxy-coated s-1, or staid- steel, 
depending on existing umditions. 

Fomtwork and Molds 

Special formwork is needed to m a t e  ornamental 
concrete features-whi& may be complext in high 
relief, or architecturally detailed-and to provide special 
surface finishes such as wood form board textures. 
Construction of the fonnwork itself requires particular 
skill and crahmanship. Reusable fonns can be used for 
m e  ornamentation that is repeated a m  a building 
facade, or precast m n e  elements may be used to 
replace missing or unrepairable architectural features. 
Formwork for ornamental c o n e  is often created using 
a fowstep pr-: a casting of the original concrete is 
taken; a plaster replica of the unit is prepared; a mold or 
form is made from the plaster replica; and a new concrete 
unit is cast Custom formwork and molds are often the 
work of specialty companies, such as precashrs and cast 
stone fabricators. 

The process of forming architectural features or special 
surface textures is particularIy Mengmg if early age 
stripping (removal of formwork early in the concrete 
curing process) is needed to perform surface treatment 
on the concrete. Timing for formwork removd is related 
to strength gain, which in turn is partly dependent on 
temperature and weather conditions. Early age removal of 
formwork in highly detailed concrete can lead to damage 
of the new concrete that has not yet gained suf6cient 
strength through curing. 

Selection of Repair Materials and Mix Design 

Selection and design of proper repair materials is a 
critical component of the repair project. This process 
requiws evaluation of the perfomance, characteristics, 
and limitations of the repair materials, and may involve 
laboratory testing of proposed materials and trial repairs. 
The ma teriah should be selected to address the specrfic 
type of repair required and to be compatible with spcial  
chasacteristia of the original concrete. Some modem 
repair materials are designed to have a high compressive 
strength and to be impermeable. Even though inherently 
durable, these newer materials may not be appropriate for 
use in repairing a low strength historic concrete. 

The concrete's durability, or resistance to deterioration, 
and the materials and methods selected for repair 
depend on its composition, design, and quality of 
workmanship. In most cases, a mix design for durable 
replacement conmete should use materials similar to 
those of the original concrete mix. Prepackaged materials 
are often not appropriate for repair of historic concrete. 
The conm te patching material can be air entrained or 
polymermodified if s u b j j  to exterior exposure, and 
should incorporate an appropriate selection of aggregate 
and cement type, and proper water content and water 



Figwe 18. (a1 E q u m d  aggregate pmml concrete is 
mu& with a h~rm lo detecf a m  ofdeterioration, 
CorrosSan ofthe expwed rein$rcing steel bar hns &d lo 
splling of fhe adjncenl wncrek. (b) Sumples of rrggegate 
amsideredfor use ilp repair m m t e  m compared tu the 
original mncr& malerials in tmns ofsize, wlor, tabre, 
and @ectam. 13 Variolls sample panels arc made using 
the selectd canrrele np'r  m& designfot. wmparbr~ lo 
the original mmk on the hriU4n& and fhe mix h i g n  is 
rrdjus fed based on review ofthe samples. fdj AW remcmnl 
of !he @, lhe mncrefe surf= iS pprd&w insfalJution 
otafimted ptch. le) Prior fo p l a r e m t  of the mcrck, 
a mtarding a p t  is brush-applied lo the ins& fme ofthe 
fmrmDork io sdour curing at the surfaw. A$~T !he mncmfe 
P purlially c u d ,  thefirms are m d  and the su@m 
ofthe wnmle is rubbed to mmve same ofthe p t e  and 
expdse the aggregaw ta match the origind mnmfe. 

to cement ratio. Some admixtures, including polymer modifiers, 
may change the appearance of the concrete mix. Design of the 
concrete patching material should address characteris tics required 
for durability, workability, strength gain, compressive strength, 
and other performance attributes. During instaIla tion of the 
repair, skilled workmanship is required to ensure proper mixing 
procedures, placement, consolidation, and curing. 

Matchipig and Rqvair Techniques fur His t~r ic  Concrete 

Repair measures should be selected that retain as much of the 
original material as possible, while providing for removal of an 
adequate amount of deteriorated concrete to provide a sound 
substrate for a durable repair. The installed repair must visually 
match the existing concrete as closely as possible and should be 
similar in other aspects such as compressive strength, permeability, 
and other characteristics important in the mix design of the 
concrete (Fig. 18). 

Understanding the original construction techniques often provides 
opporbnitia in the design of repairs. For example, joints between 
the new and old concrete can be hidden in changes in surface 
profile and cold joints. The required patching mix for the concrete 
to be used in the repair will likely n e d  to be spedally designed 
to replicate the appearance of the adjacent historic concrete. A 
high level of craftsmanship is required for finishing of historic 
concrete, in particular to create the sometimes inconsistent finish 
and variation in the original concrete in contrast to the more even 
appearance required for most non-historic repairs. 

To match the various characteristics of the original concrete, trial 
mixes should be developed, These mixes need to take into account 
the types and colors of aggregates and paste present in the original 
concrete. Different mixes may be needed because of variations 
in the appearance and composition of the historic conmk. The 
trials should utilize different forming and finishing techniques 
to achieve the best possible match to the original concrete. hi tial 
trials should first take place on site but off the stluchtre. The mix 
designs providing the best match are then instalkd as  trial repairs 
on the structure, and assessed after they have cured. 

Achieving compatibility between repair work and original 
concrete may be difficult, especially given the variability often 
present in historic concrete materials and finishes. Formed rather 
than trowel-applied patch repairs are recommended for durability, 
as forming permits better ranges of mix ingredients (such as coarse , 

aggregates) and improved consolidation as compared to trowel- 
applied repairs. Parge coatings usually are not recommended 
as they do not provide as durable repair as formed conaete. 
However, in some cases parge coatings may be appropriate to 
match an origrnal parged surface treatment. Proper placement 
and finishing of the repair are important to obtain a match with 
the original concrete. To minimize problems associated with rapid 
curing of concrete, such as surface cracking, it is important to use 
proper curing methods and to allow for sufficient time. 

Hairline cracks that show no sign of increasing in size may often 
be left unrepaired. The width of the crack and the amount of 
movement usually limits the selection of crack repair techniques 
that are -available. Although it is difficult to determine whether 
cracks are moving or non-moving, and therefore most cracks 



should he assumed to be moving, i t  is possible to repair 
non-moving cracks by installation of a cementitious 
repair mortar matching the adjacent concrete. It is 
generally desirable not to widen cracks prior to the mortar 
application. Repair mortar containing sand in the mix may 
be used for wider cracks; unsanded repair mortar may be 
used for narrower cracks. 

When it is desirable to re-establish the structural integrity 
of a concrete shc tu r e  involving dormant cracks, epoxy 
injection repair has proven to be an effective procedure. 
Such a repair is made by first sealing the crack on both sides 
of a wall or structural member with epoxy, polyester, wax, 
tape, or cement slurry, and then injecting epoxy through 
small holes or ports drilled in the concrete. Once the epoxy 
in the crack has hardened, the surface sealing material 
may be removed; however, this type of repair is usually 
quite apparent. Although it may be possible to inject epoxy 
without leaving noticeable residue, this process is difficult 
and, in general, the use of epoxy repairs in visible areas of 
concrete on hstoric structures is not recommended. 

