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EXECUTIVE SUMMARY 

P. E. Structural Consultants, Inc (PESC), as part of the Austin Urban Rail Partners (AURP) team, has 
been tasked with conducting a structural evaluation of two existing bridges located in downtown Austin, 
TX to determine their feasibility for accommodating a combination of existing roadway and pedestrian 
traffic with proposed urban rail vehicles.  The existing bridges to be evaluated are the Ann W. Richards 
Congress Avenue and South First Street Bridges over Lady Bird Lake.  This report describes the activities 
and findings developed in Phase I of Subtask 5.4 of the Austin Urban Rail Advanced Conceptual 
Engineering Study.  The goal of this phase is to perform a higher level fatal flaw analysis of each bridge 
based on information collected from available documentation and considering both center-running and 
side-running track configurations.  Subsequent phases may require additional field data and more detailed 
analyses. 

CONGRESS AVENUE BRIDGE 

The Congress Avenue Bridge is composed of precast prestressed concrete box beams supported on flared 
bent caps (retrofitted in 1978) with single column piers (constructed in 1909).  Arches and spandrel walls 
originally built in 1909 to support the deck are no longer utilized as part of the structural system.  
Simplified analytical models of the superstructure and substructure were developed using TxDOT 
computer programs and spreadsheets. 

Results from preliminary box beam analyses under current conditions (traffic and pedestrian loads) 
showed that the interior box beams appear to have some reserve capacity with which to accommodate 
additional Light Rail Vehicle (LRV) loads.  In contrast, the exterior beams appear to have little or no 
reserve capacity and would require significant strengthening in order to carry LRV loads.  The 
superstructure was then analyzed with the LRV loads in a center-running track configuration and the 
results showed the interior box beams carrying LRV load to be overstressed by about 28%.  Therefore, 
the box beams carrying the LRV tracks must be strengthened. 

The bent cap analysis of the Congress Avenue Bridge indicates that the cap has adequate strength for both 
the center-running and side-running conditions; the center-running option generally yields better 
performance ratios.  The column analysis indicates that the existing concrete columns have significant 
reserve capacity for LRV loads.  The maximum soil bearing pressure, however, exceeds the estimated 
allowable stress by about 15%. On the other hand, this pressure is only 4% higher than the maximum soil 
bearing pressure under current loads.  Therefore, it is considered that the additional pressure would not 
require foundation strengthening.  This must be confirmed in subsequent phases of this project using the 
results of a new geotechnical investigation and more detailed analyses. 

SOUTH FIRST STREET BRIDGE 

The South First Street Bridge consists of eight main steel plate girders topped by a concrete deck and 
supported on five-column bents with slightly arched bent caps.  The interior four girders were part of the 
original bridge construction (1951-1952).  Four exterior girders (two on each side) were added when the 
bridge was widened in 1990 along with transverse cantilever steel beams connected to the bottom flange 
of the two exterior girders to support walkways along the full length of the bridge.  A relatively 
sophisticated model of the superstructure was developed using the computer program MDX.  The 
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elements of the interior bent frames were modeled using TxDOT computer programs and spreadsheets.  
Column capacity was evaluated with a commercial computer program. 

Based on the preliminary analyses of the superstructure, the four newer exterior girders appear to have 
adequate capacity to support either the side or center-running LRV loads.  The four original interior 
girders appear to fail under LRV loads for either the side or center-running configurations, indicating that 
significant retrofit would be needed. 

The simplified model of the bent cap shows that it is structurally deficient even under current loading 
conditions; therefore, significant retrofit would be needed in order to carry additional LRV loads for 
center-running or side-running conditions.  The simplified models of the pier columns and drilled shafts 
show that they do not have reserve capacity for additional LRV loads; however, it is believed that a more 
refined model may find these elements to have sufficient capacity.  The maximum soil bearing pressure 
was found to exceed the assumed allowable bearing pressure by 12%.  These numbers must be confirmed 
in subsequent phases of this project using the results of a new geotechnical investigation and more refined 
analyses. 

CONCLUSIONS 

Based on the results summarized above, it is confirmed that both bridges can be used to carry LRV trains 
in addition to vehicular traffic and pedestrians but will require varying degrees of retrofit to do so.  
Various retrofit options have been considered and analyzed. 

Since structural evaluations in this phase were limited to relatively simplified models, retrofit plans are 
only schematic and cost estimates are very preliminary.  However, sufficient knowledge of the structural 
capacity of the bridges is gained to justify more in-depth and refined analyses recommended for Phase II 
of the study. 

More accurate and complete models of the bridge elements should be developed during Phase II of this 
study to confirm and validate the Phase I preliminary results, to refine retrofit options and consequently to 
derive more reliable retrofit cost estimates.  We also recommend obtaining information for other types of 
LRV vehicles which could possibly be used on the bridges in the future.  Detailed site inspections of both 
bridges should be performed in Phase II to carefully examine the bridges for signs of distress that may 
have been overlooked during regular bridge inspection reports and the cursory site visits conducted in 
Phase I.  To determine accurate material property information that was not obtained during this phase, 
collecting and testing concrete cores from the Congress Avenue Bridge box beams and steel coupons 
from the South First Street Bridge is recommended.  Lastly, a detailed geotechnical investigation should 
be performed at each bridge location to acquire more accurate and current soil information and to develop 
soil strength parameters to evaluate the existing foundation and potential retrofit strategies, if needed. 

PROPOSED RETROFIT OPTIONS 

Rough estimates based on the results of the analyses of the proposed retrofits indicate that for the 
Congress Avenue Bridge the cost of strengthening the structure to carry LRV loads would be at least 
$16.6M for side-running tracks and $15.3M for center-running tracks. 

For the South First Street Bridge, preliminary estimated retrofit costs would be at least $23.3M for side-
running tracks and at least $28.8M for center-running tracks. 



 
PRELIMINARY STRUCTURAL EVALUATION OF 

EXISTING BRIDGES OVER LADY BIRD LAKE
 

 
City of Austin Urban Rail Page iii of viii
AURP Team  May 24, 2011
 

More accurate models and further analyses to be performed in Phase II may point to additional retrofit 
measures beyond what has been recommended based on Phase I study results.  Therefore, included in the 
above costs are very rough allowances for retrofits that may be required based on future analyses that are 
to be performed as part of Phase II of this study.  Because these analyses have not yet been performed, it 
should be emphasized that the actual costs could vary considerably from the numbers stated above. 
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1 Introduction 

1.1 Scope and Objectives 

This report describes the activities and findings of Phase I of Subtask 5.4 of the Austin Urban Rail 
Advanced Conceptual Engineering Study being carried out by the Austin Urban Rail Partners joint 
venture (AURP).  This phase of the subtask is being conducted by P. E. Structural Consultants, Inc 
(PESC) of Austin, TX, as part of the AURP team. 

The objective of Subtask 5.4 is to perform a structural evaluation of two existing bridges located in 
downtown Austin to determine their feasibility for accommodating a combination of existing roadway 
traffic and pedestrian traffic with proposed Urban Rail vehicle live load conditions. 

The existing bridges to be evaluated are: 

 a. Ann W. Richards Congress Avenue Bridge over Lady Bird Lake and 

 b. South First Street Bridge over Lady Bird Lake. 

Evaluations will consider center and side running track configurations utilizing multi-car train consists 
with fully-loaded Siemens Ultrashort S70 vehicles (the preliminary design vehicle). 

This evaluation will be broken down into 3 phases: 

 Phase I – Discovery 

 Phase II – Field Investigation and Analysis 

 Phase III – Preliminary Bridge Retrofit and Rail Detail Design 

The goal of the Phase I is to learn as much as possible about the existing structures from available 
documentation in order to perform a higher level fatal flaw analysis before launching into more detailed 
analysis of each structure which may require additional field data.  This initial step will help narrow the 
focus for subsequent study and may eliminate one or more of the bridges as candidates for retrofit.  
Specific tasks accomplished in this phase are listed below. 

1. Obtained and reviewed available as-built plans and construction records for each structure (for both 
original structure and later modifications as applicable) from the Texas Department of Transportation 
(TxDOT) and the City of Austin Public Works Department. 

2. Reviewed available bridge inspection reports (including underwater inspection reports), condition 
surveys and load rating reports for each bridge and performed a brief visual site inspection to verify 
these condition assessments. 

3. Obtained and reviewed all other available documentation such as existing geotechnical data, Lady 
Bird Lake hydraulic data, and existing bridge supported utilities data.  COE studies have not been 
received and were not reviewed as part of this phase. 

4. Conducted interviews with current or former City of Austin and TxDOT technical personnel for 
additional information. 
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5. Obtained and reviewed complete information from Siemens Transportation Systems, Inc. on the 
Ultrashort S70 design vehicle (including but not limited to train consist geometry and configuration, 
vehicle weight, axle spacing, etc.). 

6. Researched and reviewed AREMA, AASHTO, and light rail codes and design guides.  Developed 
project structural design criteria related to the structural retrofit design of bridge structures subjected 
to combined loadings from pedestrians, vehicular traffic and rail. 

7. To date, there has not been coordination with the City and its consultants performing concurrent 
Environmental and Traffic Analysis studies for information pertinent to the bridge structures and their 
potential retrofit.  This will be done is subsequent phases. 

8. Researched and developed recommendations for the most appropriate track/structure attachment 
method (i.e., direct fixation versus embedded track) for the proposed line. 

9. Refined schematic bridge cross-sections (originally prepared by URS) for each bridge showing 
sidewalk, traffic lane and light rail track configuration geometry for both center and side running 
track. 

10. Performed a superstructure load analysis to compare existing AASHTO HS20 traffic and pedestrian 
design live loads to proposed rail design loads and performed simplified preliminary structural 
analyses of existing bridge superstructure and substructure elements to determine the relative effects 
of existing design versus proposed urban rail use for each structure and to identify structural elements 
with insufficient capacity. Assumptions for element sizes and material properties were based on 
existing plans obtained in Task 1 above.   

11. Developed recommendations for feasible retrofit options and an order-of-magnitude assessment of 
relative costs based on preliminary findings and engineering judgment.  Also performed preliminary 
analyses of retrofitted elements to determine relative efficacy of feasible options. 

12. Prepared a written report that documents preliminary findings and provides recommendations and 
approximate construction cost estimates. 

Based on the findings of the Phase I evaluation, the scope required for the subsequent phases of the 
investigation will be refined.  It is recommended that the Phase II scope include the following: 

1. Coordinate and review the following: as-built field survey to verify existing superstructure and 
substructure structural element plan sizes and geometric location and control elevations; in-depth 
condition survey with better access to elements over water to verify current condition of 
superstructure and substructure elements; test results from steel coupon and concrete core samples, 
and non-destructive testing on concrete and steel components to verify concrete ultimate strength and 
steel yield strength design values; geotechnical boring data per TxDOT Cone Penetrometer test 
procedures as required to perform foundation analysis to verify existing foundation capacity. 

2. Review Subsurface Utility Evaluation (SUE) data to locate and find existing underground utilities that 
may impact structural retrofit of foundation. 

3. Develop and analyze a more refined structural bridge model for each crossing to more accurately 
determine effects of the proposed traffic/pedestrian/rail design loading and subsequent strengthening 
required for structural elements having insufficient existing capacity to safely carry the proposed 
loadings.  Analysis to include effects of fatigue, vibration and thermal rail break. 
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4. Perform vibration analysis to determine the effects of rail-induced dynamic effects on the bridge 
elements and on pedestrians and rail passengers (and on the bats that inhabit Congress Avenue 
Bridge). 

5. Perform preliminary “Rail Interaction Thermal Rail Break” structural analysis to determine effects on 
existing superstructure and substructure elements and resulting strengthening requirements. 

6. Further develop and refine feasible structural retrofit options to address the results obtained in Tasks 
4, 5 and 6 above. 

7. Perform a refined cost analysis based on findings from above Phase II tasks. 

8. Coordinate with environmental and traffic engineers to potentially narrow the focus to either the side 
running or center running configuration or to possibly eliminate either structure as a candidate for 
retrofit. 

9. Prepare a written report to document findings and feasible retrofit strategies from the tasks listed 
above. 

The findings of the Phase II will enable the AURP team to further focus efforts required for the final 
phase of the Subtask 5.4, Phase III, in which the bridge retrofit will be developed in detail.  For reference, 
it is anticipated that these phases may entail the tasks outlined below. 

1. Prepare preliminary structural retrofit design plans for each candidate bridge detailing major concrete 
and steel retrofit modifications required to support new superimposed rail vehicle loads based on 
selected options from Phase II. 

2. Prepare aerial bridge structural standard details for rail-related items such as embedded track, 
drainage troughs, guideway OCS pole support detail, track approach slab details and walkway details. 

3. Prepare preliminary estimate of probable construction costs. 

4. Prepare a written report to document findings from the tasks listed above. 

1.2 Limitations 

The main limitation of the structural evaluation conducted in this phase is that structural analyses 
performed are approximate and use simplified models.  Therefore, detailed retrofit recommendations or 
cost estimates are not developed.  However, sufficient insight into the capacity of the bridges is gained to 
justify more in-depth and refined analyses recommended for Phase II of the subtask. 

As a result of the above approach, bridge strengthening options are developed only schematically with no 
structural details at this Phase.  Additionally, only a rough and comparative estimate of retrofit costs is 
presented. 

1.3 Previous Studies 

1.3.1 Central Austin Transit Study 

This study (Reference 22) was developed by the City of Austin and URS Corporation to update and 
validate the outcome of the Central Austin Circulator Alternatives Evaluation prepared by Parsons 
Brinckerhoff Quade & Douglas, Inc. for the Capital Metropolitan Transportation Authority (Capital 
Metro). 
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The study confirmed that the existing transportation network of central Austin is at capacity during peak 
hours and opportunities to expand roadways are limited.  Therefore, investing in transit is required to 
accommodate the needs of the growing population with insufficient connectivity and increased travel 
demand while protecting the city’s air quality.  The goals of the transit investment were identified as 
improving the connectivity and mobility as well as maximizing the community, environmental and 
economic benefits. 

The area of study was defined as the Austin’s core (central business district – CBD, Capitol Complex and 
the University of Texas) and the corridors to the Mueller redevelopment area to the northeast and the 
Austin-Bergstrom International Airport (ABIA) to the southeast.  Multiple route alternatives were 
evaluated and a number of alignments were recommended. 

A broad range of types of transit modes were studied including bus, rail, monorail, light rail, etc.  The best 
results of the evaluation were obtained by the so-called Urban Rail.  Urban Rail is the City of Austin’s 
term for a blend between modern streetcars and light rail transit vehicles, using overhead‐electric powered 
fixed‐guideways, but smaller, lighter and more maneuverable than typical light rail vehicles and that can 
operate both in mixed traffic and in dedicated rights‐of‐way. 

The study recommended the Urban Rail as the Locally Preferred Alternative (LPA) in a 16.5 mile route 
(33.8 track miles) with a projected weekday ridership of 27,600 by 2030 and a total cost of $1.3 billion.  
Operation costs were estimated as $25 million per year.  Items identified for further consideration 
included alignment options (like the Lady Bird Lake crossing), maintenance facility location, 
environmental and community impacts and funding for construction and operation. 

1.3.2 Urban Rail Conceptual Engineering 

The final draft report (Reference 21) of this study is a collection of documents prepared by URS 
Corporation for the Austin Strategic Mobility Plan of the City of Austin.  The main document is the Final 
Draft of the Basis of Design Technical Memorandum.  This memo defines basic items related to system 
like vehicle type, alignment geometry, design speed, etc. 

Civil engineering assumptions and parameters were developed for cross slopes, lane width, track structure 
and pavement reconstruction.  Considerations on the power overhead system, required street lighting, 
passenger stops, utilities impacts and necessary relocation, as well as traffic operations and signals were 
presented. 

In the study, the Urban Rail conceptual system plan is shown to cross existing bridges and proposed new 
structures.  Among the existing structures, the study considered the South First Street Bridge and the Ann 
W. Richards Congress Avenue Bridge over Lady Bird Lake, the Riverside Drive “viaducts” between 
Congress Avenue and I-35 and the Riverside Drive at I-35 overpass.  No analysis or design of existing 
bridges was attempted in this study.  However, schematic cross sections of these bridges with LRV on 
both center and side running alternatives were included. 

As for the proposed structures, a possible new crossing of Lady Bird Lake and the extension of Third 
Street over Shoal Creek into the Seaholm Redevelopment district were considered.  Also, new structures 
are anticipated at the interchanges at US 290 (E. Ben White Boulevard) and East Riverside Drive, and at 
US 183 on the corridor to ABIA.  While the cost for most of these structures was estimated using 
allowances, a detailed cost estimate for the proposed bridge crossing Lady Bird Lake was developed. 

Also included was a study on a possible maintenance and storage facility by means of a detailed matrix 
evaluating access, zoning, cost and capacity of different potential sites, with the intent to locate a site to 
accommodate at least ten vehicles. 
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A summary of the existing utilities identified along the proposed alignments was included.  This 
information will be used to evaluate utility impacts and preliminary costs of relocations.  Additional 
future investigation is necessary to determine exact horizontal and vertical utility locations by survey and 
pothole measurements. 

