APPENDIX A: Overview of Fire Protection in Buildings

°C (2,089 °F) at UL. The hydrocarbon time-temperature curve is, however, actually a test-specific item and
can vary some from test apparatus to test apparatus.

The ASTM E119 curve was derived from experiments and is empirically based; however, ASTM
E1529 exposure is based on judgment, experience, and a database of experiments concerning the
measurement of the temperatures involved in large hydrocarbon fires. The incident flux approximates the
incident flux on a member completely bathed in the flame from a large free-burning pool fire. Although
both of the ASTM curves are useful in conducting tests of fireproofed building elements as pre-installment
tests, they are not predictions of the intensity of actual fires and are often not appropriate as an input to
models or other computations seeking to assess a fire hazard for a building.

A prime impact of the high flux “shock” exposure is to test the capability of the fireproofing to survive
such exposure. In addition, such thermal shock could induce spalling in concrete systems.

Comparison between ASTM E119, ASTM E1529, and UL 1709 is further complicated by
instrumentation differences in the two “hydrocarbon fire” tests and that used in the ASTM E119 test. In
particular, different thermocouple installations are used to control and record furnace temperatures in the
respective tests. In the ASTM E119 test, the thermocouples are contained within a protective capped steel
pipe, resulting in a time delay between the actual and recorded furnace temperatures. In the hydrocarbon
tests, the thermocouples are bare, thereby providing a more timely indication of the actual gas temperature.
The lag in ASTM E119 is most pronounced at the start of the test. Figure A-3 provides a plot of the two
standard curves with an additional curve of the approximate actual temperature (if measured with bare
thermocouples) in an ASTM E119 furnace test. Most of the tests to date have been conducted using the UL
1709 curve. Many tested items show a significantly shorter time to failure using the UL 1709 procedure as
compared to the ASTM E119 procedure.

A.3.1.3 Response of High-rise, Steel-frame Buildings in Previous Fire Incidents

In recent years, three notable fires have occurred in steel frame buildings, though none involved the
total floor area as in WTC 1 and WTC 2. However, prior to September 11, 2001, no protected steel frame
buildings had been known to collapse due to fire. These previous three fire incidents include the following:

* 1% Interstate Bank Building, Los Angeles, May 4-5, 1988
* Broadgate Phase 8, UK, 1990
* One Meridian Plaza, Philadelphia, February 23-24, 1991

The steel in the 1st Interstate Bank Building and One Meridian Plaza was protected with spray-
applied protection. Because the fire occurred at the Broadgate complex while it was under construction, the
steel beams had not yet been protected. The fire durations of the three incidents are indicated in Table A.2.
The durations noted in the table refer to the overall duration of the incident. The fire duration in a
particular area of the building was likely less than that noted.

In the case of the fire at One Meridian Plaza, the fire burned uncontrolled for the first 11 hours and
lasted 19 hours. Contents from nine floors were completely consumed in the fire. In addition to these
experiences in fire incidents, as a result of the Broadgate fire, British Steel and the Building Research
Establishment performed a series of six experiments at Cordington in the mid-1990s to investigate the
behavior of steel frame buildings. These experiments were conducted in a simulated, eight-story building.
Secondary steel beams were not protected. Despite the temperature of the steel beam reaching 800-900 °C
(1,500-1,700 °F) in three tests (well above the traditionally assumed critical temperature of 600 °C [1,100
°F]), no collapse was observed in any of the six experiments.

FEDERAL EMERGENCY MANAGEMENT AGENCY A-9



