
Putting Research into Practice: 
Applying NCHRP Methods to Analysis 
of Fracture-Critical Steel Bridges
What Was the Need?
MnDOT inspects each of its 20,000 bridges at least once 
every 24 months. The agency inspects fracture-critical 
bridges every 12 months. These bridges have a steel 
member in tension, or steel member with a tension ele-
ment, whose failure would probably cause a partial or 
full collapse of the bridge. Small bridges can be routinely 
inspected in a day, but large bridges can take weeks to 
fully review. The hands-on inspections that fracture-critical 
bridges require can also take weeks to perform. Minnesota 
manages these demands with a staff of 600 busy bridge 
inspectors.  

A 2012 Federal Highway Administration (FHWA) Technical 
Memorandum, “Clarification of Requirements for Fracture 
Critical Members,” allows states to remove bridges from 
fracture-critical lists if structural redundancies for the 
compromised element can be identified through detailed 
analysis and evaluation criteria that the state develops and 
FHWA reviews. In these situations, state engineers typi-
cally turn to the American Association of State Highway 
and Transportation Officials (AASHTO) for procedural 
guidance, but AASHTO does not offer a specific method 
for identifying structural redundancies in fracture-critical 
bridge members. 

What Was Our Goal?
MnDOT aimed to develop a method for identifying structural redundancies in steel 
bridge pier caps that would meet FHWA standards. Implementation of that method 
would enable bridges with qualifying redundancies to be removed from the fracture-crit-
ical list, alleviating inspection-scheduling pressure without compromising driver safety.

What Did We Implement?
The project team implemented the directives of the FHWA technical memorandum to 
develop a method for identifying structural redundancies in bridge components using 
nationally approved methods and finite-element modeling.

How Did We Do It?
Investigators reviewed a variety of publications on bridge inspection from the National 
Cooperative Highway Research Program (NCHRP). They selected as their guide NCHRP 
Report 406, “Redundancy in Highway Bridge Superstructures,” which provides steps 
for identifying redundancy and recommends that inspectors employ structural finite-
element modeling.

NCHRP Report 406 sets four requirements for a fracture-critical bridge to be recatego-
rized as safe: It has to exhibit reasonable safety levels against failure, does not reach 
ultimate capacity under extreme loading, does not produce large deformations under 
expected loading, and is able to carry some traffic loads after damage to a component.
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Outrigger piers have a column 
that attaches to the pier cap at 

each end, allowing for traffic 
beneath the pier cap.
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A new procedure for 

analyzing fracture-critical 

pier caps can identify 

existing redundancies or 

encourage retrofitting of 

pier caps with internal 

diaphragms. Both of these 

results may allow 

structures to be removed 

from fracture-critical bridge 

lists so that bridge owners 

can avoid the complex, 

time-consuming inspection 

protocols such classification 

entails.  
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Investigators developed a finite-element modeling procedure, and with it simulated 
failure modes, deflections and, when necessary, stresses for six steel bridge-pier-cap 
structures designated fracture-critical by the MnDOT Bridge Office. The project focused 
on two pier-cap configurations common to steel bridges: outrigger caps and hammer-
head caps. Of the six pier-cap structures modeled, one was an outrigger cap and five 
were hammerhead caps. Outrigger caps have one column at each end of the cap span, 
with the structure forming a simple arch. They are often used with roadways and ramps 
beneath the bridge. Hammerhead caps attach broad columns directly to the bridge 
structure and sometimes flare out as cantilevered supports from the top of the support 
column. 

What Was the Impact?
This implementation developed an effective method for analyzing fracture-critical pier 
caps for structural redundancies. Modeling showed that: 

•  One of the hammerhead caps was sufficiently redundant and could be reclassified. This 
pier cap benefited from redundant diaphragms alongside the pier cap that were part of 
the original construction. 

•  The remaining hammerhead caps and the outrigger cap were to remain classified as 
fracture-critical.

•  Outrigger caps offer a very low probability of being redundant. 

•  Hammerhead caps should be the primary focus of fracture-critical analyses.

•  Retrofitting deficient hammerhead caps with redundant diaphragms (which work like 
internal braces in the boxlike cap structures) can provide redundancy and allow such 
pier caps to be reclassified.

Because hammerhead structures are hollow and feature hatches at regular intervals, this 
retrofitting can be a fairly simple alternative to expensive repair. Bridges with qualifying 
hammerhead caps can then be removed from the fracture-critical list if the bridge owner 
consents. Removal from the list will allow bridge inspectors to concentrate their efforts 
on fracture-critical bridges that need more attention.

What’s Next?
The MnDOT Bridge Office will fully review these findings and may approach the two 
districts in which hammerhead caps are widely used to show them how the piers could 
be retrofitted and reclassified. MnDOT will then apply the methodology to the rest of its 
hammerhead pier caps.
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Hammerhead piers attach broad columns to the underside of the bridge deck. 
Fracture-critical hammerhead pier caps may have either existing redundancies or the 
potential to be retrofitted with redundant components to allow for the caps’ removal 
from fracture-critical lists. 

“We suspected that many 
pier caps have redundancy 
potential. Now we know 
that we can retrofit 
hammerhead pier caps 
with an internal 
diaphragm, and then they 
will pass the fracture- 
critical redundancy test.”

—Jennifer Zink,
State Bridge Inspection 
Engineer, MnDOT Bridge 
Office

“We developed a good 
methodology for 
looking at fracture-critical 
bridges. We built a 3-D 
finite-element model of 
the bridge and simulated 
a failure within a fracture 
component. We could then 
run the model to compare 
it against certain criteria 
to see if failure in that 
member would cause a 
collapse.”

—Barritt Lovelace,
Regional Manager, Collins 
Engineers, Inc.
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