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FOREWORD

This paper is excerpted from the report "Detector

Sensitivity and Siting Requirements for Dwellings," R. W.

Bukowski, et al., Report No. NBS-GCR-75-51 available from

National Technical Information Services, Springfield, Va.

22151, order number PB 247483 ($10.00 per copy).

Only the key points relating to detector response,

effectiveness, location, and sensitivity have been included

herein. The full report contains all of the raw data, obser­

vations, and data analysis for these tests.
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FIELD INVESTIGATION OF RESIDENTIAL SMOKE DETECTORS

Richard W. Bukowskil

Abstract

A test program was undertaken to evaluate the
effect of sensitivity and placement of residential
smoke detectors on their response to fires in homes.
The tests were conducted in two homes scheduled for
demolition and used actual furnishings in typical
configurations. In addition to the detector
response times, the homes were highly instrumented
with data on smoke, temperature, and gas concentra­
tion measured for all tests.

The tests showed that smoke detectors can be
highly effective in providing adequate warning of a
fire before conditions in the home become dangerous.

Key words: Detector sensitivity; detector siting;
escape time; fire tests; heat detectors; residential
fires; smoke detectors.

1. INTRODUCTION

At the present time, standards for fire detector loca­
tion in dwellings, as well as standards for fire detector
sensitivity, are based mostly on laboratory data and engine­
ering judgement without the benefit of extensive full-scale
data to provide guidance. For example, as new methods of
fire detection have developed, laboratory evaluations have
been modified in attempts to provide realistic exposure
environments; however, this has led to a multiplicity of
evaluation techniques. These are only loosely interrelated,
making comparative judgements difficult between detectors
simulated by different characteristics of fire. As more and
more jurisdictions make dwelling fire detection mandatory,
it becomes increasingly important to develop experimental
data to back· up and improve existing standards.

The primary purpose of this study was to investigate
detector siting and sensitivity as they relate to escape po­
tential in residential fire situations. Although a number
of actual detectors were used in the investigation, it was

IMr. Bukowski is presently a Research Engineer in the Program
for Fire Detection and Control Systems in the Center for
Fire Research at the National Bureau of Standards.
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not the intent of this project to judge the merits of the
individual detectors used. The detectors were selected to

provide a cross section of the several detection principles
now available and to represent the current level of techno­
logy available in residential type detectors.

2. EXPERIMENTAL PROCEDURE

2.1. Description of Test Buildings

Two test buildings were used for the program. These
homes, made available by the u.s. Department of the Interior
(National Park Service) , were scheduled for demolition as
part of a land clearance program associated with the esta­
blishment and expansion of the Indiana Dunes National
Lakeshore.

The primary test site (referred to as the J.R. Whitehouse
residence) was a two-story brick structure with basement.
(For room layouts see figures 1 through 3). Interior walls
on the first and second stories were plaster on wood lath.
The floors were wood. The basement walls were wood paneled.
The building had a gas forced-air heating system, to which a
central air conditioning unit was fitted for the summer test
conditions. Registers were located in every room with returns
in all first floor rooms except the bathroom. There were no
returns on the second floor.

The second test site (referred to as the Lakeshore resi­
dence) was selected primarily because it employed a hot-water
baseboard heating system (fig. 4). This building was a single
story brick residence with basement. All walls were wood
paneled. The first story had wood floors.

The buildings selected represent major variations in
geometry. Since the prime vehicles for moving smoke through­
out a residence are the fire itself and the HVAC system, the
heating systems in these two buildings should be representa­
tive of most types of heating systems, with the possible
exception of radiant heat and individual space heaters.

2.2. Research

It was the plan of the research program to conduct a
series of experiments in the primary test site over several
seasons, so that the full range of outdoor conditions which
significantly affect indoor conditions, e.g. heating, cooling,
etc., would be encountered. The secondary test site was
utilized only during the winter season since this would pro-
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vide the maximum "stack effect" and since central air condi­
tioning of a dwelling with hot water baseboard heat is not
readily achieved.

Detector location (figs. 5-7) were selected in accord­
ance with the four levels of protection defined in the 1974
edition of NFPA/74. Two detectors of each type with two
different sensitivities were installed at each required
detector location. At one of the detector locations the
effect of wall versus ceiling mounting was investigated b~
installing some detectors on the ceiling and some on the',
wall for several experiments and then reversing the mounting.

Instrumentation for the experiments included light
beams (figs. 8-10) for measuring smoke obscuration on the
ceiling in the room in which the fire was being burned, on
the ceiling at each detector location, and at the 5-ft (1.5-m)
level along the primary escape path and in representative
bedrooms. For this report the primary escape path refers to
the normal route used by the occupants in exiting the build­
ing from the bedrooms.

Individual thermocouples and vertical thermocouple
arrays (figs. 11-13) were installed in the burn-room and the
primary escape path and several representative locations
throughout the dwelling. Equipment to monitor carbon monoxide
carbon dioxide, and oxygen levels was installed in the burn­
room, escape path and representative bedrooms (figs. 13-16).

