Historic Bridge Rehabilitation
Analysis
Merchant Street Bridge Project
Prepared for:
Norfolk Southern Railway
Company

Date: January 2020

Merchant Street Bridge Project
Historic Bridge Rehabilitation Analysis

Table of Contents
I.

INTRODUCTION.......................................................................................................... 1
A. HISTORIC OVERVIEW .............................................................................................1
B. BRIDGE DESCRIPTION ...........................................................................................2
C. BRIDGE SIGNIFICANCE ..........................................................................................2
D. CHARACTER-DEFINING FEATURES OF THE BRIDGE .........................................3
E. OTHER HISTORIC PROPERTIES IN THE AREA OF POTENTIAL EFFECTS ......... 4

II.

ROADWAY AND SITE INFORMATION ........................................................................ 4

III.

BRIDGE CONDITION .................................................................................................. 5

IV.

PROJECT PURPOSE AND NEED ............................................................................... 6
A. PROJECT PURPOSE AND NEED............................................................................6
B. ADDITIONAL CONSIDERATIONS ...........................................................................7

V.

REHABILITATION EVALUATION ................................................................................ 7

VI.

CONCLUSION ........................................................................................................... 12

VII.

REFERENCES .......................................................................................................... 12

VIII.

LIST OF PREPARERS .............................................................................................. 13

List of Exhibits
Exhibit 1 – Merchant Street Bridge, looking north........................................................................2
Exhibit 2 – Sidewalk under the Merchant Street Bridge, looking north.........................................2
Exhibit 3 – View of Allegheny Commons and retaining wall fencing (left) and Merchant Street
Bridge (center), facing south from Merchant Street ..................................................4
Exhibit 4 – View of the D.L. Clark Building from Martindale Street ..............................................4
Exhibit 5 – Web on north girder showing 100% section loss........................................................5
Exhibit 6 – Impact damage from 1934 railroad incident ...............................................................5
Exhibit 7 – Existing concrete abutment section ...........................................................................8
Exhibit 8 – Railway alternative live load on 4 axles .....................................................................9
Exhibit 9 – Cooper E 80 Load .....................................................................................................9
Exhibit 10 – Integral concrete crash barrier with steel column (at center in median) similar to the
one proposed ........................................................................................................10

List of Appendices
APPENDIX A – Figures
APPENDIX B – Bridge Condition Analysis and Rehabilitation Approach
APPENDIX C – Purpose and Need Statement

Merchant Street Bridge Project
Historic Bridge Rehabilitation Analysis
I.

INTRODUCTION

Norfolk Southern Railway Company (NSR), in cooperation with the Pennsylvania Department of
Transportation (PennDOT), is proposing railway improvement projects on its Pittsburgh and Fort
Wayne Rail Lines (together referred to as the Pittsburgh Line) to address freight capacity and
delay constraints through the City of Pittsburgh, Allegheny County, Pennsylvania. The Pittsburgh
Line serves rail freight traffic in interstate commerce and operates as a primary link through
Pittsburgh between Chicago and the New York/New Jersey commercial markets. The Merchant
Street Bridge project is being proposed to address the structural deficiencies of the structure. The
structural deficiencies will be considered safety concerns within a few years and may pose a
safety hazard to the railroad and the traveling public and a potential liability to other transportation
entities, including city streets, if not addressed.
The NSR corridor crosses over Merchant Street in the North Side of the City of Pittsburgh
(Appendix A – Figure 1 and Figure 2). The Pennsylvania State Historic Preservation Office (PA
SHPO) has determined the Merchant Street Bridge to be a contributing element of the National
Register of Historic Places (NRHP)-eligible Pennsylvania Railroad: Main Line (Pittsburgh to Ohio
State Line) railroad corridor historic district (Key No. 112372). The preparation of this Historic
Bridge Rehabilitation Analysis (HBRA) is pursuant to PennDOT Publication 689 – Cultural
Resources Handbook (March 2013), PennDOT Design Manual Part 1A Transportation Design
Manual, and the intent of Section 106 of the National Historic Preservation Act to seek ways to
avoid or minimize adverse effects on the railroad corridor historic district. This report examines
whether the Merchant Street Bridge could be made “adequate” through rehabilitation relative to
addressing the project’s purpose and needs. This evaluation has been conducted based on a
conceptual level of analysis including consideration of site conditions and the results of bridge
field inspections and structural analysis.
A.

