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INVESTIGATION OF SHEAR DISTRIBUTION FACTORS IN PRESTRESSED CONCRETE GIRDER BRIDGES 

BACKGROUND 
MnDOT has found that a number of their prestressed concrete girder bridges rate low for shear. CmTent studies regarding 
shear live load distribution factors (LLDF) give conflicting results as to whether or not cmTent American Association of State 
Highway and Transportation Officials (AASHTO) code equations over-predict or under-predict the amount of shear ca!1'ied 
by each of the girders. A better understanding of the distribution of shear in prestressed bridge girders is needed to more 
accurately assess load rating capacity. 

Parameters including, but not limited to, girder spacing and size, end conditions and type and location of diaphragms and 
their effect on shear live load distribution factors will be investigated in this project. The accuracy of the live load 
distribution factors for shear will be assessed by conducting numerical analyses, field and laborato1y studies. The studies will 
be used to resolve the conflicting results found in the literature and will provide infonnation at both service load levels and 
near ultimate strength levels in the case of the laboratory tests. 

The outcome of the project will be the development of recommendations for shear distribution factors that can be used by 
MnDOT to more accurately rate prestressed concrete girder bridges for shear. The project will also provide the opportunity to 
investigate existing shear cracks in girders that may only be visible under the application of loading. 

OBJECTIVE 
The purpose of this project is to develop more accurate shear distribution factors for use in rating prestressed concrete girder 
bridges. 

The outcome of the project will be the development ofrecommendations for shear distribution factors that can be used by 
MnDOT to more accurately rate prestressed concrete bridge girders for shear. Pasticularly, this study will allow for an in
depth investigation as to how secondary elements such as diaphragms and design parameters like girder size and spacing 
directly affect the live load distribution of shear. MnDOT bridge engineers are the potential users of this research. A better 
understanding of how prestressed bridges distribute shear loads and how elements such as diaphragms affect the shear rating 
may aid in detennining adequate safety for prestressed concrete bridges. Because of the effect of prestress, potential shear 
cracking in the girders may only be visible under the application of truck loading. This project will thus also provide the 
oppo1tunity for MnDOT Maintenance to investigate any potential existing shear cracks in the girders in the test bridges, 
which will be bridges chosen that rate low for shear. 

SCOPE 
The proposed research includes numerical analyses and experimental components to determine live load distribution factors 
for shear to be used in the rating of prestressed concrete girder bridges. The numerical analyses, using experimental results 
for validation, will be used to conduct a parametric study investigating effects of variables including, but not limited to, 
girder spacing and size, end conditions and type and location of diaphragms. The numerical analyses will aid in identifying 
variables that should be investigated experimentally with tl1e field study of exis.ting bridges and in a large-scale experimental 
study in the University's structures laboratory. In addition, numerical analyses will be used to refine the instrumentation and 
loading plans for the experimental studies. The combined approach, taking into account other som·ces of data (e.g., Huo et al. 
and Puckett et al.), will provide the basis for development ofrecommendations for shear live load distribution factors to be 
used for bridge rating. 

It is anticipated that a grillage approach will be used to investigate the service range behavior of bridges while non-linear 
FEM may be used to investigate the inelastic behavior of bridges in the numerical study. For the field study, a series of five 
to ten bridges will be selected from the MnDOT prestressed concrete bridge inventory to be load tested. To bound the results, 
structures considered will include two bridges with relatively shallow girders (i.e. 36" or 45" deep), one with small girder 
spacing (relatively long span) and one with large girder spacing (relatively short span). In addition, two bridges with 
relatively deep girders will be selected, again one with small girder spacing and one with large girder spacing to bound the 
study. In selecting tl1e bridges for the field study, consideration will be given to bridges that rate low in shear. 
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A laboratory test will be conducted on a smaller-scale single-span prestressed concrete girder bridge to detennine shear 
distribution factors from service to near ultimate capacity under controlled conditions at the University's Strnctures 
Laborato1y. This test bridge, consisting of four new prestressed concrete girders, will enable researchers to further investigate 
how various bridge characteristics affect shear distribution factors. This test setup will enable researchers to take a simulated 
bridge to near ultimate strength and monitor how the shear distribution factors change as the bridge girders crack and the 
hehavior becomes inelastic. This test will facilitate validation of the numerical modeling from service to ultimate loading 
conditions. Fmthermore, researchers will test the ultimate shear capacity of one to three single prestressed concrete girders in 
the laborato1y. These specimens will consist of salvaged girders from bridges being demolished or new girders constructed at 
a precast plant. 