Active structural cracks (which move as loads are 
added or removed) and thermal cracks (which move as 
temperatures fluctuate) must be repaired in a manner that 
will accommodate the anticipated movement. In some more 
extreme cases, expansion joints may have to be introduced 
before crack repairs are undertaken. Active cracks may 
be filled with sealants that will adhere to the sides of 
the cracks and will compress or expand during crack 
movement. The design, detailing, and execution of sealant 
repairs require considerable attention, or they will detract 
from the appearance of the historic building. The routing 
and cleaning of a crack, and installation of an elastomeric 
sealant to prevent water penetration, is used to address 
cracks where movement is anticipated. However, unless 
located in a concealed area of the concrete, this technique 
is often not acceptable for historic structures because the 
repair will be visually intrusive (Fig. 19). Other approaches, 
such as installation of a cementitious crack repair, may need 
to be considered even though this type of repair may be less 
effective or have a shorter service life than a sealant repair. 

Replacement 

If specific components of historic concrete structures are 
beyond repair, replacement components can be cast to 
match historic ones. Replacement of original concrete 
should be carefuIly considered and viewed as a method of 
last resort. In some cases, such as  for repeated ornamental 
units, it may be more cost-effective to fabricate precast 
concrete units to replace missing elements. The forms 
created for precast or cast-in-place units can then be used 
again during future repair projects. 

Careful mix formulation, placement, and finishing are 
required to ensure that replacement concrete units will 
match the historic concrete. There is often a tendency to 
make replacemenk concrete more consistent in appearance 
than the original concrete. The consistency can be in 
stark contrast with the variability of the original concrete 

Figitre 19. A high-speed grinder ia used to widen a crack in 
p r ~ n r a t i o n  for i)rstoilntion of a sealant. This process is called 
"roufing." Aftrr ihr crack is pr~ynred, the sealar~t i s  installed to 
prezrnt moist urc itlfiltmtion through the crack. Although seulant 
rt~poirs m n  provide a dlrrable, wwntertigh f repair for ~tloving crnch, 
tI1t-y fend to be very visible. 

due to original construction techniques, architectural 
design, or differential exposure to weather. Trial repairs 
and mock-ups are used to evaluate the proposed 
replacement concrete work and to refine construction 
techniques (Fig 20). 

Protection Systems 

Coatings and Penetrating Sealers. Protection systems 
such as a penetratjng sealers or film forming coating 
are often used with non-historic structures to protect 
the concrete and increase the length of the service life 
of concrete repairs. However, film-forming coatings 
are often inappropriate for use on a historic structure, 
unless the structure was coated historically. Film- 
forming caatings will often change the color and 
appearance of a surface, and higher build coatings can 
also mask architectural finishes and ornamental details. 
For example, the application of a coating on concrete 
having a formboard finish may hide the wood texture 
of the stirface. Pigmented film-forming coatings are 
also typically not appropriate for use over exposed 
aggregate concrete, where the uncoated exposed surface 
contributes significantly to the historic character of 



Figure 20. la) The JeJJewn Dmis Memmial in Fairview, Kentucky, 
cons!rucfed from 1917-1924, is 351 f i t  fall and c o n s f n r c ~  of 
u ttreinforced concrete. The walls of the memorial are 8fwt thick at the 
bnsc arrd 2&i thickat the fop of the wulL Access to the monumnt 
for inmtigation was pmaided by rupll ing techniqws, while ground 
~ ~ p p ~ r t r d  and s u s p u M  suifi1ding WUS used to -SS the odna during 
repairs. {b) The conmtc was seowely deteriorated at isolated lmtimq, with 
spalling and damagefrom cycl icfreezing and thawing ojmtrappd water. 
In addifion, previous repin urn  at the end of their m i c e  1Iife and removal 
of deteriorated concrete and failed previous repairs was required. Light 
duty chipping h~mrners were used to m i d  dmnage lo adjacent materid 
when rernoning deteriorated umcrete to fhe l e d  of sound concmle. kc) 
Field samples were &rmd to match the calor,pnish, and textuw ofthe 

I original concrete. A challenge irt mdching of historic concrete is achieving 
variabil ify ofappmrance. (dl d)  complefed s u ~ m  a@ ~ i r s  exhibits 
intentional vard i l i t y  ofthe concrete surfice to match the appearance of 
the original mcrete. Someformwork inipufictions that wvuld normally be 
mnod by finishing were intenCiorraIly lefi in place, to mplicafe the highly 
h b l r f i n i s h  ofthe aiginol concrete. (el Th je$mm h i s  Mntorial 
ajer completion of repaim in Z M .  Photo e: Joseph Lenzi, %dmr Campbell 
6 Associates, he. 



concrete. In cases where the color of a substrate needs to 
be changed, such as to modify the appearance of existing 
repairs, an alternative to pigmented film-forming coatings is 
the use of pigmented stains. 

Many proprietary clear, penetrating sealers are currently 
available to protect concrete substrates. These products 
render fine cracks and pores within the concrete 
hydrophobic; however, they do not bridge or fill cracks. 
Clear sealers may change the appearan= of the concrete in 
that treated areas b m e  more visible after ram in contrast 
to the more absorptive areas of original concrete. Once 
applied, penetrating sealers m o t  be effectively removed 
and are therefore considered irreversible. They sh~uld 
not be used on historic concrete without thorough prior 
consideration. However, clear penetrating sealers provide 
an important means af protection for historic concrete that 
is not of god quality and can help to avoid more extensive 
f u k e  repairs or replacement. Thus they are sometimes 
appropriate for use on historic concrete. Once applied, t h w  
sealers will require periodic re-application. 

Waterproofing membraws are systems used to protect 
concrete surfaces such as mfs, terraces, plazas, or balconies, 
as well as surfaces below grade. Systems range from coal 
tar pitch membranes used on older buildings, to asphalt or 
urethane-based systems. On historic buildings, membrane 
systems are typically used d y  on surfaces that were 
originally protected by a similar system a d  surfaces that are 
not visible fknn grade. Waterprmhg membranes may be 
cwered by roofin% paving or other architectural finishes, 

Labratory and field testing is tecornmaded prior to 
application of a protection system or treatment on any 
concrete structure; testing is even more critical for historic 
structures h u s e  many such treatments are not reversible. 
As with other repairs, trial samples are important to 
evaluate the effectiveness of the treatment and to determine 
whether it will harm the concrete or affect its appearante. 