Lastly, a detailed cost estimate was developed based on the recommended alignment segments from the 
Central Austin Transit Study.  Components and unit costs were identified and quantities were estimated.  
Also, additional cost items like escalation, contingencies, engineering and administration were included in 
the final estimate.  A total cost for the 33.8 track miles was estimated at $1.26 billion. 

1.3.3 Previous Structural Evaluations of Existing Bridges 

Three previous studies related to the evaluation of the existing crossings over the Lady Bird Lake and 
their ability to carry new dead and live loads generated by the addition have been undertaken in the last 
decade by different parties.  A brief description of each study including results and recommendations is 
presented below. 

a. Draft Technical Memo on Town Lake Bridges by Parsons Transportation Group, 2001 

In this study, the New Jersey Transit LRT vehicle was used for the analysis.  For this car, the loads per 
axle are 23k-23k-21.5k-21.5k-23k-23k with a total weight of 135 kips.  The axle spacing is 6’-27.28’-6’-
27.28’-6’.  It seems that dedicated lanes for the LRT vehicles were considered (as opposed to sharing 
lanes with traffic) and that traffic lanes would be reduced to one lane in each direction. 

The AREMA and AASHTO Specifications were used for live load and impact evaluation.  There is no 
mention of assumed material strengths and it appears that only a simplified load analysis was done for the 
superstructure.  An 8” normal weight concrete slab was assumed.  A weight of 0.200 klf per rail was used 
and each track was assumed to be distributed to 3 beams. 

The study concluded that for the Congress Avenue Bridge the existing superstructure would not support 
the additional loads generated by the light rail line and that the deck would need to be widened to 
accommodate two traffic lanes in each direction.  This in turn would require a reconstruction of the piers.  
Thus, the bridge would need to be essentially rebuilt in order to carry LRV loads, and that building a new 
bridge at a new location would be far more economical. 

For the South First Street Bridge, no mention of dead load evaluation assumptions was given in the 
report.  Based on the analysis, it was found that the original 1951 girders were rated for only HS-18 traffic 
loads and therefore, unable to carry the LRT loads.  It is recommended that the center section of the 
bridge should be replaced. 

The study also considers the need to widen the bridge to maintain the current six lanes of traffic 
(assuming again that LRT lanes would not be shared).  It states that due to the bridge’s “relatively simple 
construction”, the widening of the superstructure and corresponding substructure, would not cause a 
major disruption to vehicular and pedestrian traffic. 

b. Draft Technical Memo on Congress Avenue Feasibility Study by PB, 2008 

It was not possible to obtain a copy of the completed report and only a short technical memorandum was 
reviewed.  The study was limited to the Congress Avenue Bridge only.  A dynamic analysis was 
performed to determine the natural frequency of the bridge.  A structural capacity check of the 
superstructure was also conducted.  Only a single street car track was assumed along the middle lane in 
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the analysis.  However, there is no mention of what street car loading was assumed in the report.  Also, 
there is no mention of design codes, assumed material strengths and assumed dead loads in the report. 

The LUSAS Bridge program was the software used for the finite element analysis.  The analysis 
concluded that the natural frequency of the structure is about 1.5hz, and the box beams are not able to 
carry the additional loads induced by the street cars.  The report recommends that the structure be 
strengthened for the street car loading, and suggests that as long as the dynamic excitation of the street car 
vehicle is greater than the natural frequency of the bridge, and the bridge is strengthened as suggested, the 
addition of the track along the middle lane would be feasible. 

c. South First St. Bridge and South Congress Ave. Bridge – Structural Evaluation for LRV by 
PWD-ESD, Austin Transportation Department, 2010 

For the Congress Avenue Bridge, the AASHTO LRFD with TxDOT modifications was used for live load 
distribution factors and allowable stress limits.  The materials strength for the original 1909 construction 
were assumed as 1,500 psi concrete compressive strength and 33 ksi reinforcing steel yield strength.  For 
the 1977 construction, prestressed box beam concrete compressive strength was taken as 7,000 psi, the 
prestressing steel strength as 270 ksi (0.5-inch stress relieved strands); the reinforcing steel strength as 60 
ksi and reinforced concrete compressive strength as 3,600 psi (for bent cap reconstruction). 

For this bridge, HL93 live load and proposed LRV (Siemens S70 ultra short) weight of 131 kips were 
used.  The bearing stratum for the foundation was assumed to be hard shale with 14 ksf bearing capacity.  
The analysis method for this bridge used the program PGSuper for the box beams and hand calculations 
for piers and foundation. 

It was found that the existing Congress Avenue box beams have reserve capacity and recommended to 
add a 4-inch lightweight concrete slab over and doweled to the existing beams.  Additionally, it was 
proposed to reinforce the pier cantilevers with FRP.  Capacity of the abutments and pier shafts was 
determined to be adequate for the additional loads generated by the LRV loads. 

For South First Street Bridge the AASHTO Standard Specification was used.  For the original 1951 
bridge, material strengths were assumed as 33 ksi for steel girders, steel rivets per ASTM A 141 (7/8” 
diameter), 3,000 psi for concrete with 40 ksi for reinforcing steel.  For the 1990s widening, the steel 
girder strength of 50 ksi, concrete compressive strength of 3,600 psi and reinforcing steel strength of 60 
ksi were assumed. 

For this bridge, HS20 live load, sidewalk loads of maximum 60 psf and proposed LRV (Siemens S70 
ultra short) weight of 131 kips were used.  Hard shale with 10 ksf bearing capacity was assumed as the 
bearing soil stratum.  No detailed calculations were provided. 

The analysis results show that the existing South First Street bridge has adequate capacity for HS20 loads 
but not for the proposed LRV loads.  The recommended bridge modifications are: 

• Adding a 5-inch normal weight concrete layer over existing deck slab. 

• For LRV center running, add web and flange plates to the 1951 girders. 

• For LRV side running, add flange plates to the 1990 girders. 

• Add concrete and reinforcing bars to the interior bent caps to transform its cross section from a 
tee shape to a rectangular shape. 
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2 Document Collection 

To date, PESC has gathered and reviewed a large amount of documentation from TxDOT, consultants 
and the City of Austin, as follows: 

• Central Austin Circulator by the Capital Transit Metropolitan Authority (Capital Metro) 

• Reports of the previous studies conducted by the City 

− Central Austin Transit Study 

− Urban Rail Conceptual Engineering 

• Reports and/or memorandums of previous structural evaluations of the bridges described in Section 
1.3.3 

• Characteristics of the proposed light rail vehicle (Siemens Ultra Short S70) 

• Drawing sets: 

− Congress Avenue Bridge Original 1909 

− Congress Avenue Bridge Widening 1956 

− Congress Avenue Bridge Superstructure Replacement and Widening 1977/1978 

− South First Street Bridge Original 1951/1952 

− South First Street Bridge Widening 1990 

• Construction records for 

− Congress Avenue Bridge Widening 1978 

− South First Street Bridge Widening 1990 

• Brinsap and Condition Reports for both bridges 

• Congress Avenue Bridge Improvements Report by Parsons, Brinckerhoff, Quade & Douglas, Inc., 
1976 

• Structural Design Criteria for Several Agencies (DART, Houston Metro, City of Phoenix, City of 
Portland, etc.) 

• Geotechnical report for the Pflugerville Pedestrian bridge over Lady Bird Lake (for recent channel 
and soil information) 

The PESC team has not been able to collect some information related to the existing bridges which may 
be helpful for continued evaluation: 

• Actual concrete strength for Congress Avenue Bridge box beams 
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• Steel properties for the plate girders of the original South First St. Bridge 

• As-built drilled shaft lengths for the bent widening of the South First Street Bridge 

3 Field Visits to Existing Bridges 

A two-day site visit to both bridges was conducted on September 14 and 15, 2010 with the objective of 
confirming the inspection reports obtained from TxDOT and documenting the findings of those reports 
with current photos.  About 1,000 photos of the bridge elements were taken. 

The site visit for the Congress Avenue Bridge began on the bridge deck.  The condition of the approaches, 
curbs, sidewalks, rails, drains and deck was observed and documented.  The PESC team was able to walk 
beneath the two end spans to observe the condition of the box beams, abutments, retaining walls, the 
northernmost interior pier and the two southernmost interior piers.  Observation of interior spans over 
water was limited to what could be seen from shore. 

The findings from the site visit to the Congress Avenue Bridge are detailed in Section 5.3.  A selection of 
the photos taken during this visit can be found in Appendix C. 

The site visit for the South First Street Bridge began on the bridge deck, observing the deck surface, 
traffic rails, and drains.  The PESC team then walked along both of the lower pedestrian walkways to 
observe the condition of the sidewalks and rails.  The two end spans were easily accessible from below.  
The condition of both abutments, the northernmost and southernmost interior piers, and the steel plate 
girders was observed and documented.  Observation of interior spans over water was limited to what 
could be seen from shore. 

The findings from the site visit to the South First Street Bridge are detailed in Section 6.3.  A selection of 
the photos taken during this visit can be found in Appendix D. 

4 Structural Design Criteria 

A number of Light Rail Transit (LRT) structural design criteria documents developed by several 
transportation agencies around the country were reviewed (References 8 through 14).  Based on these 
documents and the AASHTO Standard Specifications for Highway Bridges, the AREMA code and the 
TxDOT Bridge Manual, a set of structural criteria to be used for the bridge evaluation and retrofit options 
were developed. 

These criteria are intended for the evaluation of the existing Congress Avenue and South First Street 
Bridge structures and possible retrofit designs to those same bridges only. These are not intended to be 
comprehensive criteria for all Light Rail Transit (LRT) structures (stations, platforms, etc.), or for new 
bridge structures subject to Light Rail Vehicle (LRV) loading. 

4.1 General 

In accordance with the Urban Rail Conceptual Engineering Report Basis of Design Memo (Reference 
21), the Siemens Ultra Short S70 car is the preferred LRV for the City of Austin (see Section 4.4.3 for 
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details).  Maintenance cars will be assumed to be lighter than a loaded LRV car.  The bridges will be 
evaluated for combinations of the live loads listed below, acting separately or simultaneously: 

 Up to six lanes of vehicular traffic (HS20); 

 Pedestrians on sidewalks or on the full deck; 

 Two tracks for LRV trains either on a center running or a side running configuration. 

A preliminary analysis of the loads imposed on bridge superstructures by the LRV was conducted to 
compare to other types of loads.  Figure 4-1 below shows mid-span bending moments (on simply 
supported spans) for different loads as follows: 

 HS20 (AASHTO Standard Specification), which was used for the design of both bridges; 

 HL93 (AASHTO LRFD Specification), currently used for new highway bridges; 

 Cooper E80 (AREMA code) used in the design of railroad bridges; 

 AUR, consisting of two to four LRV cars 

Based on this figure, there is not much difference between LRV and vehicular forces for very short bridge 
spans (up to about 80 ft).  For longer spans, up to about 150 ft the LRV forces are similar to the HL93 
forces but larger than the HS20 forces by up to 70%. 

Typically, LRT design criteria use up to 4 car trains for the design of new bridges.  The City however, has 
expressed the desire of using only 2-car trains for the current analysis.  A preliminary analysis of typical 
superstructures with 118.75 ft spans (Congress Avenue Bridge typical span) was conducted to evaluate 
the effect of using different trains.  The table below shows the maximum forces generated on simple 
supported beams for this case.  There is no significant difference between 2-, 3- and 4-car trains.  
However, there is a force reduction of between 11% and 17% when a single car is used. 

 

Figure 4-1.  Mid-Span Bending Moments for Various Live Loadings 
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Since both the graph and table above are based on simply supported beams, they are applicable only to 
the Congress Avenue Bridge but not to the South First Street Bridge which has several continuous spans.  
Therefore, a more elaborate analysis is required as described in Section 6 below. 

Table 4-1.  Maximum Moment & Shear for 1- to 4-Car Trains 

Train Max. Moment 
(k-ft) 

Max. Shear 
(k) 

1 Car 2,582 (88.6%) 97.4 (83.0%) 

2 Cars 2,915 (100%) 115.6 (98.6%) 

3 Cars 2,915 (100%) 117.1 (99.8%) 

4 Cars 2,915 (100%) 117.3 (100%) 
 

4.2 Track Type 

The tracks must be embedded into concrete slabs built directly over the current superstructure to allow 
sharing of the lanes with vehicular traffic.  For this reason, only embedded track is considered feasible. 

4.3 Codes, Standards and Guidelines 

AASHTO Standard Spec for Highway Bridges 17th Edition, 2002 

Texas Department of Transportation (TxDOT) Bridge Design Manual 2001 

American Concrete Institute (ACI) – 318, Building Code Requirements Structural Concrete 1999 

American Institute of Steel Construction (AISC) Manual of Steel Construction  

4.4 Design Loads 

4.4.1 Dead Loads (D) 

Dead load consists of the weight of the structure, trackwork, service walks, pipes, conduits, cables, utility 
services, and other permanent construction fixtures.  Dead load design weights shall be per Table 4-2. 

Table 4-2.  Dead Load Design Weights 

Normal Weight Reinforced Concrete 150 pcf 

Light Weight Reinforced Concrete 120 psf 

Asphalt 150 pcf 

Steel 490 pcf 

Aluminum 165 pcf 

Soil (earthfilling material) 120 pcf 

Track Rails 200 plf 
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Refer to Sections 5.4.2 and 6.4.2 for detailed information on dead load evaluation for the Congress 
Avenue Bridge and the South First Street Bridge, respectively. 

4.4.2 Vehicular Loads  

Transient vehicular loads (including, but not limited to vertical live load, impact, centrifugal force, and 
longitudinal force) shall be according to AASHTO for the standard HS20 Truck since both existing 
bridges were designed based on AASTHO HS20 Truck live loads.  Vehicular load shall be applied to all 
lanes and sidewalks accessible/mountable by traffic.  Although the current governing specification for 
new bridge structures is AASHTO LRFD with HL-93 loading, for a retrofit situation, especially for an 
urban street with limited heavy truck traffic, the previous AASHTO Standard Specification is deemed 
most appropriate. 

4.4.3 Light Rail Vehicle (LRV) Loads 

a.  LRV Live Load (L) 

For design purposes, the standard LRV load is defined as the axle spacing, axle loading and car spacing 
shown in Figure 4-2, which is based on the AW4 (structure design) weight of the Siemens Ultra Short 
S70 Car as presented in Table 4-3.  The gage between the tracks is the standard 4.71 feet.  One train may 
consist of one (1) to four (4) cars.  Trains shall be applied to each track to determine the worst case forces 
for design. 

 

 

 
Figure 4-2.  Standard LRV Car and Axle Spacing 
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Table 4-3.  Standard LRV Axle Loads (kips) 

Axle 
Loading Condition* 

AW0 AW1 AW2 AW3 AW4 

B1 16.68 18.16 20.03 20.97 21.91 

B2 16.68 18.16 20.03 20.97 21.91 

C1 13.72 15.58 19.94 22.11 24.30 

C2 13.72 15.58 19.94 22.11 24.30 

A1 16.30 17.77 19.65 20.59 21.53 

A2 16.30 17.77 19.65 20.59 21.53 

TOTAL 93.39 103.00 119.23 127.35 135.48 

     * Note: AW0 = total car weight 
        AW1 = AW0 + fully seated passenger load @ 155 lb/passenger 
       AW2 (design load) = AW1 + standing passengers at 4 per sq. meter of standing space 
       AW3 (crush load) = AW1 + standing passengers at 6 per sq. meter of standing space 
       AW4 (structure design) = AW1 + standing passengers at 8 per sq. meter of standing space 
 
 

b.  LRV Maintenance Car Load 

Maintenance cars will not be evaluated and will be assumed to exert lower forces than the Siemens Ultra 
Short S70 Car.  This is mainly due to the fact that no approach track work will be ballast supported, so 
maintenance cars that may be crossing the bridges will not be carrying heavy ballast material. 

c.  LRV Impact (I) 

Impact applies to the superstructure and piers only (it does not apply to foundations, footings, abutments, 
retaining walls, wall-type piers, piles, elastomeric bearings or sidewalk loads.)  Vertical Impact factor for 
LRV loads shall be the greater of that calculated by AASHTO or AREMA, with a minimum of 20% and a 
maximum of 30%.  Horizontal Impact factor for LRV loads shall be 10% of standard LRV loading (L) 
equally distributed to each axle, applied horizontally in a vertical plane of each axle, assumed to act 
normal to the track through a point 3.5 feet above top of rail (TOR).  The horizontal impact force is 
calculated in a similar manner as longitudinal forces in that it is a percentage of the total vertical LRV 
load applied horizontally. 

d.  LRV Centrifugal Force (CF) 

A horizontal force equal to 10% of the vertical axle load for track with centerline radius less than 2450 
feet shall be applied transversely at 4 feet above TOR.  Proposed rail alignments for the Congress Avenue 
and South First Street Bridge structures are straight; therefore LRV Centrifugal Force is negligible. 

e.  LRV Longitudinal Force (LF) 

Due to LRV acceleration and deceleration, longitudinal forces shall be applied as a uniformly distributed 
load over the length of the train in a horizontal plane at TOR.  For a decelerating train, LF shall be equal 
to 28% of the vertical LRV load (L).  For an accelerating train, LF shall be equal to 16% of the vertical 
LRV load (L). 
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For double-track structures, three longitudinal-loading cases shall be considered:  Single track loaded, 
both tracks loaded with one train accelerating, the other decelerating (forces in same direction) and both 
tracks loaded with both trains accelerating or decelerating (forces in opposite directions). 