Both smoldering and flaming ignition fires were initi­
ated in various rooms of the dwellings using upholstered
furniture and mattresses typifying the respective rooms
{figs. 17-19). The rooms selected were those which showed

the highest perc~ntage of fatal residential fire starts 'inNFPA records [1] •

2.3. Detectors

The detectors selected for use in these experiments
were typical ionization, photoelectric, dual gate (combina­
tion ionization and resistance bridge) and rate-of-rise of
heat detectors. One high sensitivity (I percent per foo~
obscuration nominal) and one low sensitivity (2 percent per
foot obscuration nominal) detector was used at each detector
location. This was done to provide data on the response of
various types of detectors to realistic fire conditions, as

2Numbers in brackets refer to the references listed at the
end of this paper.
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well as to determine the differences in response time and
escape time potential for two different levels of sensitivity
of the same detector and type. The detectors selected were
considered to be representative of the best detectors of
their individual type at the time of selection. All detec­
tors were connected to a 25 clock elapsed time indicator
panel ,yhich indicated detection time to the nearest second
after fire ignition.

The sensitivity of each detector employed in the test
series was initially determined by Underwriters' Laboratories
(U~) in accordance with the sensitivity test requirements of
their applicable standards. The sensitivity of every detec­
tor was checked using the same methods after each series of
experiments to insure that the detectors had not shifted in
se~sitivity •

. The actual sensitivities of the detectors used are
given in table 1. Some units vary from the nominal 1 and 2
percent v.alues requested due to variations in the different
manufacturer's calibration techniques.

3. RESULTS

In total, 40 experiments were conducted in this program.
Twenty-seven experiments at the primary test site, and 13 at
the secondary site. Of these experiments, 60% were smoldering
ignitions, 32.5% flaming ignitions and 7.5% other miscellane­
ous tests. This ratio of smoldering to flaming ignitions
was selected to correlate approximately with NFPA data on
resi~ential fires [11.

The ignition source for all smoldering ignitions was a
500-watt charcoal igniter with approximately 20 inches
(0.~08 m) of exposed cal-rod. The charcoal igniter was
placed in contact with the item to be burned and energized
from 120 Volts AC at time zero. The igniter was held in
firm contact with the material for 120 seconds before removal.
Thi$ generally resulted in a self-sustaining smoldering of
th~ item. The U-shaped original charred area generally
filted in completely within the first five minutes forming a
circular charred area which grew radially outward at varying
rates depending on the surface material. In most cases
trans~tion to flaming occurred not sooner than one hour
aftar ignition and, in some cases, transition to flaming
never occurred prior to test termination.

Flaming ignitions were achieved by positioning a small
metal waste basket filled with loosely crumpled paper adja­
cent to the piece being ignited. A piece of folded newspaper
was draped over the arm of a chair or a sheet placed on a
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Table 1. Detector Identification

Preset Sensitivity

Manufacturer
(%/ft)Clock

Code
TypeTheoreticalMeasuredNumber

A

Photo 11.191

B

Dual Gate23.892

F

ION 22.813

E

Photo 10.964

B

ION 22.025

E

Photo 21.986

F

ION 11.617

A

Photo 21.49

E

Photo 21.8110

A

Photo 11.2711

F

ION 11.3412

F

ION 23.0413

B

Dual Gate22.1914

ROR

ROR15F/min15F/min15

H

ION 11.9116

H

ION 22.0417

H

ION 11.8118

H

ION 22.0419

ROR

ROR15F/min15F/min20

ROR

ROR15F/min15F/min22

A

Photo 22.0924

E

Photo 10.9625
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mattress so that it hung down over the wastebasket. The con­
tents of the wastebasket were ignited with a match at time
zero.

The r~sults for a typical flaming ignition experiment
are shown in table 2. This was a flaming ignition of a chair
in the living room of the primary test site. The test was
conducted during the winter with the heating system on.

The important points to note in this table are the order
in which the detectors responded by type and the escape time
(or time between detector alarm and untenable conditions in
the primary escape path) provided by each. Note that the
ionization detectors responded first followed by the photo­
electrics. The minimum escape time provided by the slowest
detector in this test was 344 seconds (5.73 minutes). The
maximum escape time provided by the first responding detector
was 904 seconds (15 minutes). These results are typical of
the flaming ignitions conducted during the winter.

Table 3 shows the results of a typical smoldering igni­
tion from the same series. This was again conducted during
the winter in the primary test site but with the heating
system off. In the case of the smoldering fires the photo­
electric detectors are generally grouped first and the ioni­
zation detectors coming in later: however the ionization
detector from manufacturer F responded within the photoelec­
tric grouping. This general faster response of the photo­
electric detectors was typical of the smoldering ignition
tests conducted. In this case note that the minimum escape
time provided by any smoke detector was 143 seconds (2.38
minutes) from the dual gate detector on the second floor.
This detector generally responded poorly to smoldering fires
primarily due to its sensitivity of 3.89%/ft (0.086 OD/m),
nearly the maximum sensitivity allowed by U.L. for detectors.
Discounting this sample as being non-representative of normal
production due to its poor sensitivity setting the minimum
escape time then becomes 322 seconds (5.36 minutes). It is
also interesting to note that the escape time provided by the
first detector responding was approximately 1974 seconds
(33 minutes). In comparing the escape times provided by all
detectors at'a particular location it appears that the varia­
tions are more a function of sensitivity and detector design
than detection mode.

All data taken is recorded in the source report, includ­
ing curves showing the time histories of all of the various
measured quantities throughout the buildings. These include
temperature, light obscuration, and concentrations of carbon
dioxide and carbon monoxide in the fire room, bedrooms, and
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