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Sl CONVERSI ON UNI TS

AREA

{ in? = 0.000645 squamet er (m?)
= 6.4516 square centinmeters (cm?)

1 £t2 = 0.0929 squamet er (m2)

LENGTH

1 in = 0.0254 neter (m)

1 ft = 0.3048 neter (m)

MASS

1 Ib = 0.453 kil ogram (kg)

POVNER

1 watt = 1 joule per second (-g-)

QUANTITY OF HEAT

1 BTU = 1055.87 joule (J)

TEMPERATURE

degree Fahrenheit (°F) = 9/5 °C + 32

~x1i~



FI RE PERFORVMANCE OF FURNI SHI NGS AS MEASURED
N THE NBS FURNI TURE CALORI METER. PART

J. Randal | Lawson, W Douglas Walton, WlliamH Twilley

Abst r act

A heat release rate calorimeter devel oped at the
Nati onal Bureau of Standards was used to neasure the free
burning characteristics of 23 different types of
furnishings. A total of 28 heat release rate experinents
were carried out during this project. The heat release
rates neasured in the calorineter were deternined through
the use of an oxygen consunption technique. Data are
given on the rates of mass |oss, thermal radiation, and
snmoke production fromthe burning furniture specinens.
The furnishings evaluated are classed into the foll ow ng
groups: easy chairs, sofas, waiting room and patient

chairs, wardrobe closets, bookcases and bedding.

Key Words: Furniture; calorinmeter; fire
perfornmance; heat release rate; mass |loss rate; radiant

energy, snoke.



1. 1 NTRODUCTI ON

It is well known in the fire protection community that furnishings are
generally nmmjor contributors to the rate of fire growh and are often respon-
sible for the peak energy released during an unwanted fire. This fact is
particularly inportant to the designers and operators of hospitals and nursing
homes where |arge nunbers of people reside and patient response to fire
emergencies may be inpaired. A nunber of multiple life loss fires in nedical
care facilities have occurred in the last few years, and in nost cases, furni-
ture items were the first or second itemignited. Many of these unwanted
fires resulted from smoking activities by patients, but a few were associated
with electrical failures and arson. In the Wincrest Nursing Hone fire
(Chicago, Illinois) during January 1976, 24 people died after an arson igni-
tion of a wooden wardrobe closet. Only three days later, an electrical fault
in the Cermak House Nursing Home in Cicero, Illinois, ignited another wardrobe
cl oset and nightstand which resulted in the death of 8 people [1]1. Ei ght
people also died in the Sac-Osage Hospital (Osceola, Mssouri) when a snoking
accident ignited a trash basket or bedding materials [2]. Other fire
incidents reported have also identified the ignition of chairs and sofas
through snoking accidents. In each of the fire incidents discussed above, it
was clear from the investigations that furnishings played a najor role in the
growth and propagation of the fires which lead tolife |oss and thousands of

dollars in danage.

LOF gures in brackets indicate literature references at the end of this

report.



Attempts have been made in recent years to evaluate the burning behavior
of furnishings. These studies have primarily been concerned with the eval ua-
tion of ignitability using small ignition sources such as cigarettes [3].

I nvestigations have al so been conducted on flane propagation over fabrics used
in furnishings, and large scale roomfire tests using furnishings have been
carried out to develop information on how furnishings contribute to the growth
of fire In conpartnents [4,5]. The large scale roomfire studies denonstrated
that two extrenely inportant factors in the analysis of fire growh in furni-
ture were missing. These related to know edge concerning the rate of fire
growth over and the ampbunt of heat released froma burning piece of furniture.

Until recently, there was no satisfactory way for measuring these quantities

A heat release rate calorineter has now been devel oped by the Nationa
Bureau of Standards (NBS) specifically for measuring the mass | oss and heat
release rates of furniture [6]. In the work reported here, a wide variety of
furnishings that may be found in health care facilities have been burned to
characterize their fire behavior. For this, instrumentati on was added to
neasure generated snoke and a renote radi ometer was positioned to obtain
exposure data for possible ignition of nearby building materials or

furni shings.

