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Chapter 9 
FIRE SIMULATIONS 

9.1 OVERVIEW 

9.1.1 Approach 

The major fires in WTC 7 were simulated using the Fire Dynamics Simulator, version 4, the same 
software that NIST used to simulate the fires in the World Trade Center towers (NIST NCSTAR 1-5F). 
(McGrattan 2004)  These simulations were part of a sequence of estimates that included the debris 
damage from WTC 1, the subsequent fires, the heating of the structural elements, the structural response, 
and the eventual collapse. Temperature predictions from the fire model were passed to the structural 
model via the Fire Structure Interface, again using the same process as in the reconstruction of the 
collapse of the World Trade Center towers (NIST NCSTAR 1-5G). 

As described in Chapter 5, sustained and/or late fires were observed on Floors 7 through 9 and 11 through 
13 of WTC 7.  There was a single observation of a late, small fire on floor 14.  In addition, there might 
have been concealed fires in the mechanical spaces on floors 5 and 6.  No fire was observed on the 10th 
floor.  The fires on the upper floors (19, 22, 29, and 30) died out well before the collapse of WTC 7. 

The fire simulations for WTC 7 were conducted for each floor individually.  Chapter 3 showed that there 
were no pathways for the flames and heat to pass from one floor to another, aside from the debris-
damaged area in the southwest of the building.  The only floor-to-floor connection within the tenant 
spaces was a flight of convenience stairs connecting the 11th and 12th floors.  It was located near the 
southwest corner of the building, near the multi-floor debris damage zone, and essentially acted as an 
enlargement of the debris damage zone.  The stairs were thus not included in the FDS simulation.  The 
analysis described in Section 9.1.2 found that any late developing floor breaches would not have had a 
major effect on the structural heating. 

It would have been difficult to observe fires on the 5th and 6th floors, due to the partitions just behind the 
various windows or louvers (Chapter 3).  Thus, the Investigation Team simulated a variety of fire 
scenarios and examined the outcome of each to determine whether it would have produced a visible 
telltale or whether it would have been severe enough to weaken any structural elements on those floors. 

The actual fires on floors 7 through 9 and 11 through 13 were likely initiated when WTC 1 collapsed 
(Chapter 5).  However, there is limited photographic evidence or on-site personal observation upon which 
to base simulation of the early development of these fires.  While use was made of the appearance of 
flames and window breakage in photographs and videos in formulating the simulations, the Investigation 
Team realized that the absolute timing of the simulations might not align exactly with the timing of the 
fires on September 11, 2001. 

Using a timeline reconstructed from the limited photographic evidence and eyewitness testimony, fire 
simulations were conducted for floors 7 and 8.  For the simulations, the fires on these two floors were 
assumed to have initiated at a time designated as noon.  There was no evidence of visible fire growth on 
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these floors during the morning; and, even at 2:00 p.m., the fire on the 7th floor was still in the southwest 
section of the building.  The computations were continued for six hours, since the time in the structural 
simulations at which the building would become structurally unstable was not yet known. 

The fire on the 9th floor was not observed until about 4:00 p.m., approximately one hour after fire was 
first observed on the 8th floor.  Since there was no information about the history of the 9th floor fire prior 
to 4:00 p.m., and since there was limited knowledge of the layout of combustible materials on this floor, 
this fire was approximated by displacing the 8th floor fire one hour later. 

The layouts of the 11th and 12th floors were essentially identical.  The observation of fires on the 11th floor 
indicated that they were similar to those on the 12th floor, but lagged about an hour in reaching equivalent 
positions along the building perimeter.  The intense fires on the 13th floor appeared after about 2:30 p.m. 
on the east face and the east side of the north face.  These fires also appeared similar to those on the 12th 
floor, but lagged behind them by about a half hour.  Thus, these fires were simulated using the 12th floor 
fires, suitably offset in time. 

On the 14th floor, a small fire was observed at the far east of the north face at about 5:03 p.m.  It was not 
observed at 4:52 p.m., nor at 5:09 p.m.  On September 11, 2001, the 14th floor was unoccupied and should 
have had a very small combustible fuel load.  From this evidence, the Investigation Team deduced that it 
was unlikely that there had been a sustained fire of appreciable heat output.  Thus, no fire simulation was 
performed for this floor. 

The calculations were very similar to those conducted for WTC 1 and WTC 2 (NIST NCSTAR 1-5F), and 
therefore only a brief description of the major assumptions is included.  It should be remembered that 
there are far fewer photographs of WTC 7 than of the towers.  Thus, while the severity of the simulated 
WTC 7 fires (as established from the visual evidence) is reasonable, the details of these fires are not as 
precise as for the fires in the towers. 

