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D 
amage to garage doors can cause a 

large breach in the building enve-

lope, which can lead to adverse 

internal pressurization and wind and water 

ingress, and thus result in further damage to 

other building envelope components (e.g., 

blown-off of roofs). Improving the perfor-

mance of garage doors under hurricane 

wind conditions can effectively keep the 

building integrity, resulting in a more robust 

built environment and ultimately enhancing 

the community resilience. However, rare 

research has been conducted on studying 

the performance of garage doors in wind-

storms. The objective of this research is to 

improve understanding of the performance 

of garage doors subjected to hurricane wind 

pressure. Full-scale experimental testing 

and numerical simulation are both used con-

sidering accuracy and cost. 

 

To conduct full-scale experimental testing on 

building component and cladding systems, a 
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Figure 1: A 3D drawing of the new large-scale hurri-

cane wind pressure simulator  

new large-scale hurricane wind pressure 

simulator (Fig. 1) was designed and devel-

oped at the University of Florida. The new 

apparatus was designed to generate spatial-

ly uniform, time-varying pressure associated 

with Saffir-Simpson Hurricane Wind Scale 

(SSHWS) Category 5 hurricane winds while 

compensating for large air leakage. Five 

commercial sectional doors were tested un-

der static suction using this new simulator 

(e.g., Fig. 2).  

 

Two main catastrophic failure mechanisms 

were observed during the experimental test-

ing: local buckling of reinforcing stiffeners 

and disengagement from the tracks (e.g., 

Fig. 3). Finite element (FE) modeling of one 

of the five sectional doors (Fig. 4) was per-

(Continued on page 2) 

Figure 2: Sectional door 2 mount-

ed in the pressure chamber of the 

simulator  
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S 
tructural engineers seeking wind pressures for the 

design of a roof-mounted solar panel often refer to 

ASCE7 only to find that it is silent on the subject 

(ASCE7, 2010).  ASCE7-10 is unsatisfactory for several 

reasons (Cochran, 2012).  There is little literature availa-

ble on the topic and that which exists suggests significant 

differences as have been reported from various studies 

(Stathopoulos, et al., 2012).  Tilley reported on the chal-

lenges of determining wind load on solar panels, conclud-

ing there is more work to be done (Tilley, 2012).  We wish 

to help fill a gap in the literature by collecting data on full-

scale models for comparison to and verification of wind 

tunnel studies and/or numerical analyses.  Results from a 

full-scale faux solar panel installation research project on 

a flat roof at the University of Colorado Denver in the Den-

ver metro area are presented. 

 

The roof on which the experiment was conducted was 

specifically chosen for its aerodynamic simplicity in order 

to emulate other buildings that have been previously mod-

eled in wind tunnel testing and CFD analyses.  The panels 

were located four feet from the windward edge of the roof, 

where relatively complex air flow was expected.  The pan-

els were constructed of plywood with vertical legs of small 

tube steel sections.  The slope of the panel surface was 

30 degrees with respect to the roof surface and the mid-

point of the face of the panel was arranged so that it inter-

sected the presumed location of the shear layer.  The de-

sign of the solar panel support frame incorporated strain 

transducers, used to determine the resultant force acting 

on the surface of the panel.  Wind speed and direction 

data was obtained via anemometers and a wind direction 

sensor.  A technique to negate thermal effects was devel-

oped so the strain data represented was a function of the 

wind force alone. 

(Continued on page 3) 

formed in ADINA. Failure mechanism (Fig. 4) and meas-

ured displacement and strain data match well with the 

numerical simulation results (Fig. 5).  

(Continued from page 1) 
 

The validated FE model can be modified and calculated 

under various scenarios, which can be used for perfor-

mance-based design of garage doors. Future work will 

address the application of time varying pressure fluctua-

tions on garage doors. 

Figure 3: Catastrophic failure mechanisms of door 2 

observed in experimental testing  

Figure 4: Finite element 

model of door 2 with its 

ultimate failure  

Figure 5: Examples of strain and deflection response comparisons between experimental testing and FEA  
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President’s Corner 
Greetings! On behalf of 

AAWE I want to wish all 

of you a happy and pro-

ductive 2014. I would 

particularly like to wel-

come new members, as 

well as thank continuing 

members, both individu-

al and corporate, for 

their support. If you 

have not yet renewed 

your membership for 2014, please take a moment to do 

so. It is quite easy to do on our website (aawe.org).  

 

We hope you are enjoying our now monthly newsletter. 

Please feel free to distribute it to colleagues and friends 

who may find it of interest. Over the past number of 

months we have shared articles prepared by student 

members of AAWE and presented at the 12th Americas 

Conference on Wind Engineering this past June. This con-

tinues with the current issue and for the next few months. 

However, we are always looking for articles for the news-

letter. Please do not hesitate to send articles on your re-

search findings or interesting projects, or even ideas for 

special issues, to either Dr. Hector Cruzado 

(hcruzado@pupr.edu) or to me. 

 

I would also like to encourage you to nominate members 

of AAWE for various awards. We have the AAWE Best Pa-

per Award for papers from 2013. The deadline is at the 

end of February to nominate someone. Please send nomi-

nations to Dr. Anne Cope (acope@ibhs.org), who chairs 

our awards committee. In addition, the prestigious IAWE 

award nominations are also due at the end of March. 

