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• 1. INTRODUCTION

The objective of this work was to improve the fire safety
of flight attendant (F/A) uniforms. Existing Federal Aviation

• Regulations require F/As to be aboard air-carrier aircraft in
commercial air transportation. Their duties require them to
participate in emergency evacuation procedures under post-

• crash fire conditions. They also participate in extinguishing
small in-flight cabin fires which occur due to; e.g., misuse
of smoking materials or galley misfunctions . To improve the

• fire safe ty of F/A uniforms , they should:

resist ignition from small ignition sources and
• . provide protection against radiative and convective

heat.

A “Proposed Flammability Standard for Flight Attendant
Uniforms” (which will be called the “proposed standard”
throughout this report) is included as Appendix C. The rea-
Sons for the various provisions of this proposed standard and
the development of the tests are discussed in this report .
This work was performed by the National Bureau of -Standards• (NBS) under an interagency agreement with the Federal Aviation
Administration (FAA). The Gillette Research Institute also
contributed to the work as a subcontractor tø NBS . The test
uniforms used to investigate th~ flammability of existing gar-

• - 
ments were obtained with the cooperation of the Air Transport
Association and Association of Flight Attendants and represent

• 
- 

typical styles and fabrics in use in the 1974-1975 period.
The contract work statement required the following work to be
accomplished:

1.1 Establish the base line hazard of existing uni-
forms by investigating the flammability characteristics of
typical uniforms (and underwear); i.e., conduct burn tests

- ~
. of such uniforms on instrumented mannequins capable of gen-

erally assessing the area of injury during a 90-120 second
burn period . This is reported in Section 2.1 and Appendix A.

~~~ •
~ 1.2 Identify and evaluate the fire safety of candidate

“improved” fabrics- -essentially production types possessing
• acceptable comfor t, wearability, cost , cleanability, and

other service characteristics. The criteria for the evalua-
tion were to include resistance to radiative and convective
heat level, determined from prior cabin fire tests; self-

•
•~ extinguishing features of fabrics; and absence of melt , drip ,

• and heat shrink age characteristics of fabrics (2.2).
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1.3 Demonstrate the improved flammability characteris-
• tics of typical uniforms made from such fabrics by conducting

• burn tests on instrumented mannequins similar to those per-
~formed under Paragraph 1.1 above (2.3 and Appendix B).

1.4 Make mannequin burn tests, record approximate burn
injury data and comparatively tabulate flammability and util-
itarian characteristics of currently used versus improved
candidate fabrics; identify fabrics which do not pass screen-
ing tests, etc.

1.5 Prepare a proposed flammability standard for F/A
• uniforms based on (a) Consumer Product Safety Commission
• (CPSC) flammability standard FF 5-74 (children’s sleepwear)

[1] which is similar to DOC F? 3-71 and Federal Test 5903
and a heat flux resistance test developed by NBS; (b) report
data obtained during tests and investigations accomplished

• under paragraphs above and other requirements of contract
work statement.

2. RESULTS AND DISCUSSION

2.1 Bise Line Burn Tests of Presently Used F/A Uniforms

The uniforms and underwear used in this phase of the work
are listed in Appendix A. Some were new, others used. They• included jackets, skirts, slacks , serving aprons, blouses , a
raincoat, an overcoat, shirt, tie, panty hose , shoes , boots ,
and two muumuus. Fibers represented were 100 percent polyes-
ter, rayon/polyester , polyester/wool , polyester/cotton blends,

• . acrylic, alpaca, 100 percent wool, and nylon. There were 13
• assemblies for female F/As and one male F/A’s full uniform.

Underwear, socks , hose , and shoes were obtained in local
stores and are typical of present use patterns. a

~ ~-: The mannequin burns were conducted in two laboratories.
• • One was at NBS with essentially no updraft. The other was at

Gillette Research Institute, where a modest updraft existed
: during burns. One uniform type, a muumuu, was burned in both• laboratories and comparative results were obtained. The m di-

vidual mannequin burns are described in detail in Appendix A
which includes a separate report by Gillette Research Institute,
dated March 31, 1975.

!t~ ~ It should be noted, however , that mannequin burn tests
are not completely representative of actual conditions and

8
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have two major deficiencies for estimating the area of the
body which would suffer burns in real-life fires. The manne-
quin remains motionless , while a live person moves in a burn
situation. This.may aggravate the burn by fanning the fire ,
but trained persons like F/As would probably attempt to extin-
guish it. In addition , the number of sensors on the two man-
nequins Used in this project was limited to 24. Consequently ,
compared to a uniform burn on a live person , only a very rough

• estimate of the body area burned is obtained. However , the
data clearly show that in many cases much less heat is trans-
ferred to the body during the first minute of the burn (and
little, if any, injury may have occurred in real-life) than
might be assumed from viewing the flame of some of the burn -
jug uniforms. In other cases, however , the burn injuries
would have been perhaps somewhat more extensive than expected
because the heat spreads inside the garment ahead of the vis-
ible flame on the outside.

• The point of ignition on the garment was generally cho-
sen to be at some distance from the mannequin , to represent
the most severe condition. Garments in contact or even near
a mannequin burn tenuously or not at all because of the heat
sink effect of the body and the exclusion of oxygen on one

• • side of the fabric. The same phenomenon has also been
observed in burns of simulated garments on anesthetized ,• shaved- rats [2]. Because of the difference -in the stance
between the two mannequins used (NES and Gillette) and the
differences in the drape of various garments , the point of
ignition selected was not always exactly the same. However,

• • • in general, the first ignition was in the vicinity of the
• 

- right knee. If the garment self-extinguished, it was usu-
ally again ignited in areas where it was at some distance
from the mannequin .

- 

- 

Second-degree burns caused by burning fabrics are gener-
• ally assumed to occur when the skin has been subjected -to a

heat flux totaling 2 cal/cm2 (31. Higher heat loads cause
deeper second-degree and finally, third-degree burns. The
heat flux registered by the sensors during the burns of pres-

- • ently used F/A uniforms are shown in detail in the figures of
• 

. ‘ Appendix A , with higher heat flux indicated by deeper shading• of the symbols. The estimated areas of second or deeper burns
found in these mannequin experiments varied as follows :

p 
30 seconds after ignition : 0 to 5%
60 seconds after ignition: 0 to 25%

- 

~~ • 90 seconds after ignition: 0 to 30%-k
i I• ~
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The figures in Appendix A also indicate the areas of the
mannequin on which burning was observed on the outside of the
uniforms , to permit comparison of heat flux data and visual
observations. • 

. -

Even the upper levels of estimated burn areas are smaller
than those obtained in other mannequin tests [2,3] when

I dresses containing cotton or polyester/co tton fabrics we re
burned. The latter two materials generally burn faster for a
given weight and garment construction than most of the materi-
als normally used in current F/A uniforms. A cursory review
of the materials used in current F/A uniforms revealed only
two garments which are often (but not always) made from
polyester/cotton fabric--serving aprons and raincoats. Both
garments were burned on mannequins. In one case , the serving
apron was fitted tightly at the waist and worn over a fairly
heavy polyester/wool uniform (Burn No. 8-1). In this config- -

•

uration, the burn started slowly , and relatively little heat
• was transferred to the mannequin. The other serving apron

was looser (Burn No. 6-3), and more heat was transferred to
the mannequin. The raincoat had a thick, heavy alpaca lining• (alpaca is an animal fiber and is chemically, practically
identical to wool). While the coat burned fiercely on the
outside, no heat was measured on the inside by Gillette
Research Institute (Burn No. 10-1). The heavy lining, jacket,
shirt, and underwear apparently provided sufficient insulation
from the burn. However, it should be noted that the hot gases

- from the flames could envelope the face (no sensors located
there) and cause severe injury or death fr om inhalation of hot,
toxic gases. On the other hand, a -F/A would probably have
taken defens ive action, by taking the garment off or some other

- protective response. In another raincoat fire, without the
- lining, more potential injury was measured (Burn No. 10-2).
• Other uniforms which burned relatively rapidly and with sig-
- nificant heat output were an acrylic tunic and slacks (Burn

No. 4-1) and uniform items made from polyester/wool blends
(Burn No. 12-2). - 

•

-
~~~~~~ Uniform items made from 100 percent polyester or ny lon

• generally burned tenuously and often self-extinguished. In
such fabrics , a hole was formed by the ignition source , and
the flames were usually confined to the edges of this hole.

- • 
- The flames of ten increased the hole in size , particularly
• downward, and melt drip of ten fell and ignited other areas
- of the garment , but potentially injurious heat transfer to

the mannequin was essen tially limited to the area of the
burning ignition source or underwear which caught fire .

10
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I All details of the characteristics of the uniforms , the
observations during the burns , and the figures indicating the

• estimated areas of burn injury are contained in Appendix A.

2.2 Fire Safety of F/A Uniforms--General Considerations

- The preceding section discussed potential injuries which
• could occur if presently used F/A uniforms are exposed to
• small ignition sources. Some of the uniforms burned and could

inflic t substantial burn injuries unless ex tinguished or
removed during the early stages of the fire. Other uniforms,
those containing nylon and po lyester , were essentially self-
extinguishing . However, such thermoplastic fibers shrink,
sof ten, and melt at temperatures below the ignition tempera-

t ture of fibers in general. Fabric heat shrinkage and soften-
F ing are undesirable in garments which may be exposed to heat

• flux because they reduce the insulating air layer between gar-
ment and wearer [4 ,5]. Fabric integrity (and thus the ability
to protect the wearer from heat flux) is lost when thermoplas-
tics melt and drip (4].* The melt drip may continue to burn
and ignite lower body garments or other materials .. Sof tened
or molten material can also stick to the skin and can cause

• injuries even if the fabric does not burn [6]. Thermoplastic• fibers, such as nylon and pQlyester , generally do not provide
• ev.en a modest amount of protection against flame and heat flux.

Consequently, fabr ics intended for F/A uniforms should be
screened in the following manner:

• . by means of a test which establishes self-extinguishing
characteristics ; i.e., assures that they will not continue to
burn when the ignition source is removed. A well-established
test, FF 5-74, was modified for this purpose in the proposed
standard, as discussed in 2.4 and

• • by means of a heat flux resistance test, in which the
fabrics are subjected to certain levels of heat flux, and
their insulation characteristics as well as their resistance
tç loss of integrity (melting) can be measured. For this pur-
pose , NBS developed the test for heat flux resistance described
in the proposed standard. The pass-fail levels for this test
were chosen so that presently available fabrics (though not

I ~~~~ * This behavior was observed during several mannequin burns ,
described in Appendix B, where placing an ignition source
in the front of flame-resistant treated polyester blouses
lead to ignition of the bra after the blouse melted away.

11
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those used at present in F/A uniforms) would qualify. The
trade-offs between fire safety and other functional fabric
characteristics are described in 2.3, below.

2.3 Flame-Resistant Fabrics -

This sec tion discusses the availability, advantages, and
• disadvantages of present-day flame-resistant (FR) fabrics, a

• Flame-resistant materials are here defined as those which
would rapidly self-extinguish after being ignited by a non-

• persistent, small ignition source. The protection afforded
by these materials against heat flux when not exposed to

• ignition sources varies widely, as discussed in Section 2.4,
• below. 

-

At present, there are essentially only two markets for
FR fabrics--children ’s sleepwear , which must be FR by law ,
and protective garments. The latter include garments worn
by steel mill workers , fire fighters , fuel handlers , race

• drivers, etc. Each has its own set of requirements but none
has the “fashion” requirement of F/A uniforms. However, the
major retailers and garment manufacturers have recently
announced plans to introduce lines of FR garments for the

• general public within the next year or two. This is done
presumably to test the demand. . -

Table 1 lists presently available FR fabrics. They vary
• in state of development from pilot scale to commercial. The

information on the various characteristics of the fabrics was • 

-

obtained from discussion with industry representatives , at
• meetings , or textile literature. This tabulation does not

include information on the toxicology of the fabrics-.

The statements in the column, “Effect of Heat”, represent
the general behavior of the fibers or fabrics , a. obtained
.from the manufacturer or the general literature. The spe-
cific response of some of these fabrics in NBS tes ting is
discussed under 2.4.2, below.

Similarly, the entries in the columns headed appeavance ,• ease of care (washability, need for pressing, etc.), service-
ability, and comfort characteristics listed in the table are • -

general statements. They are affected by constructions and
finishes. For example, some colors on Nomex may fade , others
may be very stable. Some individuals would rate the comfort
of 100 percent polyester acceptable , especially in view of the
other desirable fabric properties, but others would rate it
low.

12
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- The cost of improved F/A uniforms , made from FR materials ,
cannot be readily predicted. The fabrics listed in Table 1
vary in price -from $1.50/yard for the cheaper polyesters to
$6/yard for Nomex and wool. This compares with recent prices
for presently used F/A uniform fabric starting at $1.50/yard
for polyester double knits and $3/yard for polyester/wool
blends. For each fabric type, the prices can increase sig-
nificantly for specif ic styles , prints , or colors.

The, major factor in price increases may be the garment
• manufacturer ’s markup. Our discussions with fabric producers

and the billings from the uniform manufacturers indicate that
the uniforms cost very roughly 10 times the cost of the basic
fabric. This multiplier , of course, includes additional mate-
rials such as linings , inner linings , and sewing thread, as
well as labor , overhead, and profit. The final price of the
improved uniforms would thus depend whether the manufacturer
just adds the additional cost for the FR fabric or whether he
uses other multipliers in his price determination. More spe-
cifically , it appears that the increase in price for improved

• uniforms could vary from a few dollars to more than double the
present price. 

-

The last column in the table contains specific recommenda-
tions for use of the various FR fabrics in F/A uniform items.
Basically , it appears that Nomex or equivalent products could
be phased in soon in blouses and perhaps later in jackets and

• slacks. This would require some restyling of present Nomex
• fabrics which are mostly designed for protective clothing and

sleepwear used in Veterans Administration hospitals . With
proper styling,  the comfort of Nomex could be similar to that
of polyester and its protective value increased. This could
be acc omplished by choos ing a rougher surface , at least on the
side worn next to the skin. Nomex fabrics may not be as wrin-

• kle free as polyester , but it appears that methods to improve
-

• their “permanent press” characteristics are being developed.
• - The “pilling” problem has been at least partially overcome.

- - Co lor cho ice may be limited. Serviceability should be excel-• lent . The FR characteristics of Nomex would not be expected
to change with age, laundering, or drycleaning .

Wool is presently used in some crew uniforms. Wool fab-
rics do not burn readily, unless they are very lofty or fuzzy.
A treatment has been developed to increase the natural flame
resistance of wool. Apparently, this treatment has not yet

- - • :~ been used in full-scale production for apparel though a simi-

~ 1 lar treatment is used for aircraft upholstery. Some initial
delays may be encountered in produc ing commercial quantities.
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The cost of the treatment is modest. In tests conducted by
NBS , resistance to drycleaning seemed satisfactory . Wool
fabr ics wear well , do not soil easily but tend to shrink and
wrinkle in machine laundering ; are available in many colors ;
and their comfort characteristics are generally considered
excellent. Wool fabrics, especially in lightweights , tend
to wrinkle more than polyester double knits. Flame-resistant
wool may be a satisfactory alternative to Nomex in this mar-
ket, especially in slacks and jackets .

Woo l/polyester blends , with 50 or more percent of polyes-
ter, are used in F/A uniforms at present. This blend
burns quite readily, and no FR treatment has been developed.
However , the treatment developed for 100 percent wool fabrics
apparently is quite effec tive for fabrics containing lesser
percentages of polyester , up to 25 percent . Such materials
could be expected to have better wr inkle resistance than 100
percent wool. Not enough of this experimental fabric was
available to investigate it in depth , especially the effect
of the melting of the polyester component at higher heat
flux. No recommendations can be made at this point regarding
its use in F/A uniforms.

The bulk of present blouses , slacks , skir ts , jackets,
etc., is cut from 100 percent polyester fabric .- These fab-
rics are used in F/A uniforms because they are relatively
cheap , are available in a variety of colors and styles , have

- - super ior wrinkle res istance , and have permanent press char-
acteristics. Most wearers like the comfort of polyester
fabrics. Disadvantages are snagging and bagginess in some
constructions. In spite of their popularity, they cannot be
recommended for fire-safe F/A uniforms because of their low

• res istance to heat flux , as discussed under 2.2 , above. As
a case in point, in mannequin burns described in Appendix B,
FR polyester blouses melted away in the area of the ignition
source, the bra caught f ire , and in turn, caused additional
burning and melt dripping of the blouse . A Nomex blouse did

- - - - not loose its integrity to the same extent and protec ted the
bra from ignition.

j The FR cellulosic fabr ics , FR cotton and FR rayon, at
presen t, have such poor wrinkle resistance that they should
not be considered for F/A outer-wear . They could be used in
linings and underwear. Blends of FR rayon and FR polyester- ; . have been produced on an experimental scale and should have
adequate appearance properties.
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- Fibers such as FR acetate, Kohjin, Leavyl, modacrylics ,
etc., may not perform adequately under heat flux because of
their low melting point.