In a separate case, an emergency braking force of 46% of LRV loading shall be applied to one track while 
accelerating or decelerating forces are applied to the other track. 

f.  LRV Thermal Forces (T) 

Thermal longitudinal rail forces are radial and axial forces due to temperature variations in the rail and 
superstructure and subsequent differential movement.  They should also consider rail break force, rail 
break gap, fastener spacing and fastener strength.  These forces are typically applied in a horizontal plane 
at the top of the rail.   

Thermal longitudinal forces will not be considered at this preliminary phase of design as the rail fastener 
layout and the longitudinal restraint characteristics of the fasteners are unknown.  These forces may have 
an effect on the structural capacity of the bridges and will be considered in subsequent phases.  Thermal 
forces from temperature variations in the Overhead Contact System (OCS) shall be considered and 
determined by the catenary design consultant. 

g.  LRV Rolling Force (RF) 

A vertical force equal to 10% of the LRV load per track shall be applied downwards on one rail and 
upwards on the other rail at the axle locations, on all tracks. 

h.  LRV Derailment Load (DR) 

Vertical Derailment shall be calculated as DR = L + ID, where ID is a 100% impact factor applied to any 
two adjacent axles, while the normal impact factor is applied to all other axles.  Lateral vehicle excursion 
of a minimum of 4 inches and a maximum of 3 feet parallel to track shall be considered.  One train (1 to 4 
cars) should be considered derailed; the other track shall be considered unloaded or loaded with a 
stationary train. 

Horizontal Derailment force of 40% of the standard LRV load acting 2 feet above TOR and normal to 
barrier for a distance of 10 feet shall be applied where barriers are within 6 inches and 3 feet from the 
vehicle.  Where barriers are beyond 3 feet from the vehicle, 10% of the standard LRV load acting 2 feet 
above TOR and normal to the structure centerline for a distance of 10 feet shall be applied. One train (1 to 
4 cars) should be considered derailed; the other track shall be considered unloaded or loaded with a 
stationary train. 

4.4.4 Other Loads 

a.  Pedestrian Live Load (L) 

Pedestrian load on sidewalks shall be calculated according to AASHTO, and shall be applied 
simultaneously with vehicular traffic and/or LRV loads in their respective lane configurations.  In 
addition, a pedestrian load of 100 psf shall be applied to the entire bridge deck (with no vehicular traffic 
or LRV loads). 

b.  Weight of Bats 

The total weight of the entire Mexican free-tailed bat colony living under the Congress Avenue Bridge is 
estimated at about 50 kips (1.5 million bats x 15 grams per bat).   Since the superstructure has an 
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approximate area of 77,000 sf, and assuming that the bats occupy only half the bridge length, the 
equivalent uniform weight of the colony is about 0.0013 ksf which is considered negligible. 

c.  Earth Pressure (E) 

For structures retaining earth, horizontal earth pressure due to LRV loading shall be calculated as a 
uniform surcharge equal to 3 additional feet of earth. 

d.  Stream Flow Loads (SF) 

Stream flow forces shall be calculated based on AASHTO Standard Specification provisions. 

e.  Wind Load on Structure (W) 

Wind loads shall be calculated based on AASHTO Standard Specification provisions. 

Wind loading on the OCS shall be considered in the design of both superstructure and substructure 
elements, and shall be determined by the catenary design consultant. Wind on the OCS has not been 
considered in Phase I. 

f.  Wind on Live Load (WL) 

Wind on vehicular loads shall be calculated based on AASHTO Standard Specification provisions. 

Transverse Horizontal Wind Load on LRV shall be 100 plf of train, applied as concentrated loads at the 
axle locations in a plane 7 feet above the TOR and normal to track.  Longitudinal Horizontal Wind Load 
on LRV shall be 40 plf of train, applied as a uniformly distributed load over the length of the train in a 
horizontal plane at 7 feet above TOR. 

g.  Shrinkage/Creep (S) 

Forces due to shrinkage and creep are typically neglected in the evaluation of existing bridges, since 
structures were built many years ago; thus, shrinkage and creep of the existing structures have not been 
considered in Phase I.  Shrinkage and creep of any retrofit relative to the existing structures will be 
considered in Phase II of the project as well as the effect of any locked-in forces that may be present due 
to past creep and shrinkage of the existing structures. 

h.  Differential Settlement 

All differential settlement of the existing structures should have already occurred.  In Phase II, the effect 
of any locked-in forces due to differential settlement will be considered.  Specifically, in the South First 
Street Bridge, forces due to past differential settlement between the drilled shafts and footings will be 
determined.  In the Congress Avenue Bridge, forces due to past rotation of the footings will be 
considered. 

4.5 Load Combinations 

The load factors and combinations in Table 4-4, based on the AASHTO Standard Specifications and 
modified to account for LRV loads, are used to check the adequacy of the existing structures and design 
any retrofit solutions using the Load Factor Design (LFD) method.  For each combination group, the 
factor γ multiplies all other factors. 
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In Table 4-4, the dead load factor βD is 1.0 when checking members for maximum axial load and 
minimum moment and 0.75 when checking members for minimum axial load and maximum moment (or 
eccentricity).  The earth pressure factor βE is 1.0 for vertical pressure; 1.30 for lateral pressure on 
retaining walls and rigid frames (excluding rigid culverts); 1.15 for lateral at-rest pressure; and, 0.5 when 
checking positive moments in rigid frames. 

Table 4-4.  Load Factors and Combinations for Load Factor Design  

Group γ D L+I CF E B SF W WL LF T RF DR 

I 1.30 βD 1.67 1.0 βE 1.0 1.0 0 0 0 0 0 0 

II 1.30 βD 0 0 βE 1.0 1.0 1.0 0 0 0 0 0 

III 1.30 βD 1.0 1.0 βE 1.0 1.0 0.3 1.0 1.0 0 1.0 0 

IV 1.30 βD 1.0 1.0 βE 1.0 1.0 0 0 0 1.0 0 0 

V 1.25 βD 0 0 βE 1.0 1.0 1.0 0 0 1.0 0 0 

VI 1.25 βD 1.0 1.0 βE 1.0 1.0 0.3 1.0 1.0 1.0 1.0 0 

VII 1.30 βD 1.0 1.0 βE 1.0 1.0 0 0 0 0 0 1.0 
 
Group I is for normal use of the bridge with maximum Live Load and with no wind.  Group II is for no 
Live Load on bridge and maximum Wind Load on the structure.  Group III is for normal Live Load on 
bridge, reduced Wind Load on the structure, Wind on Live Load and Live Load lateral effects.  Group IV 
adds the effects of Thermal loads (no wind).  Groups V and VI are similar to groups II and III, 
respectively, but include thermal load effects with reduced factors to account for simultaneous loads.  
Group VII accounts for the Derailment force.  Note that Live Load (L) may include HS20 vehicular load, 
LRV load, and/or pedestrian load acting separately or simultaneously on the structure. 

In Phase I, since thermal effects will not be investigated, Groups I, II, III and VII are the only 
combinations considered.  In Phase II, when a more detailed analysis will occur, all LFD combinations 
will be considered.  In addition, during Phase II, Service Loads will be calculated and applicable service 
load combinations will be considered for deflection, allowable stresses, fatigue, etc. 

4.6 Material Properties 

4.6.1 Existing Structure Materials 

Where existing documentation does not specify material properties, the following assumptions are made, 
unless noted otherwise: 

 - Concrete Strength for Reinforced Concrete Elements = 3.0 ksi 

 - Concrete Strength for Prestressed Concrete Elements = 7.0 ksi 

 - Reinforcing Steel Strength = 60 ksi 

 - Prestressing Strand Steel Strength = 270 ksi 

 - Structural Steel Strength = 36 ksi 
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Otherwise, material properties used for the structural analysis and evaluation are per existing records 
(plans, construction documents, field tests, etc.). 

4.6.2 New Construction Materials 

Materials used for retrofit options are assumed to have the following properties: 

 - Concrete Strength for Reinforced Concrete Elements = 3.60 ksi 

 - Light weight Concrete Strength = 5.00 ksi 

 - Light weight Concrete Unit Weight = 120 pcf 

 - Reinforcing Steel Strength = 60 ksi 

 - Structural Steel Strength = 50 ksi 

5 Congress Avenue Bridge Analysis 

5.1 History of Bridge 

The first bridge at the site of the existing Congress Avenue Bridge was built of iron in 1884.  In 1909, the 
contractor William P. Carmichael Company from Williamsport, Indiana, was selected to build a new 
concrete bridge in place of the old iron bridge.  The concrete arch bridge, completed in 1910, consisted of 
eight 118.75-ft spans with a 51.83-ft wide deck.  The total roadway width was 38.0 ft and there were 5.0 
ft sidewalks on both sides of the deck.  See Figure 5-1 for a photo of the original bridge. 

 

Figure 5-1.  Congress Avenue Bridge (circa 1940) 

In 1955, the bridge deck was widened to 53.0 ft overall as shown in the cross section in Figure 5-2.  The 
roadway was increased 6.0 ft to a total of 44.0 ft to accommodate four lanes.  Sidewalks were preserved 
but reduced to 4.5 ft.  The original heavy concrete railing was removed and a new aluminum railing was 
installed bolted to the side of the deck.  At that time, the substructure was not modified. 
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Figure 5-2.  Congress Avenue Bridge Typical Section from 1955 Plans 

In the early 1970s, deterioration of the deck and elements of the substructure was evident and eventually 
led to partial closure of the bridge in 1974.  In 1976, a consultant was retained by the City of Austin to 
conduct an improvement study of the bridge including the possible widening of the structure (Ref. 15). 

Based on the recommendations of this study, the bridge superstructure was replaced and significantly 
widened between 1977 and 1979, following the previsions of the AASHTO Standard Specification for 
Highway Bridges (1977 Interim).  Precast prestressed box beams were used to entirely replace the 
original superstructure of the bridge. 

The bridge deck was widened to 81.167 ft and the roadway width was increased to 60.0 ft to 
accommodate five lanes (two 11-ft lanes in each direction and a middle 12-ft lane).  The sidewalks were 
widened to 8.0 ft and 1’-4” curbs were added.  A concrete curb 13-in wide by 3-in high was provided at 
the exterior edge of the sidewalks as a parapet for the aluminum combination rail type C3-E.  Lighting 
standard supports were provided at various locations at both edges of the deck.  See Figure 5-3 for 1977 
typical section.  At some date after the 1979 widening, the deck was re-striped to add a lane.  Currently, 
the bridge accommodates six 10-ft lanes (3 in each direction).  See Appendix A.1 for a current typical 
section. 

 

Figure 5-3.  Congress Avenue Bridge Typical Section from 1977 Plans 

Although the original arches were not modified; the tops of the original spandrel were was cut, effectively 
unloading the arches, which now carry only their self weight and the weight of the spandrel walls.  
Unloading the arch was highly desirable as the 1976 study referenced above cited significant cracking and 
deterioration in the arches, backed up by calculated overstress.  To support all the box beams, a new pier 
wall extension and bent cap with large reinforced concrete cantilevers were added to the piers.  These 
modifications effectively transformed the pier walls into deep-cap hammerhead bents. 

In the early 1980s, a large Mexican free-tail bat colony of about 1.5 million bats moved to the bridge, 
spending the summer of every year and nesting in the 1.75” gaps between box beam bottom flanges.  On 
November 16, 2006 the bridge was renamed the Ann W. Richards Congress Avenue Bridge in honor of 
the late Ann W. Richards, the 45th Governor of Texas and Austin resident. 



 

 
City of Austin Urban Rail Page 18 of 88
AURP Team  May 24, 2011
 

5.2 Description of the Existing Bridge 

5.2.1 Geometry of Bridge 

The current configuration of the Congress Avenue Bridge maintains the original eight 118.75-ft spans 
with a 81.167-ft wide deck, crowned at 1.5%, and accommodating a 60-ft roadway for six 10-ft traffic 
lanes.  The sidewalks are 8.0 ft wide with 1’-4” curbs.  Cross slope of sidewalks is 1/4" per foot.  See 
Appendix A.1 for current typical section.  See Figure 5-4 for a current photo of the bridge. 

 

 

Figure 5-4.  Congress Avenue Bridge (Sept. 15, 2010 photo) 

Eighteen non-standard precast prestressed concrete box beams (fourteen 4-44 beams and four 5-44) make 
up the superstructure.  The shape of the beams is based on the TxDOT standard beams 4B40 and 5B40.  
See Figure 5-5 for box beam details.  The 4-44 beams are 44-inch deep and have a nominal width of 4-ft 
while the 5-44 beams, also 44-inch deep, have a nominal width of 5-ft. 

 

   
(4-44)                                                                            (5-44) 

Figure 5-5.  Congress Avenue Bridge 4-44 and 5-44 Box Beam Details 
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Beams are transversely tied using postensioning strands at their 1/5 points and void spaces between 
beams (shear keys) are filled with structural concrete.  A 12-in slotted drain pipe runs below the curbs, in 
between the second and third box beams from the edge and is embedded in a concrete beam built up 
between the sides of the precast box beams.  A 1/2-in two course surface treatment was provided over the 
1 1/2-in ACP layer.  Based on the 1977 widening drawings, the centerline elevation of the entire bridge 
deck is shown as 471.9 ft (level). 

 

 

Figure 5-6.  Congress Avenue Bridge Bent Details 

 

The original arches that still remain in place are 30 ft wide with a variable thickness (from 5.0 ft at the 
spring line to 2.75 ft at the crown).  Spandrel walls, running transverse to the bridge centerline and 
supported by the arches, are 29.5 ft long by 1.25 ft wide and are spaced at 7.25 ft on center.  Originally 
provided for deck support, these walls were cut at elevation 467.3 ft in the 1977 widening (6 inches under 
bottom of box beams).  Two 14 in x 5 in precast concrete beams were added at the top of the spandrel 
walls to tie them together and to the piers and abutments. 

A typical original interior bent was composed of a concrete pier wall, 30.0 ft wide by 4.0 ft thick, 
supported by a tapered pier below.  In the 1977 widening, the upper part of the original pier wall was 
removed above elevation 451.0, and the remaining portion of the pier wall was extended by 3.0 ft on 
either end.  A flared bent cap was added with a base of 36.0 ft and a total length of 81.2 ft at top of cap 
(Elev. 467.93), generating 22.6 ft tapered cantilevers on both ends.  See Figure 5-6 for current bent 
details. 

The pier wall is supported by a 25.0 ft tall tapered concrete pier.  The pier varies in width from 38.0 ft at 
the top to 42.25 ft at the bottom and has rounded ends.  The depth of the pier tapers from 8.0 ft at the top 
to 12.0 ft at the bottom.  The pier is supported on a rectangular footing with a width of 44.0 ft, depth of 
16.0 ft and variable height.  A cavity in the footing of Pier 1 was retrofitted with concrete fill, increasing 
its plan dimensions to 24.0 ft by 52.0 ft.  See Figure 5-7 for original footing details. 
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Figure 5-7.  Congress Avenue Bridge Footing Details 

 

5.2.2 Construction Records 

The design concrete strength for the box beams (per the 1977 superstructure drawings) was as follows: 

− For 4-44 beams, f ′ci = 6,870 psi and f ′c = 7,800 psi 

− For 5-44 beams, f ′ci = 5,910 psi and f ′c = 7,000 psi 

However, a field change, referenced on the cover sheet, states that the minimum required concrete 
strength was reduced from 7,700 psi to 7,000 for 104 box beams 4-44 (almost all of them, since total 
number of 4-44 is 112).  Table 5-1 lists the beams designs, as per the shop drawings.  No actual 
compressive strength test data could be found. 

Table 5-1.  Box Beam Design Information 

Beam Qty Design 
Length 

Cast 
Length 

Strands Concrete Strength 

Total Depressed Minimum 
Release 

Minimum 
28-day 

4-44 112 117.58’ 117.64’ 58 38 4,900 7,700 
5-44 32 117.58’ 117.64’ 64 38 4,900 7,550 

5.2.3 Geotechnical Information 

In the drawings of the original 1909 design, test holes are shown at many of the piers.  It shows the 
bearing stratum (blue shale or white rock) at elevations varying from 410 ft to 420 ft.  In the 1977 
drawings, a total of nine test holes are shown: six at the south abutment, two at the north abutment and 
only one offshore very close to the Pier 1 (which is the interior bent closest to the north abutment).  In the 
channel, gray limestone was found at about 415 ft while in the south abutment, soft shale was found 
between 400 ft and 405 ft.  In the north abutment gray limestone was found above elevation 430 ft. 

The geotechnical report for the recently built Pfluger Pedestrian Bridge (Reference 16) indicates that 
competent gray limestone was found at elevations varying from 401 ft to 403 ft.  This bridge, however, is 
located about 3,700 ft upstream from the Congress Avenue Bridge and therefore, a significant variation in 
rock elevation is to be expected. 
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5.2.4 Hydraulic Information 

The level of the Lady Bird Lake (originally called Lake McDonald and then Town Lake) which is fed by 
the Colorado River, is regulated by the Tom Miller Dam, which was built from 1938 to 1940 to provide 
hydroelectric power and store water for the city with a total discharge capacity of 110,000 cubic feet per 
second (based on LCRA website information).  The dam was built atop the remains of two earlier 
structures, both called Austin Dam.  The first one was built from 1890 to 1893, and the other one from 
1909 to 1912.  Massive floods destroyed both structures. 

