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CHAPTER I

INTRODUCTION

Background

Effective fire protection for aircraft hangars has
been the concern of fire protection engineers for many
years (11). Both the hangar structure and the aircraft
within represent considerable monetary investments. The
advent of complex, technologically advanced military air-
craft introduced a new dimension: The cost of the newer
aircraft became two or three fold higher than aircraft
manufactured prior to 1968 (6:1). A new policy of fire
protection for aircraft hangars emerged in the United
States Air Force (USAF) placing greater emphasis on pro-
tecting the hangared aircraft than the hangar structure
(15). In developing a standard for the fire protection
of hangars, it would be simple to recommend the use of all
known detection and protection systems, but with the size
of hangars and the high capital and maintenance costs of

these systems such a proposal would be quite unrealistic.

Problem Statement

A computerized data base of fire incidents in air-
craft hangars could be an effective tool for assessing

fire loss potential and also for justifying existing or




proposed fire protection policy for hangars (8). To date,

such a data base has not been compiled in the USAF (8).

Justification

"Since the technological development of aircraft
has been and continues to be a dynamic process . . .
[7:5]," it has been almost impossible to answer all the
guestions concerning adequate fire protection which exist
at any given time. The Director, Fire Protection Division
(USAF), has advised that an effective assessment of fire
loss potential and justification of existing or proposed
fire protection policy would be greatly enhanced by infor-
mation on frequency, causes, and behavior of previous fire
incidents in aircraft hangars. He expressed the need
for the compilation of a data base of fire incidents (8).
A study conducted in 1973 also recommended the need for
a data base of fire incidents (3:147). Such a data base
should be used to address the problem of deficiencies in
existing fire detection and protection systems in aircraft
hangars.

The Air Force Logistics Command (AFLC) in late 1977
contracted for an investigation of effective levels of fire
detection and protection in aircraft hangars (15). This
contract did not address the need for the compilation and
utilization of computerized data base of fire incidents

in military aircraft hangars. This contract was considered




necessary despite previous similar USAF-sponsored con-
tracts (3; 6; 7). Uncertainty of what is an acceptable
level of fire protection in aircraft hangars still exists.
The Chief, Fire Protection Engineer (AFLC) believes that

the current policy could be inadequate (15).

Research Objectives

There are three objectives associated with this
study:

1. Utilizing an existing United States Navy (USN)
computerized data base of fire incidents in USN aircraft
hangars, determine if significant relationships exist
between variables identified in the data base.

2. Identify how a computerized data base can be
utilized in assessing fire loss potential and in justify-
ing existing or proposed fire protection policy for mili-
tary hangars.

3. 1Identify what variables should be included in
a computerized data base to better accomplish objective

number 2.

Literature Review

USAF_ Study
In 1973, a study on fire protection for large

Air Force hangars recommended the compilation of a sta-
tistical data base of fire incidents in hangars (3:147).
The objective of this study was to prepare new design

3
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paramaters for fire protection purposes in large Air Force
hangars emphasizing the protection of the aircraft from
major damage from large fires as a result of fuel spills.
The study analyzed the nature of fire hazards present in
hangars in terms of the fuel and ignition sources, and
examined the personnel injury, aircraft damage, and hangar
damage that could result from a fire incident. Fire
detection systems and suppression systems were also exam-
ined. Rolf Jensen and Associates, Incorporated (2:148),
who conducted the study stated:

« « « it is recommended that a program for col-
lection and analyzing hangar fire data and related
incident reports be established . . . so that future
risk analysis can be made on a better statistical
base.

Interviews with Mr. Victor Robinson, Headquarters
USAF/PREMF, and also Mr. Morgan, Director, Fire Protec-
tion, USAF, have revealed that no study has been conducted
on statistical evaluation of fire incidents in aircraft

hangars in the USAF. Mr. Morgan strongly supported the

need for such a data base (8).

USAF Policy

An understanding of USAF policy and regulations
for fire protection in aircraft hangars was obtained
from USAF fire protection publications. The following
paragraphs review the policy/regulations which are directly

related to this thesis study.

-
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Materials. Hangars and their contiguous shops will

be of unprotected noncombustible construction (12:p.2-2).

Fire Walls. Fire walls are used to prevent the
horizontal spread of fire. AFR 92-1 (l3:p.2-2) states
that fire walls ". . . must be designed to resist the
most severe fire expected for its anticipated duration."”
Also all openings in these walls will be protected by fire
doors and there will be curbs, ramps or stairs at all
floor levels opening from the aircraft areas to prevent

the flow of liquids through the openings (l12:p.13-5).

1

Draft Stops. Draft stops are installed to con-

fine the spread of hot gases from a fire and limit the num-
ber of overhead sprinkler heads that will automatically
open to those sprinkler heads that will most effectively

suppress the fire (12:a-70).

