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Structures on Storm’s Edge Could Benefit Greatly from
Improved Engineering, According to UA-Involved Study

TUSCALOOSA, Ala. — In the wake of the horrendous tornadoes that delivered massive
destruction to the state in April, University of Alabama engineers have analyzed building
structures and design codes to recommend an approach to safer and stronger buildings going
forward.

A research team, consisting of academic researchers from multiple universities and professional
engineers, received a National Science Foundation RAPID Response Grant for Exploratory
Research to investigate and gather data about the damage to, and performance of, wood-frame
structures in the affected areas due to strong winds.

The team primarily looked at residential and multi-family apartments, but it also reviewed
some steel and masonry buildings.

The research team inspected the 5.9-mile affected tornado path in Tuscaloosa on May 2-5 to
analyze wood-frame structures that were damaged by wind and windblown debris. Following
clearance from FEMA’s Engineering Division, the team inspected more than 150 structures in
extensive detail.

Collecting more than 3,000 photos of single family homes (one- and two-story) and apartment
complexes, the team determined the EF-Scale rating in relation to damage for each structure in
order to develop a swath, orcontour, map showing the localized intensity of the tornado.
“Through this multi-university and industry collaboration, we can provide valuable research to
help design safer homes,” said Dr. John van de Lindt, UA’s lead investigator and professor of
civil, construction and environmental engineering. “It is very difficult to investigate the load
characteristics of buildings within a tornado path. Developing something we call a dual
objective-based design method to better mitigate the effect of tornadoes will reduce damage
and save lives.”

“Light-frame wood structures will not be able to withstand the EF4 and EF5 forces in the direct
center path of a storm, but the areas on the edges of a storm could see dramatic improvements
in safety and overall structure through better engineering design and construction practices,”
said Dr. Andrew Graettinger, associate professor of civil, construction and environmental
engineering at UA. “The results of this study could impact many areas throughout the country
by hopefully reducing the amount of damage sustained by the lower wind speeds seen on the
edges of tornadoes.”

Other key conclusions and recommendations from the study include:
Light-frame wood buildings do not, and will not, have the ability to resist EF4 or EF5
tornadoes. The level of damage to light-frame buildings at lower wind speeds is not
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acceptable and can be reduced through new engineering design and construction practices. A
systematic study needs to be conducted that focuses on the optimal threshold tornado wind
speed for which engineers should be designing, likely an effort to provide a uniform-risk
design.
Virtually all buildings in the path of a strong tornado, even along the outer edges where wind
speeds are lower, are irreparable based on current design and construction practices. This
provides incentive and an opportunity for tornado-resistant design and construction practices
which currently do not exist.
Vertical load paths were not adequate, regardless of the age of the residential structure. Load
paths appeared to be better provided on multi-family buildings. The current understanding of
tornado loading on structures is not comprehensive or even comparable to that for strong
straight line winds because of the high level of turbulence and debris in tornadoes, and the
vertical uplift forces in a vortex can be as much as 3.2 times larger than straight wind
counterparts.
Acceptable and implementable approaches in design and construction are needed to realize
damage reduction. Design and retrofit measures should be developed to reduce structural
and component damage up to the threshold wind speed. Implementing hurricane region
construction practices and products in tornado-prone regions is an excellent starting point,
but this may not necessarily be an end solution.
Interior closets and bathrooms provide shelter at lower wind speeds on the edges of the
tornado, but they were no guarantee of survival. The concept of a “safe spot” should still be
taught, but a safe spot is not a substitute for a safe room or tornado shelter. For wind speeds
exceeding the threshold, the alternatives of a shelter or safe room can provide life safety to
building occupants.
The research team received the grant because of The University of Alabama’s location to the
proximity of the affected areas. The National Science Foundation recognized the urgency with
the grant request because this type of data is perishable in that once debris removal begins
there is no way to analyze the performance of the wood structures. The grant is being provided
to The University of Florida to work in close collaboration with UA and other researchers.

The team consisted of the following researchers:

Dr. David O. Prevatt, principal investigator of the project, assistant professor of civil and
coastal engineering, The University of Florida

Dr. John W. van de Lindt, Professor and Garry Neil Drummond Endowed Chair in Civil,
Construction and Environmental Engineering, The University of Alabama

Dr. Andrew Graettinger, associate professor of civil, construction and environmental
engineering, The University of Alabama

Dr. David Grau, assistant professor of civil, construction and environmental engineering, The
University of Alabama

William L. Colbourne, director of wind and flood hazard mitigation, Applied Technology
Council

Dr. Rakesh Gupta, professor of wood science and engineering, Oregon State University
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e Dr. Shiling Pei, assistant professor of civil and environmental engineering, South Dakota State
University

e Samuel Hensen, branch engineering and technical manager, Simpson Strong-Tie Co.
In 1837, The University of Alabama became one of the first five universities in the nation to
offer engineering classes. Today, UA’s fully accredited College of Engineering has nearly 3,100
students and more than 100 faculty. In the last eight years, students in the College have been
named USA TodayAll-USA College Academic Team members, Goldwater scholars, Hollings
scholars and Portz scholars.
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