In summary , cer tain wool and Nomex fabrics appear to be
promising candidates to increase the fire safety of -F/A uni-
forms. The acceptance criteria in the proposed standard are
based on their performance in laboratory screening and manne-

• quin • tests. Other fabrics which qualify under the proposed
standard may become available in the future.

2.4 Development of Qualifying Tes ts
for the Proposed Standard

2.4.1 Self-extinguishment

The Interagency Agreement required incorporation of a ver-
tical flammability (self-extinguishment) test into the proposed
standard . The F? 5-74 (1] was chosen because it is the most
widely used test of this kind. In the FF 5-74 test, fabrics
are mounted in a U-shaped specimen holder and suspended vertI-
cally. A gas flame is brought in contact with the bottom edge
of the fabric for 3 seconds. Upward char length exceeding 7
inches constitutes failure. The wording of the F? 5-74 was
used in the proposed standard to the greatest possible extent ,
except where modifications were necessary to make it applicable
to F/A uniforms . The modifications are discussed below.

The FF 5-74 test was designed to protect children who are
not generally expected to act rationally in a fire situation.
Consequently, it was designed to be a severe test and does not

• qualify many fabrics which burn only tenuously, with little
heat development and which are easily extinguished. Such fab-
Tics may not present a significant hazard to a well •trained
F/A. One of the most difficult provisions of FF 5- ‘4 is the

‘. inclusion of seams in the test program. However , since FF 5-
74 has been promulgated, it has been found, in experiments at
NBS and other laboratories, that seams in fabr ics which pass

• this test are unlikely to inflict burn injuries to significant
body areas , especially if defensive action (e.g., blowing or

• t slapping at the fire) is taken. Consequently , the seam test-
• ing requirement has been omitted from the proposed standard

because seam burns do not appear to present an unreasonable
- ,. risk , and the seam testing requirement is a major burden for

; the garment manufacturer.

On the other hand, the FF 5-74 test was developed before
thermoplastic fibers , such as nylon and polyester , were widely

17 

- 

--~~~~~ - ~~~~~
-

~~~~~
- • - •

~
• -
~~ 

• -
- • •

•
~~~~~

• •
~~~~~~~~~



• - -  ~-_ • -_ • • •~~

used in children ’s sleepwear. Ignition is at the bottom of
the specimen and downward or sideward burning , which occa-
sionally occur s in thermoplastic fabr ics , cannot be readily
observed. However, •such fabrics do not qualify under the
provisions of the heat flux resistance test of the proposed
standard and would thus not qualify for F/A uniforms even if
they should pass FF 5-74.

• The F? 5-74 requires qualification of fabrics and garments
before and after laundering but omits drycleaning. However,
since F/A ‘uniforms are often drycleaned , a drycleaning pro-
cedure recently developed by NBS has been included in the pro-
posed standard . Since many garments labeled “Launder Only”
are sometimes drycleaned and others labeled “Dryclean Only”
are occ as ionally laundered, the proposed standard requires
that a fabric qualify after both laundering and drycleaning.

• A requirement that fabrics qualify with ignition times of
3 as well as 12 seconds. It has been shown that some fabrics
will ignite in 3 but not 12 seconds [7], while an exper imental
fabric which could be cons idered for F/A uniforms, a blend of
FR polyester and FR rayon, ignited in 12 but not at 3 seconds
in NBS tests. Thus, 3 and 12-second exposures do not seem
unreasonable for the present objective .

.~

2.4.2 Heat Flux Resistance of Fabrics

The work described in this sec tion was conducted in order
to develop a test method for the evaluation of the insulative
or protective value of fabrics . Apparatus was designed and
used for the testing of a number of FR fabrics under a variety
of test conditions . The results were used in the writing of -•

the proposed standard (Appendix C).

2.4.2.1 Apparatus

-

• 
The apparatus consists of a radiant panel with controls ,

- - - heating coils , fan, duct work, a spec imen holder , a pilot
igniter , a shutter , a heat sensor , and the enclosure (Figure
1).

4

4;
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The radiant panel, A , is a 31 x 31 cm (12 x 12 in) quartz
panel rated at 0.77 to 6.2 watts/cm2 (5 to 40 watts/sq in).*
It is capable of producing a radiative field of 0.40 cal/cm2
sec over a maximum area of 25 x 25 cm (10 x 10 in) at approx-
imately 7.6 cm (3 in) from the panel surface . 

-

Convective heat is supplied to the same area by four
1,000 watt coils , B, Figure 1; placed as shown in Figure 2.
A blower, C, forces air over the coils and into the duct work ,
D, leading around the panel. The air delivery openings are
shown in Figure 3. Deflectors distribute the heated air
toward the center of the specimen holder. The air speed at
25 cm (10 in) from the panel is 15 cm/sec (300 ft/mm ) over
an area of 20 x 20 cm (8 x 8 in).

Two specimen holders were investigated in this work. The
first employs a semicircular specimen configuration and is
shown in Figure 4. The specimen is attached to the frame by
clips. The frame is attached to a semicircular , asbestos-
cement, receiving surface. A 7.6 x 2.5 cm (3 x 1 in), black-
ened copper/Cons tantan heat sensor is embedded in the center
of this surface. The heat sensor is water cooled with a water
jacket to maintain the surroundings at a constant temperature .
Water flow is 400 cc/mm . The heat sensor is connected to a
strip chart recorder. The other specimen holder employs a
flat specimen and is shown in Figure 3 of the proposed stan-
dard. The comparison of the results obtained with these two e
holders is discussed in 2.4.2.3.

- The apparatus , except the heater coils and the radiant
panel controls , is enclosed in a rectangular 55 x 50 cm (21
x 19 in) asbestos-cement board tunnel. A glass window in the
tunnel permits observation of the specimen during expo3ure .
An asbestos-cement board serves as a shutter between the radi-
ant panel and the specimen (Figure 1).

Pilot ignition of the heated specimen can be achieved by
a movable gas pipe fitted with a No. 18 hypodermic needle o n -
Lice. Methane is piped through a flow meter and valve for

• reproducible flame size adjustment . V -

Before testing , the panel was adjusted to 912° C (1,670°
F) which is within the optimum range of the radiant source.

* A Casso-Solar Heater , Type “C” , Casso-Solar Corporation ,
125- 10 Queens Boulevard , Kew Gardens , New York 11415, con-
forms to these specifications .
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FIGURE 4: SPECIMEN HOLDER
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The distance from the panel at which the desired heat flux
is attained was determined. The specimens were exposed to
this heat flux for -2 minutes. Conceptually, at this time, all fabrics
which could be used in F/A uniforms would no longer protect
the F/A against burns. (The heat flux behind the specimen
was determined from the recorder chart every 5 seconds.) • A
specially written computer program plotted a curve showing
time vs. total heat measured behind the fabric. (Figures 5—8)

2.4.~~.2 Test Procedure Development and Results
on Candidate Fabrics

Fabrics which passed the F? 5-74 test were subjected to
a series of tests to determine their heat flux resistance.
The test conditions were chosen for this exploratory work
based on environmental conditions experienced in an experi-
mental full-scale cabin fire conducted by NASA (8]. The
specific test criteria selected were : 0.19, 0.27, and 0.40
cal/cm2 sec corresponding to head level conditions about 6
feet from the fire source at 2 mm , 8 sec; 2 miii, 16 sec;
and 2 mm , 30 sec; respectively.

Although these conditions are relatively severe in terms
of their effec t on exposed skin, they represent a range of
thermal energies suitable for investigating the protective
and melting and charring behavior of candidate fabrics ; r.e.,
effec t of extreme , short-term heat exposures which might
occur during the evacuation process.

For each heat flux level, the specimen was exposed to
pure ly radiative heat flux and to “mixed” radiative-convective .

•

heat flux. The ratios of radiative to convective heat flux
were 60/40, 70/30, and 80/20 for the 0.19, 0.27, and 0.40 call
cm2 sec levels , respectively. At some distance from fires,
heat flux is predominantly radiative (9]. No data on the

~
• .

~~ relative amounts or radiative and convective heat flux seem
to be available for cabin fires, but the levels used in our
tests should bracket most situations.

The details of the test procedure are described in the
proposed standard . Tests were conducted with the specimen
1.3 cm (1/2 in) from the sensor as well as in contact with

- ;  the sensor. The latter presents the most severe condition ;
r i.e., tight garment fit , when there is no insulating air

layer between sk in and garment, and conduction becomes
important.
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- 2.4.2.3 Test Results and Discussion

Typical curves of time-heat received at the sensor are
shown in Figures 5 through 8. Also shown in each figure is —

a solid curve indicating the expected time-incident heat
relationship which could cause a second-degree burn. If,
for any given time since initial exposure to heat , the heat
transferred through a fabric exceeds the value shown on the

- curve , a second-degree or deeper burn could be expected.
Values below the curve would indicate no injury ; i.e., effec-
tive protection at the given time . The curve is based on ani-
mal and human data and presents a general case [10]. Actual
times to second-degree burn varies with skin thickness which ,
in turn, varies greatly between individuals and over various
parts of the body . This curve illustrates the -manner in
which time to second-degree burn depends not only on the
total heat received by the skin but also on the rate at which
it is received. It seemed important to consider this in the

• present research on the relative protective value of fabrics.

The heat sensor was calibrated with a commercial heat
flux meter. In addition , a few trials were made in which
human hands were exposed to the heat flux behind various
fabrics in the same relative position to the fabric as the
heat sensors used in this work. The time until pain was
first felt and the time -to withdrawal of the hand were
recorded. Each subject exposed the inside and the outside
of both hands. Pain generally occurs several seconds before
the onset of second-degree burns ; it is, however , a very sub-
jective concept . (Burn Victims sometimes do not report pain
sensation during the fire.) Considering the variability of
such subjective experiments and the difference between time
to pain and time to second-degree burn , the sensor used in

— our experiments seemed to rank fabrics in a reasonably simi-
lar manner to the human trials.

Figure 5 shows the measurements made with the curved heat
sensor behind nylon hose in contact with the sensor , exposed
to 0 1 9  cal/cm2 sec. The time-heat flux line initially fol-
lows the second-degree burn line quite closely and crosses it

• at about 15 seconds. This indicates that , under these condi-
tions , a second-degree burn may be suffered in 15 seconds when
wearing such stockings , which, incidentally , is roughly the
time it would take to burn bare skin . At 0.40 cal/cm2 sec ,
this time would be about 5 seconds. The projection on the
time axis at which the heat flux/time curves registered by the
sensor exposed behind various fabrics crossed the second-a- degree burn line will be called the “heat flux resistance”
throughout this report.

25 -

_:

-~~~~~~~~~~ 
— - -  - - - —

~ 
- - -—--- - - --• -•-

~~ 
- -
~~

—
~

-—
-~~~~~~~ .•-. —-——--•--- - -- - - _ ______

~••4-•a-_ -
~~~

— —
- - •-=~ -- •——-a-•-- -~~~~

-
~~~~~-~~

- ~~~~~~~~ ~~L_ . a -  ~ ~~ ~~~~~~~~~~~~~~~ -~a - _ a -~~~~~~~ a-~~~~~~ _ _ _ a - •



