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OBJECTIVE AND SCOPE

The objectives of this contract are to yleld some pre-
liminary information regarding the habitability of fallout
shelters in existing buildings (similar to those marked in
the National Fallout Shelter Survey) under fire exposure, and
to provide background information regarding the feasibility
of local fire and engineering people to obtain meaningful
data from building burns. These are to be achieved by de-
signing and conducting fire tests in 3 buildings in Waukesha,
Wisconsin in cooperation with the Waukesha Fire Department and
- the State of Wisconsin. '
PROBLEM DISCUSSION -

Fire behavior in a shelter building must be examined
in a frame of reference which is different from that used for

war-time damage assessment or peace-time fire safety. For
damage assessment, one is concerned mainly with the time for
spread through structures as it affects the ability of the
fire to spread to adjacent structures. For peacetime fire
safety purposes, rate of spread and smoke production assume
great importance in terms of establishing a safe exiting
time for building occupants. In fact, building component
the building is possi-

- fire ratings imply that evacuation ofi
‘eadily available, and

ble, that organized fire fighting is 4
that adequate water supplies exist. J

For shelter considerations, th;|evacuation of the
“building is not desirable and fire fighting is limited to
that of the occupants under severe restrictions imposed by
the existence of radioactive fallout and a shortage of water.
Furthermore, for shelter safety, full building involvement
cannot be tolerated and, since population internment for the
fire duration is required, the production and movement of hot
and/or toxic gases assume major importance.

1T RESEARCH INSTITUTE




It should be recognized that the assessmenthof'the”f

- environment within shelter spaces can be approached in two o

ways. The first is to study experimentally a large number
of shelters having various barriers in many locations within
the structures. This approach requires the collection of

 data on many fires but instrumentation could probably'be”'

_fairly simple. The second approach consists of the following“iﬁ
two step5°‘ﬂ t : e ,;uq‘u,w,u _

1. Establishing the conditions (temperature” heat

o flux, gas concentration) surrounding any shelter »

—as a function of building geomctiy,and”the_sbeltciw;dmfi;

location relative to the fire(s).

- 2, Evaluating the ability of those shelter components
forming barriers to resist the penetration of heat
and toxic gases (in terms of "leakage rates" re-
lated to the degree of degradation of the barrier).

The first step requires a certain amount of data

_ obtainable only in full-scale building fires but the second

step can be treated in the laboratory.(z) This latter
approach has the advantage that it permits systematic evalu-
ation of shelter components; the results obtained can then |
be used to interpret the performance of any combination of
these components forming a real shelter. A further advantage
of this approach is that in experimental burns, data can be
collected throughout the structure since any area can be

. assumed to be adjacent to the shelter. SRR ;#ff~ww*w'wf-w~¥wf

- In the experiments, therefore, no emphasis was placed

on designating specific areas of the building as shelters,

and in fact, only one shelter area was specified ‘ SO
DESCRIPTION OF EXPERIMENT

T — 20 e

An experimental program was conducted for determining
the production of hot and/or toxic gases and the forces and
restrictions influencing their movement throughout the
structures. The experiments were performed in three
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buildings located in the city of Waukesha, Wisconsin. The
structures presented a minimum exposure problem and were
suitable for a variety of investigations. Full cooperation
' " of the Waukesha Fire Department, the State of Wisconsin and
the Civil Defense Agency of the State of Wisconsin was
assured. In fact, the opportunity to contribute to the pro-
gram was enthusiastically received by other fire departments
in the area through Mr. W. E. Clark. Supervisor of Fire
Service Training of the State of Wisconsin, whe brought the
availability of the strurtures to the attention of OCD and
ITTRI. | o |

Due to limitations on funds and time (the land was
scheduled to be cleared by early summer, 1965) only three of
the available seventeen structures, were used for the experi-
mentations. PBuildings 1 and 2, two structures each 63 x 37
ft. and three-stories high, were of masonry and wood joist
construction; and selected portions of both were modified to
simulate fire resistive construction. In both structures,

major instrumentation was concentrated at or above the level
i of the initially ignited room. Building 3, also of masonry
and wood joist construction, 90 x 160 ft. and two-stories

i high, had a fire resistive portion, which isolated a part of
g the basement from the rest of the structure. -

% Building No. 1 ' |

3 Two experiments were conducted in Building 1. 1In

each the fire was started in a first floor room. This room
and a portion of the adjacent one were lined with gypsum
board and sheet metal to extend the period during which the
fires resembled those which would occur in a fire resistive
structure. Doors within the structure were arranged so that
if smoke and hot gases were channeled across the first floor

5? and upward through a stairwell to the third floor level.

3 External openings were protected with sheet metal curtains
extending downward to within several inches of the window
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si1ls. in the fitst experiment all doors and windows (except : ‘
in the room of origin) were tightly closed. In the second

‘experiment, a small opening was made in the door at the third

floor to permit some bulk gas flow up the stairwell. These
experiments can be considered similar to those conducted in
"Operation School Burning"(3)except that here a deliberate

‘attempt was made to minimize the volume available for
- dilution of the fire gases and to maximize the pressu'e

buildup in the stairwell RO , i 3
Fuel loading in the room of origin consisted of a

large wood crib (2 x 4 inch lumber) for each experiment,wuichf o

was weighed continuously during the burn. The remainder of

‘the structure was loaded with furniture to a typicel

residential condition.
Temperatures, pressures and CO and 02 concentrations

were monitored at vetious points along the path of the fire

‘gases. Gas flow was measured at the third floor door opening

in Eiperiment No. 2. Weight losses of fuels in the room of

~origin were recorded as we11 as radiant heat fluxes from the i

openings.
Building No. 2

In all its essential features, Building No. 2 was the
same as Building No. 1. One experiment was conducted in '
this building. The room of fire origin was on the second
floor, and the path for smoke and gas spread and the volume |

‘available along the path were similar to those in Building 1. | ‘i
“Again, the room of origin and a portion of the adjacent one

were lined with gypsum board and sheet metal. Also, wtndows‘
and doors were tightly closed (except in the room of origin) '
and protected where necessary. %

Fuel loading of. Building No. 2 was similar to that
used in Building No. 1, and the same kind of data was |
obtained.
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”; sidered).

Building No. 3

This structure, also of masonry and wood joist con-
struction, was two-stories high with a large attic. It was
about 90 x 160 feet and had apparently been two separate
constructions. The exterior walls and a number of interior
partitions were of brick.

Because of the large room area and velume afforded bv
a dining hall (60 x.-90 x 18 feet high), it was used to
examine the minimum water requirement for extinguishment of
fire in this size room. Upon completion of the extinguishment
experiments, the fire was allowed to rekindle and spread
throughout the structure. '

The basement area unider the newer portion had a poured
concrete ceilfnz and could be considered fire resistive.
Conditions in and around this fire resistive basement area,
designated ddring experiments as a shelter area, were
monitored during the structural burnout. The suitability of

s the basement for use as a shelter was analyzed by M. P.

Gronbeck, a qualified shelter analyst.

CONCLUSIONS
- The conclusions derived from the experiments are
listed below.
1) Oxygen depleticn in an active fire zone will be

reproduced throughout interconnecting spaces on the same or

; higher stories of a relatively '"tight" structure or

structural portion (unless very large volumes are being con-
In experiments with Buildings 1 and 2, 02 levels

as low as 5% 02 were measured.

2) CO concentration of about 75% of those in the
ctive fire zone would have existcd at the exterior of
helters removed from the fire but on the same or higher

evel. A maximum of 3.3% CO was recorded in these specific

l—'(ﬂﬂ)

experiments.
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spaces evern if fire generated pressures are not significant
" Smouldering fires ma produce significant infiltra*ion of
toxic gases by this means.

4) -Although much more data is needed on real fire
environmentsiand movement of fire gases through complex
structures, the abov conclusions lead to a further statement
that fires within a 'tight" envelope bounded in part by a
shelter cannot be tolerated and must be. extinguisheo unless
the barrier between he fire and the shelter is perfectly gas

. tight, o S
com——-§5)— In a fire|resistive construction, downward movement
0f CO will probably not occur.’ '
| _ 6) Fire gases infiltrating a shelter having otherwise
cool floor, walls, and ceiling do not significantly heat the
shelter air space and would represent a hazard'only because
of toxicity or the ignition of combustibles within the’
shelter. In Building No. 3, the CO concentration stayed
‘below 0.05% in the shelter, however, not much higher con-
centration occurred outside the shelter in this Particular
s fire. '

3) Wind pressures can drive fire gases into shelter

——— g

-y

o
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7) The external heating of walls, floor or Ceiling
' in a shelter is a significant hazard and the effects are
P 'il likely teo be long lasting because of the. large heat capacity
' of the shelter envelope. In this respect, the presence of
burning combustibles mixed with non'combustibles in direct
& 7 contact with the shelter produces long-term heating and is
particularly dangerois Ceiling temperature in the desig-

e
B

oy

nated shelter area of Building No. 3 reached 130°F which

lasted well over 24 hours for a rather moderate debris

piling. v l. T ‘ : ‘

8) Due to the cooling effect of walls and ceilings,

the temperatures of gases'moving horizontally within a

structure fall'rapidly and should not significantly degrade
, ; . s

! ’ ’
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barriers vhich are remote from the active fire zone. This
18 not necessarily true for vertical gas movements such as
would occur when the fire and barrier being ronsidered are
separated only by a vertical shaft,

9) Provision for complete sealing of shelter vents
to the outside may be necessary to prevent lowering of
shelter pressure by suction through the vent. When outside
conditions permit, tne vent could be used to pump air into
the shelter thus producing positive flow out through any
voids in the shelter envelope.

10) Variations in constructior, othervise considered
mincr, may have a significant effect on firebrand generation.
This subject needs further investigation. |

11) Local fire and engineering services can collect
meaningful data from building burns. They lack only guidance
toward a more detailed understanding of the non-extinguish-
ment aspects of fires and the specific interests of shelter
safety. - ' |
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ABSTRACT

Expefiments were performed in full scale buildings to
obtain information regarding the habitability of fallout
shelters in existiné buildings under fire exposure. One two-
story and two threé-story buildings of masonry and wood
joist construction wére used. The fire load of the room of
fire origin consisted of a large crib (2 x 4 inch lumber)
with thelremainder of the structufes loaded wifh furniture
typical of residential construction.

In two of the buildings, the spread.of heat, smoke
and toxic gases was monitored throughout the buildings for
fires contained within one room. In the»ofher building,
conditions (temperature, pressurc, and CO concentration)
were monitored in and around a fire-resistive basement
shelter during complete burnout of the structure. Radiant
heat fluxes emitted at window openings were measured in all
of the experiments.

Results indicate that oxygen depletion in an active
firc zone will be reproduced throughout interconnecting
- spaces. Carbon monoxide concentrations of 75 percent of
those in the active~fife zone were found at places removed
from the fire but on thé same or higher levels.

For these.buildings, wind-induced pressure differcnces
were greater than fire-induced pressure differences and thus
would have had greater effect on the infiltration of fife
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gases through shelter bérriers. The long lasting effects of
debris fires in contact with the shelter were.found to pro-

duce dangerous heating of the shelter.

In addition to other pertinent observations, the
expériments have also demonstrated that local fire and .
engineering services, if given proper guidance, can collect

heaningful data from building burns.
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PREFACE

This is the final report on Contract No. N228(62479)68355,
T. 0. 64-200(36), OCD No. 1133C (IITRI Project No. M6121),
"Shelter Habitability in Existing Buildings under Fire Exposuce'.
The program is sponsored by the Department of the Army, Office
of tﬁeVSecrétary bf the Army, Office of Civil Defense, through
the U. S. Naval Radiological Defense Laboratory. The contract
was initiated in April, 1965. . N

IIT Research Institufe personnelf who contributed to the
program include D. Carter, J. Marolda, “K J. Murphy, F. Salzbérg,
F. J. Vodvarka and T. E. Waﬁerman. , E
Consultants were Professor M. P. Gronbeck of the Wiscogsin
State College and Institute of Tecﬁnology (a quaiified shelter
analyst), Chief C. Rule of the Greenfield, Wisconsin, Fire
Department and Chief J. Pavlik of the West Milwaukee Fire
Department.
| Special thanks go to Mr. W. E. 91ark, Supervisor of Fife
Service Trainiﬁg, Wisconsin State Boar&=of Vocational and Adult
~ Education who brought the évailability of the structures to
our attention. He also coordinated the fire protection during
all tests, and supervised the extinguishment'experiments described
in Appendix B. We also wish to express our appreciation to
the City of Waukesha, Wisconsin, for providing the buildings.!

Close cooperation was received from all city departments; in

particular, Chief E. Downie and the Waukesha firemen provided

l
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| invaluable service both during the burns and throughout the
period of building preparation and instrumentation.

- - TN Respectfuliy submitted
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1. INTRODUCTION

It is well recognized that knowledge of free-burning fires
has not kept pace with the rapid development of other branches
of science. Motivated by an awareness of the enormous fire-
starting capabilities of high yield nuclear weapons, numerous
projects have been initiated in the field of free-burning fires
to provide the data necessary to design defenses for urban areas
against fires from nuclear bursts. Such studies can be génerally
classed as peftaining to 1) the environmeni'created by free-
burning fires, 2) their spread within and between structures,
and 3) their suppression.