Cathodic Protection. Corrosion is an electrochemical 
process in which electrons flow betwen cathodic (positively 
charged) and anodic (negatively charged) areas on a 
metal surface; corrosion occurs at the anodes. Cathdic 
protection is a technique used to control the corrosion of 
metal by making the whale metal surface the cathcde of 
an electrorhemical cell. This technique is used to protect 

, metal structures from corrosion and is also sometimes 
wed to pmtec t steeI reinforcement embedded in concrete. 
For reinforced concrete, cathodic protection is typically 
accomplished by connecting an auxiliary anode to the 
reinforcing so that the entire reinforcing bar becomes a 
cathode. h sacrificial anode (pawive) systems, current flaws 
naturally by galvanic action be tween the less noble m d e  
(such as zinc) and the cathode. In impressdament (active) 
systems, current is impressed between an inert anode 
(such as titanium) and the cathode. Cathodic protection is 
intended to reduce the rate of corrosion of embedded steel 
in concrete, which in turn reduces overall deterioration. 
Protecting embedded steel from corrosion Mps to prevent 
concrete cracking and spa-. 

Imp&-current cathodic protection is the most 
effective means of mitigating steel corrosion and has 
been used in practical structural applications since the 
1 9 7 0 ~ ~  However, impressed-cumnt cathodic protection 
systems are typically the most costly to install and 
require substantial ongoing monitoring, adjustment, 
and mainhanee to ensure a proper voltage output 
(protection cummt) over time. Sacrificial anode cathodic 
protection dates back to the 1800s, when the h u b  of 
ships were protected using this technology. Today 
many industris u t i lh  the concept of sadad anode 
cathodic protection lor the protection of steel exposed 
to corrosive environments. It is less costly than an 
im pressed-current system, but is somewhat less effedive 
and requires reapplication of the anode when it becomes 
depleted. 

Re-alkalization. Another technique m t l y  available 
to protect concrete is reahhation, which is a process 
to restore the alkalinity of carbonated concrete. The 
beatmen t involves soaking the concrete witA an alkaline 
solution, in some cases forcing it into the concrete to 
the level of the reinforcing steel by passage of dim3 
current. These actions incmase the alkabuty of the 
concrete around the reinforcement, thus restoring the 
protective alkaline environment for the reinforcement. 
Like impressed-current cathodic protection methds, it 
is costly. Other corrosion methods are also available but 
have a somewhat shorter history of use. 

Careful evaluation of existing conditions, the causes and 
nature of distress, and environmental factors is essentid 
before a protection method is selected and implemented. 
Not every protection system will be effective on each 
structure. In addition, the level of intrusion caused by 
the protection system must be carefully evaluated before 
it is used on a historic concrete structure. 

Summary 

In the United States, concrete has been a popular 
construction makrial since the late nineteenth century 
and m t l y  has gained greater recognition as a historic 
material. Pmervatian of historic concrete requires a 
thorough understanding of h e  causes and types of 
deterioration, as weU as of repair and replacement 
materials and methods. It is important that adequate 
time is alloffed during the planning phase of a project 
to provide for trial repairs and mmk-ups in order 
to evaluate the effectiveness and aesthetics of the 
repairs. Careful design is essenti J and, as with other 
preservation efforts, the skill of those performing 
the work is critical to the success of the repairs. The 
successful repair of many historic concrete structures 
in recent years demonstrates that the techniques and 
materials now available can extend the life of such 
structures and help ensure their preservation. 
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PROGRAMMATIC AGREEMENT 
AMONG  

THE FEDERAL HIGHWAY ADMINISTRATION, 
THE MARYLAND STATE HIGHWAY ADMINISTRATION, 

THE ADVISORY COUNCIL ON HISTORIC PRESERVATION AND 
THE MARYLAND STATE HISTORIC PRESERVATION OFFICER  

REGARDING  
SHA’s HISTORIC HIGHWAY BRIDGES IN MARYLAND 

 
 WHEREAS, the Federal Highway Administration (FHWA) administers the Federal Aid 
Highway Program (FAHP) in Maryland authorized by 23 U.S.C. 101 et seq. through the 
Maryland State Highway Administration (SHA) (23 U.S.C. 315); and 
 
 WHEREAS, the FHWA has determined that the FAHP may be used to rehabilitate or 
replace SHA-owned or controlled highway bridges listed in or eligible for listing the National 
Register of Historic Places (National Register) (hereafter referred to as “historic bridges”); and 
 
 WHEREAS, the FHWA has consulted with the Advisory Council on Historic 
Preservation (Council) and the Maryland State Historic Preservation Officer (MD SHPO) 
pursuant to the Council’s regulations found at 36 CFR §800.14(c) implementing Section 106 of 
the National Historic Preservation Act (NHPA) (16 U.S.C. §470f); and 
 
 WHEREAS, the Maryland State Highway Administration (SHA) has participated in the 
consultation, has responsibilities under this agreement, and has been invited to be a signatory to 
this Programmatic Agreement (PA); and 
 
 WHEREAS, the FHWA and SHA have identified and invited the following parties to 
consult in the Section 106 process for the development of this PA:  Maryland County Historic 
Preservatin and Historic District Commission, Maryland Certified Heritage Areas, Maryland 
Scenic Byways Commission, Preservation Maryland and the National Park Service – National 
Capital Region; and 
 
 WHEREAS, the SHA administers state funded bridge projects as defined in Section  
2-103.1 of the Transportation Article, and the SHA and MD SHPO agree that the fulfillment of 
the terms of this PA for state funded projects will satisfy the SHA’s responsibilities under the 
requirements of the Maryland Historical Trust Act of 1985, as amended, State Finance and 
Procurement Article §§ 5A-325 and 5A-326 of the Annotated Code of Maryland (Act); and 
 
 WHEREAS, the SHA has a staff of cultural resource specialists who meet the 
professional qualifications in 36 CFR Part 61 Appendix A in the fields of architectural history, 
history and archeology, to carry out its historic preservation programs and responsibilities, 
including the implementation of the provisions of this PA; and, 
 
 WHEREAS, the provisions of the PA only apply to projects involving SHA-owned or 
controlled historic bridges in Maryland; 
 
 NOW, THEREFORE, the FHWA, Council, MD SHPO and SHA agree that the 
rehabilitation or replacement of SHA-owned and controlled historic bridges shall be administered 
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in accordance with the following stipulations, exercising reasonable judgment and good faith, to 
satisfy the FHWA’s Section 106 responsibilities for all individual undertakings of the program. 
 

STIPULATIONS 
 

 FHWA will ensure that the following measures are carried out: 
 
I. Purpose  
 

A. This PA sets forth the process by which the FHWA will meet its responsibilities under 
Sections 106, 110(d), and 110(f) of the NHPA with the assistance of the SHA, for SHA-
owned or controlled historic highway bridge projects assisted by the FAHP.  
Furthermore, the PA institutes the process by which the SHA will meet its responsibilities 
under the Act for certain state funded activities.  This PA establishes the basis for SHA’s 
administration of its Historic Highway Bridge Program and establishes how the FHWA 
and the MD SHPO will be involved in both the Program and individual bridge projects 
under the Program. 

 
B. The SHA proposes to administer its Historic Highway Bridge Program in accordance 

with this PA, in order to manage its assets and ensure that SHA’s engineering heritage is 
preserved and protected for the benefit of Maryland’s citizens.  This PA identifies the 
program’s key components including designation of three treatment categories for SHA-
owned and managed historic bridges: 
1. Preservation Priority Historic Bridges (Listed in Attachment A): historic bridges 

designated for indefinite preservation;  
2. Eligible Historic Bridges (Listed in Attachment B): historic bridges that will be 

maintained and preserved, when feasible, and are subject to a streamlined review 
process; and 

3. Non-Priority Historic Bridges (Listed in Attachment C):  historic bridges that do not 
require preservation in place and are subject to a streamlined review process and 
standard mitigation treatments.  

