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Standards Watch
By  KaRl G. RulING

You can learn a lot if you keep your mouth shut and listen. 

that’s what I did on March 4 when I attended a meeting between 

new York city Fire Department officials and eSta’s Fire resistance 

task Group. the meeting didn’t solve our problems, but it helped, 

and by listening I learned a lot about one of the problems that the 

Fire resistance task Group is trying to address. the meeting was 

specifically about nYc procedures for approving scenery for use 

in places such as theatres, night clubs, and assembly halls, but the 

nYc procedures are close enough to the procedures described in 

the nFPa 701 and nFPa 705 standards and used in other places 

that the problem in new York can be taken as representative of the 

problems elsewhere.

Flaming non-flammables
the problem is that some drops, curtains, or other soft scenery 

are certified by a manufacturer, scenic studio, or a flameproofing 

service as being “flameproof” (the word used in nYc regulations) 

but then fail the field test administered by the new York city fire 

inspector. the certification was given because the scenery passed 

one of the tests described in nFPa 701, Standard Methods of Fire 

Tests for Flame Propagation of Textiles and Films, or, when those lab 

tests are impractical, the test described in nFPa 705, Recommended 

Practice for a Field Flame Test for Textiles and Films. However, there 

is a problem when a new York city fire inspector visits a theatre, 

snips a sample of the scenery, and puts a flame to it and it burns. 

the disconnect between what the flameproofing certificate says and 

the flames the fire inspector sees with his own eyes causes a series of 

subsequent problems.

the first problem is increased expense. nobody wants 

flammable scenery in a theatre, but at the meeting I heard the 

story of one backdrop on a current Broadway show that was tested 

17 times and re-treated twice in the theatre with flame retardant 

before it finally passed. It had been tested several times before it 

left the scene shop and passed the tests there—and was certified 

as having passed them—but failed the test conducted by the fire 

inspector when he visited the theatre. It was retreated on-site, and 

tested multiple times by the flameproofing service, which found 

that it passed all those tests. It failed again when the fire inspector 

visited the theatre the second time. It was again retreated and 

retested by the flame-proofing service, and it passed. It was retested 
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The field test for flammability described in NFPa 705 requires nothing 
more than a kitchen match, a way of holding a sample without burning 
your fingers, and a sample to be tested that is .5 by 4 inches or larger. 
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by the fire inspector on his third visit and 

passed that time, and that was the end of 

the problem with that backdrop for now. 

clearly, the multiple treatments and tests 

disrupt a production schedule and cost a 

lot of money.

a second problem is, How do we know 

that backdrop would not fail an eighteenth 

test, perhaps an unofficial one conducted 

by a fool carelessly discarding a lit match? 

one could bet that the odds were good the 

backdrop would pass, since it passed 15 

out of 17 tests, but no fire inspector wants 

to accept that wager. I heard one inspector 

argue at the meeting that he needed 

certainty because the lives of the public 

were at stake. certainty is an impossibility 

in life, but nobody at the meeting was 

going to make that philosophical argument, 

and, in any case, it was obvious that this 

inspector was going to do his job as though 

certainty were possible. no fire inspector 

wants a disaster on his watch.

The field test used in New York City is almost the same as the procedure described in NFPa 705, 
except that the sample is supposed to be least 1.5 inches wide rather than half an inch.
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a third problem is that these inconsistent test results create 

distrust in the community of fire inspectors, scenic studios, fabric 

suppliers, and flameproofing services. a certain level of trust is 

necessary in society for society to work, or we spend tremendous 

amounts of time and mental energy negotiating with each other, 

making sure we clearly understand each other, wondering what 

the other person is going to do, devising ways to make sure the 

other person is doing what we agreed, and so on. Distrust wastes 

our most precious resources, time and mental energy, but the 

fire inspectors were faced with a situation where reputable scenic 

studios were saying that scenery will not burn, but it burns. Why? 

Is our flameproofing technology no good? Is the issued certificate 

sloppy, bad paperwork? Is someone lying? Should the right to issue 

a certificate be revoked?

the meeting on March 4 did not solve the problem of 

inconsistent test results, but it did help the problem of distrust. We 

all understood that everyone around the table was concerned about 

safety; no one was trying to trick anyone or to make anyone’s life 

more complicated. We were united in working toward the goal of 

having tests that give consistent results, and we agreed on the types 

of materials most likely to give inconsistent results: inherently flame 

retardant, synthetic fabrics. natural fabrics respond in pretty much 

predictable ways to flame retardant treatments, and if they pass one 

test, they have a very high probability of passing another. Inherently 

flame retardant fabrics may pass the nFPa 701 lab test, but then fail 

the nFPa 705 field test. We agreed that this is true. this agreement 

does not take care of the problem of something needing multiple 

flame-proofing treatments and multiple tests until it passes to 

the satisfaction of the fire inspector, but it does take care of the 

problem of the fire inspector wondering if someone has issued a 

bogus flameproofing certificate.

