TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.

4, Title and Subtitle S. Report Dote

EVALUATION OF THE COMPOSITE WING GIRDER BRIDGE November 1984

AT BEAR CREEK €. Performing Orgonizotion Code

7. Author's) 8. Paerforming Orgonization Report No.

Christopher D, White and John E. Breen Research Report
IAC(84-85)-0799-1F

9. Performing Orgonizotion Name ond Address V0. Work Unit No.

Center for Transportation Research

The University of Texas at Austin 1. Contract or Grant No.

Austin, Texas 78712-1075 Study No. IAC(84-85)-0799

13. Type of Report ond Period Covered

12. Sponsaring Agency Neme and Address

Texas State Department of Highways and Public Final
Transportation; Transportation Planning Division
P, 0, Box 5051 14. Sponsoring Agency Code

Austin, Texas 78763

15. Supplementary Notes

Research Study Title: 'Measuring and Predicting Stresses of Bear Creek Bridge on
FM 1626"

16. Abstract

This report documents the construction monitoring and subsequent field testing
to evaluate the performance of an innovative '"loose-fit" composite post-tensioned
concrete wing girder bridge constructed over Bear Creek, south of Austin, Texas.
The structure was built as a trial evaluation of an early proposed design for an
elevated interstate highway expansion.

Monitoring of the bridge was carried out both during critical construction
steps and by truck testing after completion. Results of both construction measure-
ments and service load level loading tests were compared to analytical predictions,
Recommendations for improvement of the present design with regards to both con-
structability and structural performance are made. The suggested revisions should
result in both easier and quicker construction with improved appearance and dura-
bility at a reduced cost.

17. Key Words 18. Distribution Stotement

No restrictions. This document is
available to the public through the
National Technical Information Service,
Springfield, Virginia 22161l.

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21 No. of Pages | 22, Price

Unclassified Unclassified 174

Form DOT F 1700.7 (e-s9)



EVALUATION OF THE COMPOSITE WING GIRDER

BRIDGE AT BEAR CREEK

by

Christopher D. White and John E. Breen

Research Report IAC(84-85)-0799-1F
Research Project IAC(84-85)-0799

Measuring and Predicting Stresses of Bear Creek Bridge on FM 1626

Conducted'for

Texas
State Department of Highways and Public Transportation

In Cooperation with the

U.S. Department of Transportation
Federal Highway Administration

by

CENTER FOR TRANSPORTATION RESEARCH
BUREAU OF ENGINEERING RESEARCH
THE UNIVERSITY OF TEXAS AT AUSTIN

November 1984



The contents of this report reflect the views of the authors who
are responsible for the facts and accuracy of the data presented herein.
The contents do not necessarily reflect the views of policies of the
Federal Highway Administration. This report does not constitute a
standard, specification or regulation.

There was no invention or discovery conceived or first actually
reduced to practice in the course of or under this contract, including
any art, method, process, machine, manufacture, design or composition of
matter, or any new and useful improvement thereof, or any variety of
plant which is or may be patentable under the patent laws of the United
States of America or any foreign country.

ii
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Structural Engineering Laboratory at The University of Texas Balcones
Research Center,
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of all parties involved, from the designer, T. Y. Lin International,
and contractor, Bill Shannon, Inc., to the Texas State Department of
Highways and Public Transportation, 1In this respect, all the
individuals who participated in the project should be commended on their
openness and willingness to share information. The authors would like
to thank the following individuals for their contribution to this study:
Mr. William Garbade, SDHPT; Mr. Randy Cox, Mr. Bobby Hunt, Mr, Carl
Amelung, and Mr. David Balli, engineering staff members from the SDHPT;
Mr. Bill Shannon, Mr. Kevin Monk, and Mr. Wallace Jackson of Bill
Shannon, Inc.; Mr. Bob Lochausen, the precasting contractor; and Mr.
Charles Redfield and Professor T. Y. Lin of T. Y. Lin International.
Although many other individuals played a role in the day-~to-day efforts
of the project, they are too numerous to mention here. However, their

assistance was greatly appreciated.
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structure., All of these individuals deserve the author's gratitude for
their cooperation.

