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A Modified Approach for 
Predicting Fracture of 
Steel Components Under 
Combined Large Inelastic 
Axial and Shear Strain 
Cycles

the ISSUE
Steel components in bridges and other structures are designed to withstand flexing under normal 
traffic and loading.  However, earthquakes and other incidents may place extreme stresses on 
those components. Materials undergoing such extreme stresses can only withstand a small number 
of reverse loading (back-and-forth) cycles.  Only limited research has been conducted on the 
performance of bridges under these conditions.

the RESEARCH
This study focused on developing a ductile fracture model and using the model to simulate complete 
failure in bolted and welded connections under monotonic and cyclic loadings.

In this study, a new ductile fracture criterion based on monotonic loading conditions is first developed 
and then extended to cyclic loading. Mathematical models were developed to calibrate the ductile 
fracture models and results from the literature on testing of small specimens were used to calibrate the 
mathematical models. Once the models were calibrated, finite element models of connections were 
developed and interfaced with the mathematical models to capture ductile fracture in connections. 
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the FINDINGS
New ductile fracture models were developed and the models 
were used to simulate ductile fracture in connection under 
tension and shear. The results show that ductile fracture in 
connections can be simulated with high level of accuracy which 
has not been done before. 

the IMPACT
The report provides a methodology that, for the first time, 
allows fracture in steel connections under combined loads to be 
captured. The results and the modeling approach can be used to 
design and assess connections against failures.

For more information on this project, download the entire report 
at http://www.ugpti.org/resources/reports/details.php?id=902

Lead Investigator(s)

Hussam Mahmoud
hussan.mahmoud@colostate.
edu
Colorado State University

Project Title

A Modified Approach for 
Predicting Fracture of 
Steel Components Under 
Combined Large Inelastic 
Axial and Shear Strain Cycles 

Research Assistant(s)

Huajie Wen, Ph.D.

Sponsors | Partners

USDOT, Research and 
Innovative Technology 
Administration

This publication was produced by the Mountain-Plains Consortium at North Dakota State University. The contents of this brief reflect the views of the authors, who are responsible for facts and the accuracy of the information 
presented herein. This document is disseminated under the program management of the USDOT, Office of Research and Innovative Technology Administration in the interest of information exchange. The U.S. Government 
assumes no liability for the contents or use thereof. 

For more information or additional copies, visit the Web site at www.mountain-plains.org, call (701) 231-7767 or write to Mountain-Plains Consortium, 
Upper Great Plains Transportation Institute, North Dakota State University, Dept. 2880, PO Box 6050, Fargo, ND 58108-6050.

NDSU does not discriminate in its programs and activities on the basis of age, color, gender expression/identity, genetic information, marital status, national origin, participation in lawful off-campus 
activity, physical or mental disability, pregnancy, public assistance status, race, religion, sex, sexual orientation, spousal relationship to current employee, or veteran status, as applicable.  Direct 
inquiries to Vice Provost, Title IX/ADA Coordinator, Old Main 201, 701-231-7708, ndsu.eoaa@ndsu.edu.