9.1.2 Fire Spread 

Ventilation Effects 

If each floor of WTC 7 had been airtight (i.e., no broken windows or breach in the exterior from debris 
impact damage), a fire starting on a particular floor would have been limited to a size that would not 
likely have threatened the building for the following reasons: 

�x The volume of a floor was approximately 1 �u 104 m3 (4 �u 105 ft3).  The mass of air contained 
in that volume was 1.7 �u 104 kg; the mass of oxygen was 3 �u 103 kg.  The heat release from 
combustion of typical combustibles is 13.1 MJ per kg of oxygen consumed (Huggett 1980).  
Only about half the oxygen could have been consumed, since that would have resulted in an 
oxygen level below which flame spread would slow considerably and soon halt. Thus, a fire 
on this airtight floor would have generated about 2 �u 104 MJ. 

�x If the density of combustible materials able to burn were 20 kg/m2 (4 lb/ft2), there would have 
been approximately 6 �u 104 kg of combustibles on a given floor.  Were they wood-like in heat 
of combustion (heat of combustion approximately 20 kJ/g (Drysdale 2002)), they would have 
generated 1 �u 106 MJ, given sufficient oxygen.  Since an airtight floor would have only 
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enough usable oxygen to generate 2 �u 104 MJ, only about 2 percent of the combustibles 
would have burned. 

�x Even if this had happened over as short a duration as 1 h (3,600 s), the fire would have 
averaged only about 6 MW in intensity.  This would not have been sufficient to heat enough 
of the insulated structural steel or the concrete floor slab to a temperature that would have led 
to significant weakening or thermal expansion. 

The fires burned longer than this and, on some floors, had sustained intensities estimated to have 
exceeded 100 MW (Section 9.4).  Thus, the rate at which fresh air became available played a major role 
in determining the intensity and duration of the fires.  The locations from which air became available 
determined the direction of fire growth. 

Initially, the intake air supply for the fires came from the south side of the building.  As noted in  
Chapter 5, the debris from the collapse of WTC 1 created a gash in the west side of the south face of the 
building that stretched from the 17th floor down to the 5th floor.  Photographs also show that windows in 
this vicinity were broken by the percussion and debris impact (Chapter 5).  Fires on the interior of the 
tenant spaces would have had to draw and vent air through these openings.  Chapter 5 also documents 
additional window breakage by the fires as they reached the building façade.  Only a very few (about 
three) windows were known to have been broken by building occupants,1 and these occurred well before 
fires reached these locations, and were too few to affect the fire ventilation or spread rate significantly. 

Floor-to-floor Fire Spread 

Initially, the Investigation Team hypothesized that it was unlikely that fires, once ignited on a given floor 
but prior to the initiation of the total building collapse, would have spread to an adjacent floor once they 
had moved past the gash in the south face.  There were several bases for this reasoning: 

�x There was only one constructed opening connecting adjacent fire floors in the tenant spaces, 
which was for the convenience stair between the 11th and 12th floors in the southwest corner.  
This was in the immediate vicinity of the gash created by debris impact and would have been 
little more than an extension of the debris-caused opening between these two floors. 

�x There was no visual evidence of floors collapsing prior to the beginning of the building 
collapse itself. 

�x There were no photographs or videos indicating flames had emanated from a window and 
ignited a fire on the floor above through the windows located directly above. 

Subsequently, thermostructural calculations (Chapter 11) indicated that approximately 15 min prior to the 
total building collapse, it was likely that the following floor sections had failed: 

�x 10th and 11th floors: a section of the north side, east of center. 

�x 12th and 14th floors: the same section as on the two lower floors, plus the southeast corner. 

                                                      
1 NYC Housing Authority Interview 8, April 2004. 
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�x 13th floor: the full east section of the floor. 

In addition, the thermostructural simulations indicated that a small section east of center on the north side 
of the 8th floor had failed approximately 20 min to 45 min before the building collapse. 

These support failures would have led to openings in the floor and could have altered the thermal profiles 
as follows. 

�x Hot gases from the lower floor would have vented to the upper floor.  This would have 
slowed further heating of the ceiling of the lower floor.  The hot gases would have increased 
the heating of the upper floor. 

�x Had a sizable hole opened in the floor slab, some combustibles from the upper floor could 
have fallen to the lower floor.  Flames from the lower floor could have ignited combustibles 
adjacent to the hole on the upper floor.  If portions of the floor slab actually separated and 
fell, they would have smothered some of the burning combustibles on the floor below. 