Twenty-ei ght heat release rate tests were conducted during this project
with 23 different types of furniture being characterized. Five of the 28
tests relate to repeatability measurenents or varying specinen conditions with
war drobe closet experinents. Table 1 located at the end of this section
contains a list of tests for this study. The nunbering sequence for tests

t hroughout this report represents the experiment nunber as carried out in the



furniture calorineter. Tests 1 through 14 are not presented since these were
devel opmental calibration runs used to debug the calorimeter. Qher tests not
included in this report relate to gas burner calibrations and liquid pool fire
experinments. It should also be noted that the calorimeter tests were
conducted on furnishings as they were obtained, and the results were then

conpiled into related groups.

The primary objective of this report is to provide a catalog of fire
performance data on a variety of furnishings. The data generated will be
useful in the development of fire safety performance standards for furnishings
and aid designers and operators of health care facilities in the selection and
use of furniture. Also, this report provides a data base for researchers
interested in studying fire gromh in conpartnents and mathematical nodeling

of fire devel opment.

A second report, Part Il, cataloging data on the fire performance of

furniture will be published upon conpletion of the next series of fire tests.



Nunber

Test

15
21
38
39
40
41
42

43
44

45
47
48
49
50

51
52
53

54
55

56

57
61
62
64

66
67
74
75

Table 1. List of Tests

Purniture ltem

Metal wardrobe
Metal wardrobe
Sofa "California foam cushions"
12.7 mm Pl ywood wardrobe
12.7 mm Pl ywood wardrobe
3.2 mm Pl ywood wardrobe

3.2 nm Plywood wardrobe with 1 coat of fire
retardant paint

12.7 mm Pl ywood wardrobe

3.2 mm Plywood wardrobe with 2 coats of fire
retardant paint

Easy chair "California foam cushion"

Adj ustabl e back netal frame patient chair
Easy chair with foam cushions

Easy chair with wood frame and foam cushions

Waiting room chair with netal frane and
m ni mum cushi on

Waiting room chair of molded fiberglass
Patient chair of molded plastic

Waiting room chair with netal frame and foam
cushi ons

Loveseat With wood frane and foam cushi ons

Goup chair with nmetal frame and foam
cushi ons

Waiting room chair with wood frame and |atex
f oam cushion

Loveseat With wood frane and foam cushi ons
19.1 mm Particl eboard wardrobe
12.7 mm Pl ywood bookcase

Easy chair wth nolded flexible urethane
frame

Easy chair with wood frame and foam cushions
Mattress and boxspring

Mattress

Metal frame chairs stacked four high



2. FURNI TURE SPECI MENS AND WARDROBE FABRI C LOADS

2.1 Furniture Specinens

Al chairs and sofas evaluated in this study were comercially
manufactured. Two pieces of furniture were specially built to NBS specifica-
tions. These items were specifically constructed from comon furnishings
materials, but they were designed with a mninum of different types of
materials in the finished product. This was done in an attenpt to reduce
variations in fire propagation resulting from varying materials, and it
provides fire growh information on those styles of furnishings with a sinple
construction. The chair in test 45 and sofa in test 38 were the furnishings
with the sinple design. This furniture design was also used in another

research project conducted by Babrauskas [6].

The only noncormmercial furnishings in this study were the 12.7 mm thick
pl ywood wardrobes (section 7). These wardrobes were built at NBS from a
design used in full-scale fire tests investigating the operation of automatic
sprinklers in patient roons [7]. A total of four different wardrobe closet
designs were evaluated. A description of each wardrobe closet is found in

section 7.1.

2.2 \Wardrobe Fabric Loads

Al wardrobes were tested with sinulated clothing inside. The fabric

| oads were the same for all tests except 15 and 61. Descriptions of these

exceptions are found later in this section.