 
C. The PA addresses provisions for the appropriate management and corresponding review 

processes for historic bridges in each of the three treatment categories.  It provides 
streamlined review procedures under certain circumstances, standardized mitigation 
treatments for Non-Priority Historic Bridges, measures for coordination with Maryland 
Heritage Areas and Scenic Byways, and use of design exceptions and variances.   In 
addition, the PA includes measures for bridge stewardship and outreach efforts, as 
resources allow.   

 
II. Applicability 
 

A. Applicability:  This PA applies to any FHWA assisted and state funded work conducted 
on SHA-owned or controlled eligible historic bridges including, but not necessarily 
limited to, bridge maintenance, preservation, rehabilitation, restoration, reconstruction, 
relocation, and/or replacement projects, and projects containing any or all elements of the 
above project types.  This PA also applies to any SHA state-funded bridge projects and/or 
state funded bridge projects requiring a US Army Corps of Engineers (COE) permit on 
SHA-owned or controlled historic bridges.  For SHA’s non-FHWA funded bridge 
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replacement projects requiring a COE permit, the COE is the lead federal agency for 
Section 106 purposes and SHA must coordinate with the COE.  

 
B. Effect on Existing Agreements:  The measures contained in this PA do not supersede 

stipulations contained in previously executed Memoranda of Agreement regarding the 
rehabilitation or replacement of individual historic bridges in Maryland.  Furthermore, 
this PA does not replace those provisions for minor bridge and small structure work 
established in SHA’s 2008 Amended Programmatic Agreement for Minor Highway 
Projects (or any subsequent amendment). 

 
C. Non-SHA Owned Historic Bridges in Maryland:  The provisions of this PA do not apply 

to historic bridges in Maryland owned by local governments, federal agencies, or other 
entities.  Nonetheless, the signatory parties to this PA agree that the treatment principles, 
guidance, and review considerations contained herein may be relevant to non-SHA 
owned historic bridges.  FHWA, SHA and the MD SHPO will promote the appropriate 
stewardship of non-SHA owned historic bridges in Maryland through their respective 
agency programs, where appropriate.   

 
III. Identification of SHA Historic Bridges 
 

A. Inventory Efforts:  In 1995, SHA began its comprehensive efforts to identify bridges 
eligible for the National Register on Maryland’s state and county highways, in 
consultation with the MD SHPO.   These initial efforts resulted in the preparation of the 
Historic Highway Bridges in Maryland: 1631-1960: Historic Context Report (Spero & 
Company and Berger & Associates, 1995), which included an inventory of SHA owned 
bridges constructed between 1809 and 1947. SHA evaluated the National Register 
eligibility of the identified bridges under Criterion C, at a state level of significance, and 
obtained concurrence from the MD SHPO with its determinations on July 27, 2001.  SHA 
has continued to identify and evaluate individual bridges on a case by case basis, in 
consultation with the MD SHPO.   SHA completed a second comprehensive evaluation of 
SHA owned bridges constructed between 1948-1965 that resulted in the preparation of 
the Phase II State Historic Bridge Context & Inventory of Modern Bridges, Survey 
Report and Assessments of Significance (URS 2004) and “Tomorrow’s Roads Today,” 
Expressway Construction in Maryland 1948-1965 (Bruder 2010). SHA coordinated its 
inventory efforts with the MD SHPO, FHWA, and other relevant parties (such as local 
governments, historic preservation commissions and heritage areas).   

 
B. Historic Bridges Subject to the PA:  The attachments to this PA include SHA-owned 

bridges that SHA, with concurrence by the MD SHPO, determined eligible for the 
National Register based on consultation through September 2010.  Those bridges that are 
not individually eligible but may be eligible as contributing elements to a historic district 
may not be included in the attachments.  Attachments A-C list all the SHA-owned and 
controlled historic bridges determined eligible for the National Register by SHA in 
consultation with the MD SHPO, organized by treatment category: 
1. Attachment A:  Preservation Priority Historic Bridges - 17 historic bridges designated 

for long term preservation;  
2. Attachment B:  Eligible Historic Bridges - 91 historic bridges that may be preserved 

when feasible; and 
3. Attachment C:  Non-Priority Historic Bridges - 60 historic bridges that do not require 

preservation.  
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C. Inventory Updates and Revisions to Attachments A-C:  SHA shall continue to identify 
and evaluate the National Register eligibility of its bridges on a comprehensive or case by 
case basis as need arises, in consultation with the MD SHPO and any other relevant 
parties. The SHA may modify Attachments A-C to reflect the results of any inventory 
updates based on consultation and mutual agreement between SHA and the MD SHPO.  
SHA shall provide copies of any revised attachments to this PA to the signatory parties 
with its annual report produced pursuant to Stipulation XIII of the PA. 

 
IV. Responsibilities of the FHWA, the SHA and the MD SHPO 
   

A. In compliance with its responsibilities under the NHPA, and as a condition of its award to 
SHA of any assistance for bridge rehabilitation or replacement projects under the FAHP, 
the FHWA shall require the SHA to carry out the provisions of this PA to meet the 
requirements of 36 CFR Part 800, and the applicable Council standards and guidelines, 
for all of SHA’s historic bridge projects included in Attachments A-C that receive 
Federal assistance.  The SHA shall implement the terms of this PA, where applicable, to 
fulfill its responsibilities under the Act for state funded actions.  The FHWA and the MD 
SHPO will participate in the process as specified in subsequent stipulations. 

 
B. SHA cultural resource professionals will be responsible for implementing the 

requirements of this PA that are delegated to SHA.   
 

C. SHA will strive to maintain in-house engineering expertise related to the treatment of 
historic bridges either on its staff or through consultant services, whose responsibilities 
will include overseeing work on its historic bridges in accordance with this PA.   

 
D. The SHA will include information about National Register eligibility status of 

inventoried bridges in its internal databases used by its cultural resources, project 
planning and structures personnel.   

 
V. Guidelines, Standards, Regulations, Contexts and Management Plans 
 

Guidelines, standards, regulations, contexts and management plans relevant to this PA and its 
purposes include: 

 
 36 CFR Part 800: Protection of Historic Properties (2004); 
 Exemption Regarding Historic Preservation Review Process for Effects to the Interstate 

Highway System (Federal Register, 11928-11931); 
 Secretary of Interior’s Standards for Treatment of Historic Properties (36 CFR Part 68); 
 Historic Highway Bridges in Maryland: 1631-1960: Historic Context Report (Spero & 

Company and Berger & Associates, 1995);  
 Phase II State Historic Bridge Context & Inventory of Modern Bridges, Survey Report 

and Assessments of Significance (URS 2004); 
 ’Tomorrow’s Roads Today,’ Expressway Construction in Maryland 1948-1965 (Bruder 

2010); 
 Management Plan for Historic Highway Bridges (KCI Technologies, Inc. & 

Tran|Systems/Lichtenstein, April 2010); 
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 Standards and Guidelines for Architectural and Historical Investigations in Maryland 
(Maryland Historical Trust 2000); and 

 Standards and Guidelines for Archeological Investigations in Maryland (Shaffer and 
Cole, 1994). 