__________ — 
~~~~~~~~~~~~~~~~ -_ 

-~~~ 
__ - • •  a-- ~~~~~~~~~~~~~~~~~~~ , • ~~~~~~~~~~ ,_ , • .a- 

- - —_

FIGURE 5: NYLON HOSE AT TWO INCIDENT HEAT FLUX LEVELS,
MIXED MODE ONLY , WITH BURN THRESHOLD CURVE
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- FIGURE 6: 100% POLYESTER , FR FINISH AT TWO INCIDENT H EAT
FLUX LEVELS (BOTH RADIANT AND MIXED MODES) WITH

- BURN THRESHOLD CURVE
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FIGURE 7: 100% NOMEX AT TWO INCIDENT HEAT FLUX LEVELS
• (BOTH RADIANT AND MIXED MODES) WITH BURN

THRESHOLD CURVE
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FIGURE 8: 100% WOOL, FR TREATED, AT TWO INCIDENT HEAT
FLUX LEVELS (BOTH RADIANT AND MIXED MODES)

- WITH BURN THRESHOLD CURVE
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The term “second-degree burn” generally indicates burns
which do not require skin graft but covers a range of depth
of burns and, consequently, varying rates of recovery . Third-
degree burns generally indicate a burn deep enough so the
skin cannot regenerate the destroyed cells , and skin grafts
are indicated. The steeper the slope of the broken lines
above the second-degree burn line in the figures , the faster
would burn injury penetrate into the skin . However , these
slopes again only give comparative measures since rate of
heat receLved has not been rigorously correlated with depth
of burn beyond inc ipient second-degree burn. . 

-

Figure 6 shows similar results for a flame-retardant , 81
g/m 2 (2.4 oz/sq yd), 100 percent polyester , ra ther open , woven

• fabric. The heat flux resistance is approximately 45 seconds
for the 0.19, 25 seconds for the 0.40 cal/cm2 level. There
was no significant difference in the heat flux resistance
obtained with the mixed radiative-convective heat flux and the
radiative heat flux only. However , the slopes of the lines
are steeper for the radiative only mode indicating potentially
deeper skin penetration. At the higher heat flux , this fabric
eventually melts and looses its integrity.

Figure 7 shows the results for a Nomex , dense ly woven , 168
g/m 2 (S.0- oz/sq yd), fabric. Heat flux resistance was now 80
to 100 seconds for the lower and 35 seconds for the higher heat
flux. In this case , burns would apparently occur somewhat more
rapidly from the radiative only than the mixed heat flux.

Finally , Figure 8 shows the results for a 290 g/m2 (8.7
oz/sq yd) wool fabric. In this case , the heat flux resistance
for the lower mixed heat flux level exceeds 120 seconds. For
the radiative mode , it is substantially lower , perhaps because
the fabric is dark navy blue . For the higher heat flux level ,
heat flux resistance is about 50 seconds , and the fabr ic chars
in the radiative mode . The slopes of the lines beyond the
second-degree burn line are similar to those of the Nomex
fabric. -

It should be again emphasized that the “heat flux resis-
tance” as the phrase is used here is essentially a comparative
measure , and actual times to burn could vary widely from them ,
depending on physiological and phys ical fac tors during the

- 
a-. exposure. Also , the results apply only to the fabrics tested

.~ 
-
f and cannot be generally applied to other fabr ics of similar

fiber content , construction , or treatment nor to other test
conditions. The following discussion should be considered
with this in mind .
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The heat flux resistance for 14 fabrics which passed the
screening for self-extinguishment and which were used in
improved garments are shown in Figures 9A-E. The fabrics are
arranged in order of increasing weight. Fibers represented
are FR polyester , wool , and rayon ; PR treated wool/polyester ,
FR polyester/FR rayon blends ; and Nomex and a Nomex/Kynol
blend. Data for typical commercial vinyl boot material are
also shown. The following is indicated by the data:

Effect of heat flux level : The resistance times obtained
at 0.27 cal/cm2 sec were 60 to 80 percent , those at 0.40 call
cm 2 sec were 40 to 60 percent , of those obtained at the lowest
heat flux , 0.19 ca1/cm~ sec. Thus, for the fabrics tested and
within the heat flux range applied , a roughly linear , inve rse
relationship existed between heat flux resistance and heat flux
level.

Mixed vs. radiative only heat flux : The two heat flux
modes , purely radiative and mixed , probably represent extremes
found in real-life fires. The values shown may thus bracket
real-life protection times. In general, the resistance times
for the radiative -mode were lower than those found for the
mixed mode. However, for the relatively open fabrics (the
lightweight FR polyester fabric , the PFR rayon, and the two
wool-containing knits) this difference was either quite small
or reversed. This may be due to the effect of the consider -
able hot airflow against the specimen in the mixed mode which
increased heat flow to the sensors.

Fabric-sensor distance : The heat flux resistance values
measured with the spec imen in contact with the sensor were
generally 30 to 50 percent of those obtained with the specimen -
sensor distance 1.3 cm (1/2 in). This percentage was higher
for the fabrics with a rough weave which minimized the area
of specimen-sensor contact (PFR rayon fabric). It was also
relatively high for the fabrics with surface fuzz (the Nomex/
Kynol and the wool fabrics). Such fuzz or hairiness can be

— created by a finishing process called “raising” on many
fabrics.

Effe cts of fabric construction and fiber type: The effec t
• of fabric weight cannot be readily separated from that of

thickness. All Nomex fabr ics we re dense ly woven and covered
a weight range from 54 to 231 g/m 2 (1.6 to 6.8 oz/sq yd) and
a thickness range from 0.4 to 0 7  mm (14 to 29 mi l s ) .  The

- ,  •. heat flux resistance increased by roughly 50 percent within
-
f this range. For other fabrics , increase in weight and thick-

ness may produce different results. There was no systematic
effect of fiber type on the heat flux resistance .
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However , the resistance to disintegration of the fabric ,
by formation o.f melt holes or chars , clearly depended on the
fiber type and fabric weight . Occurrence of melting or char-
ring is indicated at the bottom of each bar in the figures.
Thus , the lightes t Nomex fabr ic showed slight chars at 0.27
cal/cm2 icc radiative heat flux and holes at 0.40 cal/cm2 sec.
None of the other Nomex fabrics showed any damage. Wool fab-

- rics started charring at 0.27 cal/cm2 sec radiative. The FR
polyester started fusing at the same heat flux level, and

• melt holes formed at 0.40 cal/cm 2 sec. The fusing indicates
softening of the material, which in real-life could increase
the garment contact with the skin , possible sticking to the

• skin , and intensified heat transfer and inj ury levels.

The three experimental fabrics, the PFR rayon, the PFR
rayon/Dacron 900F (FR polyester) blend , and the Kyno l/Nomex
fabrics, exhibited heat flux resistance values which can be
explained by their weight and density. The PFR rayon started
charring at the 0.27 cal/cm2 sec radiative heat flux and PFR

• rayon/Dacron 900F blend at 0.40 cal/cm2 sec , both mixed and
radiative. The Kynol/Nomex blend neither charred nor fused.
Unfor tunately , this blend is only in pilot production and
would have serious deficiences of appearance and perhaps
durability in F/A uniforms.

The last set of bars shows the results obtained with corn-
• mercial vinyl boot material. These results were obtained with

the specimen in contact with the sensor, to simulate the usual
tight fit of such boots. Heat flux resistance under those
conditions do not seem to be unreasonable , but the material
formed melt-holes at 0.27 cal/cm 2 sec.

Ignition while the specimens are exposed to heat flux was
not part of the original experimental plan. The apparatus is ,
however , equipped to perform such experiments. Specimens of
a polyester , a Nomex , and a wool fabric wer e exposed to a 2 cm
(3/4 in) methane flame after 1 minute exposure to radiative
heat flux at the 0.19 cal/cm2 sec level. The polyester melted ,

• but did not burn. The Nomex charred only slightly , even after
9 seconds exposure to the flame. The wool charred after this
exposure over a larger area but self-extinguished. These

• • results suggest that wool and Nomex possess self-extinguishing
characteristics under more critical conditions than generally
considered in this work.
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2.4.2.4 Choice of Conditions for Heat Flux
- Resistance Test of Proposed Standard

The results of the above experimental investigations indi-
cated that the test procedure could be simplified for the pur-
poses of the proposed standard. The simplification involves
several changes--use of radiative heat flux only ; use of- a
flat , rather -than a semicircular , specimen ; and use of a com-
mercial total heat flux sensor.

Figures 9A-E show that , in general , the radiative heat
f lux mode i~ more severe than the mixed mode . In the few
cases where a lower heat flux resistance was obtained for the
mixed mode , the differences were quite small. Since the mixed
mode requires considerably more equipment and would add little
information of importance to the P/A’s safety, it was elimi-
nated from the proposed standard.

On the other hand , the results showed that the specimens
be tested both in contact with the sensor and at some distance

• from it. These conditions simulate the free-hanging and the
tight-fitting garment conditions. The results in the free-
hanging mode are mostly affected by fabr ic density, color , and
thickness , while those obtained in contact are also affected
by surface roughness and hairiness of the fabric . The proposed

- standard requires testing in both modes.

Figures 10 and 11 compare the results obtained when the
fabrics were tested on the curved specimen holder described
above under 2.4.2.2 and on the much simpler, flat spec imen
holder recommended for the proposed standard and shown in
Figure 3, Appendix C. Considering the variability of fabrics ,
the agreement between the results is fair. The pass-fail cri-
teria for the proposed standard were based on the measurements
made with the much simpler flat sensor . Few fabrics which —

passed with this sensor would fail with the curved sensor , and
vice versa. The pass-fail criteria were chosen to obtain the
highest level of insulation compatible with ready availability
of fabr ics which qualify and which would also be acceptable —

from other points of view (2.3) .

Exposure at 0.40 cal/cm 2 sec was made a requirement in
• the ~~roposed standard because melting of fabrics can be

observed at this test condition. A test for melt behavior • 
-

was required by the Interagency Agreement ; the reasons for it
are discussed in detail in 2.2. Basically , heat shr inkage
and softening previous to melting reduce the insulating char-
acteristics of fabrics , and melting destroys their integrity

r 
- and ability to protect. Charring also can be observed at
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FIGURE 1Q: COMPARISON OF HEAT FLUX RESISTANCE RESULTS
FOR ThE FLAT AND CURVED SENS0I~S
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FIGURE 11: COMPARISON OF HEAT FLUX RESISTANCE RESULTS
-FOR THE FLAT AND CURVED SENSORS

60- owooi_ o
O PCLYESTER
ARAYON
ONOMEX -

• Ô NOMEX/KYPIOL
A RAYON/POLYESTER
o WOOL/POLYESTER

C, -w
CS)

6
~~ 45 . 6 

-

-IIt 0 0
~~~4O~~

1 0
W 3 5 -

INCIDENT FLUX • O.I9coI/cm2esc
00 RADIATIVE MODE ALONE

FABRIC TOUCHING THE SENSORS

~~ 30- 0

A

25- 0

0

I I I I I
25 30 35 40 45 50

HEAT FLUX RESISTANCE, CURVED
• SENSOR,SEC

40

- a-.-
-

—a-- a- — 
—------—--

~~ 
-a-- -- 

~— — --—-~~-- -------,a- -a- ----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
a-



~~~~~~~~~~~~~~~~~~~~~~~ • - 
~~~~~~~~~~~~~ 

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.40 cal/cm2 sec heat flux . If chars are brittle , they may
loose their integrity . The proposed standard includes a pro-
vision to determine bri t t leness of chars (4.2.5.2 , Appendix
C).

The proposed standard covers double layers of fab ric
where the second layer is an integral part of the garment ,

- such as linings. It does not address underwear for several
reasons. First , there are many garments which are worn with-
out underwear , and only the protective characteristics of the
outer-garment affect  the hazard in such cases. An outer-
garment which has high protective value will , of course , pre -

• vent the underwear from shrinking , melting, or igniting . The
choice of underwear is not controlled by the airlines.
Finally , though it could be expected tha t FR underwe ar may be
safer , its price and , at least at present in many cases , the
comfort characteristics would probably be unacceptable .

2 .5  Mannequin Burns of Prototype Uniforms Made From FR
Fabrics to Achieve Improved Fire Safety

These tests are described in Appendix B. This work con-
sisted of mannequin burns of F/A uniforms made up from present-
day commercial and experimental FR fabrics. - The purpose was
two-fold : to demonstrate the feasibility of constructing uni-
forms with improved fire safety and to provide an additional
screening of fabrics which were found to be self-extinguishing
in laboratory testing when incorporated in a garment . It is
emphasized that not all of these fabrics conform with the pass-
fail criteria for protection against radiative heat flux ,
selected for the proposed standard in Appendix C. The term
“improved” thus refers primarily to the self-extinguishing
features of the fabrics and uniforms , not to overall fire pro-
tective characteristics which also considers radiative heat
resistance.

The fabrics were chosen because they passed the FF 5-74
tests and because they were reasonably similar to the fabrics
presently used in F/A uniforms in appearance and feel. The
FR treated polyester fabrics were chosen because they passed
the FF 5-74 test and because they are widely used in applica-
tions where self-extinguishment is required , such as children ’s
sleepwear. Their shortcomings are discussed in Appendix B.

Fourteen fabrics were selected. They are the fabrics char-
acterized in Figures 9A-E. They include 100 percent polyester ,
Nomex , rayon, and wool and blends of polyester and wool , rayon
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and polyester , and Nomex and Kynol. Uniform items included:
blouses , skirts , tunic/slack combination , uniform jackets ,
blazer , overcoat s raincoat , serving apron , and muumuu . The
skirt configuration. was considered most critical for testing
because of an ample air supply on both sides of the fabric.

The cutting and sewing of the uniforms was performe d in
the pilot sewing facility of a major career apparel manufac-
turer. They resemble F/A uniform items used in the 1974-75
season as closely as possible. The uniforms were ignited on
mannequins as described under 2.1. The burn tests were
filmed and video-taped. Details are given in Appendix B.

Since all of the fabrics passed the self-extinguishment
test , the “improved” uniforms did not burn significantly

• beyond the area of the igniting paper towel. One exception
was a 100 percent FR polyester skirt which burned downward
to the hem. No significant heat transfer to the mannequins
was recorded during the burns , except in the area of the

= ignition source . Consequently, no figures showing poten-
tially burned skin areas are included. Exceptions were poly-
ester blouses which formed holes in the area of the ignition
sources and thus did not protect the bras under them- from
igniting and burning . This did not occur when the blouse was
made from Nomex . The mannequin burns of the polyester blouses
thus demonstrated one of the disadvantages of materials which
melt in contac t with or near flames.

3. CONCLUSIONS

The tests and data described in this report support the
provision of the proposed flammability standard for flight
attendant uniforms , which is attached, as Appendix C. It

- 

- indicates the feasibility of significant improvements of the
fire safety of F/A uniforms , over that of the currently used

- 
- uniforms . This can be done by providing both better protec-

- 
- tion against ignition and against heat flux in the early

stages of a cab in fire .

o Specific conclusions are listed below :

3.1 The flammability of many presently used uniforms was
tested during mannequin burns and found to be unsatisfactory
in some , but not all cases. However , many of the fabrics
which burned tenuously and self-extinguished shrank , softened ,
and melted.
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- 3.2 A number of self-extinguishing fabrics which also
have reasonable insulation characteristics and are suitable
as substitutes for presently used fabrics are available for
use in uniforms with improved fire safety .

3.3 The appearance, ease of care , and cost of such uni-
forms may not equal that of presently used garments.

3.4 Injury potential depicted by mannequin burn tests
are only an approximation of actual conditions because of
limitations of instrumentation and because the static condi-
tions on the mannequin cannot predict defensive action by
the wearer of the burning garment , such as doffing the gar-
ment, rolling on the floor, etc.

3.5 Underwear, stockings , boots , wigs , and- other apparel
available on the market -and worn by F/As but not controlled
by fire safety specifications could affect the extent of burn
injury.

3.6 The “heat flux resistance” in terms of the time until
a given radiant flux penetrates fabr ics sufficiently to cause
a second-degree burn on skin, appears to be a feasible method
to rank fabrics for protective ability. Fabrics can thus be
qualified for a given resistance to heat flux in terms of
.exposure time until second-degree burn may occur .
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5. APPENDIX A

Mannequin Burns of Presently Used Uniforms

This appendix presents data obtained from mannequin burns
of 14 F/A uniforms and components in 1974—75 use. -

Section I reports mannequin burns conducted at NBS ;
-Section II those conducted at Gillette Research Institute .

Each garment combination consisted of a uniform assembly,
underwear , hose, wig, etc. The garments were always ignited
in an area where they were at some distance from the size 10,
female mannequin (garments often do not ignite when in con-
tact with a mannequin). Usually the first ignition was on
the side, at about knee level. If garments self-extinguished
or burned tenuously and were easily extinguished (many gar-
ments performed in this manner), they were ignited again at

— such locations as the chest , sleeve , or back of the shoulder.

Each individual burn is reported by schematic representa-
tion of the potential injury. This is accomplished by showing
on a drawing of the mannequin (a) the area of the outside gar-
ment which burned at a given time from ignition and (b) the
heat received by the 24 sensors on the mannequin surface . The
outside -burn is indicated by shading of the area on the sche-
matic drawing . The heat received by the sensors is indicated
by various symbols superimposed on the point indicating sensor
location. If the sensor received less than 2.0 cal/cm Z sec ,
no symbol is superimposed on this point , indicating that no

- - burn injury could be expected to have occurred in a real-life
fire. (As explained in the report , 2.0 cal/cm2 sec is a con-
servative estimate of the heat flux necessary to inflict a
second-degree burn. Higher heat flux causes deeper burns.)

In addition , each schematic drawing shows the type of uni-
form (muumuu , slack suit , etc.), the point of ignition , and
the number of the burn. Schematic drawings were prepared to
show the progress of the fires and injury pattern is , 30, 45,
60, 75, and 90 seconds after ignition. Wherever a schematic
drawing is missing for any one time from ignition and burn
test , heat transfer had either not started or was not changed
from the previous time. In addition , a short description of
the occurrences during the burn is given .

— To expedite this investigation , some burn tests were con-
ducted at the Gillette Research Institute on their mannequin

- 
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system under an agreement with FAA and NBS. Their system of
data -acquisition cannot be readily converted to the schematic
presentation discussed - above. However , their data and obser-
vations are included as Section II in this Appendix. Although
the detailed test p~rocedures and data presentation by GilletteResearch Institute are not exactly the same as that used by
NBS, the results are capable of providing base line criteria
needed to assess the hazard of currently used F/A uniforms
which is the essential purpose of this phase of the project.

The following F/A uniform items were burned: a-

Burn No.

1 (GRI 341-2) *100% Polyester Double-Knit Blazer and
Skirt, 100% Nylon Blouse , 100% Polyester

• Scarf, Wet-Look Shoes -

2 100% Polyester Muumuu

3 100% Polyester Pants , Vest , and Scarf; 100% Nylon
Blouse

4 100% Acrylic Pants and Tunic

5 100% Polyester Skirt and Blouse

6 75/25% Polyester Wool Skirt and Jacket , 100% P.E. Body
Suit , burned also with 100% Wool Coat and with 50/50%
P.E./Cotton Apron

7 100% P.E. Pants, Blouse , Serving Smock

8 65/35% Wool/Polyester Jumper , 100% P.E. Body Suit ,
50/50% P.E./Cotton Apron

9 100% Wool Topcoat , Nomex and Rayon Linings

10 (GRI 341-5) *55/45% Polyester/Wool Male Suit (Coat and

- •I 
Trousers) - 

-

*65/35% Polyester/Cotton Raincoat , 100%
Alpaca Backing, 51/49% Rayon/Cotton Sleeves;

- 

- 
- also burned without linin.g at NBS

!~ ., * Tested by Gillette Research Institute under contract to NBS.
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11 (GRI 341-4) *100% Polyester Muumuu

12 (GRI 341-6) *65/ 35% Wool/Polyester Skirt and Jacket ,
- 

- 
100% Polyester Body Suit

13 100% Polyester Skirt, Shorts, Blouse , Smock

14 100% Polyester Jumper and Blouse
- In some cases , the uniform assemblies were ignited more
than once , without change or with additional garments (like
coats) added or taken off. In Section I, this is indicated
in the entry for Burn Number on the figures by; e.g., 5-2
(second ignition of assembly 5). The underwear , wig, and
shoes were not changed for any one burn number and are listed
on the sheet accompanying the figures. The outside garments ,

• such as uniforms, aprons, and coats , are listed on the figures. 
=

Note

Burn injury codes for all NBS mannequin burn tests
• - illustrated in Appendix A , Section I, are shown on

Page A-S.