Finally, the authors would like to thank their friends and
colleagues at the Ferguson Structural Engineering Laboratory who were
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SUMMARY

This report documents the construction monitoring and subsequent
field testing to evaluate the performance of an innovative "loose-fit"
composite post-tensioned concrete wing girder bridge constructed over
Bear Creek, south of Austin, Texas. The structure was built as a trial
evaluation of an early proposed design for an elevated interstate
highway expansion,

Monitoring of the bridge was carried out both during critical
construction steps and by truck testing after completion, Results of
both construction measurements and service load level loading tests were
compared to analytical predictions. Recommendations for improvement of
the present design with regards to both constructability and structural
performance are made. The suggested revisions should result in both
easier and quicker construction with improved appearance and durability

at a reduced cost.






IMPLEMENTATION

This project was undertaken on a "real time" scale to provide
factual information and observations to both District 15 project staff
and to Bridge Division personnel concerning the proposed "loose-fit"
bridge system proposed for the San Antonio expressway project. The
wisdom of trying this innovative design and construction concept on a
modest scale at the Bear Creek crossing has been amply justified by the
subsequent changes made as the design proceeded on the main freeway
project. The observations of both construction problems. and structural
performance were shared with representatives of owner, designer, and
constructor much earlier than the completion of this report. It is felt
that this free interchange of documented observations aided 1in
developing new solutions for problems observed and clearly showed the

attractiveness and robustness of the proposed design.
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CHAPTER 1

INTRODUCTION

1.1 General

An improvement program is currently under design to expand the
traffic flow and ease congestion at the "Y" intersection of IH-35 and
IH=-10 in downtown San Antonio, Texas. Because of limitations on space
and new right-of-way acquisitions, the additional lanes will be provided
by elevated structures.

One of the structural systems proposed to meet the stringent
demands was a composite wing girder design featuring a partial cast-in-
place spine beam and precast wings as shown in Fig. 1.1. The structure
is a combination of precast slab units made composite by cast-in-place
closure joints and post-tensioning. The design is a novel concept
developed by T. Y. Lin International. Although the overall concept is
not entirely new (a variant was used successfully by Lin at the San
Francisco International Airport), the design techniques and construction
processes are quite unique. The proposed design has been subsequently
substantially revised, partially due to observations made in this
program.

In order to evaluate design techniques and assess construction
benefits and potential problems, an experimental two-span full-scale
prototype bridge based on this design concept was constructed on FM 1626
over Bear Creek south of Austin. The proposed construction sequence and

processes, as well as many aspects of the limited access constraints,



Fig. 1.1 Proposed composite wing girder design featuring
a partial cast-in-place spine beam and precast
wings

were incorporated at the site in order to closely replicate the
conditions expected in San Antonio. A team from the Ferguson Structural
Engineering Laboratory, acting through The University of Texas Center
for Transportation Research, was utilized to document bridge behavior
during construction and under typical service loads upon subsequent
completion of the structure. Through a series of displacement,
distortion, and slip measurements, the behavior of the component units
and the degree of composite load carrying action of the entire structure

were evaluated.



1.2 Related Research

The instrumentation and testing of the prototype bridge at Bear
Creek was only one phase of the current comprehensive study of the
proposed composite wing girder structure. Related research undertaken

includes:

1) Analytical Model of the Bear Creek Bridge. A finite element

analysis program was developed to aid in interpretation of test results
and to facilitate the extension of design techniques to the more complex
structures involved in the San Antonio project. Results from the
analytical model are compared herein with the experimental results to
establish the predictive capability of such a program in determining the
distribution of stresses, deformations, and the degree of composite load
transfer in the structure.

2) Model Testing. Because it would be undesirable to subject the

Bear Creek structure to excessive overloads, and since it would be very
beneficial to study the full load range characteristics of the proposed
system, a half-scale model of a portion of the structure was also tested
to destruction at the Ferguson Structural Engineering Laboratory [1].
The model, which consisted of four sets of precast panels and wings, was
loaded to induce shear and torsional stresses and distortions and to
study the load transfer between adjacent wing units and from wing unit
to spine beam. Loading was taken to complete failure to verify the

actual safety of the system and indicate needed improvements in details.



