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CODE CHANGE PROPOSAL 

Code: IBC–09/10
Sections: 403.2.4, Table 403.2.4

Delete without substitution: 

403.2.4  Sprayed fire-resistive materials (SFRM).  The bond strength of the SFRM installed throughout the building shall be in accordance with Table 403.18. 

TABLE 403.2.4
MINIMUM BOND STRENGTH
	HEIGHT OF BUILDING a 
	SFRM MINIMUM BOND STRENGTH 

	More than 75 feet and up to 420 feet 
	430 psf 

	More than 420 feet 
	1,000 psf 


For SI: 1 foot = 304.8 mm, 1 pound per square foot = 0.0479 kW/m2 

a.  Above the lowest level of fire department vehicle access 

Reason:  There is no credible technical evidence or documented experience to indicate that the increased minimum bond strength requirements specified in the subject text and Table improve the long term durability of sprayed fire –resistive materials (SFRM) in high-rise buildings or improve the chances of SFRM to be in place when it is needed (in the event of a fire). The single proven effect of these increased bond provisions is to dramatically increase the SFRM installed cost by up to 250%. SFRM minimum bond strength of 150 psf (Section 1704.12.6), in conjunction with inspections and field tests, specified in Section 1704.12, are adequate to ensure SFRM is in place after completion of the construction phase. Regular inspections and timely repairs are needed to ensure SFRM in-place condition over the life of the building, regardless of the bond strength of SFRM. 

A survey of the commercially available SFRM products in terms of their bond strength and density, conducted by the American Iron and Steel Institute (AISI) in 2007 clearly indicates that the provisions in Section 403.2.4 and Table 403.2.4 are specifically calibrated and targeted to ban standard-density SFRM products from the high-rise market – i.e., these provisions create an artificial commercial barrier, but do not address any measurable risks or safety concerns tied to any meaningful bond strength values (in terms of SFRM in-place durability). 

The current provisions in Section 403.2.4and Table 403.2.4 resulted from proposal G68-06/07 (and further slightly modified by proposal G68-07/08), based on misleading technical information and flawed cost impact analysis provided in the proposal and relevant testimonies during the public hearings:

· G68-06/07 reason statement suggested “building sway” as a “known” “initiating event” for SFRM dislodgement. Testimony during the public hearings also suggested building vibration as a possible cause for SFRM dislodgement. To date, no evidence has been found to document either of these claims.

· G68-06/07 reason statement noted that “The purpose of this proposal is to increase the required adhesions of Spray Applied Fire Resistant Materials (SFRM)”, seeking to achieve the improvements called for in Recommendation 6 of NIST WTC Report. Testimonies during the hearings further suggested that proposal G68-06/07 is somehow based on NIST WTC Investigation and its recommendations. In fact, NIST Recommendation 6 reads as follows: 

“NIST recommends the development of criteria, test methods, and standards: (1) for the in-service performance of sprayed fire-resistive materials (SFRM, also commonly referred to as fireproofing insulation) used to protect structural components; and (2) to ensure that these materials, as-installed, conform to conditions in tests used to establish the fire resistance rating of components, assemblies, and systems.”

There is nothing in Recommendation 6, or in any other part of the NIST WTC Investigation Report, to justify the immediate need to arbitrarily increase the SFRM bond strength. Nothing in the published NIST report suggested that the SFRM bond strength was inadequate for any of the intended purposes. The compiled records actually indicated that WTC towers endured numerous fires prior to 9/11 with minimal or no structural damage. Nothing in the NIST Report suggested that any existing SFRM product with higher bond strength and/or higher density would have performed better, or would have changed the sequence or the outcome of events.

· G68-06/07 proposal noted that “Many tall buildings already utilize these higher strength materials”. However, in 2006, there was only one high-rise building known to utilize medium-density SFRM throughout the building (the reconstructed WTC 7), and the owner did it for understandable reasons (What was the reason?). Basically, the owners of reconstructed WTC7 wanted to generate an impression of security reassurance with the public and prospective tenants, because they were reconstructing shortly after 2001, and they were concerned about bringing tenants. It was essentially a commercial interest specific to lower Manhattan for a relatively short period of time, when the fears of repeated attacks were high. Medium-density SFRM was only one of several advertised “re-assurances”, such as hardened lower floors, hardened stairs, wider stairs and some others –I remember attending a presentation by an chief architect on the project, describing what they are trying to do, there was also an article on the application of medium-density SFRM in WTC7 by W R Grace rep (I could try to dig these out, if needed).  In fact, the absence of long-term nation-wide experience with the “throughout” application of medium-density and high-density SFRM in high-rise buildings should be a cause for concern – there could be surprises waiting for us down the road. (What are the likely surprises and provide the basis for concern. Maybe state the “lack” of long term data). “Lack of data” equally applies to many materials in terms of long term durability, my point here is somewhat different – we do not have broad “experience”, not only data. Materials that were used satisfactorily for long time could be deemed reasonably reliable, even in the absence of collected “data”. “Surprises” tend to happen when people loose caution, looking for immediate “magic” solutions, especially when blinded by ideological reasons. “Surprises” could be of any nature and magnitude, like with anything tested insufficiently, and abruptly thrown into broad application. For example, higher density brings not only higher strength, but higher brittleness and higher shrinkage as well. There could be technological issues, and there could be issues in specific application configurations, or in specific environmental regimes.  
· G68-06/07 offered flawed cost impact analysis stating that the associated cost increase will be only marginal. In fact, credible estimates for real projects indicated very significant cost increase for installed medium-density and high-density SFRM. Independent estimates by government agencies (reported in G69-07/08) indicated that minimum bond strength requirement of 430 psf increases the SFRM cost by over 50%, while the requirement of 1000 psf increases SFRM cost by about 170%. Other independent estimates in the 2007 AISI report show similar cost increases: by over 50% for medium-density SFRM, and by over 230% for high-density SFRM. These increases cannot be characterized as “marginal” or “relatively small”. The cost impact of Table 403..2.4 provisions needs to be fully considered, and society’s fire protection resources need to be effectively allocated in a meaningful way. 