-~

* Tested by Gillette Research Inst i tute unde r contract to NBS.
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APPENDIX A

Section I. Mannequin Burns Conducted at NBS

BURN #2 - 1, 2, 3

Underwear: Bra - cups, 100% polyes ter -

back and sides , 76/ 24 nylon/spandex
pad , 100% polyurethane

Panties - 100% cotton 
-

Panty Hose - panty, 80/20 nylon/spandex . -
stockings , 100% nylon

~~~: Modacrylic

Comments: This clothing system burned tenuously around the
edges of melt hole which was caused by the folded
paper towel ignition source. There was some melt
drip . Flames burned through and melted part of
the nylon zipper making it inoperable. There was
downward burning .

- Three heat sensors registered heat inputs exceed-
ing 2 cal/cm 2 , 60 seconds af ter  the third igni t ion.

H No heat input was registered in the other burns~(See Figures.)
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BURN #3 - 1, 2 , 3

Underwear: Bra - 100% polyester , unlabeled foam padding

Panties - 100% nylon
- Panty Hose - panty, 80/20 nylon/spandex

stockings , 100% nylon

~4~: Mod’acrylic

Comments: There was a lot of burning melt drip and downward
burning . The burn was easily extinguished at 90
seconds by blowing it out.

This uniform was ignited three times. No heat
input exceeding 2 cal/cm2 was registered during
any of these burns .
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BURN # 4 - 1

Underwear: Bra - cups , 100% polyester
back and sides , 76/24 nylon/spandex
pad , 100% polyurethane

- Panties: 100% nylon

Panty Hose - panty, 80/20 nylon/spandex
stockings , 100% nylon

~~g: Modacrylic

Comments: This uniform was allowed to burn only 60 seconds
because of the fumes and smoke which were generated.

As shown in the Figures , a number of sensors indi-
cated heat inputs of 2 cal/cm 2 or more . As is often
the case , these heat inputs were observed in areas
in which no flames were observed on the outside .
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BURN #5 - 1, 2

Underwear: Bra - - 100% nylon with foam padding

Panties - 100% cotton

Slip - 100% nylon

Panty Hose - 100% nylon

~~&: Modacrylic

Comments: Burning melt drip caused melt holes in hose. The
flames were easily blown out at 90 seconds on the
skirt. There was some downward burning . The
blouse self-extinguished on the shoulder blade .

This uniform was ignited twice . No sensor regis- - 
-

tered heat inputs exceeding 2 cal/cm2.
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BURN #6 - 1, 2 , 3

Underwear :  Bra - bust  sec t ion , 100% ny lon
e l a s t i c  sec t ions , 7 8 / 2 2  ny lon/ spandex

Pant ies  - 100% ny lon

- Panty I-lose - p a n t y ,  8 0/ 2 0  ny lon/ spande x
s t o c k i n g s , 100% ny lon

Boo t s :  W e t - L o o k  v i n y l

~j~~: M odac ry l i c

Comments: Run 1 - The coat did not ignite. It was only
slightly charred by the burning paper
towel , which went out in less than 20
seconds .

Run 2 - The coat was taken off. This burn was
e x t i n g u i s h e d  at 45 seconds to salvage
enoug h of the u n i f o r m  fo r  f u r t h e r  test-
ing .

Run 3 - A r e l a t i v e l y  t i g h t - f i t t i n g  se rv ing  apron
was a d d e d .  The bu~ ii was a l lowed to burn
fo r  120 secon ds . I t  developed r a t h e r
slowly. Significant heat input was only
measured  dur ing t h e  t h i r d  burn .
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Heat Input to Mannequin From Burning Flight Attendant Uniforms
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Airline No.: 1 Ignition: Left Coat 6” Fran H~n

Outfit: 75/25 Polyester/Wool Skirt and Jacket
100% PB Bodvsuit 100% W~iøl Coat

~~

Time: 15 seccxids Burn LD. No.: 6-1
A-45
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Heat Input to Mannequin Fran Burning Flight Attendant Uniforms
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~ ~~-: Airline No.: 1 Ignition: left Coat 6” Fran }Wn
‘
~ Outfit: 75/25 Po1yesterfta~o1 Skirt azid Jacket 

a

-
- 100% PB Bodysuit 100% W3o1 Coat

Time : 30 se~~~da Burn I.D. No .: 6—].
A-46 -
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Heat Input to Mannequin Fran Burning Flight Attendant Uniforms
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Airline No.:  1 Ignition: left Coat 6” Fran }~~
~

Outfit: 75/25 Po1yester,4~,ol Skirt and Jacket
- 1OO~ PB Bc4’suit 100% 1*~ol Coat

Time: 45 se~~~ds Burn I D. No.: 6—1- 
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Heat Input to Mannequin From Burning Flight Attendant Uniforms

•

1

I

1 1.l i t  I~ ‘
~JJ\  • J / ~..) J1-f ) 

c \ \-  

/ / ).c

11 !• •\ \\ 11(0
P

S

Airline No.: 1 Ignition: - Left Coat 6” Fran I~~
— - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-
Outfit : 75/25 Po].yester1itDol Skirt and Jacketp~ ~~d~iu1~ løot wooi Coat

Time : 60 seocixls Burn I D. No. : 
• 
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A 48
S 

-

___________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a- a-a-a-a- a-~~~ a- -a-_ a-a-a- a- a-a- a-a - a- .



-- ~~~~
J— -

~~~
a- - a - a -

~~~~~ 
-
~
a--.---

~~~
- - 

~~
a-a-

~~~
a- 

~~~~~~~~~~~~ 
.
~~~~~~~~ ~~~~~~~~~~ 

a-
~~~~~

a-
~ 

_
~~~~

a-
~~~~~~~

a- 
~~

a - -
~~~

a- 
~~~~~~~~~~~~~~~~ 

—a- -- a- a-— 

-

Heat Input to Mannequin From Burning Flight Attendant Uniforms
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Airline No.: 1 Ignition: Left Skirt 6” Fran
han -

Outfit: 75/25 PEa-4*~o1 Skirt and Jacket
- 100% PB Bodysuit

Time : 15 secciids Burn I.D. No.: 6-2
- 
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Heat Input to Mannequin From Burning Flight Attendant Uniforms
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f
Airline No.: 1 Ignition: Left Skirt 6” Fran

Outfit : 75/25 PE-~~o1 Skirt and Jacket-- 100% Pt Bodysuit
-
~ - 

Time: 30 seca-ids Burn I..D. No.: - 6—2

-~~ - A - S O

F

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—.- -

~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a-
~~~~ 

- a-~~~~~~~~~ a- a - a - a - a - a -  ~~.i4



Heat Input to Mannequin From Burning Flight Attendant Uniforms
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Airline No.: 1 
— 

Ignition: Left Skirt 6” Fran - -

Han -

Outfit : 75/25 PE—W301 Skirt and Jackdt
~ -. 100% PB Bodysuit

Tine: 45 seconds Burn I ,D. No.:  6-2
A-5l
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Heat Input to Mannequin From Burning Flight Attendant Uniforms
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Airline No. : 1 Ignition: Left Skirt 6” Fran
hem -

Outfit: 75/25 PE—W301 Skirt and Jacket -
- 100% Pt Bodysuit

- 
Time: 60 eecxa~ s Burn I .D. - No.: 6—2
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Heat Input to Mannequin From Burning Flight Attendant Uniforms
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F Airline No.: 1 — 
Ignition: Apron Fra~t 3” Fran

Han
Outfit: 75/25 PE-W~o1 Skj~t &~ Jacñcet- 100% FE Bodysuit 5O/~0 PE-O tEa~ Apru~

- 
Time : 15 seconds Burn I . D. No. : - 6—3
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}~at Input to Mannequin Fran Burning Plight Attendant Uniforms
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t Airline No. : 1 Igniticn:. ~mui Fra~t 3” Fran
—

Outfit : 75/25 PE4~ o1 Skirt arxl J~~~t
100% PE Dodvauit 50/50 PE-O*tk,n ~~~~

Tine: ~~~~~~~~ Burn ID. No.: 6-3
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Noat Input to Mannequin Frau Burning Plight Attendant Uniforms

• 1 • fl
‘r • f

• L... .}

S

• 5

S

S

• 

• Airline No.: 1 Ignition: ~~ Front 3” Fran
• -- •

_ _____________• t - Outfit: 75/25 PE-*~o1 Skirt ard Jad~et
100% PE Bodym~it 50/50 PE-CottAi ~~~~

Time: 45 eecxrda Burn I.’D. No. : 6-3
A- 5S
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Heat Input to Mannequin Fran Burning Flight Attendant Uniforms
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‘ Airline No.: 1 Ignition: ~~ion Front 3 Fran

I~  _
- Outfit: 75/25 PE-4~ o1 Skirt d JecMt

100% PE Eodyauit 50)50 PE-Qtt~~ ~~~on

• Time : 60 aecciids Burn I.D. No.: 6—3
A-56
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Heat Input to Mannequin From Burning Flight Attendant Uniforms
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• Airline No.: 1 Ignition: ~~~~ Front 3” Fran
~~r~~~4 • _ _ _ _ _ _ _ _ _ _

4- Outfit: 75/25 PE-I~ o1 Skirt &d Jad~ t
100% PE Bodyuuit 50/50 PE-O*bi~ ~~~~~~~~

Tine: 75 a~~~ de Burn i.D. No.: 6-3
A-57 •
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Heat Input to Mannequin Fr~~ Burning Flight Attendant Uniforms
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Airline No.: 1 Ignition: Ap~on TnA~t 3” Fran
- . 

I~~~n 
•

Outfit: 75/25 PE-I~ o1 Skirt ~d Je~~~t• 
FE ~~dymiit soj!8 &t~~ ~~~~

Time: 9O ae~~~~ &nn r,D. No.: 6—3
A-58 
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Heat Input to Mannequin From Burning Plight Attendant Uniforms
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Airline No.: 1 Ignition: ~~tui Fruit 3” Fran
• ___

Outfit: 75/25 PE4*~o1 Skirt ~~~d

100% FE Eodviuit 50150 FE-O.Ltgix A~~ui

• Tlne : 120 i c ~cmda Burn T.D No.: • 6—3
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BURN #7 - 1, 2

Underwear : Bra lace , 100% nylon• elast ic , 69/18/13 ace tate/polye ster/spandex
interlining, 100% polyester

Panties - 100% nylon

Knee-Hi Hose - 100% nylon

~~~ : Modacrylic

Comments: Run 1 - There was burning melt drip and downward
• burning .

Run 2 - Burning melt drip caused melt holes on the
• pants. 

-

Both runs were extinguished at 90 seconds .

There was no heat input exceeding 2 cal/cm2.

A-60 

•

- -~~~~~~~ -

- _
~~

___
~~~~~~- __• u____

~_ • ————~~ - - - • - -Il - --



- 
~~~~~~~~~~~~~~~~~~~~

• Heat Input to Mannequin Fran Bur ning Flight Attendant Uniforms
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•
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• Airline No. : 5 Ignition: - Left Side Serving
4 •- aIKDdC 3”~~~oye HeinOutfit: 100% Po1yeete~ Panta, Blaae and Serving ~ cdc

- •

TIme : 15 eeccxda Burn rE D. No.: -7-1
A- 61 
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- Heat Input to Mannequin From Burning Flight Attendant Uniforms
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4 Airline No.~ 5 Ignition: Left Side Serving - —
- aTr)d~ 3” above 

— 
-

Outfit: 100% Polyester Pants, Blcuse ~~ Serving ~md~

-

• 
TIme : 30 eeocnLls Burn I.D. No.: -7—1

A-62

IL • 
-

:• ~-



• - - 
~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

Heat Input to Mannequin Fran &zrning Flight Attendant Uniforms
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Airline No.: 5 Igniticn:-Leftside serving
- a,~~~3”Ab~~~ amn .

Outfit: 100% Polyester Pants, B1c~~e, md Serving ~~~dc

TIne : 45 seconds Burn 1D. No .: - 7—1

-~~~ 
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• Heat Input to Mannequin Fran Burning Plight Attendant Uniforms

V 

_

• Airline No.: 5 Ignition: - Left Side Serving- 1 - 

- • ~~~d~ 3 A bo~,e I3mn
4 Outfit: 100% Polysster Pants, B1aae~ and Serving ~~~dc -

TIne : 60 secads Burn I.D. No.: 
• 7—1

A-64
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- • Heat Input to Mannequin Frau Burning Flight Attendant Uniforms
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Airline No.: 5 Ignition: Ri~~t Leer Badc —

_ _ _ _ _ _ _ _ _ _ _ _ _  
-

Outfit : 100% Polyastar Pants, B3oueS~ and Servinci ~ cdc

Tine : 15 seconds Burn I .D. No. : 7-2

~ ;• A-65
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Heat Input to Mannequin From Burn ing Flight Attend ant Uniforms
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Airline No. : 5 Ignition: Riqht Larmr Badc
- Serv~~~~~~~Outfit: 100% Polyester Pants, Blouse, ~rd Servlx~ a~od~ -

Time: 30 secads Burn I .D. No. 7-2
A-66

- 

/ -d

I.~jlI - -- - — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -

~~~~~~~~~



Heat Input to Mannequ in Fran &wning Flight Attendant Uniforms
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Airline No.: 5 Ignition: Rl4rt Lamr Badc

Outfit: 100% Polyester Pants, Bicuse, and Serving ~ rdr~ _____

Time : 45 ae~~ ids Burn I ;D. No.: 7—2
A-6 7
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Heat Input to Mannequin From Burning Flight Attendant UnifOrms
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Airline No.: 5 Ignition: Ri4rt I~~~r Back
Serv~~~ a~~Outfit: 100% Polyester Pants, Blouse • aid Serving a~cdc

___________________________________________________________

TIne : 60 seconds Burn I.D. No.: 7-2
A-68
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BURN #8 - 1

Underwear: Bra - lace , 100% polyester
lower cup , 100% nylon
elastic , 77 / 23  nylon/spandex

Panties - 100% nylon

Panty Hose - panty, 80/20  nylon/ sp andex
stockings , 100% nylon

• Half-Sli p - 65/35 polyester/cotton

~~~ : Human Hair -

Comments: The apron was relatively slow burning at first for
a polyester /cotton blend , but it was a tightly
woven fabric and fit tightly on the manne quin . The
wig singed but did not ignite. The fire wa s extin-
guished at 90 seconds .

Apparently the ti ght fit prevented burning of the
polyester /cotton serving apron . No heat input• exceeding 2 cal/cm 2 was measured. - 

-
•

A-69
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Heat Input to Mannequin Fran Burning Plight Attendant Uniforms
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- Airline No.: 3 Ignition: - Left Side ~~ 3”
- P’ran ~~~n

Outfit: 65/35 lt~ol—Po].yester Ju~ er
100% Polyester Bodysuit 50/50 PolVSIterItItton. A~~~i

Time : 15 seccids Bum LD. No. : - 
- 8—1
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Heat Input to Mannequin Fran Burni ng Plight Attendant Uniforms
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Airline No. : 3 Ignition: zaft S~~~~~ ru~ 3”
_ Fr an Han

Outfit: 65/35 $3o1—Polyester J~i~ er
100% Polyester Bodv~iit 50/50 ~o).yestarX~*fr rL Ap~r~

Time: 30 secads Burn I D. N o :  • 
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Heat Input to Mannequin Fran Burning Flight Attendant Unifori~e
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Airline No. : 3 - Ignition: Left Side~~pra~ 3”

~~~
fit: ~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

Tine: 45 seconds Burn I.D. No. : • 8—1
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Heat Input to Mannequin From Burning Flight Attendant Uniforms
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- ~~~ Airline No.: 3 Ignition: Left Side apron 3’
_ _

_ 
_ _ _  

Yzan Jusper -Outfit : 65/35 )tol—Polyester J~~ er
lOb% Polyester Bo&ysuit ~OJ50’-P 3.vest*L/CottrJ~ ~~~ m

TIne : 60 seconds Burn I .D. No.: 8—1 -

A- 73 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

• • -
~~~~~~~~~~~~~~~

, - -  
~~~~~~~~~~~~~~~~~~~ ~~~

- - - ~- - •



- 
________

- 

BURN #9 - 1, 2

No underwear . - 
• 

-

Comments: Run 1 - The Nomex lining self-extinguished in 30
seconds . The Nomex mel ted away from the
burning towel and did not ignite the wool
coat. L

Run 2 - The rayon lining which caine with the coat
ignited and burned rapidly causing ignition
of the wool coat. The fire was extinguished
at 120 seconds . - 

- 

-

These runs were undertaken merely to show the
effect of the lining in a heavy wool coat , which
could be expected to be essentially self-

• extinguishing . No heat measurements were obtained
because no uniform or underwe ar were placed under
the coat .

A- 74

L~E 

- 
-

1 
- -

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -



r • —~~~-— -- -—•-‘-- -- -~~~_ — -

Heat Input to Mannequin From Burning Flight Attendant Uniforms
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-• Airline No. : 1 Ignition: Ri~rt Inside Coat
_ ~ ninq -

Outfit: 100% P~o1 1~~xx at
l00% Naiex Llnlflq

Time: l5 secxr*ds Bum I.D. No. : - 9-1
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Heat Input to Mannequin Fran Burning Flight Attendant Uniforms

• 1 • fl
• I if

I

1 .  • A \  1 .IA Ii~~~~~~~~

. 

~A

S

• Airline No.: 1 Ignition:. Ri~~~~~sids Coat

Outfit: ~0O% ~~o3. Tcç~~et
t~I 

. 100% !~~~ c L1ninq

TIme : 30 seconds Burn 14D. No.: - 9—1
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BURN #10

This uniform assembly (see p. A-95) was burned at Gillette
Research Institute with the lining in the coat and at NBS with-
Out the lining .

Comments: Run 1 - Although Gillette registered no heat input
to the mannequin , a human would presumably
have been injured by breathing the hot gases
and flames envelop ing the face of the manne-
quin . The heavy alpaca lining of the rain-
coat was sufficiently thick and heavy that
it retarded flame spread in the more flamma-
ble polyester/cotton raincoat . (Ref. P. A— 92)

Run 2 - This run was done at NBS using the back of
the raincoat from Run 1 except without the
alpaca lining . In this test , the raincoat
was worn ove r a polyester jumper and blouse ,
a nylon bra , nylon panties and panty hose ,
and with a vinyon wig.

Heat from the burning raincoat caused melt
drip of the polyester onto the hose below .

• No heat measurements we re obtained in this
run ; consequently, no heat input drawings
are shown .

NOTE : See Section II of this Appendix for Burn #s 1, 10, 1.1
and 12.

I.
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BURN #13

Uniform: Skirt - 100% polyester

Shorts - 100% polyester 
-

Blouse - 100% polyester

• Smock - 100% polyester

Underwear: Bra - bust section , 100% nylon
elastic sections , 78/22 nylon/spandex

Panties - 100% nylon -

Panty Hose - panty , 80/20 nylon/spandex
stockings , 100% nylon