HISTORIC OVERVIEW

From ca. 1900 to the early 1910s, the Pennsylvania Railroad (PRR) undertook a multi‐million‐
dollar grade-separation project at its termini in Allegheny City (now Pittsburgh’s North Side) and
Chicago. The construction of the Merchant Street Bridge and others, as well as the track
depression within Allegheny Commons, was part of this greater project. The track elevation and
depression at Allegheny City was a complex project that was predicated upon the reconstruction
of Union Station at Pittsburgh, the raising of the Allegheny River Bridge, the elevation of the
Western Pennsylvania Railroad (also a division of the Pennsylvania Railroad) between Sixteenth
Street and its Federal Street terminus in Allegheny City, the reconstruction of the Federal Street
Station in Allegheny City, the reconstruction of the North Avenue Freight Station and nearby
Engine House and Shop Buildings in Allegheny City, and a general program of grade separation
in Allegheny City between the Federal Street Station and Bellevue, Pennsylvania. Within
Allegheny Commons, the track depression project also included widening the railroad corridor
from 50 to 58 feet to provide a standard distance of 13 feet between each of the four tracks.
Improvements within the vicinity of the Merchant Street Bridge were generally constructed
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between 1904 and 1911 (Pittsburgh, Ft. Wayne, & Chicago Division, Pennsylvania Railroad 1902‐
1912).
B.

BRIDGE DESCRIPTION

The Pittsburgh Division of the American Bridge Company designed the Merchant Street Bridge in
1902. Its two-span superstructure consists of two, skewed, built-up, riveted steel through girders
with a ballast-deck composed of a riveted steel trough system that varies in length from about 55
to 62 feet and varies in width from about 116 to 124 feet. The bridge’s substructure consists of
sandstone masonry abutments and one intermediate steel pier (Exhibits 1 and 2). The steel pier
is comprised of six riveted, built-up cross-girders and seven built-up columns, with riveted lattice
bracing, set on granite pedestal blocks. The abutments and retaining walls were designed by the
Chief Engineer’s Office of the Pittsburgh, Ft. Wayne, & Chicago Railway.

Exhibit 1— Merchant Street Bridge, looking north.

C.

Exhibit 2—Sidewalk under the Merchant Street
Bridge, looking north.

BRIDGE SIGNIFICANCE

The Merchant Street Bridge has not been previously surveyed and no determination of individual
NRHP eligibility exists for this structure. In the Determination of Eligibility Report prepared for the
project, the bridge is being recommended as a contributing element of the NRHP-eligible
Pennsylvania Railroad: Main Line (Pittsburgh to Ohio State Line) railroad corridor historic district.
The bridge retains integrity, was constructed within the line’s 1848-1958 period of significance,
and is historically associated with the line’s development. The bridge is significant for its
association with the line’s development and the PRR’s efforts to improve the safety and efficiency
by improving grade crossings; the bridge contributes to the significance of the railroad corridor
historic district, which is significant under National Register Criteria A and C in the areas of
transportation, economy, and the development of Pennsylvania’s industries and communities.
The bridge does not appear to be individually significant under NRHP Criterion C, as it does not
possess engineering significance or any design details of exceptional architectural or artistic
merit.
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A railroad corridor historic district is a property type established by the Pennsylvania State Historic
Preservation Office (PA SHPO) to identify and evaluate common resources based on function,
since railroad buildings, structures, and linear components functioned together. Characteristics
and contributing elements of these linear resources ”include all major built elements of the railroad
that were constructed within the railroad’s period of significance, and constructed, owned, and
used by the railroad. Major built elements are defined as those that were crucial to the continued
operation of the railroad and were directly related to its function. Contributing elements primarily
will be major built elements of the railroad that have engineering or architectural significance; such
as bridges, stations, tunnels, etc.” (PA SHPO 2015:4). The character of the Pennsylvania
Railroad: Main Line (Pittsburgh to Ohio State Line) railroad corridor historic district within the
setting of the Merchant Street Bridge is a four-track railroad corridor that extends northwest
through a historic park (i.e., Allegheny Commons) and southeast through a mixed-use area
containing an elevated portion of I-279, residential and commercial buildings, and entertainment
venues. The railroad corridor is formed by large reinforced-concrete retaining walls with rockfaced stone coping topped with ornamental or standard safety railings. The railroad corridor was
part of a major early-twentieth-century grade-separation project and therefore has numerous
under-grade or over-grade bridge crossings serving local streets.
Although no character-defining features of the railroad corridor historic district have been
previously identified, as part of the intensive-level historic resources survey conducted for the
Merchant Street Bridge project, historians documented a 600-foot segment of the rail corridor
centered at the Merchant Street Bridge that is located with the project’s area of potential effects
(APE). The Historic Resource Survey Form (HRSF) prepared for the rail segment identified four
contributing features including: the Merchant Street Bridge (Pennsylvania Railroad: Main Line
[Pittsburgh to Ohio State Line]: Bridge [Merchant Street]); the stone retaining walls lining the north
and south approaches to the Merchant Street Bridge; the concrete and stone retaining walls along
the northeast and southwest edges of the rail corridor; and the decorative wrought-iron fencing
atop all of the retaining walls, all of which are attributable to a major early-twentieth-century gradeseparation project. All of these elements, being functional and/or decorative components built by
the PRR, were constructed within the railroad corridor historic district’s period of significance and
retain historic integrity.
D.

