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Response of Curtain Wall Architectural Envelopes to 
Negative-phase Blast Effects 

 Negative-Phase Blast Resiliency  
While blast resistant products add capital cost, the 
cost of an attack could outweigh the initial investment 
for protection. In some cases, the protected structure 
many not be the primary target of an attack. Nearby 
buildings and civilians may be the target. Such 
scenarios necessitate new approaches to expanding 
the protected area.  
Shattered glass from windows is a major contributor 
to damage from an explosive attack. New shatter 
proof window designs are emerging, but so far, all are 
designed to resist the positive pressure phases of a 
blast. There is a need for glass curtain wall designs 
that resist the negative phase blast effects associated 
with large scale blasts that forcefully disseminate 
glass shards away from the primary blast area. 
An Adaptable Approach 
The Curtain Wall project, funded by DHS S&T, re-
duces damage to structures and protects citizens near 
primary blast sites by increasing the resiliency of 
glass curtain wall systems in the negative blast phase.   

Testing Reaction Forces 

 
 
Tri-axial force sensors are placed at the connections points between window 
and frame to capture blast loading data. Deflection data is captured with a 

laser deflection gauge.  

Current Status 
A University of Kentucky research team has 
developed design specifications for curtain wall 
architectural envelopes and windows that curtail the 
effects of negative blast pressure. The team produced 
the blast waveforms that permit the validation and 
comparison of the design models and calculations.  
The material and grid for the models have been 
established for further iterations of the curtain wall 
design. 
The project team has also successfully created and 
validated design models that address both positive 
and negative blast phases. Leading up to this success, 
the team: 
• Determined the blast loadings that are appropriate 

for curtain wall testing 
• Generated the desired blast waveforms 
• Designed and modeled the first iteration of curtain 

wall systems 
• Validated design models and calculations. 
 
Moving Forward 
Based on results from high explosive shock-tube test-
ing, the models and calculations have proven to be 
accurate, nearing a level of fidelity that would allow 
for extrapolation in the absence of test data. With the 
use of these models and calculations, further devel-
opment of curtain wall systems can be accomplished.  
In addition, the second phase of validation for design 
models and calculations is underway.   
 
Commercialization Highlights 
Winco, Inc., the commercial partner, is using project 
outcomes for marketing and new window designs. 
Specifically, a retrofit system is under development 
for expedient installation and protection of buildings 
where historic site lines and architecture are important 
and blast protection is required. Winco has developed 
marketing materials and promoted these new window 
designs at industry expositions and has placed bids on 
jobs for new curtain walls. 