NFPA 701 versus NFPA 705
the problems with inconsistent test results can be better 

understood if we look at the two model standards in some detail 

and consider the concepts of reliability and validity. the standards 

are used as though they were almost interchangeable, but they are 

very different. Problems with test reliability have been recognized, 

but perhaps we should think about validity, too—at least, this is 

what I have been thinking after the March 4 meeting.

nFPa 701, Standard Methods of Fire Tests for Flame Propagation 

of Textiles and Films, and nFPa 705, Recommended Practice for 

a Field Flame Test for Textiles and Films, are both tests that can 

pass/fail results with fabrics and films based on how much or how 

readily they burn. nFPa 701 is a laboratory test, and is referenced 

by nFPa 101, the Life Safety Code, which says that in an assembly 

occupancy (e.g., a theatre, a night club) “combustible scenery of 

cloth, film, vegetation (dry), and similar materials shall meet the 

meet the requirements of nFPa 701....” the test methods described 

in nFPa 701 are not difficult—a talented high school chemistry 

student should be able to do it and the required test oven and other 

equipment could easily fit in a small road case—but test Method 

1 for cloth needs ten specimens 150 mm 

by 400 mm, which is about 2.5 square 

feet total for one test. test Method 2 for 

films needs a seven-foot tall oven, and ten 

specimens 125 mm by 1,200 mm, for a 

total of about 16 square feet. It is often not 

practical to carry around this equipment 

for an on-site evaluation or to ask for this 

much scenic material to burn, so nFPa 705 

exists.

nFPa 705 requires much less equipment 

and sample material than 701. the test 

equipment consists of a wooden kitchen 

match, and tongs or pliers to hold the 

specimen being tested. the specimen needs 

to be no larger than 12.7 mm by 101.6 mm, 

which is half an inch by four inches. the 

new York city field test is essentially the 

same, except that there are supposed to be 

three samples and they are supposed to be 

at least 1.5 inches wide. often no piece of 

            We are really concerned about the speed of flame 
spread: we want zero speed or very slow.“

“

           We were united in working toward the goal of having 
tests that give consistent results . . .

“

“



S
P

R
IN

G
 2

0
0

8

55
PRotocol

fabric that wide can be clipped from an unseen part of the scenery, 

so a specimen might be about half an inch wide clipped from 

a seam. also, a butane lighter is usually handier than a kitchen 

match, so in new York a lighter often gets 

used, although the required ignition source 

is a wooden match.

Both tests are supposed to determine if 

something is too flammable, but the criteria 

for passing or failing the tests are radically 

different. nFPa 701’s test Method 1 uses 

loss of weight as the main criterion for 

deciding that something is too flammable. 

the flame from a gas burner is applied to 

each specimen for 45 seconds, and then 

removed. there is a lot of words in the 

standard about observing what happens to 

the specimens, but the material being tested 

passes if:

(1) any burning particles that fall off stop  

 burning within two seconds; 

(2) the specimens on average lose no  

 more than 40% of their weight   

 during the test; and 

(3) no specimen’s weight loss is more  

 than three standard deviations from  

 the mean for the ten specimens.

nFPa 701 test Method 2 for films uses a 

different set of criteria. a material passes if:

(1) the specimen stops burning within  

 two seconds of the gas flame being  

 withdrawn; 

(2) any burning particles that fall off stop  

 burning within two seconds; and  

(3) the length of the charred area on  

 the 1,200 mm-long specimen does  

 not exceed 1,050 mm if it is folded  

 or 435 mm if it is flat.

nFPa 705 uses a different set of criteria. a piece of material is held 

so that the long axis is vertical, and the flame of a wooden kitchen 

match is applied to the bottom for 12 seconds and then removed. 

the material passes if:

(1) the flame doesn’t spread 101.6 mm or more up the sample; 

(2) there is no more than two seconds of “afterflame” (an  

 undefined term); and

Standards Watch  |  Burning questions about fire

            We are really concerned about the speed of flame 
spread: we want zero speed or very slow.“

“



S
P

R
IN

G
 2

0
0

8 

56
SPRING 2008

(3) any parts that drop off or drip do not burn after they reach  

 the floor (but the distance to the floor is not specified).

the new York test is similar except that “rapidly over the entire 

sample” is used to describe the unacceptable flame spread. “rapidly” 

is subjective, and the “entire sample” may be longer than four inches 

since four inches is only the minimum size for the sample.