~~~ 100% vinyon

Comments: The zipper in the center front of the smock helped
to keep the f i re  go ing . The polyester fabric also
burned. Flame s reached the face . At the ignition
sit e , the burn went throug h seven layers of uniform
and underwear to the skin . There was some melt drip .
In spite of this , no heat input exceeding 2 cal/cm 2
was recorded by the sensors .
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BURN #14

• Uniform : Jumper . - 100% polyester

Blouse - 100% pol yester

Underwear: Bra - bust , 100% nylon
• elastic , 78/22 nylon/ spandex

Panties - 100% nylon

Panty Hose - 100 % nylon

~~~~ 100% vinyon

Comments: Run 1 - The burning towe l fe l l  off at 50 seconds ,
but the jumper continued to burn tenuously
to 70 seconds when it self-extinguished.
There was some melt drip .

Run 2 - The burning towel fel l  off at 39 seconds ,
but the uniform continued to burn tenuously

- to about 60 seconds . There -was some melt
drip . Also , there was some he at shrinkage
of the wig.  No heat input exceeding 2 cal/
cm 2 was measured by the sensors .

4
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APPENDIX A

Section II. Mannequin Burns of Presently Used Uniforms
- Conducted by Gillette Research Institute ,

Rockville, Maryland, for the National Bureau
of Standards , Reference Report GRI Project
02-8218

- “Burning Characteristics of Flight Attendant
Uniforms on Mannequins Exposed to a

Small Ignition Source”

by

Nancy Custer and Norman R. S. Hollies

March 31, 1975

[ABRIDGED]

NOTICE

These GRI documents are disseminated under
• sponsorship of the Department of Transportation

in the interest of information exchange. The
- - 

• 
United States Government assumes no liability

— for its contents or use thereof.
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SUMMARY
- [ABRIDGED]

The ignition and burning characteristics of four typical ,
• currently used flight attendant uniforms have been examined on

a size 10 female mannequin instrumented to sense heat transfer
values at potential injury levels. Ignition and, where possi-
-b le, burn behavior were documented.

Three female uniforms and one male uniform were examined
using paper tab (small source) ignitions and, in two cases,
gas torch ignitions.- In instances where the initial ignition
did not lead to a large fire , other ignition sites were tried.

All of the uniforms were found to ignite and two, a muumuu
dress and a skirt/jacket combination , were found to impart suf-
ficient heat to the mannequin to be equivalent to a moderately
severe burn injury .

Tight-fitting clothing elements , or elements well separated
from the fire by other layers, tended to burn least. Loose-
fitting clothing with good access to air burned readily, and
clothing fires between layers tended to be most intense. Flame
spread by melt-drip was clearly evident in some fires , and
highly flammable layers, held in place by the clothing
restraints , often kept the fire going . No repeats were tried.

4
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1. MANNEQUIN BURN METHODS (GRI)

Figure Al shows the size 10 female mannequin in an A-line
dress and a paper tab attached at the hemline ready for match
ignition . The mannequin stands in a walk-in hood next to an
aluminum mirror to aid in viewing garments at the back of the
mannequin . The hood is used with positive ventilation during
testing which gives a very low air flow around the mannequin
-surface of approximately 5 mph. Attached to the mannequin by
an umbilical cord through the foot , is a recording system for
reviewing the output of the 20 sensors located in the manne-
quin surface. The recording system and a large wall clock are
activated simultaneously by a foot switch as actual ignition
of the garment occurs. Fires are quenched either by putting
them out with an asbestos glove or by use of a small CO2
extinguisher.

Figure A2 shows the location of the heat flux sensors in
the front and rear views of the mannequin . The 2.0 cm diam-
eter copper discs which form the main sensing elements are
painted black to act as suitable black body heat absorbers .
Thermocouples in the sensors detect rate of temperature rise
and have an average sensitivity of 5.2 cal/cm 2 per millivolt.
Each location is sensed once per second and four locations
are sensed at a time .

Paper tab ignition near the knee and at the chest was used
in most cases in the present work , although on the first cloth-
ing ens emble ign it ion at the sleeve and collar , as well as
torch ignition on the back (to simulate a shor t - t ime high
energy ignition source) , was also employed. In nearly every

• case , clothing f i res  were put out in 90 seconds to simulate
the regulatory demonstration time requirement for cabin emer-
gency evacuation.

2. DESCRIPTION OF CLOTHING SYSTEMS EXAMINED

A detailed listing of the components of each clothing sys-
• 

. 
tern is given in Table Al. This listing is based on informa -
tion supplied by the National  Bureau of Standards at the time
of each mannequin burn . Wigs , panty hose or socks , and shoes
were included in each case even though , as seen in Figure A2 ,
no heat sensors we re available in these bod y areas to detect
potential  burn in jury . The t i t le  l ist ings of the garments in
Table Al will°be used to describe these clothing systems in

r the remainder of the report.
A-8 7
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3. RESPONSE OF CLOTHING SYSTEMS TO VARIATION IN IGNITION

Visual observajions of the burn tests of each flight attendant
clothing system at every ignition stage were used to document
clothing behavior in time sequence. Heat transfer response data
have been included as available to illustrate specific points
about each clothing system’s response to flame. As mentioned
earlier, these analyses describe what happened to a particular . 

-

clothing sample, but cannot, by themselves, be extended to
represent what would happen in repeat fires on the same clothing
systems. ‘

3.1 System 341-2-!emale, Light Brown, Double Knit Suit
(NBS Burn #1)

Ignition of this particular clothing system was done at eight
locations and, where burning occurred, the flame was extinguished
at 90 seconds. Heat pulse information detected by the mannequin -

-

sensors in these burns was not sufficiently detailed to give
reliable heat flux values. This behavior is characteristic of
short burns of less than 10 seconds and in small-scale fires
where the actual burning clothing elements do not approach any
particular sensor at the mannequin surface. The descriptions
below, therefore, are based on analyses of the data and are given
in chronological order by ignition location.

3.1.1 Skirt Hemline Ignition -

Burning occurred mainly by melt-drip, dripping commencing
by 12 seconds and producing an inverted V-pattern in the front
of the skirt. The ignition tab fell off a 22 seconds, but the
edge of the jacket ignited from the skirt. The melted jacket
became fused to the skirt layers underneath. —

3.1.2 Sleeve Hem Ignition

Burning of the sleeve commenced in a melt-drip fashion, the . -

ignition tab falling off at 18 seconds. Drips of 2 to 3 seconds
continued to burn on the floor of the hood. Approximately
6 inches of the sleeve had been burned when the fire was
extinguished at 90 seconds.

4
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3.1.3 Mid-Chest Ignition

The area around the ignition tab burned until, at 12 sec-
onds , the tab and part of the burning blouse fell down onto
the skirt, setting it on fire. Melt-drip burning continued
until it was smothered by glove at 90 seconds .

3.1.4 Right Lapel and Chest Ignition

There was a faster flame spread from this ignition , mainly
up the inside of the jacket. Flames burst through the back-
side of the lapel facing at 30 seconds to burn the scarf , and
reached the head , scorching the right side of the wig . There
was melt-dr ip from the lapel which reignited the skirt . A
portion of the lapel and the ignition tab fell off at 48 sec-
onds , igniting more of the skirt. At the same time , fire
spread across the blouse at the neckline , with melt-drip
igniting the scarf and the left lapel , the fire spreading
downward. After extinguishing the flame at 90 seconds , much
of the front of the blouse had burned away but leaving most
of the bra intact.

3.1.5 Low-Back Jacket Ignition

Initial melt-drip burning occurred on the jacket extending
to the skirt. The glow of the fire was visible inside the
skirt and, at 70 seconds , fire burst through the skirt on the
left side. By the time the fire was doused with CO2 at 90 sec-
onds , most of the back of the skirt had been consumed by fire .
The double thickness of fabric at the hemline , however , did
not fall away .

3.1.6 Torch Ignition Below Back of Left Shoulder

A home repair type propane torch was applied at a 30°
angle to the jacket cloth for 3 seconds . A hole was burne d
where the flame touched , and the fire continued to 13 seconds
before self-extinguishing.

t 3.1.7 Torch Ignition Below Back of Righ-t Shoulder

A 3-second ignition was used with the torch aimed from
above. The flame went out on removal of the torch. Where
the fabric was loose on the left shoulder , mor e burn ing
occurred beyond the initial ignition point.

- - A—89
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3.1.8 Tab Ignition , Center-Back of Collar

The ignited collar scorched the wig . The wig became
charred and considerable smoke was produced. As the ignition
tab did not fall off, fir e spread around the collar , aided by
the scarf, and down the back of the jacket. Surprisingly ,
melt-drip from this area did not ignite the back of the- jacket.
The fire was extinguished with CO2 at 90 seconds.

3.1.9 Summary

The general characteristics of burning of this uniform
were predominantly melt-drip , and where these fell on the
mannequin (left leg, for example) , the molten polymer clung
to the mannequin surface and had to be scraped off. Flame
spread when melt-drip occurred was generally slow , except
for the instances under the jacket (front) and under the
skirt (rear) where a lot of air was available , in which case
£ lame spread was very rapid , covering much of the mannequin.
Reignition of lower garment areas from melt-drip of clothing
above the waist was repeatedly seen.

3.2 System 341-4 - Female, Polyester Muumuu
(NBS Burn *11)

- 3.2.1 Ignition at Knee -

The area around the ignition tab burned slowly and steadily
before and after the tab fell off at 25 seconds . Main flame
progression was downward which finally self-extinguished at 67
seconds.

3.2.2 Ignition at the Chest -

Melt-drip from the chest fell onto and ignited the abdomen
-
• section. The ignition tab fell off at 11 seconds. By 25 sec-
• onds , there were two areas burning, one at midchest and one at

the pelvis , with continuing melt-dr ip onto the waist area. By
40 seconds, the midriff area of the dress was burned away ,
including the nylon bra cups. At 60 seconds , the lower pelvis
area ceased to burn , but burning at the waist and chest con-
tinued. The fire was extinguished at 90 seconds , revealing
some holes in the panty hose but little damage to the panties.
The front of the dress was sufficiently burned out so the
dress fell open down to the midthighs. The chest area was
burned out except for the neck facing with double fabric
thickness.
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Heat Sensor Response - Systems 341 2, 341 4

Heat received by the mannequin sensors was substantial.
Sensors #7, #8, and #9 picked up heat pulses , as summarized
in Figure A3. Sensor #8, in the low abdomen region , received
the first strong heat pulse , beginning about 10 seconds and
lasting to 40 seconds after ignition and corresponding to the
first melt-drip from the chest. Beginning at 50 seconds , the
continuing melt-drip and burning in these regions produced a
second , slightly stronger , heat pulse sensed by the mannequin ,

• which peaked at 70 seconds but continued until the fire was
-put out . The “inj ury line ” drawn in Figure A4 is taken from
the skin burn work of Stoll and Chianta [Aerospace Med . 40
1232 (19&9)] which establishes that a second-degree burn Ts
possible on human skin if the heat received is greater than
2 cal/cm2 and the heat flux exceeds .05 cal/cm2-sec. For
comparison purposes , all the heat transfer values in Figure
A4 occurred at heat f lux values greater than .05 cal/cm ’-sec
and , for sensor #8 , these exceeded 0.4 cal/cm 2 — sec  at 65 sec-
onds from ignition and beyond . Eithe r heat pulse of the
intensity detected by sensor #8 would cause permanent injury
on human skin.

Nearby, sensor #7 also detected heat pulses at approxi-
mately 30 seconds and beyond 60 seconds , presumab ly from the
same melt-dr ip and cloth burning at the waist. By the same
criteria , the first of these pulses would be painful, the
second inj urious . As the sensor #9 data in F-igure A4 shows ,
f i re  reached the right thigh from the burning dress at about
30 seconds and became quite severe in th is  are a at 50 seconds ,
and ceased to burn a f te r  60 seconds . The heat pulse , however ,
at 50 seconds was quite adequate for pe rmanent inj ury to this
par t of the leg.

This information on heat t ransfer  to the mannequin cer-
tainly provides , in th is  in stance , a mean s of es t imat ing how —

serious injury might be from dress f i re  with  only moderate
rate of flame spread , but produc in g mel t -dr ip  onto par ts  of
the body and direct t ransfer  of heat to these skin areas. In

• spite of the fact that the heat sensors cannot , because of
their fixed location , be expected to pinpoint local burn
intensit ies , they can and do , as in this instance , provide a

- 

- 
useful means for assessing real in jury  over a modest skin area.
Furthermore , they provide a direct means for assessing whethe r
the burning clothing fabric actually make s skin cont ac t and
this determination is often not possible wi th  visual methods
of f i re  assessment .
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3.3 System 341—5 - Male Suit Plus Raincoat

- 

- 
- 
NBS Burn *10)

3.3.1 Coat Ignition at Knee

Ignition at the left bottom edge of the raincoat produced
a flame front upwards inside the coat, ar~d smoke appeared atthe right trouser leg and sleeve. External flames appeared
at about 25 seconds , and by 35 seconds , were traveling up the
coat front. By 60 seconds, flames on the coat had extended
-to the waist, and smoke continued to pour out the left and
back areas. In 100 seconds , flames had reached the necktie ,
and by 120 seconds, when the fire was extinguished , they had
reached the wig. The coat liner and zipper tape continued to
smolder and had to be patted out with the asbestos glove .

The suit ensemble was damaged only in a few areas : about
the collar and the left trouser pant leg. The alpaca wool lin-
ing was fairly intact. No special heat pulses were received
by any of the mannequin sensors. Hence , in spite of consider-
able burning of the clothing system outer-layers , there was
little damage at the skin level and no evidence of melt-drip
occurring . The raincoat and zip lining face appeared to be
the most flammable components. (Also refer to Burn No. 10,
Section I, Appendix A.)

3.4 System 341—6 — Female Red Suit
- (NES Burn #12) -

3.4.1 Skirt Ignition at Knee -

The area around the ignition tab burned for 30 seconds and
the fabric smoldered until extinguished at 100 seconds with
asbestos glove .

3.4.2 Skirt Ignition at Jacket Hem Level

Ignition tab was placed on skirt below the left hip , 30
- - inches from the floor. Initial burning occurred under jacket

mainly on the left side ; flames were visible at jacket hemline
in mirror behind mannequin . At 30 seconds , the ignition tab
fell to the floor , and melt-drip continued from this area. By
55 seconds, smoke was seen coming outside the jacket on the
left side from waist to chin. Even by 90 seconds, open f lames
were seen mainly in the mirror , although a glow developed inside
the left side of the jacket. At 115 seconds , flames burst
through the jacket and up the outside , concentrating under the
left arm. CO2 was used to stop the fire at 135 seconds .
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Close examination of the clothing revealed that the thigh
portion of the panty hose had been melted away , as well as part
of the pants portion of the body suit . There was a large hole
in the body suit under the left underarm and some scorching of
the bra on this side. Below this , the skirt was burned away
between the waistband and midthigh. The left side of the jacket
was burned away from lower hem to the underarm , and the- polyes-
ter lining was severely melted. —

Fire progressi3n and ultimate damage were readily reflected
in heat transfer to the mannequin . Comparing Figure A2 with
Figure A4, we see that sensor #20 on the left thigh detected a
heat buildup at 20 seconds , reaching a damaging peak of 4 cal/
cm2 at 38 seconds. The progressive fire in this region con-
tinued to receive heat from burning skirt materials and reached
another peak of 9.2 cal/cm2 in 90 seconds . By 118 seconds , the
heat flux was off scale. Heat buildup under the arm at sensor
#4 was first noticed at about 30 seconds and continued above
the line for skin injuries throughout the remainder of the fire.
Sensor #16, at the lower left waistline , detected heat first at
60 seconds , building to the injury line at 92 seconds , and pro-
ceeding off scale at 130 seconds. Thus, although the fire was
slower to develop than many of the others , the heat transfer to
the mannequin was ultimately much higher and , therefore , poten- Itially more dangerous. As with other examples , heat trapped
under the jacket gave rise to an intense fire of high hazard
value. -

-
f
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TABLE Al

DESCRIPTION OF CLOTHING SYSTEMS USED
IN FLAME TESTS ON MANNEQUINS

341-2 Female , Light Brown , Double Knit Suit (NBS Burn #1~
1. White bra - - bust sections of 100% Antron nylon ;

- elastic sections 78% nylon/22% spandex

2’. White bikini panties - - 100% nylon tricot

3. White mini slip - - 100% nylon

4. Panty hose - - 80% stretchable nylon + 20% spandex

5. Blue blouse - - 100% nylon knit

• 6. Light brown A-line skirt - - 100% polyester double
knit

7. Light brown blazer -- 100% polyester double knit
— fully lined with 100 % polyester

8. White , brown , blue , and red neck scarf -- 100 %
- polyester

9. Blonde wig - - 100% modacrylic -

10. Camel color shoes -- man-made material , wet look
vinyl

341-4 Female , Polyester Muumuu (NBS Burn #11)

• 1. Bra - - 100% nylon cup with elastic of nylon
spandex

2. Panties -- 100% nylon

3. Panty hose -- 100% nylon + 80% nylon + 20% spandex

2 •: 4. Muumuu -- 100% polyester -

5. Wig -- 100% modacrylic

6. Shoes --  man-made material

- ~
-
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TABLE Al (Con ’t)

341-5 Male , Suit Plus Raincoat (NBS Burn #10)

1. T - s h i r t  - - 75% c o t t o n / 2 5 %  po lyes t e r

2.  B r i e f s  -- 75% cotton/25% polyester

3. Sh i r t  - - 65% pol y e s t e r / 3 5 %  combed c o t t o n

4. Neck t i e  - - f ab r i c  not known

5 . Trousers  -- 55 % polyeste r/4 5% woo l

6. Suit coat - -  55% polye ste r / 4 5% woo l , partial u n -
ing of rayon , hair canvas interfacings , shoulder
pad (po ssibly co tton backin g)

7. Raincoat - -  outer-fabric , 65% polyester/35% cotton ;
zi p l ining face , 100% pure alpaca back , 51% rayon!
49% cot ton sleeve ; 100% nylon woven i n t e r f a c i n g
in f ron t  f ac ings

8. Wi g - - human hair

9. Socks - -  tops , 73% acryl-ic/25% nylon/2% spandex;
fee t , 63 % acryl ic/ 37% nylon

10. Shoes - -  l ea ther

341-6 Female , Suit ( NBS Burn #12)

1. Bra - - 100% nylon cup with elastic of nylon spandex

2. Panti es - -  100% cot ton

3 . Pan ty hose - - 100% nylon

4. Body suit -- 100% polyester with bikini portion ,
woven interfacing in f ac ings  and co lar

S. Skirt  - - 65% w oo l / 3 5 % polyes ter  l ined wi th  polyes-
ter , woven inte r f ac ing  in ri ght fror.t skirt open-
in g , pocke ts , and wa istband

4
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TABLE Al (C on ’t)

6. Ja cket - - 6 5% wool/ 3 5% polyester  lined with 100%
polyester , woven in terfacings  around neck and down
front openings

7. Wig -- 100% modacrylic

8. Shoes - - man-made mater ia l
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FIGURE A2 :  LOCATION OF SENSORS IN FEMALE , SIZE 10 MA NNEQUIN (GRI)
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APPENDIX B

Mannequin Burn s of Prototype Uniforms Made From FR Fabr ics

- Introduct ion

The obj ective of these mannequin burn tests  was to demon-
s t ra te  the behavior of prototyp e garments made f rom FR f ab-
r ics.  •This appendix should be read in conj unct ion  wi th  the other

• data given in this report. The fabrics used are described
on paqe 41. paraaranh 2.5 of the report. They were chosen —

because they passed the FF 5-74 tests , and because they were 
-

otherwise reasonably similar to the fabrics presently used in
F/A uniforms in apppearance and feel. The FR treated polyester
fabrics chosen for the mannequin burns would not pass the pro-
posed standard because of melt hole formation and because of
low heat flux resistance. However , they were of technical
interest because they pass FF 5-74 , and because they are widely -

used in applications where only self-extinguishment is required.

No significant heat transfer to the mannequins was recorded
during most of the burns , except in the area of the ignition
source. Consequently, no figures showing potentially burned
skin areas are attached. However , the FR polyester blouses
used in burns 15-2 , 15-3 , 17-2 , 18-2 , and 23-4 formed holes in
the area of the ignition source , and the underlying bras caught
fire. This did not occur when a Nomex blouse of similar weight
was used.

Burn #9 is a wool coat presently used by one of the major -

airlines. However , when delivered to us , it had a rayon lin-
ing , which burned readily (Burn #9-2 , Appendix A). We fitted
the remainder of the coat with a Nomex lining, and it did not
ignite.

As in the case of the burns described in Appendix A , some -

of the burns were conducted at Gillette Research Institute and
others at NBS . The Gillette Research Institute report is

• included in Section II of this Appendix . The Gillette Research
— Institute observed heat sensor responses during the above men-

• tioned burns and attached the time-heat curve to their report .
It is , again , emphasized that the heat response was from the
ignition source or the bra , not the burning fabrics of the pro-

~ 
. — totype uniforms .

‘ 
The burns are -listed and described in the fcllowing pages.
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APPENDI X B

Section I. General Description of All Burns

- BURN #15

Gillette Research Institute Report , July 3, 1975 , Burn #15.
(P. Bil)

Runs 1 and 2

Uniform: Jacket - 100% wool, FR, double knit , 11.3 oz/sq yd

Pants - 100% wool , FR , double knit , 11.3 oz/sq yd

Body Suit - 100% polyester , FR, 3.5 oz/sq yd

Underwear: Bra - cups , nylon
elastic , nylon/spandex
lightly padded cup , fiber unknown

Panties - 100% nylon

- Knee-High Hose - 100% nylon

Shoes: leather

!~.&: 100% vinyon

Run 1: Ignition site - bottom edge center front of jacket. -

No heat input indicated.

Run 2: Ignition site - center front of chest of blouse
directly over bra.

Polyester blouse melted and bra burned.

- Run 3

The clothing system was the same as Run 1, except the jacket
was not used.

Ignition site - center back of blouse over bra back strap .
The polyester blouse melted , and the bra back strap burned. 

-
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BURN #16

Gil le t t e  Research Ins t itu te  Report , July 3 , 19 7 5 , Burn #16.
(P. B12) -

Uniform:  Pant s and Tunic - 100% FR rayon , 4 . 5  oz/ sq yd , w i th
- the pants lined with 100% Nomex ,

1.6 oz/ sq yd

Underwe ar: Bra - cups , nylon
• elastic , nylon/ spandex

Panties - 100% nylon

Knee-High Hose - 100% nylon

Shoes: leather

