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ANALYSIS OF THE HAPPYLAND SOCIAL CLUB FIRE
WITH HAZARD I

Richard W. Bukowski, P.E. and Robert C. Spetzler
Building and Fire Research Laboratory, NIST
‘ Gaithersburg, MD 20899

SUMMARY

The paper presents the reconstruction of the Happyland Social Club fire using the HAZARD | fire
hazard assessment method along with an examination of four potential mitigation strategies:
automatic sprinklers, a door at the base of the stairway to the second floor, a second means of
egress from the second floor, or a noncombustible interior finish. The paper concludes that the
traditional second means of egress might have not have eliminated the observed fatalities, and
that the noncombustible interior finish or sprinkler options would, with the former being the more

cost effective approach.

BACKGROUND

In the early morning hours of 25 March
1990, a tragic fire took the lives of 87 per-
sons at a neighborhood club in the Bronx,
New York. A few days later, the New York
City Fire Department requested the assis-
tance of the Center for Fire Research (CFR)
in understanding the factors which contrib-
uted to this high death toll and to develop
a strategy that might reduce the risk of a
similar occurrence in the many similar clubs
operating in the city. It was not the purpose
of the CFR work to examine cause and ori-
gin, nor criminal or negligent actions which
may or may not have taken place before or
after the incident.

In responding to this request, CFR staff
visited the fire scene on 29 March to obtain
information needed to perform an analysis
with the HAZARD I Fire Hazard Assess-
ment Method!. Physical measurements taken
on-site, along with floorplan drawings and
newspaper accounts, provided the only data
on which this analysis was based. No mate-
rial samples were taken, and no testing was
performed.

This paper is a contribution of the National
Institute of Standards and Technology and
is not subject to copyright.

THE BUILDING

The floorplan drawings obtained from the
New York City Fire Department are shown
on the next page. Wall finish throughout the
interior of the building was 3/16-inch thick
wood paneling on furring strips over plas-
ter. The ceilings were low density fiber-
board tiles in the first floor entry and bar,
and gypsum board elsewhere. The fiberboard
tiles were installed on furring strips under
the floor joists. Note the partial sprinkler
system on the second floor.

THE FIRe

From information reported in the media and
observations of the CFR staff during an on-
site investigation, the ignition scenario for
this fire was as follows. One dollar’s worth
(about three quarters of a gallon) of gaso-
line was poured on the floor of the entryway
and ignited2. The door from the entryway to

Author’s note: This analysis was performed in
the period just after the firein support of the New
York City Fire Department’s understanding of
the event and how to deal with other similar
establishments operating in the city. This report
was provided to the fire department at the time,
but publication was withheld at the request of
the District Attorney until criminal proceedings
had been completed.
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Floorplan drawings of the Happyland Social Club

the street was believed to be open. The door
from the entryway to the bar was believed
to be closed. The fire quickly spread to the
combustible interior finish within the entry
area and, at some point someone opened the
door from the bar to the entryway to go out?.
This action opened a path for fire to spread
from the entryway into the first floor bar
area.

At some point before or after this interior
door was opened, an employee and a patron
escaped® through the service entrance which
was reportedly closed®. It is unclear whether
these doors were left open or closed and
reopened after the fire department arrived.
The fire department entered through the
front doors and quickly brought the fire
under control. Of the seven sprinkler heads
on the second floor, four opened, two did
not, and one was missing at the time of the
site visit, but water stain patterns on the
ceiling indicated that it had been in place
and had activated during the fire5. Based on
damage observations made at the scene, the
hollow core door at the base of the front

stairway was believed to be closed through
most of the fire.

THE VicTIMS

Newspaper accounts indicate that 68 of the
87 victims were recovered from the second
floor where they succumbed to toxic smokeS.
The remainder of the bodies were recovered
from the first floor (11 from the rear restroom)s,
each having some burns in addition to smoke
inhalation. There were at least three survi-
vors and possibly a few more®.

THE APPROACH

Given the limited scope of the CFR involve-
ment, the HAZARD I! software was used to
develop an approximate reconstruction of
the fire events. The details of the building
arrangement and construction, and the ig-
nition sequence described above, were en-
tered into the HAZARD I routines. A series
of computer runs was made examining the
possible ventilation conditions associated
with which doors to the exterior might have
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been open, and when they might have been
opened. This is critical in understanding
the fire development since this fire quickly
became ventilation controlled. A ventila-
tion controlled fire is one in which the burn-
ing rate becomes controlled by the avail-
ability of air necessary for combustion rather
than by the rate at which fuel is vaporized.
Both the computer reconstruction of the fire
events and the limited extent of burning in
the building® support this position. Thus,
the burning rate was influenced more by
ventilation than by fuel characteristics (e.g.,
type, quantity, and arrangement). The com-
bination of door openings predicting results

which best match the observed damage con-

ditions would be assumed to represent the
likely conditions during the fire.