Each topic enters into planning of fire defenses. For
example, the life hazard to shelter occupants from adjacent fires
will depend on the resistance of barriers to heat, and~the flow
and type of combustion products. The magnitude of the pressures,
temperatures and gas concentrations existing on the fire side
of these barriers is a result of a complex interplay between
the fire and the structure. Most of the topics listed above
have been considered in the past. However, in many cases, Fhe
information obtained was only preliminary in nature. Since
experiments with free-burning fires are expensive, much of
the data was obtained from model fires. Before such information
is accepted, portions of it must bhe verified by full-scaie
studies. Furthermore, in some areas, such as the study of

heat and gas flow throughout structures, more information on
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real structures under fire conditions is needed to properly
design the laboratory procedures for detailed study.

Every year, for oné reason or another, numerous
structures are intentionally destroyed and often these structures

are in excellent condition for the performance of fire experiments.

All that need be added is the prdﬁéfly'pléﬁﬁé&mfﬁli:géale experi-'
hent which will result in useful data commensurate with the

expended funds. This planhinglincludes 1) the selection of

the experiment(s) considering the type and condition of the
structure, and 2) the assistance to be rendered by the local
fire services. The latter is of great importance sinée the fire
services represent a gréup of interesﬁed participants whose
services.can be utilized to greatly increase the quantity of
information obtained. In fact, it is reasﬁnablevto consider that

certain experiments could be conducted by local fire and engi-

neering people operating with the aid of a prepared 'guide" or

"design manual' for fire experiments.
An opporfunity to gain insight into all the preceding

aspects of full-scale fire experiments presented intself in the .

city of Waukesha, Wisconsin, during the fall of 1964. A complex

of 17 structures, ranging from 60 x 80 ft. to 90 x 155 ft., two
and three stories high, were destined for destruction. These

were of masonry and wood joist construction, except for a portion
of one structuré which was fire resistive. The structures

presented a minimum exposure problem and were suitable for a
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variety of investigations. Full cooperation of the Waukesha
Fire Department, the State of Wisconsin and the Civil Defense
Agency of the State of Wisconsin was assured. In fact, the
~opportunity to contribute to the program was enthusiastically
received by other fire departments in the area through Mr.
W. E. Clark, Supervisor of Fire Service Training of the S:ate
of Wisconsin, who brougﬁt the availability of the structures
to the attention of OCD and IITRI.

~Due to limitations on funds and time (the.land was
scheduled to be cleared by early summer 1965) all seventeen
structures éould‘not be considered, and three structures were
reserved for experimentation under OCD work unit 1133C. The
main objeétives were to obtain preliminary information regarding
the habitability of fallout shelters in existing buildings
under fire exposure and to provide background information con-
cerning the feasibility of using 1ocal-fire'servicesAand
engineering people to obtain data from building burns.

II. SHELTER FIRE PROBLEMS

A. Differences from the Peacetime Situation

" Fire behavior in a shelter building must be examined
in a frame of reference which is different from that used for
war-time damage assessment or peacetime fire safety. For
damage assessment, one is concerned mainly with the time for
spread through structures as it affects the ability.of the fire

to spread to adjacent structures. For peacetime fire safcety
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purposes, rate of-spread and smoke production assume'great
importance in’terms of establishing a safe exiting time for
the building popplation. In‘fact, building component fire
ratings imply that evacuation of the building is possible,

that organized fire fighting is readily available, and that

uradequate water supplies exist. For shelter considerations,

the evacuation of the building is not desirable add fire

fighting is limited to that of the occupants under severe

restrictions imposed by the existence of radioactive fallout

and a shortage of water. Furthermore, for shelter safety, full
building involvement cannot be tolerated and, since population
internment for the fire duration is required, the production

and movement of hot and/or toxic gases assume major importance.

B. Characteristics of Existing Shelters

Based on a survey of a selected number of representative

shelter buildings, Varley and Maatman (1) summarized characterist

- of the shelter buildings as follows:

- v .

1. Fire resistive construction will be prevalent,

.althoughvsome unprotected steel and masonry wood

opénings will generally be enclosed, but enclosures
may be lacking in some localitiéé.

2.‘ The normal occupancies of most shelter buildings
will consist of those types generally found in

" commercial and public buildings.

111 RESEARCH INSIITUTE
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3. Signifiéant numbers of portable extinguishers are
to be found in a majority of buildings. Standpipe
and hose installations are less often available.
Automatic sprinkler systems are found for the most
part only in particular typés of occupancies.

4. Generally, fewer shelter areas will be found above-
‘ground than below ground. However, the majority
of the shelter poﬁulation will be in above ground
shelters. |

Based on these findings and the considerations given

earlier, the emphasis of the experimental program was placed on
evaluation of the production of hot and/or toxic gases and the
forces 9nd restrictions influencing theirimovement throughout
the str@ctures. Those pértions of the fire behavior resembling
fires iﬁ a fire-resistive structure were considered to be of
prime ihterest, and building modifications were undertaken

to prolong this period of the fire development. The fact that
a large portiop of the sheltered population could be in above-
ground;shelters (due to a higher permissible occupant density
in thege sheltérs) led to consideration of situations where

the fire was on the same or a lower Ievei than the shelter.

C. EAsseSSment of Shelter Habitability

i1t should be recognized that the assessment of the
environment within shelter spaces can be approaches in two
ways. ?The first is to study experimentally a large number of

shelters having various barriers in many locations within
Ml RESEARCH INtIITUTE




the structures. This approach requires the collection of data

on many fires but instrumenﬁation could probably be fairly

simple. The second approach consists of the following two

steps:

1. Establishing the conditions (temperature, heat flux,
gas concentration) surrdunding any shelter as a
function of building geometry and the shelter

- location relative to the fire(s).

2. Evaluating the ability of those shelter componégféf

forming barriers to resist the penetration of heat
and toxic gases (in terms of "leakage rates" related
'to the degree of degradation of the barrier).'

The first}step requirés a certain amount of daté
.obtainable only in full-scale building fireé but the second
step can be treated in theklaboratorygz)This latter abproach
has the advantége that it permits systematic evaluation of
shelter components; the results obtained can then be used to
interpret the performance of any combination of these components
formjggwgwrga}mghe};?riwré further advantage of thistapprbach is
that in experimental burns,‘data can be cgiiéééé&mﬁﬂégﬁgﬁéﬁﬁﬂwmw
the structure since any area can be assumed to be adjacent to
the shelter.

- In fhe,experiments, therefore, no emphasis was placed

on designating specific arecas of the building as shelters and,

in fact, only one shelter area was specified.

i1 RESEARCH INSIITUTE
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III. EXPERIMENTS

Three structures were reserved by the city of Waukesha
for this study. Buildings 1 and 2 were of masonry and wood
'joist construction and selected portions of both were modified
to simulate fire resistive construction. In both structures,

maJor instrumentatlon was concentrated at or above the level

of the initially ignited room. Bu11ding 3, also of masonry
and wood joist construction, had a fire resistive por tion,

- which isolated a part of the basement from the rest of the
structure.

The following sections describe the structures,
modifications made, locations of instruments, and experiments
conducted in chrono1ogica1 order. Details of the instrumenta-
tion are given in Appendix A.

A. Building No. 1

Built around 1870, the structure was about 37 feet
wide by 63 feet long by 36 feet high (three storles) Tne
first floor was essentlally on 4fade The exterior walls

were of native stone ranging from 27 inches thick at the

||
ground to 21 inches thick at the/third story, supported on

a concrete footing. Some portions of the first floor were
concrete slabs wﬁile other portions were of wood joist
construction built over crawl spaces. The other floors
were constructed of 2 inch x 12 inch joists on 16 inch
centers, covered with a one-inch subfloor and oak flooring.

The majority of interior walls were load bearing

iI1] RESEARCH INSTITUTE
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brick, three courses thick on the first floor and two courses
thick above the first floor. Small attic spaces ekisted at .
either endbof the third floor but the ceiling was at roof
level in the central portion and contained a large exhaust

vent. Ceilings and walls were plastered. Window sash and

- frames, door frames, baseboards, and other trim pieces were

hardwood{

Photographe of the building are shown in Figure 1 and a

~ schematic cross-section of the building is shown in Figure 2.

" Two experiments were conducted in this Building. In: each, the

fire was started in the first floor room labeled "fire origin"

in Figure 2. This room and a portion of the adjacent one were

" lined with gypsum board and sheet metal to extend the period

during which the fires resembled those which would occur in a

fire resistive structure. Doors within the structure were

- arranged so that smoke and hot gases were channeled across

the first floor and upward through a stairwell to the third
floor level. A drop partition was placed in the middle first
floor room to restrict the gases to a twelvleoot wide segment
and this portion of the room received additional ceiling
protective covering. Cross-hatching in Figure 2 indicates the
portion of the building acting as a barrier to the smoke and
gas spread. Véxternal openings were prdtected with sheet metal
curtains extending downward to within several inches of the

sills. In the first experiment all doors and windows (except

It RESEARCH INSTITUTE
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Building No. 1 (Waukesha,
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in the room of origin) were tightly closed. In the second
experiment, a small opening was made in the door at the third
floor to permit some bulk gas flow up the stairwell. These
experiments can be considered similar to those conducted in
"Operation School Burning"(3)except that here a deliberate
attempt was made to minimize the volume available for dilution
of the fire gases and Eo maximize the pfessure buildup in the
stairwell.

Fuel loading in the.room of origin consisted of a lafge
wood crib (2 x 4 lumber) for each experiment which was weighed
during the burn. (Sée Appendix A). The remainder of the
structure was loaded with furniture to a typical residential
condition in terms of the readilf available fuels. No attempt
was made to add those fuels which become available only in
‘the later stages of the active fire such as closet contents
‘and combustibles stored in dressers, chests and cabinets.

Crib moisture content was between 9 and 12 per cent.

Temperatures, pressures.and CO and O2 concentrations
were monitored at various points along the path of the fire
gases as shown in Figure 3. Gas flow was measured at the third
fioorrdqéf opehing in Exberiment No. 2. Weight lo$sos of fuels
in the room of origin were recorded as well as radiant heat
fluxes from the openings. |

B. Building No. 2

In all its essential featurcs, Building No. 2 was the

same as Building No. 1. A schematic c¢ross scection of this

111 RESEARCH INYItTUTE
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building is shown in Figure 4. Cross hatching has been
added to Figure 4 to indicate the portions of the building
acting as a barrier to smoke and gas spread. One experiment
was conducted in this building. The room of fire origin was
on the second floor. Although it was not located above the first
floor room used in Building No. 1, the path for smoke and gas
spread and the volumes available along the path were quite
similar. Again, the room of origin and a portion of the adjacent
one were lined with gypsum board and sheet métal. Also,
windows and doors were tightly closed (except in the
room of origin) and protected where necessary. .

Figure 54show$ the locations monitored for temperature,
pressure and gas concentration. Weight losses of fuels in
the room of 6rigin and radiant flux from openings were also
recorded.

Fuei loading of Building No. 2 was similar to that
used in Building No. 1--a weighed crib in the room of origin
and typicai residential loading with real furnishings through-
out the remainder of the structure. Mbisture content of the
crib varied from 9 to 12 per cent.

C. Building No. 3

This structure, also of masonry and wood joist construction,
was two stories high with a large attic. It was about
90 x 160 feet and had apparently been twb separate constructions,
The exterior walls and a number of interior partitions were of
brick. A series of exterior photographs arc shown with a plan

Il RESEARCH INSIITUTE
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volume afforded by the dining hall (60 x 90 x 18 feet high)

T — = -

drawing in Figure 6. The auxiliary structure shown in Figure 6
was a laundry building which ignited by4radiation from Building
No. 3 during the peak of the burn. This ignition was sup-
ﬁréggéd and burnout of the laundry did not occur.

Building No. 3 contained a dining hall (first floor)
and auditorium (second floor) in the older portion (north) and
had a large kitchen with cold storage vaults (first floor), |
music rooms and classrboms (second floor ) in the newer-portion

(south). Ceilings and walls in the first and second stories

were plastefed. In addition, acoustical tile had been placed

.over the ceiling in the dining hall. Acoustical tile also had

been added to the.walls‘and ceilings’of a series of small rooms
built into the south end of the second story. Figure 7 shows
the floor plans fér'the bésement and each story. It might be
noted that in addition to some interior brick load -bearing |
walls, cast iron columns were used in the dining hall to sup-
port steél beams éarrying the load of the second floor
auditorium. The auditorium ceiling contained beams whichr'
were incorporated into a truss arrangemént in the attic as

shown in Figure 8. Because of the large room area and

it was used to examine the minimum water requirement for
extinguishment of this size room fire. Upon completion of
the extinguishment experiments, the fire was allowed to
rekindle and spfead throughout the structure.

The Basement area under the newer portion (south)

had a poured concrete ceiling and could be

20
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Second Floor Flan, rUlLLULUE e o

Hall)

P

Figure 7c.

Figure 8b. South Attic (Chimney shown forms back
wall of basement shelter)

Figure 8. Photographs of Attic Spaces
(Building No. 3, Waukesha, Wisconsin)
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considered fire resistive.
fire resistive basement areé were monitored during the
structural burnout.
Figure 9.
by M. P, Gronbeck, a qualified shelter analyst

I
}

! .

e emma Gy AER SNy S
;
|

~follows by use of the Protection Factor Estimator.