CHARACTER-DEFINING FEATURES OF THE BRIDGE

Character-defining features are prominent or distinctive aspects, qualities, or characteristics of a
historic property that contribute significantly to its physical character. Such features may include
materials, engineering design, and structural and decorative details. While the historic fabric,
including all historic period materials and physical features of a bridge should be considered for
preservation, character-defining features have the highest priority for preservation and are the
most important components of the bridge to consider during rehabilitation activities. Typical
character-defining features of bridges that are contributing elements to historic districts that
should be considered in application of the Secretary of the Interior’s (SOI) Standards for the
Treatment of Historic Properties include the immediate setting of the bridge, spatial relationships
to surrounding resources, landscaping or vegetation, and use of local building materials.
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Retention of the overall appearance of the bridge, including material and physical features,
contributes to the character of the district and should be considered during rehabilitation of
contributing bridges. Those portions of the bridge not visible from the street or public access are
generally not called out as character defining features in a historic district.
The through girder bridge is a common bridge design. Being an under-grade bridge carrying the
NS rail corridor over a public street and sidewalk, the underside of the bridge, especially its
substructure and the underside of its superstructure, have increased visibility. The primary and
most visible character-defining features are the bridge’s coursed ashlar sandstone abutments and
retaining walls; the riveted, built-up through girders spanning the north and south Merchant Street
approaches; and the riveted, built-up pier containing columns with lattice bracing and cross
girders. Secondary character-defining features include the riveted-built-up steel trough (because
it acts as a primary load carrying member and is visible to pedestrians passing under the bridge)
and decorative iron fence atop the stone retaining walls adjacent to the bridge. An important
aspect of the bridge’s integrity is its setting within the rail corridor from which it derives its potential
significance.
E.

OTHER HISTORIC PROPERTIES IN THE AREA OF POTENTIAL EFFECTS

In addition to the Pennsylvania Railroad
Main Line (Pittsburgh to Ohio State Line),
the only other historic property present
within the area of potential effects (APE) for
the Merchant Street Bridge project is the
NRHP-listed Allegheny Commons Historic
District (Exhibit 3). The retaining wall
fencing adjacent to the bridge matches
adjacent sections of fencing that line the
depressed railroad corridor through
Allegheny Commons. See Appendix A Figure 3 for the locations of these
resources.
II.

Exhibit 3—View of Allegheny Commons and retaining wall
fencing (left) and Merchant Street Bridge (center), facing
south from Merchant Street.

ROADWAY AND SITE INFORMATION

Land use in the vicinity of the Merchant Street Bridge
includes open space, parking lots, community
facilities, and commercial development. Allegheny
Commons is located north of the Merchant Street
Bridge, and a City of Pittsburgh maintenance facility
is located northwest of the bridge. Southeast of the
bridge is open space. To the southwest of the bridge
is a large parking lot for two entertainment venues,
Page 4

Exhibit 4—View of the D.L. Clark Building
from Martindale Street.

Merchant Street Bridge Project
Historic Bridge Rehabilitation Analysis
Heinz Field and PNC Park. The D.L. Clark Building is situated south of the parking lot, across
Martindale Street (Exhibit 4).
Merchant Street connects Ridge Avenue with Martindale Street under the Pittsburgh Line.
Merchant Street is a low-volume local street servicing approximately 1,500 vehicles per day. The
approach width is two 12’-0” traffic lanes with no shoulders and a 5’-0” sidewalk. No reportable
crashes were identified in the most recent five-year period. However, collision damage is evident
on the north through girder. Also, a substandard safety condition exists where the unprotected
pier foundations are located at the edge of lane on the east side of the roadway.
III.

