Evaluation of Garment Flammability
using Thermal Mannequins

Y. UEHARA and M. UMEZAWA

Department of Safety Engineering

Division of Materials Science and Chemical Engineering
Faculty of Engineering

Yokohama National University

156 Tokiwadai, Hodogaya-ku, Yokohama 240, Japan

ABSTRACT

The flammability of garments was studied using thermal mannequins with sensors
which were dressed in 73 sets of clothes commonly available in Japan. The
results showed that all of them, except for 18 sets, were highly f lammable and
indicated a possibility of seriocus fire injuries within a short time. The
maximum temperature and the maximum heat flux obtained on the body surface
were 437°C and 335 kJ/m2 s, respectively. To evaluate the hazards, method of
evaluation based on the burning rate, size and degree of fire injury plus a
combination of these factors were proposed to be useful.

INTRODUCTION

Clothing, together with food and housing, is the most basic factor in our
daily life and indispensable in maintaining protection of the body against
cold weather and outer hazards. However, some garments are so flammable that
a large number of casualties are the result of garment fires every year.
Being aware of the hazards, several countries in the world have already estab-
lished standards of flame proof garment which are centered on children's
nightclothes, or restrictions have been placed on garments.

This paper intends to explain garment fires in Japan and to report on the
classification of garment flammability based on tests using thermal mannequins
dressed in everyday clothes.

GARMENT FIRES IN JAPAN

Of the 1,332 total deaths, except for suicidal arson, 130(9.8%) were caused by
garment fires in 1978, according to the "Process to Death" in the White Paper
on Fire Service (1). The death toll by garment fires accounts for 180(13.8%)
of 1,301 deathsg in 1979 and 141(11.4%) of 1,238 in 1980 (143(13.0%) of 1,096
in 1982 and 153(13.3%) of 1,152 in 1983). Of the 491 total deaths, except for
suicidal arson, 50 are considered to have been caused by garment fires within
the jurisdiction of the Tokyo Fire Department Agency during the five years
from 1975 through 1979. This rate is almost egual to that in the White Paper
on Fire Service (2). The rates consist of only the cases where clothes caught
fire directly from a flame. If those cases of fires transferred by
intermediaries are included, such as where a cigarette smoked in bed ignited
bedding which then transferred to night clothes, or where leaked o0il caught
fire and spread to garments when an oil stove was accidentally overturned, the
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death toll by garment fires amounts to 128 out of 491 deaths.

Of those total deaths, people over 61 and children under 10 account for 50.6%
and 12.6%, respectively. Girls under 5 account for a remarkably high percen-
tage among children.

EXPERIMENTS
Experimental Apparatus (Thermal Mannequins)

The manneguins employed in this study were those on the market and manufac-
tured by FRP. Their surface was covered with an asbestos and cement mixture
with a thickness of 5 to 10 mm to provide them with heat resistance. Heat
conductivity of asbestog-~cement is 1.67kJ/m h deg at 90°C, and is close to
1.80 to 2.72kd/m h deg, which is the heat conductivity of human skin obtained
at 23 to 259C. Three types of thermal manneguins were designed: one with a
height of 175cm for a male, one with a height of 166cm for a female and
another with a height of 113cm for a child. To measure heat flux, a 0.3 mm
chromel ~alumel thermocouple was welded onto the center of 15 mm diameter and 1
mn thick copper-plates. The surface of these sensors was coated with black
héeat resistant paint to increase heat absorption. Eight such thermoplates
were installed on the manneguin and their positions are shown in Fig.l.
These thermoplates were calibrated using a black body radiation surface.
Conducting wires of the thermoplates were taken out from the wrists and heels
of the mannequins.

Fig. 1 A Thermal Manneguin {(Male) and Position of Sensors

Samples

Generally, in burning tests the results are not always consistent even though
the same samples are employed. Thus, tests are usually performed several
times under the same conditions. However, since there are many types of
garments, it is not possible to test all of them. This explain why relatively
simple styled garments, such as nightclothes and A~line, one piece dresses,
had mostly been used in past thermal mannequin tests (3-6,15). In the present
tests, samples which cover as many types of garments as possible, ranging from
nightclothes to suits including underwear, were selected and examined undex
the same conditions used every day. Detailed descriptions of the samples are
omitted here due to the limitation of papers. However, care was taken to
ensure that main fabrics, such as cotton, polyester, nylon, silk, wool and
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acrylic fiber, were covered. The samples were brand-new and no special
pretreatment was carried out.