The next step was the examination of poten-

tial mitigation strategies that could have

influenced the outcome of this fire. Initially,

four possible approaches were identified:

* Provide a complete automatic sprinkler
system. :

* Install a door at the base of the rear
stairs to prevent combustion products
from traveling to the second floor.

* Install a second means of egress from
the second floor.

s Upgrade all interior finish materials to
noncombustible materials that would not
contribute to the fire.

For each strategy, the ability to mitigate
the life loss was evaluated and the retrofit
cost estimated. Cost is an important deter-
minate of whether any strategy is realistic,
since high costs may result in a reluctance
by building owners to comply with code mandates.

THE ANALYSIS

The room dimensions and estimated fire
characteristics for the interior finish mate-
rials were entered into HAZARD I. The
MAKEFIRE routine in FPETOOL? was em-
ployed to make estimates of the burning
rate of the gasoline and the combustible
ceiling and walls of the entryway, based on
the estimated surface areas involved. The
general procedures ofthe chapter on calculational
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procedures in the HAZARD I manual were
used. The resulting potential energy release
rate profile for the gasoline alone and in
combination with the finish materials in
the entryway are shown as “GASOLINE FIRE”
and “TOTAL POTENTIAL FIRE” in Figure
2a. The difference between the potential
rate of heat release and the rates of heat
release predicted by HAZARD I for the cases
analyzed (except the gasoline fire) results
from the impact of the limited air supply.
The rate of heat release estimated by HAZ-
ARD I for the case where the only combus-
tible material was the gasoline is identical
to the potential rate of heat release of the
gasoline. This was because the available air
supply was sufficient to freely burn all of
the gasoline. :

The execution of HAZARD I requires spe-
cific input data. In addition to the potential
rate of heat release, the data listed in Table
1 were used. The area of the gasoline fire is
ajudgment estimate as no specific data exist
on exactly how the reported gasoline pour?
occurred. The value used represents a cir-
cular pool about 3 feet in diameter. The area
of interior finish is approximately that burned
in the fire as estimated by CFR staff®. The
other values are generic values typical for
gasoline and plywood or fiberboard interior
finish materials. The 1% LOI is typical for
post-flashover fires.

The predicted conditions within the build-
ing for the incident (labeled base fire) and
for each mitigation strategy are presented
in the Figures 2 through 5. Data for a single
variable (e.g., temperature, oxygen concen-
tration) are presented in each figure con-
sisting of a graph for each room with a curve
for each case examined. All graphs for a
given variable use the same scale for easy
comparisons.

With these as input data, the FAST model
was utilized to examine the room tempera-
tures and gas concentrations predicted in
the various spaces within the club as a funec-
tion of whether and when the doors to the
service entrance and those to the entryway
were open. The results of these calculations
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are presented in Table 1.

Service Entrance

The analysis assumes that the exterior ser-
vice entry door and the door between the
service entry and the bar room were ini-
tially closed. At some point early in the fire,
the two uninjured survivors exited through
these doors, probably leaving both open3.
Since there were no automatic closers on
either door, it is assumed that they did not
delay to close the doors behind them in the
rush to escape. There was fire damage to the
service corridor and the exterior of the building
above that door®, so these two doors were
certainly open for some time during the fire.
Since the volume of the service corridor is
small compared to the remaining volume of
thebuilding, the question of interest is whether
both doors remained open after they were
used for escape or whether either was closed.

The calculations show that the fire develop-
ment was much less sensitive to the posi-
tion of these doors than to the doors to the
entryway. The HAZARD I computationsindicate
that the service entrance doors have a no-
ticeable effect on increasing burning in the
bar room but only a minor effect on burning
in the entryway. Thus it was assumed that
the service entrance doors were open throughout
the incident.

Entryway

The assumed sequence of events has the
exterior door open throughout and the inte-
rior door initially closed. At some time after
the gasoline was ignited, a person opened
the interior door, saw the fire, and ran out
through the flames (sustaining serious burns,
but surviving) leaving the door open3+4, The
fire damage to the entryway was severe,
and there was also fire damage to the build-
ing exterior over this door.

Simulations with the exterior entryway door
closed quickly showed the effects of fire
starvation due to lack of oxygen, even if the
service entrance doors were both open. Since
this is inconsistent with the physical evi-
dence, the analyses were based on the case
where the exterior entryway door was open
throughout the incident?.