CGenerally, four different fabrics were placed into the wardrobes on 16
clothes hangers which were evenly distributed across the wardrobes to sinulate
6 different types of clothing (see table 2). The fabrics were cut to size to
equal the quantity typically found in the different types of apparel. The
fabrics were conditioned in a 21°c, 50%relative humidity roomuntil the time
of the test. These fabrics were also selected to provide an agreement in test
procedure with the study reported in reference [7]. An exception to this
fabric loading was in test 15 where 3.18 kg of scrap cloth was hung on 8
cl othes hangers spaced evenly across the wardrobe rod. This was a prelimnary
test to evaluate the operation of the calorinmeter systemwith a noderate size
fire. The second exception to the standard fabric |oading occurred during
test 61. In this case, the wardrobe conpartment was not |arge enough to hold
all of the fabrics. Seven clothes hangers were used with the sinulated

clothing described in table 3.



Tabl e 2.

Simul ated d othing*

Quantity Length & Wdth Conposition Vi ght
I'tem Per Test (m) Fabric (%) (g/m2)
Ni ght Shirt 6 .02 X 0.38 Knit Jersey 65 Pol yester 164.3
35 Cotton
T-Shirt 2 .76 X 0.38 Knit Jersey 65 Pol yester 164.3
35 Cotton
Robe | .56 X 1.35 Terry Cdoth 16 Pol yester 342.0
84 Cotton
Shirt 4 51 X 1.22 Kettle Cloth 50 Pol yester 161.8
50 Cotton
Dress 2 .61 X 2.03 Kettle doth 50 Pol yester 161.8
50 Cotton
Pant s 2 .79 x 1.02 Doubl e Knit 100 Pol yester 245 .1
* The above cloths were used in all tests except test 15 and 61.

Tabl e 3.

Sinul ated d ot hing, Test 61"

Quantity
[tem Used Fabric
Ni ght Shirt | Knit Jersey
T-Shirt 2 Knit Jersey
Robe | Terry Coth
Shirt 2 Kettle doth
Pant s 1 Doubl e Knit
* NOTE: Al fabric conpositions, weights and cut sizes were the sane

as in table 2.
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3. APPARATUS AND PROCEDURE
3.1 Description of Apparatus

Several different nethods for neasuring heat rel ease rates have been
devel oped over the years. These techniques and apparatus are described in
detail by Chanmberlain [8]. O the available nethods, the oxygen consunption
techni que devel oped by Sensenig and Parker [9,10] was selected for the test
apparatus because it allowed free burning of furniture specimens wthout the
radiation feed-back experienced in closed chambers. Briefly, Huggett [11]
established that to within 5 percent the burning of materials normallyused in
construction and furnishings produces a constant value of heat per unit mass
of oxygen consumed. This value is E = 13.1 MJ/kg. Parker, taking this into
consideration derived the followi ng equation which was used as the basis for

heat release rate neasurenments in this report

fi Xo
o 3 32 2
Q=131 x 10" x 3555 X Tog oy (1

wher e Q = heat release rate (kW),

d = fraction of oxygen consuned,

A . . . f

XO = molefraction of oxygen in air before thetest (= 0.203)
2
a = 1.1 expansion factor for the fraction of air that was depleted

of oxygen, and
m_ = total gas flow in stack.



Figure 1, located at the end of this section, 3.1, shows schenatically
the apparatus and instrumentation. In order to determine all of the factors
involved in the above equation, all of the products of conbustion nust be
collected from the burning specimen. Two different size hood systens were
used. The decision on which hood to use was based on the expected output of
the burning test specinmen. The smaller of the hoods is 2.64 mlong and 1.73 m
wide. This hood systemhas a fan-induced draft with a flow of approxinately
1.5 m3/s at 21°C and a pressure of 760 nmHg. It was designed to neasure heat
rel ease rates up to 2000 kW. The larger hood has a flow induced by a preni xed
gas fired burner which is part of the building snoke abatenent system This
hood produces a flow of approxi mately 3 m3/s at 21°C and 760 mmHg and its
size is 4.88 mlong and 3.66 mwi de. This hood can be used to neasure heat

rel ease rates up to approximtely 6000 kW.