· Several testimonies during the public hearing exploited the notion of standard-density SFRM dislodgement under its own weight for no apparent reason or due to the lack of bond strength. In fact, SFRM dislodgement are almost always linked to very specific reasons that are irrelevant to bond strength – over the building lifetime, the overwhelming majority of documented dislodgement cases are caused by direct contact/impact removals of SFRM associated with human activities such as construction, demolition, remodeling, testing, structural inspections, maintenance operations, electrical/mechanical installations, and also, associated with equipment failures, such as water leaks, improper elevator operations, and similar reasons. The information compiled in WTC Investigation Report NCSTAR 1-6A clearly illustrates typical cases, e.g.:

“Section 3.7 with photographs in Figures 3-5 through 3-10 states that, “There were many instances where SFRM had obviously been dislodged in the process of installing utilities. In some cases hardware was attached directly to the lower chords and SFRM was dislodged. These damaged areas should have been repaired when the various trades had completed their work”. Section 3.7 also states that “the overall views of the trusses showed that regions of missing insulation were minor in extent when compared with the total area of applied SFRM”. 

Figure A-36 points to SFRM damage on trusses due to “tenant construction work” or “works over the years in the ceiling” by the Port Authority.

Figure A-37 points to SFRM damage on trusses "during demolition after tenants move out" as "ductwork, partitions, hangers, etc. are removed".
Figure A-38 points to SFRM "damaged by installation of new construction".

Figure A-39 points to SFRM "disturbed by remodeling operations"

Figure A-49 points to SFRM re-occurring "extensive damage" in the elevator shafts caused by "the slack condition in compensating cables, especially on shuttle cars, causing a chafing condition against finished spray-on fireproofing on structural steel within hoistways".

Figure A-56 and A-57 (excerpts from LERA reports dated 1993 and 1995) point to SFRM damage in elevator shafts due to "rubbing of the hoist cable against the face of column", or "due to testing purposes". In one instance, the LERA reports also point to the installation of bracket as the cause for missing fireproofing.

The entire compilation of maintenance and inspections documents in the published reports of NIST WTC Investigation does not contain a single case of SFRM dislodgement linked to the lack of SFRM bond strength, despite the fact that all structural steel and steel joists in WTC towers was primed (SFRM application over primed and/or painted steel is known to reduce bond strength).

Similar causes of SFRM dislodgement, irrelevant to bond strength, were reported in the 2007 AISI report (Where available? Is raw data available? ), based on surveys (How many? Any data?) No, it was not a “formal” full-blown survey. At the time, we were not sure about things, so we talked on the phone to 35-40 architects and contractors, experienced in structural steel projects, to get a sense of the situation. To our surprise, the responses were very consistent.  of building architects and construction contractors to evaluate their use of SFRM and their experiences with it. This survey is more relevant to the initial construction and/or major renovation phases in buildings’ lifetime, and identifies intentional removal of SFRM by construction trades as the primary cause of SFRM dislodgement. 

In summary, the two leading causes (Any other causes?) Yes, violations of application technology, e.g. dirty/oily surfaces, applications in cold weather, etc.- these are not very common, and apply to all SFRM, regardless of density.  of SFRM dislodgement during construction and maintenance of buildings are: 

· Primary cause - intentional removal of SFRM associated with human activities, such as construction, renovation, electrical/mechanical installations, testing, inspections, maintenance operations, etc. This type of SFRM dislodgement is completely irrelevant to SFRM bond strength. Only inspections and timely repairs could address intentional removal of SFRM. 

· Secondary cause - unintentional/accidental removal of SFRM associated with human activities and equipment failures. While the use of higher-density SFRM products could slightly reduce dislodgements associated with some accidental abuses, such as light abrasive actions and light impacts, existing medium-density and high-density SFRM products are still by far incapable to substantially reduce dislodgements or address all common causes of accidental removals (e.g. water leaks, repeated and stronger abrasive actions and impacts, etc). Concealment of SFRM-protected steel elements in protective envelopes (e.g. gypsum board) or behind suspended ceilings is the most effective way in avoiding accidental dislodgement due to most accidental impacts and abrasions. Again, only inspections and timely repairs could adequately address unintentional/accidental removal of SFRM.

Substantiation: “Analysis of Proposed Change G68-06/07 to the 2006 Edition of IBC”, by Farid Alfawakhiri, Ph.D., American Iron and Steel Institute, January 2007 (available at  ????   .) Is this the study report? Yes, whenever AISI report is mentioned in the “Reason” statement, the “substantiation” report is meant.
Bibliography: NIST NCSTAR 1, “Federal Building and Fire Safety Investigation of the World Trade Center Disaster: Final Report on the Collapse of the World Trade Center Towers”, National Institute of Standards and Technology, September 2005 ( available at http://wtc.nist.gov/ ).

Carino et al, NIST NCSTAR 1- 6A, “Federal Building and Fire Safety Investigation of the World Trade Center Disaster: Passive Fire Protection”, National Institute of Standards and Technology, September 2005 (available at http://wtc.nist.gov/ ).

Cost Impact:  The code change proposal will not increase the cost of construction.