Drainage System. Hangar floor drains are necessary

to restrict the spread of spilled fuel and reduce its fire
and explosion hazard (12:A-71). AFM 88-15 (12:A-71) states
that "hangar floor drains will be trenches covered with a
steel grating located adjacent to and inside door rail

mountings." This publication also requires that in

1Draft stops, or curtains, usually surround each
sprinkler zone and extend down from the ceiling not less
than one-third of the distance from the ceiling to the
floor (12:A-70).
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pull-through hangars ". . . the floor will be sloped 1/16

inch per foot towards the door locations [12:A-71]."

Proximity of the Fire Station. The response time

and distance of the base fire department to a hangar are
not greater than 4-1/2 minutes and one to two miles

respectively (13:p.1l-1).

Automatic Fire Suppression Systems. AFM 88-15

states that closed head preaction foam-water over head
sprinkler systems and supplementary foam-water systems
will be provided in aircraft hangars. Existing water
deluge systems in hangars are considered adequate if the
hangars meet the floor space requirements of NFPA-40-1969
(12:p.13=5).

Sprinkler systems are not necessarily required in
hangars where aircraft fuel tanks are emptied and purged
prior to entry into the hangar. This determination will
be made by the major command (12:p.13-5).

The shape and location of various aircraft in a
hangar may render the overhead sprinkler system ineffec-
tive. For this reason, ". . . a supplementary system of
waterpowered oscillating monitor nozzles will be provided
to protect the underwing and fuel-loaded portions of

hangared aircraft [12:A-70]."




Fire Detection Systems. In hangars protected by

foam-water sprinkler systems, ". . . fire detection and
activation of any monitor nozzles must be through the
use of lightning and welding blind ultra-violet detectors
[12:A-70]." The system will be designed such that
", . . the activation of any two detectors will actuate
the under aircraft protection system [12:A-70]." Acti-
vation of one detector will sound a local alarm and alert
the fire department (12:A-70).

"Rate of temperature rise detectors will be used
to actuate an alarm and the overhead sprinkler system

[9:409-19]."

Security of Fire Protection Systems. In hangar ;

areas the complete status of sprinkler systems must be
supervised (status monitored electrically). This super-
vision includes water pressure, electrical power, sprink-
ler valves, system activation, and manual activation
(12:A-70) . Furthermore, waterflow alarms giving both
local and fire department signals will be installed on all

automatic sprinkler systems (12:p.13-17).

USN Policy

The Assistant for Fire Protection Engineering,
USN, Washington, was consulted concerning the USN policy

for fire protection in aircraft hangars (l1). From this

consultation, it was determined that the USN policy

2
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compares closély with the USAF policy discussed above
with the following exceptions:
1. Ultra-violet detection systems are not used
in USN hangars because the Navy considers that these
detectors contribute to a high incidence of false alarms.
2. Oscillating water-foam monitors are acti-
vated by push button or when the overhead sprinkler system
actuates. The USAF policy calls for a separate automatic
detection system for the activation of the oscillating
monitors. |
3. Control valves for sprinkler systems are

locked open, but not electrically supervised.

USAF Assumptions

The assumptions on which USAF policy for fire
protection in aircraft hangars is based was obtained
from the Chief of Fire Protection, AFLC (15). These

assumptions are detailed in Appendix A.

Roof Venting

In Australia in 1972, a series of tests were
conducted in an unused aircraft hangar to obtain data
for the design of automatic roof venting systems for
single-story buildings of large floor area such as air-
craft hangars. Trays of aviation kerosene were burned

and the interaction of four variables were investigated.




These variables were fire area, roof-vent area, wall-inlet
area, and depth of roof curtain (draft stop) (5:1). The
total of 111 experiments of severe fires in the timber-
framed structure demonstrated that provided a fire is of
short duration, as should be the case with prompt and
efficient fire fighting, the discharge of hot gases through
the roof will localize the fire damage (5:120).

The Department of Construction, the Commonwealth
of Australia construction authority, specifies roof
venting for fire in single~story buildings including air-
craft hangars (2:3). This department advocates that fire
venting is required for the following reasons (2:4).

a. To reduce damage to the building contents by:

1. facilitating the escape from building of
hot gases rising from the fire, thus reducing build-up
of heat which would probably accelerate fire growth in
the contents;

2. venting unburned combustion gases, thus
reducing the risk of explosion that can spread fire
and cause other damage;

3. containing hot gases from a fire within a
limited compartmented area under the roof; and

4. promoting more complete combustion, thus
reducing smoke production; smoke damage, and obscura-
tion of the fire situation.

b. To reduce damage to the structure by:

1. restricting the spread of hot gases under
the roof;

2. reducing the risk of explosion damage to
the structure; and

3. reducing the spread of corrosive decompo-
sition products and smoke damage.

c. To assist fire fighting operations by:

1. permitting the discharge of smoke and hot
gases, thus reducing the depth of the layer of hot
gases under the roof and keeping the atmosphere near
the floor cool and clear; and

2. minimizing the accumulation of toxic decompo-
sition products and the production of carbon monoxide.