" dimensions of the shelter, see Figure 9.) =
A review of the plans will show that a large part

from his report fOIIOW°4”"

_ REPORT ON
SIMULATED FALLOU? SHELTER
WAUKESHA BURN. -

A Waukesha, Wislgnsin
April-May, 1965

Conditions in and around this

The interior room labeled "sheltef" was analy

Excerpts

Details of the basement are included as

zed

The Waukesha burn coincidentally provided a fallput

shelter capability in one of the structures involved in
project.
shelters as set forth in publications on the current sta
the art of shelter analysis., .

Factors which guided the selection of the shelite
were (in order of importance):

1. place in bulldlng affording greatest mass bar
(thickness x mass) to protect the inhabitants
fallout radiation

2., place requiring least modification to make it

acceptable shelter consistent with OCD require
3. place providing for aciess of instrumentation,
Analysis of Shelter Selected

The protection of the shelter was calculated as
The

protection factor P. was approximately 100.

the basement area might be used as a shelter with some

111 RESEARCH lNgllTUTE
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modification of the window openings. This would consist of
closing the openings with masonry to provide for a mass
thickness of one foot of concrete. In this case, an initial
test of a shelter under fire conditions, it was felt that such
an undertaking was not warranted, and only a portion of the
basement was selected for the test. (See plans of the basement

area.)
For the purpose of this test the use of the protection

estimator was assumed to give results of sufficient accuracy.
The layout was without any structural complications calling

for greater refinement of calculations.. ... .__

The windows opposite the shelter were noted (see Figure
10) but they were assumed to have been filled with masonry.
The contribution from this source would consist of skyshine
with some ground direct, both quite insignificant in this case
in considering the geometry of the shelter layout. ,

‘In order to approximate a fire resistant door at the — -~ -
entrance to the shelter proper, the wooden door in place was
covercd with 3/8" gypsum sheetrock. This arrangement provided
for 3/4-hour fire resistance.

. Instrumentation of the shelter was completed by the
engineers and technicians of IIT Research Institute, who also
cared for the appraisal of the data assimilated during the bur:

The Waukesha burn effectively pointed up that buildings
which are to be burned may have inherent shelter potential
which may serve as test sites in order to gain knowledge of
shelter susceptibility in a fire situation. This knowledge
is vital to the natioral fallout shelter plan."

As mentioned earlier in this section, the fire was

started in the dining hall and a series of extinguishment

. experiments was conducted. The details of these experiments

are contained in Appendix B. Upbn completion of the extinguisl

~ment experiments the fire was allowed to rekindle and spread

throughout the structufe, During struétural burnqut, data
were accumulated in and around the designated shelter area.
Measurements included temperatﬁres, pressure differences,
carbon monoxide ard oxygen concentrations. Locations of
instrumentation ére shown in Figureswll and 12. 1In ad&ition,
radiation measurements were taken at several locations oh the

Il RESEARCH INVIITUTE
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Note - Basement windows were covered with
sheet metal or plaster board. to simulate

a condition in which windows are bricked-
over. The coverings remained intact through-
out structural burnout. : :

Figure 10. Windows in Basement Area Near Shelter

Building No. 3, Waukesha, Wisconsin
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_CHIMNEY B
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5 ft. level
2" below ceiling

= attached to ceilin

2" above first sto
floor

Temperature Measurement in or near

Shelter Area - Building #3 (Waukesha, Wisconsin)
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; e G4, P2 (8 it level)
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Top View - North End Shelter
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Basement Floor

Pressure Gauge Attachment for Building No. 3

. P1 P2 P3 P4

[y (Note: P4 is in open field

about 40 F; west of building)

Figure 12. Locations of Gas Sampling Points and
Pressure Taps in Building #3(Waukesha, Wisrensin)
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.resistive structure.

laundry buiiding as shown in Figure 13 as well as at a small
shed located 70 feet west of the structure.

Contents fire loadingkwas not added to major portions
of Building 3. The dining hall was loaded for the extinguish-
ment experiments. However, the remainder of the structure
contained built-in cabinetry and wood partitioning which com-
bined with the sﬁructural combustibles was estimated to |

reasonably approximate the contents load of a totally fire

IV, RESULTS
Presentation of the results of fire experiments in

simple, concise form is difficult since a small amount is

- usually learned about each of many interplaying parameters.

This problem is further complicated here because the approach
to study in Building No. 3 was different from that for Building
1 and 2. To make this presentation more orderly, therefore,
the results have been grouped according to each parameter
under'investigation and then examined for each study approach

as applicable. y

A. The Fires
1. Crib Fires - Buildings No. 1 and 2

As mentioned earlier, Buildings 1 and 2 were modified
to extend the period in which each fire was contained by the
room of origin and thus resembled fire in a fire resistive

1! RESEARCH INSTITUTE
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Radiometer #1
facing north

Radiometer #2 ‘f

facing west

L e

Radiometer #3
.~ facing west

Figure 13. Radiometers, Burn 3 (Waukesha, Wisconsin)
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structure. Wood cribs were selected for the fuel as they

represent a reproducible fire load which has a fairly constant,

easily monitored burning rate. Ventilation of the fires was
restricted to insure that CO generatlon and O2 depletlon were
sufficient to be readily monitored. Cas ccmpos1tions in
corridors and stairwells can be inferred for fires with different
outputs by relating them to the outputs of the room of fire .
origin. |

The cribs used in Buildings 1 and 2 consisted of 2 x 4"

lumber placed on a weighlng platform (described in Appendlx A)

Each crib consisted of 450 lineal feet (or 600 pounds) of lumber

placed in alternating rows of 10 ft. lengths on edge and 5 ft.

lengths laid flat as shown below.

-—2- 10' lengths used as
spacers at pivot point

\\\\ on platform suspension

I ;]\\
I / N ].;:fx

j_per_level -

A N

I V4 . AN !
' 6' x 12' Platform

Figure 1l4. Crib Arrangement for Buildings 1 and 2
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Several layers of paper wipers were placed on the platform
befo:e asgsembling the cribs. Application of JP-4 fuel to the
paper just prior to ignition produced rapid involvement of the
“entire loading.

The weight loss of crib number 1 from Building 1 is
ishown in Figure 15. The figure shows that a constant burning
.fate of 12.8 1lbs/min. was achieved about 4 minutes after
ignition and lasted at least 26 minutes. This represents a
heat release of approximately 100,000 Btu/min. Ceiling
,;temperatures near tﬁe doorway averaged about 1000°F during‘the
period of constant burning rate.

Crib 2 burned quite differently from Crib 1. As shown
in Figure 16, the-burniné rate during the first five or six
minutes of active burning was 33 lbs/min. It then decreased
somewhat so that'the average réte was 25 lbs/min between the
4th and 14th minutes. These burning rates represent heat
releases of about 264,000 Btu/%in and 200,000 Btu/min
respectively. Ceiling temperétures at the door averaged ~bout
1300°F during the peak burning period but then dropped rapidly
resulting in an average over the first 30 minutes of about
. 1000°F (similar to Burn 1). This rather drastic change of =
burning behavior. can only be attributed to the venc opened at
the top of the stairwell for Burn No. 2, The'additional air
this veﬁting permitted to reach the firé (see Figure 17)
would not account for the increased burning rate on a stoichiometric

basis. However, the location of the crib and the window opening
11T RESEARCH INSTITUTE
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Figure 15. Burning Rate of Crib No. 1, Building No. 1
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. —Max, bu&ning rate = 33 lbs/mi
(33 x 8000 = 25h4,000 Btu/min)n

'~ Average burning rate (over 10 min. period) =

(25 x 8000 = 200,000 Btu/min)

1 | | 1 1 ! 1 ] 1 i

i | !
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; ) Time, Minutes
Figure 15. durning Rate of Crib No. 2, Buildivyr No.1l
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Figure 17. Air Flow from Stairwell Vent Experiment 2, Building 1
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was such that the‘air flow tended to be through the criB thus
overcoming, to a significant degree, the natural restriction
of the crib matrix to self-induced air flow and the high
burning rate was achieved until the fuel supply decreased.
That such was the case can be verific ' to some extent in
kthe.following manner, _Thomas(h) gives a correlation for

burning rates of ventilation-controlled fires as

R =0.678 AV h

" where R = burning'faté'(lb/min)
A = area of opening (ft2)
h = height of opening (ft.)

The constant, 0.678,'was found by Waterman et al.(s) to be
lower than values méasuredlusing furnished model rooms. Theyv
:suggest a maximum value of 1.5 for distributed fuels (as
opposed to cribs). The lower value can be attributed to the i
additional air flow restriction of most cribs even when the

general level of burning rate is being controlled by the room

openings. A relation for estimating the maximum burning rate of

]
wood in well-ventilated fires was derived fronrexamination

Tof nul U lLs llaldara fire test results on Comhuscib]es‘b) as:
R = 0.09 As |
7
where AQ = fuel surface (ft~)

The burning rate calculated according to Thomas' equation
for Burn 1 (one opening 33" wide x 31" high and two openings
33" wide x 12" high) is 11.4 lb/min (the measured rate was

11T RESEARCH INSTITUTE
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"**"runexplalned'"*fhat 1t d1d in fact “occur is ver1f1ed by the*
: temperature records, as 1s the subsequent increase in the

‘burnlng rate. The burn room was on the downwind 51de of thlsv

~at the openings; The average rate, 12.5 1b/min, compares well

- ‘around the shelter w1th the status of the fire and condltlon

of the rest‘of the building, a brief summary of the fire

‘keyed to Figure 19, a plan view of Building 3 and the adjacent

12, 8 lb/min) For the s cond buxn, calculation accordlng to lhf
the equatlon for the well ventilated fire gives a maximum rate‘f
of 35.6 lb/mln (the measured raté was 33 1b/min).

The cr1b burn1ng rate for Bu11d1ng No. 2 is shown in

Flgure 18 The decrease 1n burnlng rate near the start is

structure and perhaps thls may have disturbed the flow pattern74

with that which is calculated for two openings, each 33" wide
x 30-1/2" hlgh, i.e., 15 1 1b/min.

2. Fire Hlstory of Bu1ld1ng No 3

Bulldlng No. 3 contained the speCified shelter area.

Since it is of 1nterest to compare the data collected in and

history is:presented below as Tahle I. .Thencomments,have‘been

~ MT RESEARCH INSTITUTE
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Figure 18. Burning Rate of Crib, Building No. 2
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Dlan View, Buildin

~
o &

Figure 1%

TABLE 1
FIRE HISTORY, BUILDING 3

Time
10:57

11:01-11:25
11:25--

11:32
11:37

©11:43

11:44
11:50

11:52

12:12

12:14

Event

Multiple ignitlon of dining hall (A) 1st floor,
wind SW, 7 mph

Extinguishment experiments, dining hall

Rapid involvement of 2nd floor auditorium and
north attic (A) (note: stage on 2nd floor

had direct openings into attic spaces) violent
flames at windows

Dense gray smoke from north end of roof (B)
Roof penetration (B), north end of north attic
2nd floor laundry window and screen frame
smoking (C), wood is slightly rotten, heavily
painted

North attic roof penetration (D) and (E)

Major collapse of north roof, flames appear
on upper frame of laundry w1ndow (c)

Partial collapse of zast wall, 2nd floor
auditorium (Fg (The fire spread very slowly
upwind within the structt.e oa tne 2nd floor,
slightly faster in the attic. Zrotection

- added to the lst floor to prevent premature

spread during the extinguishment experiments
proved very effective and direct 1lst floor
spread did not occur.)

Roof penetration of south attic (G), ignition
of sill and frame of window in laundry dormer
(H) apparently by a brand

Roof collapse at G, glowing penetration to

interior of laundry window (C), spasmodic
flaming of paint on inside of frame

Pl RESEARCH INSIITUTE
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SQstainedmflamiﬁgfoh'inSidé fram¢ (C)” ‘
South attic roof burning back to J. During
this burning, the cement asbestor shingles -
(used on south attic and th. connecting roof)
exploded violently scattering pieces in all
directions | . ‘
7’LA11'of:south”éttic roof involved

 ,’}Flémésé&iéiblé}oﬁ;secohd flédr 3; Krif:u

7 Active fiéﬁihgydf dsfmef winde (H) feinforcéd
- by burning south roof . - =~ . oo
flashover of second_flodf'atkL . !

All of second floor actively bhrnihg
12:40 Major ceiling éollapse,'an floor

12:48 Debris falls into basement stairwellvat L
' (window screen from 2nd floor) h
1:14  Partial ceiling collapse at M, st floor
~ 1:17 - Debris ignites boxes in bpehihg on 1st floor
o at N ‘ - o o

~

1:18 . ' 'Flames active at M, 1st floor _ »
1:28 o ~ 1st floor window opened at L‘_ |

P
i

,  1:36! 'v>'} . Further ceiling collépse ath,‘lst-floorf
]I'Ceilingcollapse at P, lstkfioor 1'  , AR

o CeilingucollabSe atxk; lst‘fiooff_

,-v;'Bésémeht‘door péhetf&téd$(M) (noﬁfﬁéi:ibéﬁ
" inside at this point) o et

0 3:30  ~ ©  “Active burning of entry at Q (includes dumb-
S T Y yaiter to basement) ' Debris fell near this
entry but did not cause ignition, small
amount of fuel added by personnel

{

:09 - Flames on basement ceiling at P. This corner
- of bascment ceiling was not fire resistive. ‘
(2 x 12 on 16" centers) .