In the original 1909 bridge drawings, the low and high water elevations are shown as 427.0 ft and 449.0 
ft, respectively.  The approximate normal water level shown in the 1977 drawings is 428.6 ft. 

The drawing set for the Pfluger Pedestrian bridge shows the normal pool water surface elevation as 428.3 
ft and the 100-year flood water surface elevation as 446.0 ft.  Hydraulic data included in these drawings 
are average flow speed of 5.3 fps and discharge of 104,700 cfs. 

5.2.5 BRINSAP Reports, Condition Assessments and Load Ratings 

A list of the documentation on the Congress Avenue Bridge obtained from TxDOT is listed below, with a 
brief synopsis of the pertinent information contained in each. The ratings shown are according to the 
TxDOT Bridge Inspection Manual (Reference 17). 

a. Bridge Inventory Record, 4/26/2010 – Main Features of bridge listed 

b. Bridge Photos, 4/26/2010 – Roadway, side, superstructure from below, stream, typical substructure 
span 

c. Bridge Inspection Record, 4/26/2010 

 • Deck = 7-8 – minor asphalt longitudinal cracking between beam joints, joint seal distortion, 
debris in curb drainage , curb hairline cracking, sidewalk scaling 

 • Superstructure = 7 – concrete arches have many patches and isolated cracking 

 • Substructure = 6 – minor vertical cracks in abutments and wingwalls; diagonal shear/flexural 
cracking of flared pier extension 

 • Channel = 7 – Controlled by Channel bed (see underwater inspection) 

 • Culverts = N 

 • Approaches = 7 – minor spalling and cracking of ret walls, wearing/rutting of asphalt 

 • Miscellaneous = 8 (Illumination, Utility Lines, Signs) 

d. Channel Cross-Section Measurements Record, 5/05/2004, 5/23/2006, 5/09/2008, 4/26/2010 – 
Relatively minor variations of the river bed have been measured in the last six years 

e. Bridge Summary Sheet, 5/10/2010  

 • Inspection Rating = 6 

 • Inventory Rating = HS20.0  
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 • Operating Rating = HS27.0 

f. Bridge Appraisal Worksheet, 5/12/2010 

 • Traffic Safety Features Rating = 0 0 0 0 

 • Structural Evaluation Rating = 6 (controlled by substructure) 

 • Deck Geometry Rating = 2 (controlled by number of lanes vs roadway width) 

 • Underclearances = N 

 • Bridge Posting = 5 (no posting required) 

 • Waterway Adequacy = 9 (Bridge Deck Overflooding Frequency > 100 years)  

 • Approach Roadway Alignment = 8 (speed reduction is not required) 

g. Underwater Substructure Evaluation, 5/18/2010 

 • Substructure Rating = 6 (Pier 1 cracking not visible, Pier 5 construction voids) 

 • Channel Rating = 7 (Channel stable, structure founded on Limestone, no scour issues) 

h. Channel Sketch, 2002, 2004, 5/2006, 5/2008, 2010 

 • Hand-drawn on a Channel Profile Sheet signed and sealed on 6/23/98 

 • No significant change in 2010 

 • Some relatively significant variation on the channel bed elevations around Piers 4 and 5 in the last 
10 years 

 

5.3 Findings of Field Visit 

On September 14, 2010, PESC engineers visited the Congress Avenue Bridge.  The findings from this site 
visit were generally consistent with the TxDOT inspection reports described in Section 5.2.5.  The most 
significant finding is vertical and diagonal cracks in the cantilever portion of the interior pier caps.  Other 
notable findings include map cracking in the north retaining wall, vertical cracks in the south 
mechanically stabilized earth (MSE) retaining wall, longitudinal cracks in the asphalt deck surface, 
clogged deck slotted drains, transverse hairline cracks along the curbs, bulging expansion joints in the 
sidewalks, and patched areas on the original arch structure.  The box beams appeared to be in good 
condition with no visible signs of distress.  A detailed list of the findings is below: 

Longitudinal cracks and/or “mounds” in the ACP are present along most of the bridge, particularly 
adjacent to slotted drains (for instance, on the east side of Spans 4 and 6, both sides of Span 1, and the 
west side of Spans 5, 6 and 7).  “Mounds” are typically located in front of drains and block water runoff 
from reaching the drains.  At some locations they cover the slotted drain entirely and water is not able to 
reach the drain.  Large longitudinal cracks are located approximately 4 ft and 8-10 ft from curb, and 3 ft 
from centerline on both sides. 
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A significant accumulation of debris in the deck vertically slotted drains was observed.  They are about 40 
to 60% clogged near the begin and end of bridge on Spans 1, 2, 7 and 8.  Debris is worse on the west side 
of the bridge.  Drains toward middle of bridge length are relatively clear. 

Curbs show hairline cracks and some larger cracks along entire bridge but no signs of rust were visible.  
Cracks are normal to centerline of bridge and appear to be shrinkage cracks.  Sidewalks are generally in 
good condition and no visible cracks or scaling were found along the bridge.  No apparent rutting or 
wearing of the bridge deck surface was observed.  Only one large crack on the roadway surface was seen 
beyond the bridge end at the south approach. 

The aluminum traffic rails are in good condition.  Three areas of impact damage were observed at the east 
side of Span 8, west side of Span 2, and west side of Span 5.  Damage consisted of outward lateral 
deflection of one of three rails (top rail on Spans 8 and 2, middle rail on Span 5). 

Expansion joints are in fairly good condition with most of the debris located near the centerline of the 
bridge.  At some locations, the joint material is “wavy”.  Material bulges out at the sidewalk at most 
joints.  Joint in sidewalk on east side of Pier 5 is clogged. 

Box beams seemed to be in good condition as seen from under the bridge.  However, only Spans 1, 7 and 
8 were inspected closely as access to the spans over water was not part of the Phase I scope.  Staining on 
bottom of inspected beams was observed at longitudinal joints which could be due to water infiltration 
and/or bat droppings. 

The underside of the substructure was observed for Spans 1, 7 and 8 only.  In the arches, small vertical 
and horizontal cracks at ends, horizontal cracks near the center and some vertical cracks at spandrel wall 
locations were observed as well as many areas of apparent patching.  Some vertical and horizontal 
cracking in both abutments near the arch end was seen, but the abutments appeared to be in generally 
good condition.  Vertical and diagonal cracks were observed on pier cap overhangs at Piers 6 and 7 and 
vertical stains from possible water infiltration were seen on overhangs of every pier cap.  The piers 
appeared to be in good condition, with no visible cracks. 

Vertical and hairline cracks were seen in some MSE wall panels on the west side of the south abutment 
retaining wall and appeared to be caused by Alkali Silica Reaction (ASR).  The north abutment retaining 
wall has many ASR cracks on the east side of bridge although cracks are not as prevalent underneath the 
bridge.  The east wall has a larger horizontal crack that appears to go through the full depth of the end of 
the wall about 3-4 ft from top of wall.  Concrete at base of end of east wall is deteriorating. 

5.4 Structural Evaluation of Bridge 

5.4.1 Structural Criteria 

Material properties will follow in general those presented in Section 4.6.  However, since no explicit 
information was obtained for the material strength of the original 1909 bridge, it was assumed that for 
pier walls, shafts and footings the concrete compressive strength is 1,500 psi and the reinforcement yield 
strength is 33,000 psi.  These assumptions are consistent with materials typically used in the country at 
that time. 

For the box beams constructed in 1977, although the construction records indicate the 28-day concrete 
strength was 7,000 psi, it is reasonable to assume that significant additional strength has been gained after 
more than 30 years.  For analysis purposes, the final concrete strength is assumed to be at least 8,000 psi, 
which shall be confirmed by testing in the next phase of the project.  The strands are assumed to be 270 
ksi stress relieved strands.  The shear key is assumed to be normal-weight concrete with compressive 
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strength of 3,000 psi.  The sidewalk slab is assumed to be light-weight concrete (120 pcf) with 
compressive strength of 3,000 psi. 

The minimum allowable bearing pressure for the hard shale bearing stratum on which the footings are 
founded is assumed to be 14 ksf, based on the structural evaluation report discussed in Section 1.3.3a.  
However, the 1976 improvement study (Ref. 15) concluded that the allowable bearing could be at least 18 
ksf based on the performance of the bridge since construction.  This pressure, which will be used in the 
analysis described herein, shall be confirmed by geotechnical testing in the next phase of this study. 

5.4.2 Load Evaluation 

Dead loads of the existing bridge components were evaluated in detail using the existing drawings.  The 
existing superstructure dead loads include the prestressed concrete box beams, concrete shear keys, built-
up beam for slotted drain, ACP, surface treatment, rails, sidewalks, curbs, utilities and light poles.  The 
existing substructure dead loads include the pier cap, pier wall, arches, spandrel walls, and footings.  For 
the proposed dead loads, it was assumed that light-weight concrete will be used in the areas of light rail 
track embedment (minimum 6 inches thick and 8 feet wide for each set of tracks).  To allow for future 
resurfacing, it was assumed that new ACP will be used for the rest of the roadway surface.  Other 
proposed dead loads include the weight of the OCS system and LRV track. 

Live loads were determined per Sections 4.4.2 and 4.4.3.  LRV loads were evaluated using the AW4 
loading condition.  Other loads were determined based on Section 4.4.4.  All loads were combined using 
the load combinations described in Section 4.5. 

5.4.3 Analysis of Bridge with Current Conditions 

Models of the precast concrete box beams used in this bridge were developed using the TxDOT computer 
program PSTRS14 (Version 4.2).  Results from preliminary PSTRS14 box beam runs show that the 
outermost 5-44 box beams (1 & 18) and the 12 interior 4-44 box beams (4 - 15) appear to have more 
strength than what is required by AASHTO Standard vehicular loads.  Therefore, they may have certain 
reserve capacity which can help accommodate LRV loads.  The inside 5-44 box beams (2 & 17) and the 
two outer 4-44 box beams (3 & 16), however, appear to have no reserve capacity, meaning they would 
require significant strengthening in order to carry LRV loads.  Table 5-2 shows a summary of the box 
beam analysis for the existing HS20 loading.  Table 5-3 shows a summary of the box beam analysis for 
the existing pedestrian loading. 

 

Table 5-2.  Summary of Box Beam Analysis for Existing HS20 Loading 

Beam 
Type Beam # 

Loading - HS20 

f'c Ultimate Moment Capacity 
Provided Req'd Provided Provided Req'd Provided 

(psi) (psi) / Req'd (k-ft) (k-ft) / Req'd 

5B44 
1 & 18 7,550 7,550 1.00 8,585 6,297 1.36 
2 & 17 7,550 39,187 0.19 8,551 7,400 1.16 

4B44 
3 & 16 7,700 19,991 0.39 6,301 5,591 1.13 
4 - 15 7,700 7,700 1.00 6,301 4,715 1.34 

      Note:  Plan specified concrete strengths were used in the initial analyses. 
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Table 5-3.  Summary of Box Beam Analysis for Existing Pedestrian Loading 

Beam 
Type 

Beam 
# 

Loading - Pedestrian LL 

f'c Ultimate Moment Capacity 
Provided Req'd Provided Provided Req'd Provided 

(psi) (psi) / Req'd (k-ft) (k-ft) / Req'd 

5B44 
1 & 18 7,550 7,550 1.00 8,585 5,349 1.61 
2 & 17 7,550 28,999 0.26 8,551 6,770 1.26 

     Note:  Plan specified concrete strengths were used in the initial analyses. 

These preliminary beam runs were performed assuming that shear keys (cast-in-place concrete between 
box beams) do not act compositely with the beams to resist imposed loads.  Because the exterior box 
beam and first interior beam showed little reserve capacity and potential overstress even under existing 
loading, it is believed that the original design assumed composite shear keys.  Hence, further analyses 
with loads in excess of those caused by current use of the bridge assumed that shear keys act compositely 
with the box beams.  The above cases were rerun using composite shear keys.  The results show that 
maximum stresses were still not within allowable ranges.  Because the box beams are showing no visible 
signs of distress, it is believed that the actual strength of the concrete may be significantly higher than the 
assumed design values. 

Regarding the substructure analysis, the flared pier cap was modeled using the TxDOT computer program 
CAP18 (Reference 19), which uses beam theory and moving load analysis to determine the maximum 
bending moments and shears in the cap.  Since the cap is a deep beam in the vicinity of the pier wall, this 
analysis is approximate.  The results of the analysis indicate that both flexure and shear reinforcing bars 
are adequate.  A summary of the results is shown in Table 5-4.  Further analysis is required to explain the 
cracking observed in the cantilevers (see Section 5.3). 

Table 5-4.  Congress Avenue Bridge –Bent Cap Analysis Summary (Existing Condition) 

Load 
Case 

Load 
Group 

Service 
DL 

Moment 

Service 
Total 

Moment 

Total 
Factored 
Moment 

Total 
Factored 

Shear 

Negative Moment Checks* 

DL 
Capacity Serviceability Ultimate 

Capacity 

(k-ft) (k-ft) (k-ft) (k) (%) (%) (%) 

Existing 
I 13,769 14,766 19,195 2,031 90.7 66.9 49.6 

I (PED**) 13,769 19,021 24,728 2,254 90.7 86.2 63.9 

Notes: * % capacity indicates applied effect / calculated capacity x 100, percentages greater than 100% indicate overstress  
  ** PED indicates that the applied live load was 100 psf pedestrian load placed over the entire deck 

The pier is modeled as a simplified column fixed at its base and free to move at the top.  The analysis 
results, shown in Table 5-5 for the two most critical combinations, indicate that the pier dimensions and 
reinforcement are sufficient for the existing loads.  Table 5-6 shows the results of the footing bearing 
pressure analysis which were compared with allowable bearing pressures listed in previous studies of the 
bridge.  The COA (PWD-ESD) Report assumed an allowable bearing pressure of 14 ksf, while the 
Congress Avenue Bridge Improvements Report by Parsons, Brinckerhoff, Quade & Douglas, Inc., 1976, 
gave an allowable bearing pressure of 18 ksf.  It is believed that the 18 ksf allowable bearing pressure is a 
more reasonable assumption considering that the footings are showing no apparent signs of distress.  The 
results reported in Table 5-6 show that the maximum soil bearing pressure exceeds the 18 ksf allowable 
pressure by as much as 11% under the worst case loading condition.  This leads to the belief that the 18 
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ksf psf allowable is likely a conservative assumption and shall be confirmed by geotechnical testing in the 
next phase. 

Table 5-5.  Congress Avenue Bridge – Column Analysis Summary (Existing Condition) 

Load 
Case 

Load 
Group 

Pu 
(kip) 

Mux 
(kip-ft) 

Muy 
(kip-ft) 

Capacity 
Ratio* 

Existing 
II 7,842 9,626 4,145 6.57 
V 7,541 9,256 3,982 6.67 

     Note: * Capacity ratio indicates ultimate capacity / applied effect, ratios 
        less than 1.0 indicate structural deficiency based on LFD  

Table 5-6.  Congress Avenue Bridge – Footing Analysis Summary (Existing Condition) 

Load 
Case 

Load 
Group 

Pressure 
from Axial 
Load (ksf) 

Pressure from Moments 
(ksf) 

Max Bearing 
Pressure 

(ksf) 

Min Bearing 
Pressure 

(ksf) MOUT-OF-PLANE MIN-PLANE 

Existing 
I 15.6 1.8 2.6 20.0 11.2 

IV 15.5 1.82 2.6 15.9 8.9 
 

5.4.4 Analysis of Bridge with LRV 

The capacity of the box beams and several other factors impact which of the two LRV configuration cases 
are feasible: side-running or center-running.  The side-running configuration places the LRV loads closer 
to the exterior box beams which do not have reserve capacity for the LRV loads and therefore, it seems 
that a central running configuration may be more feasible. 

Additionally, for the case of the center-running track, the thickness of the deck overlay could be tapered 
such that the existing curb and sidewalk could remain in place and no additional barriers would be 
required.  For the side-running configuration, the required thickness of the track embedment at the edge of 
the roadway would raise the level of the roadway surface close to the level of the existing sidewalk; 
therefore, a barrier would be required at the edges of the roadway. 

A preliminary analysis was conducted for the Congress Avenue Bridge to evaluate the effect of different 
numbers of cars in the design train.  The maximum forces for each case are shown in Table 5-7.  For this 
bridge, there are no significant differences in moments and shears as well as support reactions between 2-
car, 3-car and 4-car trains.  Therefore, the more detailed bridge analysis concentrated on the 4-car train 
case which is slightly more conservative than the 2-car train loading anticipated by the City. 

Table 5-7.  Congress Avenue Bridge – Effect of LRV Train Length Summary 

 Maximum Moment* 
(k-ft) 

Maximum Shear* 
(k) 

Maximum Support 
Reaction* (k) 

1 Car 2582 97.4 112.5 

2 Cars 2915 115.6 178.0 

3 Cars 2915 117.1 197.8 

4 Cars 2915 117.3 199.4 
  * Note: Values are intended for illustration of relative effects.  Values do NOT represent forces in any particular beam. 
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The existing superstructure was then analyzed in more detail using the program PSTRS14 with the 4-car 
train.  Since the preliminary analysis has determined that the interior beams have certain reserve capacity 
and the exterior beams have little or no reserve capacity under the current loading condition, the beam 
analysis has concentrated on the center running option, which it is believed to be the more viable option 
for this bridge.  The shear keys were assumed to act compositely with the beams under the imposed loads.  
The light-weight concrete slab required for rail embedment was also assumed to act compositely with the 
beams. 