Test Method and Items

The tests were carried out in a laboratory rcoom with a floor space of 55m2 and
7.85m high. Air flow was generated by ventilating fans at a velocity of 0.2
to 0.3m/s at a position lm above the floor from the left front to the right of
a manneguin during the tests. Ignition was made on contact with a diffused
flame for 10 seconds using a Bunsen burner charged town gas (46,000kJ/m3) at a
velocity of 325ml/min. Ignition place were in principle: in trousers, the
front bottom of the leg on which a sensor was installed; in skirts and kimo-
nos, the front hem. The burnings were recorded by VTR and photographed.
Outputs of the thermoplates were also continuously recorded during the tests.
The following were obtained from the temperature curve based on the output of
the thermoplates:(l) the time required from contact with a flame to the begin-
ning of combustion;(2) the time required from the beginning of combustion to
the peak;(3) the peak temperature;(4) the maximum heat flux;(5%) the time
required from contact with a flame to causing a second degree burn.

Here, a second degree burn means a burn which injured depth is 100 micrometers
or which has blisters and some broken skin. Henrique, Stoll, Greene, Chienta
and others have the relation between a second degree burn and heat flux (7-11)
The time required for a second degree burn was determined by measuring heat
flux at various times. The maximum heat flux was obtained from the output of
the thermoplates that provided the sharpest slope during the time from the be~
ginning of combustion to its peak.

RESULTS

Comparison of Flammability

Tests were conducted on 73 sets of general everyday garments, of which men's,
ladies', boys' and girls' were numbered 18, 27, 14 and 14, respectively. Of
all the samples, 18 sets of garments were not ignited by a 10-second contact
with a flame of a bunsen burner or the fire self~extinguished after a small
part was burnt. The remaining 55 sets were readily ignited and blaze up.

Flammability of Various Garments

Yukata dresses (cotton kimonos for summer wear). Nightclothes generally
showed high flammability and yukata dresses in particular were highly
combustible. In a test using a female mannequin dressed in a pure cotton
vukata and nylon underwear, flames reached near the face in 8 seconds after
ignition, then flared up to 50cm over the head. The yukata itself was almost
totally consumed in a minute and 10 seconds. At the back waist, the maximunm
temperature and the maximum heat flux were 300°C and 138kJ/m2 s, respectively;
it took 21 seconds to produce a second degree burn. At the jaw, the maximum
temperature was lOBOC and the maximum heat fiux 25.1kJ/m2 s. The time re-
quired for a second degree burn was 43 seconds.

Pajamas. A test of male mannequin wearing a cotton, short-sleeved pajama
jacket and trousers, a cotton short-sleeved undershirt with a U shaped neck,
and cotton briefs with a 15% polyester blend, demonstrated that flames exten-~
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ded to the face 20 seconds after ignition on contact with a gas £lame. The
garment almost burnt up in one minute and 40 seconds. Pigure 2 shows the
relationship between the time and the temperature and heat flux at measuring
points. The maximum temperature of 149°% and the maximum heat flux of
110kJ/m2 s were obtained at the waist and hips, respectively. In the latter,
it took 18 seconds to produce a second degree burn.
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Fig. 2 Time Dependence of Temperature and Heat Flux (M1)

Negligees. A test was conducted using a female mannequin with a cotton
short-sleeved negligee, a nylon of a polyurethane mix and cotton panties.
Flames reached the face 12 seconds after contact with a gas flame and the
garment was consumed within one minute and 30 seconds. The maximum heat flux
at the waist and that at the left arm were 139.7kJ/m2 s and 58.6kJ/m2 s,
respectively.