  
VI. Treatment of Preservation Priority Historic Bridges 
 

SHA has selected seventeen (17) historic bridges, listed in Attachment A, for its treatment 
category, Preservation Priority Historic Bridges, for preservation in perpetuity to the 
maximum extent possible.  SHA completed the Management Plan for Historic Highway 
Bridges (KCI Technologies, Inc. & Tran|Systems/Lichtenstein, April 2010) (Management 
Plan), which includes individual management plans for the preservation of the priority 
bridges, as well as general guidance for best practices. 

 
A. Preservation and Maintenance:  SHA will maintain and preserve the Preservation Priority 

Historic Bridges listed in Attachment A.  In accordance with the specific bridge 
management plan developed for each of these bridges, SHA will incorporate measures 
that may involve repair, strengthening or replacement of bridge components and/or 
design exceptions directed at keeping the preservation priority historic bridges in long-
term use.  For practical purposes, “long-term” is taken to mean 20 years into the future.  
A 20-year window was chosen as an upper limit of how far reasonable predictions can be 
made regarding how any given bridge will react to its existing and proposed environment 
with the information that is available at the time preservation activities are planned.  All 
repair, strengthening or replacement of bridge components will follow the recommended 
approaches of the Secretary of Interior’s Standards for Treatment of Historic Properties, 
as well as the guidance contained in the individual management plans that will be found 
in the Management Plan. 
 

B. Bi-Annual Inspection:  In order to determine if any of the Preservation Priority Historic 
Bridges listed in Attachment A require repair or rehabilitation, SHA will inspect each 
bridge on a two-year cycle and report the inspection results to the Office of Structures 
(OOS) Structures Remedial Engineer in charge of the bridge. 

 
C. Training for SHA Structures Maintenance Personnel:  Within one (1) year of the signing 

of this PA and annually thereafter, SHA’s Office of Planning and Preliminary 
Engineering (OPPE) and OOS will provide training to SHA structures engineers, 
structures inspectors and district maintenance workers as well as cultural resources 
professionals in order to ensure that appropriate maintenance treatments are being applied 
to the 17 bridges identified for preservation priority.  The training will be provided either 
during the annual bridge inspection training class or other appropriate training and 
scheduled through the Learning Management System for SHA employees. 

 
D. Funding for Preservation Priority Historic Bridges:  Recognizing that individual bridge 

projects will occur on different schedules depending on available funding sources and 
individual bridge needs, SHA will begin actively seeking funds for preservation and 
rehabilitation of the 17 bridges using traditional funding sources on an as-needed basis 
within one (1) year of the signing of this PA. If needed, additional state and federal 
funding sources will be sought.   
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E. Considerations for Replacement of Preservation Priority Bridges:   
 

1. If SHA determines that preservation of a Preservation Priority Historic Bridge is no 
longer feasible, SHA will thoroughly investigate all prudent and feasible alternatives, 
including the following options, before selecting the replacement alternative: 
 No build; 
 Minor structural rehabilitation to the existing bridge for continued vehicular use; 
 Reducing traffic volumes on the existing bridge, including one-way pair; 
 Bypassing and preserving the existing bridge in place; and 
 Relocating the existing bridge to another site. 
 

2. If a Preservation Priority Historic Bridge is bypassed or relocated, SHA will develop 
an alternative management plan for the bridge’s continued use as an integral part of a 
pedestrian or other type of facility. 
 

3. If a Preservation Priority Historic Bridge needs to be replaced, appropriate additional 
efforts will be determined by the signatories of this PA to mitigate the loss of that 
bridge, through the consultation process noted in Stipulation VI.E.7 below.  
Examples of appropriate mitigation may be the development of a bridge design that 
would reflect both the state of twenty-first century bridge design and SHA’s 
engineering heritage (e.g., a concrete arch bridge), or providing funding to improve 
another preservation priority historic bridge or identifying an eligible historic bridge 
listed in Attachment B which can be designated as a Preservation Priority Historic 
Bridge.  

 
4. If an Eligible Historic Bridge is made a Preservation Priority Historic Bridge, SHA 

will develop an individual management plan for that bridge in consultation with the 
MD SHPO as part of the mitigation for the loss of the other bridge. 

 
5. If a proposed project subject to this PA includes work on any bridge listed in 

Attachment A, the SHA will review the project in order to determine if it may have 
an adverse effect on the bridge or any other historic and archeological properties in 
the area of potential effects, applying the Criteria of Adverse Effect set forth in 36 
CFR §800.5(a)(1). 

 
6. Status Report:  SHA will provide annual updates to FHWA and MD SHPO on the 

status of the bridge preservation efforts in conjunction with the annual review 
pursuant to Stipulation XIII of this PA. 

 
7. Review Process for Preservation Priority Historic Bridges:  Considering the 

prominent status of the Preservation Priority Historic Bridges, SHA, FHWA and the 
MD SHPO shall review all undertakings involving Preservation Priority Historic 
Bridges in accordance with the standard review process established in 36 CFR Part 
800 and the Act (where applicable) and shall include appropriate consulting parties as 
defined at 36 CFR §800.2 in the consultation process.   
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VII. Treatment of Eligible Historic Bridges 
 

SHA has assigned ninety-one (91) historic bridges, listed in Attachment B, to the treatment 
category Eligible Historic Bridges.   SHA will continue to maintain and preserve these 
bridges, in accordance with relevant guidance contained in the Management Plan, as feasible.  
Since these bridges may not be ideal candidates for long-term preservation in place, SHA will 
manage these structures on a case-by-case basis.  Rehabilitation, adaptive use, relocation, 
demolition and replacement are all possible treatment options for this bridge category.  The 
signatory parties to this PA agree that a streamlined approach to the review of projects that 
result in no adverse effects to Eligible Historic Bridges is appropriate, as established below.   

 
A. Review Process for Eligible Historic Bridges:   

 
1. If a proposed project subject to this PA includes work on any bridge listed in 

Attachment B, the SHA will review the project in order to determine if it may have 
an adverse effect on the bridge or any other historic and archeological properties in 
the area of potential effects (APE),, applying the Criteria of Adverse Effect set forth 
in 36 CFR §800.5(a)(1). 

 
2. SHA will use the Secretary of the Interior’s Standards for the Treatment of Historic 

Properties and the guidance contained in the Management Plan in order to assess 
whether or not the proposed work would constitute an adverse effect.   

 
3. If SHA determines that the project may constitute an adverse effect, they will seek to 

avoid such effects by incorporating the treatments and guidance contained in the 
Management Plan.   SHA shall consider a full range of project alternatives, 
including: no action; construct a new structure at a different location without 
affecting the historic integrity of the old bridge; and rehabilitate the historic bridge 
without affecting the historic integrity of the structure.  

