
Comparing Bridge Modeling Techniques 
to Real-World Thermal Effects
What Was the Need?
Minnesota’s large annual temperature swings cause 
thermal stresses on bridges. Modern reinforced concrete 
bridge piers are designed to crack, safely relieving lateral 
forces as the bridge expands and contracts with these 
temperature changes.

These cracks reduce the stiffness of the pier, and accord-
ing to Minnesota’s LRFD Bridge Design Manual, designers 
must refine their design methods to account for this re-
duced bridge stiffness when designing nontypical bridges 
(bridges with long spans and/or tall, slender piers). To do 
this, designers must be able to predict cracking behavior—
a complicated task. Often they use the common refined 
design method for bridge modeling; the CRD method 
divides a pier into several “stiffness update” segments and 
uses an iterative approach to estimate stiffness changes 
along these segments as a pier cracks. This method is less 
accurate than a nonlinear analysis that incorporates more 
of the variables that impact bridge behavior, but it is much 
easier to use.

The American Association of State Highway and Transpor-
tation Officials LRFD Bridge Design Specifications gives 
two procedures for calculating thermal effects on bridges. Research was needed to 
evaluate existing modeling techniques for their accuracy in predicting thermal effects 
relative to real-world behaviors and to determine whether the procedure that Minnesota 
follows adequately calculates temperature effects on state bridges.

What Was Our Goal?
This project aimed to compare the accuracy of two types of models: a highly com-
plex, research-level model and a design-level model that uses the CRD method, which 
requires less computing power to produce somewhat less complicated models. Re-
searchers would compare the predictions of these models to the cracking behavior of 
an actively used Minnesota bridge. The comparison would then be used to determine 
whether Minnesota’s current design guidance regarding thermal force effects is ad-
equate or needs revision. 

What Did We Do?
Researchers produced models of the Wakota Bridge in South St. Paul using two finite-
element software packages: Abaqus and SAP2000. Abaqus produced more detailed, 
research-level models while SAP2000 generated design-level models, including one with-
out prestressing, time-dependent effects or rotational springs that was used to evaluate 
the CRD method, and one with those loading effects to test AASHTO’s methods.

Investigators used AASHTO’s methods to calculate reduced stiffness in cracked piers and 
temperature effects. 

During the replacement of the Wakota Bridge, which was completed in 2010, investiga-
tors installed 84 wire strain gauges in the bridge superstructure and substructure, and 

2013-11TS 
Published September 2013

continued

TECHNICAL
SUMMARY

Technical Liaison:
Arielle Ehrlich, MnDOT

Arielle.Ehrlich@state.mn.us

Project Coordinator:
Shirlee Sherkow, MnDOT

Shirlee.Sherkow@state.mn.us

Principal Investigators:
Arturo Schultz, Christopher Scheevel and 

Krista Morris, University of Minnesota

Eighty-four Geokon Model 4200 
wire strain gauges were 

embedded in the Wakota Bridge 
to measure temperature and 

strain data.

PROJECT COST:
$193,990

RESEARCH 
SERVICES

O F F I C E  O F  P O L I C Y  A N A L Y S I S , 
R E S E A R C H  &  I N N O V A T I O N

This research showed that 

a simpler design-level 

bridge model can provide 

useful predictions of pier 

cracking behavior. 
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a 150 degree Fahrenheit 
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possibility of extreme 

temperatures.
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two linear potentiometers at each abutment. These sensors collected field data, includ-
ing temperature and strain measurements. Investigators analyzed data collected for one 
year and compared it to data predicted by the models. 

What Did We Learn?
The CRD method accurately predicted shear forces and displacements at the ends of 
fixed pier walls. Using four stiffness update segments was sufficient to predict cracked 
section stiffness and pier forces and moments. This method was less accurate at predict-
ing axial forces, although accuracy improved as loads increased. 

Both of AASHTO’s methods for calculating stiffness reductions in cracked piers appear 
to be reasonably reliable. The model using the refined method was correlated with the 
field data within 2 percent, while the model using the gross section method was cor-
related between 13 and 35 percent. Consequently, the refined method is more accurate 
and should be used in final designs, but the gross section method is suitable for prelimi-
nary estimates.

AASHTO’s Procedure B for calculating temperature effects produced significantly larger 
moments and force requirements than Procedure A. Procedure A matched measured 
results more closely, but researchers recommend using Procedure B for design elements 
such as expansion joints that require a maximum value to fully encapsulate potential 
behavior.

What’s Next?
Results from this research suggest that MnDOT’s current procedures for calculating tem-
perature effects on nontypical concrete bridges are appropriate. As a result, there are no 
current plans to change these procedures. 

Since concrete box girder bridges are less affected by temperature than other materials, 
these results cannot be extrapolated to other types of bridges. Research on other types 
of bridges may be considered for future investigation.

It may also be valuable to monitor a bridge over multiple years to evaluate the impact of 
multiple heating and cooling cycles.
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This Technical Summary pertains to Report 2013-11, “Wakota Bridge Thermal Monitoring Program, 
Part 1: Analysis and Monitoring Plan,” and Report 2013-12, “Wakota Bridge Thermal Monitoring 
Program, Part II: Data Analysis and Model Comparison,” both published May 2013. These reports 
can be accessed at http://www.lrrb.org/PDF/201311.pdf and http://www.lrrb.org/PDF/201312.pdf, 
respectively.

The research-level geometric 3D analysis model built in Abaqus (left) is far more detailed than the 
SAP2000 design-level model (right) and is able to evaluate the nonlinear qualities of concrete. 
However, the former requires far more computing power to generate than the latter.

“One of the main 
objectives of this study 
was to evaluate the current 
design practices for fixed, 
flexible bridge piers and 
make suggestions for more 
accurate analysis.”

—Arturo Schultz,
Professor, University of 
Minnesota Department of 
Civil Engineering

“The difference between 
design- and research-level 
models and the bridge is 
similar to the difference 
between a hand-drawn 
portrait, a photograph 
and a human being. We’re 
trying to see how much we 
can simplify and still get 
answers that are accurate 
and meaningful.”

—Arielle Ehrlich,
MnDOT State Bridge 
Design Engineer
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