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Abstract

A number of steel beam bridges exist in the United States that contain pin and hanger assemblies.
Pin and hanger assemblies are fracture critical members whose failure would result in collapse of
the bridge or render it unable to perform its expected functions. As these bridges continue to age,
many assemblies have deteriorated to a point where retrofit or replacement has to be considered
and performed to maintain intended safety and performance. States have taken various approaches
to address the pin and hanger assembly retrofit and replacement options. However, there is no
single report that summarizes these approaches. This report documents steel pin and hanger
assembly retrofit and replacement options via a literature review and synthesis that explores
options that have been studied and implemented in the United States. In conjunction with the
literature review, a survey was developed in conjunction with the Bureau of Sociological Research
(BOSR) at the University of Nebraska-Lincoln to assist with identifying implemented strategies
and evaluate best practices. Information was solicited from 50 states and was used in conjunction
with the literature review to develop flowcharts that would assist NDOR personnel with assessing
various options and their consequences when pin and hanger assembly retrofit or replacement

options are being considered for bridges in the state.
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Chapter 1 Introduction

1.1 Background

Pin and hanger assemblies are structural components that have been used in many steel
bridge systems around the United States (Mosavi et al. 2011). These assemblies are often used in
steel girder systems and were traditionally implemented to reduce analysis, design, and
construction complexity. The primary function of the pin and hanger assemblies is to mimic the
rotational freedom provided by an idealized hinge in a continuous structural system, thereby
reducing levels of indeterminacy and facilitating construction. The additional rotational degrees of
freedom provided by the assemblies also help accommodate thermal movements of the bridge
superstructure (Graybeal et al. 2000). As bridges continue to age, water, deicing chemicals, and
debris that fall through the deck joint above the pin and hangers can accumulate on these
assemblies and accelerate their degradation, possibly adversely affecting their performance and
leading to a need for retrofit or replacement (Graybeal et al. 2000).

Pin and hanger assemblies are considered fracture critical members (FCMs), meaning they
are non-redundant and their failure could cause partial or complete collapse. Non-redundant
systems have traditionally contributed to major steel bridge collapses. The collapse of the Mianus
River Bridge in Connecticut in 1983 is an example of a pin and hanger bridge that suffered a
catastrophic failure (Connor et al. 2005).

The American Association of State Highway and Transportation Officials, Load and
Resistance Factor Design Specifications (AASHTO LRFD) defines redundancy as “the quality of

a bridge that enables it to perform its design function in a damaged state,” and redundant member



as “a member whose failure does not cause failure of the bridge” (AASHTO LRFD, 2014).
Different ways to enhance bridge redundancy include:
e Increasing the number of main supporting elements between points of structural support;
e Providing load redistribution mechanisms or providing continuity for main elements over
interior supports elements; or
e Properly detailing structural elements using built-up cross sections, which provide division
of elements to restrict increasing fracture propagation across the entire cross section.
States have taken various approaches to address the pin and hanger assembly retrofit and
replacement, but there is no single report summarizing these approaches. This report documents a
literature review that explores steel pin and hanger assembly replacement and retrofit options that
have been studied and implemented in the United States. In addition to the literature review, a
survey was developed in conjunction with the Bureau of Sociological Research at the University
of Nebraska-Lincoln (BOSR) to assist with determining implemented strategies and evaluate best
practices. In this survey, information was solicited from 50 states on current engineering practices
related to addressing the steel pin and hanger assembly replacement options. Of these 50
solicitations, 38 (76%) were returned. Literature review and survey information was used to design
an organized decision-making tool in the form of flowcharts that would assist NDOR personnel
with assessing various options and their consequences when the pin and hanger assembly

replacement and retrofit are being considered.



1.2 Objectives and Scope

The objectives of this project were to review and summarize research related to pin and

hanger assembly behavior, repair and replacement while also determining and summarizing

retrofit and replacement options being used by states in the U.S. The ultimate goal was the

development of decision-making tools that would assist NDOR when considering pin and hanger

assembly repair or replacement options in the future. These objectives were accomplished via the

following steps:

1.

Review relevant literature related to the pin and hanger assembly replacement options that
have been studied and implemented in the United States;

Review relevant literature related to the design of steel web and flange splices one of the
possible replacement options;

Survey U.S. State Departments of Transportation (DOTS) to investigate current practices
for addressing pin and hanger assembly retrofit and replacement;

Synthesize and summarize information from Steps 1-3 to provide an initial summary of
retrofit and replacement options;

Develop and present flowcharts that would assist engineers with assessing various options
and their consequences when the pin and hanger assembly retrofit and replacements are

being considered in the future.



Chapter 2 Literature Review

2.1 Introduction

A major element of this study consisted of an in-depth literature review. The purpose of
this review was to collect and summarize information related to pin and hanger assembly retrofit
and replacement options. The literature review also provides information successfully
implemented options in different parts of the United States and served as a resource for other
portions of this study.

In this chapter, Section 2.2 Literature, summarizes the review of literature related to pin
and hanger assembly retrofit and replacement options. Section 2.3 State and Federal DOT
Provisions, describes available state DOT design provisions and protocols for various retrofit and

replacement options.

2.2 Literature

In 1983, the 1-95 Mianus River Bridge in Greenwich, Connecticut collapsed (Figure 2.1).
The collapse was determined to occur when one of the pin and hanger assemblies fractured. This
assembly was subjected to excessive corrosion due to water leaking through the deck joints and

from drainage modifications (NTSB, 1984).



Figure 2.1 Mianus River Bridge collapse (Connor et al. 2005).

As a result of the Mianus River Bridge collapse, the Pennsylvania Department of
Transportation (PennDOT) instructed its districts to identify and establish the current condition of
pin and hanger assemblies on all bridges in Pennsylvania (Britt, 1990). A subsequent condition
inspection of twin structures carrying 1-80 over the Susquehanna River at Mifflinville,
Pennsylvania discovered multiple fractured lower pin retainer bolts in its pin and hanger
assemblies (Christie & Kulicki, 1991). Further investigation determined that the major cause of
the fractures was significant build-up of corrosion on the pin and hangers. PennDOT had identified
additional problems in similar bridges, such as pin cracking on the Wysox Bridge in the
northeastern part of the state. As a result of this discovery and in an attempt to ensure future safety
of similar bridges in the state, Modjeski and Masters (M&M) developed and proposed cost-
effective methods to provide a higher level of redundancy for these bridges. M&M proposed the

following pin and hanger assembly retrofit and replacement options:
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e Providing continuity by removing the pin and hanger assembly and splicing the flange and
web at that location;

e Providing a secondary system under the floor beams at the pin and hanger assembly; or

e Providing a secondary system under girders at the pin and hanger assembly.
PennDOT engineers, after several major studies (Christie & Kulicki, 1991), decided that providing
continuity was the most advantageous solution from both aesthetic and safety points of view.
However, preliminary study shows that this approach would only be economical when re-decking
was programmed. Continuity would be established by designing splices into the girders following
provisions established in the AASHTO Standard Specifications for Highway Bridges.

In 1989, the Loma Prieta earthquake in California demonstrated that bridges designed
following pre-1983 AASHTO seismic criteria were sensitive to strong earthquakes (Shirole &
Malik, 1993). As a result of these findings it was determined that a considerable retrofitting
program was needed to address this issue. The program included improving the strength of the
existing bridges whenever practical to improve their seismic resistance and global efficiency. Pin
and hanger assemblies were deemed to be seismically sensitive components and global structural
efficiency would be improved via their removal, which would provide continuity and enhance the
redundancy of the structure.

In response to work in California, the New York State Department of Transportation
(NYSDOT) initiated part of study on seismically sensitive bridges in New York to evaluate their
resiliency and to provide a cost data for various seismic retrofits (Shirole & Malik, 1993). The
project included a case study of five-span, continuous, steel, multi-girder bridge having pin and
hanger assemblies that produced drop-in spans. The study recommended removal of the pin and

hanger assembly replacing it with top flange, bottom flange and web splices following AASHTO
6



Standard Specifications for Highway Bridges guidelines. It was also recommended that cumulative
dead and live load stresses be checked in the vicinity of the replaced pin and hanger assembly
locations.

Another possible retrofit option, termed a “link slab”, has also been discussed in the
research (Caner & Zia, 1998). In this method, expansion joints are removed at the pin and hangers,
the deck is debonded from the girders for a minimum of 5 % of the span length on each side of the
splice, and the joint is replaced with link slab, which renders the deck continuous while
maintaining some level of rotational freedom for the girders beneath the link slab. Reducing the
number of expansion joints via the placement of link slabs (Caner & Zia, 1998) would minimize
or eliminate corrosion damage due to water leaking through the deck joints. Further discussion of
this retrofit option can be found in Section 4.2.2.

A national effort to identify and synthesize inspections and repairs appropriate for FCMs
was conducted in association with the National Cooperative Highway Research Program
(NCHRP). The subsequent report provided a comprehensive investigation of bridges with fracture
critical details and focused on inspection and maintenance of FCMs. One of the outcomes was
identifying and briefly discussing prevailing pin and hanger assembly retrofit and replacement
options in the U.S. The final report summarized two common techniques for the replacement and
retrofit of pin and hanger assemblies (Connor et al. 2005):

e Complete removal of the pin and hanger assembly. In this method, the pin and hanger
assembly is completely removed and replaced with a new section of the girder having
bolted splices. The girders are made continuous for live load and a proportion of dead load

given that these splices would be placed after the large part of the deck has been cast.



Continuity would be established by designing splices into the girders following AASHTO
LRFD Bridge Design Specifications; and

e Placement of a catcher beam system. These systems are added below the location of the
pin and hanger assembly to catch the suspended girder when the existing pin and hanger
assembly fails.

In 2010, PennDOT further investigated pin and hanger assembly rehabilitation via a
preservation program associated with the 1-579 Crosstown Boulevard Bridge in Pittsburgh
(Sirianni & Tricini, 2010). The program included complete replacement of pin and hanger
assemblies with new stainless pins and high strength hangers. By replacing the existing assemblies
with new, more durable components, the assemblies would be strengthened and maintenance
requirements for the fracture critical bridges could be reduced.

In 2014, the Manitoba Infrastructure and Transportation Department conducted a detailed
structural survey of the Pinawa Bridge, a bridge that contained pin and hanger assemblies. The
study identified that steel girders near the existing pin and hanger assemblies had severe corrosion
and deterioration due to deck expansion joint leakage (Banthia et al. 2014), which,
subsequently,caused corrosion at the pin and hanger assembly that could possibly lead to
catastrophic failure of the assembly. A number of possible failure mechanisms were identified,
including:

e Reduction of pin cross section that could lead to crack initiation;

e Locking of the pin, which could produce considerable amount of torsional stresses on a
reduced cross-section, stresses that, when combined with direct shear stresses, could
provide an area for development and increases of cracks which leads to pin failure (Banthia

etal. 2014); and



e Corrosion and packrust formation of hanger plates that could cause the pin to move out of

the assembly and result in failure of the structure at the location of the assembly.
The study did not directly observe any cracks or loss in pin cross-sectional area or prevention of
rotation. Despite these observations, it was recommended to replace all pin and hanger assemblies
with bolted splices following guidelines provided in the AASHTO Standard Specifications for

Highway Bridges and Manual for Bridge Evaluation.

2.3 State and Federal DOT Provisions

The Nebraska Department of Roads (NDOR) has implemented certain retrofit and
replacement options for the pin and hanger assemblies on specific bridges. These options included

implementing;

e Catcher beam systems;
e Bolted splices; and

e Replacement with new pin and hanger assembly.

Design drawings for the implemented assembly options are found in Appendix D1.

NDOR was interested in identifying other State and Federal agencies who have
implemented retrofit and replacement options and developed design specifications and supporting
documents. Identified DOTSs and their implemented options and documentation are summarized

below.

The 2002 edition of the Montana Department of Transportation’s “Montana Structural
Manual” provides rehabilitation alternatives for pin and hanger assemblies (MDT, 2002). It was

stated that pin and hangers are sensitive to corrosion because of leaking deck joints and subsequent
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accumulation of debris on the assembly. This could result in the pin misplacements due to

unseating of hangers and frozen pins and in initiation of fatigue cracks in the hangers. They

recommended the following pin and hanger rehabilitation techniques (MDT, 2002):

Unlocking the frozen pin and hanger assembly. Provide alternative support beam system
to the suspended girder and remove the pin and hanger assembly. The elements of the
assembly could be replaced or cleaned of corrosion before re-assembling the elements;
Complete elimination of pin and hanger assembly. In this method, pin and hanger
assemblies should be completely replaced with bolted splices. This approach requires a
structural analysis of the continuous girder to show that revised load paths do not exceed
the resistance of the superstructure. Continuity would be established by designing splices
into girders following appropriate AASHTO Standard Specifications for Highway Bridges;
and

Providing a catcher beam system. In a catcher beam system, a supplemental support beam
system is provided to catch the suspended girder ends if the pin and hanger assembly fails.
Similar structural system could also be provided temporarily when frozen pin and hanger
assemblies are slated to be unlocked.

PennDOT further investigated pin and hanger assembly rehabilitation in 2010 and

recommended installation of a catcher beam system when pin and hanger assembly failure is a

concern so that bridge integrity and safety is maintained (PennDOT, 2010). They stated that the

catcher beam system should be designed to be active only if the pin and hanger fails and must

accommodate anticipated thermal movements. The gap between the girder and the catcher beam

system must be kept as small as possible to limit impact loading if failure occurs. They

10



recommended use of auxiliary neoprene bearings on the catcher beam system to reduce any impact
effects (PennDOT, 2010).

In 2011, the Illinois Department of Transportation published a report that recommended
that steel girders with pin and hanger assemblies be examined for assembly elimination and to
make the superstructure system continuous whenever feasible and economical (IDOT, 2011).
Continuity would be established by designing splices into the girders following the AASHTO
Standard Specifications for Highway Bridges.

In 2012, the Federal Highway Administration stated that pin and hanger assembly failure
is caused by formation of corrosion between the hanger and the girder web due to deck expansion
joint leakage. As steel corrodes, it can occupy up to 10 times its original volume and cause
unwanted forces in a limited space (FHWA-BIRM , 2012), which results in packrust and possible
failure of the assembly. Additional pin and hanger assembly defects that were identified in the
report were corrosion, fatigue cracking and coating failures. Various retrofit and replacement
options were discussed as summarized below:

e Catcher beam system. The catcher beam system is added to the structure to carry a load if
the pin and hanger assembly fails. The gap between the girder and the catcher beam should
be kept as small as possible to reduce impact. Auxiliary neoprene bearings on the catcher
beam system could be provided to reduce impact effects should failure occur;

¢ Removal and replacement of pin and hanger assembly with bolted splices. This approach
requires a structural analysis to determine if other members can support continuous girders
instead of cantilevered and drop-in spans. Analyses should investigate both positive and

negative moment regions in the superstructure; and

11



e Replacing the pin and hanger assembly with a structural grade stainless steel pin and
hanger, which results in reduction in corrosion mitigation.