 
4. The FHWA, MD SHPO, SHA and the Council agree that following the Review 

Process for Eligible Historic Bridges includes all possible planning to minimize 
effects to the historic bridge.   

 
B. No Adverse Effects:  

 
1. If SHA determines that the proposed undertaking will have no adverse effect on 

historic properties, no further consultation with the MD SHPO is required.   
 

2. SHA shall document its review and no adverse effect determination on a SHA 
Historic Bridge Review Form (Attachment E).  SHA does not need to provide the 
MD SHPO with a copy of its SHA Historic Bridge Review Forms, but will provide a 
list of all such forms it handles in a given calendar year as part of its annual report, 
pursuant to Stipulation XIII.   

 
3. SHA may request written concurrence from the MD SHPO for its determination of no 

adverse effect for any project subject to this Stipulation, if desired.     
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4. For projects SHA reviews under this Stipulation, it will provide notification and 
opportunities for input from interested parties by copying the relevant local 
government Planning and Zoning Office, Certified Heritage Area, Scenic Byway, or 
other appropriate entity on its SHA Historic Bridge Review Form.  SHA may copy 
other organizations at its discretion or upon request.   

 
5. If SHA receives comments from the other parties, SHA will provide a copy of the 

documentation to the MD SHPO and consult with all relevant parties to resolve any 
issues or handle the individual project review under the standard 36 CFR Part 800 
process.    

 
C. Resolution of Adverse Effects:   

 
1. If SHA determines that the undertaking will have an adverse effect on an Eligible 

Historic Bridge, and that that there are no viable alternatives that would avoid 
causing adverse effects, it will consult with the MD SHPO, FHWA, and any other 
identified consulting parties, pursuant to 36 CFR §800.6 to resolve the adverse 
effects.    

 
2. SHA will develop and implement a Memorandum of Agreement (MOA) in 

coordination with the consulting parties outlining a mitigation plan for the Eligible 
Historic Bridge.  Mitigation plans may include, but are not limited to, developing 
information about types of technology and engineering data related to the affected 
eligible bridge(s); providing copies of original plans, photographs, and new MIHP 
forms to the MD SHPO or other appropriate repository; Historic American 
Engineering Record (HAER) recordation; salvage of elements for curation, public 
education, reuse or incorporation into a new bridge; design review of the replacement 
bridge, where applicable; or other appropriate measure. 

 
VIII. Treatment of Non-Priority Historic Bridges  
 

SHA has assigned sixty (60) historic bridges, listed in Attachment C, to the treatment 
category Non-Priority Historic Bridges.  SHA will continue to maintain these bridges, in 
accordance with relevant guidance contained in the Management Plan, as feasible.  Since 
these bridges are representative examples of their type and not ideal candidates for long-term 
preservation in place, demolition and replacement are possible treatment options for this 
bridge category, when maintenance and rehabilitation are no longer feasible and cost 
effective options for these bridges.  The signatory parties to this PA agree that a streamlined 
approach to the review of projects that result in no adverse effects to Non-Priority Historic 
Bridges is appropriate, as established below.  Furthermore, since SHA has generated 
sufficient documentation regarding these bridges as part of its historic bridge inventory 
efforts, the signatory parties agree to resolve any adverse effects to these resources through 
the use of standard mitigation treatments. 

 
A. Review Process for Non-Priority Historic Bridges:  

 
1. If a proposed project for the type of undertakings listed in the Applicability section of 

this PA includes work on any bridge in Attachment C, the SHA will review the 
project in order to determine if it may have an adverse effect on the bridge or any 
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other historic and archeological properties in the APE, applying the Criteria of 
Adverse Effect set forth in 36 CFR §800.5(a)(1). 

 
2. SHA will use the Secretary of the Interior’s Standards for the Treatment of Historic 

Properties and the guidance contained in the Management Plan in order to assess 
whether or not the proposed work would constitute an adverse effect.  If SHA 
determines that the project may constitute an adverse effect, they will seek to avoid 
such effects by incorporating the treatments and guidance contained in the 
Management Plan.   

 
B. No Adverse Effects:  

 
1. If SHA determines that the proposed undertaking will have no adverse effect on 

historic properties, no further consultation with the MD SHPO is required.   
 

2. SHA shall document its review and no adverse effect determination on a SHA 
Historic Bridge Review Form (Attachment E).  SHA does not need to provide the 
MD SHPO with a copy of its SHA Historic Bridge Review Forms, but will provide a 
list of all such forms it handles in a given calendar year as part of its annual report, 
pursuant to Stipulation XIII.   

 
3. SHA may request written concurrence from the MD SHPO for its determination of no 

adverse effect for any project subject to this Stipulation, if desired.     
 

4. For projects SHA reviews under this Stipulation, it will provide notification and 
opportunities for input from interested parties by copying the relevant local 
government Planning and Zoning Office, Certified Heritage Area, Scenic Byway, or 
other appropriate entity on its SHA Historic Bridge Review Form.  SHA may copy 
other organizations at its discretion or upon request.   

 
5. If SHA receives comments from the other parties, SHA will provide a copy of the 

documentation to the MD SHPO and consult with all relevant parties to resolve any 
issues or handle the individual project review under the standard 36 CFR Part 800 
process.    

 
C. Resolution of Adverse Effects Through Standard Mitigation Treatments:   

 
1. If SHA determines that the undertaking will have an adverse effect on a Non-Priority 

Historic Bridge, and that there are no viable alternatives that would avoid causing 
adverse effects, SHA will notify the MD SHPO, FHWA, and any other identified 
consulting parties, of its intent to resolve the adverse effect by implementing the 
Standard Mitigation Treatment for Non-Priority Historic Bridges.   

 
2. When using a Standard Mitigation Treatment, execution of a MOA to resolve the 

adverse effect is not warranted for this bridge category, unless the MD SHPO, 
FHWA or other consulting party object to the use of Standard Mitigation Treatments 
within thirty (30) days of SHA’s notification.    

 
3. If SHA receives comments from the other parties, SHA will provide a copy of the 

documentation to the MD SHPO and consult with all relevant parties to resolve any 
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issues or handle the individual project review under the standard 36 CFR Part 800 
process.    

 
4. SHA shall ensure that the mitigation, either a Standard Mitigation Treatment or other 

negotiated measure under a MOA, is completed prior to demolition of the historic 
bridge.    

 
D. Standard Mitigation Treatment for Non-Priority Historic Bridges:  The signatory parties 

to this PA agree that SHA may employ the following standard treatment to mitigate the 
adverse effect of an undertaking on a Non-Priority Historic Bridge. 

 
1. SHA shall prepare a recordation package to mitigate an undertaking’s adverse effect 

on a Non-Priority Historic Bridge listed in Attachment C. 
 

2. SHA prepared Determination of Eligibility (DOE) Forms for all 60 Non-Priority 
Historic Bridges in October 2009.  This documentation includes a full description of 
the bridge, a brief historic context, mapping and photographs.  To serve as the 
Standard Mitigation Treatment recordation package, SHA shall convert the existing 
DOE forms into the MD SHPO’s Addendum Sheet format, as illustrated in 
Attachment D.  This documentation shall fulfill SHA’s mitigation requirement for all 
Non-Priority Historic Bridges.   