BRIDGE CONDITION

The measured minimum vertical clearance
under the bridge is 9’-0”, which occurs at the
face of the northwest retaining wall where it
intersects with the northern fascia girder of the
bridge. A recent NSR inspection report rates
the superstructure as “unsatisfactory” (Rugg
2019). If the Merchant Street Bridge were
rated per the NBIS rating system the
superstructure would be rated 4 or “poor,
deterioration of primary structural elements
has advanced” due to corrosion of the bottom
flange, corrosion of the trough flooring causing
ballast to fall to the street below, and collision
damage to the bottom flange and web from
over-height vehicles traveling on Merchant
Street below the bridge. The trough system
was noted to have an open joint over the pier
support location. The web on the north girder
is also showing 100 percent section loss at
approximately mid depth where the top of
ballast meets the riveted, built-up through
girder (Exhibit 5). The bridge also shows
damage from a 1934 railroad incident on the
southwest corner of the structure (Exhibit 6).

Exhibit 5—Web on north girder showing 100%
section loss.

Exhibit 6—Impact damage from 1934 railroad
incident.

The masonry abutments are in fair condition,
but the abutments/piers are rated as unsatisfactory in the NSR inspection report (Rugg 2019),
due to section loss on the steel pier bent and an apparent settlement of one of the columns
underneath the bridge. The bridge substructure would be rated 3 or “serious, deterioration has
seriously affected the primary structural components” if the NBIS rating system were to be used.
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See Appendix B - Bridge Condition Analysis and Rehabilitation Approach for a visual
representation of the existing bridge condition.
IV.

PROJECT PURPOSE AND NEED
A.

PROJECT PURPOSE AND NEED

The purpose of the Merchant Street Bridge project is to maintain safe interstate freight rail
operations along the Pittsburgh Line to continue the efficient transportation of goods between
Chicago and the New York/New Jersey commercial markets. The bridge structure has reached
the end of its useful life and engineering inspections have identified a need to address these
problems in order to maintain safe interstate rail transportation along the Pittsburgh Line. The
bridge carrying the Pittsburgh Line over Merchant Street has safety deficiencies that pose risks
to current and forecasted rail traffic increases throughout the United States and within
Pennsylvania in particular.
See Appendix C - Project Purpose and Need Statement for the Merchant Street Bridge project.
A summary of the project needs follows.
Safety and Reliability
The Merchant Street Bridge has safety and reliability problems due to its deteriorated condition
that need to be addressed. After a routine inspection in 2018, the Merchant Street Bridge was
determined to exhibit extensive steel corrosion within the cross girders and columns comprising
the intermediate pier as well as throughout the riveted trough system. The superstructure’s poor
condition poses the potential for shifts or damage that could lead to interruption of interstate
transportation within the next few years and potentially could cause injuries or property damage.
In addition, the bridge goes over a public roadway and failures may lead to interruption of roadway
travel. These conditions are considered safety concerns and may pose a safety hazard to the
railroad and the traveling public.
Further, the Merchant Street Bridge, in its current condition, could not accommodate the expected
substantial increase in freight demand through 2045 predicted by federal and state freight rail
transportation studies. It is infeasible to accommodate these anticipated increases in freight
requirements by merely maintaining the current national rail infrastructure, and commensurate
congestion would result. Due to the poor condition of the Merchant Street Bridge, freight capacity
will not be accommodated.
Facility Deficiencies
The existing structure is in poor condition based on recent bridge inspections. Structurally
deficient structures become less effective and more expensive to maintain or repair as their
conditions worsen. Facility deficiencies must be addressed for this key component of the rail
network in order to help to minimize future maintenance costs and address existing structural
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deficiencies and traffic demands. The current poor condition of the Merchant Street Bridge has
led to increased maintenance actions, with additional substantial maintenance necessary if the
structure remains active and in service. These maintenance activities eventually will require more
frequent interruptions on the Pittsburgh Line to allow for more extensive maintenance repairs,
thus causing significant disruption to interstate commerce on the busiest corridor between the
Midwest and the east coast. If the structural conditions are not addressed, the poor condition of
this bridge may pose a threat to transportation connectivity. The condition of this bridge needs to
be addressed to ensure the continued safe and efficient transportation of goods by rail in
accordance with maintenance obligations to address facility deficiencies.
B.