-~
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4:48 Parcvial basement ceiling collapse at P
4:56 . Further basement ceiling collapse at P
B. Temperatures

1. Buildings 1 and 2

Temperatures from the experiments in Buildings 1 and 2
appear as Figures 20, 21 and 22..vA11 déta points are nct
shown; sufficient points were extrag;ed“frqm the ;écords to
défine general levels,.peaks and major points of inflection.
It may be noted that thermocouples 6, 7, il, 12, 13, 14, 15
and 16 (see Figures 3A, SB,vand 5C for thermocouple positions)
each have the same location‘in both buildings. Thermocouples
2 and 3 each have the same locétion retitlve to the fire in
each building. Thermocouplen t° Wl I8 fu foilding 2 were

positioned relative to thc tire in near!. the sa27e manner as

were Thermocouples 4 and > In Bull Hny 0 The o iling temper-
atures (Thermocouple 2) monitored i» t'. vy wi erigin were

not over the fire but near th. Jtocrvay where gases leave the
room to spread through the structure. ‘,HA,,_ -

| A nurmber of obscrvations can be made from the data shown
in Figures 20+, 21 and 22, VFirst, the fires did last long
enough to permit all monitored points to reach an essentially
steady-state condition. For c¢xample, Figure 20 shows that
temperaturcs ét pointé furthost from the fire (13, L4, 15 and

16) were essentially constant shortly after the peak temperature

i) RESEARCH IN: W TUTE
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was reached in the burn room. The temperature variations of
the burn rooﬁ, although damped with digtance, can be seen to
appear throughout'the path with very little time lag.

The small vent placed in the stairwell for Experiment 2
had only a veryslight effect on temperature levels at the top
of the stairwell (Thermocouplell). In Building 1, although
the heat release rate was higher during the early part of
Experiment 2, the temperature of the gases leaving the doorway
was not much greater than in Exéeriment 1. It appears that the
additional heat in Experiment 2 was largely absorbed by the
walls and ceiling in the immediate fire area (sée Thermoncouple 1
placed in the stud space above fire). Gases reaching the top
of the first stairway (Thermocoupléll) showed little timewise
témperaturé variation compafed with those observed in the
burn room. Damping of these variations woﬁld be less if a
major vent were opened so that most of the gases moved up the
- well, TBeltempefatures at the top.of ?he stairwell could also
be expected to respond more significantly to changes in fire

intensity if the fire were nearer the bottom of the well.

‘Comparison o% the outputs of Thermocouples'h and 5
in Figure 26 with Thermocouples 17 and 18 in Figure 22 shows
that the average témperature levels during the entire burn period
were quite similar in the vicinity of the room of fire origin
in Building 1, Expefiment 1 and in Building 2. However,

temperatures at the third floor landing also are quite similar
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- for both fires even though the fire origins are on different
floors. The first floor of Building 2 was not significantly
heated by the fire while it was confined to the burn room.

2, Building 3

Temperatures in and around the shelter in Building 3
are shown in Figure 23. The burnout of lighﬁ comBustibles
(boxes)kovef the shelter startidg at 1:17 p.m. is clearly
$h§wn by Thermocouples 3 and 4. The collapse of the first floc

ceiling directly over the shelter apparently occurred in stages

,,_,,,J?SEEESEJ?59_...3!151 2:00 p.m. The lasting effect of the mixture -

of heavy combustibles and non-combustiblés’thus deposited atop
‘the shelter is very evident. Thermocouples 1 and 2 near the
shelter ceiling show that the long-duration, low intensity firc
in contact with the shélter ceiling céuses substantiai heating
of the Shelter. In éontrast, the hot gases producéd by the |
fires in the”south end of the basement starting aﬁ 3:30 p.m.
~had only minor effects on the temperature of the shelter in-
terior although gas sampling (See Section IV-C) showed signifi-
cant infiltration by fire gases. Had the fire originated in th
first story over the sheltef,'the’resultant debris could be ex-

pected to contain non-combustibles and hence enhanced the . .

temperature rise of‘the shelter space.
C.  Gases

The direct monitoring of gas concentratioﬁs using a
single analyzer has posed numerous rpoblems in past experiménta‘
tion. For measurements of O2 concentrations, slow sensor

response has limited the frequency with which samples can
111 RESEARCH INSIITUTE
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be taken. This'problem existed throughout the present experim
and hasbonly recently been solved by the addition of sensors
to the instrument package. Far more serious»problems exisréd
with the equipment for CO analysis. This equipment employed
~catalytic combustion of thé CO and required frequent calibratis

checks:during experiments, In addition, it was extremely sen-

~ sitive to pressure changes and. to moisture which collected in

" the lines during the cooling period between experiménts. To

overcome these difficulties, an instrument using infra red

"_absorption was used to obtain a limited amount of data in =~

Building 2 through a temporary hookup.k For Building 3, it was
connected permanently into the automatic sampling system and
satisfactory monitoring of all gas sémpling lines was achieved.

1. Buildings 1 and 2

Oxygen and CO concentrations measured during Experiment
Buiiding 1 are showﬁ in Figure 24, The CO,concentrations are
those obtained with the catalytic combustion analyzer. Two
samples were collected from Line 5, one just before and one
'just after the peak concentration was reached (rear 5 minutes).
Mass Specﬁrbmetér analyses were made of these samples and are
reported in Table II. Thése'analyses show that thevanalysiS’W?W"
of total combustiblés producedhby the catalytic combustion
analyzer dq give a true measure of CO concehtratiqn in this
type of fire gas atmosphere.

Analyses from Experiment 2, Building 1 are shown in

Figure 25. Data for CO concentration from Line 1 were lost

H1 RESEARCH INSTITUTE
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Figure 24. Gas Samples from Experiment 1, Building 1 .
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TABLE 11

MASS SPECTROMETER ANALYSES OF GASES

EXPERIMENT 1, BUILDING 1

" Composition in Mole Percent

~—~Component
Sample 1 _l Sample 2
Hydrogen 0.04 0.01.
- Oxygen 8.9 | 7.5
Nitrogen 7.3 77.5
Carbon Moﬁoxide 1.3 1.0
Carbon Dioxide 11.5 13.1
Argon 0.92 10.89
‘Methane 0.02- 0.01
Ethane and heavier hydrocarbons 0.01 0.01
Oxides of nitrogen o | 0.01 0.01
| 100.0 100.0
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'kdue to moisture colleétion in theiline.' The CO data from
Lines 2, 3 and 4 were obtained with ﬁhe total combustibles
analyzer. | m | o
ShortLiy aftér»ignition in Building 2, calibration was
lost on the combustibles analyzer, apparently due to cataljSt .
- poisoning. Whateber the ekact reason, results for CO,aré.TW”g;m;@
limited to thoée obﬁained with the infra red analyzer which
had be$n-temporari1y attached td the system. The CO and 0,
" concen rationS"meASUred in Building 2 arevshown‘in Figure 26.
‘Ihe absolute magnitudés of the éO concentrations measure
in Buildings 1 and 2-have litt}e significance. Many different

CO-time relationships can be expected from real contents fires

under varied ventilation conditions. As stated earlier, ven-

tilation invthese experimentg was restricted to assure a measur

~able amcunt of CO production.® |
: .
What is of interest f%qm these results is the magnitude

of CO and 0, cohcentrations %t‘éach location relative to those

existi%g in.the immediate fi%e zoneil The positions of the

peak CO cbncentrations in Fiéure 24 show cleérly the time intof

vals required for fire gases [to move'ffdm the burning room to -

the various gas sampling stations in the building. Iffallbwf>”

* In retrospect, measurcment of the dilution of gases during
their movement through the cgrridor and stairwell might have
been more readily assessed by monitoring CO, instead of CO.

CO, was certainly in more constant production throughout each
burn and at the temperatures found to exist away from the fire,
little reaction should occur to disturb the CO-CO, balance.
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Figure 26. Gas Samples from Building No. 2
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ances are made for tﬁese fime intervals, it appears that very
little change occurred in the CO content of any particular

quantity of gas as it moved through the corridor and s;airWel
except close to the fire itself. It may be inferred that the
same.is true of oxygen content. Although the data on oxygeni

concentration are not complete, that shown in Figures 24 25

and 26 tend to substantlate this 1nference

2. Building 3

Analyses of gas samples collected ‘in Building 3 are sh

in Figure 27. Examination of the results for CO concurrently

with those for pressure differences shown in Figure 31 is
instructive.v During the period of measureable CO generation

on the first floor (mainly from 1:40 to 2:40 P.M.) the pressu

Aﬁithin the shelter was greater than that on the first floor,

thus CO would not have penetrated any minor leaks in the

shelter ceiling. During part of this period (2:00 P.M. on)
CO was present in thevbasement north of the shelter (probably

generated during penetration of basement door at M)||and

detected

preSSure differences favored gas penetration to therhelter.

However, the shelter wall was intact and no CO was

it e

e e ; o e s sy ey

in the shelter

Flre at the dumbwalter (Q) (3 30 - 5:00 P M.) produced
significant CO concentrations west of the shelter (near its
door) and pressure differences carried the gases into the

shelter space. The shelter door was tightly closed but ndt
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sealed around the perimeter. One can only speculate on the
reason for movement of gases out of thé shelter to maintain
reduced pressure within the shelter. The walls and ceiling
appeaféd to remain intact although sealing of several pipe
openings had been made before the burn which may have
allowed some leakage to the fi:ét floor. Another possibilit
(more likely) is that suction was somehow created by théﬁww;ng
pipe which carried pressurevtabs, sampling lines and
‘thermocouple wires out of the building. (This pipe can be
¢onsideréd quite similar to a shelter vent pipe.) Although
sealing of the lines within the pipe had been attempted,
the possibility of air flow in tﬁis channel was quite good.
D. Pressure
| Pressurelrecords are shown iﬁ FigufeskZS-through 31.
Those for Buildings 1 and 2 wcre,obtaihed by time lapsé |
photography of the gauges and visual observation by fire
department personnell The data for Building 3 were recorded
directly in the instrumentation trailer as described in
Appendix A. A northeast wind impinged directly on the

openings to the burn room of Building 1 and caused the

pov

ApressurémiﬁmfﬁéﬁEdifi&éfiéféi%wéii”i6ﬁBEWB€§HBEWEBAHWEHEEMfH”w“
other parts of the building. The wind was westerly during t
bufning of Building 2 so that the burn room windows werc on
the downwind side while the corridor and stairwell wére on t'
upwind side. Leakages through cracks around other openings

into the corridor-stairwell were sufficient in this case to
M RESEARCH IN:iiTUTE

60




#

/

0.15

" OAt Door Bottom S.E. Room 2nd Fl.
]
5 .10 . O At Door Top S.E. Room 2nd HM
" .
5 os 0\0/0'0\0
Y Stud Space Above Fire ' A
T O e e e . S S
- 4 12 16 20 24 28 32
Time, Minutes
) Figure 28. Experiment 1, Building 1
h.
£ 0.15 '
3 O Bottom of Door 3rd Fl, S.W.
L' Y 001
o
b
£ 0.05%F .
(4]
S A Top of Door 3rd Fl. S.W. A
0 1 ] | | 1 { 1 1 I | | 1 i ! |
g 4 8 12 16 20 24 28 32
o . Time, Minutes
nr Figure 28. Experiment 1, Building
[ E o .
M 0.1
g =
oW
% ©1.075
0o w
e 2
€ 0.05 O At Door Top S.E. Room 2nd F1.
(]
O At Top of dF. S.W. C .
0.025 { ? ?001' ?l’ 1 | »01‘\‘191‘ | | 1 i
: 18 22 26 30 34 . 38. 42
Time, Minutes .
Figure 29. Experiment 2 Buildinz 1
»
Bottom of Door 3rd F. S.W. Corner
= 0.1
o
&
3
- Stud Space Above Fire —==
o .
w 0.05
]
S
S At Door Bottom S.E. room 2nd Fl.
0 1 | ! ] ]

4 8 12 16 20 24
Time, Minutes
Figure 29. Experiment 2, Bullding 1

61

S -!m R e ey T ba T e e et e LT TS L NN AT e . e
- A . . . .
S - . L . '




ﬁ_«l?-?rlxr}

'

¢ TON DNIQIINd - SQU0D3Y JWASSTE 0f

. "814
(*urW) awil ,
8y %% 0% 9¢ € 8Z vz 0z 91 z1 w . , |
T 1 1 T T 1 1 il £ — P. 0E 0~
|
e P 0Z°0-
J ) LJ W ,
.o =) ® - w IUOH.O.-
v v ... i Q‘ f
Y } e e e )
v Vet Sy
i o il \
o L L] L]
V)
| 22u200 ‘M°S ‘14 pag 200q Fo dog ©d | 01°0+
23U10) "M'S 14 pag 100(Q wo Eou._uom Nm la.l
| *14 puz wooy °¥°§ doy xooq 3e ﬂm IOI
|
| *
| !
|
¢ noy Iy Srrmmnncn :th B