Depending on the transverse location of the LRV on the bridge deck, it is possible for one of the wheels 
to be directly over the center of a box beam, creating a maximum moment in the top flange.  This is 
especially true in the side running track configuration.  The largest wheel load is 12.15 kip (half of largest 
axle load for AW4 condition) which is less than the wheel load of an HS20 truck (16 kip).  However, 
since support conditions are significantly different in both cases (rail vertical location and stiffness, wheel 
contact length, additional dead loads, etc.) a stress analysis is necessary. 

Limited calculations were performed to determine the structural capacity of the top flange of one box 
beam.  A number of assumptions were made in the calculation:  the wheel load is resisted by a one-foot 
wide transverse strip of the flange;  the wheel load is conservatively distributed in the longitudinal 
direction by the rail to a length of 1.5 ft of the flange;  reinforcing in the top flange is as shown in the box 
beam shop drawings;  concrete strength is equal to 8,000 psi;  and continuity exists at the ends of the top 
flange due to continuous reinforcing around the corners of the top flange and into the beam webs. 

The calculations showed that the flexural capacity of the flange was adequate and that the shear capacity 
was the controlling factor.  Further analysis is necessary to determine more accurate transverse and 
longitudinal distribution of the LRV wheel loads and a more detailed stress evaluation in Phase II of this 
project. 

The TxDOT program CAP18 (Reference 19) was used to analyze the bent caps.  The pier was modeled as 
a simplified column fixed at its base and free to move at the top.  For comparison, the side running 
condition was included in the substructure analysis as well as the center running condition. 

5.4.5 Summary of Results 

Even with the assumed 8,000 psi beam final concrete strength and with the shear keys included in 
composite section properties, the bottom tension at mid-span of the box beam still exceeds the allowable 
by about 28% under the LRV loads with the center running option.  It is anticipated that the overstress 
will be more severe for the side running option as the exterior beams have little or no reserve capacity.  
Therefore, the box beams carrying the LRV tracks must be strengthened; see retrofit options below.  With 
the assumed 8,000 psi final concrete strength, the box beams not carrying the LRV tracks appear to have 
adequate strength to carry vehicular loads and weight of the proposed ACP (6” maximum).  However, this 
concrete strength must be confirmed by testing in the next phase. 

Bent cap analysis indicates that the cap has adequate strength for both the center running condition and 
the side running condition.  However, as shown in Table 5-8, the center running option generally yields 
better performance ratios.  Also, since the bent caps already show signs of cracking under existing load 
conditions, applying additional load at the cantilevers may be inadvisable. 

Column analysis results indicate that the existing concrete columns have significant reserve capacity and 
work very well under the LRV loads; the moment capacity is generally more than twice the actual applied 
moment.  Table 5-9 presents a summary of the column results (two most critical load combinations) for 
center and side running. 
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The maximum soil bearing pressure exceeds the 18 ksf allowable by about 15% (4% higher than the 
maximum soil bearing pressure under the current condition).  A summary of the footing analyses results 
(for the two most critical load combinations) is shown in Table 5-10. 

Table 5-8.  Congress Avenue Bridge –Bent Cap Analysis Summary (w/ LRV Loads) 

Load 
Case 

Load 
Group 

Service 
DL 

Moment 

Service 
Total 

Moment 

Total 
Factored 
Moment 

Total 
Factored 

Shear 

Negative Moment Checks* 

DL 
Capacity Serviceability Ultimate 

Capacity 

(k-ft) (k-ft) (k-ft) (k) (%) (%) (%) 

Center 
Running 

I 13,710 17,404 24,977 2,261 90.3 78.8 64.6 

III 13,710 17,404 22,625 2,050 90.3 78.8 58.5 

VII 13,710 17,404 22,625 2,050 90.3 78.8 58.5 

I (PED**) 13,710 18,958 24,645 2,297 90.3 85.9 63.7 

Side 
Running 

I 14,710 18,510 24,086 2,460 96.9 83.9 62.3 

III 14,710 17,495 21,869 2,127 96.9 79.3 56.5 

VII 14,710 17,395 22,614 2,262 96.9 78.8 58.5 

I (PED**) 14,710 19,959 25,947 2,406 96.9 90.4 67.1 

Notes: * % capacity indicates applied effect / calculated capacity x 100, percentages greater than 100% indicate overstress  
  ** PED indicates that the applied live load was 100 psf pedestrian load placed over the entire deck 

 

Table 5-9.  Congress Avenue Bridge – Column Analysis Summary (w/ LRV Loads) 

Load 
Case 

Load 
Group 

Pu 
(kip) 

Mux 
(kip-ft) 

Muy 
(kip-ft) 

Capacity 
Ratio* 

Center 
Running 

III 9,601 11,785 11,868 2.82 
VI 9,232 11,332 11,400 2.87 

Side 
Running 

III 9,718 11,929 11,324 2.96 
VI 9,345 11,470 10,878 3.01 

     Note: * Capacity ratio indicates ultimate capacity / applied effect, ratios 
        less than 1.0 indicate structural deficiency based on LFD  

 

Table 5-10.  Congress Avenue Bridge – Footing Analysis Summary (w/ LRV Loads) 

Load 
Case 

Load 
Group 

Pressure 
from Axial 
Load (ksf) 

Pressure from Moments 
(ksf) 

Max Bearing 
Pressure 

(ksf) 

Min Bearing 
Pressure 

(ksf) MOUT-OF-PLANE MIN-PLANE 

Center 
Running 

I 15.9 1.9 2.7 20.4 11.4 
III 15.8 4.9 2.6 18.6 6.6 

Side 
Running 

I 16.1 1.9 2.7 20.7 11.5 
III 16.0 4.7 2.7 18.7 6.9 
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5.5 Feasible Retrofit Options and Preliminary Cost Estimates 

5.5.1 Retrofit Options 

Three possible retrofit solutions have been considered for the strengthening of the Congress Avenue 
Bridge box beams to support LRV loads.  One option involves making the light-weight concrete slab 
(necessary for rail embedment) composite with the existing box beams.  The second option involves 
bonding a steel plate to the underside of the beam, which would add stiffness and flexural strength to the 
beam.  The third option involves installing external post-tensioning to the underside of the beam, which 
would introduce additional pre-compression to the bottom of the beam and thus enhance its load carrying 
capacity.  Both the bonded steel plate and external post-tensioning methods have been used in the 
industry to strengthen buildings and bridges with a great deal of success, and it is recommended that they 
be used in conjunction with the composite light-weight slab to gain additional capacity. 

Note that re-engaging the existing concrete arch was not considered as a feasible superstructure retrofit 
option due to the deficiencies in the arch cited by the 1976 study and corroborated by observation of 
current conditions. 

Although analysis results indicate that the bent cap cantilevers have enough capacity, inspection records 
confirmed by direct observation revealed the existence of cracking.  More detailed analysis is required to 
determine the cause of this cracking and the possible need for strengthening of the cantilevers.  At a 
minimum, the cracks should be repaired by epoxy injection or some other suitable method to avoid 
further deterioration. 

As for the footings, since the maximum calculated bearing pressure exceeds the allowable bearing 
strength even under the current conditions, it is believed that the allowable is likely a conservative 
assumption.  Therefore, geotechnical testing is needed before it can be determined whether retrofit for the 
footings is indeed required. 

5.5.2 Analysis of Retrofitted Bridge 

Spreadsheet calculations were developed for both the bonded steel plate option and the external post-
tensioning option.  Stresses in the components were checked per AASHTO Standard Specifications.  For 
the center running configuration with the bonded steel plate option, it was determined the required steel 
plate would be about ¼” thick x 40” wide.  With the external post-tensioning option, it was determined 
that a jacking force of 70 to 80 kips would be required.  We believe that the post-tensioning option would 
be preferred over the bonded steel plate option.  A summary of the retrofitted box beam analyses results is 
shown in Table 5-11. 

The bonded steel plate option has been determined not to be viable for the center running case due to the 
limited room between the existing arch and beam, making installation of the steel plate extremely 
difficult.  Also, the soffit of the beam would have to be sand blasted prior to bonding, which would also 
be a difficult task due to the limited room.  In addition to epoxy bonding, anchor bolts are usually 
required along the length of the plate, which adds complexity.  Therefore, the bonded steel plate could be 
only considered for the side running case.  To achieve the required capacity for the side running case, the 
steel plate would have to be of significant size and weight.  Comparatively, installing post-tensioning 
strands to the underside of the beam is significantly easier than bonding a steel plate as the strands are 
much lighter in weight and easier to handle.  The strands would be anchored only at the ends of the beam.  
For these reasons, only the post-tensioned retrofit option will be included in the retrofit cost estimates.  
For a schematic illustration of the post-tensioned strand retrofit, see Figures B-1 through B-3. 
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Table 5-11.  Congress Avenue Bridge – Retrofitted Box Beam Analysis Summary (w/ LRV Loads) 

Final Stresses due to Loads, Prestressing & Retrofit Reinforcing (psi) 

Retrofit Option Top of Beam 
(Compression) 

Compression 
Limit 

Bottom of Beam 
(Tension) 

Tension 
Limit 

Bonded Steel Plate 2,903 4,800 500 537 

External Post-Tensioning 2,890 4,800 534 537 

 

 

5.5.3 Preliminary Cost Estimates of Retrofit Options 

Table 5-12 shows preliminary costs of the retrofit measures described in the previous sections.  These 
order of magnitude costs are based on the results of the simplified analyses described in Section 5.5.2, 
limited investigation of material costs, assumptions of mobilization costs and engineering judgment.  
Each cost item will need to be verified in future phases of this study. 

Table 5-12 also shows estimated costs of retrofits that may be required based on analyses that will be 
performed in Phase II of this study.  As these analyses have yet to be performed, the estimated costs are 
extremely preliminary and could change considerably in future phases.  Additionally, an item for retrofit 
of existing deficiencies in the structure has been included and is meant to account for repairs that may be 
required based on findings of detailed site inspections to be performed in Phase II. 

A detailed calculation of the cost estimate is presented in Appendix E.  The format and general 
assumptions used for the calculation are based on the Attachment B (Summary of Project Costs) of the 
Urban Rail – Conceptual Engineering Report (Reference 21).  Table 5-12 is a summary of the retrofit 
costs.  The following assumptions were made in the development of the cost estimate: 

• Item Number is 21 for the Congress Avenue Bridge 

• Escalation of prices  is 5.25% per year 

• Year of Expenditure (YoE) is 2013.5 

• Engineering and Administration costs are equal to 31% of the subtotal for each item 

• Traffic Control cost is equal to 12% of direct costs (total of Items 21.1 through 21.9) 

• Mobilization includes multiple mobilizations due to limited, annual construction windows and is 
equal to 24% of direct costs (total of Items 21.1 through 21.9) 

• Contractor Indirects is 10% of direct costs (total of Items 21.1 through 21.9) 

• Unallocated Contingency is 30% of direct and indirect costs 

• Contractor Mark-up is 12% of direct and indirect costs 
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Table 5-12.  Congress Avenue Bridge – Preliminary Retrofit YoE Cost Estimate 

Item 
No. Item Side 

Running 
Center 

Running 

21.1 Track Slab Premium  $          859,373   $          803,719 

21.2 Traffic Barrier  $          102,860   $                     0 

21.3 Post Tensioning Strands  $          390,661   $          292,996 

21.4 Retrofit for Vibration Control Analysis  $       1,439,719   $       1,234,044 

21.5 Superstructure Retrofits Required by Future Analyses  $          777,243   $          582,933 

21.6 Substructure Retrofits Required by Future Analyses  $       2,056,741   $       2,056,741 

21.7 Utilities Allowance  $       1,829,477   $       1,829,477 

21.8 Phasing of Construction  $          194,311   $          291,466 

21.9 Retrofit of Deficiencies in Existing Structure  $          777,243   $          680,088 

21.10 Traffic Control  $          592,515   $          545,362 

21.11 Mobilization  $       2,144,904   $       1,974,208 

21.12 Contractor Indirects  $          493,763   $          454,468 

 Unallocated Contingency $      3,497,643 $      3,223,651 

 Contractor Mark-up $      1,399,057 $      1,289,460 

 TOTAL PROJECT COST $     16,555,510 $     15,258,613 
 

 

It should be noted that the cost of the rail, typical track slab on grade, and AC pavement on the bridge (as 
well as rail-related appurtenances such as OCS, OCS supports, etc.) was omitted from this estimate 
because it is included in the Conceptual Engineering Report cost estimate.    A premium to account for the 
use of high-strength, reinforced, lightweight concrete for track embedment on the existing structure is 
included as Item 21.1.  Also note that costs include only those items from begin to end of bridge; 
approach slabs and other items beyond the bridge limits are included in the Conceptual Engineering 
Report cost estimate.  It must also be emphasized that detailed in-depth analysis of both the superstructure 
and substructure, to be conducted in the following phases of this study, may result in additional retrofit 
work that may increase the total cost. 
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6 South First Street Bridge Analysis 

6.1 History of Bridge 

The original bridge structure at South First Street was named “Colorado River Bridge” and was 
constructed in 1951.  It had four steel girder lines that supported a 50 ft deck with two lanes of traffic and 
a 4 ft raised sidewalk on each side (Figure 6-1).  The 1990 widening removed the original sidewalks and 
added two new steel girders to each side of the remaining deck, widening the deck to 79 ft and adding one 
additional travel lane in each direction.  In addition, the 1990 widening included a 10’-0” wide lower-
level pedestrian walkway cantilevering out from each side of the bridge superstructure (Figure 6-2). 

Original bridge design specifications are not known.  The 1990 widening, however, complied with 
AASHTO Standard Specifications for Highway Bridges, 1983 Edition, with updates through 1988.  
Design live load for the widening was HS20-44 with pedestrian live load at walkways.  Working stress 
method was used for design. 

 

 

Figure 6-1.  South First Street Bridge (1951 Construction) 
(http://www.bjy.com/FirstStreetBridge/austin_bridge_02.jpg) 
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Figure 6-2.  South First Street Bridge (photo taken September 15, 2010) 

 

6.2 Description of the Existing Bridge 

6.2.1 Geometry of Bridge 

The South First Street Bridge is steel plate girder construction and has seven spans grouped into three 
continuous units between expansion joints, as described in Table 6-1.   

Table 6-1.  South First Street Bridge Geometry Summary 

Unit No. Unit Length Span No. Span Length Deck Width 
(Excl. Sdwk’s)  

Unit 1 
(2 Span Continuous) 

(105’-105’) 
212’ - 7 1/2” 

Span 1 107.000 ft 

41.0’ Original to 
Remain 

 
79.0’ Total with 
1990 Widening 

Span 2 105.625 ft 

Unit 2 
(4 Span Continuous) 

(120’-150’-150’-120’) 
541’ - 3” 

Span 3 120.625 ft 

Span 4 150 ft 

Span 5 150 ft 

Span 6 120.625 ft 

Unit 3  
(Simple Girder Span) 57’ - 3” Span 7 57.25 ft Flares 

79.0’ to 99.0’ 
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The bridge is on a straight alignment and has a constant grade of +0.27%.  Total bridge length is 811’-11 
1/2” (811.96ft) and the superstructure depth is just over 7 ft.  All bents and abutments are perpendicular to 
the alignment (i.e. 90 degree skew). 

 

 

Figure 6-3.  South First Street Bridge Current Typical Section 

 

As part of the 1990 widening effort, the original bridge deck was cut back 4.5 ft at each side to the 
centerline of the outermost steel girder, and then 19 ft of new bridge deck was added on each side.  Total 
deck width, after the 1990 widening, is 79.0 ft, except the last span flares out 10ft on each side.  The new 
pedestrian walkway on each side of the bridge is 10 ft wide.   Centered over Bent 5, the walkways widen 
an additional 5 ft to create a 15 ft observation deck.  See Figure 6-3 for current typical section. 

For Spans 1 through 6, the original slab is 6 1/4” thick and the 1990 widened slab is 8 1/2” thick.  At Span 
7, the original and new slabs are both 9 1/4” thick.  The bridge slab is crowned at deck centerline and has 
a constant cross-slope of 1/8” per foot to each side.  The 1990 construction added a 2” asphaltic concrete 
overlay to the entire deck.  The 1990 lower-level pedestrian walkways have a 4” thick concrete slab with 
a 7” thickened outer edge below a raised concrete curb.   