ADDITIONAL CONSIDERATIONS

As part of the coordination with the City of Pittsburgh and the Public Utility Commission (PUC),
the roadway height restrictions on Merchant Street associated with this bridge are to be
addressed. The City of Pittsburgh has requested that the roadway profile be lowered to allow for
taller vehicles, including City buses, to cross under the bridge. In addition, there is a goal to
reduce bridge repairs from vehicular collision damage, which result in disruptions to railroad
operations.
V.

REHABILITATION EVALUATION

Various rehabilitation approaches were considered for potential engineering solutions that avoid
or minimize adverse effects to the railroad corridor historic district. The various aspects of the
rehabilitation option that may best address the project’s purpose and need, while meeting
applicable design criteria, are described below. See Appendix B - Bridge Condition Analysis
and Rehabilitation Approach for a visual representation of the bridge rehabilitation approach
and the strength, fracture, and weldability testing report.
Trough Floor System
The floor system would be replaced with rolled beams of similar width installed in place of the
existing riveted, built-up trough stringers. Repair of the existing members is not feasible because
of advanced deterioration. The replacement floor system would incorporate a steel plate deck to
support the ballast and track that are currently being supported by the trough system. The poor
drainage design detail of the trough floor system at the pier would be replaced with a rolled beam
and steel plate deck. The replacement of the trough floor system would result in a rehabilitated
bridge with 80-85 percent new steel. The loss of such a large proportion of historic material and
the resulting loss of integrity of design and workmanship does not meet SOI Standards, even
though the general appearance of the structure as seen from Merchant Street and the railroad
corridor would be similar (PA SHPO 2018:6).
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Riveted, Built-up Through Girders
Through girder stiffener angles would be replaced in-kind along the entire length of the north
girder where damage from vehicle collisions has severed and deformed many of the angle
stiffeners. Girder web-strengthening plates would be installed along the full length of the north
girder to repair continuous holes through the web at the top of the ballast. A full, in-kind
replacement of approximately 11’-3” of the western end of the south girder would be required due
to a 1934 railroad incident that resulted in impact damage. Flange section loss and angle stiffener
section loss on the south girder would be repaired by adding a strengthening plate (cover plate)
to the bottom flange and by replacing the angle stiffener. Rivets would be replaced with buttonhead bolts. The bearings for the main through girders were not accessible for inspection because
they were buried under dirt and debris. It is assumed that prolonged immersion in damp soil
would require the bearings, as well as the beam ends, to be repaired or replaced. Repairs to the
character-defining through girders would conserve as much historic material as possible.
Although the overall design and member configuration would be maintained, the addition of
substantial amounts of steel plating would result in an adverse visual change to the most visible
part of the girders. It is not practical to place the web strengthening on the inside (track side) of
the girders because this is where the floor system connects to the web. Even if the plating could
be placed on the inside, the required bolts would project through the existing web and be visible
from the outside since the old and new have to be connected together. The required complete
plating of girder webs would result in an irreversible adverse visual change because of the large
number of bolts that would be installed in the highly visible web area, which currently contains
only a small number of rivets. This treatment does not comply with the SOI standards, as the
integrity of character-defining features of the bridge
would be reduced and the original connection pattern
in the built-up girders would no longer be evident (PA
SHPO 2018:6).
Masonry Abutments
Based on available plans, the pier and abutments of
bridge spans 1 and 2 (abutment 1 and 2 and pier) are
indicated to be spread-footing substructures. The
stems consist of a stone masonry facing backed with
concrete (Exhibit 7). In order to accommodate
increased loads associated with rehabilitation,
potential required abutment strengthening measures
include placing steel struts between the new steel
stringers (above the beam seat) and/or placing
engineered fill behind the abutments. No attachment
to the faces of the abutments is anticipated. The
masonry abutments are in fair condition. Masonry
cleaning and mortar pointing repairs would be
Page 8
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recommended. Such treatments conform to the SOI Standards for Rehabilitation and would not
reduce the integrity of the character-defining masonry abutments (PA SHPO 2018:7).
Masonry Retaining Walls
The masonry retaining walls, including the attached iron railing, are in fair condition and were built
in conjuction with the masonry abutments. They are constructed with similar design and
materials. A 1” open crack was noted on the northeast retaining wall, which should be repaired.
Also, a large spall was noted at the southwest masonry retaining wall. Masonry cleaning, spall
repair, and mortar pointing repairs would be recommended. Assuming the spall repair is done
with a material that matches the stone in color and texture, such treatments would conform to the
SOI Standards for Rehabilitation and would not reduce the integrity of the character-defining
masonry retaining walls (PA SHPO 2018:7).
Pier Bent
The pier bent is a built-up plate
member. It has six simple cross
girder spans supported on seven
steel riveted, built-up columns with
steel lacing or lattice bracing.
Section loss due to corrosion of the
web and bottom flange has reduced
the capacity of the pier bent to
support standard railway live load
vehicles (Exhibits 8 and 9).
Exhibit 8 - Railway alternative live load on 4 axles.
Measured section loss for the web
in SG2, the second bay between columns of the pier bent measured from the southernmost end,
showed a remaining web thickness of less than ¼”, and section loss on the flange reduced the
width by 1½” with the thickness going from 15/16” to knife edge. Some repair plates have already
been installed in an earlier retrofit near this area. This retrofit did not include the use of rivets, but
instead used standard hex head bolts. Under the rehabiliation option, steel plates would be added
using button-head bolts, as needed, in areas where the webs and bottom flanges of girders are
deteriorated.