Early in the project, researchers will also use a subset of approximately 15 bridges from Mn DOT Report 20 I 0-03 to calculate 
the shear ratings using the new AASHTO LRFD Specifications. Results from these calculations will then be compared to 
those values calculated using the LFR method. 

Finally, material property tests (i.e. compressive strength and elastic modulus) will be conducted at the University's 
structures laborato1y on up to 50 concrete core samples which may be taken from field tested bridges, the 54" girders stored 
at Cretex in Elk River, or the 40" girders from the l-35 Bridge in Owatonna. Material property tests will help detennine the 
concrete characteristics in bridges built during the same time period as those that are currently rating low for shear in 
MnDOT's invento1y. 

MnDOT ASSISTANCE: 
The research team will require the following assistance: 

Setting up and directing traffic control dming instrumentation and field tests of bridges. 
Providing loaded MnDOT sand trucks and drivers with recorded weights of each axle accurately for the field bridge 
tests. 
Providing inspection reports for the bridges selected to be field tested. 
Providing concrete core specimens from select structures or girders. 
If necessary, providing equipment to access and instrnment the bridges. 

WORK PLAN 

Task l: Calculation of Shear Rating for Bridges from MnDOT Report 2010-03 with AASHTO LRFD Specifications 
Researchers will use a subset of approximately 15 bridges from MnDOT Report 2010-03 to calculate the shear ratings using 
the new V ci and V cw approach in the AASHTO LRFD Specifications. Results from these calculations will then be compared 
to those values calculated using the LFR method. 

Deliverable(s): A Two-Page Summaiy 
Duration: 2 Months 
Estimated Task Completion Date: November 30, 2011 

Task 2: Preliminary Selection of Bridge Types and Numerical Modeling 
Researchers will determine the bridge characteristics to be studied in the numerical modeling and during the field testing (i.e. 
girder spacing and size, end conditions, type and location of diaphragms, etc.). The selected bridge characteristics will be 
detennined in collaboration with the MnDOT Technical Advisory Panel (TAP) to characterize the bridge invent01y that rates 
low for shear. It is anticipated that grillage analyses will be conducted by the research team to investigate the impact of the 
outlined bridge chai·acteristics on the shear distribution factors in the service-level range. The results of the nmnerical 
modeling will also help to determine the appropriate location ofload application and instrumentation on the initial bridge to 
be investigated in the field study. 

Researchers will work with the TAP to select bridges to be instrnmented and tested during the field study. To bind the 
results, it is anticipated that the bridges to be considered will include two strnctures with relatively shallow girders (i.e. 36 or 
45 in. deep), one with sma!I girder spacing (relatively long span) and one with large girder spacing (relatively short span). In 
addition, two bridges with relatively deep girders will be selected; again one with close girder spacing and one with large 
girder spacing to bound the study. Consideration will be given to bridges that rate low in sheai· for the field study . 
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Deliverable(s): A Two-Page Summary 
Duration: 5 Months 
Estimated Task Completion Date: February 29, 2012 

Task 3: Field Test One Bridge 
An initial field bridge, selected in Task 2 with input from the MnDOT TAP, will be instrumented with rosette strain gages to 
provide a robust and redundant set of readings that measure the shear in.the end span girders. It is anticipated that fewer 
gages might be used in subsequent field tests based on what is learned from this test. MnDOT will supply traffic control and 
sand trucks so that the measured shear strains can be correlated with known live loads at known positions. The results of this 
test will enable the researchers to detem1ine the shear distribution factors for the selected bridge and investigate the quality of 
data (from load applied with sand trucks, static vs. dynamic loading, and noise in the strain gages). Field testing of this initial 
bridge will provide test data for the researchers to validate their numerical model. In addition, if the selected btidge rates low 
for shear, it will provide an opportunity to examine the bridge for shear cracks under the presence of load. 