(39384 3o soyou) <WOOU _ F0PIIIOD,

62

T -

s TR

o o g e~ ere—




—

(UTSUCIS M TEUBORnEM) fg Uang JUTAN] papaoody S9ousdajjig o4Anssodg g 94nsiq

auiy %2013
o = w & - ~- -
o o -0 2 o z >
 SELINLANL AL A RIS S S R R L LN B L L L LB LML B L :
N .o\.f L . 01'0- ,
n \ -~ , !
L& - f\\', ‘ A ~4 60°'0-
\ . _ |
- \vy/s).\lul.\ 0 (3wsg-123194s) _
om oo sgP lg-la :
88 =i 3@ ——o 4 <00+ o ,
oy o a 2 oty 3 “
[l an a3 o a4 3 !
b 3 n 3 " ® o w > ﬂ
o 0 w o o3 o e . b
® 3 3 (28t < — 01 0~ £ ‘
e mr ® con 8. M
V ~ a O 2 A
€8 =g g 8F | g .
e o " ° —~ S0°0- = (
- [~ . " 8
- L N T 2 o }\\ "
3 tzn.)# T pL >l p (14 381-33373Us) o
"t i o ™ 3 .
) €. .1 -
™ © d-'d ® 5
A o 4 soo+ s .
W MJ [ 3
-0 [ D w.'w
re - . - '
A 7 ot'o- & \.
A \c._\.; [ v -L .ra 2 C i
~ N s . v - . ] . ...
\ v ff v ry a0 5 §0°0 [
= ] I, S — e e e = - — —_ wﬂv ———
= Sy — o (PI314-3a313us) |
= i
3 v
5 m 7.1 1
-d i
& 2 NPT ST VI “
)
S .
: e :
m 5 3 X
| \
. 43
| _ 5
| W ...
| |




N 9w e =

]

i
|
|

— ouud g Swmnie Wu

D e R

create some bressure excesses in the corridor-stairwell over
rooms on the downwind side even. This subject is briefly.
discussed by Labes(z)‘using air infiltration data from the
ASHRAE Guide. (") |

The combined effects of fire and wind on pressure

- differences are probably most clearly'shown by data from

- .,-.-.-..-—-w W r— S e - r——— - e " fr 3

-Building 3. This structure experiencéd extreme variations

in ventilation conditions and fire locations as the experiment

progressed and_thesé changes are reflected quite clearly by

~~the pressures shown in Figure 31, The combined effects of ————

pressure and gas concentration are discussed in Séctién'IV-C.
Pressures measured in the ceiling joist Spaceidirectly
over the fire in'Bﬁilding 1 show a mechanism for spread of |
gases other than bﬁlk flow of combustion products. A
pressure rise apparently caused by heating and generation.

of wood distillation products in the stud space appeared

in both fires. Such pressure buildup in the wall and

ceiling spaces of masonry, wood joist structures during
fire causes the distillation products to flow out of all

possible exits and may result in gés movement and CO buildup

‘in spaces located at levels lower than the active fire zone:——

High CO concentrations detected well below the active fire
zone in a previous fire experiment(s) probably came about

by this mechanism.

11 RESEARCH INSIITUTE
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-
E. " Firebrands

The subject of firebrand generation was considered
early in the planning stages of the burne. At that time, the
problem was conceived to be one of finding the ultimate location
of the occasional brand leaving the fire. Two schemes were
thought to be applicable 1) covering a portion of the

downwind area w1th a grid of 3 ft. wide paper strlps and 2) visual

observation of several specified downwind areas. It was

decided to place several observers downwind of the first

building and, if brands could be spotted, make arrangements
to use the grid approach on subsequent burns at locations
selected on the besis of the first fire. Past experiences
with several one and two story frame residences and a three
story brick apartment building suggested that prolific
firebrand production would»not occur in these buildings since
none had wood shingle roofs and no very tall channels were .
involved. |

As the roof began to open up Building'No; 1, this

notion was quickly proven false. The[ky became filled with

large numbers of burnlng embers Observers stationed one block

downwind reported a sound like rain falling on dry leaves

as the brands d;opped around them; Thoughts of rolling out a
small grid were quickly discarded as it was rcalized that the
paper would probably burn as fast as it was unrolled. Several

boxes placed behind the instrument trailer one hundred fect

17T RESEARCH IN: HTure
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downwind of the nearest corner of the building suffered humerous
igniﬁions. In addition, a rotted tree crotch 1/4 mile from

the fire was ignited. Fire patrols reported significant brands
well beyond this and hose lines were directed toward the:column

to help reduce the number of brands leaving the immediate

area. - As the fire had served its prime purposekahd row fully -

inVolvedvthe structure, some water was directed into the

. structure to reduce the fire intensity. Thus, the brand

denéity éhown in the aécompanying photographs (Figures 32 and 33)
wdaldvhave been éven gfeater under a completely free burn.
Comple;ely‘free burning was not found possible.and Building
No. 2 was treated in much the same manner as No. 1. For

Bdilding No. 3, water application was restricted to the north
half of thé sfructure and‘the convectioﬁ column; The south |
half of the structure burned from the.tdp down and was not
as violent»a'firé; thus brand production was quite limited.-
In the north half, however, fire spread rapidlykupward and active-
ly involved the total height. Even Qith the use 6fvwator to
reducé fire intensity, brandé were found more than a mile |
from the structurc; |

Examination of the brands showed most of them to be
part of the roof sheathing (nominal 2" x 6" tonguc and groove
boards).‘ Due to their steep pitch, the roofs had no under-
layment and only a singie installation of shingles (in spite
of the builaing_age). Apparently thé lack of thickness and

weight of the roof covering permittcd the sheathing to remain
111 CESEARCH IN‘-]]]’UT[
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Firebrands from Building No. 1

from fire

Figure 33
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in place and readily float away in the updraft of the threc
story fire.

F. Miscellaneous

1. Ignition of Laundry Building

Two ignitions of the laundry building adjacent to
Building 3 occurred during the burnout of Building 3. The
first of these occurred at a second floor window on the west
end of the north side of the building (see C, Figure 19). The
smoking of the window frame had been noted prior to ignition
and the ignition was by radiation (possibly piloted by a spark) as
no brands were seen.fiying in the area at the time. Since
none of th- radiometers were at the exact location oriented
perpendicular to the main fire as it existed at this time, the ¢xact
radiant heat flux received by the window frames is not known.
Radiometers 1 and 2 (on the west side, north end of the laundfy)
were nearby and offer some indication of flux level(see Fig. 34)
At no time, however, did these radiometers i.dicate levels
required for pilot igunition of wood (0.3 - 0.4 cal/cmz-SOC).
Beczuse the radiometer outputs were not recorded continuously,
it is possible that'high radiation peaks occurred which were
not recorded (Such as that at about 11:46, Radiometer 2). Sharp
radiation peaks could result from momentary puffs of flame assoc-
iated with sudden structural changes within the building.
As a matter of fact, a series of minor collapses occurrcd within
the north attic at about the time the laundry window ignited,

and the roof collapscd shortly afterward. One may speculate
“l "ESLAQC}‘ NG IITUTE
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that after long duration heating of the laundry window at
low level, a shcrt period of’high radiation produced by tt
collapse may have been sufficient to produce sustained fl¢
of the window frame. Future full scale experiments might.
well employ continuous recording of radiation with fast

response instruments in order to determine the magnitudes

such radlation peaks Such information would certainly b¢
of value in determining the ability of fire to spread to

adjacent buildings by purely radiative heatin‘.

A second ignition of the laundry buil ing in a dor
window (H Flgure 19) can probably be attribu ed to a brar'
The subsequent increase in radlant intensities at the winc
location (see Radiometer 3, Figure 34) supported the burni“
and resulted in rapid spread up one side of the frame to t
top of the windo@. Since the glass had been removed from
upper corner to accomodate Radiometer 3, the fjre spread'q
into the attic space of the laundry Both laundry fires |

were extingulshed with hand equipment. i
L

2. Condltlons after the Fires , B

Due to thelr massive constructlon, only minor wall

collapse occurred in Bu11d1ngs 1 and 2. The same can be
said of Building 3 except where the steel work used'in the
dining hall and‘auditorium areas weakened the walls (see
Figure 35).

Conditions above and around the shelter are shown

M1l RESEARCH IN:iiTUTE
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Exterior northwest corner of building

Interior of dining hall

Figure 35. Building No. 3 after the Fire
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Figure 35. Becanse the spread of fire was downward in the
south half of Building 3, the amount of ccmbustibles within
the debris deposited on the shelter roof by the collapse of
the first floor ceiling was probably less than would have
been present had the fire originated on the first story.

V. CONCLUSIONS |

The conclusions derived from the experiments are
listed below. Where applicable, revision of or additions to

the interim technical guidance provided in Chapter 7 of Reference

7 are suggested. The conclusions are:

1) Oxygen depletion in an active firg zone will be
reproduced throughout interconnecting spaces on the same or
higher stories of a relatively "tight'" structure or structural
portion (unless very large volumes are being considered). In

experiments with Buildings 1 and 2, 0, levels as low as 5% 0,

were measured.

2) CO concentrations of about 75% of those in the
active fire zone would have existed at the exterior of shelters
removed frbm the fire but on the same or higher story (addition
to interim technical'guidance). A maximum of 3.3% CO was re-
corded iﬁ these specific experiments.

3) Wind pressures can drive fire gases into shelter
spaces even if fire generated pressures are not significant.
Smouldering fires may produce significant infiltration of
toxic gases by this means (revision of interim tethﬁical

guidance is suggested, namely raising pressurc potential to
11f RESEARCH INSIITUTE
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]
C.5" water for all fire situations including distant flame ‘
exposures from individual nearby buiidings). ,/

4) Although much more data is needed on real fire en-
vironments and movement of fire gases through complex structures,
the above conclusions lead to a further statement that fires
within a “"tight" envelope bounded in part by a shelter cannot
be tolerated and muct be extinguished unless the barrler between
the fire and the éhelter is perfectly gas tight.

5) In a fire resistive construction, downward movement
of CO will probably not occur. |

6) Fire gases infiltrating a shelter having otherwiee
cool floor, walls and ceiling do not significantly heat the
shelter air space and would represent a hazard only because of
toxicity or the ignition of combustibles immediately adjacent
to their ingress peint within the shelter. In Building No. 3,
the CO concentration stayed below 0.057 in the shelter; however,

not much higher concentrations occurred outside the shelter in

.

this particular fire.

7) The external heating of walls, floor or ceiling in a
shelter is a significant hazard and the effects arc likely to be
long lastlng because of the large heat capacity of the shelter
envelope. 1In this respect, the presence of burning combustlble
.mixed with non-combusttbles in direct contact with the shelter
produces long-term heating and is particularly dangerous.
‘Ceiling_temperaturcs in the designated shelter arca of Buijlding

No. 3 reached levels of 130°F ( 70°F rise) which lasted well

11 RESEARCH INSIITUTE
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over 24 hours for a rather moderate debris piling.
8) Due to the cooling effect of walls and ceilings,

the temperatures of gases moving horizontally within a

1]
!
!
'. | Structure fall rapidly and should not significantly degrade
‘ barriers which are remote from the actiVe fire zone. This
I is not necessarily tfue for vertical gas movements such aé
would occur when the’fire and barrier being considered are
' separated oniy by a verticalyshaft,
' 9) Provision for éomplete sgaiing of shelter vents to t
”mwgpgéjggwshoglgubewgonside:gd”toAprevent”lowering of shelter pr¢ .-
sure by suction through the vent. When outside conditions perr
the vent could be uséd to pump air into the shelter thus produ§
positive flow out through ény voids in the shelter envelope.
10) Variations in construc;ion, otherwise considered mif
may have a significant effect on firebrand'generatioﬁ. This
subjéct needs further ihVestigation.
" 11) Local fire and engineering services can collect mea
‘ful data from building burns. They lack only guidance toward a
. more detailed understanding of the non-extinguishment aspécts )

fires and the specific interests of shelter safety (see Sectidn

77 FOR_BUILDING BURNS '

At the time this program was initiated, IITRI had alrca
participated in five field experiments involving fires in real
structures. None of the experiments could have been carried ou

without theiclose cboperation and support of the local fire ser:

vices involved. This cooperation and support was enthusiastica
11T RESEARCH INLIITUTE
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giveﬁ in all cases. That the fire services would activélﬁ and
capably participate in this program and was thus-a forego&e
conclusion. It remained to establish the amount of information
on building fires which might be obtained by fire setrvice person-
nel without the detailed long-term involvément,of research
personnel with elaborate instrumentation.
As mentioned in the introductory portion of this report,
studies of fire and shelter spaces can be approached in two
fashions:
1) Study environments caused by fire in buildingé without

regard to specific’shengr location W;and relate shelter per-

formance to these environments in laboratory evaluations. |
' |
2) Study the performance of specified shelter 1ocakions

§
i

when exposed to fires within the building housing them.
The first approach offers the maximum potential use of the
data collected but requires more measurements. The second, is,
perhaps, more amenable to the use of »'packaged” instrumentation.
No reason is seen at this time to ignore either approach.
A program incorporating Iécql fire service and enginocring

experimentation has two major needs, ' The first need would be the'

provision of necessary instrumentation. The second would bhe ‘tor

document to inform the services of the technical aspects of firc

buildup and spread (which they seldom observe in the normai course

.of their duties) particularly as shelter areas are affecte@.

Included in such a document would be:

1. types of information desired and why

11 RESEARCH INLIITUTE '
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i
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l

2. measureucnts to produce this information

3. experimental procedures (with emphasis on réalism}
in fire loading~ |

4, matching of bhildings and experiments

5. instrumentation

6. presentation of results

. Item 4-cou1d also_offer~guide1ineS“so‘that”particularly’ 

useful structures would be recognized and their availability
made known for more elaborate treatment. |

- Experience has shown that fire service manpower is never

-in short supply at experimental fires. Thus, instrumentation .

can be of the indiéating, rather than recording type and fire

service personnel can be assigned to record time-oriented data.