9

e i - T — T J

————




Research Questions

In order to accomplish the research objectives,
three research questions will be addressed:

1. Do significant relationships exist between the
variables identified in the USN computerized data base?

2., If significant relationships do exist between
the variables, can the results be utilized to assess fire
loss potential and also to justify fire protection policy
in military hangars?

3. What variables are considered necessary for
inclusion in a computerized data base of fire incidents

in aircraft hangars?

10




CHAPTER II

METHODOLOGY

Data Collection

Information on fires involving USAF aircraft han-
gars was obtained from USAF Inspection and Safety Center,
Norton Air Force Base. However, as this information did
not differentiate between fires inside hangars from fires
involving aircraft outside hangars, the information was
not useful for compiling an USAF computerized data base
for fire incidents inside hangars.

A computerized data base of all fire incidents in
USN hangars during the period 1 January 1968 to 31 Decem-
ber 1977 was obtained from the Naval Safety Center, Naval

Air Station, Norfolk, Virginia.

Variables
The following list of variables is included in

the data base (14):

Number of Fire Alarms in USN Aircraft Hangars. This

is a census of all reported fire alarms in USN aircraft

hangars during the period 1 January 1968 to 31 December

1977.

11




Time and Date of Alarm. This variable identifies

the time of day, to the nearest minute on a twenty-four
hour clcck, that the alarm was received at the fire sta-
tion. It also identifies the day, month and year of the

alarm.

Type of Alarm. This variable identifies whether the

fire alarm was due to the automatic or manual operation
of a fixed extinguishing system. This variable also

identifies false alarms (alarms when no fire occurred).

Hangar Occupancy. This variable identifies whether

the hangar was a Navy-operated hangar, a hangar under con-
struction, or a Navy-owned hangar used for private opera-

tions.

Major Factors Contributing to Spread of Fire. This

variable identifies what primary factor caused the fire

to spread from its initial ignition source.

Sprinkler Status. This variable identifies the

type of sprinkler system installed, if any; why the system
operated if there was no fire; and what effect it had on

the fire if the system operated in respcnse to a fire.

Number of Sprinkler Heads that Operated. This

variable identifies the number of sprinkler heads, if any,

that automatically operated.

12
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Sprinkler Coverage. This variable identifies the

percentage of the hangar that was covered by the cperating

sprinkler heads.

Automatic Fire Alarm Systems. This variable identi-

fies the type of automatic fire alarm system installed in
the hangar, if any; and, if installed, whether it operated

satisfactorily or not.

Manual Fire Alarm Systems. This variable identifies

whether a manual alarm system was installed in the hangar;
if installed whether it was connected to the fire station;

and whether it operated satisfactorily or not.

Portable Fire Extinguishers. This variable identi-

fies whether portable fire extinguishers were available
in the hangar; and if available were they used satisfac-

torily prior to the arrival of the fire department.

Method of Detection. This variable identifies the

method of detection of the fire by individuals, or by auto-

matic system.

Method of Alarm Transmittal. This variable identi-

fies how the fire service received the fire alarm.

Cause of Fire. This variable identifies the source

of ignition and initial source of fuel for the fire.

i3




Outside Aid. This variable identifies whether

non-Navy fire fighting services were requested and used.

Method of Control. This variable identifies what

equipment extinguished the fire.

Government Dollar Loss. This variable identifies

to the nearest dollar the value of fire loss to government
building and/or the government owned contents of the

buildings.

Number of Fire Related Injuries. This variable

identifies the number of individuals injured as a result

of the fire.

Number of Fire Related Deaths. This variable

identifies the number of individuals that died as a result

of the fire.

Type of Construction and Interior Finish. This

variable identifies the type of materiel used in con-

structing and finishing the interior of the hangar.

Major Cause of Fire. This variable identifies

the major cause of the fire.

A listing of nominal responses possible in the USN

computerized data base is included in Appendix B.

14




Data Analysis

—

The Statistical Package for the Social Sciences (SPSS)

system of computer programs was used to compute frequency,
crosstabulation, and breakdown tables on the USN aircraft
hangar fire data (10).

One-way frequency distribution tables were generated
to determine which variables in the data base had suffi-
cient variability to be useful in subsequent analysis. The
relationships between two or more variables were examined
using crosstabulation and breakdown analysis procedures.
The computer output was then examined for significant
relationships between two or more variables.