The exhaust stacks from both hoods are instrunented in a sinilar way.
Each stack has a sanple point where stack gas tenperature and velocity are
neasured to determ ne ﬁs and gas sanpl es (02, CQ, COZ) are taken to deter-
mne d. The gas sanple is punped continuously from the stack and passes
through a particulate filter, cold trap, and a chenmical dessicant to renove
solids and nmoisture before it passes through the pump. The gas sanple is then
di vided and delivered in parallel to the paramagnetic oxygen anal yzer and the
infrared absorption carbon dioxide and carbon nonoxide analyzers. Gas concen-
trations are nonitored continuously by the anal yzers, and the data are
collected by a high speed data |ogger every 10 seconds. Calibrations of this
apparatus using natural gas metered to a 0.67 mby 1.0 m burner showed that

heat release rates are neasured to within 10 percent of the actual value [6].
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In order to further characterize the burning of furniture with regard to
mass |oss rate, snoke generation, and thernal radiation, additional instrunen-
tation was fitted to the calorinmeter systenms. The specinens sit on a |oad
cell platform which provides continuous data on the mass burning rate for use
in the calculation of instantaneous heats of conbustion and mass converted
into smoke. An extinction-beam photometer [12] is located in each exhaust
stack to measure smbke generated by the burning specinen. The smoke results
are expressed as the mass particulate conversion percent. A Gardon gage
located 0.5 min front of the specimen and 0.5 m above the load platform floor
measures the radiant heat flux experienced at that point throughout the test.
This provides information on the possibility of secondary ignitions occurring

through thermal radiation enitted by the burning specinen.
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FURNITURE CALORIMETER
Schematic of Flow and Instrumentation

THERMOCOUPLE
l/ EXHAUST
(¢ J ) BLOWER
SMOKE METER
THERMOCOUPLE 1] GAS sawt CHEMICAL H.0 TRAP
PRESSURE o T ——
PROBE PUMP
PRESSURE g TR 0, ANALYZER
TRANSDUCER | |
C0, ANALYZER
"o CO ANALYZER
{ PRESSURE
* REGULATOR
SPECIMEN DUMP
]
RADIOMETER
[ ]
LOAD PLATFORM DATA LOGSER

Figure 1. Furn ture calorineter, schematic of flow and instrunentation
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3.2 Test Procedure

3.2.1 Calibration

Before any tests were conducted, all instrument systens were carefully
calibrated to insure proper operation for the test. The gas analyzers were
zeroed with nitrogen and spanned with gases of known quality. The load plat-
form was zeroed and spanned to a known wei ght approximating that of the test
specimen, and the snoke nmeter was al so zeroed and spanned for maximum trans-
mttance. The calibration of the radioneter was periodically checked by
conparison to a precision radiant energy source, and it was checked for output

before each fire test by exposure to a gas flane.

3.2.2 Chairs, Sofas and Bookcase, Gas Flanme Ignition
(Tests #38, 45, 47-57, 62, 64, 75)

Each chair, sofa or bookcase was weighed prior to testing to determne
its mass. The test specimen was then placed on the load platform  The data
system was started and a gas burner was ignited just outside of the collection
hood. The heat release rate and time of flame exposure to the specinen was
designed to sinmulate the peak burning rate of a wastebasket [13]. The natura
gas flow was set to deliver a constant heat release rate of 50 kw. The igni-
tion source was then moved into place, approxinmately 25 nm from the specinen's
side and 250 nm above the load platform  An event marker switch was closed to
identify the beginning of the test for the conputer program  The conputer
program subtracted the heat released fromthe ignition source fromthe test
results. The ignition source was left in position for 200 seconds and was

then renoved from the test apparatus and extinguished. The furniture specinen
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was then allowed to burn freely until the item was conpletely consuned or the
flanme went out, At this point, an event marker switch was closed to indicate

the test's end.