In 2014, the Minnesota Department of Transportation published a study on a rehabilitation
of the Kennedy Bridge over the Red River. This study focused on rehabilitation alternatives and
showed that its pin and hanger assemblies had sufficient load carrying capacity. However, failure
of multiple hangers could result in failure of the structure (MnDOT, 2014). Part of this study
focused on increasing reliability of a bridge containing a pin and hanger assembly. It was reported
that pin and hanger assembly retrofit and replacement options can include removing existing pins
and hangers, re-machining pin holes to accommodate new pins as required to remove corrosion
and pitting and the installation of new, higher strength pins and reinforced hangers. It was stated
that each girder must be temporary supported while work is occurring and that temporary supports

must be able to accommodate hanger fit up.

2.4 Summary

This chapter has documented the results of a literature search that focused on current
practices implemented in the United States and research related to retrofit and replacement of pin

and hanger assemblies. A summary of finding from the literature review are provided below.

Retrofit options:
Bolted Splices -

Provide continuity by removing the existing pin and hanger assembly and splicing the
flange and web at that location following appropriate AASHTO Specifications (AASHTO Standard
Specifications for Highway Bridges, and AASHTO LRFD Bridge Design Specifications) and/or

relevant state specifications. Providing continuity was the most advantageous solution from both
12



aesthetic and safety points of view but would be economical only when re-decking was

programmed.

Rehabilitation options:
Link Slab -

Providing a link slab is a rehabilitation option that would remove expansion joints by
linking two adjacent girder sections together using a continuous slab design. This approach would

render the deck continuous while maintaining some level of rotational freedom for the girders.

Catcher Beam System -

A secondary catcher beam system could be added below the location of the pin and hanger
assembly. This system should provided to carry live loads if the existing pin and hanger fails. The
use of auxiliary neoprene bearings on the catcher beam system was recommended to use, reduce

any impact effects should failure occur.

Removal and replacement option:
New Pin and Hanger Assembly -

In this option existing pins and hangers are removed and replaced with new, higher strength
pins and reinforced hangers. It was recommended to use stainless steel pins and hangers according
to AASHTO LRFD Bridge Design Specifications (Article 6.4.7), this could results in reduction in
corrosion failure. While work is under construction each girder must be temporary supported and

that temporary supports must be modifiable to accommodate hanger fit up.
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Chapter 3 U.S. State Departments of Transportation Survey

3.1 Survey Objectives

In December 2015 a survey was sent to 50 State Departments of Transportation (DOTS).
The objective of the survey was to assemble additional information on variety of topics related to
pin and hanger retrofit and replacement options. These topics included: a) types of steel bridges
that contain pin and hanger assemblies; b) pin and hanger assemblies that need retrofitted and/or
replacements; and c) designs, procedures, or criteria for retrofit and/or replacements. Of the 50
surveys, 38 were received as of March 2016. Results from these surveys were examined to: a)
document current practices and level of success concerning pin and hanger assembly retrofit and
replacement options; b) identify practical application of retrofit and replacement options
documented in the literature; and c) identify new or innovative retrofit and replacement options
that have not yet been recorded in the literature.

The survey was divided into three sections. Section 1 (General) collected general
information related to types of steel bridges that contain pin and hanger assemblies. Section 2
(Options) intended to identify various options, criteria and procedures related to retrofit and
replacement of pin and hanger assemblies in each of the states. In addition, data related to retrofit
and replacement options that have been implemented and programmed for future was requested.
Section 3 (Future Contact) requested that additional information related to pin and hanger
assemblies be provided, information that included: to share the respective state DOTSs that have
developed their own criteria and procedures for retrofits and /or replacements. A copy of the

survey is included in Appendix A and responses are provided in Appendix B.
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3.2 Survey History and Timeline

The questionnaire was designed by BOSR with technical input being provided by UNL
Civil Engineering personnel assigned to the project and NDOR. Prior to the initial mailing, NDOR
notified and encouraged State Bridge Engineers to complete the survey. The initial mailing
occurred in mid-December 2015. Non-responders were mailed survey packets a second time in
early January 2016. Completed surveys were collected by BOSR through early March with

findings summarized and provided to UNL Civil personnel.

3.3 Findings of the Survey

Surveys that were completed and returned were initially examined by BOSR, who
performed data analysis, processing and filtering. BOSR’s used Statistical Package for the Social
Sciences (SPSS) software for processing and documenting the dataset. BOSR personnel assigned
to the project, in turn, analyzed each survey question in detail and prepared a report. As stated
earlier, of the 50 State Bridge Engineers who were sent the survey, 38 were completed and returned
(Figure 3.1), a 76% response rate based on the American Association for Public Opinion
Research’s (AAPOR) standard definition for Response Rate 2 (RR2), which counts partial
interviews as respondents (AAPOR, 2015). The following sections summarize survey responses

to each question.
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United States

Figure 3.1 Geographic representation of states that responded to the survey.
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3.3.1 Question 1
Do you have steel bridges that contain pin and hanger assemblies?

Figure 3.2 and Figure 3.3 show that, of the 38 states who answered the question, 35 have
steel bridges that contain pin and hanger assemblies and 3 states have steel bridges without pin

and hanger assemblies.

8%

92%

u Steel bridges with pin and hanger assemblies u Steel bridges without pin and hanger assemblies

Figure 3.2 Visual representation of responses to question 1.
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United States

@ States having pin and hanger assembly bridges
[@ States don’t have steel pin and hanger assembly bridges

Figure 3.3 Geographic representation of state responses to question 1.
Question 1 (a)
If yes, please provide the number of steel bridge types for each category that have pin and hanger
assemblies.

Figure 3.4 reports on the superstructure types that contain pin and hanger assemblies in
their states. Eighteen states (67%) reported having two or three girder bridges with pin and hanger
assemblies, 25 (86%) have at least one bridge with four or more girders having a pin and hanger
assemblies, and 19 states (68%) contain at least one truss bridge with a pin and hanger assembly

(Figure 3.4). Additional bridges reported as having pin and hanger assemblies included tied
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through arches, suspension bridges, and pinned arches. Additional details are found in Table 3.1,

Table 3.2 and Appendix B.

Types of Bridges

100%
90% 86%
80%
70%
60%
50%
40%
30%
20%
10%

0%

67% 68%

Two or three girder bridges (n=24)  Four and more girder bridges (n=26) Truss bridges (n=24)

Figure 3.4 Visual representation of state response to question 1(a).
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Table 3.1 Types of bridges which has pin and hanger assembly.

Types of bridges (number of pin and hanger assemblies)

DOTs Two or three Four or more Truss bridges
girder bridges girder bridges
Alabama DOT 1 5 2
Alaska DOT & PF 0 6
Arizona DOT 12 157 84
Arkansas State Highway and Transportation 6
Department
Delaware DOT 0 3 1
Ilinois DOT 1 92 14
Indiana NDOT 0 0 0
lowa DOT 0 2 0
Maine DOT 0 6 3
Massachusetts DOT 1 1 1
Minnesota DOT 4 29 7
Mississippi DOT 24 2
Missouri DOT 26 750 10
Montana DT 4 150 0
New Hampshire DOT 74
New Mexico DOT 0 17 0
North Carolina DOT 1 1 0
North Dakota DOT 0 14 1
Ohio DOT 9 13
Oklahoma DOT 0 2 0
Oregon DOT 5 73 12
Pennsylvania DOT 45 15 12
South Dakota DOT 0 0
Tennesseem DOT 2 0 2
Utah DOT 2 33 0
Virginia DOT 1 18 3
Washington State DOT 51 306 488
West Virginia DOT 6 26 5
Wyoming DOT 12 90 4

*Acronym definitions in Appendix C.
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Table 3.2 Other types of steel bridges with pin and hanger assemblies.

Other, Specify

DOTs Other types of Number of P & H
bridges assemblies
Alaska Department of Transportation and .
. i Box girders
Public Facilities
Arkansas Sta}te Highway and Arch deck )
Transportation Department
Colorado DOT Tie down
Hlinois DOT Truss with eye bars & pins 1
lowa DOT Secondary hlghvyay steel girders
Secondary highway truss
Michigan DOT All girder bridges 1099
Minnesota DOT Arch- L
Suspension 1
Ohio DOT Riveted steel arches 2
Oregon DOT RGDG 9
Utah DOT Pmnet_j arches 7
Suspension arches 1
. Concrete box (2) 132
Wash DOT
ashington State DO Steel box(3) %0
Tied thru arch 1
West Virginia DOT Suspension Bridge 1

*Acronym definitions in Appendix C.
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3.3.2 Question 2
Does your agency view the pin and hanger assemblies as components that need to be retrofitted

and/or replaced?

Figure 3.5 and Figure 3.6 shows state agencies were nearly evenly split between viewing
pin and hanger assemblies as components that need to be retrofit and/or replaced and feeling that
these assemblies do not need retrofitted and/or replaced. A complete list of reasons for non-action

can be found in Appendix B.

47%
53%

m Does not need retrofitted and/or replaced u Need retrofitted and/or replaced

Figure 3.5 Visual representation of state response to question 2
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United States

Figure 3.6 Geographical representation of states responded to question 2

B Does not need retrofitted and/or replaced
E Need retrofitted and/or replaced

Question 2(a)

If yes, please provide the number of retrofit and/or replacement options that you have implemented
or programmed for each category below. If you have implemented or scheduled retrofit and/or
replacement options other than those listed below, please describe and provide the number for

each option in the additional table rows.

Figure 3.7 shows that, for those that view retrofitting and/or replacement as necessary, most
states have implemented a secondary system, such as a catcher beam (79%). Few responses
indicated that replacements had taken place using new pin and hanger assemblies (43%) or bolted
splices (33%). Despite fewer states implementing replacement using new pin and hanger
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assemblies or bolted splices, nearly one-quarter of states who responded to the question have new
pin and hanger replacement projects planned for the future (21%), while 8% have replacements
with bolted splice repairs planned. Details are found in Table 3.3.

Other retrofit and/or replacement options implemented or planned by survey respondents
included: (a) replacing the bridge or entire superstructure with concrete girders; (b) supporting the
assembly using an “under-running bearing beam,” which is akin to a catcher beam; and replacing
the assembly with a “ship lap joint”. Complete detail on these retrofit and replacement options can

be found in Table 3.4 and Appendix B.

90%
80%
70%
60%

79%

50% 43%
40% 3396 = Implemented
30% 1% = Programmed

20%
(o)
o ]

Use a secondary system such  Replace with new pin and Replace with bolted splice
as a catcher beam hanger assembly

Figure 3.7 Visual representation of state response to question 2 (a)
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Table 3.3 Implemented and programmed retrofit and/or replacement options.

Retrofit/replacement options

Catcher beam Replace with Replace with
DOTs system P & H assembly bolted splice
Number Number Number Number Number Number
implemented | programmed | implemented | programmed | implemented | programmed
Arkansas State
Highway and Transportation 1
Department
Delaware DOT 1
Ilinois DOT 0 0 92 92 0 0
Indiana DOT 1 0 0 0 0 0
Maine DOT 4 0 0 0 1 0
Massachusetts DOT 2 0 0 0 0 0
Minnesota DOT 1 0 5 0 2 0
Muississippi DOT 1 1
Missouri DOT 20 0 30 4 0 0
New Hampshire DOT 0 8
North Carolina DOT 1 0 0 0 0 0
Oklahoma DOT 1 0 0 0 0 0
Tennessee DOT 1 0 0 0
Utah DOT 0 5 2 3
West Virginia DOT 3 0 0 0 0 0
Wyoming DOT 0 0 1 0 0 0

*Acronym definitions in Appendix C
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Table 3.4 Other implemented and programmed retrofit and/or replacement options.

Other, Specify

DOTs Other options Number Number
implemented |programmed
Maine DOT Superstructure replace 1 1
Ship lap joint. 0 1
Massachusetts DOT Replace P & H assembly with
under running beam 1 0
Mississippi DOT Replace bridge 1 3
Nebraska Department of Roads [Replace bridge or superstructure 50/102
North Carolina DOT Replace with concrete girder 0 1
Virginia DOT Replace bridge
Wyoming YDOT Suspension hanger/seismic 1 0

*Acronym definitions in Appendix C.
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3.3.3 Question 3
For the retrofits and /or replacements you indicated above as implemented or programmed, did
you follow any of the designs, procedures, or criteria below?

The survey indicated that multiple designs, procedures, and/or criteria are used to complete
pin and hanger assembly retrofit or replacement. Nearly all state bridge engineers who answered
the inventory question reported using AASHTO Standard Specifications for Highway Bridges
criteria and procedures, while some states use AASHTO LRFD Bridge Design Specifications
criteria and procedures as shown in Figure 3.8 Figure 3.9. Five states reported using their own

developed criteria and procedures.

United States

20 states

B States uses AASHTO Standard Specifications for Highway Bridges
E States uses either of one design Specifications

Figure 3.8 Geographical representation of federal design Specification usage.
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80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

94%

65%

AASHTO Standard Specifications for Highway AASHTO LRFD Bridge Design Specifications
Bridges (n=17) (n=17)

Figure 3.9 Visual representation of state responses to question 3.

3.3.4 Question 4

Have you developed your own criteria and procedures for retrofits and/or replacements?

One-quarter of states in the (24%) reported developing their own criteria and procedures

for retrofits and /or replacements (Figure 3.10 and Figure 3.11). More states use their own

procedures in conjunction with the AASHTO Standard Specifications for Highway Bridges.

Additional details are found in Table 3.5, Table 3.6 and Appendix B.
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W Developed ®Not developed

Figure 3.10 Visual representation of states response to question 4.

United States

-2
a

>

[E States not developed own criteria and procedures
3 States developed own criteria and procedures

Figure 3.11 Geographical representation of states that have developed own criteria and

procedures.
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Table 3.5 Design Specifications.

Design
. g_ Total number of
Specfications
States
AASHTO LRFD criteria and procedures 11
AASHTO Standard Specfication criteria and procedures 16
Developed own criteria and procedures 5

Table 3.6 Developed own criteria & procedures.

Developed own criteria &
procedures for retrofits/replacements

DOTs

Comments

Arkansas State Highway and
Transportation Department

Internally developed.

Ilinois DOT

It is part of our structural services manual. Bureau of Bridges and Structures.

Mississippi DOT

Our bridge replacement program prioritizes bridges with pins & hanger high enough to
systematically replacethe bridge with another (usually concrete) bridges.

Missouri DOT

No set criteria. Details are case-by-case.

Utah DOT

Is not documented.

*Acronym definitions in Appendix C.

30




3.3.5 Question 5
Does your agency view the pin and hanger assemblies as components that need no further action
at this time?

Of the 32 state bridge engineers who answered the question, half reported that their agency
views pin and hanger assemblies as not needing further action at this time as shown in Figure 3.12
and Figure 3.13. Reasons for non-action included: a) bridges being in good condition and
functioning properly; b) routine inspections and adequate maintenance; and c) a lack of concern
about these assemblies. A complete list of reasons for non-action can be found in Table 3.7 and

Appendix B.

44%

56%

= Need further action m Does not need further action

Figure 3.12 Visual representation of states response to question 5.
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United States

[ States need further action
@ States does not need further action

Figure 3.13 Geographical representation of states need or not need for further action.
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Table 3.7 Reasons for pin and hanger assembly non-action.