Exhibit 9 - Cooper E 80 Load
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In addition to the corrosion in the cross girders, column IC4, the third support from the south end
of the pier bent, is noted to have sunk approximately 2” lower than its intended position. The
remedial strategy would involve encasing the independent footings at each bent with reinforced
concrete to make one large spread footing. This would involve excavating the existing footings
and placing new reinforced concrete to encase the separate footings. The sunken support column
would be jacked to its intended elevation as part of this work. Dowels would be placed into the
existing footing and post-tensioned ducts may be required to properly transfer the load. This
would have to be coordinated so that the new footings are placed and tied in during a period with
minimum dead load (such as when the floor is removed). This retrofit would allow for a better
transfer of the load to the composite footing. The existing footings for the pier columns are a
tiered design with the largest portion of the footing extending out toward Merchant Street. This
footing design would require the City
to allow a lane width reduction of
approximately 3.4' on Merchant
Street in order for lowering the street
at these locations to be feasible. A
concrete crash barrier would be
added between and around the pier
columns to protect these members
from potential vehicular impact that
could result in a catastrophic failure.
The barrier would be integral with the Exhibit 10—Integral concrete crash barrier with steel columns
pier columns, similar to the way the
(at center in median) similar to the one proposed.
barrier is integral with the main
column for a bridge with a median
barrier (Exhibit 10).
These proposed repairs would result in a visual change to the pier bent, primarily from the
installation of a continuous crash barrier around the seven pier columns. The overall configuration
and design details of the columns and cross girders would be maintained. As with the main
girders, the extensive plating, particularly on girder webs, does not comply with SOI standards
because it would result in the installation of a substantial number of new bolted connections,
particularly in the highly visible girder webs, which presently contain only a small number of rivets.
Bridge rehabilitation would reduce the integrity of the character-defining pier bent (PA SHPO
2018:6,14).
Rivet Replacement
All bolted repairs would utilize tension-control (TC) bolts with button heads on one end and a hex
nut on the other end. An anticipated 1,500 to 2,500 TC bolts would be used to replace existing
rivets in making bridge repairs with an estimated 300 bolts used in north girder span 1; about 500
bolts used in south girder span; 1,300 in the north and south girders of span 2 combined; and
about 500 bolts used in the cross girder. Additional TC bolts would be required for structural steel
repairs to deteriorated areas revealed after removing the existing coatings and for stitching bolts
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in web repairs. Stitching bolts alone would account for over 500 bolts in the pier cap and another
800 in the girder. Where possible, the button head end of the bolts would be oriented towards
the most visible side of the repair. The use of button head bolts would mitigate the replacement
of rivets with bolts by minimizing the visual change to character-defining members. Rivet
replacement would only occur where deterioration necessitates it. Replacement of 1,500-2,500
existing rivets with button head bolts would not adversely affect the character of the bridge as a
whole. However, the large number of new bolted connections in the highly visible main girder
and cross girder webs does not meet SOI Standards, as it would diminish the bridge’s integrity of
materials, workmanship, and design and diminish the overall historic character of the bridge (PA
SHPO 2018:14). The new bolted connections are visually intrusive and would irreversibly alter
the original pattern of connections in the built-up girders.
Paint System
A completely new, three-coat paint system would be applied to the entire bridge. It is assumed
that the existing coating system contains lead.
Summary of Rehabilitation Option
In the case of this rehabilitation option, roughly 40 percent of the south girder would be replaced
or strengthened, and approximately 25 percent of the north girder would be replaced or
strengthened. All of the trough flooring would be replaced. Abutments would be strengthened by
the addition of structural steel above the beam seat and/or by placing engineered fill behind the
abutments. The pier bent would have strengthening plates added in an amount equal to
approximately 20 percent of its original weight. Also, a crash barrier would be added, and the
seven pier column footings would be encased to create a single spread footing. As part of the
coordination with the City of Pittsburgh and the PUC, there is a desire to address the roadway
height restrictions on Merchant Street associated with this bridge. The City has requested that
the roadway profile be lowered to allow for local bus routes to cross under the bridge. A Cityapproved lane width reduction of approximately 3.4' on Merchant Street would be required with
bridge rehabilitation in order to improve the substandard vertical clearance because the spread
footing encroaches on the gutterline of Merchant Street. The risk of vehicular damage to the
structure could be further reduced by the installation of physical controls (barriers) that deter overheight vehicles from impacting the bridge.
The addition of substantial amounts of steel plating would result in an irreversible adverse visual
change to the most visible part of the girders. In particular, the required complete plating of all
through girder webs and the installation of additional plating in a number of the cross-girder webs
would result in an adverse visual change because of the large number of bolts that would be
installed in the highly visible web area, which currently contains only a small number of rivets.
Complete replacement of the riveted, built-up steel trough floor system would result in the loss of
80-85 percent of historic steel in the bridge and would diminish the structure’s integrity of
materials, design, and workmanship, as the new girders would be modern rolled beams rather
than riveted built-up members. These required repairs do not conform with SOI Standards. See
Page 11
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Appendix B – Bridge Condition Analysis and Rehabilitation Approach for repair region
sketches.
Rehabilitation involves making necessary repairs and improvements to the Merchant Street
Bridge to increase the bridge’s live load capacity such that it can adequately accommodate the
essential design vehicles per the American Railway Engineering and Maintenance-of-Way
Association manual and NSR design standards. The cross-girder pier bent (a substandard safety
detail) would remain, but safety would be improved by the addition of a crash barrier to protect
the columns from impact. A fully rehabilitated bridge would extend the service life of the bridge
and reduce the frequency of bridge maintenance from current levels, but some maintenance, such
as painting every 20 years, would be required to ensure the structure’s long-term viability. The
life cycle of the rehabilitated structure would be 40-50 years by similar bridge rehabilitation
standards.
VI.