The original 1951 steel plate girders have 72” deep steel plate webs with varying plate thicknesses (3/8” 
to 7/16”).  Top and bottom flanges consist of L6x6 double angles (3/4” or 1” thick) with additional 16” 
wide steel plates as needed at regions requiring additional capacity.  See Figure 6-4 for original girder 
section typical details. 
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Figure 6-4.  South First Street Bridge 1951 Steel Girder Section 

 

Original vertical cross bracing between girders occurs at a 15 ft spacing along span lengths (spans 1 
through 6) and consists of 18WF floor beams supporting the bridge deck above, 6WT bottom chords, and 
4WT diagonal k-struts in between.  An additional 18WF floor beam spans parallel to the girders between 
the cross-bracing and also supports the deck.  The girder and floor beam framing provides support for the 
bridge slab at a 6’-10” spacing in the transverse direction and a 15’-0” spacing along the length of the 
bridge.  At Span 7, the deck support changes direction: the original steel framing changes to W21x62 
continuous floor beams spaced at14 ft on center and spanning in the transverse direction across the tops of 
flaring, dropped simple span steel plate girders.  As mentioned above, the slab is also thicker at Span 7. 

The 1990 steel plate girders have 72” deep steel plate webs with varying plate thicknesses (5/16” to 7/8”).  
Top and bottom flanges are 16” wide steel plates with varying thicknesses (3/4” to 3 1/8”). Vertical cross 
bracing between girders occurs at a 15 ft spacing along span lengths (spans 1 through 6) and consists of 
truss-type framing with W18 top chords just below the bridge deck, L6x4 bottom chords, and L5x3 
diagonal k-struts in between. 

Primary framing for the pedestrian walkways consists of tapered built-up steel I-beam sections 
cantilevering out from the bottom flanges of the 2 new bridge girders on each side of the bridge.  Simple 
span wide-flange and channel sections span between cantilever supports to frame the concrete walkway 
slabs and pedestrian rail. 

The 1990 traffic deck has modified C501 rails each side with concrete pedestals at lightpoles.  C501 
modifications involve adjustments to the steel portion of the rail: changing steel rail and post sizes, 
reducing the steel post spacing from 10 ft to 5 ft, and reducing the overall height of the steel railing and 
eliminating the lower horizontal steel rail altogether.  The original bridge pedestrian and bike rail was 
removed prior to sidewalk demolition, modified for new lights, and relocated to the new pedestrian 
walkways on top of a new 14” tall x 7” wide concrete curb.  The 1990 walkways have lightpoles spaces at 
30 ft on center and the bridge deck has corresponding lightpoles at 150 ft on center. 

For both original construction and the 1990 widening, Abutment 1 consists of a rectangular concrete cap 
with backwall supported on precast concrete piles.  The concrete piles have 16” square cross-sections and 
are 46 ft long.  The 1990 widening abandoned the original wingwalls by demolishing the tops of the 
original wingwalls to 3 ft below grade and extended the length of the abutment cap by 24.25 ft on each 
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side, providing a total abutment length of 100’-2”.  Abutment 1 cap is 3’-3” wide and 2’-6” deep.  The 
backwall is roughly 8 ft tall but tapers down at the abutment cap ends by approximately 6.5 ft to 
accommodate the lower-level walkway framing.  Abutment ends terminate at a concrete retaining wall 
and stairway running along the side of the bridge down to the trail in front of the abutment.  Based on the 
Bridge Layout, concrete riprap (new and original) is in front of the abutment has a 2:1 slope.  See Figure 
6-5 for Abutment 1 detail. 

 

 

Figure 6-5.  South First Street Bridge Abutment 1 Detail 

 

The 1990 construction matches the original bent geometry, and simply extends the original bents by one 
column bay on each side.  The original bent has a 2.75ft deep x 5 ft wide concrete cap spanning across 3 
octagonal C-I-P concrete columns.  Reinforced concrete arches (2 ft wide) span between columns.  The 
20’-6” extension to each side of the original bent in 1990 includes one cap and arch span and one new 
column.  Column spacing is consistently 20’-6”, and total bent cap length, after the 1990 widening, is 87 
ft.  See Figure 6-6 for bent details.  Octagonal columns are 5 ft across (flat face to flat face) and column 
heights vary from roughly 20 to 23 ft. 

 



 

 
City of Austin Urban Rail Page 37 of 88
AURP Team  May 24, 2011
 

 

Figure 6-6.  South First Street Bridge Bent Detail 

 

Foundations for the original bents consist of a continuous strip footing, 4 ft deep x 10 ft or 13 ft wide, 
founded in the in-situ limestone strata.  Bent foundations for the 1990 widening consist of 5 ft diameter 
drilled shafts founded on or below grey limestone. According to the Bridge Layout, drilled shaft lengths 
vary from 21 ft to 32 ft.  However, as-built shaft lengths may be deeper depending on the actual depth to 
limestone (as-built tip elevations are not noted on drawings and other documents available for the Phase I 
study). 

The Abutment 8 retaining wall is almost entirely part of the original construction, with the 1990 
construction simply modifying the top of existing wall to support the widened portions of the bridge and 
observation decks.  Abutment 8 is a cast-in-place vertical retaining wall supported by perpendicular 
counterforts extending below the bottom of wall to bear on discreet footings.  Counterfort supports are 
spaced typically at 14’-4” on center.  Counterforts have a 3”/ft batter at the front of the wall beginning at 
bottom of wall elevation, and they have a batter of 3 1/4”/ft behind the wall beginning near the top of wall 
elevation.  Counterforts at wall expansion joints are 1’-3” thick back to back (i.e. one on each side of 
joint), and typical counterforts are 2’-4” thick.  Footings vary in size from 9ft wide x 23ft long directly 
below the bridge structure to 8ft wide x 13ft long at the shortest portion of the wall (long dimension is 
perpendicular to the wall).  All footings are 3 ft deep. See Figure 6-7 for typical Abutment 8 details. 
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Figure 6-7.  South First Street Bridge Abutment 8 Details 

 
The front of the abutment is decorated with aesthetic pilasters.  The ends of the abutment, beyond the 
bridge and observation deck footprint, turn into earth retaining walls that taper in height from 30 ft (below 
bridge) to roughly 3ft. 

6.2.2 Construction Records 

A large number of reports for the steel plate and hot-rolled structural steel material for the 1951 girders 
was obtained from TxDOT and cursorily reviewed for content.  In general, a Fabricator’s Material 
Statement is provided for the steel material being ordered; for each item, the statement lists member size 
and/or section, quantity, mill name and heat number, the intended use of the plate material, as well as the 
specification requirements.  Each material statement is followed by a Mill Certification Report (also 
called Certified Mill Test Report) which verifies yield strength, tensile strength, percentage of elongation 
and chemical composition.  Other test reports obtained included metallurgical test reports, impact test 
reports, magnetic particle tests, and shop radiographic reports for welded splices.  It appears that the 
material provided passed all tests and met or exceeded the specified strength requirements. 

As indicated on the plans, steel for girder flanges, webs, splice plates and bearing stiffeners are made with 
material conforming to steel type “HS”  and all other steel (for stiffeners, diaphragms, sidewalk framing, 
etc.) is made with material conforming to steel type “HYC”.  It is not clear if the ASTM specification 
called out in the test reports is consistent with that indicated on the construction documents.  According to 
the 1994 TxDOT Specifications (the oldest TxDOT specifications available during Phase I) “HS” steel 
conforms to ASTM A709 Grade 50 and “HYC” steel conforms to ASTM A709 Grade 36.  The steel 
reports indicate that “HS” steel material provided actually conforms to A572 and “HYC” material 
provided conforms to ASTM A36.  Since the steel yield strength for the material provided is consistent 
with the yield strength indicated on the drawings, this is likely not a cause for concern.  However, further 
investigation will be conducted in Phase II of this study to confirm that this is indeed the case. 

6.2.3 Geotechnical Information 

A total of 19 soil boring holes are documented on the original bridge layouts: 2 near Abutment 1 and each 
bent, and 4 near Abutment 8.  Test holes indicate that limestone elevation begins at approximately 403 ft 
near Abutment 1 through Bent 3, and rises to roughly 407 ft from Bent 4 to Bent 6, and continues to rise 
to approximately 418 ft at Abutment 8. 
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On the 1990 bridge layouts, however, a total of 5 new soil test holes indicate that grey limestone begins at 
approximate elevation of 400 ft in the water, and the limestone rises to approximately 411 ft near 
Abutment 8.  The limestone elevation near Abutment 1 is not shown. 

6.2.4 Hydraulic Information 

According to the 1990 construction drawings, the Normal Water Elevation is 429.5 ft, which is roughly 
22 ft below the bottom of bridge superstructure.  The 100 Year Flood Elevation is 444.5 ft, which is 
approximately 5 ft below bottom of superstructure.  The original construction drawings indicate the water 
elevation is 419.9 ft. 

6.2.5 BRINSAP Reports, Condition Assessments and Load Ratings 

A list of the documentation on the South First Street Bridge obtained from TxDOT is listed below, with a 
brief synopsis of the pertinent information contained in each. The ratings shown are according to the 
TxDOT Bridge Inspection Manual. 

a. Bridge Inventory Record, 5/05/2004  

  – Main Features of bridge listed 

 b. Underclearance Record, 4/26/2010 

  –  Provides horizontal and vertical clearances to Park Rd. below 

 c. Bridge Photos, 4/26/2010 

  –  Roadway, side, superstructure from below, stream, typical substructure span 

 d. Bridge Inspection Record, 4/26/2010 

  –  Deck = 7 – Controlled by wearing surface, SEJ and Parapets (minor damage) 

  –  Superstructure = 6 – Controlled by main and secondary steel members and coating (rusting) 

  –  Substructure = 6 – Controlled by Interior Bents (cracks in Bent 5) 

  –  Channel = 7 – Controlled by Channel bed (see underwater inspection) 

  –  Culverts = N 

  –  Approaches = 7 – Controlled by Ret walls, slope protection and roadway (minor cracking) 

  –  Miscellaneous = 8 (Illumination, Utility Lines) 

 e. Channel Cross-Section Measurements Record, 5/05/2004, 5/23/2006, 5/09/2008, 4/26/2010 

  –  Shows no variations on the river bed measured in the last six years 

 f. Bridge Summary Sheet, 5/10/2010 

–   For the original steel plate girders and the concrete substructure, the Inspection Rating is 6, 
the Inventory Rating is HS20.0 and the Operating Rating is HS27.0 
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–   For the widening steel plate girders, the Inspection Rating is 7, the Inventory Rating is 
HS20.0 and the Operating Rating is HS27.0 

–   Recommends removing rust from Girder 6 from east at South Abutment and paint the girder 
to prevent further rusting. 

 g. Bridge Appraisal Worksheet, 5/12/2010 

  –  Traffic Safety Features Rating = 1 0 0 0 (C501 rail) 

  –  Structural Evaluation Rating = 6 (controlled by substructure and superstructure) 

  –  Deck Geometry Rating = 5 (controlled by number of lanes vs roadway width) 

  –  Underclearances = 3 (controlled by Horizontal clearance from the edge of Park Road to the 
Interior Bent 2 columns) 

  –  Bridge Posting = 5 (no posting required) 

  –  Waterway Adequacy = 9 (Bridge Deck Overflooding Frequency > 100 years)  

  –  Approach Roadway Alignment = 8 (speed reduction is not required) 

 h. Underwater Substructure Evaluation, 5/17/2010 

  –  Substructure Rating = 6 (Pier 6 4’ exposed footing, Piers 4-6 show 3-5’ of scour on upstream 
columns) 

  –  Channel Rating = 7 (Channel stable, structure founded on Limestone, scour is not a major 
concern) 

 i. Channel Sketch, 7/2000, 2002, 2004, 5/2006, 5/2008, 2010 

  –  Hand-drawn on Bridge Layout Sheets. 

  –  No significant change on the channel bed elevations in the last 10 years 

6.3 Findings of Field Visit 

On September 15, 2010, PESC engineers visited the South First Street Bridge.  The observations made at 
the site visit were generally consistent with the inspection reports obtained from TxDOT.  The most 
notable of the findings were vertical and horizontal cracks in some of the interior bents.  These cracks 
were largest on the exterior columns near the arch.  Other important findings include transverse cracks in 
the asphalt overlay on the deck, clogged drains, vertical cracks in the concrete traffic rails, transverse 
cracks in the sidewalks, and minor rusting of the original steel plate girders and cross braces. A detailed 
list of the findings is below: 

1. Transverse cracks were observed on the deck asphalt overlay at fairly regular intervals.  These cracks 
only appeared in the middle 4 lanes of the bridge (stopped at new construction).  No longitudinal 
cracks were observed on the bridge deck but some was observed on the bridge approaches. 

2. Some drain grates on the bridge deck are completely clogged with debris.  Others have some debris, 
but vertical drains to water remain open. 
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3. Transverse cracks on the top surface of the sidewalk slab were observed regularly at varied spacing 
(4-8 feet).  These cracks were mostly hairline cracks.  The cracks beginning at the start of the 150ft 
span on the west side and the cracks on the east side sidewalk at the north end appeared to be slightly 
larger than the slab cracks on the rest of the sidewalks.  Also, the transverse cracks at the widened 
area of sidewalk at Bent 5 are larger.  These transverse cracks could also be seen on the bottom 
surface of the sidewalk slab with efflorescence. 

4. On the deck concrete rails, vertical cracks were prevalent, especially at locations where the rail was 
attached.  ASR cracking was also visible at many locations, especially at rail supports and light poles.  
Occasionally, a horizontal crack along the top of the rail barrier at mid-thickness was observed.  From 
the west lower sidewalk, small horizontal cracks could be seen at the bottom of the decorative ribs 
which appeared to be at the level of the slab. 

5. 1990 sidewalk rail matches dimensions of the original 1951 bridge rail.  It appears to be in good 
condition, with the exception of prevalent graffiti.   

6. Bridge deck light poles are oval-shaped at their bases and gradually transition to a circular shape.   

7. 1990 sidewalk light poles are 3½” in diameter and approximately 12 ft tall.  The arched arms on 
either side of the pole are about 2 ft tall and extend horizontally about 1.5 ft to the lights.  No 
manufacturer information could be found on any of the light poles. 

8. Expansion joints looked good for the most part except for small amounts of debris.  The expansion 
joint material at one bent (at either Bent 3 or Bent 4) has become distorted and disconnected, 
exposing a large gap through which debris/rocks can fall. 

9. South approach asphalt has some longitudinal cracks that follow the lane lines.  North approach slab 
was not observed, because it was not accessible due to traffic. 

10. Girders at the southern-most and northern-most spans were observed from the trails near the 
abutments.  The 1951 riveted girders showed some rusting; the middle two girders having the worst 
rust.  The rust was typically worse near the top and bottom double angles and around the vertical 
stiffeners.  A large rusted area was observed on the west side of Girder 5 (from the east) near bearing 
at the south abutment.  Brinsap report listed rusting on Girder 6 near south abutment, but it looked 
better than Girder 5. 

11. The steel shoes at the south abutment appear to be in questionable working order with possibly some 
broken pieces and some significant rusting in places (middle two shoes were slightly more rusted than 
the other two). 

12. The original bracing also had some slight rusting, but appeared to be in good overall condition. 

13. Measured dimensions for original framing (this information is missing from drawings): 

Top of Abutment 1 cap to bottom original girder flange = 16” 

  Bottom of bottom cross brace chord is level with top of original bottom flange of girder 

14. The 1990 plate girders are painted light gray with the exception of the exterior girder bottom flanges 
which are painted dark green to match the sidewalk framing.  The 1990 plate girders and cross braces 
are in good condition with no evidence of significant rusting.   
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15. The 1990 steel bearing seats are also in good condition.  There is a small bit of rusting on the steel 
bearing seat of Girder 2 (from the east) at the edges of the bottom girder flange. 

16. Measured dimensions for new framing (this information is missing from drawings): 

New cross bracing bottom chord is level with original cross bracing 

  Bottom of cross brace bottom chord is 4½” above top of 1990 girder bottom flange 

17. The 1990 sidewalk cantilever framing is painted dark green.  The cantilevers and stringers are in good 
condition; no rusting was observed. 

18. Measured dimension for sidewalk framing (this information is missing from drawings): 

Depth of shims on innermost cantilever support = 3¼” from bottom of girder to top of cantilever 
(2 shims = 2” bottom + 1¼” top) 

  Depth of shims on outermost cantilever support = 2” from bottom of girder to top of cantilever (2 
shims = 1” bottom + 1” top) 

  Top of W12 = 4 3/4” above top of cantilever beam 

  Top of W18 = 4 1/8” above top of cantilever beam 

19. Only Bents 2 and 7 were observed up close and Bent 3 from a distance.  The cold joint between the 
old 1951 bent construction and the new 1990 bent construction is very smooth and cannot be seen.  
There is no step in the caps of the interior bents as there is at Abutment 1.  In general, minor cracking 
was observed in the columns, typically hairline cracks which seemed larger due to chipped paint 
along the crack.  The largest cracks were located on the new 1990 exterior columns.  These cracks 
were horizontal and were level with the bottom of the arch.  Similar cracks, but smaller, were 
observed on columns 2 and 4 (the 1951 exterior columns).  Many of the flat faces of the columns had 
cracks running vertically along the center of the face.  Some of the arches had radial hairline cracks 
starting at the bottom of the arch.  These cracks had a fairly regular spacing along the entire length of 
the arch.  All cracking was worse at bent 2 than at bent 7, but all cracking was slight.  The exterior 
columns in Bent 3 had noticeable vertical cracks running the full length of the columns.  Column 1 
(from the east) on Bent 2 has scour at the base of the column (not noted in the Brinsap reports) and 
the drilled shaft steel casing is visible (and rusted). 