3.2.3 Chair and Bedding, Cigarette and Lighter Ignition
(Tests #66, 67, 74)

The easy chair evaluated in test 66 was burned while sitting on the |oad
platform and data on mass |loss rate were obtained. Neither of the bedding
tests, nunbers 67 and 74, were conducted using the load platform because the

beds were too large; therefore, nmass loss data were not taken

The easy chair evaluated in test 66 was placed onto the load platform A
non-filtertip cigarette neasuring 84 mm long was |lit and placed between the
seat cushion and left chair arm  The cigarette burned conpletely and ignited

the chair.

The ignition source used in the two bedding tests was a gas cigarette
lighter. The mattress and boxspring in test 67 was covered with a bed sheet.
Attenpts to ignite this mattress with several snoldering cigarettes were
unsuccessful. Sheet fabric hanging at one bed corner was easily ignited by a
50 mm flanme devel oped by the cigarette lighter and the burning sheet ignited

the mattress.

In test 74, the mattress was covered with a bed sheet and a bl anket
Several attenpts were made to ignite the bedding with snol dering cigarettes
pl aced under the sheets in direct contact with the mattress. The mattress

could not be ignited in this way. As in test 67, the sheet and bl anket
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covering the mattress was ignited by a 50 nmflame froma cigarette lighter

and flames from the sheet ignited the mattress.

3.2.4 \Wardrobes, Match Ignition
(Tests #15, 21, 39-44, 61)

All wardrobes were tested using the follow ng procedure. The wardrobes
were wei ghed and then placed on the apparatus load platform A cardboard box,
measuring 305 x 305 x 305 nm filled with 10 sheets of crunpled newspaper was
placed in the left rear corner of the wardrobe under the fabrics hanging on
t he wardrobe rod. The door next to the box was closed, and the door at the
other end of the wardrobe was opened 178 mm for ventilation. In test 61, the
war drobe had only one door, and it was left open 100 nmto provide ventila-
tion. The weight of a typical box with newspaper was 0.90 kg. A book of
paper matches wired to be electrically ignited was placed in the box
containing the newspaper. The data |ogger was started and the newspaper in
the box was ignited by the natches. An event marker switch was closed at the
time of ignition to identify the test beginning for the conputer program
during data reduction. Flanes enitted by the burning newspaper and cardboard
box inpinged on the wardrobe and fabrics. The wardrobes and their contents

were allowed to burn and data were collected until the flanmes went out.
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4. EASY CHAIRS

4.1 Description of Easy Chairs

The five chairs in this group are typical of those easy chairs found in
of fices, dayrooms, hotels, and private residences. The styles and construc-
tion were selected to obtain data on a varied sample of chairs currently being
manuf actured. Figures with photographs of each piece of furniture in this

category are located with plots of the test data at the end of section 4.2.

Test 45 - This chair had a wood frame and its cushions were nade from a
type of polyurethane foam often called "California foan! because it neets the
requirenments of California State Bulletin 117. The fabric cover was polyole-

fin, and the chair's nass was 2834kg. (See figure 2.)

Test 48 - This chair consisted of a one-piece nolded polystyrene foam
franme with plywood inserts for strength and was overlai d with pol yuret hane
foam padding. The fabric cover was a thin coat of foanmed pol yurethane with a
pol yol efin backing. The seat and back cushions were filled with solid poly-
uret hane foam pads, and the chair's mass was 11.52 kg. (See figure 7.) The
vertical object seen in the upper half of the picture and centered is the

radi ometer and its shielded |eads.

Test 49 -~ This chair was constructed with a wooden frame and a seat
cushion of solid polyurethane foam  Shredded pol yurethane foam was used in
the back cushion. The fabric cover was cotton and the chair's nmass was

15.68 kg. (See figure 12.)
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Test 64 — This chair consisted of aone-piece wood reinforced col d-nol ded
flexible polyurethane foam Metal springs were anchored to a wood base and
the structure was covered by 25-50 mm of pol yester batting and then covered
with a polyurethane foam inmitation leather. The chair's nmass was 15.98 Kg.