Agency view P & H assemblies that
need no further action at this time

DOTs

Comments

Alaska DOT & PF

Pin & hangers are functioning properly.
No pack rust present.

Colorado DOT

No section loss due to corrosion &
no crack on hanger.

Delaware DOT

We are not as concerned with pin & hanger assemblies for multi-beam bridges.
Pin & hanger assemblies on truss bridges are treated as a fracture critical member and
are scrutinized more.

lowa DOT

Proper inspection should identify deficiencies in time to address them without impacts to
public safety.

Louisiana DOT

Bridges are in good condition.

Montana DT

Pins and hangers are usually inspected every 2 years and UT inspected every 4 years.
With our relatively dry climate and large temperature swings the p & h assemblies usually
stay moving as designed with little rust impact.

Minnesota DOT

We will include repairs or improvements to pin and hanger elements as conditions
warrant. We have not developed projects solely on pin and hanger detail unless condition
justifies.

North Carolina DOT

Inspection reports indicate the condition of the pin and hang is “good”.

Nebraska Department

All bridges are inspected by certified inspectors at least every 2 years and all bridges that

of Transportation this agency manages directly have redundant secondary systems should failure occur.
Nevada DOT We haven't identified problems with the hangers, aside from minor corrosion.
Ohio DOT We retrofit when they are deteriorated.

Oklahoma DOT

We used ultrasonic inspection on our pins. No problems were found.

Oregon DOT

We inspect & monitor p & h's and only r & r or provide supplemental support when their
condition indicates a need.

Pennsylvania DOT

We have retrofitted the inventory of 2 girder and truss bridges with
suspended assemblies.

South Dakota DOT

These assemblies are part of annual NBIS inspections and the pins get a periodic NDT
inspection as well.

Virginia DOT

We evaluate each one individually.

Washington State DOT

Routine inspections and painting when needed.

West Virginia DOT

We monitor during routine inspections and provide action as needed

*Acronym definitions in Appendix C.
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3.3.6 Question 6
If you developed your own criteria and procedures for retrofit and/or replacements, would you be
willing to share those with us?

Of the 30 state bridge engineers who answered the question, 10 states were willing to share
their criteria and procedures electronically.
3.3.7 Question 7
Would you like to receive results of this study?

Of the 38 states bridge engineers who answered the question, 33 states would like to receive

the results from this study.

3.4 Follow-Up Contact

States that indicated they would provide additional information in response to question 6,
based on the response to question 6, follow up for the fourteen states (Figure 3.14). The plans,
drawings and photos are found in Appendix D1. Additional details of the retrofit and/
or replacement options are discussed in Chapter 4. Summary of contact information found in

Table 3.8.

34



Table 3.8 Summary of follow-up contacts

DOTs

Contacted for the information

Arkansas State Highway

and Transportation Department

Not responded

Colorado DOT Not responded
Georgia DOT Not responded
Ilinois DOT Provided repair drawings found in Appendix D1
Indiana DOT Not responded
MassDOT fpggxédfndrgsgrdaizo[)n 1on ship lap joints with plan and pictures
Michigan DOT Provided pin and hanger assembly drawings found in Appendix D1

North Dakota DOT

Not responded

New Hampshire DOT

Not responded

Oklahoma DOT

Provided catcher beam system drawing found in Appendix D1

Pennsylvania DOT

Provided catcher beam system drawing found in Appendix D1

South Carolina DOT

Not responded

Texas DOT

Not reponded

Utah DOT

Not responded

*Acronym definitions in Appendix C.
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United States

@ States did not responded
@ States responded

Figure 3.14 Geographical representation of states contacted for additional details.

3.5 Summary

The State DOT survey produced the following information:

e States who responded were roughly split between seeing such retrofits and replacements
as necessary and unnecessary;

e Pinand hanger assemblies are most commonly found bridges having four and more girders
(86%);

e Implementing a secondary system, such as a catcher beam (79%), is a more widely used

retrofit and/or replacement option than replacing with either a new pin or hanger assembly
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(43%) or with bolted splices (33%), although at the time of the inventory study no future
secondary system retrofits were programmed,;

Nearly all of the states utilize AASHTO Standard Specifications for Highway Bridges
(94%),while fewer states use the AASHTO LRFD Bridge Design Specifications (65%),and
some states developed their own criteria and procedures; and

Additional retrofit and/or replacement options that were revealed by the survey included
replacing with a “ship lap joint,” providing an “under-running bearing beam,” and, as

expected, replacing the entire bridge or superstructure.
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Chapter 4 Flowcharts Summarizing Retrofit and/or Replacement
Options

4.1 Introduction

The objectives of this chapter are to provide flowcharts that describe steps associated with
completing feasible options associated with addressing pin and hanger assembly retrofit and/or
replacement. Approaches for which flowcharts are provided are categorized as retrofit,
rehabilitation, or removal and replacement options as shown in Figure 4.1. The intention is that
these flowcharts will provide an organized decision-making tool that would assist NDOR
personnel with assessing options and their consequences when pin and hanger assembly retrofit
and/or replacement are being considered. As appropriate, each cell in the flowcharts refers to
corresponding articles in appropriate state and federal design specifications. These include the
AASHTO Standard Specifications for Highway Bridges, the AASHTO LRFD Bridge Design

Specifications and NDOR’s Bridge Office Policies and Procedures (BOPP) manual.
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Steel Bridges

A A

Pin & hanger Removal & replacement
assemblies bridge/superstructure
) A 4
Retrofit Rehabilitation Removal &
option options replacement
option
A 4
Bolted spli : ¥
olte Sp Ices L|nk Slab New pln &
Catcher beam system hanger
assembly

Ship lap joint

Figure 4.1 Flowchart demonstrates decision — making process.

4.2 Retrofit and/or Replacement Options Process Summaries

This section summaries retrofit, rehabilitation and, removal and replacement options based
on the literature review and survey of DOTs and provided along with pros and cons of each

respective options. Each section organized into brief summary followed with pros, cons and

flowcharts with description.
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4.2.1 Replace with Bolted Splices

This section summarizes the option that involves removing pin and hanger assemblies and
replacing them with bolted splices. Items that are discussed and presented in the corresponding
flowchart incorporate relevant information from the literature search, DOT survey and appropriate
federal and state specifications.

When a major retrofit of a bridge structure is programmed, pin and hanger assemblies
should be examined for elimination. The pin and hanger assembly would be replaced with
continuity web and flange splices and existing deck expansion joints at the hinges would be
removed and replaced to make these locations continuous. By making the drop-in section spans
locations to continuity support the demand of the girder changes, so demand should be
recalculated. While the pin and hanger assembly is being replaced with bolted splices, the girders
should be temporarily supported from below or above the deck.

The state DOT survey produced a comment related to replacing pin and hanger assemblies
with bolted splices. For drop-in section spans, the method implemented to eliminate the assemblies
completely and replace with bolted splices involved installation of counterweights at the ends of
the span. A flow-chart detailing general steps involved in the process is located in Figure 4.2.
Pros:

e Pin and hanger assembly is removed and continuity is provided through splices, possibly
eliminating non-redundancy and making the structure more efficient; and

e Expansion joints eliminated to reduce and mitigate superstructure corrosion.
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Cons:

Changing the structural system from containing a drop-in span to being completely
continuous necessitates a re-evaluation of superstructure behavior and capacity; and

e Higher construction cost.

Bolted splices

Provide temporary support

(AASHTO Standard Specifications,
Division Il, Construction- Article 3)

v

Remove portion of deck

(AASHTO Standard Specifications Provide shear connectors
Division Il, Construction- Article .
2.3.3) (BOPP, Article 3.4)
1 g (AASHTO Standard
- - - Specifications, Division I, Design-
Remove girder section, pin & hanger Article 10.38.2)
assembly and expansion joint ¢
(AASHTO Standard Specifications, Deck placement
Division Il, Construction- Article 2)
(BOPP, Article 3.1.1)

.

Provide continuity web and flange ¢
. Remove temporary support
splices
(BOPP, Article 3.4.2) (AASHTO Standard
Specifications, Division I,
(AASHTO Standard Specifications, Construction-Avrticle 2)
Division I, Design- Article 10.18)

Figure 4.2 Bolted splice design process.
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As shown in Figure 4.2, when considering replacing the assemblies with bolted splices, the
process starts with following steps. While replacing the pin and hanger assemblies with bolted
splices, the girder should be supported by temporary support beam and this support should be
provided according to Standard Specifications, Division I1-Construction (Article 3). The portion
of the deck along the expansion joints are removed as per the design dimensions of the splices
according to Standard Specifications, Division Il1-Construction (Article 2.3.3). The portion of the
girder section near the pin and hanger location, pin and hanger assembly, and the expansion joints
are removed according to Standard Specifications, Division II-Construction (Article 2). The drop-
in span is completely converted into continuity support which is provided through bolted splices
connection according to Standard Specifications, Division I-Design (Article 10.18) and BOPP
Specifications (Article 3.4.2). Here demand of the girder changes, so demand should be
recalculated. Provide shear connectors along the newly constructed girder, shear connectors are
designed to provide a composite action between the slab and the girders according to Standard
Specifications, Division I-Design (Article 10.38.2) and BOPP Specifications (Article 3.4). Place
the deck according to BOPP Specifications (Article 3.1.1). Finally, after construction temporary
support should be removed according to Standard Specifications, Division II-Construction (Article

2).

4.2.2 Link Slab
This section summarizes the option that involves removing expansion joints and replacing
them with link slab. Items that are discussed and presented in the corresponding flowchart

incorporate relevant information from the literature search.
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The deck expansion joint is one of the significant component in the functioning of bridge
structures (Chang & Lee, 2002). Deck expansion joints accompany the pin and hanger assemblies.
The elimination or reduction of expansion joints reduces costs. One identified option that would
help eliminate deck joints is via providing “link slabs” at joint locations. Figure 4.3 referred from

(Caner & Zia, 1998). A flow-chart detailing general steps involved in the process is located in

Figure 4.4.

Deck Interface

Continuous Reinforcement CC Link Slab
Concrete Deck
1{ J-Debc»nding Paper /
=
Shear Stud/
_d
Steel Beam
Figure 4.3 Link slab detail.

Pros:

e Reduced construction and maintenance of bridge via reduction of joints, moisture intrusion
and subsequent corrosion control.
Cons:
e Continuity achieved by providing link slab influences shrinkage, creep and thermal stress
which causes structural damages; and
e Continuous slab has high stresses developed due to repeated load will lead to fracture and

cracking of the structures along the slab.
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Link slab

Provide temporary support

(AASHTO Standard
Specifications, Division II,
Construction - Article 3)

y
Remove portion of concrete deck
and expansion joints

Join the adjacent beams with
continuous concrete deck

(AASHTO LRFD Bridge
Design, Article 9 and BOPP
(Article, 3.1.1)

(AASHTO Standard
Specifications, Division 11,
Construction- Article 2)

X

h
Debond concrete deck

Remove temporary support

(AASHTO LRFD Bridge (AASHTO Standard
Design, Article 5.11.4.3) Specifications, Division II,
’ Construction- Article 2)

Y
Provide reinforcement steel
lap splice

(AASHTO Standard
Specifications, Division I,
Design- Article 8.32.1)

Figure 4.4 Link slab design process.
As shown in Figure 4.4, when considering rehabilitation with link slab, the process starts
with following steps according to (Caner & Zia, 1998). While replacing the pin and hanger
assembly with a link slab, the girder should be supported by temporary support beam and this

support should be provided according to Standard Specifications, Division II-Construction (Article
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3). Expansion joints and a portion of the concrete deck along the expansion joints are removed
according to Standard Specifications, Division I1-Construction (Article 2). Debond the concrete
deck on each side of the beam at least 5% of the span length according to AASHTO LRFD
Specifications, (Article 5.11.4.3) along the debonded region, the shear connectors are removed to
prevent composite action. Further, the top flange of the girder is provided with debonding
mechanism in the form of standard roofing tar paper which acts as a water proofing material.
Provide reinforcement steel lap splice for continuity of deck reinforcement according to Standard
Specifications, Division I-Design (Article 8.32.1). Join the adjacent beams with a continuous
concrete deck according to AASHTO LRFD Specifications (Article 9) and BOPP Specifications
(3.1.1). Finally, after construction temporary support should be removed according to Standard

Specifications, Division Il -Construction (Article 2).

4.2.3 Catcher Beam System

This section summarizes the option that involves rehabilitation of pin and hanger
assemblies with catcher beam system. Items that are discussed and presented in the corresponding
flowchart incorporate relevant information from the literature search, DOT survey and appropriate
federal and state specifications. A Secondary catcher beam system is provided to carry live loads
across the expansion joint when the existing pin and hanger fails at the location of the pin and
hanger assembly. The retrofit should be detailed to resist applied live load and the gap between
the girder and the catcher beam must be kept as small as possible to the limit impact loading. To
reduce impact, the use of auxiliary neoprene bearings on the catcher beam is also recommended
(PennDOT, 2010). A flow-chart detailing general steps involved in the process is located in Figure

4.7.
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“Catcher” beam

Figure 4.5 Catcher beam system. (Connor et al. 2005)

Supported Girder

—Supporting Girder

/

[mrmaman:
| 0 E N
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O
Bearing% Connecting Elements
— (Stiffeners)

Catcher Beam———

Bolts

Figure 4.6 Catcher beam system representative detail.
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Pros:

e When pin and hanger assembly fails to carry the live load then catcher beam system should
be installed to carry the live load, which is an immediate option to replace and control the
sudden bridge collapse.

Cons:

e This is a temporary system, which works for very less number of years due to fatigue

related problems in catcher beam system, and replacement needs to be considered.

Catcher beam
system

A A
Design of the beam

Connecting elements

Provide web & flanges A
Connect catcher beam, supporting &
(AASHTO Standard supported girders
Specifications, Division I, Design-
Article 10.34.2 & 10.34.3) Bearing system

Tension systems — Bolts

(BOPP, Article 3.5 & 2.2.3)

(AASHTO Standard Specifications, Division

Provide stiffeners I, Design-Article 14 & 10.24)

(BOPP, Article 3.4)

(AASHTO Standard Specifications,
Division I, Design-Article 10.34)

Figure 4.7 Catcher beam design process.
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As shown in Figure 4.7, when considering retrofit of pin and hanger assemblies with
catcher beam, the design process is explained below. Catcher beam system design consists of two
components: design of the beam and connecting elements.

e Design of beam: The web and flanges of the beam is designed according to Standard
Specifications, Division I-Design (Article 10.34.2 & 10.34.3). Stiffeners are designed
according to Standard Specifications, Division I-Design (Article 10.34) and BOPP
Specifications (Article 3.4).

e Connecting elements: For connecting the catcher beam and the supported girder, bearing
systems are used and this bearing system is designed according to Standard Specifications,
Division I-Design (Article 14). For connecting the catcher beam and the supporting girder,
bearing systems and tension systems like bolts are designed according to Standard
Specifications, Division I-Design (Article 14 & 10.24) and BOPP Specifications (Article

3.5&2.2.3).