1.3 Objectives and Scope of Study

The wunique design techniques and construction processes
utilized in the proposed composite wing girder system necessitated a
better understanding of the performance and load transfer behavior of
the bridge during construction and under service loads. Thus,
appropriate instrumentation devices were implanted at various stages of
construction of the Bear Creek bridge to obtain information on
displacements, distortions, and slip. These devices were monitored, and
deformations were recorded at critical phases of the construction
operation and under static service level loadings upon completion.
These observations, along with careful observations of construction
problems and concrete cracking, were then used to evaluate the nature of
composite action in the bridge and to suggest details needing

improvement.

1.4 Report Contents

Design details and specifications are presented in Chapter 2
along with a description of construction operations and observations.
Detailed plans for selected portions of the Bear Creek bridge are given
in Ref. 2. Chapter 3 describes the installation and 1location of
instrumentation and details the test setup and loading sequence used.
Chapter U4 presents the test results and their interpretation and
compares these results with data from analytical models. Finally,
Chapter 5 provides recommended changes to facilitate design and
construction of similar structures in the future, and Chapter 6 provides

a brief summary of the study and the resultant conclusions.



CHAPTER 2

DESIGN AND CONSTRUCTION OF THE BEAR CREEK BRIDGE

2.1 Specifications and Guidelines

2.1.1 General. The Lin design for the Bear Creek project
consists of two 100 ft spans supported on bearing pads at either
abutment and continuous through the integral cast-in-place pier cap at
the center as shown in Fig. 2.1. The composite design concept separates
the construction sequence into two distinet phases: (1) the fabrication,
casting, and initial stressing of the spine beam and (2) the placement
of the wings and deck slab.

The spine beam shown in Fig. 2.2 is made up of precast
compression struts and panels joined by cast-in-place construction. The
precast units shown in Fig. 2.4 act as flanges in conjunction with the
cast-in-place webs., The spine beam cross section is the same throughout
Wwith the exception of a 10-ft section at either abutment and a 20-ft
section at the center pier. At these locations the top and bottom
flanges taper out from a uniform section to the typical midspan
thicknesses., Post-tensioning in the longitudinal direction ties the
spine beam together prior to setting the wing units. At this stage only
half the tendons are stressed to allow the spine beam to carry its own
dead weight as well as the dead weight of the wings and deck.

The wing units, which cantilever out from either side, join the
spine beam at a cast-in-place closure joint and are held in place by

transverse post-tensioning. The wing-spine connection, shown in Fig.
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2.3, was designed to prevent the wing from bearing directly on the spine
beam haunches. Thus, shear friction due to the transverse post-
tensioning provides the load transfer meéhanism from wing to spine beam.
Precast slab panels are supported between adjacent wings by the center
ribs of the wings. These panels act as permanent forms for casting the
deck and allow a void to be maintained between adjacent wing ribs.
Figure 2.5 shows the precast wing units and panels with their nominal
dimensions.

As shown in Fig. 2.6, the bridge is made composite by a 4-in.
deck and final post-tensioning in the longitudinal and transverse
directions. To complete the bridge, 10-ft long precast parapet units
are set in place, and a 5-ft wide solid closure strip is cast at the
wing-parapet connection. A detailed set of design plans are presented
in Appendix A of Ref. 2.

2.1.2 Design Specifications. The criteria used for design

were the 1977 AASHTO Standard Specifications for Highway Bridges. Four
lanes of AASHTO HS20-44 truck and lane loadings were applied for maximum
effects with a 25% reduction in live load stresses as permitted in
AASHTO Section 1.2.9. Additional loads considered included those
resulting from temperature changes ranging from -40°F to +35°F and a
differential support settlement of 0.1 ft.

The 4° curve at Bear Creek and the 52-ft width reflect prototype
geometry needs. Support conditions at abutment I simulate the bearing
conditions at a typical expansion joint for the San Antonio project.

Consequently, the bridge behaves as somewhat simply-supported in
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resisting rotation at the abutment I end. At abutment III,the support
conditions more closely resemble a typical end abutment. The result is
a more flexible support in the longitudinal direction with increased

stiffness in regards to transverse rotation.

2.1.3 Specific Construction Requirements. To model the

conditions envisioned in the San Antonio environment, construction at
Bear Creek was required to advance lon