Deliverable(s): A Two Page Summruy 
Duration: 7 Months 
Estimated Task Completion Date: August 31, 2012 

Task 4: Selection of Large-Scale Study Parameters and Numerical Modeling - Part 1 
The important bridge parruneters to be investigated in the field and laborato1y studies will be selected through use of 
numerical modeling. The numerical modeling will also aid in detem1ining the appropriate location ofloads and 
instrnmentation on the bridges to be tested in the field and laboratory. The variation in shear load distiibution factors from 
service to ultimate will be studied numerically by modeling the elastic and inelastic (non-linear FEM) bridge behavior. 

Deliverable(s): A Two-Page Summary, describing the progress on this task 
Duration: I 0 Months 
Estimated Task Completion Date: October 31, 2012 

Task 5: Selection of Large-Scale Study Parameters and Numerical Modeling - Part 2 
This represents a continuation of the work initiated in Task 4. This task will focqs on investigating the variation in shear load 
distribution factors from service to ultimate using numerical models. 

Deliverable(s): A Two-Page Summary 
Duration: 10 Months 
Estimated Task Completion Date: August 31, 2013 

Task 6: Field Test Bridges and Test Single Girders in Laboratory- Part 1 
Two to five bridges selected for the field study (based 011 discussion with the TAP) will be instiumented with rosette strain 
gages to measure the sheru· in end-span girders. After testing the initial field bridge in Task 3, it is anticipated that gage 
placement may change based on what is learned from the data. Characteristics of the bridges to be selected include, but are 
not limited to, bridge rating for shear, girder depth and spacing, bridge aspect ratio (width vs. length), and degree of skew. If 
feasible, representative non skew and skew bridges with 36 in. deep girders will be identified by MnDOT to include in the 
field stndy such that the results of the laborato1y bridge, with 36 in. deep girders, might be compared with the results of the 
field tests. MnDOT will supply traffic control and sand trucks so that the measured shear strains can be correlated with 
known live loads at known positions. The results of these tests will enable the researchers to dete1mine the shear distribution 
factors for the selected bridges. Single bridge girders, selected after discussion with the TAP, will also be tested at the 
University's structures laboratory. Characteristics of the girders to be selected for testing include, but are not limited to, 
section depth, concrete strength, stinup spacing, presence/absence of lift hooks, and shear span length (aid ratio). As part of 
this task, consideration will be given to testing new girders fabricated at a precast plant and existing girders salvaged from 
MnDOT bridges (i.e., girder(s) from l-35W near Owatonna). Each girder will be tested to failure to investigate the capacity 
in shear. 

Deliverable(s): A Two-Page Summary 
Duration: 12 Months 
Estimated Task Completion Date: August 31, 2013 

-6-



MnDOT Contract No. 99008 Work Order No. I 

Task 7: Construct, Instrument and Test Bridge Ultimate Strength - Part 1 
A large-scale experimental bridge without skew will be constrncted in the University's structures laboratory. The bridge will 
be built with four new 36 in. deep prestressed girders, diaphragms and a deck will be cast and the bridge will be instrumented 
with rosette strain gages to detennine shear at the girder ends. The details of the bridge to be tested will be selected with 
consideration of those associated with the field bridges, to be identified by MnDOT, that have 36 in. deep girders. The 
constructed system will be subjected to a series of tests with Loads placed at various locations on the bridge to determine the 
shear distribution factors under service load conditions. The bridge will then be tested into the nonlinear range to determine 
the live load distribution factors for shear near ultimate. This bridge will facilitate validation of the numerical modeling from 
service to ultimate loading conditions in the determination of shear distribution factors. 