4.2.4 Replace with Ship Lap Joint.

This section summarizes the option that involves rehabilitation of pin and hanger
assemblies with ship lap joint. Items that are discussed and presented in the corresponding
flowchart incorporate relevant information from the DOT survey and state specifications.

The Massachusetts DOT has utilized a different type of pin and hanger replacement option
they refer to as a “ship lap joint.” In this option, which performs in similar fashion to the original
pin and hanger assembly, bearings are used to carry loads at the joint location, with girder sections
being modified to act as short “cantilevers” that transfer loads across the joint in shear and bending.

This detail is depicted for a specific project, the 1-91 viaduct in Springfield, Massachusetts, in
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Figure 4.8, Figure 4.9 and in Appendix D1. A flow-chart detailing general steps involved in

the process is located in Figure 4.10.

Figure 4.8 Ship lap joint at bearing at joint locations (Mass DOT, 2014).
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Figure 4.9 Ship lap joint detail (Mass DOT, 2014).
Pros:
e Inthe ship lap joint, support beam is carried by bearings, which improves rotational degree
of freedom.
Cons:
e Still need to maintain joint which results in accumulation of debris and moisture and causes
corrosion;
e Design and retrofit required for ship lap joint appears tedious compared to pin and hanger
assemblies; and

e Fabrication and construction cost are more compare to pin and hanger assemblies.
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Ship lap joint

Provide temporary support

(AASHTO Standard Specifications,
Division II, Construction- Article 3)

v

Remove deck

(AASHTO Standard Specifications,
Division I, Construction- Article
23.3)

!

Remove portion of girder length
along pin & hanger assembly, and
remove pin & hanger assembly

(AASHTO Standard Specifications,
Division II, Construction- Article 2)

I

Provide new girders & shear
connectors

(BOPP, Article 3.4)

(AASHTO Standard Specifications,
Division I, Design- Article 10.34 &
10.38.2)

!

Provide new girder ends with bolted
splices & stiffeners

(BOPP, Article 3.4.2 & 3.4)

(AASHTO Standard Specifications,
Division I, Design-Article 10.18 &
10.34)

A 4

Provide diaphragms or cross frames
at new fabricated girders

(AASHTO Standard Specifications,
Division I, Design-Article 10.20)

A 4

Provide bearings
(BOPP, Article 3.5)

(AASHTO Standard Specifications,
Division I, Design-Article 14)

Deck placement

(BOPP, Article 3.1.1)

!

Remove temporary support

(AASHTO Standard Specifications,
Division II, Construction-

Article 2)

Figure 4.10 Ship lap joint design process.




As shown in Figure 4.10, when considering replacing the assemblies with ship lap joint,
the process starts with following steps. While replacing the pin and hanger assemblies with a ship
lap joint, the girder should be supported by a temporary support beam and this support should be
provided according to Standard Specifications, Division II-Construction (Article 3). Then remove
the deck according to Standard Specifications, Division II-Construction (Article 2.3.3).The portion
of the girder length and the pin and hanger assembly are removed according to Standard
Specifications, Division [1-Construction (Article 2).Then provide new girders and shear
connectors according to Standard Specifications, Division I-Design Standard Specifications
(Article 10.34 & 10.38.2) and BOPP Specifications (Article 3.4).Then provide the new girder ends
with bolted splices connection and stiffeners according to Standard Specifications, Division I-
Design (Article 10.18 & 10.34) and BOPP Specifications (Article 3.4.2 & 3.4). Provide
diaphragms or cross frames at new fabricated girders according to Standard Specifications,
Division I-Design (Article 10.20). The support beam is carried by bearings which carries the loads
at the joint locations and bearing systems are designed according to Standard Specifications,
Division I-Design (Article 14) and BOPP Specifications (Article 3.5) which improves rotational
degree of freedom. Further, place the deck according to BOPP Specifications (Article 3.1.1).
Finally, after construction, temporary support beam should be removed according to Standard

Specifications, Division II-Construction (Article 2).
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4.2.5 Replace with Pin and Hanger Assembly.

This section summarizes the option that involves removing pin and hanger assemblies and
replacing them with new similar pin and hanger assembly. Items that are discussed and presented
in the corresponding flowchart incorporate relevant information from the literature search, DOT
survey and appropriate federal and state specifications.

When pin and hanger assembly is found to be frozen, they should be considered for
examination and should be replaced with new pin and hanger assembly. The hanger plates and
pins should be designed according to AASHTO Standard Specifications for Highway Bridges.
While replacing the new pin and hanger assembly, the suspended span should be temporarily
supported from below or above the deck. FHWA recommended to use new stainless steel pins and
hangers according to AASHTO LRFD Bridge Design Specifications (Article 6.4.7), which reduces
corrosion damage. Higher strength pins and larger hanger cross sections are also recommended to
use so that by replacing existing assemblies with new, more durable components the assembly
would be strengthened and maintenance requirements could be reduced. (Sirianni & Tricini,

2010).

From the DOTSs survey, the approach of replacing new pins and hangers is programmed in
more states than any other approaches. A flow-chart detailing general steps involved in the process
is located in Figure 4.11.

Pros:
e Replacement with similar design can be cost efficient and cause minimal disruption to
traffic; and

e By using stainless pins and hangers, corrosion could be controlled.
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Cons:
e Still provides non-redundant system; and
e Pin and hanger assembly needs regular ultrasonic inspection every two years. So there is a

higher inspection and maintenance cost.

New pin and
hanger assembly

Y

Provide temporary support

(AASHTO Standard Specifications,
Division II, Construction-

Article 3)

Remove pin and hanger assembly

(AASHTO Standard Specifications,
Division II, Construction-Article 2)

Y

Provide new pin and hanger
assembly

(AASHTO Standard Specifications,
Division I, Design- Article 10.25)

3

Remove temporary support

(AASHTO Standard Specifications,
Division II, Construction- Article 2)

Figure 4.11 New pin and hanger assembly design process.
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As shown in Figure 4.11, when considering replacing the assemblies with new assemblies,
the process starts with following steps. When replacing the pin and hanger assemblies with new
similar design section, the girder should be temporary supported and this support should be
provided according to Standard Specifications, Division II-Construction (Article 3). Removal of
the pin and hanger assembly is carried out according to Standard Specifications, Division II-
Construction (Article 2). Then provide a new pin and new hanger according to Standard
Specifications, Division I-Design (Article 10.25). Providing stainless steel pins and hangers are
recommended to use and these are designed according to AASHTO LRFD Specifications (Article
6.4.7), which reduces corrosion damage. Finally, after construction, temporary support beam

should be removed according to Standard Specifications, Division I1- Construction (Article 2).

4.3 Summary

This chapter summarized and provided flowcharts that describes steps associated with
completing feasible options associated with addressing pin and hanger assembly retrofit and/or
replacement. The intention was that the described flowcharts will provide an organized decision-
making tool that would assist NDOR personnel with assessing options and their consequences
when pin and hanger assembly retrofit and/or replacement are being considered. The respective
flowcharts in this chapter are designed based on the relevant information from the literature search,
DOT survey and appropriate federal and state Specifications. These included the AASHTO
Standard Specifications for Highway Bridges, the AASHTO LRFD Bridge Design Specifications

and NDOR’s Bridge Office Policies and Procedures (BOPP) manual.
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Chapter 5 Recommendations for Future Research

In the present study, research work was related to the synthesis part of finding the different
types of pin and hanger assembly retrofit and replacement options.

The future research should focus on the analysis part of the different types of pin and hanger
assembly retrofit and replacement options.

The analysis part includes finding the behavior of the various retrofit and /or replacement
option of steel pin and hanger assembly, and its effects on the behavior of the bridge with
different retrofit and/or replacement options.

The research mainly focuses on retrofit and replacement options and their effect on bridges
due to distortion induced fatigue cracking at the connections between the girders, one of
the severe problem of steel bridges. Fatigue analysis should be carried out by modelling
and analyzing using finite element analysis.

The development of a finite element models and analysis are planned for the bridges

located in the Nebraska State.
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Appendix A

Survey

Steel Pin and Hanger Assembly Replacement Options

Inventory Survey

A number of steel beam bridges exist in the United States that contain steel pin and hanger
assemblies. These assemblies were used to facilitate construction and to reduce the level of
indeterminacy along a given beam line when the bridges were originally built. As the bridges
continue to age, these assemblies have collected debris and moisture and, in certain
instances, have deteriorated to a point where their retrofit or removal has been completed
or is being considered. We are facilitating this survey on behalf of the Nebraska Department
of Roads (NDOR) to explore how other agencies address pin and hanger assemblies that are
aging and becoming deteriorated. Results from the survey can be provided to you upon

.\_request. /

|/- -\

Section 1. General

1. Do you have steel bridges that contain pin and hanger assemblies?

O Yes
(» MNo — Go to Question 7 on page 3

1a. If yes, please provide the number of steel bridge types for each category below that have pin
and hanger assemblies. If you do not have a pin and hanger assembly for the steel bridge type,
please write in ‘0",
Mumber of pin
and hanger
Type of bridge assemblies

a. Two or three girder bridges

b. Fourand more girder bridges

I

c. Truss bridges
d. Other, spec'rhr:[ J
|

e Other, specrﬁr[

"
A
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]

Section 2. Options

2. Does your agency view the pin and hanger assemblies as components that need retrofitted and/or
replaced?

) Yes

i) No-» Gotoquestion 5 on page 3

2a. If yes, please provide the number of retrofit and/or replacement options that you have

implemented or programmed for each category below. If you have implemented or scheduled
retrofit and/or replacement options other than those listed below, please describe and provide the
number for each option in the additional table rows. If you have not implemented or programmed
the retrofit and/or replacement option listed, please write in 0°.

Number Number
implemented programmed

Retrofit option

b. Replace with new pin and hanger assembly

d. Other, specify: [

1N ]

3. For the retrofits and/or replacements you indicated above as implemented or programmed, did you
follow any of the designs, procedures, or criteria below?

b. AASHTO standard specification criteria and procedures

O O
4. Have you developed your own criteria and procedures for retrofits and/or replacements?

() Yes
l_O No —» Go to question 5 on page 3

4a. If yes, please provide references.
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5. Does your agency view the pin and hanger assemblies as components that need no further action at
this time?
) Yes
{2 Mo-# Goto Question &

5a. If yes, please briefly explain why no action was taken.
I,f Ty

Section 3. Future Contact

6. If you developed your own criteria and procedures for retrofits and replacements, would you be
willing to share those with us?

C. Yes
(D) No - Goto Question 10

() Notapplicable
Ba. If yes, which format would you prefer to share those in?

{7y Electronically
{7  Hard copy

7. Would you like to receive the results of this study?
{» Yes
() No

8. If you answered yes to Question & or 7, please provide your information below for us to contact you
to either request your criteria and procedures, or to provide you the results of this study.

J | ]

First Last
Email

_Mame

Je| |

0o



64



Appendix B

Response to Survey of DOTSs

Question 1

Other types of steel bridges that have pin and hanger assemblies other than listed are:
Arizona DOT: Arch Bridge (85).

Arkansas State Highway and Transportation Department: Arch deck (2).

Alaska Department of Transportation and Public Facilities: Box girders (1).

Colorado DOT: Tie down.

[llinois DOT: Truss with eye bars & pins (1).

lowa DOT: Secondary highway steel girders, secondary highway truss.

Michigan DOT: All girder bridges (1099).

Minnesota DOT: Arch (1), Suspension (1).

Ohio DOT: Riveted steel arch (2).

Oregon DOT: RGDG (9).

Utah DOT: Pinned arches (7), Suspension arch (1).

Washington State DOT: Concrete box -2 (132).

West Virginia DOT: Tied thru arch (1), Suspension bridge (1).

Question 2

Maine DOT: Superstructure replace (number implemented-1, number programmed -1).
Massachusetts DOT: Ship lap joint (number programmed -1), replace p & h assembly with
under running bearing beam (number implemented-1).

Michigan DOT: Replace bridge (number implemented-1, number programmed -3).
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North Carolina DOT: Replace w/ concrete girder (number programmed -1).

Nebraska Department of Roads: replace bridge or superstructure- (of the 102 pin and
hanger bridges on the state system 50 are scheduled for replacement of either the entire
bridge or the entire superstructure).

Virginia DOT: replace Bridge.

Wyoming DOT: suspension hanger/seismic (number implemented-1).

Question 4

Arkansas State Highway and Transportation Department: Internally developed.

[llinois DOT: It is part of our structural services manual. Bureau of bridges and structures
IDOT.

Michigan MDOT: Our bridge replacement program prioritizes bridges with pins & hanger
high enough to systematically replace the bridge with another (usually concrete) bridge.
Missouri DOT: No set criteria. Details are case-by-case.

Utah DOT: Is not documented.

Question 5

Alaska Department of Transportation and Public Facilities: Pin & hangers are functioning
properly. No pack rust present.

Colorado DOT: No section loss due to corrosion & no crack on hanger.

Delaware DOT: We are not as concerned with pin & hanger assemblies for multi-beam
bridges. Pin & hanger assemblies on truss bridges are treated as a fracture critical member

and are scrutinized more.
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lowa DOT: Proper inspection should identify deficiencies in time to address them without
impacts to public safety.

Louisiana Department of Transportation and Development: Bridges are in good condition.
Montana DOT: Pins and hangers are usually inspected every 2 years and UT inspected
every 4 years. With our relatively dry climate and large temperature swings the p & h
assemblies usually stay moving as designed with little rust impact.

Minnesota DOT: We will include repairs or improvements to pin and hanger elements as
conditions warrant. We have not developed projects solely on pin and hanger detail unless
condition justifies.

North Carolina DOT: Inspection reports indicate the condition of the pin and hanger is
“good”.

Nebraska Department of Roads: All bridges are inspected by certified inspectors at least
every 2 years and all bridges that this agency manages directly have redundant secondary
systems should failure occur.

Nevada DOT: We haven't identified problems with the hangers, aside from minor
corrosion.

New Hampshire DOT: Framing plan varies from 10 to 7 girder lines, condition is
satisfactory.

Ohio DOT: We retrofit when they are deteriorated.