Suits. In a test of woolen suits, a small flame was raised by a 10~
second contact with a gas flame on the bottom of the right leg. However, it
extinguished immediately when the gas flame was removed. Then a 25-second
contact with a flame was made on the back bottom of the jacket. The lininig
(55% cuprammonium rayon and 45% nylon) caught fire and spread to the shirt
and the combustion reached its peak one minute and 20 seconds later. Eight
minutes were regquired until the suits were completely consumed. A similar
situation occurred with polyester suits with 45% wool. They were ignited when
touched with a flame on the front bottom of the jacket for 15 seconds. A fire
extended to the face in one minute and 20 seconds afterward, and the
combustion reached its peak 5 minutes and 30 seconds later. It took 16
minutes until most of the suites were consumed.

These two types of suits were relatively flame proof. They began burning only
when the lining was ignited. However, cotton corduroy suits exhibited a rapid
combustion owing to the fluffy surface. Flames reached the face in one minute
and 30 seconds and it took 2 minutes until the burning reached its peak. The
maximum temperature and the maximum heat flux were 208 C and 46.0kJ/m2 s,
respectively, at the foot. It took 27 seconds to produce a second degree
burn.

Jeans. Cotton Jjeans were ignited after being touched with a flame for 10
seconds. Since they fit the body tightly, their burning rate is low; it took
5 minutes before the flame reached the femur. In two types of jeans, the fire
self-extinguished at the femur. Although modes of combustion were similar,
big flames occurred in the other type and a fire transferred to a polo shirt
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in one minute and 30 seconds,or an acrylic sweater in 2 minutes.

Combination of sweaters and skirts or trousers(including pantaloons).

It is difficult to generallze the flammablllty of these combinations because
their modes of combustion are greatly affected by combination. For example,
the bottom portion may be dressed in flammable skirt or trousers, and if the
upper portion may be dressed in a sweater with high wool content it will not
catch fire easily. On the contrary, the more acrylic fiber contained in the
garment, the more flammable it becomes. An example is given by a female
mannequin wearing an acrylic sweater and an acrylic skirt with 25% polyester
and 5% wool. In this test, flames reached the jaw 30 seconds after ignition,
where the maximum temperature of 344°C and the maximum heat flux of 334.7kJ/m2
s were obtained. It is considered that these high values were obtained be-
cause flames attacked the sensor directly.

Combination of shirts (blouses) and skirts or trousers. In a test of a
female manneguin “with a T-shirt and a Sklrt, the latter exhibited fierce
combustion. The face was covered in flames 30 seconds later and the skirt was
burnt out in one minute and 30 seconds to 3 minutes. On the contrary, the T~
shirt was not severely damaged. In a combination of a blouse and a polyester
skirt, the latter was not ignited but melted in drops. However, fierce combu-
stion was observed in the case where underwear caught fire which spread to the
blouse.

Tests of boys' T-shirts and short pants presented low burning rates with small
damage to the T-shirts, regardless of the pants being cotton or polyester.A
comparison between a combination of a T-shirt with a skirt and that of a T~
shirt with short pants proved that the former was greatly hazardous.

One-Piece dresses. Most of the one-piece dresses were readily ignited.
Flames covered the face 20 to 30 seconds after a gas flame touched the dress
and the garment burnt up about 2 minutes and 30 seconds later. An example is
given by a test of a sleeveless, polyester, one-piece dress with a 35% cotton
mix. The maximum temperature and the maximum heat flux at the abdomen were
172°C and 68.5kJ/m2 s, respectively.

Kimono dresses. A woolen men's kimono ensemble (a kimono dress and a
short coat) with 15% silk and 5% nylon blended, was ignited after a 10-seconds
contact with a gas flame. However, the fire extinguished 40 seconds later.
Contact with a gas flame was again made on the bottom of the right sleeve for
20 seconds. The polyester lininig caught fire and flames leapt up to the face
one minute and 30 seconds later. Two minutes and 30 seconds were reguired
until the combustion reached its peak and 9 minutes were required until most
of the clothes burnt out. A maximum temperature of 212°% and a maximum heat
flux of 20.1kJ/m2 s were obtained at the waist and the back, respectively.