~~~~ 100% vinyon

Ignition site - bottom edge center f ront  of tun ic .  The tunic
had a low V-neck. Smoke came up through the neck opening .
Heat input was registered at sensor #2.

-
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- BURN #17

Gillette Research Institute Report , July 3, 1975 , Burn #17.
(P. B12) _

Runs l and 2 -

- Uniform: Muumuu - 100% polyester , FR , 3.5 oz/ sq yd

• Underwear: Bra - cups , nylon
elastic , nyl on/ spandex

Panties - 100% nylon

Panty Hos e -
- 

100% nylon

Shoes: leather

~j~g: 100% vinyon

Run 1: Ignition site - center front at knee level . No heat
input indicated.

Run 2: Ignition site - center front at waistline . Sensor #5
was under the ignition source . The bra ignited from
the tenuously burning muumuu . The heat input at sen- 

- 
—

sors #1 and #2 resulted from the burning bra .

k 
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- BURN #18

Gillette Research Institute Report , July 3, 1975 , Burn #18.
(P. B12)

Runs l and 2

- Uniform: Muumuu - 100% polyester , FR, 4.7 oz/sq yd

Underwear: Bra - bust , 100% nylon
elastic , 78/22 nylon/spandex

• Panties - 100% nylon

Panty Hose 100% nylon

Shoes: leather

~~~ 100% vinyon

Run 1: Ignition site - center front of skirt at •knee level. 
-

No injury indicated.

Run 2: Ignition site - left side at waistline . The muumuu
burned tenuously until about 45 seconds , when the bra
ignited . Sensors #1 and #2 registered heat input from 

-

the burning bra.

1 4
4
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- BURN #19

Gillette Research Institute Report , July 3, 1975, Burn #19. (P. 812)

- Run l

Uniform: Blouse - 100% polyester , FR , 2 . 4  oz/ sq y d

Skirt - 100% woo1 , FR, 8.7 oz/sq yd

Underwear: Bra - 100% nylon

Panties - 100% ~iylon

Panty Hose - 100% nylon

Shoes: leather

~~~: 1C~0% vinyon

Ignition site - center front of skirt just above knee level.
No heat input indicated.

Run 2

Same clothing system as Run 1, except the wool skirt was lined
with Nomex , 1.6 oz/sq yd.

Ignition site - same as Run 1. No heat input indicated.

Run 3

Same clothing system as Run 1, except the skirt was a 65/35 FR
rayon/po lyes ter blend, 7.0 oz/sq yd.

Ignition site - same as Run 1. Heat input at sensor #9 was a
result  of the ignit ion source.
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BU RN #20

Gi l l e t t e  Research I n s t i t u t e  Report , Ju ly 3 , 1975 , Burn  # 2 0 .
(P. B13)