Oklahoma DOT: We used ultrasonic inspection on our pins. No problems were found.
Oregon DOT: We inspect & monitor p & h's and only r & r or provide supplemental support

when their condition indicates a need.
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e Pennsylvania DOT: We have retrofitted the inventory of 2 girder and truss bridges with

suspended assemblies.

e South Dakota DOT: These assemblies are part of annual NBIS inspections and the pins get

a periodic NDT inspection as well.

e Virginia DOT: We evaluate each one individually.

e Washington State DOT: Routine inspections and painting when needed.

e West Virginia DOT: We monitor during routine inspections and provide action as needed

uestion 6
e 10 states willing to share their own criteria and procedures for retrofit and or/replacements
are:
States willing to share their own criteria and procedures for retorfit and or/re place ments
Name Email DOT Preference for sharing
Michael Hill mike.hill @ahtd.ar.go Arkansas State Highway and Transportation Department Electronically

Behrooz Far
Victor Veliz
Anne Rearick
Dave Powelson
Tim Schwaglor
Walter Peters
Tom Macioce
Graham Bettis
Joshua Sletten

behrooz.far@state.co.us

victor.veliz@illinois.gov

arearick@indot.in.gov

dpowelson@dot.state.nh.us

tschwaglor@nd.gov

wpeters@odot.org

tmacioce @pa.gov
graham.bettis@txdot.gov

jsletten@utah.gov

Colorado Department of Transportation
Hlinois Department of Transportation
Indiana Department of Transportation

New Hampshire Department of Transportation
North Dakota Department of Transportation
Oklahoma Department of Transportation
Pennsylvania Department of Transportation
Texas Department of Transportation
Utah Department of Transportation

Electronically
Electronically
Electronically
Electronically
Electronically
Electronically
Electronically
Electronically
Electronically
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Additional Comments

Arkansas State Highway and Transportation Department: We usually have 1 or 2 bridges
a year that have pin/hanger issues. Our fix is normally to replace pin and hanger.
Sometimes we keep the hanger and just flip it around. When we have wear we will bore
and replace with bigger pins.

Illinois DOT: As a result of a fractured pin is one of our structures in the mid 1990's the
Illinois Department of Transportation developed an aggressive program for the
replacement of pins and link assemblies. Between 1995 and 1997 over 90 structures on our
primary system were retrofitted. Over 2000 pins and corresponding links or plate
assemblies were replaced throughout the state. In general the retrofit replaced the old style
“shoulder” pin (with no bushings) with a constant diameter solid pin made of a stronger
material (Nitronic 60) using Teflon bushings. The intent was to provide a better pin
assembly as well as one that was easier to inspect in the future.

lowa DOT: We have replaced bushings in pin & hanger assemblies due to corrosion/wear.
Massachusetts DOT :For the replacement of the p & h assembly with the under running
bearing beam, the detail looks just like a catcher beam except that the suspended span sits
on a bearing on that beam and the p & h assembly was removed in its entirely.

Michigan DOT: MDOT does not automatically view pin & hangers as needing
replacement. We replace them on a case-by case basis based on condition and load
capacity. Although pin & hangers are not utilized on new bridges, we do not have any

focused efforts to remove them from our inventory.
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Mississippi DOT: We have replace pins & links on our large scale MS River crossing
bridges in Watchez, MS. It is the only bridge we intend to remain in service with these
details. The replacements were very large scale. These are long span truss bridges.
Montana DOT: Our pin and hanger assemblies tend to work well. We have replaced pins
over the years due to wear and also a few assemblies when they were ruined by impacts to
girders from overweight loads.

Minnesota DOT: MnDOT stopped building bridges w/ pin and hanger details in 1960's.
We have not rehabilitated that many as the bridge width is typically too narrow therefore
we have done mostly bridge replacements for those vintage. It has been over 10 years since
last pin and hanger rehab and that one was caused by no cotter pin on pin and there was a
condition concern the hanger may come off of pin. Call w/ questions.

Missouri DOT: We only replace or repair them after they deteriorate. We don't have a
program to do so.

New Mexico DOT: Performs ultrasonic testing on all pins every 60 months. We have found
and replaced compromised/broken pins.

Ohio DOT: Number of retrofits performed - you did not give a time frame for this work.
This makes it difficult to answer. This type of work has gone on for many years. We do
not track this work so there is no way to answer that question beyond the memory of current
group.

Utah DOT: Please contact me for additional details on the bridge retrofit projects we have
completed or programmed. | would like a copy of the results.

Wyoming DOT: The pin & hanger we replaced was due to damage from gunshot.
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Appendix C

List of Abbreviations

Alabama Department of Transportation (ALDOT)

Alaska Department of Transportation and Public Facilities (Alaska DOT & PF)
American Association for Public Opinion Research (AAPOR)

American Association of State Highway and Transportation Officials, Load and Resistance
Factor Design (AASHTO LRFD)

Arizona Department of Transportation (ADOT)

Arkansas State Highway and Transportation Department (AHTD)

Average Daily Truck Traffic (ADTT)

Bridge Office Policies and Procedures (BOPP)

Bureau of Sociological Research (BOSR)

Colorado Department of Transportation (CDOT)

Delaware Department of Transportation (DelDOT)

Federal Highway Administration (FHWA)

Florida Department of Transportation (FDOT)

Fracture Critical Members (FCMs)

Georgia Department of Transportation (GDOT)

Hawaii Department of Transportation (Hawaii DOT)

Illinois Department of Transportation (IDOT)

Indiana Department of Transportation (INDOT)

lowa Department of Transportation (IOWADQOT)
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Louisiana Department of Transportation and Development (LADOTD)
Maine Department of Transportation (Maine DOT)
Massachusetts Department of Transportation (Mass DOT)
Michigan Department of Transportation (MDOT)

Minnesota Department of Transportation (MnDOT)
Mississippi Department of Transportation (Mississippi DOT)
Missouri Department of Transportation (MoDOT)

Montana Department of Transportation (MDT)

National Bridge Inspection Standards (NBIS)

National Cooperative Highway Research Program (NCHRP)
National Transportation Safety Board (NTSB)

Nebraska Department of Roads (NDOR)

Nevada Department of Transportation (NDOT)

New Hampshire Department of Transportation (NHDOT)
New Mexico Department of Transportation (NMDOT)

New York State Department of Transportation (NYSDOT)
Non-destructive Testing (NDT)

North Carolina Department of Transportation (NCDOT)
North Dakota Department of Transportation (NDDOT)
Ohio Department of Transportation (ODOT)

Oklahoma Department of Transportation (OklahomaDOT)
Oregon Department of Transportation (OregonDOT)

Pennsylvania Department of Transportation (PennDOT)
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Rhode Island Department of Transportation (RIDOT)

South Dakota Department of Transportation (SDDOT)

South Carolina Department of Transportation (SCDOT)
Tennessee Department of Transportation (TDOT)

Texas Department of Transportation (TxDOT)

Transportation Research Board (TRB)

Utah Department of Transportation (UDOT)

Virginia Department of Transportation, Central Office (VDOT)
Washington State Department of Transportation (WSDOT)
West Virginia Department of Transportation (WVDOT)

Wyoming Department of Transportation (WYDOT)
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Appendix D

Table A.1 Summary

Summary of various retrofit and replacement options are briefly presented in the Table Al.
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Table A 1: Summary of DOT Options

Retrofit/replacement

options

Pros

Cons

States that uses
retrofit/replacement

options

States that have drawings

Bolted splices

Eliminates non-redundant system, make
structure more efficient.
Reduces and mitigate superstructure

corrosion.

Need to re-evaluate superstructure
behavior and capacity.

Higher construction cost.

MaineDOT, MnDOT, NHDOT,
UDOT.

Reduction of joints controls corrosion

Structural damages-(thermal stress,

. and moisture intrusion. shrinkage & creep).
Link slab _ :
Higher stress lead to fracture & cracking
along the slab.
Immediate option, controls sudden Temporary system. AHTD, DelDOT, INDOT, OklahomaDOT, PennDOT
Catcher failure of bridge. Fatigue related problem replacement MaineDOT, MassDOT, MnDOT,

beam system

need to be considered.

MoDOT, NCDOT, Oklahoma
DOT, TDOT, WVDOT.

Ship lap joint

Support beam carried by bearings,
improves rotational degree of freedom.

Need to maintain joints.

Higher maintenance and initial
construction cost.

Design, retrofit required are tedious

compare to pin and hanger assembly.

MassDOT.

MassDOT

New pin and hanger

assembly

Similar design can be cost-effective and

minimal traffic disruption.

Regular ultrasonic inspection.

Still provides non-redundant system.

IDOT, MnDOT, Mississippi DOT,
MoDOt, UDOT, WYDOT.

IDOT, MichiganDOT




Appendix D1

Nebraska Department of Roads Design Plans

. S07507234 — Bridge built in 1957, repaired and overlaid in 1982-1983 and re-decked
in 2010. The re-deck plan eliminated the deck expansion joints and provided with
bolted splices.

. S02611926 — Bridge built in 1939, widened, re-decked and overlaid with asphalt in
1975, repaired and deck overlaid with concrete in 2009. The 2009 plan replaced some
existing pins with new pins. Girder supported using temporary system during pin
replacement

. S01118443 — Pin and hanger assembly bridge, built in 1945, and overlaid in 1983.

. S05703867 — Pin and hanger assembly bridge, built in 1934, and widened in 1962.

. S07301232 - Pin and hanger assembly bridge, built in 1933, widened and re-decked in

1973.
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- PLATTSMOUTH NORTH BRIDGES - b=