(See figure 17)1[11]

Test 66 — This chair was constructed with a wood franme; it had poly-
urethane foam and polyester filled cushions. The fabric cover was cotton and

the welt cord was twisted paper. This chair's nmass was 23.02 kg. (See ffgure

22.)

4.2 Results and Discussion of Easy Chair Tests

The test results for easy chair fire perfornance are |ocated in table 4
and figures 3 through 25. O the five different types of easy chairs eval u-
ated, the one constructed from "California foam' (test 45) produced the
greatest peak heat release rate, total heat release, peak mass |loss rate, and
peak target irradiance. The peak heat release rate neasured was about
2100 kW. Research by Fang and Breese [5] showed that this would be nore than
enough heat release rate to cause flashover? in an average size room The
test results are shown graphically in figures 3-6. In test 48, shown in
figures 8-11, the second greatest peak heat release rate for this furniture
group was neasured. This heat release rate is al so capable of causing

flashover [5] and the target irradiance was high enough to result in the

Fl ashover is defined as a sudden change in fire growth from |ocalized
burning to a fully involved burning room Before flashover, tenperatures
and heat fluxes are generally near-anbi ent except near zones of |ocalized
burning. After flashover, the entire roomis filled with flames and jets
of flanes typically extend out through any room opening
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ignition of nearby conbustible furnishings or interior finishes [13]. This
chair exhibited the highest average heat of conbustion and produced the
greatest quantity of smoke. The peak percent particulate conversion and the
total snoke produced were very high. Carbon nonoxi de neasurenents were al so

high for this chair.

The chair used in test 49 showed excellent burning characteristics
conpared to the other easy chairs. See table 4 and figures 13-16. Its peak
heat release rate was slightly greater than 200 kW and its total heat rel ease
was near 80 MI. This chair also had the |owest |evel of thermal radiation
emtted and the |east smoke produced. Data from test 64 show another chair
with generally low values, as shown in table 4 and figures 18-21. (One ngjor
exception, however, is that the total heat released was about 290 M. In test
66, shown in figures 23-25, the chair was ignited by a snoldering cigarette
It took over 3700 seconds before the snoldering chair burst into flames, but
after flamng started, it burned very rapidly. It took only 200 seconds to
reach the peak burning rate. The smoke neter system did not operate properly

during this test and results are not given

A general review of the data plots show that heat release rates are
closely related to the rates of mass loss. This relationship is not
unexpected. The peaks in heat release rate and nass loss rate typically occur
at the sane tinme. However, it is clear that the two fire properties do not
exactly duplicate each other. A partial explanation of this may be attributed
to the fact that all mass lost during specinmen heating does not represent
combustible volatiles, and it is known that heat release rate is highly

dependent upon the variabl e conmbustion processes in the fire plume and the
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local fire environment. Another factor Influencing these test results 1is that
beat release rate is a cal cul ated val ue dependent upon five different neasure-
ments, each containing independent instrument errors. Three of these critica
neasurenents are also affected by tine delays related to sanple gas transport.
The conputer program used in data reduction attenpts to correct for these time
del ays. In conmparison, mass loss rate results are determned by taking sinple

neasurenents fromthe load platformas the test specinen burns.
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Table 4. Test Results for Easy Chairs

Heat Kelease Average Smoke Peak Total Peak
Hate (kW) Peak Mass Heat of Peak Target Particulate Smoke Carbon
Test Specimen Initial Secondary Total Heat Loss Rate Combustion Irradiance Conversion Produced Monoxide
Item No. Mass (kg)  Peak Peak Release (MJ)  (g/s) (MI/kg) (kW/m?) ¢3) (g) (g/s)
Chaiy,
California Foam 45 28.34 2100 N 340 82.5 18.1 42.0 1.7 213 1.3
Cushions
Chair, 48 11.52 960 N 260 38.0 33.3 23.2 16.2 774 3.1
Foam Cushions
Chair,
Wood Frame 49 15.68 210 N 80 14.3 23.0 7.4 1.6 33 0.5
Foam Cushi ous
Chair,
Molded Flexible 64 15.98 460 N 290 19.9 21.0 10.9 10.8 84 0.6
Urethane Frame
+