Crosstabulation is " . . . a joint frequency distri-
bution of cases according to two or more classificatory
variables [10:218]." Breakdown procedures calcuiate and
print . . . "the sums, means, standard deviations, and
variances of a dependent variable among subgroups of the
cases in the file [10:249]." Total dollar loss was used
as the dependent variable in the breakdown analysis.

The cost information in the data base and in this
study reflects the loss in dollar value at the time of
the incident and is not in 1978 dollars. For the purposes
of clarity, all tables in this study are presented in

crosstabulation format.

15




CHAPTER III

ANALYSIS OF FIRE INCIDENT DATA

General

The computerized data base for all fire incidents
in USN aircraft hangars during the period 1 January 19268
to 31 December 1977 contains 544 cases of reported fire
alarms. These cases can be categorized into the following:
358 involving false alarmsl and 186 involving actual fire
incidents.

Table 12 details the reported causes of the 186
fire incidents by frequency and total dollar loss for
fires with individual losses less than $10,000 and greater
than $10,000. Five reported fires exceeded $10,000 and
are considered anomalies subject to individual analysis.
These five fires have been segregated from the sample con-
sidered in this study to avoid biasing the cost data of
the remaining 181 fire incidents.

Table 1 also indicates that the major causes of
fire in USN aircraft hangars are electrical (53.2 percent),

careless disposal of smoking material (9.7 percent),

1False alarms are the actuation of an automatic
detection/suppression system with no associated fire.

2All tables appear in Appendix C.
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incendiarism3

(8.1 percent), and flammable liquids and
gases (8.1 percent).

In this chapter, an analysis is made of the major
cause of fire--electrical fires--and other information

from the data base to demonstrate the value of a

computerized data base as a management tool.

Electrical Fires

The data base categorized the electrical causes
of fire into three subgroups: electrical devices,
electrical conveyors, and fluorescent lights. Electrical
conveyors include wiring, cables, fuses, and transformers

(14).

Number of Electrical Fires

Table 1 indicates that 99 (53.2 percent) of the
186 fires were due to electrical causes. Of these,
electrical devices accounted for thirty-six, electrical
conveyors for twenty-eight, and fluorescent lights for
thirty-five.

Table 2 addresses the contributing causes of the
electrical fires: eighty-one (8l1.8 percent) were caused
by defective equipment, seven (7.1 percent) by improper
maintenance, and six (6.1 percent) by improper operating
procedures. The Director of Fire Protection, USAF, has

stated that these contributing causes of fire in buildings

3
arson (14).

Incendiarism is defined in the data base as
17
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are of great concern to the USAF (8). A computerized data
base could be used to assist management in the selection
of installed equipment, in the revision of maintenance
standards, and in the establishment of operating standards.
Table 3 indicates that electrical fire incidents
in USN aircraft hangars have been increasing yearly for
the past four years. This increase could be attributed
to a number of factors including, inter alia, the upgrading
of hangar lighting by installing fluorescent lights, an
increased number of hangars, and the need for replacement
of electrical wiring. A data base could identify such
factors and thereby enable management to consider any

necessary corrective action.

Dollar Loss due to Electrical Fires

Table 1 indicates that the total dollar loss for
all fires with an individual fire loss less than $10,000
was $68,020. Electrical fires caused $32,814 (48.2 percent)
of this dollar loss. 1In particular, electrical conveyor
fires caused $23,872 (72.7 percent) of the total loss due
to electrical causes. Fifty-eight percent ($19,090) of
the total dollar loss due to electrical fires was caused by
six conveyor fires. The high cost for a few electrical
conveyor fires could be explained by the possibility of
such fires remaining undetected for a longer period due to

the concealment of wiring behind building construction
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materials. This situation raises the question of desirable

detection methods for electrical fires.

Method of Detection

Fires in USN hangars can be detected automatically
either by operation of an installed sprinkler system or
an installed detection system. Table 4 indicates that
ninety (90.9 percent)4 of the electrical fires occurred
in hangars equipped with an automatic sprinkler system.
Table 5 indicates that two of the electrical fires
occurred in hangars equipped with an automatic detection
system.

Table 6 indicates that eighty-nine (89.9 percent)
of the electrical fires were detected by occupants of
the hangar and only three fires by automatic devices. The
data base does not identify whether the hangars were
occupied or unoccupied when automatic detection occurred.
The size of the data sample does not permit the conclusion
to be drawn that automatic sprinkler detection/suppression
systems result in a lower dollar loss for electrical fires.

In the USAF, where early warning detection systems,
rate of temperature rise detection systems, and automatic
sprinkler systems are installed, significant trends
identifying desirable detection systems could possibly be

identified'hsing a data base of historical fire incidents.