20. Abutments appear to be in good condition.  No visible cracking was observed. 

21. Measured dimensions on Abutment 1 (this information is missing from drawings): 

Old 1951 cap is 4” higher than new 1990 cap 

New 1990 concrete pedestals below girders are 9¼” (there are no concrete pedestals below 
original girders) 

  New 1990 steel bearing seat is approximately 5” deep 

22. Retaining walls appear to be in good condition.  No visible cracking was observed. 

23. The following utilities (starting at the south abutment and running the full length of the bridge) were 
not shown on the plans: 
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1~12” diameter metal pipe on the west side of Girder 3 (from the east) supported at every other 
vertical brace location on the bottom chord 

15~5” diameter PVC pipes (3 rows of 5) on the east side of Girder 4 (from the east) resting on 
steel grate structure (2 ~ 3½” x 3½” x ¼” angles with metal grate in between) sitting on bottom 
chord of vertical braces 

1~10” diameter natural gas steel pipe on the west side of Girder 4 (from the east) supported at 
every other vertical brace location on the bottom chord 

24. The following utilities (starting from the ground at Bent 2 and running to Abutment 8) were also not 
represented in the plans: 

4~8” diameter pipes centered between Girders 3 and 4 (from the east);  1~6” diameter fiber optic 
cable pipe on west side of the 10” natural gas pipe;  2~4” diameter steel pipes on east side of 
Girder 3 (from the east);  2~6” pipes on east side of girder 7 (from the east) 

6.4 Structural Evaluation of Bridge 

6.4.1 Structural Criteria 

According to the drawings, the original concrete deck and substructure is Class A (f’c = 3,000psi).  For 
the 1990 widening, the bridge deck has Class S concrete (f’c = 4,000psi) and the remaining concrete is all 
Class C (f’c = 3,600 psi).  The yield strength of the structural steel was not found in the 1951 drawings; 
however, general research indicates that steel girders built in the 1950s are likely made of A7 steel with a 
yield strength of 33 ksi, as this was the primary steel used at that time.  

The structural steel material for the 1990 girder webs, flanges, splice plates and bearing stiffeners is 
TxDOT type “HS,” which complies with ASTM A709 Grade 50 or Grade 50W.  All other structural steel 
framing is made with TxDOT material type “HYC,” which complies with ASTM A709 Grade 36. 

The allowable bearing pressure for hard shale is assumed to be 10,000 psf, which shall be confirmed by 
geotechnical testing in the next phase of the study. 

For fatigue checking under vehicular loading, Case II Fatigue is assumed per Table 10.3.2A of AASHTO 
Standard Specifications and Chapter 7, Section 26 of the TxDOT 2001 Bridge Design Manual, as this 
bridge is not a major highway, and no more than 2,500 average daily truck traffic is expected in any one 
direction.  Actual and projected ADTT should be obtained as part of the Phase II study.  Fatigue loading 
characteristics for LRV loading were not explicitly noted in AASHTO, AREMA or design criteria 
References 7 through 17. The effect of LRV loading on fatigue stresses should be investigated in Phase II. 

6.4.2 Load Evaluation 

Dead loads of the existing bridge components were evaluated in detail using both drawing sets.  The 
existing superstructure dead loads include the steel plate girders, bracing, stiffeners, sidewalk framing, 
bearings, concrete slab, ACP overlay, rails, sidewalks, utilities and light poles.  The existing substructure 
dead loads include the bent cap, concrete pedestals and shear blocks, columns, drilled shafts and footings.  
For the proposed dead loads, it was assumed that light-weight concrete will be used in the areas of light 
rail track embedment (minimum 6 inches thick and 8 feet wide for each set of tracks).  To allow for future 
resurfacing, ACP was assumed as the material in areas between track embedment (6 inches minimum).  
Other proposed dead loads include the weight of the LRV track. 
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Live loads were determined per Sections 4.4.2 and 4.4.3.  LRV loads were evaluated using the AW4 
loading condition.  Other loads were determined based on Section 4.4.4.  All loads were combined using 
the load combinations described in Section 4.5. 

6.4.3 Analysis of Bridge with Current Conditions 

Several computer programs for the structural analysis of steel plate girder bridges were considered for the 
evaluation of this bridge.  The program MDX was selected since it has the most adequate features.  Since 
longer spans would likely be more drastically impacted by the added LRV loads, the two continuous units 
(Unit 1: spans 1-2, and Unit 2: spans 3-6) were analyzed; more detailed analyses in later phases of the 
study will need to include Span 3 as well.  Using MDX, the built-up plate girder sections, vertical 
bracing, and concrete slab (both composite and noncomposite sections) and detailed existing loads were 
modeled.  Note that fatigue effects under LRV were not considered under Phase I, nor were secondary 
elements (bearing stiffeners, bearings, etc) checked, but these will be included in a more detailed analysis 
in Phase II. 

Bent 5 was used for our study, as it would receive the highest loads from the superstructure.  The girder 
reactions at Bent 5, calculated with MDX, under the current loading were used as load inputs in the 
substructure analysis.  The TxDOT program CAP18 was used to analyze the interior bent No. 5 cap 
which was simplified by eliminating the arched web (a constant T section was used).  The dead load 
capacity, serviceability and ultimate capacity of the concrete bent cap were checked.  The columns at 
Bent 5 were also analyzed under the current conditions. 

6.4.4 Analysis of Bridge with LRV 

A preliminary analysis was conducted for the South First Street Bridge to evaluate the effect of different 
numbers of cars in the design train.  The maximum forces for each case and the different girder units are 
shown in Table 6-2.  For this bridge, there are significant differences in the positive and negative 
moments as well as in shear forces depending on the number of cars in the train. Therefore, the Phase I 
bridge analysis will concentrate on the 2-car train case as anticipated by the City. 

Table 6-2.  South First Street Bridge – Effect of LRV Train Length Summary 

Train 
Max. Positive Moment * 

(k-ft) 
Max. Negative Moment * 

(k-ft) 
Max. Shear at Support * 

(k) 

Unit 1 Unit 2 Unit 3 Unit 1 Unit 2 Unit 3 Unit 1 Unit 2 Unit 3 

1 Car 1,713 2,255 688 1,062 1,564 - 101.9 108.7 63.9 

2 Cars 1,822 2,712 760 2,044 2,620 - 125.0 144.2 66.3 

3 Cars 1,822 2,371 760 2,367 3,740 - 128.8 156.1 66.6 

4 Cars 1,822 2,371 760 2,367 3,875 - 128.8 157.3 66.6 

     * Note: Values are intended for illustration of relative effects. Values do not represent forces in any particular girder. 

Side and Center running track configurations, with the 2-car train, were then analyzed in more detail 
using MDX to determine the effect on the existing superstructure. 

The girder reactions calculated with MDX were used as load inputs in the substructure analysis. The 
TxDOT program CAP18 was used to analyze the bent caps. The columns were analyzed under both the 
center and side running track conditions. 
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6.4.5 Summary of Results 

a. Superstructure 

Results of the MDX analyses of the continuous girder spans are summarized in Tables 6-3 and 6-4.  In 
these tables, only half of the girders are listed since results are symmetrical with respect to the bridge 
center (due to symmetry of bridge and lane configuration).  Girders 5 through 8 were also included in the 
model, and their performance ratios are similar to those of Girders 1 through 4.  Maximum Performance 
Ratios are based on required strength versus capacity according to Load Factor Design.  

Table 6-3.  South First Street Bridge – Summary of Unit 1 Steel Girder Analyses 

Girder* Criteria 

Unit 1 – Spans 1-2 
Current Condition 

Unit 1 – Spans 1-2 
Side Running Track 

Unit 1 – Spans 1-2 
Center Running Track 

Location 
(ft)** 

Max. 
Performance 

Ratio*** 

Location 
(ft)** 

Max. 
Performance 

Ratio*** 

Location 
(ft)** 

Max. 
Performance 

Ratio*** 

#1 
(1990) 

Shear 105 0.30 105 0.35 105 0.32 

Bending 105 0.61 105 0.62 105 0.63 

#2 
(1990) 

Shear 210 0.24 105 0.30 210 0.32 

Bending 105 0.50 105 0.56 168 0.56 

#3 
(1951) 

Shear 105 0.60 105 0.77 105 0.79 

Bending 147 0.80 147 1.00 147 1.12 

#4 
(1951) 

Shear 210 0.76 210 0.90 105 1.10 

Bending 168 0.91 168 1.11 168 1.30 

 * Girder 1 is the exterior girder. Girder 2 is the first interior girder, etc. 
 ** Location is measured from the beginning of the first span in the unit. 
 *** Ratios greater than 1.0 indicate a structural deficiency based on LFD 

Table 6-4.  South First Street Bridge – Summary of Unit 2 Steel Girder Analyses 

Girder* Criteria 

Unit 2 – Spans 3-6 
Current Condition 

Unit 2 – Spans 3-6 
Side Running Track 

Unit 2 – Spans 3-6 
Center Running Track 

Location 
(ft)** 

Max. 
Performance 

Ratio*** 

Location 
(ft)** 

Max. 
Performance 

Ratio*** 

Location 
(ft)** 

Max. 
Performance 

Ratio*** 

#1 
(1990) 

Shear 269 0.36 269 0.41 269 0.38 

Bending 195 0.65 195 0.81 195 0.70 

#2 
(1990) 

Shear 540 0.24 0 0.31 0 0.32 

Bending 345 0.48 345 0.66 345 0.69 

#3 
(1951) 

Shear 420 0.61 420 0.78 420 0.80 

Bending 255 0.78 420 0.96 492 1.03 

#4 
(1951) 

Shear 540 0.73 540 0.88 420 1.01 

Bending 165 0.97 165 1.19 165 1.37 

 * Girder 1 is the exterior girder. Girder 2 is the first interior girder, etc. 
 ** Location is measured from the beginning of the first span in the unit 
 *** Ratios greater than 1.0 indicate a structural deficiency based on LFD 
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Based on the preliminary analyses of the superstructure taking into account shear and bending effects on 
girders and bracing only, for Unit 1 (Spans 1-2), Girders 1 and 2 have adequate capacity to support either 
the side or center running tracks.  Girder 3 has barely enough bending capacity to support the side running 
tracks (performance ratio = 1.00).  Girder 4, which has the greatest tributary width, fails in shear and 
bending strength in all cases.  Most of the bending deficiencies are in the positive moment regions 
(midspan between supports), except for Girder 4 under center running condition where both the positive 
and negative moment regions (over interior supports) are overstressed. 

For Unit 2 (Spans 3-6), Girders 1 and 2 are adequate as is for either the side or center running tracks.  
Girder 3 appears sufficient to support the side running tracks.  Girder 4 fails in most criteria in every 
condition analyzed. 

b. Substructure 

Preliminary substructure analysis was performed for Bent 5 which is the most critical bent for the bridge.  
This bent acts as the center support for the 120’-150’-150’-120’ steel unit and therefore, has the highest 
support reactions among all the interior bents;  it is also the only bent with a fixed bearing in the 4-span 
unit, which means that theoretically this bent will take all longitudinal forces of the unit.  Results of the 
Cap18 analyses for the bent cap are summarized in Table 6-5.   

 

Table 6-5.  South First Street Bridge – Summary of Bent 5 Cap Analyses 

Case 

Current Condition Side Running Track Center Running Track 

M + 
Ultimate 
Capacity 

M – 
Ultimate 
Capacity 

M + 
Ultimate 
Capacity 

M – 
Ultimate 
Capacity 

M + 
Ultimate 
Capacity 

M – 
Ultimate 
Capacity 

6 vehicular lanes 1.37 0.66 N/A N/A N/A N/A 

4 vehicular lanes and  
2 LRV track N/A N/A 1.91 0.93 1.62 0.86 

100 psf Pedestrian LL 
over entire deck N/A N/A 1.74 0.83 1.58 0.79 

 Note:  Ratios represent required strength / capacity, ratios less than 1.0 indicate structural deficiency based on LFD 
           “M+” indicates positive moment.  “M−” indicates negative moment. 

 
Results are controlled by cap bays constructed in 1951.  Exterior bays constructed in 1990 have 
approximately 50% higher capacity due to additional bottom reinforcing bars in the cap section.  Note 
that even under the current condition with 6 vehicular lanes, the bent cap is structurally deficient 
according to current design practice followed by the simplified analysis conducted in Phase I. 

The columns are modeled as simplified columns fixed at their bases and free to move at the top.  For this 
simplified analysis the available expansion joint openings were not utilized to limit the longitudinal 
moments (conservative).  The analysis shows that the existing Bent 5 columns and drilled shafts are not 
adequate to support the additional LRV loads in either side or center running track configurations.  Tables 
6-6 and 6-7 show the forces and capacity ratios for the two most critical combinations for the columns 
and drilled shafts, respectively.  The maximum footing pressure with either side or center running LRV 
loading exceeds the 10 ksf assumed allowable.  The theoretical negative bearing pressures indicate 
instantaneous lift-off would occur at corners of footing.  Table 6-8 shows the forces and capacity ratios 
for the two most critical combinations. 
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Table 6-6.  South First Street Bridge – Summary of Bent 5 Column Analyses 

Load 
Case 

Load 
Group 

Pu 
(kip) 

Mux 
(kip-ft) 

Muy 
(kip-ft) 

Capacity 
Ratio* 

Existing 
III 664 757 2,522 1.38 
VI 639 727 2,414 1.43 

Center 
Running 

III 849 1,461 3,862 0.94 
VI 816 1,403 3,693 0.97 

Side 
Running 

III 851 1,547 3,864 0.93 
VI 818 1,485 3,694 0.96 

    Note:  * Ratios less than 1.0 indicate structural deficiency based on LFD 

 

Table 6-7.  South First Street Bridge – Summary of Bent 5 Drilled Shaft Analyses 

Load 
Case 

Load 
Group 

Pu 
(kip) 

Mux 
(kip-ft) 

Muy 
(kip-ft) 

Capacity 
Ratio* 

Existing 
III 687 910 2,927 1.19 
VI 661 874 2,801 1.24 

Center 
Running 

III 872 1,710 4,493 0.81 
VI 838 1,641 4,295 0.84 

Side 
Running 

III 874 1,807 4,495 0.80 
VI 840 1,735 4,296 0.83 

     Note:  * Ratios less than 1.0 indicate structural deficiency based on LFD 

 

Table 6-8.  South First Street Bridge – Summary of Bent 5 Footing Analyses 

Load 
Case 

Load 
Group 

Pressure 
from Axial 
Load (ksf) 

Pressure from Moments 
(ksf) 

Max Bearing 
Pressure 

(ksf) 

Min Bearing 
Pressure 

(ksf) MOUT-OF-PLANE MIN-PLANE 

Existing 
I 3.61 0.55 0.09 4.25 2.97 

III 3.48 5.77 0.22 7.58 -2.01 

Center 
Running 

III 4.21 9.50 0.25 11.17 -4.43 
VI 4.21 9.29 0.25 9.82 -3.80 

Side 
Running 

III 4.24 9.54 0.25 11.23 -4.44 
VI 4.24 9.33 0.25 9.88 -3.81 

 

A more in-depth substructure analysis should be performed in the next phase to model the structure in 
more detail.  The allowable soil bearing pressure shall be verified as well.  It is anticipated that the rest of 
the bents would perform better than Bent 5, and Bent 5 analysis results should improve with a more in-
depth analysis. 
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6.5 Feasible Retrofit Options and Preliminary Cost Estimates 

6.5.1 Superstructure Retrofit Options 

Based on the results of the analysis, a number of retrofit approaches were considered for the 
superstructure of the South First Street Bridge. 

a.  LRV Center Running Case 

The first option in this case is adding post-installed shear connectors to the four interior 1951 girders to 
gain composite action.  A recent study at the University of Texas found that using this method, girders 
can increase the flexural capacity in the positive moment regions by as much as 40% (ref. 20).  The shear 
connectors can be installed from the underside of the top flange or from the top of the existing slab.  In 
the negative moment regions, top and bottom flanges will need to be strengthened.  Also, an additional 
layer of concrete would be added over the existing slab to embed the rail tracks which will result in a total 
slab section of about 12”.  See a sketch of this option in Figure B-4 in Appendix B. 

As an alternative to post-installing the shear connectors proposed above, the existing slab over the 1951 
girders can be removed and completely replaced with a composite lightweight concrete slab.  The new 
slab would be about 10” thick to accommodate the embedded tracks and reinforcing steel, and therefore, 
it would be about 50% lighter than in the previous option.  Shear connectors will be welded to the top 
flange of the girders for increase positive moment capacity.  However, the retrofit analysis indicates that 
this alone would not bring the stresses down to acceptable levels in the negative moment regions (see 
Section 6.5.2 below). 

Another retrofit option is to replace the existing riveted bottom cover plates with thicker welded or bolted 
plates, or to add prestressing bars or cables to the bottom flange for added tensile capacity in regions of 
high positive moment.  Note, however, that this would not help Girder 4 under center running condition 
as it is overstressed in both the positive and negative moment regions.  Therefore, these options will not 
be investigated further in this phase of the study. 

Girder shear capacity is deficient at several locations near interior supports for the 1951 girders.  To 
improve shear capacity, additional web plates may be bolted to the existing web and bearing stiffener 
angles over the support where needed. 