TITLECTE2.DGN

o~
- NOTES - - QUANTITIES - - INDEX -
The existing structure was bullt under project 475(2)-1, dated 1857. Plans = o
are avaligble from the Bridge Divislon upon reguest. Z
GENERAL NOTES , QUANTITIES & INDEX A
The concrete bridge deck Is designed by the empirical design method in accordance PREPARATION OF BRIDGE AT 5TA. 850+67.50 I EACH : . ‘ g
with AASHTQ LRFD fourth edition. ABUTMENT NO. I EXCAVATION 1 LUMP SUM GENERAL PLAN & ELEVATION . 2 "(g é &
The contractor may substitute any one of the aefternate designs shown on the pians ’ : QO 0 E
for the orlginal deslgn. All quantities are based on the orlginal design and no sdditions ABUTMENT NO. 2 EXCAVATION b LUMP St PHASING PLAN ! 2 =
or deductions will be allowed for the use of an afternate design. CLASS 47BD-4000 CONGRETE FOR BRIDGES o161 CU. YD . %x -
- - ; Yo o
All structura! steel for stiffeners and all splfce materlal SLAB 1754 CU. ¥D. PLAN & ELEVATION OF ABUTMENT NO. | 4 20:&).' » 3]
shall conform to the requirements of ASTM A700/A709M, Grade H50W weathering steel. <L
¢ 7 HAUNCH - 1.3 CU. YD PLAN & ELEVATION OF ABUTMENT NQ. 2 & Q_%Q H 8
Nuts, bolts and washers used In the assembly of weathering steef shafl be Type 3. CONCRETE RAILS 104 CU. YD . C{)Q:E:u *'....." z >
- 4 A ., . — - =3
Alf Fasteners shall be 75"® high strength boits, ASTM A325. GRADE BEAM BILL OF BARS 6 RGN
STRUCTURAL STEEL FOR SUPERSTRUCTURE — e 4110 LBSs. z _®g dha
Fleld tack weldlng of form hangers or miscellanecus hargware to any part of the EPOXY COATED REINFORCING STEEL 4745 1BS GIRDER LAYOUT & FIELD SPLICE DETAILS 7 ‘?‘;5-(2 8 = w
steel girder, shall be prohibited. S AB 38520 188 . ’ . -&-)Luu..l - E
8 LBS' CROSS SECTION OF ROADWAY B ,\me 0 | ﬁ
The girders for this bridge are not designed to resist any torsional or lateraf CONCRETE RAILS — 585 ' - = E =] o
forces due to temporary construction loads. The contractor must provide any temporary EXPANSION BEARING, TFE TYPE 10 EACH PLAN VIEW OF SLAB AND TURNDOWN 9 8 O &
bracing necessary to support the girder web and flanges agalnst all torsiona! forces = =z
resulting from construction loads. BEARING DEVIGE REPLAGEMENT 10 EACH SLAB BILL OF BARS 10 S o e
. . . i o
Concrete for siab, approach slabs end rafis shall be class "478D", with & minimum GRANULAR BACKFILL 85 CU YD Coalx
28-day strength of 4000 Ps! ' APPROACH SLAB i g5
' SUBSURFACE DRAINAGE MATTING 79 SG. YDS. T w : E
CH SLAB SECTION AND DETAILS {2 o
All reinforcing steel shall be epoxy coated and conform to the requirements of BROKEN CONCRETE RIPRAP 500 TONS APPROACH SLAB ! Db Em g =2
ASTM AGIS/A615M, Grade 60 steel. S
‘ CONCRETE FOR PAVEMENT APPROACHES RAIL ON APPROACH SLAB 13 Z0 E
The minimum clearance, measured from the face of the concrete to the surface of CLASS 478D~-4000 2165 CU, YD. T E
any reinforcing bar, shall be 3", except where otherwise noted. SLAB 1523 CU. D BILL OF BARS - APPROACH SLAB 14 S% : a ﬁ
A ' " {
; Q
All dimenslons shown are in horlzontal plane only. No allowance have been mage for CONCRETE RAILS 222 CU. vD. = T %
vertical curve or roadway cross stope. GRADE BEAM . . = 420 CU. YD t}_rg - a - a
) Girder shims that will he provided to the contractor account for dead load deffection EPOXY COATED REINFORCING STEEL FOR ’ 'Z.E c.:’ S 2t
due to the weight of the slab and rail only. The contractor Is responsible for making the PAVEMENT APPROACHES 36775 LBS. . b
necessary adjustments for the particular forming system used to achleve the slab grades SLAB 26435 LBS a % m E ]
and elevatfons shown on the plans. ' Zo 3l
CONCRETE RAILS 5805 LBS. g @ < ” 3 7
Required Construction as follows: GRADE BEAM e 4535 LBS. i % &9 €
New Sigb, Turndown and Ralls, PRECOMPRESSED POLYURETHANE FOAM JOINT, TYPE B _ 855 LIN. FT. § Q g % E g
New Appracch Siabs and Grade Beams 1Ya" CONDUIT IN BRIDGE a6 LIN. FT.
New Bearings at Abutments
wﬂ
Add stiffeners (3x3x Jgangle where shown < S
Spilce Top and Bottom Flanges at Pln end Henger Systems u-; 0 P 3|z (»]
1 ~
SERHTS
O S E +la S
5%5@29
E 542 w
8 g w (A
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. No Construction Activitles or other
_ Obstructions may be placed within :
T Co o these Limits. ;
% Add 1.5 inches per Degree of ‘
Track Curvature to the Horlzontel
Clearance Distance. Z
; (=]
1 [ ]
' LLy W
3 0]
“ =
: @ (=
% e
| 20:0 ﬂ =
i QELULU — o
| QAR O a
€ Treck ! ] .__‘Q: ﬁ m
! e .9 e
| Stk
I
| i ?§2 v =
Clear, Mipimum Construction Cleargnge ! o ELu = @
( * 12-0") NG <%
a= 5l
5 N -4
| : j
i S g
RAILROAD NOTES & |y
. { g
i T St
L t 1 THE PROPOSED GRADE SEPARATION P.‘"\’OJECT SHALL NOT INCREASE THE QUANTITY AND/OR = a E
_/ CHARACTERISTICS OF THE FLOW IN THE RAILRCAD'S DITCHES AND/OR DRAINAGE STRUCTURES. g& g E
5 20 -
) THE ELEVATION OF THE EXISTING TOR-OF-RAIL PROFILE SHALL BE V_::’RIFIED %EFORE BEGINgIgG Ie E =
GONSTRUCTION. ALL DISCREPANCIES !SHALL BE BROUGHT TO THE ATTENTION OF THE RAILROA =
MINIMUM_CONSTRUCTION CLEARANCES CONSTRUCTION.  ALL DISOREPANCIES 31 | ZE R[5|9
(Norma/ to Raliroad) ; g T %
THE CONTRACTOR MUST SUBMIT A PROPOSED METHOD OF EROSION AND SEDIMENT CONTROL AND %) a a
HAVE THE METHOD APPROVED BY THE:RAILROAD. o 3 1=
i I ] =
ALL SHORING SYSTEMS THAT IMPACT THE RAILROAD'S OPERATIONS AND/OR SUPPORTS THE a - ™ b
RAILROAD'S EMBANKMENT SHALL BE DESIGNED AND CONSTRUGCTED PER CURRENT RAILRGAD 8 m E m
GUIDELINES FOR TEMPORARY SHORING. %?’\1 : g
] i < W
ALL DEMOLITIONS WITHIN THE RAILROAD'S RIGHT-OF-WAY AND/OR DEMOLITION THAT MAY E B E E é
IMPACT THE RAILROAD'S TRACKS OR OPERATIUNS SHALL BE IN COMPLIANGE WITH ThHE RAILROAD'S @m c 2 E
DEMOLITION GUIDELINES. SRealdla
ERECTION OVER THE RAILROAD'S HIG}%IT-OF—WAY SHALL BE DESIGNED TO CAUSE NO INTERRUPTION E
TO THE RAILROADS OPERATION, ENABLING THE TRACK(S) TG REMAIN OPEN TO TRAFFIC PER THE
RAILROAD'S REQUIREMENTS. ! < =
: oy RIE ©
RAILROAD REQUIREMENTS DO NOT ALIOW WORK WITHIN 50 FEET OF TRACK CENTERLINE WHEN A v UI'J Rl |t )
TRAIN PASSES THE WORK SITE AND ALL PERSONNEL MUST CLEAR THE AREA WITH IN 25 FEET OF 33 ) ‘_f = =
THE TRACK CENTERLINE AND SECURE :ALL EQUIPMENT. o E% E <
48 @
FALSE-WORK CLEARANCES SHALL COMPLY WITH MINIMUM CONSTRUCTION CLEARANCES. E E E 4 % g
5 HE
ALL PERMANENT CLEARANCES SHALL BTE VERIFIED BEFORF PRGJECT CLOSING.
FOR RAILROAD COORDINATION PLEASE REFER TG THE RAILROAD MINIMUM REQUIREMENTS AS PART
OF SPECIAL PROVISIONS. :
i Nebowtn
: Depertent of Rosie
: STRUC
o N
-~ H TANIEL J. E
f/ : ' Esgﬁ
: s, ¥
l 4);.0 NE!
84-08
i BPBCIAL
i pLan o | 1A
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Paving Section = 30°-0" Approach Sectlon fé) End of Fioor to End of Fioor = J77'-8)%" ‘ Approach Section Paving Section = 30'-0" :
[ A . = 1 it I_alfn
] C%l— ¢ Abutment to & Abutment = 175'-0 1-ally sta 860+0498 L,
N, Span No. | = 55'-0" Span No. 2 = 65'-0" Span No. 3 = 55'-0" S " |See Roadway plans for
. -\ "B o Drain System (Typ.)
L N R A
L . o e -
. . 7 T7 T TETEEEiY -X e e T s s e e e e = e T T = e e e T T T e = - C = . = e — - T T
s \ 1" Condult A IT g 3
I £ i . N, . 9l
* ! -2
= l N End of Floor N ~ End of Fleor A l gl
s - Sta_858+78.65 AN N St 860+56.36 .
@ ' NN _ — _ _ _ = _ N - N _ N : %
= " T = s
« Phase Line . . N ?} Els, w 71
= || & Construction Joint . A S| o™z
iy N N =2 Q 2
& . \, | T =&
\ Lo |t | &S
K : - A 7 i <1 \!_ I : 250N =
T 3 N, P PO ", P ‘..'k \ P ) s g'—u% [y o
- A ' b T ; B L sta sso+s8.6 s CEHS (8 E
. = | a " ‘ I Q: 2 o
\-.\ Benchmark € Exlsting PferA S ¢ Unlon Pecific Raliroad € Existing Pler See Roagway! plans for m‘aoa <% =
This Structure Is Located on US-75 over N bl Drain System (Typ.) :—‘QEZ Zi3|
the Unfon Pacific Rallroed In Cass County, " - i <
Sec. 13-TI2N-RISE B °6 : —INC ool & |8l 8
“ % ”)’% '\‘EDE - |4 <
This Structure is Located at Unjon Pacif! \‘é '“‘Qggq::.;no
s Structure 1s Located at Unlon Pacitic ‘N
Mitepost 461.30 Falis Clty Sub. . _G_%%% ,_U‘I_J % o
.. =W
O © %
@ o
=
P
¢ Grade Beam No. 1 € Prer No. ! ‘ _ ¢ Grege Beam No. 2 E 2 E
Sta. B58+56.65 ‘ . Sta. 650+35.00 ¢ Bridge Sta. 860476.36 S& g S
Gr. Efev. = 1134.38 Gr. Elev. = 113344 Sta, a5g+57.5o’f\ € Pler No. 2 r. Elev. = 13271 22 »
End of Paving Section : Sta. 860+00.00 ¢ Abutment Neo. 2 End of Paving Section g E
Sta. 858+28.65 € Abutment No. | Gr. Elev. = 1132.94 Sta BE0+55.00 Sta. 861+06.36 [y ﬁ
Elev. = 113488 ' Sta. §58+80.00 Gr. Efev. = 113274 Elev. = 113273 8‘“3 J
Gr. Efev. = 1134.08 : < T %
[52] a =)
= 5313
i K S =
TROEE <
Z o b bl
B - sh3r 8%
[ T : o | teBElE<| N
T FEE Bl &
e X £ MZ A m
S/ g
WA -
A [ h
z 5
= 10
'EI-: g l\1- 2 % uaa o
‘ ] o Ta~ ikl
Broken Concrete Riprap ™ o Y Sl e
This Structure is located in Cass County g § 3 & <
over Unlon Pacific Raliroad In Sec. 13 TI2N RI3E S — e . ‘ © g 2]
L — I — | - 2 ) FH
: |[ 1 ' ¢ G.B. No. 2 WA
i J | € Abut, No. ! ¢
End Cap (Typ.) Pier No. € Pler No. 2 ¢ Abut. No. 2
SECTIONAL ELEVATION ¢ GB. No. i
Not to Scale 71—t 71" o _T-‘.. ......................................................
2" _— 15'-0" (Typ.)
POURING SEQUENCE: - -0 N
. Bridge Loc&t!onsaaas% The entire slab shall be poured ' 4‘—0"“ 15 *‘ Brigge = 177°-61%"
- starting at one end and proceeding X \ \ \ AN \
g to the other end, stopping at the N N
completion of any "P" sectlan.
Sta. 861+25 B eetion \ 11/," _CONDUIT IN BRIDGE LINE_DIAGRAM
Elev. 25.8/ o < & . WEST RAIL ONLY
VO, = 800 ¢ Abutment No. | “—¢ Pler No. | € Pler No, 2 € Aputment No. 2
POURING DIAGRAM
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Phase I Removal = I6'-10" 2'-o" Phase I Traffle = 12'-0" S075 07234
{ ciaper. ¥
o
E-3038
o -
P ’ l |
- b
— L
v o | T .
: = ] 5|
H
! LL]
I @
Q E
i Ty "
= —
- 2.0 .| |8
<Ly I
- jRi_alt I_ntt 1 _nt - [ai_n? Q-QQ |
. Phase I Construction = 15'-4 . 2'-0 20" Phase I Trafflc = 12'-0 Vgl & |8
| RN
L e 2%
Phase Line OEZ a 3 ]
. 73z
Construction Joint owas T (B
Q
G e 3
o= =)
| | L =
( N S
— AEFE* a %
g ' = 3
| | i
I " Z
[ H i ! b~
|—_-J“L_':1 A == == = %a E:
Y Phese 11 Traffte = 12'-0" 2'-0" Phass 11 Construction = [9'-4" : 28 o
] ER o i
] - SEE NP
11 - I
| i Construction Jolnt & % [
‘ ,J - Phase Line 1-": = Q T =
N S S 5 TR
== == Zao kA
_ T | ﬁ g | BV @
: i 8
| | | | | TH P
' i i i i RN
ﬁ"::u = == —h ;_—_J"L-. %
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m 0™t 3|3 o
I6'-0" 16'-0" r-4y Zolnialm
[ 1 o> . ¥ =
EgB3E <
%K @ig
i L]
% ) Construction Jolnt—\ E EE é E »
| I I Notes;
[ | - +— —t—y | ] Concrete Protection Barriers will be anchored
T | '_} '_] '”T=' to the slab as per Special Plan 3C.
1 i H The harriers will be placed next to the break
i i {tne and construction Iine, as shown. Due to
., h I ! fow traffic speed the I'-0" min. ledge Is not required.
ll"I__ |='E‘_—_s == = mjl_l__g_,
I 3'-’0" I 6'-g" | G'-Q" &'-6" & -g" ‘ 3-10"
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Phase II Construction = 26'-234" Phase | Constructfon = 20'-gl4" mom7g0121(n:)R64) l’“;'
- " Gonstruct! Int - " .
24-A401 @ 12" ctrs. onstruction Joln 19-A401 @ 12" cirs ow 20342
STRUCTURE NUMBER
y 1 S075 07234
__‘ ¢ Grade Beam
¢ Expansion Joint Ad03 - A403
| Ad02
Paving Section Approach Section / _ Ad02
Trowel to 8 smooth Finish and place | Layer 3 Ll Bl LAY
. of SBS Modifled Asphait Base Sheet on _/ \
approaeh sectlon helf of the grede beam. 16-A702 — A402 A402 g
E ) A403 A403 ;
™ '
ELEVATION OF GRADE BEAM
Phase II Construction = 26'-234" Phase I Construction = 20'-g/4"
- i 18-A401 @ 12" ctrs. =1 |2
: 24-A40] 12" etrs.
>§ 3 : ¥ = g == , Lc.l(.l 9
@ 26-A690 @ 12" otrs. , 2i-As00 @ 12" ctrs. m
ATOI or A702 ™~ i h‘g R . Vs — = S w )
(16 Reg'd.) g2 o / S Q 9 E
o 5 & A402—|/ < —~ <t a
. \
A5%0 @ 12" ctrs: ! : g 5 & A403— / = A2 By & &
201 @ 12 ctrs. L4 | o % i A403 —. | % - > %. Za " VL. %ﬁ% g T
¥ 2 // A0 <
Q .
5z 1 - s Pl %
N ! r < / ’/ % ma 3 m
: & ¢ Grads Beam , \\ —,;_ . . Ty \
< . o A402 / = \— pg03 A2 o = |B 2
b / L plice [\.,(;DE Ll <
%’% j“ ? / ~ [ RT-]
/ a=z|"|C
o . Undisturbed Earth & Project and Roadway . awn -
I'-6 I'-6 ) % E)J E L
Phase Ling
GRADE_BEAM SECTION / 5€ 23 ©
Phase II Removal of Back wall and Wlng \ \ /,_/‘\ - alk E
@ ;) \ - \ [
Gg, 7 .—/ P T =
: 2 — - \ Quw z
Y @ 7 gu ’ ’/" — Y 28 (™
x/" 5 / \ \ -~ ~ - A S
- ( \ \\ Limits.of Abutment Excavation Phase I Removal of back wall and Wing N - TR Sa Y4
AN a Z T e -
\ \ P - T ’/, - ) . g & )
\\ \\ > / Break back wail and wing down to— \ \ T - g T ?
\\(\\ 4 top of shutment cap. ‘.\ \ (o // é/ < 0 ;
: d \ \ e ;/ - aAp E b
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Replace Bearings on Girder C, Girder D and Girder B durlng phase I Constructtion § D r\ $ = E
and Girder E during phase II Constructtion & g % E <
@ Measured perpendicutar to Phase Line PLAN VIEW OF ABUTMENT.NO. 1 E z ; : % g
: Field Bench mark 2 E E BB
Fleld Bench mark -
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Prase I Construction = 20'-gl5" Phase T Construction = 26'-2%" PROJECT NUMBER T
. 19-A401 @ 12" ctrs. 24-A401 @ 12" otrs. 75-2(1064) 20
CN 22342
[6-A70! 16-A70I — STRUCTURE NUMBER
T 5075 07234
A463 r * A403
A402
\ A402
: L iG-Azgr— |
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AqDZ2— \ Ad02
Ad03 A403