- 

Run i

Uni fo rm:  Blouse - 100% Nomex , 3.9 oz/ sq yd

Ski r t - 75/ 25  wool/po lyes te r , FR , double kn i t ,
• 8 .9  oz/ sq yd

Underwear:  Bra - 100% nylon

Panties - 100% nylon

Panty Hose - 100% nylon

Shoes: leather

~~~ 100% vinyon

Ign i t ion  si te - center f ront  of sk i r t  jus t  above knee level .
No heat input indicated.

Run 2

Same clothing system as Run 1, excep t the skir t was an FR
cotton fabr ic .

Ign i t i on  s i te  - same as Run 1. No heat input indica ted .

-H Run 3

Same c lothing system as Run 1, except the sk i r t  was 100% Nomex ,
5.0  oz/ sq yd.

; .‘ Igni t ion  site - same as Run 1. Heat input was a resul t  of the
igni t ion  source.

8-7
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BURN #21

G i l l e t t e  Research I n s t i t u t e  Report , Jul y 3 , 1975 , Burn #21 (P.B13)

- 
Run l

Uniform:  Blouse - FR rayon , 4 . 5  oz/ sq yd

Skirt  - Kynol /No mex , 8.3 oz/ sq yd

Unde rwear: Bra - nylon

Pant ies  - nylon

Panty Hose - nylon

Shoes: leather

~~ g :  100% vinyon

Ignition site - center front of skirt at knee level. No heat
input indicated .

Run 2

San e clo thing sys tem as Run 1, except for the addi t ion of a
Nc~iex apron , 6.2 oz/sq yd.

Ignition site - center front bottom edge of apron . This Nomex
apron was treated to be water and oil repellent which may have
been contr ibut ing factors  to i ts burn ing .  The apron burned
slowly only to the belt at the wais t  and se l f - ex t ingu i shed  by
60 seconds .

- - - Run s 3 and 4

- 1. Same clothing system as Run 1, except the sk i r t  was 100% FR
polyester , 5.4 oz/sq yd.

- - Run 3: Igni t ion  site - same as Run 1. No injury indicated.

Run 4:  Igni t ion  site - left side seam just below hip level .
Heat input indicated was from ign i t ion  source .
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BURN #22 (NBS TEST)

- Runs l and 2

Uni fo rm:  Raincoat - 100% Nomex , water  r epe l l en t , 5 . 2  0 1/ sq yd
lined w i t h  Nomex , 1.6 oz/ sq  yd

Ski r t - 100% po ly es t e r , FR , 5 .4  o z/ s q  yd

Blouse - 100% Nomex , 3 .9  oz/ sq  yd

Underwear :  Bra - cup s , polye ste r
back and sides , 7 6/ 24  nylon/ sp ande x
pad , polyure thane

Pan t i e s  - 100% nylon

Panty Hose - panty, 80/ 20  ny lon/ spandex
stockings , 100% nylon

~j~~: 100% vinyon 
•

Run 1: Ignition site - f ron t  l e f t  th igh of ra incoat . No heat
inpu t indica ted .

Run 2: Ignition site - left back just above waistline . No
heat input indicated.
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BURN #23 (NBS Test)

- 
Runs l , 2 , an d 3  -

-

Uni fo rm:  Skirt  - 100% polyester , FR , 6 .8  oz/ sq yd

Blouse - 100% Nomex , 3.9 oz/sq yd

Underwear:  Bra - bu st , 100% nylon
elas t ic , 78/22 nylon/spandex

Pan ties - 100% nylon

Pan ty Hose - panty, 80/ 20 nylon/ spande x
stockings , nylon

~j~~: 100% vinyon

Run 1: Ignition site - center front of skirt just above knee
level. No heat input indica ted .

Run 2 :  I g n i t i o n  s i te  - center  back of blous e between shoulde r
blades .  No heat input i nd ica t ed .

Run 3: I gn i t i on  s i te  - center  f ron t  of blouse over b r a .  No
heat input indica ted .

Run 4

Same clothing system as Run 1, except the blouse was 100% FR
- 

- polyes te r , 2 . 4  o z/ s q  yd.

- 

- 
- I gn i t i on  s i t e  - center  f ront  of blouse over bra . Heat input

- 
- 

was from the burning bra .

4
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APPENDIX B

Section I I :  Mannequin Burn Tests of Uniform s Made From FR
Fabrics  (G i l l e t t e  Research  I n s t i t u t e  Test Report ,
Ju ly  3 , 1975 , by Nancy Cus ter , ABRIDGED)

This report covers the data and observat ions on the manne-
quin burns of the flight attendant uniforms done at GRI on
May 20 , 1975.

The mannequin burn method was the same as descr ibed  in
Appe ndi x A , Section I I .  The same s ize  10 female mannequin was
used with a 4-channel recorder reading the input from each of
the 20 sensors , once per second . Figure B1 shows the loca t ion
of the heat f lux  sensors in the f ront  and rear  views of the
mannequin.  A large clock wi th  a sweep second hand was ac ti-
vated by a foot pedal switch simultaneously with the recording
sys tem.  -

A paper tab lit with a match , as used in the ear l ie r  man-
nequin burn trials on F/A uniforms , was again used as the igni-
tion source. The paper tab was first pinned to the garment at
e i ther  the hem of the sk i r t  or jacket , then at m i d - c h e s t .
Wh ere in i t i a l  igni t ion did not lead to a large f i r e , othe r igni-
tion points  were t r ied , like the one at mid-back on Burn #15 ,
Run 3. The recording sys tem and clock were ac t iva ted  when it
was determined that  the garment  i t se l f  was ign i ted .  F o l lowing
i g n i t i o n , each test  ran for  90 seconds at which time the fire
was put out wi th  a por tab le  CO 2 ex t i ngu i she r  or padd e d out  w i t h
an a sbes to s glove .

The burning behavior analyses  which fo l low are based on
heat f lu x data and corresponding observa t ions .

All burn runs which were found to have a hea t f lux  grea ter
than .05 cal/cm2-sec are represented in Figures B2-l0. The
dott ed line on each of the graphs at 2 ca l/ cm 2 r ep re sen t s  the
“ in j ury line ” discussed in Appendix A , Section I I .  On each of
the se f igures  is l is ted a desc rip t ion  of the main garment corn-
ponents  for  tha t  burn run . In addition to those components
lis ted , every garment system tested had 100% nylon tricot pant-
ies , a bra wi th  an all  nylon cup wi th  e las t ic  of nylon/ spandex ,
pan ty  hose of 100% nylon , lea ther  shoes , and a wig of 100%
vinyon.

Burn #15 , which invo lved a FR treated wool pantsuit , con-
- - s is ted of three runs wi th  three d i f f e r e n t  ignition sites. Run

1, wi th  ig n i t ion  at the jac ke t  hemline , had no f l a m e sp read  or
I
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damage beyond charring a small segment of the Nomex lining .
However , Runs 2 and 3, with ignition sites close to the manne-
quin , produced heat input above 10 cal/cm 2 by 20 seconds . As
seen on the TV tape , the fire burned through the FR polyes ter
blouse near sensors #1 and #2 in Run 2 (see Figure B2), and
sensors #13-and #14 on the back of the mannequin (see Figure
B3), although it did not actually spread outside eithe r igni-
tion site.

In Bur.n #16, there was internal burning or smoldering of
the FR rayon tunic and pants not seen visually but evidenced
by smoke coming out of the V-neck of the jacket befo re visible
flaming of the jacket front . Figure B4 shows sensor #2 peak-
ing at 30, 45, and 60 seconds when there were small flames
seen on jacket front . Sensor #1 was obviously receiving some
heat input , although the flames never reached up to the chin.

As seen in Figure B5 , Burn #17, Run 2 had heat pulse input
— with the second ignition attempt at the waistline . This igni-

tion site was located higher on the muumuu than in Run 1 ,
where the tab fell off and there was no flame spread or mea-
sured heat transfer. The heat transfer data on Figure B5 cor-
responds with what was seen visually. The fire
was seen at the waistline nearest sensor #5 , spreading upward ,

• burning the dress and bra at the center front . Although the
flames did not actually reach sensor #1 at the chin , the heat
would have been sufficient to cause a second-degree burn.

The other polyester muumuu , tested in Burn #18 , Run 2 ,
when ignited under the bodice on the left side , showed heat
pulse input to sensor #4 and more intense heat registered at
the wais t l ine  on #5 than seen on the previous muumuu . This
agrees with the observations made. 

-

Ag a in , # 1 sensor at the chin r eg i s t e red  high enough to have
s imulated a serious burn injury without direct flame contact.
As the f i r e  burned through at the center bodice , #2 sensor

- 

- 
input  wen t up rap id ly  at about 70 seconds .

Burn # 19 involved a polyester  bod y su i t  w i th  a different
skirt  for each run number.  In Runs 1 and 2 , involving FR
treated wool sk i r ts , there was no char damage beyond the hem
ign i t ion s i te  and both were ext inguished by p a t t i n g  wi th  a
glove . On the thi rd  skir t , cut from an exper imental  FR poly-
es ter/FR rayon blend , there was some heat transfer to sensor
#9 (see Figure B7) on the thigh in the area of the ign i t ion
source. There was no v is ible  flame spread , and the smolder-
ing of the charred area was put out wi th  an asbestos glove
at 90 seconds.
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Figure B8 (Burn #20 , Run 3) shows much the same burning
behavior as just previously described for Burn #19. Again ,
three d i f fe ren t  sk i r t s  were t r ied in combinat ion wi th  a Nome x
bodysu i t .  Runs 1 and 2 , involving a FR 75 wool/25 polyester
double knit skirt and a FR cotton skirt had no flame spread
onto the skirt and the charred portion was equal to the area
of the ignition site. In Run 3, a Nomex fabric , the same
pattern was visible , but there was heat input to sensors #8

• and #9 on the thigh , near the ignition source.

But n #21 involved a FR rayon bodysuit with diffe rent
skirts and an apron. Run 1 was in comb ination with a Kynol!
Nomex woven sk i r t -  -charred area l imi ted  to the hemline  igni-
tion site. Run 2 was the same garment comb ination , but with
the addition of a Nomex serving apron . Ignition was at the
bottom of the apron just above the left knee. Some flame
spread was seen from the tab up the fron t of the apron , pro-
ducing the hea t pulse inpu t as seen in Figure  B9 .  No tebook
observat ions indicated a color change visible on the apron
from navy blue to a rose color upon f lame contact  w i t h  the
fabric. It was also noted that the charre d area following
CO 2 ext inguishing was extremely b r i t t l e .  Run 3 , whi ch
involved a polyester  double kni t  sk i r t  was s imi l a r  to Run 1
--the charred area limited to the hemline ignition site .
Run 4 involved a second ignition attemp t on the same garment
combinat ion as in Run 3. The site was high up on the left
side by sensor # 2 0 .  Visua l ly , th ere was a slow f lame spread
and some me l t -d r ip , whi ch agrees wi th  the heat t r a n s f e r  da ta
as seen in Figure BlO.  The paper tab dropped off onto the
r igh t  shoe shortly before 60 seconds , ending the burn .
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FIGURE 81

- 
L O C A T I O N  OF SENSORS I N

FEMALE , SIZE 10 M A N N E Q U I N (GRI )
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7. APPENDI X C

PROPOSED FLAMMABILITY STANDARD FOR FLIGHT ATTENDANT UNIFORM S

1. PREAMBLE

The du ties of f l i g h t  a t t endan t s  (F / A ’ s) inc lude act ivi-
ties which may expose them to ignition sources and heat flux
such as galley or lavatory fires during flight and cabin fires
during -evacuation of passeng ers in survivable crashes. It ,
therefore , appears that F/A uniforms should resist ignition
and heat f lux  cons i s t en t  wi th  available technology and accept-
able levels of comfort , serviceability, appearance , and cost.
This s tandard sets tes t  c r i t e r i a  to qual i fy  such garmen ts.

This standard covers only items presently considered part
of F/A un i forms , as def ined under 3.1. I t  does not cove r
items such as shoes , underwear , handbags , and wig s .

This standard specifies a two-step qualification of un i-
f orm items :

a flammabili ty (self-extinguishment) test according to a
wel1-~established method , FF S-74’, modified as described in
4.1;

a heat flux resistance test according to a method
described in 4.2 , to estimate the protection afforde d by the
uniform item against heat flux during cabin fires.

2. SCOPE AND APPLICATION

Z.l This standard provides test methods and acceptance
c r i t e r i a  to qualify the self-extinguishment characteristics
of fabrics and uniform items exposed to ignition sources and

• to qualify their level of protection from heat flux in cabin
f i r e s .

~ Standard for the Flammability of Children ’s Sleepwear ,
Sizes  7 Through 14 (FF 5-74), Consumer Product Safety
Commission , Federal Register , Vol. 39 , No. 85 , 15214-
15227 , May 1, 1974. 
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2 . 2  All un i form items def ined under 3.1 are subjec t  to
the requirements of this standard .

3. DEFINITIONS

3.1 Uniform Items

Any garment worn by the F/A during duty, including but
not limited to jackets , coats , vests , overcoats , raincoats ,
sweaters , shirts , blouses , slacks , skirts , dresses , capes ,
tunics , aprons , scarves , ties , and hats. Wigs , shoes , hose ,
underwear , etc., which are worn with the uniform but not
generally obtained from the employing airline are excluded.
Pocketbooks and luggage are also excluded.

3.2 Uniform Item Production Unit

All uniform items delivered under one purchase order and
identical except for size.

3.3 Fabric Production Unit

Any quantity of finished fabric up to 4,600 linear meters
(5,000 linear yards) which has a specific identity that remains
unchanged throughout the unit except for color or print pat-
tern as specified in 4.1.3.1.2. For purposes of this defini-
tion , finished fabric means fabric in its final form after

— completing its last processing step as a fabric except for
slitting.

3.4 Fabric Piece

• A continuous , unseamed length of fabric , one or more of
which make up a production unit .

3.5 Fabric Flammability Test

The test method described in the “Standard for  the
Flammability of Children ’s Sleepwe ar , Sizes 7 Throug h 14 (FF

- 
- -: 5-74)” , which is designed to establish the flammability (self-

extinguishment characteristics) of fabrics (see 4.1 below) .

C-2
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3 .6 Heat Flux Resis tance  Test

A tes t procedure designed to measure the heat f lux  resis-
tance of a single fabric or layer combinations used in uni-
form items (see 4 . 2  below) .

3.7 Fabric Flammabil i ty Tes t Specimen

A 8.9 ± 0 . 5  x 2 5 . 4  ± 0 .5  cm ( 3 . 5  ± 0.2 x 10 ± 0.2 in) sec-
tion of- fabric. If fabrics are used in mul t ip l e  layer  form
in certain uniform items ; e.g., lined skirts , the layers
at tached to each other as in the garment will constitute the
required specimen.

3.8 Heat Flux Resis tance Test Specimen
— A section of fabric or multiple layers of fabrics (see

3.7) 15.2 ± 0 .5  x 15.2 ± 0.5 cm (6 ± 0.2 x 6 ± 0.2 in).

3.9 Sample

A sample for the flammability test contains five speci-
mens; for the heat flux resistance test , three specimens.

3.10 Char Length

The distance from the original lower edge of the specimen
exposed to the flame in accordance with  the procedure speci-
fied in 4.1.4.3.2.2 to the end of the tear or void in the
charred , burned , or damaged area , the tear being made in accor-
dance with the procedures spec i f ied .

3.11 Afterglow

- - The continuation of glowing of parts of a specimen after
f laming has ceased.

3.12 Trim

Decorative mater ia ls  such as r ibbons , laces , embroidery ,
or ornaments .  This de f in i t ion  does not include (a) individ-
ual pieces less than 2 inches in their longest dimension , p ro-
vided tha t such pieces do not cons titute or cover in aggregate

C-3
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a total of more than 129 cm 2 (20 sq in) of the item or (b)functional materials  ( findings)  such as zippers , buttons , orelastic bands used in the Construction of garments.

- 

4. TEST PROCEDURE S

4.1 Fabric Flammabil i ty  Test

4.1. 1 Summary of Test Method . 
-
-

Conditioned specimens are suspended one at a time verti-cally in holders in a prescribed cabinet and are subjected toa standard flame along their bottom edges for a specified timeunder controlled conditions. The char lengths are recorded .

4.1.2 Test Criteria

The test criteria when the testing is done in accordance
with Samp ling and Acceptance Procedures , 4.1.3, and TestProcedure , 4.1.4, are:

4.1.2.1 Average Char Length

The average char length of five specimens shall not exceed17.8 cm (7.0 in).

4.1.2.2 Full-Specimen Burn

No individual specimen shall have a char length of 25.4 ±0.5 cm (10 ± 0.2 in).

4.1.2.3 Specimen Acceptance

Details of the number of specimens which must meet theabove test criteria for unit acceptance are specified inSampling and Acceptance Procedures , 4.1.3 , below .

C -4
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4.1.3 Sampling and Acceptance Procedures

4.1.3.1 General

4.1.3.1.1 The test criteria of 4.1.2 shall be used in
conjunction with the following fabric and garment sampling
plan. -

4.1.3.1.2 Different colors or different print patterns
of the same fabric may be included in a single fabric or uni-
form production unit , provided such colors or print patterns
have been shown to comply with the Test Criteria , 4.1.2 , and
Sampling and Acceptance Procedures , 4.1.3 , by previous test-
ing of at least three samples from each color or print pat-
tern to be included in the unit.

4.1.3.1.3 Each sample (five specimens) for Fabric
Sampling (see 4.1.3.2 below) shall be selected so that two
specimens are in one fabric direction (machine or cross-
machine) and three specimens are in the other fabric direc-
tion , except for additional samples selected after a failure ,
in which case , all five specimens shall be selected in the
fabric direction in which the specimen failure occurred.

4.1.3.1.4 Fabric samples may be selected from fabric as
outlined in Fabric Sampling (see 4.1.3.2 below) or may be cut
from uniform items randomly selected from each uniform item
production unit. If the unifor~n item production unit exceeds3,000 items , identical except for size , the number of samples
used must be doubled; if it exceeds 6,000 items , tripled , etc.

4.1.3.2 Fabric Sampling

A fabric production unit is eithe r accepted or rejected
in accordance with the following plans :

4.1.3.2.1 Normal Sampling

Select one sample from the beginn ing of the first fabric
piece (piece) in the unit and one sample from the end of the
last piece in the unit or select a sample from each end of
the piece if the unit is made up of only one piece . Test the
two selected samples. If both samples meet all the test cri-
teria of 4.1.2 , accept the unit. If either or both of the
samples fail the 17.8 cm (7.0 in) average char length crite-

t n on , 4.1.2.1, reject the unit . If two or more of the m di-
vidual specimens , from the 10 selected specimens , fail the
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25.4 cm (10 in) char length criterion (4.1.2.2), reject the
unit. If only one individual specimen , from the 10 selected
specimens , fails the 25.4 cm (10 in) char length criterion
(4.1.2.2), select five additional specimens from the same
end of the piece in which the failure occurred , all five to
be taken in the fabric direction in which the specimen fail-
ure occurred. If this additional sample passes all the test
criteria , accept the unit . If this additional sample fails
any part of the test criteria , reject the unit.

4.1.3.2.2 Multiple Fabric Layer Sampling

If uniform items contain multiple layers; e.g., outer
fabric , innerlining , and lining, and the area of such multi-
ple layers exceeds 129 cm2 (20 sq in) in the largest size
uniform to be issued , the above sampling provisions (4.1.3.2)
apply to such multiple layers tested in the same manner as
fabrics.

4.1.4 Test Procedure

4.1.4.1 Apparatus

The following test apparatus shall be used for the test.