The breaches in floors 10 through 14 would have only had a modest effect on the heating of the steel and 
concrete, since the holes would have been there for only a relatively short time.  In addition: 

�x Prior to the breaches in the 8th, 12th and 13th floor slabs, there had been significant burning 
above and below the vicinity of the breach.  Thus, the combustibles on the upper floors had 
already been ignited, and only a small fraction of the combustibles remained, potentially to 
fall to the floor below.  In about 15 min, hot gas penetration to the already hot upper floor 
would not likely have had a major effect on the fire intensity or duration there. 

�x There were essentially no combustibles on the 14th floor.  Thus, the only effect of the breach 
in the 14th floor slab would have been the short-term decrease in the heating of the 13th floor 
ceiling.  The separation of this floor might have allowed for flames from the 13th floor to 
appear in the 14th floor windows, explaining the brief, late fire observed in the east end of the 
north face at 5:03 p.m. 

�x The floor collapses on the 10th and 11th floors resulted from thermal expansion of the support 
girders due to prolonged exposure to the hot gases from fires on the floors above and below. 

o No fire was observed on the 10th floor, and the fire on the 9th floor had just reached the 
area of the floor breach.  Thus, the effects of the breach in the 10th floor would have been 
the short-term decrease in the heating of the 9th floor ceiling and the addition of 
(unignited) combustibles to the 9th floor fire, which had no shortage of fuel already. 

o There had already been a prominent fire on the east side of the 11th floor.  Thus, a breach 
of its floor would not have affected the fire on the 11th floor significantly.  Since no fire 
was observed on the 10th floor, there had been no significant effect of any combustibles 
falling from the floor above. 

In light of the lack of visual evidence with which to validate the highly complex coupling of the fire and 
thermostructural models, the Investigation Team did not pursue simulating the modest effect of these late 
floor failures on the progress of the fires. 
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9.2 HYPOTHETICAL FIRES INVOLVING DIESEL FUEL 

9.2.1 Floors 5 and 6 

Fire Conditions and Limits to Fire Intensity 

Figure 9–1and Figure 9–2 are schematic diagrams of the layout of the 5th and 6th floors, respectively.  
They include the locations of the diesel generators, the fuel lines that fed them, the intake and exhaust 
ports, and any interior partitions.  These figures show that Column 79 was located in the same space as  

 

Figure 9–1.  Plan view of the 5 th floor, including estimated debris damage from WTC 1. 
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Figure 9–2.  Plan view of the 6 th floor, including estimated debris damage from WTC 1. 
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the four generators in the northeast quadrant.  Column 80, Truss 1, and Truss 2 were located in the 
Ventilation and AC Equipment space, which was enclosed with masonry walls.  Column 81 was located 
within the transfer corridor.  Thus, of these critical structural components, only Column 79 could have 
been exposed to heating from a fuel oil fire on Floor 5. 

As presented in Chapter 5 of this report, there was no visual evidence of a fire in this space. However, as 
presented in Section 3.3.2, louvers and blocked windows would have obscured views of a fire on the 5th 
floor from the north, east, and west. A fire on the north or west side of the core on the 6th floor would 
have been visible through the 6th floor windows; the two story louvers that extended up from the 5th floor 
would have obscured a fire on the 6th floor viewed from the east. Had a large, sustained fire occurred on 
the 5th floor, the partitions separating the exhaust and air intake plenums could have been breached, 
discharging visible smoke through the louvers to the west, east or north. 

Chapter 8 suggests that the initial effect of a fire weakening the building structure would have occurred 
toward the east side of the building. The interior columns that might have been affected were Columns 
79, 80, and/or 81. Figure 9–3 shows the developing thermal conditions for these heavy columns, insulated 
with 9/16 in. of thermal insulation2, when exposed to a uniform temperature of 1100 ºC. It would have 
required a continuous, fully developed fire at the location of a column for approximately 7 h for a 50 
percent reduction in its strength to occur (Section 4.1.2, NIST NCSTAR 1-6). 

Figure 9–3.  Minimum heating of reinforced heavy columns to initiate global collapse. 
The column modeled is a W14x730 with 9/16 in. of thermal insulation. 

There was very little in the way of solid combustibles on the 5th and 6th floors. Therefore, any sizable 
fires would have had to involve the fuel oil that could have been delivered to the floor by the fuel pumps 

                                                      
2 The nominal column insulation thickness for columns larger than a W14x228 was nominally 7/8 in. (Chapter 2).  As part of 

determining the rate of heating in Column 79, a reduced thickness was evaluated. 
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(Section 3.4.2).  NIST evaluated a set of hypothetical, extreme fire scenarios to determine whether the 
outcomes could have contributed to the weakening of the WTC 7 structure and whether the outcomes 
were consistent with the available evidence. 

