
CHAPTER 8: Observations, Findings, and Recommendations 

d.	 The high concentration of sulfides in the grain boundaries of the corroded regions of the steel 
occurred due to copper diffusing from the high-strength low-alloy (HSLA) steel combining with iron 
and sulfur, making both discrete and continuous sulfides in the steel grain boundaries. 

8.2.8.2 Recommendations 
The severe corrosion and subsequent erosion of Samples 1 and 2 constitute an unusual event. No clear 

explanation for the source of the sulfur has been identified. The rate of corrosion is also unknown. It is 
possible that this was the result of long-term heating in the ground following the collapse of the buildings. It 
is also possible that the phenomenon started prior to collapse and accelerated the weakening of the steel 
structure. A detailed study into the mechanisms of this phenomenon is needed to determine what risk, if 
any, is presented to existing steel structures exposed to severe and long-burning fires. 

8.3 Building Performance Study Recommendations for Future Study 
The BPS Team has developed recommendations for specific issues, based on the study of the 

performance of the WTC towers and surrounding buildings in response to the impact and fire damage that 
occurred. These recommendations have a broader scope than the important issue of building concepts and 
design for mitigating damage from terrorist attacks, and also address the level at which resources should be 
expended for aircraft security, how the fire protection and structural engineering communities should 
increase their interaction in building design and construction, possible considerations for improved egress in 
damaged structures, the public understanding of typical building design capacities, issues related to the 
study process and future activities, and issues for communities to consider when they are developing 
emergency response plans that include engineering response. 

8.3.1 National Response 
Resources should be directed primarily to aviation and other security measures rather than to 

hardening buildings against airplane impact. The relationship and cooperation between public and private 
organizations should be evaluated to determine the most effective mechanisms and approaches in the 
response of the nation to such disasters. 

8.3.2 Interaction of Structural Elements and Fire 
The existing prescriptive fire resistance rating method (ASTM E119) does not provide sufficient 

information to determine how long a building component in a structural system can be expected to perform 
in an actual fire. A method of assessing performance of structural members and connections as part of a 
structural system in building fires is needed for designers and emergency personnel. 

The behavior of the structural system under fire conditions should be considered as an integral part of 
the structural design. Recommendations are to: 

• Develop design tools, including an integrated model that predicts heating conditions produced by 
the fire, temperature rise of the structural component, and structural response. 

• Provide interdisciplinary training in structures and fire protection for both structural engineers and 
fire protection engineers. 

Performance criteria and test methods for fireproofing materials relative to their durability, adhesion, 
and cohesion when exposed to abrasion, shock, vibration, rapid temperature rise, and high-temperature 
exposures need further study. 
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