A silk ladies’ kimono was not ignited, although a flame was in contact for 10
seconds. The fire extinguished burning a small part of the lining only.
Then, contact with a flame was made on the bottom of the sleeve for 20 se-
conds; however, the kimono did not ignite and only the ignition place was
carbonized. Lastly, an obi {(a sash belt, the outer side of which is polyester
and the lininig rayon) was ignited after a 1l0-second contact with a flame and
exhibited an extremely dull combustion. A maximum temperature of 437°C was
measured at the arm approximately 5 minutes 50 seconds later. The maximum
heat flux of 25.1kJ/m2 s was observed at the abdomen.

Working clothes. A polyester working garment with a 20% cotton blend was
ignited after being touched with a flame for 10.seconds. Although the combus-
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tion was slow, flames spread over the clothes. The maximum temperature was
obtained at the back 7 minutes later and the maximum heat flux indicated
3.3kJ/m2 s. Another one, made of aromatic polyamide, did not exhibit a flame
at all and only the part which was directly touched with a gas flame was
carbonized although it was exposed to a gas flame for a long period.

Sports wear. Polyester sports wear was tested and when ignited, they
melted fiercely, falling down in drops. The part which were burnt peeled off.
Therefore, they exhibited a low apparent flame propagating rate and the tempe-
rature of the body did not increase. Therefore, good results were obtained
from the tests. However, in one of them, a sudden rise in temperature was
observed at the abdomen 3 minutes later and it exceeded 250°C 4 minutes and 30
seconds later.

Coats. Three types of coats, a polyester one blended with 40% wool, a
polyester one with 35% cotton and a 100% cotton one, were tested. In all
tests, flames spread to the face one minute to one minute and 20 seconds after
coming into contact with a gas flame. The combustion reached its peak one
minute and 30 second later. However, in the case of coats, clothes put on
under a coat, such as suits, greatly affected the combustion; the heat flux
on the body surface became small because of the suits. Thus, a higher safety
mark was given to the coats than one would assume from the appearance of
combustion. ’

Comparison with past tests

In the present tests, the heat flux of 4 to 84kJ/m2 s is frequently obtained.
A heat flux of 335kJ/m2 s, the maximum of all measured, is obtained once. On
the other hand, the maximum temperature generally does not exceed 300 C,
although the temperature of 437YC is observed once.

Finley and others (3-5) recorded the maximum heat flux of 11kJ/m2 s and the
maximum temperature of 204°C in a test of a cotton A-shaped one-piece dress,
in which the time taken to reach the peak of combustion was 37 seconds.

In the tests of flammability of yukata dresses designed by the Ministry of
International Trade and Industry of ‘Japan, the maximum heat flux was 4.2 to
13.4kJ/m2 s and it took about 35 to 55 seconds to obtain the highest value(12)

The temperature and time given by these two tests near ly coincide with those
of the present tests. However, the heat flux seems to be a little lower in
their tests.

On the contrary, in Ohya's experiments (13), the heat flux of 250kJ/m2 s was
frequently observed, and that of 355kJ/m2 s was also reported. The time to
the peak of combustion is 30 to 50 seconds which is a little longer than the
value measured in the present tests. Hence, it can be said that the values
shown in the present tests were proved to be appropriate.

Summary of Garment Flammability Tests

Flammable garments. The results of fire tests are summarized as fo-
llows:
(1) Clothes made of flammable materials are hazardous enough to make flames
reach the face in 10 to 90 seconds. Heat flux was generally 4 to 84 kJ/m2 s
but 335kJ/m2 s was observed as the maximum flux once.
{2) It is difficult to make a conclusion owing to varicus factors; however,
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cotton, acrylic clothes, those of a mixture of cotton and polyester and those
of a mixture of cotton and acryl are relatively flammable. Silk, woolen,
nylon and aromatic polyamide clothes are relatively flame proof.

(3) In cotton clothes, thick textures, such as jeans, exhibit a very low
burning rate. On the contrary, a mixture of cotton and polyester and that of
cotton and acryl are relatively flammable regardless of their thickness.

(4) In clothes which are made of cotton and polyester and fit the body
relatively well, the fibers contract and the clothes shrink to the surface of
a manneguin when heated. A fire self-extinguished because of the shortage of
aly in most cases. It is difficult to classify this type of case because it
appears to be flame proof. On the other hand, the heat contraction of fibers
is small in clothes of a mixture of cotton and acryl, therefore, fire spreads.
(5) Generally, girls' wear is flammable in both materials and forms. More
attention should be paid to this.