CONCLUSION

While the proposed rehabilitation option meets the project’s purpose and needs, it cannot
feasibly be done in conformance with the SOI Standards for Rehabilitation. Therefore, it
is anticipated that bridge rehabilitation would decrease the integrity of the characterdefining features of the bridge and of the railroad corridor historic district to which it
contributes.
VII.
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APPENDIX B
Bridge Condition Analysis
and
Rehabilitation Approach

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Trough flooring repair at cross-girder.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Photo 2 – FB29 section remaining at midspan.

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Close up view of trough flooring repair at cross-girder.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Web deterioration and perforation; north side short span.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Impact damage to southwest corner of the south girder.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Vertical displacement of pier column.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Rivet head loss and bearing location on bottom flange of main through girders.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Rivets with greater than 50% head loss should be replaced globally.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Damaged through girder angle stiffeners along north girder due to collision.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Flange section loss and angle stiffener section loss; south side short span.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Deteriorated webs and flanges on cross girder of the Merchant Street Bridge.

Historic Bridge Rehabilitation Analysis
Norfolk Southern Bridge over Merchant Street (PC-1.20)
City of Pittsburgh, Allegheny County, Pennsylvania

Norfolk Southern Bridge over Merchant Street (PC-1.20)
Rivets with greater than 50% head loss should be replaced with tension-control bolts shown above.
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Norfolk Southern Railway Company
Merchant Street, Pittsburgh, PA