Chair, Wood Frame 66 23.02 640 N 240 27.7 22.7 14.4 (1) (n 1.0

Foam Cushions

N - No second peak.
(1) — Data not included as a result of Instrumentation failure.
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Figure 22. Photograph and dimensions of easy chair, cigarette
ignition, test 66
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5 VAITING ROOM AND PATI ENT CHAI RS

5.1 Description of Wiiting Room and Patient Chairs

Eight different types of chairs are grouped into this furnishings
cat egory. Six of the chairs are typically found in waiting rooms and offices.
The two remaining chairs are primarily designed to be used by hospital
patients. These two chairs are found in tests 47 and 52. Figures showi ng
phot ographs of these chairs are located with the data plots at the end of

section 5.2.

Test 47 -~ This chair had a netal frame with an adjustable back. The seat
and back cushions were filled with solid polyurethane foam and a |ayer of
pol yester fiber. The back and seat cushions were both supported by 16 mm
particle board. The two armrests were made of wood and the chair's mass was

20.82 kg. (See figure 26.)

Test 50 ~ This chair had a netal frame with a vegetable fiber and cotton
| ayered seat and back cushion. The chair was covered with a plastic coated
fabric. The armrests were nade of thernpsetting plastic and the chair's nass

was 16.52 kg. (See figure 31.)

Test 51 -~ This chair was a one-piece nmolded glass fiber construction with

nmetal legs attached to the bottom No padding or cushions were used in this

chair and it's mass was 5.28 kg. (See figure 34.)
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Test 52 - This chair was a specially designed one-piece nolded thernp-
plastic chair for use in psychiatric hospital wards. It was believed to be
mol ded from pol yethylene plastic. The chair could be used as either a rocking
chair or a fixed chair. This was determned by which end of the vertical axis

was placed on the floor and the chair's mass was 11.26 kg. (See figure 38.)

Test 53 = This chair had a nmetal frame with padded seat and back
cushi ons. The cushions were filled with solid polyurethane foam and were
attached to 12.7 mm plywood. The cushions were covered with a plastic coated

fabric and the chair's total mass was 15.54 kg. (See figure 43.)

Test 55 = This chair consisted of a netal frame with a body form plywood
seat and back. The seat and back were padded with thin layers of polyurethane
foam and covered with a synthetic fiber fabric. The chair was designed for
use with a metal frame capable of supporting several chairs in a group and

it's mass was 6.08 kg. (See figure 48.)

Test 56 - This chair was constructed with a wood frame. The seat and
back were constructed around 14 mm plywood. The seat cushion was made of 90%
| atex foam rubber with 10% cotton felt. The back cushion consisted of 100%
| atex foam rubber. The cushion covers were plastic coated fabric and the

chair's mass was 11.20 kg. (See figure 53.)

Test 75 - These chairs were built with metal frames capable of being
nested together for stacking. The seats and backs were lightly padded with
pol yur et hane foam and covered with a plastic coated fabric. The seats and
back cushions were attached to plywod boards and each chair's mass was

7.49 kg. (See figure 58.)
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5.2 Results and Discussion of Waiting Room and Patient Chair Tests

Al chairs in this category were ignited using the gas burner and
procedure described in section 3.2.2. The first chair studied in this group
was a nmetal frame, adjustable back patient chair (test 47). Data on this
chair, and other chairs in this group, are found in table 5.  Data plots for
test 47 are shown in figures 27-30. This chair exhibited two heat release
peaks, the larger first peak resulting from the burning polyurethane foam seat
and back cushions and the second resulting from the burning particle board
seat and back supports. The total heat release was relatively |ow conpared to
the easy chairs shown in table 4. In test 50 (figures 31-33), the nmetal frame
chair was ignited by the gas burner, but the flames did not propagate and went
out shortly after the exposure flame was renmoved. Al values measured during
this test were very low since the chair did not continue to burn. The target
irradiance shown in figure 33 resulted from the exposure flane of the gas

bur ner.