Nonflammable garments. As was mentioned above, 18 sets of all the gar-
ments were not ignited by the first contact with a gas flame for 10 seconds.
The reasons of self-extinguishment of almost the garments are due to melt,
drip or shrink of tex-tiles, or the fitness of clothes. After all,
only the garments made of wool, silk, mixture of wool and nylon and aromatic
polyamide were found to be substantially flame proof.

PROPOSAL OF A NEW TEST METHOD FOR THE CLASSIFICATION OF GARMENT FLAMMABILITY
USING THERMAL MANNEQUINS

Classification Method

To classify garment flammability using thermal mannequins, three measurements,
such as burning rate, size of degree of fire injuries were introduced.

Burning rate. After fire tests were performed, the mean times required
to cause a second degree burn at various parts were calculated. These wvalues
were classified into four classifications as shown in the following. The
percentages are also ligted for each group for the 73 sets of garments.

Classification Type Rate (%)
A 180 seconds or more 34
B from 120 to 179 seconds 25
C from 60 to 119 seconds 25
D 59 seconds or less 16

Size of fire injuries. Classification was made by the total number of
second degree burns as follows:

Classification Type Rate (%)
A 1 - 2 places 12
B 3 ~ 4 places 18
C 5 - 6 places 44
D 7 - 8 places 26

Degree of fire injuries. The mean maximum heat flux was calculated for
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portions where the maximum heat flux was larger than 2.9kJ/m2 s, designed as
the degree of fire injury and classified as follows:

Classification Type Rate (%)
A 10kJ/m2 s or less 12
B 10 - 20 kJ/m2 s 44
C 21 - 30 kI/m2 s 22
D 30kJ/m2 s or more 22

General classification. Using the above three evaluation standards,
measurements, A, B, C and D were given 4, 3, 2 and 1 point, respectively, and
the general classification of garment flammability was evaluated by counting
the points. The results. are follows:

Classification Type Rate (%)
A 11 - 12 points 11
B 8 - 10 points 34
C 5 - 7 points 41
D 3 - 4 points 14

Discussion on the General Classification

Classification results are shown in Table 1. Judging from the general classi-
fication, working cloth made of fire resistant fiber provided good results
without doubt. Classified into class A are a combination of a woolen sweater
and trousers, that of a woolen jumper and trousers with a nylon blend, polyes-
ter sports wear, woolen suits, suits of wool and nylon, a combination of a
cotton T-shirt and trousers blended with polyester. These clothes are flame
proof in material and fit the body relatively well. Good results were ob-
tained in polyester sports wear because they melted fiercely and fell in drops
when ignited. However, they should be re-examined.

Clothes which come under class B in the general classification are a
combination of a T-shirt and trousers, that of a T-shirt and jeans, kimono
dresses and a combination of a shirt and trousers, arranged according to
superiority in other classifications. They are relatively difficult to burn
except for kimono dresses. Therefore, good results were yielded although many
of them were cotton. Kimono dresses made of wool or silk were difficult to
burn. Listed in a lower rank of class B are two-piece dresses, a combination
of a polo shirt and pantaloons, that of a sweater and & skirt and cotton
suits. Their materials are flammable and many of them are ladies' wear.

Coupled within a high rank of class C are a combination of a shirt and
trousers, pajamas and one-piece dresses. Those listed in a lower rank are a
combination of a T-shirt and a skirt, one-piece dresses, negligees and so on.
Most of them are ladies' wear and some girls' wear is included.

Those classified into class D, the lowest group, are all kinds of nightclothes
such as yukata dresses and pajamas, sports wear and a combination of a T-shirt
and skirt. This classification evidently shows how flammable nightclothes
are.
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The results of the general classification obtained after those three
evaluation standards are completely identical with experimental results. Be~
sides, points are given according to the level of safety, and it is clear that
the proposed method allows a useful and quantitative evaluations of the safety
of garments from fire.