 
3. SHA may provide the MD SHPO with a single recordation package for all 60 Non-

Priority Historic Bridges or may prepare and submit the documentation on a project-
by-project basis.  SHA shall ensure that all recordation packages for the bridges listed 
in Attachment C are provided to the MD SHPO within five (5) years from the 
execution of this PA.   

 
4. SHA shall include a list of all the bridges it handled through Standard Mitigation 

Treatment for Non-Priority Historic Bridges for each given calendar year in its 
Annual Report produced pursuant to Stipulation XIII of this PA.  
 

IX. Coordination with Maryland Heritage Areas and Maryland Scenic Byways 
 

SHA shall identify if an undertaking subject to this PA includes work within in a 
Certified Heritage Area or along a Maryland Scenic Byway.  SHA shall make sure that 
any such undertaking supports the objective and mission of the affected heritage area 
and/or scenic byway and that the project is designed in a manner that acknowledges the 
area’s unique history, culture, natural resources and heritage tourism goals.  SHA shall 
coordinate with and take into consideration the views of heritage area authorities, tourism 
agencies and any other consulting parties during project planning and implementation. 

 
X. Potential Effects to Other Historic Properties from Bridge Projects   
 

A. SHA will review all undertakings subject to this PA in order to determine if the 
undertaking has the potential to affect other historic properties, including archeological 
sites, or has unanticipated effects on historic properties for any project.  If there are other 
historic properties within the APE that may be affected by the undertaking, SHA will 
follow the standard consultation requirements of 36 CFR Part 800. 
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B. At SHA’s discretion, or upon the written request of FHWA, the MD SHPO, or other 
relevant party, SHA may review any project subject to this PA in accordance with the 
standard review process established in 36 CFR Part 800 and the Act (where applicable) 
and shall include appropriate consulting parties as defined at 36 CFR §800.2 in the 
consultation process.   

 
XI. Use of Design Exceptions and Variances 
 

A. FHWA and SHA strongly encourage the development of historic bridge projects in a 
context sensitive manner, including the use of design exceptions and variances when 
practical. 

 
B. SHA will work with FHWA to investigate incorporating design exceptions for each 

project affecting the 17 Preservation Priority Historic Bridges.  Design exceptions that 
would be investigated and applied to on a case-by-case basis include sight distances, 
vertical and horizontal curve clearances, shoulder widths, and geometric improvements.   

 
C. For projects that meet the requirements for Highway Bridge Replacement and 

Rehabilitation Program (HBRRP) funding, FHWA will work with SHA on a project-by-
project basis to maintain the historic integrity of the bridge while keeping it in service 
using exceptions to the standards when deemed appropriate. 

 
XII. Bridge Stewardship and Outreach Efforts 
 

SHA appreciates that the historic bridges under its ownership and control embody significant 
structures reflecting Maryland’s rich history, technology, engineering, and transportation 
accomplishments and these bridges are important to the interests of the State and its citizens.   
SHA will promote awareness and appropriate stewardship of Maryland’s historic bridges 
through the measures listed below, as funding and resources allow.    

 
A. National Register of Historic Places Nominations: SHA will nominate the Preservation 

Priority Historic Bridges to the National Register.  SHA will submit at least two bridge 
nominations per year to the MD SHPO, as funds are available for the nomination work.  
SHA shall develop the nomination package(s) in accordance with the National Register 
Bulletin How to Complete the National Register Form and all other applicable guidance 
from the National Park Service and the MD SHPO.  SHA shall submit the completed 
National Register nomination(s) to the MD SHPO for review and approval. SHA shall 
revise the nomination package(s) in accordance with any MD SHPO comments. Once 
approved by the MD SHPO, the MD SHPO shall forward the nomination(s) to the 
Keeper of the National Register of Historic Places for listing.   
 

B. Updating SHA’s Historic Bridges Web Pages and Creation of a Maryland National 
Register Historic Bridges Web Page:  Within one (1) year of the signing of this PA, SHA 
will work with FHWA, and MD SHPO, to update its Maryland Historic Bridges portion 
of its web site.  Updates will include but are not limited to the following items: a copy of 
the executed PA, the Management Plan, the individual bridge management plans, historic 
bridge contexts, guidance for best practices, high resolution scanned images of Maryland 
Inventory of Historic Properties (MIHP) bridge forms performed for FHWA funded 
projects, and high resolution digital images of documented bridges.  In addition, SHA 
will post new bridge studies or documentation to the Historic Bridges Web Pages, as 
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appropriate.  The MD SHPO will ensure that the listed bridges are included in the 
National Register web page that it maintains.    

 
C. Public Outreach:  SHA will seek opportunities to make presentations, publish articles, 

create posters, and/or implement other outreach measures about its Historic Highway 
Bridge Program during annual meetings or training sessions such as the Maryland Annual 
Preservation and Revitalization Conference, the County Engineers Association of 
Maryland’s Annual Meeting, the Maryland Association of Historic District Commissions 
(MAHDC) meetings, and other relevant events, as resources allow. 
 

D. Historic Bridge Plaques: SHA will install the metal plaques created for the Preservation 
Priority Historic Bridges listed in Attachment A within one (1) year of executing this PA. 

 
XIII. Annual Reporting 
 

A. Beginning June 30, 2013 and on or about the end of Maryland’s fiscal year for the 
duration of this PA, the SHA will prepare an annual report, addressing the topics listed 
below as relevant to the preceding calendar year, and provide it to the MD SHPO and 
FHWA:     
 List of project reviews completed for the Preservation Priority Historic Bridges;  
 List of project reviews completed for the Eligible Historic Bridges, noting relevant 

effect determinations and outcomes; 
 List of project reviews completed for the Non-Priority Historic Bridges, noting 

relevant effect determinations and outcomes; 
 Status of preparing the standard mitigation treatment for the 60 Non-Priority Historic 

Bridges; 
 Progress in developing and distributing design exceptions for historic bridges; 
 Progress in nominating the Preservation Priority Historic Bridges to the National 

Register; 
 Progress in updating the SHA Historic Bridge Web Pages; 
 Progress in outreach efforts; 
 Status of installing the plaques on the preservation priority historic bridges; 
 Updates on SHA’s Annual Bridge Candidates for New/Replacement Structure List; 
 Any problems or unexpected issues encountered during the year;  
 Any revisions to Attachments A – C; and 
 Any changes that SHA believes should be made in implementing the PA or the need 

for formal amendments to the agreement. 
 

B. At the request of any signatory party to this PA, SHA shall hold a meeting or meetings 
with the signatory parties to facilitate review and comment, to address questions, or to 
resolve any outstanding issues related to the implementation of the PA.   
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XIV. Coordination with Other Federal and State Review Processes 
 

For those projects covered by this PA that are also subject to coordination through other federal 
and state review processes that include the MD SHPO (such as joint federal/state permit 
applications to the Maryland Department of the Environment/Corps of Engineers and submittals 
to the Maryland State Clearinghouse for Intergovernmental Assistance), the SHA shall make a 
good faith effort to provide copies of the relevant SHA Historic Bridge Review Form as part of 
its joint permit application or State Clearinghouse notification.  Inclusion of this form as part of 
these other federal and state review processes will document the SHA’s compliance with Section 
106 and the Act for the associated activities and facilitate the MD SHPO’s review and 
processing of these activities under other federal and state review processes. 