Rather inexpensive instrumentation exists at this time for measur

‘ments of temperature, pressure and concentrations of CO, C02 and

0,.% Simplg modifications of existing equipment could provide si

meters for radiation measurement. The clock and the camera are,

course, readily available. Since experienced firemen are accusto
to moving about freely in burning buildings, equipment carried by

fireman would be very mobile and a single instrument could monito

‘several locations in many cases.  Examination and characterizatio

of the structure by fire service personnel prior to burning shoul.

be no‘problem, particularly with the aid of local engincering

*The fire service personnel at the Waukesha burns had prior ex-
perience in monitoring CO, 0, and temperaturce, recorded pressure
data and photographed significant events during the fires.

I RESEARCH INSIITUTE
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people (each local fire service is already in close contact
with the local building department as well as with other
appropriate municipal agencies due to their common interests
in general building safety).

Professor Gronbeck, whose analysis of the shelter in
Building 3 was presented in Section III-E,:haqus§emb1gddﬁﬁ -
one possible combination of steps toward local handling of
fire experiments by the fire services and dCD shelter analysts.
It uses the "specified shelter area" approach and is given in
its entirety below as an example of the methodology
although, as mentioned earlier, limiting the fire service
experiments tq_this type of study is not recommended.

Contributions by the Shelter Analyst

"Shelter analysts, as architects and engineers who
are quallfled by examination and certified by the Offlce of
Civil Defense, are professionaly capable of conducting field
work as outlined in these procedures.

"Should the decision be made to use the services of the

analyst to conduct research for shelter habitability in the fire

_environment, instructions should be formalized and distributed ..
through the Architectural and Engineering Services, OCD, with
subseqdent‘communications handled between the analyst and
personnel of the research organization involved.

Elements of Procedure

1. "The fire service personnel should have in their

- - N . N » -l N () “. N » N
possession basic Lr%ggr&gsgor shelt ? rder to decidc

in
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whether to report shelter potential for a building to be
burned. These criterié, or guidelines, should be simply

communicated to the fire service in writing and by the use cf

simple diagrams.

"For. example:

- a." Shelter may be on ahwal6br“df“thé'buiiaing‘bf“iﬁ””wm“””

the basement of the building

b. The total thickness 6f masonfy from the insidé
of the building (shelter) to the outside, should
be one foot _ -

N Thevtotal thickness of the masonry above the
| shelter Shouldibe one foot, measured

1‘ifr6m ceiling of shelter to roof of building.

d. There should be no line of sight to the outside
from within the shelter. See diagféms below: .

\

Line of Sight

- I —
Shelter| | Shelter y Sheltef?———-;
k \
Poor Better Best

2. "If the building meets requirements of the research group,
a form should be completed by the fire service and sent to the

research group notifying tnem of the possible test site. The

Hr RESEARCH INSIITUTE
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form should include:
a. location of building, noting proximity of other
buildings
b. brief description of the building--this may be
done by a check sheet
¢. time of burn
d. reference to Sanborn maps
e. other information
3. "Upon receiving the notification from the fire service,
judgment shall rest with the reseérch group on whether to
follow up by participating in the burn. If the regearch group
decides to follow up, a shelter analysis should be made by
a qualified analyst. Full instructions should be sent to
the analyst. After an irspection of the contemplated test
site, the analyst should submit a report to include the
following infofmation: |
a. layout and dimensions of building--include any

existing drawings or blueprints

b. indicate type of construction
c. 1include photographs

d. determine a protection factor basced on PF estimator

e. comments and suggestions.
4. "Upon receiving the report of the shelter analyst, a final
~decision must be made on whether to participate in the burn.

If the decision is made in favor of participation, instruments

M1 RESEARCH INSHITUTE
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and equipment shoﬁlA te forwarded witb instructions to the

analyst.

The analyst muét,work in close cooperation with the

chief of the fire sdrvices as both will share in the responsibi

of a satisfactory burn. Instruments should include:

a.

laborator

Instruments to record temperature rise in shelter,

A time-ilapse photographic arrangement with the

~ camera focused or 1 wet bulbwthermomeﬁer,vdry bulb

thermometer, sensitive barometer, and any smoke,

might bel used in a "black box" arrangenent.

Film shbuld be loaded at the research center with
provisions made so that the box need 6nly be set
in place and picked up after tHe burn and returned:
to the 1 quatory. Camera box should be insulated
against eat. |

Method of taking samples of shelter atmosphere.

- Copper tqbing and the use of a vacuum pumprof

the type?accompanying MSA portable Midget Impinger
may have»fpplication here. Air méy be collected in
bottles by water evacuation wmethod (some absorption‘
of €O, inVolVed)l' Bb;tlés to be returned to researc
& for analysis.

A‘vane an%mometer should be providéd to‘reéqrd

wind veloéity,durihg the fire. This refers to
atmosphér c winds ahd dirocfion.

Thermometlf shbuld beiprovided to record ambient

!

outdoor temperature away from fire. A time should

Il RESEARCH INSIITUTE
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be set for taking wind velocity readings and

ambient temperature readings.

"Equipment should include:

a.

Five.clip boards with necessary form:<. One board
to be used ky each. person taking data; one to

each side of the building, and one roving or moving
around the burn continuously. The data collected
by the person moving eround the burn will serve,

in a way, as a check on the data collected by the

 other observers. The form used 6ﬁ tﬁé clip board

should note time, comments and other pertin:nt
information desired. At the top of the form it would
not be amiss to provide examples of tﬁe type of

comment desired such as, wall collapse, window

‘broken, fire reached roof, etc. The form should

ask for the name and the address of the fireman
or other person recording data; and a thank you
letter forwarded to this person. All watches
should be checked at the end of the burn.

Five cameras and film. The camera should be of

 the inStématic”type requiring a minimum of adjust-

ment. Camera might well be loaded prior to shipment
to the user. In this way, the user nced only aim
and shoot. Directions for positioning the camera
in‘relation to the building might also be sent out

to the user of the camera to insure that he is not
111 RESCARCH IMSIITUTE '
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' “burn time,‘30 exposures are required and this will

R S

too eloee‘or tov far from the building. Color film
. 1is brefefred, of course. Person recording the
data and using the camera might be one and ;he same.
In this fashion a picture might be asked for every
five minutes immediately before writing a statement
or comment on the progress of the fire. For a
~comment and a picture every five minutes during the

burn for a total time.of*two’and one-half hours of

. _also provide for 150 commentaries on the fire. |
The extra pictures on a 36 exposure roll of film,
which will number six, can be used at tﬁe discretion
of the user of the camera with the emphasis that
only six of the ﬁictures may be taken out of the

| time Sequence. Camera must be feturned to the

researchers unopened as must all 'boxes'" used in

the burn.
Comment
"The foregoing procedure ﬁillfsupply data on burns
of structures having shelter potential and will iow habitability

Of Shige_igu_iiliiﬂ,ﬂtonment,)_I t must be, -@ ] )ha s iZQd “to e e

" all concerned in the test that the test is being conducted as
a scientific undertaking. .-On this basis, it must be understood

that any deviation from explicit instructions must be noted

111 RESEARCH INYiIITUTE
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or doing some other task. A team of approximately nine persons,
it is estimated, is required for the proper conduct of the
test. Each person on the team should have separate printed

instructions as to duties and responsibilities."

VII. RECOMMENDATIONS FOR FUTURE WORK

During the preparation, conduct and evaluation
of the Waukesha burns, several approaches to the study of
fire behavior and its ultimate effect on shelters have
_been established or revised. These have been forwarded
" to the Office of Civil Defense in OCD Task Card format at
various times during the contract period. It seems
pfoper to reiterate their essential features at this
time. These are summarized below along with a description
" of the studies of OCD Work Unit 1132A to which they,

as well as the present task, contribute.

A, Development of Fire Resistance Ratings for Shelter

Components (OCD Ho. 1132A)

1. Approach

The experimental verification of input data for
fire test procedures and criteria related to their use in

rating shelter components is proposed. These experiments are designed

11! RESEARCH INSHITUTE
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1. Evaluate temperatures, pressures and gas concentrations
representing the hany fire situations, specificélly
a. the influence of fuel surface and ventilation on
the exposure characteristics of interior fires

b. the exposure due tovindirect effects ih corridors
Vand'vertical shafts which vary in height and leakage |
rate |

~¢. the exposure due to mass fires (laboratory séale

experimentation to Qalidate analytical models
within this regime) and |

d. the fuel Bed characteristics énd atmospheres above
detris fires.

2. Evaluate barrier'responses to typical exposures, to
develop means for predicting these respdnses from the |
results of akminimum'of'standardized tests.

3. Verify the validity of certain peacetime fire test
procedures (particularly sample restraint) which are»
applicable to the rating of shelter components.

B. Other Information

__ﬁ._,,,,A._._.,-,.,_,,A,-,A,Pre]_iminary studies of the behavior: {)f homogeneou's SO —

barrier materials under unidirectioﬁal'heat flow (a part of
Item 2 above) are presently being conducted under Contract
No. 228 (62479)68580.

C. Background

Present building firc resistance criteria, which are
: Y RESEARCH IN.ilTyre
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used sp} assessing the safety of people within structures
underlpeacetime situétions, presume that evacuation will take
place and thut properly equipped. professional fire fighters

will soon arrive. Under nuclear attack conditions, however,

the shelter occupants cannot reasonably flee the shelter area

or building and outside fire fighting cannot be expected.

Thus, fires within the shelter area must be controlled by

the occupants and fires external to the shelter‘area must be
withstood in their entirety by the structural barriers comprising
the shelter envelope. In the case of the fallout shelter, the
non-shelter portions of the structure must also be capable of
withstanding unsuppressed burnout without endangering the shelter
occupantéf The additional requirements imposed by the nuclear
attack situation are reflected in a need for shelter component
fire resistance compatible with these requirements. This

study was initiated as one of the tasks undef Contract

No. OCD-PS-64-50%.

B. Design of Tests for Urban Building Burns
1. Approach

It is proposed to develop a design manual for experimental
buildiné fires. The purpose of the manual will be to pfovide
guidance for obtaining information regarding the environment
of mass fires and their effects on shelter areas. Particular

emphasis will be placed on {ires to be conducted in connection

*For further detail, the reader is referred to Labes et al.

(Ref. 2)
. It RESEARCH INtItTUTE
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aid them in the collection of data in a form amenable to this

with OPERATION FLAMBEAU. Subjects to be treated include:
1. ‘types of information desired |
2. measurement to produce this information
3. instrumentation
4. experimental procedures
5. preséntation of results. ,
- Regarding the types of informaﬁion aesired,lthésékwill

be subdivided into two categories. One will pertain to the

fire environment, the other to the effects on shelter areas.

The latter will be correlated with OCD work 1133B, "Design
of Testé for Effects of Mass Fires oﬁ Shelter Occupants'.

An additional subject to be considered will deal with
guidance for‘the preliminary experiments of OPERATION FLAMBEAU.

c. Preparation of "Shelter Habitability in a Fire Environment -

A Design Manual for Fire Service Experiments"

1. Approach

To increase the availability of useable information
on fire conditions at the perimeter of shelters, it is pro-

posed to develop a guide for the Fire Services to inform and

purpose.  The proposed document would coﬁcern both general
fire buildup and spfead with specific emphasis on these as
they might affect an included shelter area. Subjects to bec
treated include:

1. tybes of information desired

2. measurements to produce this information
- M RESEARCH INSIITUTE
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i. experimental procedures

!
3
%. matching of buiidings and experiments

5. instrumentation '

4. presentation of results.

Jtem 4 would also offer guidelines so that particularly
applicaJle structures would be recogniied and their availability
made known so that in these cases more sophisticated and =~ =~
elaborate instrumentation éould be brought into operation by

research organizations such as IITRI where warranted.

2. 'uture Plans

%he follow-up program would be to release a limited
number Jf the guides to Selected fire service groups and to
analyze%theif resulting operations-on several experimental
burns. %The revisions and_extgnsiohs to the guide suggested

by this?assessment would then be made and the revised guide

given general distribution.
-

D. Study of Firebrands
1. ﬁaquround

Quantitative assessments of fire spread for urban areas

are presently limited to considerations of radiative contributions.

1 . .

Only thﬁ crudest estimates, based”on very limited sfatistics,

can be @adevof the contributions of firebrands or convective -
heat tr;nsfer. Without the inclusion of adequate representations
of thesé modes of spread, all esﬁimatcs of fire damage and

rate of sprecad (and its associated casualty estimates) will tend

111 RESEARCH INSIITUTE
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' to undercstimate damage.
2. Approach |

! The study of firebrands requires the application of a

( 11arge numberrof:scientific disciplines to the various stages

) of a firebrand history. Rather than include all of these

I | here, the present writing attempts only to delineate the major .

v‘eyentsrinﬂche life of a'firebrand and to propose soiutions‘tqv:j
several of the problems concerned with estimating the associatec
fire hazard. Many of the other necessary inputs to fuli |

_description of its behavior are presently being studied or -
exist as propoééd tasks on file‘(ex. the convection column
of a_fife'storm). | _ |

The life of a firebrand can be generally subdivided

into three intervals of interest; namely:‘ generation,

transport and ignition of combustibles. Studies of each

with no particular requirement of sequential order. Thus,
although they will be discussed chronologically, chronological
order of study is not implied.