The injured survivor confirmed that the inner
door was initially closed®*. But it is of in-
terest to determine at what point in the fire
development he opened that door. It is as-
sumed that if he ran through the entryway
while the gasoline was burning, he would
have picked up burning gasoline on his shoes,
and would have received burns to his legs.
He did not*. Thus, it was assumed that he
moved through the entryway after the gaso-
line burned out—by our estimates, about 90
sec.

Table 1. -
Assumed Fire Characteristics at Peak Burning -
Gasoline _Interior Finish* |
Area 0.75 m2 64.5 m2
Mass loss/unit area 0.045 kg/m2 -s™* 0.03 kg/m2 -s ***
Heat of Combustion 44 MJ/kg+ 12 MJ/kg ™
CO/CO, Ratio 0.005 (.5)*+ 0.005 (.5)*+
C/CO, Ratio 1.0++ 1.0++
Limiting Oxygen Index 1%++ 1%++

** See Reference 8. *‘** See Reference 9
+See Reference 9. ++ See Reference 1.

Values which were modified after flashover are shown in ().
* Composite of 3716-inch thick plywood wall panels and low density fiberboard ceiling material.
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The FAST model was used to examine the
impact of the inner door being opened at 60
sec, 120 sec, and 180 sec. The primary effect
of this door being opened at different times
is to shift the point at which the fire's ef-
fects began to spread into the building. As
discussed above, the door was probably not
opened before 90 sec. If the door was opened
as late as 180 sec, the finish in the entry
could have begun to burn out. Thus, to be
more conservative, we assumed for calcula-
tion purposes that the inner door was opened
at about 120 sec after the gasoline was ig-
nited.

Base FIRE SCENARIO
(HAZARD | Case—Baske FIRre)

The simulations presented thus far were
used to identify the likely positions of the
exterior doors, and therefore the ventila-
tion conditions present in the building dur-
ing the incident. On this basis the following
conditions were assumed for the balance of
the study.

¢ The exterior door to the entryway was
open throughout.

* The door from the entryway to the bar
was initially closed, but was opened at
about 120 sec (after ignition of the gaso-
line).

* Both doors to the service entrance were
open throughout the incident.

Under these base conditions, occupants of
the second floor room were predicted to have
been physically incapacitated by toxicity (a
combination of high carbon monoxide and
low oxygen in the presence of CO, at about
5 min. Note that this result is consistent
with the number of victims who died with-
out apparent attempts to escape. At that
time, predicted temperatures on the second
floor were still low. Further, as has been
demonstrated experimentally!! the opera-
tion of a sprinkler at the top of a stairs
would cool the gases even further, but would
have no effect on the CO, CO,, or oxygen
concentrations. Prediction of such effects of
sprinklers is beyond the current capabili-
ties of the models used in this analysis.

J. of Fire Prot. Engr., 4(4), 1992, pp 117-131

It should be noted that the peak upper layer
temperatures shown in Figure la are too
high. Such temperatures reported from ex-
periments rarely exceed 1000°C. Zone mod-
els are known to overpredict upper layer
temperatures and underpredict lower layer
temperatures, because not all mechanisms
of energy exchange between layers are in-
cluded. FAST is no exception, with such
overprediction having been estimated at 30—
50% under most conditions and higher un-
dersevere conditions. Since these overpredictions
occur after the times of death, they have
little effect on hazard-to-life prediction.

MITIGATION STRATEGIES

Once the base scenario was derived, the
potential benefits of the four, previously
identified mitigation strategies could be
examined. These are presented in the fol-
lowing sections.

Automatic Sprinklers

While the building had a partial sprinkler
system on the second floor, it played only a
minor role in this fire since it was so far
removed from the actual fire. If the building
had been protected by a complete (operational)
sprinkler system, the fire likely would have
been extinguished in the entryway. While it
is not currently possible to demonstrate this
with the models, there are test datal!? for a
very similar condition, a gasoline spillin the
entryway to an apartment, in which rapid
extinguishment was achieved. There are routines
in FPETOOL? that estimate the activation
time of sprinkler heads. The FPETOOL rou-
tine FIRE SIMULATOR indicates that a tra-
ditional sprinkler head in the entryway would
have activated in about 7 sec following igni-
tion of the gasoline.

Door at Base of Rear Stairway

(HAZARD | Case—Rear Stairway Door)
The principal avenue of smoke/gas travel
impacting the second floor occupants was
the rear stairway. If this stair had been
cutoff by the addition of a door with an
automatic closer at the bottom, this path
would have been reduced to whatever leak-
age might have existed around that door.
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Figure 1. Predicted upper layer temperatures.
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Figure 2. Predicted energy release rates.
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