 
XV. Dispute Resolution   
 

A. Should the MD SHPO or Council object within 30 days to any documentation submitted or 
actions proposed pursuant to this PA, the FHWA will ensure that the SHA consults with the 
objecting party to resolve the objection.  If the objection cannot be resolved, the FHWA will 
comply in accordance with 36 CFR §800.4 through 36 CFR §800.6.  FHWA's responsibility 
to comply with the stipulations of this PA for all other projects that are not the subject of the 
dispute will remain unchanged.   

 
B. When requested by any consulting party, the Council will consider FHWA’s findings under 

this PA.  The provisions of 36 CFR §800.9(a) on public requests to the Council will apply. 
 
 
XVI. Amendment 
 

Any signatory to this PA may request that it be amended, whereupon the parties shall consult 
to consider the proposed amendment.  

 
XVII. Termination 
 

Any party to this PA may terminate it by providing thirty days notice to the other signatories, 
provided that the parties will consult during the period prior to termination to seek agreement 
on amendments or other actions that would avoid termination. In the event of termination, the 
FHWA and MD SHA will comply with 36 CFR §800.4 through 36 CFR §800.6 with regard 
to individual undertakings covered by this PA. 

 
XVIII. Failure to Comply with Agreement 
 

In the event the FHWA or SHA do not carry out the terms of this PA, the FHWA or SHA will 
comply with 36 CFR §800.4 through 36 CFR §800.6 with regard to individual undertakings 
covered by this PA.    

 
XIX. Duration 
 

This PA shall become effective upon execution by FHWA, MD SHPO, the Council, and SHA 
and shall remain in effect for ten years or until December 31, 2022.     No later than 
December 31, 2021, FHWA will consult with the signatories to this PA to determine interest 
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in renewing this PA. The PA may be extended for additional terms upon the written 
agreement of the signatories. 
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Execution and implementation of this PA evidences that the FHWA has afforded the Council a 
reasonable opportunity to comment on its programs and their effects on historic bridge properties. 
 
 
FEDERAL HIGHWAY ADMINISTRATION 
 
 
 
BY: _______________________________________  Date: _______________ 
       Gregory Murrill, Division Administrator 
 
 
 
 
MARYLAND STATE HIGHWAY ADMINISTRATION 
 
 
 
BY: _____________________________________  Date: _______________ 
       Melinda B. Peters, Administrator 
 
 
 
 
MARYLAND STATE HISTORIC PRESERVATION OFFICER 
 
 
 
BY: _______________________________________  Date: _______________ 
       J. Rodney Little, State Historic Preservation Officer 
 
 
 
 
ADVISORY COUNCIL ON HISTORIC PRESERVATION 
 
 
 
BY: _____________________________________  Date: _______________ 
       John M. Fowler, Executive Director 
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LIST OF ATTACHMENTS 
 
 

 
ATTACHMENT A   LIST OF PRESERVATION PRIORITY HISTORIC BRIDGES 
 
ATTACHMENT B   LIST OF ELIGIBLE HISTORIC BRIDGES 
 
ATTACHMENT C   LIST OF NON-PRIORITY HISTORIC BRIDGES 
 
ATTACHMENT D SAMPLE ADDENDUM SHEET FORMAT FOR STANDARD 

MITIGATION OF NON-PRIORITY HISTORIC BRIDGES 
 
ATTACHMENT E SHA HISTORIC BRIDGE REVIEW FORM 
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ATTACHMENT E 
SHA HISTORIC BRIDGE REVIEW FORM 

 



 

 Historic Bridge Review Form 
 March 22, 2012 
Mr. J. Rodney Little 
State Historic Preservation Officer 
Maryland Historical Trust 
100 Community Place 
Crownsville MD 21032-2023 

Documentation of No Effect Determination 
(under the Programmatic Agreement for SHA’s Historic Highway Bridges in Maryland) 
Project: MD 173 over Stony Creek 
Funding Source: Federal Project Number: AX673B22 
Description of work  
The Maryland State Highway Administration (SHA) is proposing remedial repairs to Bridge No. 0204500  
on MD 173 (Ft. Smallwood Road) over Stony Creek in Anne Arundel County.  The proposed work  
includes cleaning and painting as well superstructure and substructure concrete repairs, steel retrofit  
repairs, in-kind replacement of steel channel diaphragms, fence rehabilitation, replacing compression seals  
with strip seals, and cast-in-place concrete repairs, where necessary.  All work will occur within existing  
SHA right-of-way. 

County: Anne Arundel 7.5' Topographic Map Name: Curtis Bay 
Project Type: NO EFFECT  NO ADVERSE EFFECT [WOULD NEED TO CHOOSE] 
Actions Taken: 
SHA Architectural Historian Anne E. Bruder consulted the SHA0GIS Cultural Resources Database, as built 
plans for SHA Bridge No. 0204500 from 1947, and the Maryland Inventory of Historic Properties (MIHP) 
form for the historic bridge, MIHP No. AA-2196.  SHA Bridge No. 0204500 was determined to be eligible 
for the National Register of Historic Places (NRHP) in February 1999 by SHA and MHT.  This project meets 
the requirements of the FHWA-MDSHPO-SHA Historic Bridge Programmatic Agreement for eligible 
bridges.  Based on the project description and discussions with the Project Engineer, SHA has determined that 
the proposed repairs will have no adverse impact on historic properties, including SHA Bridge NO. 0204500, 
since the work will meet the requirements of the Secretary of the Interior’s Standards for Rehabilitation (36 
CFR Part 68) because the cast-in-place concrete will match the original in color and texture and because the 
remaining work will also be an in-kind replacement of damaged portions of the bridge. 
SHA Archeologist Lisa Kraus assessed the archeological potential of the APE based on review of the  
SHA-GIS Cultural Resources Database, soil survey data, aerial photography, and historic maps.  
 



 

The survey area was included in Curry's (1979) archeological reconnaissance of MD 173, but no sites  
were recorded within the APE as a result of that study. Historic maps (Griffith 1795; Martenet 1860)  
show no structures within the survey area. The SCS Soil Survey describes soils in the vicinity of the  
bridge (on either side of Stony Creek) as Udorthents, human-transported highway materials. Soils of this 
 type are unlikely to contain intact archeological remains.  
 
Given the low likelihood for archeological remains and the negative survey coverage, the proposed work is 
unlikely to impact any intact or potentially significant archeological resources. No further work is  
recommended. 

  
 Very truly yours, 
  
 Julie M. Schablitsky 
 Assistant Division Chief 
 Environmental Planning Division 

 by: 

Attachments 
cc:   Ms. Jennifer Martin 
 Ms. Anne Bruder (w/Attachments) 
 Ms Lisa Kraus (w/Attachments) 
 Local Government Agency/Historic Preservation Group 
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