There are two awards, one for researchers earlier in their 

careers (less than 40 years old), and the Davenport Medal 

for senior researchers. Please consider nominating some-

one who has perhaps influenced your own work. 

 

We are interested in ways we can make AAWE more rele-

vant to you and to enhance the implementation of our 

mission “to promote and disseminate technical infor-

mation in the research community”. If you have any ques-

tions or comments about AAWE, please do not hesitate to 

contact me. 

 

 

With warm regards, 

Greg Kopp (gakopp@uwo.ca)   

From the data obtained the resultant forces were computed 

and a relationship was defined between the net force val-

ues and the measured wind speeds in order to determine 

the values of the force coefficient, CF.  A time history plotted 

over a 400 second time interval is provided below in Figure 

1, illustrating wind and strain data which was averaged over 

three seconds.  The force coefficients, CF, also plotted, were 

calculated from the post processed wind and strain data.  

The values of CF ranged from a minimum value of 0.1 to a 

maximum value of 18.7, with an average of 1.9.  We note 

that CF values as high as 10 are reported to “often occur” 

on flat roofs and values up to 20 have occasionally been 

measured; however these values are associated with corner 

vortices (Holmes, 2007).  The results are offered for com-

parison with those of other researchers.  The faux solar pan-

els developed for this experiment and presented herein are 

offered as a means to monitor forces due to wind on rooftop 

solar panels.  As expected, a solar panel located near the 

edge of the roof will experience relatively high wind forces, 

thus producing higher CF values than for panel locations 

farther away from the roof edge. 

Figure 1.  Wind velocity, strain records, and calculated CF 

values from a selected record 

 

REFERENCES 

American Society of Civil Engineers, 2010. Minimum Design 

Loads for Buildings and Other Structures,   ASCE7-10. 

Cochran, L., 2012. Wind loads on solar collectors subcom-

mittee, in Minutes of Meeting of Structural Wind Engi-

neering Committee, Technical Council on Wind Engineer-

ing, ASCE, March 29.   

Holmes, J., Wind Loading of Structures, 2nd ed., Taylor & 

Francis, New York, 2007, 183. 

Stathopoulos, T., Zisis, I., Xypniton, E., 2012.  “Wind loads 

on solar collectors: A review”, Proceedings of ASCE Struc-

tures Congress 2012, March 29-31,     Chicago. Ill., Amer-

ican Society of Civil Engineers, Reston, VA.   

Tilley, C., 2012. “Why current module frame-based mount-

ing systems are inadequate”, Structure Magazine, vol. 

19, no.7, National Council of Structural Engineers Associ-

ations, C3 ink, Publishers, Reedsburg, WI, July.  

(Continued from page 2) 



4 

 

President 

Dr. Greg Kopp 

University of Western Ontario 

gakopp@uwo.ca 

 

President Elect 

Dr. Chris Letchford 

Rensselaer Polytechnic Institute  

letchc@rpi.edu 

 

Past President 

Dr. Partha Sarkar 

Iowa State University 

ppsarkar@iastate.edu 

 

Secretary/Treasurer 

Dr. Steve C.S. Cai 

Louisiana State University 

cscai@lsu.edu 

 

Newsletter Editor 

Dr. Héctor J. Cruzado 

Polytechnic University of Puerto Rico 

hcruzado@pupr.edu 

 

 

 

AMERICAN 

ASSOCIATION FOR 

WIND ENGINEERING 

A professional organization 

dedicated to the advancement 

of the science and practice of 

Wind Engineering and the 

solution of national Wind 

Engineering problems 

through transfer of new 

knowledge into practice. 

 

Established in 1966 

Corporate Members of AAWE 

Boundary Layer Wind Tunnel Laboratory, University of Western Ontario 

www.blwtl.uwo.ca 

 

Cermak Peterka Petersen, Inc. 

www.cppwind.com 

 

Insurance Institute for Business & Home Safety 

www.disastersafety.org 

 

Risk Management Solutions, Inc.  

www.rms.com 

 

Rowan Williams Davies & Irwin, Inc. 

www.rwdi.com 

 

Weidlinger Associates Inc. 

www.wai.com 

 

National Wind Institute, Texas Tech University  

www.wind.ttu.edu  

Board of Directors 

Mr. Steven Camposano 

High Velocity Hurricane Protection Systems 

steve@category5.com 

 

Dr. Anne Cope 

Insurance Institute for Business & Home Safety 

acope@ibhs.org 

 

Dr. David O. Prevatt 

University of Florida 

dprev@ce.ufl.edu 

 

Mr. William L. Coulbourne 

Applied Technology Council 

bcoulbourne@atcouncil.org 

  

Dr. Dorothy Reed 

University of Washington 

reed@u.washington.edu 

 

Dr. John Schroeder 

Texas Tech University 

john.schroeder@ttu.edu 

American Association for Wind Engineering  

1415 Blue Spruce Drive 
Fort Collins, CO 80524 
Phone:   970-221-3371 
Fax: 970-221-3124 
www.aawe.org 
aawe@aawe.org  