Reliability and validity
two important testing concepts are “reliability” and “validity.” 

reliability is the accuracy with which a test measures whatever 

it measures. What it measures might not be what it purports to 

measure, but if a test gives the same result over and over again, we 

can say it is reliable. Validity is the degree to which a test measures 

what it purports to measure. to be valid a test needs to have some 

degree of reliability, but a reliable test might not be valid. Since the 

March 4 meeting I have been wondering, How reliable and valid 

are these tests?

the conventional wisdom is that the test methods in nFPa 

701 are highly reliable and the test method in nFPa 705 is not. 

the first chapter of nFPa 705 has lots of warnings that it is a 

last resort, that it “has utility only when the authority having 

jurisdiction has no reliable data and, therefore, is forced to rely 

solely on the field test findings.” It says that “there are only two 

types of materials for which the field test method can be deemed 

to provide foolproof and totally adequate results: those made 

entirely of noncombustible inorganic material and those that 

ignite and burn readily....” “Between these two extremes, the field 

test method has a limited and varying degree of reliability.” the 

“least reliable results” are given with synthetic fibers and flexible 

films and laminates. “these materials are subject to a variety of 

changes when exposed to fire, such as shrinking, curling, melting, 

elongating, and similar distortions, making the examination of 

small samples quite difficult and the results ambiguous.”

there is no similar cautionary language about the reliability of 

the nFPa 701 tests in that standard, and at the March 4 meeting 

it was held up as the gold standard for flammability tests—but 

I wonder. the variability of twisting, melting, synthetic fibers is 

obvious when a test requires them to be visually evaluated, but a 

lot of variability can be smoothed over not looking at the samples, 

            No fire inspector wants a disaster on his watch, but 
nobody else wants one either.“

“

Standards Watch  |  Burning questions about fire



S
P

R
IN

G
 2

0
0

8

57
PRotocol

simply weighing the ten burnt samples and 

averaging their weight losses. the material 

fails if one or more samples varies from 

the mean by more than three standard 

deviations, but three standard deviations is 

a lot. In a normal distribution, only 0.6% 

would be expected to be beyond three 

standard deviations from the mean. that 

is lenient, about 8 times more tolerant of 

variation than a common criterion for 

“no significant difference” used in the 

behavioral sciences.

then there is the issue of validity. What 

we are trying to assure when using these 

standards is that materials that pass these 

tests, if they are exposed to an ignition 

source in a theatre, night club, or assembly 

hall, will not burn or will burn so slowly 

that the fire can be discovered and put 

out, or the venue can be evacuated, before 

any person is put at risk. We are really 

concerned about the speed of flame spread: 

we want zero speed or very slow. the new 

York version of the 705 test considers this, 

but it leaves it up to the fire inspector 

to decide what constitutes “rapidly.” the 

701 test for fabrics uses weight loss as the 

pass/fail criterion (which can be reliably 

measured and is much more objective), but 

is it valid? Is weight loss a good measure of 

flame spread, or even of the size of a fire?

If you burn something like wood or 

muslin, the ash and charred material you 

have left over when the fire is out weighs 

less than the wood or muslin did, but 

that is only because most of the products 

of combustion drifted off into the air as 

carbon dioxide. If you could weigh it you 

would find that for every gram of carbon 

you burned you created 3.7 grams of 

carbon dioxide, a net gain of 2.7 grams. 

Some materials, when they combine with 

oxygen, give off lots of heat and light, but 

no carbon dioxide, and the remains when 

the fire is over are heavier than the fuel. 

What is going on when we burn a synthetic 

fabric in a 701 test? I wonder, Might there 

be some weight gain to offset the weight 

loss from carbon dioxide that disappears 

into the air because not all the products of 

combustion are carbon dioxide?

the non-conclusion
clearly there are questions here and 

work that needs to be done. We need 

flammability tests for scenic materials 

that have a high degree of reliability and 

validity, that work for the broad range of 

materials that are now used on stage, that 

do not require prohibitively costly amounts 

of material to be tested, and that are not 

prohibitively costly to carry out. this will 

help us make sure our scenic materials 

and flameproofing treatments assure an 

adequate level of fire safety on stage. no fire 

inspector wants a disaster on his watch, but 

nobody else wants one either.   n
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