One additional option that was considered conceptually, would entail entirely replacing the four 1951 
girders and the concrete slab they support with new girders and a new slab designed for the loading and 
other requirements of current codes, including LRV load effects.  It is estimated that this would be the 
most expensive option and it would affect the rest of the bridge.  Therefore, this option was not explored 
in detail in this phase of the study. 

b.  LRV Side Running Case 

In this case, the exterior 1990 beams, which will support most of the added load, have enough reserve 
structural capacity and therefore, there is no need for an increase of their strength.  As before, a layer of 
lightweight concrete would be added over the existing slab to embed the rail tracks.  See a sketch of this 
option in Figure B-5 in Appendix B. 

The interior 1951 girders will see an increase in the loads they support and will be stressed beyond their 
current capacity.  Therefore, composite behavior will be needed to correct this deficiency.  Post-installed 
shear connectors would be the preferred alternative. 
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6.5.2 Analysis of Retrofitted Superstructure 

Preliminary retrofit analysis was performed for the superstructure with the focus on improving bending 
capacity of the 1951 girders.  For the side running option, even though the preliminary analysis indicates 
Girders 3 and 6 have just enough capacity, the retrofit analysis indicates that they must also be retrofitted 
in order to achieve a desirable design for the entire girder system.  Tables 6-9 and 6-10 show a summary 
of retrofit with post-installed shear connectors. 

 

Table 6-9.  South First Street Bridge – Summary of Unit 1 Retrofit w/ Shear Connectors 

Girder Criteria 

Unit 1 – Spans 1-2 
Side Running Track 

Unit 1 – Spans 1-2 
Center Running Track 

Location 
(ft) 

Max. 
Performance 

Ratio 

Location 
(ft) 

Max. 
Performance 

Ratio* 

#3 
(1951) 

Shear 0 0.80 0 0.83 

Bending 105 0.90 189 0.80 

#4 
(1951) 

Shear 210 0.91 105 1.12 

Bending 105 0.93 168 0.96 

    Note:  * Ratios greater than 1.0 indicate overstress 

 

Table 6-10.  South First Street Bridge – Summary of Unit 2 Retrofit w/ Shear Connectors 

Girder Criteria 

Unit 2 – Spans 3-6 
Side Running Track 

Unit 2 – Spans 3-6 
Center Running Track 

Location 
(ft) 

Max. 
Performance 

Ratio 

Location 
(ft) 

Max. 
Performance 

Ratio 

#3 
(1951) 

Shear 0 0.79 0 0.83 

Bending 420 0.93 420 0.94 

#4 
(1951) 

Shear 540 0.88 420 1.03 

Bending 255 0.99 270 1.16 

       Note:  * Ratios greater than 1.0 indicate overstress 

 

As indicated in Table 6-10, Girder 4 in Unit 2 still fails in shear and bending under the center running 
condition, indicating that center running is likely not a viable option.  Even trying to make the added slab 
composite with the existing slab does not help much, as the overstress occurs in negative moment regions 
where the slab is ineffective.  It is anticipated that, in order to accommodate the center running 
configuration, significant strengthening will be required for the top and bottom flanges of Girder 4 over 
the interior supports, e.g., installing additional cover plates, or replacing the existing cover plates with 
thicker plates.  This may prove difficult due to the restraints at the support. 
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Besides adding post-installed shear connectors, the bottom cover plates can be replaced with thicker 
plates to enhance the bending capacity in the positive moment regions.  However, the analysis indicates 
that if this retrofit option is not combined with other retrofit measures, it alone would not bring the 
stresses down to acceptable levels.  Adding prestressing bars or cables would likely help; however, the 
level of analysis required to determine the feasibility and cost of such solution is beyond the scope of this 
phase of the study. 

The possibility of replacing the existing slab over the 1951 girders with a 10” light-weight composite slab 
for the center running condition was also investigated (see Section 6.5.1).  The positive moment regions 
would improve significantly; however, the negative moment regions are still overstressed by as much as 
21%.  Therefore, it is concluded that this retrofit option alone would not be sufficient. 

6.5.3 Substructure Retrofit Options 

As the bent cap was found to have insufficient capacity for positive moment flexure and shear, it needs to 
be strengthened.  Two retrofit options were considered.  One option would be to add a traditionally 
reinforced concrete jacket wrapping around the stem of the T and bonded to the existing concrete (after 
intentionally roughening its surface).  A second option is to provide a FRP wrap that would cover the 
sides and bottom of the stem.  See Figure B-6 for schematics of these retrofit options. 

Of the two retrofit options considered above for strengthening the bent caps, the reinforced concrete 
jacket may be a better choice than the FRP wrap.  This is mainly due to uncertainty of the long term 
durability of the FRP system for this application as well as aesthetic considerations.  A traditional 
reinforced concrete solution is a proven method of strengthening that can be designed for the desired 
durability and will blend visually with the rest of the concrete structure. 

A more detailed analysis in Phase II is required to more accurately determine the capacity required for 
columns and foundations.  Possible retrofit options would also include an FRP or reinforced concrete 
wrap. 

6.5.4 Summary of Retrofit Options 

The 1951 girders will require significant retrofit to support the new LRV loads for both center and side 
running conditions.  The analyses show, however, that the option that causes the least stress on these 
original girders (Girders 3-6) is the side running track configuration.  It will be less costly to strengthen 
these girders to rectify their deficiencies for the side running configuration.  Also, since the material 
properties for the 1990 girders are well known, while the grade of the 1951 girders is uncertain, there is 
more confidence in the determination of capacity for the 1990 girders and therefore, a stronger argument 
for the side running track configuration. 

Using retrofit options mention above, it is estimated the 1951 girders can be strengthened to obtain the 
additional ~19% bending capacity needed for Girder 4 in the side running option.  Center running tracks 
would require additional 12% and 37% bending capacity for Girders 3 and 4 respectively, as well as 
additional shear strength of 10% in Girder 4, which would be much more difficult to obtain. 

Substructure elements can be retrofitted; the extent of retrofit will be determined in Phase II when more 
detailed analyses are performed and existing conditions confirmed, but will involve either reinforced 
concrete or FRP wraps. 
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6.5.5 Preliminary Cost Estimates of Retrofit Options 

Table 6-11 shows preliminary costs of the retrofit options described above.  These order of magnitude 
costs are based on the results of the simplified analyses described in Section 6.5.2, limited investigation of 
material costs, assumptions of mobilization costs and engineering judgment.  Each cost item will need to 
be verified in future phases of this study. 

Retrofit with post-installed shear connectors in the positive moment regions is a relatively new 
strengthening method, and therefore, cost data are scarce.  According to recommendations from Jon 
Kilgore, P.E. with TxDOT who coordinated the post-installed shear connector research at the University 
of Texas at Austin, a rough estimate of $15 to $20 per square foot of existing bridge can be expected, 
which includes detouring and mobilization and is based on a partially composite design. 

Because the costs of the two different bent cap retrofits (reinforced concrete jacket and FRP wrap) were 
very similar, only the cost of the reinforced concrete jacket is included in the table as it was slightly 
higher than the cost of the FRP wrap. 

Table 6-11 also shows estimated costs of retrofits that may be required based on analyses that will be 
performed in Phase II of this study.  As these analyses have yet to be performed, the estimated costs are 
extremely rough and could change considerably in future phases.  Additionally, an item for retrofit of 
existing deficiencies in the structure has been included and is meant to account for repairs that may be 
required based on findings of detailed site inspections to be performed in Phase II. 

In Appendix F, a detailed calculation of the cost estimate is presented.  The format and general 
assumptions used for the calculation are based on the Urban Rail Conceptual Engineering Report 
(Reference 21).  Table 6-11 is a summary of the retrofit costs. 

The following assumptions were made in the development of the cost estimate: 

• Item Number is 20 for the South First Street Bridge 

• Escalation of prices is 5.25% per year 

• Year of Expenditure (YoE) is 2013.5 

• Engineering and Administration costs are equal to 31% of the subtotal for each item 

• Traffic Control cost is equal to 8% of direct costs (total of Items 20.1 through 20.11) 

• Mobilization cost is equal to 6% of direct costs (total of Items 20.1 through 20.11) 

• Contractor Indirects is 10% of direct costs (total of Items 20.1 through 20.11) 

• Unallocated Contingency is 30% of direct and indirect costs 

• Contractor Mark-up is 12% of direct and indirect costs 

It should be noted that the cost of the rail, typical track slab on grade, and AC pavement on the bridge (as 
well as rail-related appurtenances such as OCS, OCS supports, etc.) was omitted from this estimate 
because it is included in the Conceptual Engineering Report cost estimate.    A premium to account for the 
use of high-strength, reinforced, lightweight concrete for track embedment on the existing structure is 
included as Item 20.1.  Also note that costs include only those items from begin to end of bridge; 
approach slabs and other items beyond the bridge limits are included in the Conceptual Engineering 
Report cost estimate.  It must also be emphasized that detailed in-depth analysis of both the superstructure 
and substructure, to be conducted in the following phases of this study, may result in additional retrofit 
work that may increase the total cost. 
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Table 6-11.  South First Street Bridge – Preliminary Retrofit YoE Cost Estimate 

Item 
No. Item Side 

Running 
Center 

Running 

20.1 Track Slab Premium  $         590,922   $         468,153 

20.2 Post-Installed Anchors  $         991,769   $         991,769 

20.3 Steel Plates  $                    0   $      1,640,768 

20.4 Bent Cap Retrofit  $         203,284   $         203,284 

20.5 Retrofit for Vibration Control Analysis  $      1,993,016   $      2,461,161 

20.6 Superstructure Retrofits Required by Future Analyses  $          830,423   $      1,406,378 

20.7 Substructure Retrofits Required by Future Analyses  $       3,515,944   $      3,515,944 

20.8 Utilities Allowance  $       1,660,847   $      1,660,847 

20.9 Phasing of Construction  $         332,169   $         498,254 

20.10 Retrofit of Deficiencies in Existing Structure  $         664,339   $         664,339 

20.11 Lead Based Paint Abatement Exist Str Stl  $      3,272,604   $      3,886,217 

20.12 Traffic Control  $         653,661   $         795,408 

20.13 Mobilization  $         887,344   $      1,079,766 

20.14 Contractor Indirects  $         817,076   $         994,260 

 Unallocated Contingency  $      4,924,019   $      6,079,964 

 Contractor Mark-up  $      1,969,608   $      2,431,986 

 TOTAL PROJECT COSTS $    23,307,025 $    28,778,498 
 

 

7 Conclusions and Recommendations 

The purpose of this study was to perform a structural evaluation of the Ann W. Richards Congress 
Avenue and South First Street Bridges in Austin, TX to determine their feasibility for accommodating a 
combination of existing roadway and pedestrian traffic with proposed urban rail. 

7.1 Congress Avenue Bridge 

The results from the Congress Avenue Bridge analyses showed that the precast prestressed concrete box 
beams would need to be strengthened in order to be able to carry additional LRV loads.  The bent cap and 
column analyses indicate that they have adequate strength for both the center running and side running 
conditions.  Therefore, at this phase it appears that no retrofit would be needed for the caps or columns.  
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The results from the preliminary foundation analysis show that the maximum soil bearing pressure 
exceeds the allowable bearing pressure by approximately 15% under additional LRV loads, suggesting 
the need for geotechnical investigation and potentially some foundation strengthening. 

Two possible retrofit solutions have been considered for the box beams: bonding a steel plate to the 
underside of the beam, and installing external post-tensioning to the underside of the beam.  At this 
preliminary phase, it is believed that post-tensioning is the more viable of the two options.  In addition, a 
composite lightweight concrete slab over the box beams will serve to accommodate embedded track and 
to provide additional capacity to the superstructure. 

As for the footings, because the maximum soil bearing pressure exceeds the allowable even under the 
current condition, it is believed that this allowable is likely a conservative assumption.  Therefore, 
geotechnical testing is needed before it can be determined whether the footings require retrofit measures.   

Rough estimates of the proposed retrofits indicate that for the Congress Avenue Bridge the cost of 
strengthening the structure to carry LRV loads would be at least $16.6M for side-running tracks and 
$15.3M for center-running tracks.  Included in these costs are very rough estimates of retrofits that may 
be required based on future analyses that are to be performed as part of Phase II of this study.  Because 
these analyses have not yet been performed, it should be noted that the actual costs could vary 
considerably from the numbers stated above. 

7.2 South First Street Bridge 

The preliminary analyses of the South First Street Bridge superstructure indicate that the four newer 
exterior girders appear to have adequate capacity to support additional LRV loads.  The four original 
interior girders, however, appear to fail under LRV loads, indicating that significant retrofit would be 
needed.  The simplified model of the bent cap shows that it is structurally deficient even under current 
loading conditions; therefore, significant retrofit of the cap would be needed in order to carry additional 
LRV loads.  Preliminary analyses of the columns show that they may not be adequate to support LRV 
loads. 

Several retrofit options were considered for the superstructure of the South First Street Bridge including 
adding shear connectors to the four interior girders to gain composite action, adding a lightweight 
concrete slab that would act compositely with the girders and existing slab, removing the existing slab 
and replacing with lightweight slab, adding doubler plates to girder webs, adding prestressing bars or 
cables to the bottom flange for added tensile capacity in regions of high positive moment, and adding 
bearing stiffeners to the girders.  The four interior girders built in 1951 will require significant retrofitting 
to support the new LRV loads; therefore, it may be less costly to strengthen the four exterior girders built 
in 1990.  Determining the effectiveness of the retrofit options suggested above to strengthen the South 
First Street Bridge would require extensive analysis beyond the scope of this phase. 

The preferred retrofit option to strengthen the bent caps is a traditionally reinforced concrete jacket 
wrapping around the stem of the T and bonded to the roughened existing concrete.  Similar retrofit could 
be used for the columns. 

Preliminary estimated retrofit costs would be at least $23.3M for side-running tracks and at least $28.8M 
for center-running tracks.  Included in these costs are very rough estimates of retrofit measures that may 
be required based on future analyses that are to be performed as part of Phase II of this study.  Because 
these analyses have not yet been performed, it should be noted that the actual costs could vary 
considerably from the numbers stated above. 
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7.3 Recommendations for Next Phase 

As part of Phase II, which involves field investigations and more detailed analyses, it is recommended 
that more accurate and complete models of the bridge elements be developed.  For example, because the 
bent caps on the Congress Avenue Bridge are extremely deep, they should be analyzed using a finite 
element model and/or a strut-and-tie model to get a more accurate understanding of their behavior. 

A more accurate model of the South First Street Bridge bent should account for the frame action that 
exists in multi-column bents, as well as the arched shape of the bent caps.  It is also recommended that a 
three-dimensional finite element model of the South First Street superstructure be created in order to 
accurately determine the effect of possible retrofit options on that bridge.  It is also suggested that 
different types of LRV’s which could possibly be used on the bridges in the future be considered in 
further analyses. 

Additionally, it is recommended that detailed site inspections of both bridges be performed in Phase II.  
These inspections should include examining the bridges for any obvious signs of distress which are not 
noted in the most recent bridge inspection reports, and collecting and testing concrete cores and steel 
coupons for determining accurate material strengths.  A detailed geotechnical investigation should also be 
performed to acquire more accurate and current soil information for both bridges. 
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APPENDIX A: Existing Bridge Drawings 

A.1 Congress Avenue Bridge 
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A.2 South First Street Bridge 
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Figure A-6 
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APPENDIX B: Proposed Retrofit Bridge Drawings 

B.1 Congress Avenue Bridge 
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B.2 South First Street Bridge 
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Figure B-6 
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APPENDIX C: Congress Avenue Bridge Site Visit Photos 

C.1 Superstructure 

 

Figure C-1.  Transverse Deck Crack in South Approach 

 

Figure C-2.  Longitudinal Cracks in Bridge Deck ACP 
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Figure C-3.  Bridge Deck Expansion Joint 

 

Figure C-4.  Mounded ACP Covering Slotted Drain 
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Figure C-5.  Transverse Cracks in Curb and Clogged Slotted Drain 

 

C.2 Substructure 

 

Figure C-6.  Box Beams 
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Figure C-7.  Cracks in Bent Cap 

 

Figure C-8.  Vertical Crack in Arch at Spandrel Wall 
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Figure C-9.  Cracking in North Abutment Retaining Wall 

 

Figure C-10.  Cracking in South Abutment MSE Wall 
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APPENDIX D: South First Street Bridge Site Visit Photos 

D.1 Superstructure 

 

Figure C-11.  Longitudinal Cracking in South Approach 

 

Figure C-12.  Transverse Cracking in Bridge Deck ACP 
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Figure C-13.  Bridge Deck Expansion Joint 

 

Figure C-14.  Clogged Drain on Bridge Deck 
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Figure C-15.  Cracking in Traffic Rail 

 

Figure C-16.  Transverse Cracking in Sidewalk Slab 
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D.2 Substructure 

 

Figure C-17.  Superstructure Framing 

 

Figure C-18.  Rusting on Original 1950 Girder 
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Figure C-19.  Original 1950 Steel Shoe 

 

Figure C-20.  Horizontal Cracking in Pier Column 
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Figure C-21.  Vertical Cracking in Pier Column 
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APPENDIX E: Congress Avenue Bridge Preliminary Retrofit 
Cost Estimates 
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APPENDIX F: South First Street Bridge Preliminary Retrofit 
Cost Estimates 
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