Phase I Construction = 20°-l4" ELEVATION OF GRADE BEAM Phase I Constructlon = 26'-234"
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SHEBT
- , 75-2(1064) 2z
MARK { NUMBER OF BARS i ' WEIGHT : ‘
GTH TYFE ”AH HBH "CN IIDH HE" ll'Ffl PlN HOUK ) C.N. 22342
PHASE || PHASE 2 LEN LBS . STRUCTURE NUMBER
. . ’ 5075 07234
—Tazor | 16 22-1"_| STR. 1 749
S A | 16 | 25-9° | SIR. 842
=
% 200 | 27 | 2 | 35 |05 | 2-o" | 16" | I'-0” : 24 : L& Abutment
. O | 8 | 24 | 12-6" | 107 | 36" | 2'-6" : 2 | 4k | 366
L ag02 | 2 2 w-7" |} lo7 | 376" | I'-5" 2" | 4k | 28
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Span No. 1 = 56'-0" Span No. 2 = 65'-0" Span No. 3 = 55'-0" C.N. 22342
) ' STRUCTURE NUMBER
. S075 07234
. € Pin and Hanger Sy steml——\ 70" € Pin and Hanger System}—\ 7'-0"
T ) N
. & Girder A——I \ ® :
e = '
. 7 AN
) Glrder B . \ - AN
w ! @ ) \ @ @ X Z
- Girder GI—/ \ \ Uy %
J ' e
I ® ® ANIO) O 281 |B
= : Q‘
S Girder D \ @ ® o mx(ng 9
“ : @ @ : } %Q:EIJJQ*‘ (G}
v ‘ . N SO0 | B
Girder E ——|@ Abutment No. 1 \———|CE Pier No. | ¢ Pler No. 2[ . ¢ Abutment No. 2}—— I E:..CE“‘-(D§ -4
. =—— ¢ Field Spilce ?(Doa.:s > ]
—_— 2 Spa @ 7" 73" 2 Spa @ Existing Holes _ ey arat-El
- a ; I
" I 5 " ) -~
1" 5% 12" U J QEQJDE a
- ™ se existing holes as pllot L
I. Replace Bearings at Abutments. L 3x3x %\ g Existing ofes not used N holes to driil remalning new holes QEEJZ e (o}
2  Place a Field Splice (Top and Bot'tom Flange) at Pin and Hanger Systems. 3 ) ( \ , = - w < m’
9 Place 2-L 3x3x%a spaced at 3'-6" ctrs. at maximum deteriation of web. S X % ‘ i T H_:R ‘/—Q Girder 4 g .
@ ¥ S T e e il o e 71 O | |6
o & * Sl D B0 W T € |y
I——— g t?“ \ /’A ¢ - | @ = EI
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% . Sole Plate q]: :: 54" . 53" between Existing} 2§ E
I | - ' PLAN OF TOP FLANGE T"_T@ Girder %5} 2|8 ﬁ
s 2 . FliI B as required — | ;—R B Flit E—\ o “fe B |83« i A
Dﬁ ’ _Angle Plate Detail. f—r§ Girder c ke = = = 1| | % =
Bearing Detail _,_-@___w_@_l e £ o5 2R
' Remove existing beveled plate Soie Plate L B ‘\ l-\‘L a-p'sl ¢ po | J SQir[
Fabric Pad . o @ o0 | e e e iga ek
I I [v]
Limits of anchor — e 0o 0 0 @ ) e % % :
. TFE Surface N bolt removal e e o o o / /e e B % g 3
Stalnless -Steel Flate™ , - <A DS
e s 0 00 -~ e e & ® c gl
Cut off anchor bolts flush . | § E s B alm
SECTION AT EXPANSION BEARING (TFE TYPE) with top of concrete. (Typ.) :’ i ,/ ¢80 %
‘ e o @ .
Beveled plates are to be removed / s e o
before new sole plates can be attached to exfsting Girders. ) s o : o o o 0 s < s
“~— ¢ Girder e o o | o s @ ' wo oz
l— ¢ Girder L . 2-f's D nuh+ 6H|E
o/ | or2 | Ji2 ' EXISTING BERAINGS AT ABUTMENTS ) .J I J . O_I-‘o | n RD g%‘,&jg b E
S S = == = | T e S
: Fr2 Fra_ | w T 7 S L" 2N Z 9 a
I I ¢ Bearing 4 Fii @ v v BE . B O E]
I i i Z 3 D T e Sl 1T
I I U =]
NI | I 3 . FIELD SPLICE DATA SECTION
N ! ! L ELEVATION
- —- - 1~ — AN PIN AND HANGER SYSTEM NO. 1 AND NO. 2 OR
3|3 ! ! ¢ Bearing  Fabric Pad— TFE Surface Thickness Wish | Length &Y I . : obeta
. P8 - Plate A - 1l —T————— > ) — @ Girder Deppe o
. = Sole Plate Stalnless Steel Plate FABRIC PAD Piate B P " 3-4 - H-— il - - ‘ iy
SOLE_PLATE Piate C ” g 74" A ) ' g’ — . %’g
™ . Plate D " 4" 2t % | I/ o ) [ﬂ‘lg“
i " i ’/" 4 spaces |4"|4"1 4 spaces i 2" * »
E I " 21 172 4 P >
DIMENSIONS FOR BEARING DEVICES Pae B 3" centers' | 1@ 3" centers e
SOLE PLATE STAINLESS STEEL FABRIC PAD
LOCATION A B c ) E F G H J _ PLAN DF BOTTOM FLANGE />
AbimentNo. 1| 172 2 7 ] 12 1% z 10 FIELD SPLICE DETAILS \ e T
AbutmentNo.2| 1l 12 14 —=- 1l 12 13 7 10
‘ % match existing ) _ ! 14




0 JPUX L BUVGLY Tl G P P77 00 O de el et Sl e b B e A=l

PROJECT NUMBER o
- - 75-2(1064)] 23
Phase I Construction = 15'-4" : Phase II Construction = 1g'-4" GN 22342
16-5404 @ 12" ctrs. | 20-5404 @ 127 ctrs. STRUCTURE NUMBER
\ 15-8601 centered over Pler | 19-5601 centered over Pler , 5075 07234
Jegt Place between 5404 Place batwsen 5404 |
| ——@ Roadway R
’J_Izﬂ 2!_0" I'-4
it
A Relnforcing stee! Ctearance (Typ.) r-2
) — Front Face of Rall A4 =i Top Front Face of Rall
. \/_ I = 4" Hottom : =~ _\
. If-o" FV; Unifrom Slab Thickness
Lad Splice ’
— Phase Line — 8405, 5406 or 5407
580 or. 802 Phase I— / & Construction Joint @ 12” ctrs. 172-5803 z
. 4 407
l/ 5401, 5402 or §403 ”2" Slope 115" Slope f(Place between 5406 and 5407) g
I trrrtie T = = w L L L AN M Bmiaw m . L] v L L
JL R S S i B S S S Ul VI S S S S PR MR uglé %
== == Y — = === 04 —
- Ij] 5501, 5502 or 5503-/ ':T_I 5504 ¥"S5mf '—1 \ > x CEJ% =
| ' . i $505, S506 or 5507 O |y
i i @ 12" ctrs. 200 C)
T
e, O
I U')QQLL [+:] a
o TR &
. | } i WS NEL
= === '=’Fm === = t:|3§2:2§ '
1 _ " | |
6 16-$504 @ 12" ctrs. 67 &b 19-5504 @ 12" otrs. o EUQ",,SS B é
M@=t <
=237 S
3'-10" 6 -g" g'-g" &-8" g-g" 3}_’011 ':LIJ 8{
= O <%
’ O
(o]
x 5
=
T (S E
CROSS SECTION OF ROADWAY 5. a5
ouy =
20 ™
G
I o
cg 809
]
Q T | B
s 7S]
1ally -~ = a T G
End of Floor to End of Floor = 177'-8)a t(— 2 Q13|
_ 163-5402 @ 12" otrs, T |
14-540] : 62-5 5402 % n E o
= 15" otre. . . 162-5802 (Pfape between ) 15-S604 Place %%u : a
3 i 8-5801 Tl - &' ||| between 5403 EvE % a 3
T —\7_i2-5403 ’“E%;ﬁnﬂ
- i -
T = @ 12" ctrs. § gnnm
T‘ i o = ! %
- &= 6" 5408 Z
£ @ j2" a § 24K
> 3|5 N @ =3 o B
¥ 5(° - |8 2 12" 0®alz
22 55 it iz 222 8|8°
il = == | 9~
@ 5408 g T E \ REDE " E
- 1 58818 <
E‘ % 1 LP.P'Jase Line ‘a \ E . d E W
I
Bl |s A S g %: 5 Bl&
SEIE S
Y| $409 8| 12
Bl o \ 58 e
(5]
o | \ i
= I
o 3 - \Q——@ Abutment No. | € Pler No. 1——x ——C Pler No. 2 € Abutment No. 2=
i‘ ’5,;4035 162-5406 @ 12" ctrs, . 16-5407 .
@ =" ars. @ 12" otrs.
172-5603 {Place between 5406}
PLAN VIEW OF SLAB
SHOWING TOP BARS ONLY




PROJECT NUMBER | "Ba'
75-2(1064) 24

End of Floor to End of Floor = 177'-8l" eN 22342
15-8501 - 161-5502 @ 12" ctrs T
@ 12" otrs, : ' _ 5075 07234
-6-"_:-
S ) " 13-5503
. = o) @ 12" ctrs.
| _ L= ‘
. ~ | 5508
g| 3|8
~ MEYS e
- ":‘2 bl @
§508 I \ N
I~y = 1 ] Il % .
; w 3| |W
= e —r s
£l B :5 ‘ = =
Y| L[ §500 ’ x g A
Joal 2 Qe 2
» @ Zq O 2]
Lol Q
N 3 Q.QQ =
7 . o1 OFw < §
b 16-5505 \t(@ Abutment Ne. | € Pler No. | \R—;@ Pler No. 2 Aputmant No. Oy N
) > 160-S506 @ 12" ctrs. 17-8507 oS- 73"
@ 12" ctrs. - @ 12" ctrs, _-I ‘(LIZ_] N w
PLAN VIEW OF SLAB eadli-]
BOTTOM BARS SHOWN Tz fle
Phase 1 = 20'-8)/2" . Phase II = 26'-2%4" w3 =
]
'S = <)
N = 2y
5-58510 £q. Sp. 2-58510 Eq. Sp. ) %, 2l
< \ 7-5510 Eq. Sp. 5-85I0 Eqg. Sp. ) 7-8510 Eq. Sp. B 7-5510 Ea. Sp. 5-5510 Eq. Sp. - : E
oot A / / / / / / I , &0
A Normal to & Abutment \ _ 3-5512 y G g
| ) \ / / ,—3 ssil /s /“ ‘ Ou
2" Joint Filler {Typ.) r n . " .( s » A s 5 i o e
AT AT DNA . \ PL L L / > / ~ . z“__ il / A— /J 7 —zé; 7 7 ’/ V- /,,,_/__7/ ——— I-:EE Q ﬁ
/ £ Y. /a4 ////4/ f/// /// 7 T TR 7 /!//// ////é: 3% +! e
7////////////// ///////,//4////////////////////, : S g
=7 /"/ 7 : E 53g"
7 / 3-8511 / / 3-8512 _/ "// g T8
Yo / 4-8512 Yoy o Wb
. < Vs 4-851! &‘ , y ( s P a s ('(}I) a
“~—§ Girder A € Girder B € Gtrder D € Girder E Z o m 3la g
34!0——\ rder o] - E ("l\l‘ ; ] w
i7-54i0 (Each Fage} vaicit S50 ' 21-5410 {Eack Face} match SEIS < B % E E é
- _ 23'-644" - 23'-614" 5 E g g Al
1 o .
| = PLAN VIEW OF TURNDOWN
S5 ph. 1 ' h ABUTMENT NO. 2 SHOWN ABUTMENT NO.J SIMILAR < =
S ph 1T :'l ® Phase 1 = 20'-gl" Phase II = 26'-23%" . w2733 (o}
I . ..\é‘i 17-5410 (Each Face) match 5510 21-54i0 (Each Face) match 8510 g ,_',J NI :
Q\ ?5; 20-5602 @ 2" ctrs. 26-8602 @ 12" ctrs. o2, ¢7 E
A ) N 5-5510 Eq. Sp. . 7-8510 Eq. Sp. 5-5510 Eq. Sp. 1 2-5610 7-5510 Eq. Sp. 7-8510 Eq. Sp. 5-850 Eq. Sp. E g E § E ﬁ
R Y . g
: 2-5511— 4s512 E E 28"
! I " 4-550-— 2-5512— 8 |8
5 1 2* Joint Filler (Typ.)—\ ) )
?'\l = o ‘il = 'J -\-""-—.._ D
(,' ™= m \“"““-—--_‘_‘__‘
. - . ! I ]
'l ! |
— o . i—— = s | ‘
. > : ‘ e, et = P = ‘
! - —_ T
o & } i 2-§511 —4-5611 / 2-55/2 — : T ‘
) - - : 14" Preformed Joint —/ .
. or polystyrene (Typ.)
A P-3"| A P-3"
NOTE: ELEVATION OF TURNDOWN

cut 1" ¢ hole In web to allow for piacing
of 5511 or S512 - ABUTMENT NO. 2 SHOWN ABUTMENT NOC.I SIMILAR




Fill a3 Y WA e e Er Rt e e

Bl LL OF BARS ' PROJECT NUMBER | "Ra”
- o ‘ ‘ 75-2(1064)] 25
MARK | KUVBER OF BARS |\ cyory | vpe | o | v | et | 0 | R F PN | hook e : cx 22342
PHASE || PHASE 2 . LBS STRUCTURE NUMBER
S60/ 9 Avg. §'-9"} STR. 234 _ $075 07234
- sB02 | I62 14-10" | STR. 6416
5803 72 | 6-6" | STR. 2085
se0d | I2 Avg. 9-5"| SIR, 302
' Séol § a0 | 38 | 280" |SIR . 2860
. 5602 40 52 a-¢" jos [ r-6" ] 1I'-6" 0" ‘ 415
~ 550/ | 15 Avg. 9'-4"| STR. 146
5502 | 16l 16'-1i" | STR. 2841
5503 | J3 Avg. 9'-11"| STR. 134
c 5504 | 17 o | 187'-3" | STR. Includes 4 - 2-6" Lap Splice 7421
=y 5505 16 |Avg. 0-5"| STR. 157 %
ad 5506 60 | le-I° |STR| . 3185 p—
= 5507 ' 7 |Avg. 9°-8"| STR. 171 kA A
8 s508 | 2 22-11" | STR. 48 Q E
S [ | 5909 2 | amit [sR] L _ 54 P a
o | S se0 | 34 2 | 10-9" | 107 | I'-6" | -5 5% | 2k | 852 D¢ 9 @
w|wn| S5 | M4 22-n"_| STR. 674 2.;1:&34<I
2 s612 24 | 259" | SIR. 545 ale @
g . cPQ:& % @
) 540 14 Avg. 9'-2"| S5TR. 86 ™ &
< D |5 -]
a 5402 | 163 181" | STR. - 1842 S <
@ Sa0a | 12 Avg. 8-11"] STR, 71 3z a3,
N 5404 | 16 20 | 185'-3" | SIR. Tncludes 4 - 2'-0" Lap Splice ' 4455 bwd o B a
v $405 15 |Avg. 8'-5"| STR. 04 Do e
F 5406 162 | lg-I" | STR. , 2065 Q=a|"|Q
ot 5407 76 |Avg. 8-8"} STR. - 103 - <
5408 | 2 22-11" | §TR. 3l 3 <3
5409 2 26 -11" | STR. 35 & x| ©
540 | 68 82 30" | 104 | '5" | 16" 307 >
b B
x al
SUBTOTAL = 38522 LBS. = a
[¥5]
¢ =
v [Sser [ 76 | e | 56" | joa 210" | 2'-10" 3" 2104 =8 -
Sl seez | ize | 178 | e-0" | Joa ] 30" 30" ' 334" 2228 I8 o i
o [(see3 | 10 0. | 187-3" | SIR . Includes 4 - 2-6° Lap Spiice 3006 =L N n“
T
=
S s30r | eo 89 5-4" | 107 | I'-6" | 0'-10" " U 4" 357 -1 E
[ [ S el
= L Al
= LB piE <
_ AEEEE
SUBTOTAL =_ 8595~ LBS. EVEZH
BAR SETS BAR SETS [ 707AL = 47117 LBS. ggg 244
e | T TN [OBRS | | MK MN NG BARS ~ A\ M
LENGTH | LENGTH [ OF SETS | PER SET LENGTH | LENGTH 1§ OF SETS | PER SEV g
se0l | 14-8" | 4-10" ] g
Se04 | I5-5" | 35" ] 12 < I,
oo lz °
i+ 1n|@
S50l | 168" | 2-0" ] 15 ZNRd
n " q:w P~ le
5503 | 161" | 211 J 13 6o L%
s506 | 177" | -3 ] G g E 28| <
S507 | 17-10" | I'-6" ] 17 ) R
| - BEdE”
S0l | 153" | 21" ] 7] ‘ . ' w4
Sd03 | 141" | 2= i 12 R
S405 | 17-7° | I-3" ] 15 N .
s407 | 17-10" | 16" ] 16 ‘ . —
T Department of Roads
] NOTE: FOR BENDING DIAGRAMS, HOOK LENGTHS & PIN DIAMETERS SEE SHEET 4 OF 1. . ‘ : L
. - . . STRUG,
@ z
N
I éf DAMIEL J. E
SHARP
=5
* *
ey
. o208
SPECIAL
PLaN No. | /O
] 14