Alternate test apparatus may be used only with prior approval
of the Federal Aviation Administration (FAA).

4.1.4.1.1 Test Chamber

The test chamber shall be a steel cabinet with inside
dimensions of 32.9 cm (12-15/16 in) wide , 32.9 cm (12-15/16
in) deep , and 76.2 cm (30 in) high . It shall have a frame
which permits the suspension of the specimen holder over the
center of the base of the cabinet at such a height that the
bottom of the specimen is 1.7 cm (3/4 in) above the highest
point of the barrel of the gas burner specified in 4.1.4.1.3
and perpendicular to the front of the cabinet . The front of

— the cabinet shall be a close-fitting door with a transparent
insert to permit observation of the entire test . The cabi-

- - 
- net floor may be covered with a piece of asbestos paper ,

whose length and width are approximately 2.5 cm (1 in) less
than the cabinet floor dimensions . The cab inet to be used
in this test method is illustrated in Figure 1 and detailed
in Engineering Drawings Numbers 1 through 7.
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4.1.4.1.2 Specimen Holder

The specimen holder to be used in this tes t method is
detailed in Engineering Drawing Number 7. It is designed to
p er m i t  su spen s ion of the spe c im en in a f ixed  ver tical posi-
tion and to prevent curling of the specimen when the flame
is applied .

The specimen shall be fixed between the plates , which
shal l  be held together with side clamps.

4.1.4.1.3 Burner

Th e bur n er sha l l  be the same as that illustrated in
Figur e 1 and de ta i led  in Eng ineering Drawing Numbe r  6.  I t
shall have a tube of 1.1 cm (0.43 in) inside diameter. The
inpu t line to the burner shall  be equi pped wi th a needl e
valve . I t  shal l  have a var iab le  o r i f i c e  to adj ust  the he ight
of the f lame . The barrel  of the burn er shal l  be at an angle
of 25 degrees from the ve r t i c a l .  The burner  may be equipped
wi th  an ad jus t ab l e  stop collar so that  it may be pos i t ioned
qui ckly under the test  specimen . The burner  shal l  be con-
nected to the gas source by rubber or other flexible tubing .

4.1.4.1.4 Gas Supply System

There shall  be a pressure  regula tor to f u r n i s h  gas to the
burner under a pressure of 103-259 mm. Hg . (2-5 lb s per  sq in )
at the burner  inlet . (Cau t ion:  Precau tionary labora tory
prac t ices  must be fol lowe d to preven t the leakage of met hane .
Me thane is a f lammable  gas which can be explosive when mixed
w i t h  a ir and expo sed t o a source of ignition and can cause

7 asphyxia t ion  because of the lack of a i r . )

4 . 1 . 4 . 1 . 5  Gas

The ga s sha ll be at lea st 97 per cent pure me thane .

4 . 1 . 4 . 1 . 6  Ho oks and Weigh ts

Metal  hooks and weig hts  shal l  be used to produce a ser ies
of loads for char length determinations. Suitable metal hooks
consist of No. l~ gauge steel wire , or equivalent , made from
7 . 6  cm (3 in) lengths of the wire , bent 1.3 cm (0.5 in) from

f one end to a 45-degree angle hook. The longer end of the wire

C- 15 
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is fas tened around the neck of the weight to be used and the
other in the lower end of each burned specimen to one side of
the burned area. The requisite loads are given in Table 1.

Table 1

Orig inal Fabric Weight 2

Grams Per Ounces Per
Square Meter Square Yard Grams Ounces

Less than 101 Less than 3.0 5 4 . 4  2
101 t o 207 3 .0  to 6 .0  113.4 4
207 to 338 6.0 to 10.0 226.8 8
Greater  than 338 Greater  than 10.0 3 4 0 . 2  12

4.1.4.1.7 Stopwatch

A stopwatch or similar timing device shall be used to
measure time to 0.1 second .

4.1.4.1.8 Scale

A linear scale graduated in mm or 0 .1- inch  div is ions shal l
be used to measure char length.

2 Weight of the original fabric , containing no seams or trim ,
is calculated from the weight of a specimen which has been
conditioned for at least 8 hour s at 21 ± 1 . 10  C (70  ± 2 0  F)
and 65 ± 2 percent re la t ive  humidity. Shortened condition-
ing times may be used if the change in weight of a specimen
in successive weighings made at intervals of not less than
2 hours does not exceed 0.2 percent  of the weight of the
specimen.
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4 . 1 . 4 . 1 . 9  Cir cu la t ing  Air Oven

A forced circulation drying oven capable of maintaining
th e specimens at 105 ± 2 . 8 °  C (221 ± 5° F), shall be used to
dry the specimen while moun ted in the specimen holders 3 .

4 .1 .4 .1 .10  Desiccator

An air-tight and moisture-tight desiccatin g chamber shall
be used for cooling mounted specimens after drying . Anhydrous
silica gel with an indicator shall be used as the desiccant
in the desiccating chamber. Replace or reactivate the desic-
cant when it becomes inact ive.

4 .1 .4 .1 .11 Hood

A hood or other suitable enclosure shall be used to pro-
vide a draft-protected environment surrounding the test cham-
ber without restricting the availability of air. This enclo-
sure shall have a fan or other suitable means for exhausting
smoke and/or toxic gases produced by testing.

4.1.4.1.12 Extinguishing Plates

Two ex t ingu i sh ing  plates shall be used to extinguish after-
glow . The plates shall be metal , approximately 35.6 x 5.1 cm
(14 x 2 in) which fit within the opening of the specimen holder.
The bottom plate shall be the thickness of the specimen holder ,
and the top pla te shall  be at leas t 0 .32  cm (1,/B in) thick. A
sui table me tal specimen moun t ing block may be u sed fo r  the bot-
tom plate.

~ Procedure 1(1.1.1) of ASTM D 2654-71 , “Standard Methods of
Test for  Moisture  Content and Mois ture Regain of Tex tile
Material” , describes a satisfactory oven (1972 Book of ASTM
Standards , Part  24 , publ ished by the American Society fo r
Test ing and Mater ia ls , 1916 Race Street , Ph i l ade lphia ,
Penn sylvania 19103).

C-1 7

a -a

k

- - ~~~~~~~~~~~~~~~~~~ -~-- -- - ~~~~~~~~ — - -~~~~~-_~~~ — -—-~— - ------ - ---- -- — ---..



TTI~!

4 . 1 . 4 . 2  Mount ing and Condi t ion ing of Specimens

4.1.4.2.1 The specimens shall be placed in specimen
holders so that the bottom edge of each specimen is even wi th
th e bottom of the specimen holder .  Mount the specimen in as
close to a f l a t  configurat ion as poss ib le .  The side s of the
specimen holder shall cover 1.9 cm (3/4 in) of the specimen
width along each long ed ge of the specimen , and thus , shall
expose 5.1 cm (2 in) of the specimen width . The sides of the
specimen holder shall be clamped with a sufficient number of
clamps or shall be taped to prevent the specimen from being
displaced during handling and testing. The specimens may be
taped in the holders if the clamps fail to hold them. Place
the mounted specimens in the drying oven in a manner that
will permit free circulation of air at 105° C (221° F) around
them for 30 minutes~ . -

4.1.4.2.2 Remove the mounted specimens from the oven and
place them in the desiccator for 30 minutes to cool. No more
than five specimen s shall  be placed in a des icca tor  at one
time . Specimens shall remain in the desiccator no more than
60 minutes .

4 . 1. 4 . 3  Test ing

4 . 1 . 4 . 3 . 1  Burner Adjus tm ent

With  th e hood f an tur n ed o f f , u se the needle  valve to
adjust the flame height of the burner to 3.8 cm J-1/2  in)
above the highest point of the barre l of the burner. A
su i t ab l e  he ight ind ica to r  is shown in Engineer in g Draw ing
Number 6 and Figure 1.

4.1.4.3.2 Specimen Burning and Evaluat:Lon

- : - 4 . 1 .4 . 3 . 2 . 1  One at a time , the mounted spec:- mens shall
— be removed from the desiccator and suspended in the cabinet

— . ~ If the specimens are moist when received , permit them to
: air dry in labora1~ory conditions prior to placement in the

oven . A satisfactory preconditioning procedure may be
found in ASTM D 1776-67 , “Conditioning Textiles and Textile

f Products for Testing ”, (1972 Book of ASTM Standards , Par t
24, published by the American Society for Testing and
Ma terials , 1916 Race Stree t , Philadelphia , Pennsylvania
19103).
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f or tes t ing . The cabinet door shal l  be closed and the burner
f lame imp inged on the bot tom edge of the specimen for 3 .0  ±
0 . 2  seconds~~. Flame imp ingemen t is accomplished by moving
the burner under the specimen for  th is  length  of time and
then removing i t .  Repeat test on five additional specimens ,
with 12 second s ignition time .

4.1.4.3.2.2 When flaming has ceased , remove the speci-
men from the cabinet , except for specimens which e x h i b i t
a f t erglow . If a f t e rg low is evident , the specimen shal l  be
removed from the cabinet  1 minute after the burner flame is
impinged on the spe c imen if no flaming exists at that time .
Upon removal from the cabinet , the af ter g low shal l  be

• promptly extinguished. The afterglow shall be extinguishe d
by placing the specimen , while still in the specimen holde r ,
on the bottom extinguishing plate and immediately covering
it with the top plate until all evidence of afterglow has
ceased. After removing the specimen from the cabinet and ,
if appropria te , ex tinguishing a f t e rg low , remove it f rom the
holder and p lace it on a flat clean surface . Fold the spec-
imen lengthwise along a line through the highest peak of the
charred or melted area; crease the specimen firmly by hand.
Unfold the specimen and insert the hook with the correct
we ight , a s shown in T abl e 1, in the specimen on one side of
the charred area 6.4 mm (1/4 in) from the lower edge . Tear

- the specimen .by grasping the othe r lower corner of the fab-
ric and gently raising the specimen and weight clear of the
supporting surface. Measure the char length as the distance
from the end of the tear to the original lowe r edge of the
specimen exposed to the flame . After testing each specimen ,
vent the hood and cabinet to remove the smoke and/or toxic
gases .

4.1 .4 . 4  Repor t

Report the value of char length , in centimeters (or
inches), for each specimen , as well  as the avera ge char leng th
for each set of five specimens and whethe r specimens have been
washed or drycleaned.

- 4

/ 

:. - ~ If more than 30 seconds elapse between removal of a spec-
imen from the desiccator and the initial flame impinge-
inent , that specimen shall be reconditioned prior to test-
ing .
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4 . 1 .4 . 5  Du r ab i l i t y  Test ing

In addi t ion  to being tested a f t e r  one laundering and one
drycleaning cycle , specimens shall  also be tes ted a f t e r
repeated laundering and drycleaning, as follows :

4.1.4.5.1 Items labeled “Launder Only” : The items shall
be laundered 50 times, before testing ; a d d i t ional  i t em s o f th e
same type shall be drycleaned five times to assure that occa-
sional nonconformance with the label does not affect the self-
extinguishment characteristics of the item.

4.1.4.5.2 Items labeled “Dryclean Only” : The items shall
be drycleaned 20 times before testing ; additional items of the
same type shall be laundered 15 times before testing .

4.1.4.5.3 Laundering shall be done in conformance with
AATCC Test Method 124-1969 , Procedure 111(B), Paragrap hs l~ 66 ,
except that any commercial detergent may be used. Drycleaning
shall be done in conformance with ASTM Standard Method D
2724- 70~~.

4.2 Heat Flux Resistance Test

4.2.1 Summary of Test Method

Specimens are suspended one at a time , vertically , in
holders located between a radiant heat source and a heat flux
meter. The heat flux measured by the heat flux meter is
recorded as a function of time .

4.2.2 Sampling Procedures

Samples of three specimens are obtained from single or
multiple layers of fabrics as discussed in Fabri.c Sampling,
4 . 1 . 3 . 2 , and Mul t ip le  Fabric Layer Sampling , 4 . 1 . 3 . 2 . 2 .  All
specimens can be tested in the same d i rect ion . The f ab r i c

6 Technical Manual of the American Association of Textile
• Chemists  and Color is t s , Vol.  46 , 1970 , or subsequent  issues

publishe d by AATCC , P. 0. Box 12215 , Research Triangle Park ,
N orth Carol ina 2 7 7 0 9 .

~ 1970 Book of ASTM Standards or subsequent  issues , Par t  24 ,
f published by the American Society for Testing and Materials ,

1916 Race Street , Philadelphia , Pennsylvania 19103.
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side worn on the outside of the uniform item must face the
radiant source. If one specimen of a sample fails , take two
more specimen s from another samp le. If both pass , the p ro-
duction unit passes. If one f a i l s , the production unit fails.

4 . 2 . 3  Apparatus

4 . 2 . 3 . 1  Enclosure

— A 5l,x 51 cm (20 x 20 in) square , 61 cm (24 ir 1 ) long , w i th
the radiative source mounted approximately 10.3 cm (4 in) from
one end , and open on the other end , made from asbestos cement
board (Fi gur e 2). A shutter located 5.1 cm (2 in) from the
face of the radia t ive  source is ra i sed  and lowered through a
slot in the enclosure. A window in the enclosure permits
observa tion of the specimen during the test. (Figure 3)

4 . 2 . 3 . 2  Radiant Heat Source

Vertically mounted , capable of producing a radiative heat
f lux f ie ld  of 0 . 4 0  cal/cm 2 sec over an area of 7.6 x 7.6 cm
(3 x 3 in) with temperature controller 8.

4 .2 . 3 . 3  Heat Flux Meter

Range 0 to 0.5 cal/cm 2 sec ± 5 percent , water  cooled , 1
cm in diame ter , 150 0 viewing angle (minimum ), moun ted in a
blackened 1 .3  cm (1/2 in) thick asbestos cemen t plate , 12.7
x 12.7 cm (5 x 5 in) square (Figure 3).

4.2.3.4 Strip Chart Recorder

H Suitable for use with above heat flux meter to obtain
t im e/heat  f lux  relationships , full-scale range 0- 10 millivolt ,• chart speed of 30.4 cm (12 jn)/minute or greater , with a full-

- - scale response of at least 1 second .

8 A Casso-Solar Heater , Type “C” , 31 x 31 cm (12 x 12 in),
0.77-6.2 watts/cm 2 (5-50 watts/sq in), Casso-Solar
Corporat ion , 125- 10 Queens Boulevard , Kew Gardens ,
New Y ork 11415 , or equivalent .

( -
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4 .2 .3.5 Specimen Holders

Specif ied in Figure 4. One has guide slots so that the
specimen can touch the sensor , the other has shorter guide
slots so that the specimen-sensor distance is 1.2 cm (1/2 in).

4 . 2 . 3 . 6  Clip s

For mqunt ing specimens , GSA Suppl y Cat a log ue , Vol .  1,
October 1975, binder clips with wire handles , small , 7510-
00-223-2801 , or equivalent .

4.2.3.7 Heat Insulating Gloves

4.2.3.8 Stopwatch

4.2.3.9 Filter Paper

Whatman filter paper #2 , available f rom chemical  supply
houses.

4.2.4 Test Procedure and Calibration

4.2.4.1 Test Procedure -

The radiant heat source is adjusted to an operating tem-
pera ture of 912° C (1,670° F) and allowed to reac:h equilib-
rium as indica ted by a flat line on the strip chart recorder.
Posi t ions of the heat f lux meter  where the incident radiation
is 0 . 2 0  cal/ cm 2 sec and 0 . 4 0  cal/ cm 2 sec are es tabl i shed and
marked on the cabinet , and the specimens are la te r exposed at
those positions.

Specimens are exposed with the warp or machire direction
vertical. A specimen 15.2 x 15.2 cm (6 x 6 in) is  a t t ache d -

t o the sp ec imen hold er wi th  f our c’~ p s a t the corners .  The
specimen holder is mounted on the frame holding the heat flux
meter so that the specimen is 1.3 cm (1/2 in) in f ron t of the

- 
. 

- - heat f lux meter  or in contact wi th  i t .  Three specimens are
tested at each fabr ic -sensor  d is tance.

The shutter in front of the radiative source is closed.
The specimen holder is placed so that the specimen is exposed
to a heat flux of 0.20 cal/cm 2 sec after the shutter is opened.
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The time/heat flux relationships are recorded on the strip
chart recorder for 2 minu tes. Three addi t ional  specimens ar e
exposed to 0.40 cal/cm 2 sec for 2 m inutes , without use of the
s t r ip  char t  recorder , 1.3 cm ( 1/2 in) in f ron t  of the  heat  f l u x
meter. The heat flux meter and surrounding asbestos cement
plate  must be cooled down to ini t ial condi t ions be twe en tes ts.

4 . 2 . 4 . 2  Ca l ib ra t i on

A specimen of Whatman filter paper #2 is exçosed to 0.20
cal/cm 2 sec heat flux . The total ca l/ cm 2 a f t er 100 seconds
for specimens 1.3 cm ( 1/2 in) f rom the sensor  and fo r  35 sec-
onds for specimens in contact with the sensor is determined
by the method described under 4.2.5.1 (see below ). The aver-
age of three determinations sho-ild be 4.9-5.1 cal/cm 2 for the
1.3 cm (1/2 in) distance and 3.2-3.4 cal/cm 2 for specimen -
sensor contact. The calibration should be carried out at
least once dur ing each day of testing and after every 10 spec-
imens tested.

4.2.5 Measurements and Pass-Fail Criteria

4.2.5.1 Heat Transfer Through Fabric

Time (sec) and heat flux (cal/cm 2 sec) scales are super-
imposed on the strip chart recorder grap hs. The area under
the curve represents cal/cm 2 . It can be determi~ied wi th suf-
ficient accuracy by adding the areas of f i r s t the tr i ang le
and then the trapezoids which are formed when lines are drawn
f ro m the t ime  axis to the recorded curve , parall~ l to the
heat f lux  axis  at the 5 , 10 , 15 , . . . second p o i n t s .  Other
methods , of at least the same accuracy ; e.g. , us -s of p lani-
meter , cu t t ing  out the grap h and w e i g h i n g ,  et c . ,  are a ccept-
able .

A f a b r i c  passes i~ at 0 . 2 0  ca l/ cm 2 sec heat f lux  exposure ,
the to ta l  cal/ cm 2 r eg is te red  by the sensor durin ,~ 100 seconds

- : - does not exceed 5 .0  cal/ cm 2 wi th  the spe c imen-senso r  d i s t ance
1.3 cm (1/2 in) and does not exceed 3 .5  ca l/ cm 2 in 35 seconds
wi th  the specimen in contact with the sensor.

- • 
- 

4 . 2 . 5 . 2  Fabr ic  I n t e g r i t y

• - Fab r ic pr odu c t i on u n it s f a il if one of th e spe c imens
exposed for 10 second s at 0.40 cal/cm 2 sec e x h i b i t s  m e l t  ho les
or char holes. Existence of a char hole will be established
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by creasing the specimen across the exposed region by hand
and p lacing the appropriate weight (Table 1) on the exposed
creased region.  [f , upon removal of the weight , a hole has
form ed , the fabric production unit fails.

- 4 . 2 . 5 . 3  Report

Report the total heat flux exposure durin g 100 second
exposure with the specimen - ensor distance 1.2 cm (1/2 in)
and during 35 seconds with  the specimen in con tac t with the

: sensor. Report hole form at ion , if any , and whethe r the spec-
imens have been laundered or drycleaned.

- 

5. RECORDS

The reports of the test results and the test specimens
used in all tests performed under this standard must be
retained by the airlines issuing or requiring the uniform
items , for the service period of the uniforms . Such records
shall include results of all tests , ca l ibra t ions , s izes of
all production units , etc. Test records shall  be avai lable
for inspection by the FAA .

6. LABELING REQUIREMENTS

All uniform items shall be pe rmanently labeled wi th care
-

- instructions , par t icular ly  with respect to limitations on
laundering or dryclean ing which may affect the flammability
characteristics. They also shall be labeled with precaution-
ary instructions to protect them from agents or treatments

— which are known to cause si gn i f ican t  deterioration of their
flame resistance. Such labels shall be permanent.
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