The nolded fiberglass chair evaluated in test 51 also gave |ow val ues.
See figures 35-37. It ignited and flames slowy propagated across the surface
of one arm and across part of the back. The heat release rate shown in figure
35 exhibits several peaks as a result of the slow and erratic burning. The
maxi mum peak heat release rate occurred while the chair was still receiving

energy from the exposure flame.
One of the nost interesting chairs studied in this project was exam ned
intest 52. See figures 39-42. This nolded plastic patient chair was ignited

easily, burned at a very slow rate for over 1900 seconds, becane a pool of
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melted plastic and burned rapidly once the pool was established. This chair
al so exhibited the highest average heat of conbustion. The chair in test 53
produced the second highest peak heat release rate of this furniture group

See figures 44-47.

The group chair shown in results fromtest 55 perfornmed well. Test
results are seen in figures 49-52. The peak heat release rate was the |owest
in this furniture group. The peak target irradiance was also low. This is
much smaller than that shown in earlier tests that had |ow heat release rates.
This low value resulted from the chair deflecting the exposure flane away from
the radi ometer where other chair shapes caused the flane to pass closer to the

radi oneter.

The chair in test 56 had a peak heat release rate slightly above that
provided by the ignition source as shown in figures 54-57. However, the chair
had the largest peak particulate conversion for snoke in this group of furni-
ture. In test 75, the four stacked chairs had a total heat release which was
the second highest for this class of furniture. The results for this test are
shown in figures 59-62. The early peak in heat release rate, as seen in
figure 59, occurred with the burning polyurethane foam cushions. This is also
seen in figure 62 where the peak particul ate conversion took place. The
chairs burned for a total of 2230 seconds as a result of the plywood seat and

back boards.

39



oY

Table 5.

Test Results on Waiting Room and Patient Chairs

Heat Release Average Smoke Peak Total Peak
Rate (kW) Peak Mass Heat of Peak Target Particulate Smoke Carbon
Test Specimen Initial Secondary  Total Heat Loss Rate Combustion Irradiance Conversion  Produced Monoxide
Item No. Mass (kg) Peak Peak Release (MJ) (g/s) (MJ/kg) (kW/M%) (%) (g) (g/s)
Adjustable Back,
Metal Frame 47 20.82 240 110 36 10.2 21.8 6.0 5.3 48 0.4
Patient Chair
Metal Frame, 50 16.52 3 N < 0.1 (1) (L (2) (1) (1) 0.0
Minimum Cushion
Molded Fiberglass, 51 5.28 30 30 2 1.3 26.2 1.9(2) (3 3) 0.3
No Cushion
Molded Plastic
Patient Chair 52 11.26 140 790 350 25.2 34.1 12.3 9.1 400 0.5
No Cushion
Metal Frame with 53 15.54 270 290 41 13.1 21.4 1.7 6.5 101 1.1
Foam Cushions
Group Chair,
Metal Framé, 55 6.08 10 10 1 0.6 19.2 0.2 2.9 1.0 0.0
Foam Cushion
Wood Frame, 56 11.20 80 50 12 3.1 16.5 0.6 14.3 48 0.3
Latex Foam Cushion
Metal Frame,
Chairs, Stacked 75 29.94 160 N 191 7.2 18.7 4.7 4.3 116 0.3
4 High
N - No second peak.

(1) - Data not available because mass loss, irradiance and smoke were too small to measure.
(2) ~ Exposure flame was burning during time peak was measured.

(3)

-~ Data not available as a result of instrument failure.
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Figure 34. Photograph and di nensions of molded fiberglass chair,
test 51
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