Project Purpose and Need Statement
June 2019
INTRODUCTION:
The Merchant Street Bridge, located in Pittsburgh, Pennsylvania along the Pittsburgh and Fort Wayne Rail
Lines (together referred to as the Pittsburgh Line), which is owned and operated by Norfolk Southern
Railway Company (NSR), provides a grade separation from automobile traffic traveling below the rail line
along Merchant Street. Merchant Street connects Ridge Avenue with Martindale Street under the
Pittsburgh Line. The Pittsburgh Line serves rail freight traffic in interstate commerce and operates as a
primary link through Pittsburgh between Chicago and the New York/New Jersey commercial markets. NSR
is a common carrier and the Pittsburgh Line forms a critical component of NSR’s route between Chicago
and the east coast, carrying a variety of commodities, both hazardous material such as chlorine,
anhydrous ammonia, hydrogen fluoride, crude oil, and ethanol, as well as nonhazardous materials like
coal, auto parts and finished vehicles, lumber, agricultural products, and intermodal containers and
trailers. The Merchant Street Bridge was constructed circa 1902 and consists of two skewed steel spans
supported by stone masonry abutments and one intermediate steel pier. The ballast-deck superstructure
is comprised of a concrete-filled riveted steel trough system that varies in length and width and carries
four active railroad tracks, with capacity to carry up to 70 trains per day. There is extensive steel corrosion
within the cross girders and columns comprising the intermediate pier as well as throughout the riveted
trough system. These conditions will be considered safety concerns within a few years and may pose a
safety hazard to the railroad and the traveling public and a potential liability to other transportation
entities (e.g., City of Pittsburgh, Allegheny County) if not addressed. Current and future rail traffic
depends upon the ability to utilize the Pittsburgh Line in order to maintain connectivity along a major
east-west rail mainline.
This Purpose and Need Statement has been developed in accordance with Pennsylvania Act 120 of 1970.
It follows guidance from several sources, including the Pennsylvania Department of Transportation
(PennDOT) Publication No. 319: Needs Study Handbook. The appendix referenced herein provides
supporting information.
PURPOSE:
The purpose of the Merchant Street Bridge project is to maintain safe interstate freight rail operations
along the Pittsburgh Line to continue the efficient transportation of goods between Chicago and the New
York/New Jersey commercial markets. The bridge structure has reached the end of its useful life and
engineering inspections have identified a need to address these problems in order to maintain safe
interstate rail transportation along the Pittsburgh Line. The bridge carrying the Pittsburgh Line over
Merchant Street has safety deficiencies that pose risks to current and forecasted rail traffic increases
throughout the United States and within Pennsylvania in particular.
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NEED
The project need for the Merchant Street Bridge project is to address:
A. Safety and reliability;
B. Facility Deficiencies.
A.
Safety and reliability:
The Merchant Street Bridge has safety and reliability problems due to its deteriorated condition that need
to be addressed. After a routine inspection in 2018, the Merchant Street Bridge was determined to exhibit
extensive steel corrosion within the cross girders and columns comprising the intermediate pier as wells
as throughout the riveted trough system. The superstructure’s poor condition poses the potential for
shifts or damage that could lead to interruption of interstate transportation within the next few years,
and potentially could cause injuries or property damage. In addition, the bridge goes over a public
roadway and failures may lead to interruption of roadway travel. These conditions are considered safety
concerns and may pose a safety hazard to the railroad and the traveling public.
Further, the Merchant Street Bridge in its current condition could not accommodate the expected
substantial increase in freight demand through 2045 predicted by federal and state freight rail
transportation studies.
(See https://www.transportation.gov/briefing-room/dot-releases-30-yearfreight-projections;
https://www.penndot.gov/Doing-Business/Transit/InformationandReports/
Documents/2015%20Pennsylvania%20State%20Rail%20Plan%20(low).pdf.)
It is infeasible to
accommodate these anticipated increases in freight requirements by merely maintaining the current
national rail infrastructure, and commensurate congestion would result. Due to the poor condition of the
Merchant Street Bridge, freight capacity will not be accommodated. .
B.
Facility Deficiencies:
The existing structure is in poor condition based on recent bridge inspections. Structurally deficient
structures become less effective and more expensive to maintain or repair as their conditions worsen.
Facility deficiencies must be addressed for this key component of the rail network in order to help to
minimize future maintenance costs and address existing structural deficiencies and traffic demands. The
current poor condition of the Merchant Street Bridge has led to increased maintenance actions, with
additional substantial maintenance necessary if the structure remains active and in service. These
maintenance activities eventually will require more frequent interruptions on the Pittsburgh Line to allow
for more extensive maintenance repairs, thus causing significant disruption to interstate commerce on
the busiest corridor between the Midwest and the east coast. If the structural conditions are not
addressed, the poor condition of this bridge may pose a threat to transportation connectivity. The
condition of this bridge would need to be addressed to ensure the continued safe and efficient
transportation of goods by rail in accordance with maintenance obligations to address facility deficiencies.
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APPENDIX 1
PROJECT LOCATION
Project Location Map:
NS Bridge over Merchant Street (PC-1.20), City of Pittsburgh, Allegheny County

3

4