Hypothetical Fire Scenarios and Results 

Fire Scenario Set 1 

The fires in scenario set 1 would have originated in the northeast quadrant of the 5th floor (Figure 9–1). 
The scenarios presumed a rupture of the fuel oil supply piping, possibly where it was rigidly attached to 
the ceiling-mounted valve rig (refer to Figure 9–1 for location and Section 12.3 of NIST NCSTAR 1-1 for 
a fuller description of the piping), as the building responded to being struck by debris from the collapse of 
WTC 1 at 10:20 a.m. The maximum total fuel supply for the fires would have been the 55 m3

 (12,000 gal) 
from the SSB system (Section 4.3.2). The maximum flow from the circulating pump was 4.4 L/s 
(70 gal/min). Ignition of the fuel would have occurred at approximately the same time as the pipe rupture. 

Scenario 1.a, maximum duration, over-ventilated fire: To be sustained for the approximately 7 h 
between the collapse of WTC 1 and the collapse of WTC 7, the fuel would have had to be pumped at 
about 1.8 L/s (29 gal/min), which was well within the capacity of the pumps. A large open pool of 
diesel fuel burns at a surface regression rate of about 4 mm/min (Gottuk and White 2002). A pool fire 
that burned the fuel at the same rate as it was being pumped would have had a surface area of about 
30 m2. For the purpose of the simulation, the pool was assumed to be a square, 6 m on a side, sited 
underneath the valve rig at location (a) in Figure 9-1. The needed air would have been supplied by 
continuously operating fans (95 m3/s, 200,000 ft3/min) and through breached partitions at elevator 
lobbies and the large gap on the south face. The steady state heat release rate from the over-ventilated 
fire would have been 50 MW to 60 MW. As suggested by the FEMA Building Performance Study 
Report (McAllister 2002), this fire scenario could have heated critical structural elements to high 
enough temperatures that the structural elements would have become incapable of maintaining the 
required load. 

Result: Figure 9–4 shows the gas temperatures near the ceiling after 7 h for Scenario 1.a., as 
predicted by the FDS computer model. Maximum gas temperatures of approximately 1000 ºC are 
indicated in the vicinity of Column 79 (Figure 9–1). These temperatures, had they existed the entire 7 
h, would have been sufficient to weaken this column substantially. However, the simulation also 
indicated that the gas temperatures above all of the nine water-cooled diesel generators would have 
exceeded their operating limit of about 100 ºC (the boiling point of water) in the northeast, northwest, 
and southwest quadrants in less than an hour. The emergency electrical distribution cables, which 
connected the various transformer vaults and the diesel generators, were protected by 2 h fire 
resistance rated partitions (Flack and Kurtz 1987).  These cables would have been threatened by a 
sustained fire. Thus, with all nine generators and/or the electrical distribution system out of 
commission, there would have been no power to operate the fuel pumps for more than an hour or two, 
and the fires would have burned out well before the column experienced significant loss of strength or 
the 8 in. composite floor system at the 7th floor was damaged by the fire. 

Scenario 1.b, maximum intensity, over-ventilated fire: This northeast fire location was the same as 
in Scenario 1.a. However, the fuel flow was doubled, which cut the possible fire duration in half, to 
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3.5 h. The forced air flow remained the same (95 m3/s, 200,000 ft3/min), which was more than enough 
to maintain an over-ventilated fire. 

Result: The predicted temperatures of the upper layer of the 5th floor about 3.5 h into the fire are 
shown in Figure 9–5. The temperatures were somewhat higher across the floor as compared to 
Scenario 1.a, even though the total energy content was the same (that is, 100 MW to 120 MW heat 
release rate for half the time). The higher temperatures were due to the reduced amount of time for 
heat to be lost through the walls. The outcomes for Scenarios 1.a and 1.b were the same: the high 
temperatures near Column 79 could not be sustained because the environment around all the diesel 
generators and the electrical distribution system would likely have caused the electrical power to the 
fuel pumps to fail.  Neither Column 79 nor the 7th floor composite floor system would have been 
thermally weakened. 

 

Figure 9–4.  Temperatures near the 5 th floor ceiling for the hypothetical maximum 
duration, over-ventilated diesel fuel pool fire after 7 h (Scenario 1.a). 

 

Figure 9–5.  Temperatures near the 5 th floor ceiling for the hypothetical maximum 
intensity, over-ventilated diesel fuel pool fire after 3.5 h (Scenario 1.b). 
































































































































































































































































































































































































































































































































































































































































































