I. Firebrand Generation

The number and size of firebrands produced by a given
- structural fire is unknown. Wood shingles are identified as
serious producers of brands, but beyond this, no quantitative
and very little qualitative information is available. It ’
thus seems appropriate to establish the capability of various
construction types to produce brands, both as individual fires
under low velocity winds and under high winds or in mass fires.
An experimental program is proposed which incorporates full
scale segments of various roof and floor-ceiling construction
in a fire environment and collects all generated firebrands.
The experimental lab at IITRI (Gary labs) seems particularly
adaptable to this purpose as the present roof (about 18 ft.’

' of these intervals can generally be conducted indépendently
‘ 111 RESEARCH INSIITUTE
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above the floor) is flat and has an 8 ft x 8 ft opening which
could act as the top of an 8 ft square structure placed below.
The remaining roof space could support a simple screen trap
to collect the brands. In this manner, the number and size
distribution of brands for various construction types could
be established. Equipment is available for artificial wind
generation. :

11. . Firebrand Transport

A typical firebrand leaves its point of origin, rises
within a convection column, leaves the column at some point
_and settles to earth. Its final location and size upon reaching
this location depend on the relative magnitude of the horizontal
and vertical forces which have acted upon it and the resultant
time elapsed. Naturally, one must know the nature of the convec-
tive column which carries it aloft. Such studies are presently
underway or proposed elsewhere. Studies concerning settling
.. _.velocity and size with time are being conducted by Tarifa et al.
in Madrid and it is assumed that their study will eventually
include shapes in addition to the cylindrical and spherical
ones recently reported at the 10th Symposium (International)
on Combustion. Thus, the additional information required for
complete description of the trajectory of any specific firebrand
is its path while in the convective column. It is proposed to
treat the problem analytically by first considering a vertical
column where the brand has a mean upward motion due to the
column and a fluctuation, both horizontally and vertically, due
to the column turbulence.  The results of the study will describe
the "fallout" of brands at various elevations. A similar treat-
ment of a non-vertical column will be needed but bests awaits
development of an analytical model of the confla ration. It
is anticipated that it may be sufficient to add a steady, mecan
horizontal motion to the firestorm analysis for this purpose.
Certainly such an approach is a reasonable interim technique.

III. Ability of Firebrands to lgnite Host Materials

To properly evaluate the Hffect of firebrands, one must
establish their ability to cause a significant fire once they
_land._ _This ability is a function|lof the material they contact
and, in certain cases, the radiant "boost" they receive from
the parent fire. Fire spread by brands into areas where blast
has removed windows will certainly be more successful than
into arcas where windows are intact, due to the obvious sus-
ceptibility of interior combustibles to small brands. No
program is proposed in this area at this time. Some information
presently exists concerning susceptibility of roofing materials
(British Fire Rescarch reports).
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APPENDIX A

INSTRUMENTATION

The development of instrumentatior for fire experiments
is, in itself, an area requiring continuing research. Many
_of the quantities to be measured are quite small requiring
rather delicate sensors and these must function sacisfacforily
in or near the high tehperature environment of the fire. In
addition, it is highly desirable to use the same instrument
both in the laBoratory and in the field. For this reason,

a degree of ruggedness is required. Where practical, the sensor
"can be expended (such as a thermocnuple) but the costs
assbciated with construction and calibration of most of the -
sensors prohibit this as a general practice. Needless to say,
many of the instruments are not commercially available or, at
best, require exﬁensive modification of commercially available
components.

The instruments described herein havé evolved over a
period of several yeérs of fire experimentation.' Their designs

permit continuous remote recording of the monitored quantities

by m_easuring D.C. voltageS. [T ) Covn o Tmmmmmmm e s m e e

1. Radiation

The instrument used to measure radiant flux is of the
radiometer or ésymptotic calorimeter type. It consists of a
thin (0.002") gold disk, blackened on the side faéing the

radiant source and highly polished on the back. As shown in

It RESEARCH INLIITUTE
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Figure A-1, tre disk is placed in front of a copper block

which serves both as a reference temperature and heat sink.

| The disk is supported by chromel and alumel thermocouple wii

which are connected in opposition to a second thermocouple
embedded in the copper(block. This differential couple is

used as ‘a measure of tﬁe radiant flux falling in the disk;

'”Convéctionhbeihg“bIOEﬁédWBy“é‘thin'hica'winaoﬁmﬁiéééHWBQéfw?W«

opening in the housing{ To minimize heat pickup, the interr

copper block and front housiﬁg cover are gold plated and

polished. The remaining housing parts are chrome plated.
The instruménts‘were calibrated for fédiant flux leve

up to 0.04 cal/cmzsec by comparison with the'reading from ar

Epply thermopile, using a device simiiar to an opticalvbentb
- for alignment’and a bank of eight quartz lamps withvreflecté/f

‘as a source. A shield with a 2in. x 2 in. opening was place

in front of the lamps to reduce the source size to within

the field of view of both instruments. Chahges in shield

- temperature over long time periods will still affect each

instfument'differently due to their dissimilar viewing angle

To ‘account for thls effect, calibration was accompllshed by

- exposing both instruments to the shielded source with and

_without a shutter across the shield cpening as shown below.

1T RESEARCH INSTITUTE
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Note: Assembly screws
omitted for clarity

' mica window
]/ Jf—blackened face
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thermocouple wires << alumina tubes
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Figure A-1. Radiometer for Measuring Heat Fiux from Fires
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E=I,p+1

: . e |
Eﬁield | v | Shi»ld
_ Shutter Instrument SOurcel _ ,Instrumenfﬁv
] Source —_— I Y| — I e
! (Lamps) = | s’///‘, (Leamps) L .////r'
i I | | or I.
i A,E or IA, R ’/,/IA, E or IA, R
«“W];fﬁrAm~’ww»~wAMBIENT B T EXPOSED

With the shutter in place, fluxes measured are:

) S . g
and | o | t A

I + I

R™=Iar* s
With the éhutter open:
If = IA’E + I
IF=Iart 1L |
The subscripts R, E, A, L and S refer to thex?édiometer,
Epply cell ambient, lamps and shutter respectively. As’noted
above, I, E ¢ I R due to the variation in the angle of vision

i
i .

of each instrument. By subtraction

o W -IpmI - Ig=If =g

which relates the flux differences measured by each instrument.
For higher flux intens1ties, beyond the range of the

Epply thermopile, the shield was removed and a ten-to-one

chopper was placed in front of the radiometer, readings being

taken with and without the chopper in use. Comparison of the
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readings, corrected for tne radiation from the'heated chopper,
permitted the use of the radiometer as its own calibration
standard for the high range. A typical calibration curve is
‘shown in Figure A-2. A comparison of various radiometers with
the curve for a perfectly black receiver absorbing and
emitting energy on one side only is shown in Figure A3.

An approximate analysis of the instrument may be obtained
by considering only radiant heat transfer from the exposed
disk: Consider a flux, Ii’ of which eIi is absorbed. 1If
ithe sink temperature, Tp, is the séme as the reference disk
temperature and T is the temperature of the exposed disk,
then oF(Ta_- Tg) is the net radiant interchange between the
back side of the exposed disk and the sink. F is defined as

14

Ft"'-" -
.t " Egink

1 " Adisk

€ 4 . Aa.
_ disk ESink Sink

considering the geometric angle factor from the disk to the
sink as one. The terms € and A are the emissivity and area

respectively. A heat balance for the disk yields:

b 4 OF (b _ b
It is poticed that when T ~» TR’ Ii - ng, the reference flux

.associated with a zero millivolt reading. Calculations of

I, =-0Té check the experimental calibration curve if F/ex 3,
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A-5




b

AWy

!
P e \ R . v‘ll..
13ddoyd jo asn ¢
. andowaay;
A1ddg yim uoszedwon o
._ : |
[ 7o e, -, I e oy ‘arty Sunn !,- [ Wy ——

i+ s

s..&li

0t1°0

2170

v

998~ ,wd/1ed

A-6

o ] L | e

>y

T —

o

-




901A9(Q 2dulanses)y uoyleipey jo uostaedwo)y “°¢-y 2an3d1g
o388~ ~Eu\~mo - XNy jJuelipey
90 §0 ¥0 €0 2°0 1°0 0
T T LI | T :
suang
adudamery 3§
nam ‘oN ‘satpnig °*3p1dg sxajaworper Apoq
[euorieN) JsIp pP1oH DI.LIT yoeld

01

Aw ‘atdnodouriayl [dwnie~-(dworyd woxy ndino

A-7

RN T Al .. E T v - -

T YT
.

 ——— v e e o g v—

il d




I

¥

e I

L

e

S Sy

Formac sk

oas CEE W Wy (o

, | o, |
up to flux levels of 0.08 cal/cm sec. Above this point, the

calculated valu:s are higher than the calibration Values,
indicating.possible cooling of the disk due to internal con-
vection. | | '

When thé radiometer‘is used to measure the radiation
from a fire, thé flux associated with the reading represents
the net radiation increase from the fire above that of the
backgrcund. The totai radiation from the fire would be
obtained by correcting for that portion of the background

blocked by the fire and no longer'Visible.to the radiometer.

Fortunately, this correction amounts to less than 0.5 per cent

for typical baékground temperatures (70°F) and may be
neglected.’

2. Air Velocity

The hot-wire anemometer is comménly used‘fbr meésuring’
low air speeds and its sensing element hormally consists of |
a very fine exposed wire which is heated by an electric curren
The temperature Qf this wire and consequently its electric
resistance depends on the rate cf cooling caused by air

flowing over it, and, therefore, it can be calibrated for

measuring air speed. A modified instrument is described

by Simms(sl 

_who used a twin-bore silica‘Fube with a
resistance-heated element in one hole and a temperature measur
thermocOuple in the other. At a sacrifice in response time
he was able to achieve greater accuracy and a more stable

calibration. Such an instrument, however, cannot be used in
IIT RESEARCH INSIITUTE
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the vicinity of a fire because varying thermal r?&iation
from the flame may overshadow the convective heat transfer
due to air flow.
This difficulty has been ovefcome(g) by the use of
two identical tubes with thermocouples connected in opposition

so that the emf signal is a function of the temperature

' differenée_between them. If only one tube is slightly heated

electricaily, the output of the differential thermocouple

.should‘depend only on' the heating current and on the rate of

cooling due to the air flow. The effect of radiant heating
from a high temperature source,-such as flames, is essentially
the same for both tubes and the difference of the heat balances
from each tube y1e1ds the relation:
12R e (nb 4

T-Tg="g -7 (T - Tp)
where T and TR are the temperatures of the hot and reference
tubes, respectively, I*is the constant current through the
hot tube, R the heating wire resistance, € the emissivity and
h the convection coefficient. When there is no radiation, the

relation reduces to

- 2 .
T - TR = I“R/hA

In the calibration region, T - T is almost directly proportional

‘to the output of the differential thermocouple. The instrurent

is based on changes of h with velocity in the forced convection

region. For small temperature differences:

11T RESEARCH INSTITUTE
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b ll{z (T - TR)A'I‘[?,, where Tp < T, <T
Then
2
o€
1+ "y 4Tm.

indicating that radiation will not affect the calibration
if %%-th is much smaller than one; For room temperatﬁres,

40Tg is on the order of 1 Btu/hr-ft2-°R, e/h = 0.01, and the
———error due to radiation is'only one per cent.
Differential hot-tube anemometers based on the above
design were constructed for the fire experiments and are
illustfated in Figure A-4. The tubes of each unit were 0.042 i
| 0.D. stainless steel, and the externally-connected differentia
thermocouple wae made of 36 gage (0.005 in. ’dia ) chromel-
alumel wires. One of the tubes contained an 1nsu1ated
30 -gage (0.010 in. dia.) constantan wire as a heatlng element,
the supports serving as electric current leads. Heating of
the resistance wire was recorded by monitoring the voltage

drop. These hot- tube anemometers are of simpler construction

advantages; The use of a single hole metallic tube, insteadj-
of twin bore ceramic, assures uniform temperature around the
circumference of the tube and thermocouples welded to the

tube wall yield a more rapid response time. Gold plating

.and polishing the tubes reduces their emissivity with a

T RESEARCH INSTITUTE
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Figure A-4,
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‘subsequent‘reduction in error due to’radiation from the fire
Calibration of the anemometers was accomplished by

rotating them in an enclosure Power and thermocouple leads
were brought to a series of annular mercury pools where the |

- signals could be picked up by wipers, rotating with the anem(
This rotation was accomplished by use of a constant speed mof
with an adjustable drive. Wind veloclty is determined by tir
the rotational speed. A typical calibration.curve 1is shownlz

Figure A-5.