Deliverable(s): A Two-Page Summaiy, with intermittent presentations on the progress of the testing and modeling 
Duration: 12 Months 
Estimated Task Completion Date: August 31, 2013 

Task 8: Construct, Instrument and Test Bridge to Ultimate Strength - Part 2 
This represents a continuation of the work initiated in Task 7. This task will focus on completing the experimental tests on 
the laborato1y bridge system. During this task, the constructed system will be subjected to a series of tests with loads placed 
at various locations on the bridge to detennine the shear distribution factors under service load conditions. The bridge will 
then be tested into the nonlinear range to dete1mine-the live load distribution factors for shear near ultimate. This bridge will 
facilitate validation of the numerical modeling from service to ultimate loading conditions in the determination of shear 
distribution factors. 

Deliverable(s): A Two-Page Summa1y 
Duration: 13 Months 

. Estimated Task Completion Date: September 30, 2014 

Task 9: Field Test Bridges and Test Single Girders in the University's Laboratory- Part 2 
An additional two to five bridges selected for the field study (based on discussion with the TAP) will be instrumented with 
rosette strain gages to measure the shear in the end span girders. After testing the initial field bridge in Task 3 and the field 
bridges in Task 5, it is anticipated that gage placement may change based on what is learned from the data. Tests will be 
conducted as outlined in Task 5, and results from these field tests will enable the researchers to validate the numerical models 
and detennine the shear distribution factors for the selected bridges. Any additional single bridge girders will also be tested at 
the University's structures laboratoiy, as outlined in Task 5. 

Deliverable(s): A Two-Page Summaiy 
Duration: 13 Months 
Estimated Task Completion Date: September 30, 2014 

Task 10: Study of Concrete Material Properties from Select Bridges and Girders 
Material property tests (i.e. compressive strength and elastic modulus) will be conducted on up to 50 concrete core samples 
which may be taken from field tested bridges, the girders stored at Cretex in Elk River, or the I-35 Bridge in Owatonna. 
Cores will be provided by MnDOT. Material prope1ty tests will be conducted at the University's structures laborato1y. 

Deliverable(s): A Two-Page Summary 
Duration: 13 Months 
Estimated Task Completion Date: September 30, 2014 

Task 11: Develop Shear LLDF Recommendations and Numerical Modeling 
Based on the findings from prior tasks, recommendations for shear LLDF and shear inventory ratings will be developed. 
Final numerical analyses (both grillage analysis and non-linear FEM) will be conducted to verify results and expand the 
study numerically. Analyses will be conducted to investigate the effect of the bridge chai·acteristics on the expected shear 
distribution factors. The analyses will be used to predict the shear distribution factors and the results will be compared to 
AASHTO predictions. Based on the results of this study, the research team will develop a recommended process to be used 
to rerate bridges that currently ate low for shear. If applicable, the research teain will suggest proposed modifications that 
MnDOT may request from Vittis-BRASS to aid in the implementation of the recommendations. 
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Deliverable(s): A Two-Page Summaiy, with intennittent presentations on the progress of modeling 
Duration: 13 Months 
Estimated Task Completion Date: September 30, 2014 

Task 12: Draft Final Report 
The University will prepare a draft final report, following MnDOT's publication guidelines, to document project activities, 
findings and recommendations. The University will submit the report through the publication process for technical and 
editorial review. 

Deliverable(s): Draft Final Report 
Duration: 6 Months 
Estimated Task Completion Date: September 30, 2014 

Task 13: Final Report Completion 
During this task, the University will incorporate technical and editorial comments from the review process into the document, 
as appropriate. The University will consult reviewers for clarification or discussion of comments. The University will prepare 
a revised final report, and submit it for publication. 

Deliverable(s): Final Repmi 
Duration: 4 Months 
Estimated Task Completion Date: Januruy 31, 2015 

PROJECT SCHEDULE 
MONTHS 
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