WY DU BUUG/LG/Y Je b HVE WP O ulanay

Sta 858+28.64 Sta 658+78.64 PROJECT NUMDER T
Sta. 860+56.36 Sta. B6I406.36
/_'End of App. Sleb ?ggtrg:n}:&oé i @l» Abutment No. 2 @ | ool of Ao, Sd‘ab’—\ 75-2(1064)| 2t
Paving Section = 30'-p" Approach Section = 20'-0" End of Fioor Appraach Sectlon = 20'-0" Paving Section = 30'-0" C.N. 22342
STRUCTURE NUMBER
5 -4" | 44'-g* 8075 07234
[ ' 3
% 5 Sta, 860-+94.98 Lt. —— ¥
o w See Roadway plans for T
e} ~ Working Paint (Typ.) 4 Working Point (Typ.) Dol Syste{n p(Typ.) 5;_
1 )
- 10“ g
® ¢ 5
¥ 8 By
Jl & %|- | | BRIDGE ENGINEER
™~ § 8lF
o s
8l s Consrtuction Joint Gonsrtuction Jolnt o 8 Z
£l 4 Phase Line —\ Phase Line — Al e}
Bl N\
- " 7
I — N N N g e R
:? X@ Roaciway _z E:" i a
4 = My >
It W 2O = =
5 S| ||RWE S
= " t'; (f)QLu Q m
¥ £ 2% S
& § Sta. 860+06.36 At. HE ISR
- See Rogowayl plans for o~ Q§2 w2
= Draln System_ {Typ.} =) JIh |y R
o |[owd O |E a
§ e \ 2 == S |8
L N Q. Qg i o
| W o (M
| ] N [ - @
< 1 a | |
€ Grage Beam No. | € Grade Beam No. 2 o «| O
44'-g" i5 -4t 3 P
Mz
N GENERAL PLAN OF APPROACH SLABS SHOWING DIMENSIONS o E g
' 1 2 QD F
200" 20-0" 20" Eal xS Bl
ST
2-N508 at 12" ctrs. (Top) g | (B
m 14-N514 at 12" ctrs, = 5]
3-NB02 at 6" otrs. (Bott.) I Q _r-
A (Top & Bottom) = B S S0y
3 -‘_I . 2-N50S at 13" ctrs. (Top) -] 2-N505 at 12" etrs. {Top) ek 2-N507 at 12" ctrs. (Top) = < ) 2
S c 3|2 C A = = - |
I 3-NB0I at 615" ctrs. (Bott.) \ ‘~| o8 3-N807 at 6" cirs. (Batt.) \ ‘I %k 3-N60! at 6" otrs. (Bott.) \ y 1om E 8| o
e | ) . Zo, k(8
— Vi 1S Y AN | b >~ N S N — eg= 7]
i 8 : O\ S AN =\ | 3 Eﬁgéiﬂ
= : Qe i ot a r A
=& A \\\ \\ | e A N502 A —J S| 8 o & |m]
] A ¢ N502 (Top & Bott.) g|S N502 ({Top & Bott.) \\ c (Top & Bott.) i 9% § E e a|ala
a8 (Fiold Benc) | 5|8 (Fleid Bend) (Fleld Bend) ) g E
5L 15-N513 at 12" ctrs. ‘ WD dek_30-N5I3 at 12" ctrs. (Top & Bott.) I ES
Sk (Top & Bott.) 18-N501 at 12" ctrs (Top) i12"{Top} 8"(Bott.) s 12*(Tap) 9"(Bott.) 18-N501 at 12" ctrs (Top) |y <« <3
&1 N502 25-N501 at 8" ctrs (Bott. Typ. o |y Typ. 25-N501 at 8" ctrs (Bott. - ol 0Molz©
g 2 = (Top & Bott.) (Bott) Ty 5] g (Tve) 3 % g 2'% anLe .
z & 3 (Fleld Bend) Sid 3 ] i+ & §%“§ B E
-— _— L. *
—8— - R A R ‘ === ¢k 38 <
J. 2 - - _ - N— TN - - _ . B\ - - =g 3l 2822 &
Slg & J4-NSI5 at 12" ctrs. | | ™\ S d 5| E E Sg "
se O (Top & Bott) | D 2|8 N = g1 &|8
W . m ' A 0| e
g 18-N503 at 12" ctrs (Top) 12'(Tap) 9"(Bott.) glo 12"(Top) 8"(Bott.) 16-N503 at 12" ctrs (Top) (Top & Bott) o 3 ot
. | B %) " =8 - " " dok J5-N516 at 12" ctrs. ™~ |
= 26-N503 at 8" ct \ Typ. 1B Typ. 25-N503 at 8" ctrs {Bott.) 12 |z
Big 26-N516 at 12” ctrs. (Top & Bott.) > at 9" ctrs (Bott.) N ye) w5 (1) \ {Tyo) (Top & Bott) |2
=R - Ik
=R | ] t Bl
= =
5| S N5G4 (Top & Bott) | N504 (Top & Bott.) : L
HE (Fleld gend) =~ 8|3 (Field Bend) No04 (00 & tons) =
. o3 A | | 04 (Top & ot C 212 C A i
8 - (Fleld Bend) &k [ [ A
NN, RN, N AN
1 7 )| — N T [N NN 7 —L
YRS
= : °.a H " F.
E=) ~ " / . ‘ /2-N505 at 12" ctrs. {Top) (Al 2-N505 at 12" ctrs. (TopR / sk 2-N508 at 12" ctrs. (Top)?
= 2-N507 at 12" etrs, (Top) 6-NIG at 12 ctrs. { 3-N8O! at 6" ctrs. (Bott.) W 3-NB0I at 6" ctrs. (Bott.} 4k 3-N602 at 6” cirs. (Bott.) T
3-N60i at 6" ctrs. (Bott.) L A (Top & Bott.) =~ L
L C GENERAL PLAN OF APPRAOCH SLABS_SHOWING REINFORCING L' ¢ Note: A
For Sectlons see Sheet 12 of 14
% Fleid cut to keep 1" clearenca around drafnage box out




Fotd Gt Lo ii, & - Yo e L Tl

PROJECT NUMBER -y
75-2(1064) 2zn
@ N&14, N5I5, NSI7 or N5I8 CN. 22342
’ ' STRUCTURE NUMBER
5075 07234
_ ¢ Expansion Jomtl___ End of Floor — Qﬁg;lapije’;a;nt
€ Grade Beam " * "
Concrete Pavement . Paving Secton = 30°-0" @ € Roadway . Approach Sectfon = 20'-0" @ ¢ Roadway {Typ. both sides)
¥ ¥ =
) . N513 or N5i6 @ 12" ctrs. Max. (Top & Bott.) 12" @@ 2 . N5OI, N502, NB03 or N504 @ 12" ctrs. (Top) | =
Y ctrs. Max. v 0 I
_ . , s oy M o NS0, N502, N503 or N504 @ 6" otrs. (Bott.)J r Epoxy adhesive
See 3" Expansfon 51T ST olnt Rl
— oIt el N507, N508,- N509, NS5[0, N5II or N5I2 sl I P DETAIL "D
' ' @ 127 ctrs. Max. B N N505 or N506 at 12" ctrs. Max. %
w E N L . N\ Factory applied &
= - - = T cured silicone facing
IS I R} - TN
— = . ny b - Z
”’t j A6 bar—] T‘J 3" g
i ! Wy 7
N60I, N602, NGO3, NG04, N605 or NGO6 @ 6" ctrs. L0 e or Neoz r 6" orrs. e . o E
‘ : I : Expansion Joint
i ! 56 bar - € Grade Beam| | = 9 |a
. : ~
: ! Paving Secticn | Approech Sectlon Qx
[P PO 200 = =
1=SgR | |R
A %QUQJ @ E
0
aQ
LONGITUDINAL SECTION g, o X Open o A E
Poiystyrene l Precompressed Polyurethane Foam, Type B = Wiy ¢
\ (See Detall "D OS5 1 |3
: —e— J L5 O
RO v AN - PRSP | oW~ < E
> ' O Q|4
o=al||e
. . . g % (e
-
= =
S | T N | Granuiar 8 | ©
; ; ; ; ! Backf i 3
i ) ) ) |
i E i i : T & [2
: : : | ' ! =
: i | N5G9, NSIO, N5l or NSI2 (Top} : ; N506 (Top) : @ ¢y =
: i | : i AB bar — o | Place 3" x 6" of gu@’, :
! ! NE03, N604, N605 or NBO6 (Bott.) ‘ : NBO2 (Bott.} : i Polystyrene on top of the 0 b~
N507 or NS08~ : | N505 = i ; Granular Backflif prior to I o
O : 4 . ' } pouring the concrete slab. S5 ¢
T ! 3
E | Piace | Layer of SBS Mod!fied = T %
i . Asphalt Base Sheet on approach wo Q )
: i sectlon half of the grade beam. = & 3 E R
N6OI or N602 NSOI ! | R
: o P
i : gokle <
SECTION A-A SECTION C-C S k Zoyl s % ¥
— EVExic
SECTION B-B <E9Q % g 3
§ E g =R=IN--]
A Measured at S0°F. Gap width shall be decreased
Y8" for every Y°F. Increase In temperature above
50°F. Gap width shall be increased Yg" for every
Y°F. decrease in temperature beiow S0°F. o <
- _ Y0 = IL4£F @ Grade Beam No. | w23 3C
Expansion Tube 8 ga Gavantzed plate I~ End of Floor Y® = 21.2°F @ Grade Beam No. 2 ? ¢ S b
extend from edge to edge P R iy |
of deck, Rout and seal. g @8
Stabliized plate during i ‘ Ez 0 E <
ur. 1 @ =
S APPROACH SLAB NOTES: | gEEgE"
Joint Sealant Concrete Rell Width = I'-2", See sheet 13 of 14 for placement of rall reinforcement. A
E Anchor
3% Bltuminous Preformed _jﬁ See Standard Speclfications for tining and finishing of epproach siabs, OR
JeInt Filler (Fiber Type) = SBS MODIFIED ASPHALT base sheets and all other miscelfaneous ltems shall be considered
o " e e == subsidlary to the pay ltem, CONCRETE FOR PAVEMENT APPROACHES CLASS 478D-4000, Natraska
o' x 18" smooth Tie Bars| | == \ Depariment of Roads
@ 12" ctrs. If concrete [ = = I L il ngnnfi_ff uction SBS MODIFIED ASPHALT base sheets shall be modlfied bitumen roofing material, with a
. pavement Is In place, drilf \_ Grease Tle Bar on minfmum thickness of 0.080 fnch and & mintmum welght of 60 ibs. per 100 sq. feet. @"'Sm%*
and Epoxy Compound bars Expansion Tube Side : The expansion gap between approach section and paving sectfon shall be cleaned of afl 3
s Into cgonclgete pgvement. Tte Bar PIn o Note: ALTERNATE JOINT DETAIL forsign matter before the installation of the expansion device or the Fliter materia). g o . \%
I * Work! Int facated at the (ntersection of the edge of clear roadway and € Grade Beam. SHARP
N Uss D/2 of Roadway Pavement AT END OF FLOOR : * D!ar:re:.goﬂz f;:agzle;edac; ed:e of cle;' rzcad:ay. soe o % Y e =
3" EXPANSION JOINT If fess than D/2 of Paving Section. To be used If approach sieb |s ‘ O, * M
. poured continuous with bridge deck. . s
¢-2%
SPECIAL
PLAN Mo | ]
! 14




: (R2) Deteted Sheet 28 Janurary 2000 PROJECT NUMBER
; Approach Siab Quantltles Bridge Quantities | [— Front Face of Rait 75-2(1064 % 28
LI
; % 15'-4" (Short side) or % 44'-8" (long slde) = Rall on Paving Section * 20'-0" = Rall on Approach Section % End of Floor to End of Floor = 177'-8lL" I—"—z—~ \/-— 34" chamfer
I'-g" ' g'-g" , 8'-10" (Short side} or 38'-2" {Long slde) , Cf
; 5-N391 (short side) or 19-N39/ (long side) @ 24" ctre. 10-N30) @ 24" ctrs. 88-5301 @ 24" otrs., s
N680 ol [ G0 : B
; 8-N599 @ 5-N585 or 5-N59g«1 5-n582 ~-5583 h A
T - @ N595 or NSOE S | - Nso2 2 S50 ,5S o
Iy ’ ] 7 ] 7 7 7 1 et
5 T ] _ 1_ / / { g
i S . — - __ __ _] 5 e o me———————_—_ _ __ ___ _| I _——
. B ﬁ = = i I i T e
- [ | \\ (Shart side) Lo o La-neez ' L4-5593 (L. |
ort sloe or 4-N596 . ARIDGE ENGINEER
Front. Face of Rall L 12-N692 (BF) & 12-N69O (F 9-N583 (BF) & 9-N594 (FF) @ 12" ctrs. J | 20-N593 (BF) & 20-N584 (FF) @ 12" ctrs. ! 178-5591 (BF) & 178-8592 (FF) @ J2" ctrs. 2" || 10¥a, e =
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[ 2-N596 o T =2
. N592 ol 3 TIZ0 |l
— : ~ # = ] =y |RwdolE -
q § = M~
. L I ~ ] o ! N39! @ 24" ctrs. ) ~m§ w3 S
b — ] S 1 1 o Te=8fe
N [ [ } = V| ~J
- i r) . i \i\ / N582 =] . - O
f L S | Dy prd N503 @ 12" ctrs. = &) % %"
5 r N yd ] , i T 2y
) R - B | b
RN T S— = B [z
_ [ L - - - - - - _ 12" otrs. @ w
L4 ' @ 2-N585 or . L 2-ws02 p 2-5593 ¢ No%4 @ J2 ctrs Qu g =
" 2-N596 2" Precompressed Polyurethan I ‘ Z0 ™
(Short side) Foam Joint . 4 | | 1o W 1‘9- o E
12-N682 (BF} & 12-N690 (FF) | 9-N583 (BF) & 9-N594 (FF) @ 12" ctrs. 20-N583 (BF) & 20#504 (FF) @ 12" otrs. 176-5501 (BF) & 176-5592 (FF) @ 2" ctrs 2 4 |2 SECTION B-B 5% &
39-N593 (BF) & §-N594 (FF) @ 12" cirs. Typ. ON APPROACH SECTION @) ! |a
{Long side) % a g
I'-ﬁ" 1_R340 g" - R ~ =
L2 PARTIAL ELEVATION OF B(TSIDE CONCRETE RAILS Front Face of Ral E 53[5,
e % ¢ 1" @ Holes Rot to Seal -2 <
. , ot to Scefe @ Slape From 2" to 0" the ol 4" Ty E b <
e ot fast 1'-6" fength of rall. . ' o
K 2" Gl (Typ.) %%\,:_} &l pd
- l i I 2" CL11_ l—Front Face of Rall ~ — EvE g 2
T 3 1 = % As an ajternate method, the contractor shall furnls d cast Intc the corcrete Ty N T SE 3 % ; I
Sl + = an approved welded assembly consisting of threpef®d Inserts, held accurately to o § g g a E‘ =)
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