As one might suspect, thencalibration curve is quite
sensitive to input current to the heated tube. A lOO per cer
error was indicated in the wind velocity from a 15 per cent
change of heater current. For this reason, the input current
must be carefully monitored and controlled. ,To'accomplish‘

this and to minimize the number of controls required, panels7

were constructed which operated 1 to 10 anemometers per panel

The anemometers were connected in series through the panel

and thus each received exactly the séme‘current flow. A -

schematic diagram of a panel is shown in Figure'A-6. Power
wés’adjustedwbyimeans_of avvariable transformer and the appro
~imate current level measured with a microammeter. To establi
a przcise, reproducible setting, a resistor was placed in ser
with the anemometers and, through a rectifier brloée, a D.C.

millivoltage monitored. The conversion to a D.C. signallper-

mitted the monitoring voltage to be read on the same recorder

T RESEARCH INSIITUTE

A-]

o~ ..-n,.—-w~ W = e s - - " L 3 g




,
_
)
i
|
i
!

'

|

|

; '

SAIN] UOT3IBAqIlE) Asijowowduy [eJTdAL G-V mu:wf”m
| E |

|

| 338 /1) - A3100194A purp
81 - 9T | b1 4! 0t 8

AL o T W PO s <.

T

~N

© . s w— g . g




w Toueq 1043U0D I2JdWOWdUY . .ow<wmu9mﬂm
e

19pa029Yy oL
. - 9

- o esng 3 1 - ov Aoll
c sor | _.v ¢ :_
53 1

—.lhllA

mu , .w.oﬁc.ucwm:m.fh
nt | B o - 2lqetiep

A-14

asdprag ,uvﬂﬂumm < .

(s19latuowoue 0}) 103d0UUO0D

N
«

%l
ot
|2 CC
- [Z
- 02
* 61
+ Q1
{1

—t oty

P11y’
' EEEE

. N/

—AAN—
T s
lrajowruwiroaniy

NI VD P OO O O

* 01 .-
+G1 .
[ %1 v
- e €1 >
Cydrg

saysditmg ssedAg

i ' i
: !




that read the differential therhocouple output of the anemometer.

3. Burning'Rates :

Burhing rates were assessed by measuring weight loss
of the cribs placed in Buildings 1 and 2. For this purpose
a direct weighing device was used. 1t consisted of a commeréially
available unit similar to a household bathroom scale which was

~ modified to permit remote recofﬂing by replacing the dial by a

low torqu rpotentiometer. Figure A-7 shows the photographs of

one of the scales with cover removed. Appliéation of a load

to the knife edges through the cover plate causes movement of

the slide plate (see top photograph) which in turn rotates the
axis of the potentiometer. Theirotation of the axzis’ changes

the measured portion of the vol#age impressed on the potentiometer
by the circuit arrangement show$'in Figure A-2, The design of

the circuit allows conrection o% 10 scales in series using

byﬁass éwitches (S-1 to S-10 iniFigure‘A-ﬂ). The current flow
from a stbfage‘battery is adjusFed by a potentiometer (R-1 in
Figure A-f) and measured by a mi%roammeter (A-l in Figure A-%3)
having a range of 0 to 50ua. I$ use, both the total impressed
voltage to each-scale as well aé the portion spanned by the

slide contact of the potentiohe;er were meésured. Overheating

of any individual scale was thu£ noted immediately as a -variation
in total voltage drop through its potentiometer. The result

of a typical calibration is sho@n in figure A-9.

Fotr the burns in Buildings 1 and 2, the fuel load was

T RESEARCH INSTITUTE

A-1r1




Figure A-7. Photographs of Scales for Measuring

Burning Rates
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- pm g pwm

~ Load, pounds

100

250 '

150

- Upperrlimit of scéle --
~ limit of linear travel

0.4 0.6 0.8 1.0

Vpltage ratio, Ealide/Etotal

‘Figure A-9. Typical Scale Calibratibn Curve
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in excess of that of a single scale. 1In addition, it was
desirable to.protéct the scales from the full intensity of the
fire. Both difficulties were overcome by placing the fuel
(crib) on a platform suspended from two parallel protected
wood beams. Each beam was supported on a fuicrum at one end
and.on a scale at the other end as shown in Figure A-10. The.
fulcrum points were within tﬁe room but the scales were on the
outside window sill and were shielded‘from the fire. (See

Figure A-11).

4. Gas Analysis

| Gas samples were drawn from selected locations within
each structure through copper Lubing or black iron pipe. Once
clear of the structure, each sample line was connected to a
cooler and moisture trap. From the traps, the samples were
drawn through polyethylene tubing to a bank of solenoid
operated valves controlled by a timed step-switch where the
lires were sequentially passed through the analyaers. Lines
not belng analyzed were bypassed to the pump to malntaxn a
continuous flow of fresh samples from the oaildxng

| The oxygen analyzer was a continuous unit using the

paramagnetic properties of oxygen. In'operatioa, the unit
supplies the gas sample by diffusion to each of two resistors
forming legs of a Wheatstone bridge. By placing a magnetic
field through one of the resistor chambers, cool oxygen-rich
-gas is drawn to this resistor. Onae heated, the oxygen loses
its magnetic properties and is forced out of the way by cooler,
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‘ffmore magnetic oxygen rich gas diffusing into the chamber

The additional cooling of the resistor in the magnetic field

, results in a resistance change which is noted in the bridge

"’V',circuit and may be recorded

Lo i
P

JON—

Carbon monoxide concentrations were measured by two

gi?fmeans ; ‘The first of these (used on Buildings 1 and 2) was

. with a combustibles analyzer The principle of operation

1
t

'is the catalytic combusti;n of the gas sample on a heited

filament. As the filament ‘also has a high.temperatur

m—ni,h—ﬁ &ﬁ- romngy | e

% b

,coeffici

of resistance, the combustion causes a measurable change in

‘resistance which is related to the. amount of combustiblef
“present A Wheatstone bridge nircuit is again used to produce'

'ﬁbca signal suicable for recordin°

‘The above described system for CO measurement has not

"Jproven entirely satisfactory due to catalyst poisoning This
slocCL red during cool down or extinguishment of any given fire
kfryexpe iment and was noted as a loss of calibration (a ieference

”:;Hfgasg as connected to one of the sampling positions) For this .

fPfreaSOn, an infra red system using the absorption by CO oF

,;;selected wavelengths was used to obtain a portion of the CO
f?fdata from Building No 2 and all of the CO data from Building
VNO(V30

5. " Pressures

Pressure differences were monitored with diaphragm

gauges having full-scale deflection for 1.0 inch wateq. In

111 RESEARCH INSTITUTE
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Buildings 1 and 2, copper tubes, originating on either side
of each barrier to be monitored, were‘run horizontélly as a
pair to the building exterior and then down to a lccation :ommor.
to all lines, where the gauges and a clock were recorded
.photogfaphically (see Figure A-17). For Building 3, lipear
variable differential transformers (LVDT'S) were'attached te
each gauge. The diaphragm movement of the géuge thus produced
a corréspoﬁding moveweut iﬁ ﬁhe'ﬁransformer core. The core
movement produces an unbalance in A.C. signals from the
transformer. Demodulation of these hnbalanced signals produces
a D. C. voltage proportionai to the core displacement.

‘6. Stop Motion Photography

Sixteen mm film records of all experiments were taken
at 50 frames per minute. Kodachrome II film (ASA 25 daylight)
was found sufficiently fast.to permiﬁ exposures at 1/50 second
with a §ariab1e shutter camera. The inclusion of a clock in
all pictures permitted rapid correlation of film records with

the other measured parameters.
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Figure A-12,

Arrangement of Pressure Gauges

Used in Buildings 1 and




APPENDIX B
EXTINGUISHMENT STUDIES

Previous studies(ll) have shown that the suppressioﬂ
of fires in an urban area exposed to a nuclear burst will
depend considerably on the effectiveness of semi-professional
fire-fighting units feferred'to as 'brigades'". A brigade has’
Been defined as a fire-fighting unit consisting of four men
capable of extinguishing room fires after flashover using one-
inch booster lines and spray nozzles. The reason for limiting
the brigades to small diameter hose lines is the requirement
for the most efficient use of water following a nuclear attack.
In this regard it has been proven by experiméntal'means(ll)
that the suppression of one or two fully-involved resideﬁtial
room fires can be accompliched with the least amount of water when
booster lines are used. Such information is not available for
fires involving largé areas, both from the viewpoint of the
“ability to suppress the fire by small diameter hose lines and
the amounts of water required. Since the'bfigades may
constitute the major fire-fighting force during a nuclear
emergency, their effectiveness in suppression of large
fires is of vital interest.

An opportunity of obtaining data on the effectiveness
of brigades in suppression of large fires arose during the
Waukesha experiments. Although the suppression aspects were

not originally specified as a part of the program plan, it
T RESEARCH INSTITUTE
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" was felt that such information should be obtained and suppressionfi

‘_The fire was then allowed to rekindle for the next experiment

B In each case, fire suppression commenced when the space becamei

m60 x 90 ft. and containing 24 windows f The combustible content,7”':

'are,shown in Figure E-" Photographic equipment was placed in

the front and to the side of the structure to rzcord both the

~ streams. The fire suppression was performed by the Waukesha

'Complete extinguishment was not executed water was applied

_fully involved in the fire as determired by visual observat10n7‘Vﬁ’

experiments were included as a part of the burns in Building 3

which was the largest of the three structures

' The space selected for the experiments was a room

(Figure B- 1) consisted of scrap lumber giving a fire load of |
9- 1/4 lb/ft . The instrumentation consisted of ten thermocouples

and photographic equipment locations of the thermocouples

fire~-fighting operations'and patterns of the discharged water

Fire Department.
Four suppresSion experiments were conducted For the

first experiment, the fire was started using JP-4 fuel.

only to the point when the fire was Judged to be under control.

- The total water discharge rate (gal/min) was about the
same in all experiments-and each experiment used a different
number and size of hose line. Thus it was posSible to use the'
same base for evaluating the effectiveness of the various

water streams. The discharge rate used was determined prior to

11T RESEARCH INSTITUTE
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Figure B-1.

Fire Load in Ignition Room of Building No. 3

B-3




NN

1

!

I
T .
i
i

!
IS
! R
ﬂ :

,ﬂ.m,woz, UTPTINg UT SUOIJE007] o1dN0J0WAIY],

or or -

LTZS Nt ZTVOS

.Nnm mﬁ:wwm, ;
, W, o

!
|
1

NVIs JOO7S LSHIS

1

. Ile — o ..|u1f
ka () Lyl .T Z1
()81

¥ Mq~. R




‘the experiments by ektrapolatingﬁthe rela“*onship obtained

previously between the application rate and the amount of
water required to suppress one and two room flres(ll)

The total amount of water expended in each’ experiment

is shown in Table B-1. As can be seen, the use of eight

1-1/2 inch lines required much less water than the 2- 1/2 1nch o

lines. This may be explained, p0331b1y, by the dlfferences

in the unlformity of water appllcatlon.' The eight 11nes

distributed the water more evenly over the fire whereas the

effectiveness of the three lines was reduced by the localized
concentrations of water. This difference in the effectiveness
is also iliustrated by the thermocoupie readings shown in

Fig. B-3. ”he first ext:ngulshment produced quite uniform
cooling as seen from thernocouples 12, 14, 16 and 11 13, and
15. The second extlnguishment was sllghtly less effective

in cooling the fire due to lack in reach by the fog streams
1nto tha room center; (thermocouples 13 and 14 did not show
the same temperature drop as 11, 12, 15 and 16) The third )

extingulshment gave very spotty coollng as shown by the readlngs

--of Thermocouples 11, 13,- and 15. -In the fourth- experlment AW*““Mf"”¥**

all of the water from the turret d1d not reach the fire and

the experiment was judged to be'inconclusive
. Experiments have shown that fires involving large

spaces, such as found in commercial occupancies, can be

“HIT RESEARCH INSTITUTE
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TAKLE B-1
SUMMARY OF EXTINGUISHMENT EXPERIMENTS

Type

Total

Hose Lines - Total
Number Diameter of Application Gallons
(in.) Spray Rate Used
. (gpm)
8 ‘1-1/2 straight 760 266
8 1-1/2  30° fog 760 266
3 .2-1/2  straight 750 625
' through
1-1/8 in.
tip
PO S tgi;gt 800 inconclusive

.n:!q r‘!ﬂ“

IIT RESEARCH INSTITUTE

B-6




o

1600

12007
800

400

2000
1600

[
[
(=4
[«

800

400

Temperatures, °F

2000

1600
};3‘712007

800

400

i L] 1 ! 3 i A ] PO A 1 .

¢ 7 8 9 10 11 12 13 14 15 1le 17 18 19 <0
Time. Minutes

Figure B-3\A. Temperatures in Building No. 3 Burn

B-7




= 1500
-]
v 1200
1 9
2
2 900
¢ 3o
a
& 600
- - v
|
. -~ 300
*
0
)
i
1500
4 &
i < 1200
19
3
2 900
1 9]
[ 3
8 600
[
| =
f 300
. 0
i w1500
; °
B o 1200
3
=
@ 900
1 ¥
2
€ 600
&
| ad
300
0

B-8

I T T —

'
B e - ep— . . [
. P Sad . b o e — aey - T B N e W - et e a—




. 3

s tare,

W
LT

%

1600

2000

2000

1200

800

400

2000

1600

1200

B0

40N

n

1600

1200

L0

Fipuve

S=3C.

N T T L T R RTINS s YIRS S T
&1 N e -

L

Temperatiires in Building No, 3 Dure

R0

Rl




cffectively suppressed by the use of 1-1/2 inch hose lines.
Thus, preseat findings confirm the conclusions of the past
studies(ll) which recommend the use of brigades as the

primary force for suppression of fires caused by a nuclear

burst.
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