Table 1 Classification of Garments According to the Proposed Method

Colp e

g 3 E‘ 75| § 5F L 6pne-plece dress T100 253D c
No Garment Composition % g e 3§ 5 : & L' 70ne plece dress B65,CT36 274C [C B|C 6|C
o1 2 18| § ol T B8 L 8Blouse ¥ skirt PE100/PE100 3778 |[B3[D3[B P Driy
8 3 5§J L 9Polo & Pantaloon  ET50,PE50/CT50PES] 483A |C B|B 6[B
B 1[T-shirt & trousers [170,PE30/CTI00 |144A (B 4[a8[A i L 1 OPlouse & skirt 180,RY20/PEL00 / | 41dA [c6[B 6[B
B 2[T~shirt & trousers LT100/CT85,PU5 | 1748 |a 2[a 3[a L 1 1Pajena(half sleeve) £170,PE30 2718 [celcsle | 2
B Sir-shirt & trousers PEG5,CI35/PES0CTSY 2248 |C 1]B 7[B L 1 2Lsrdigan & pantaloon¥LI100/CTS0,PES0 | 2548 |B 4|C 5[B
B 4l-shirt § trousers CT100/PESO,CT20 | 218A |C5[B 5[B L 1 3Polo & pentaloon  PE52,CT48/CT50PESY 52dB [C 6[B 7B
B Bli-shirt § trousers PEGS5,CT35/PEI00 | 154A [B4|B 4iB L 14f-shirt & Jeans  £750,PES0/CT100 |53dA Jaajpife | 2
B 6ftukata dress kr100 196c [p 8l 8jC L 1 5uksta dress k1100 24c [cslB e
B 7uketa dress k1100 2u8p D77 | L 1 6[l-shirts & jeans  E1100/CT100 571a |B 3[B 4B
B BPojans(helf sleeve) LT100 1438 D 7B 8|C L 1 7ukate dress PES5,C135 489c D 7[c o
B 9Pojoma(helf sloeve) CT100 43 [psipsic L 1 BPolo 8 Jeans pE6s,c1as/cTi00 | soda [cslcels | 2
B 1 Ofukata dress cri00 204D [B 7D 8/D L 1 BNegliges, half sleevefL100 1750 |aifp2jc |-z
B 1 1Pajona(half slesve) £TI100 1608 |D 8[B'S|C L 2 Offraining vear PE100 eafa laz[Bsia | 2
B 1 2(Treining vear PELOD a1 [a3sifs | 2 L 2 1Pajona(half sleave) £170, PR30 nis [cslcsle
B 1 afsveater & jeans N80, ¥L20/CTB0PELS 235A |C B|B 7[B L2 2Dno-ploce dress  |N0d, VL6 7B D78 7[c
8 1 4fveater 8 trousers WL100/CT100 162A 1A 1]A 2[A L 2 3[Ivo-plece dress ML8O,NL1O 838c |3 3|B 4|B 4
G 1fi-shirt & skirt  ET100/PE6S,CT35 | 134D B 4[B 7|C L 2 4Bvester & skirt N80, ¥L10/90.70AN20 448B  [C 6lC 8|C
G 2fT-shirt & skirt  CT100/PEE5iC135 | 224C (D 8iC 8iC L 2 5koat PE6S,CT35 uda [cs[B 5B
G 3fr-shirt & skirt  [150,PES0/CTI00 [ 135D [Cc B[C BlC L 2 6fcat kT100 13x [cslpBlE | 3
G 4afr-shirt & skirt  [150,PE50/CT100 | 146C |0 7|D 7[D L 2 7Kinono dress K11k 100 73 | 4[8 5B
G Sifukats dress £1100 2860 |C 6|0 7|0 M 1Pajema(half slesve) CT100 31§D [C 8fC 8|p
3 6prjemalhelf sleeve) CT100 139D D 8|D B|D M 2Pajams £T70,PE30 4758 [D7|B 7iC
G TPedsea{half sleeve) CT75,PE2S 179C D BiC 8[C M 3Pajema 170, AN30 43c D 7|A 8lc
G 8Pno-place dress _ [180,PE20 134c_[c 5B 6[c M iraining vear Eii0/pees,c135 | 1848 D 8[D 8[D
G 8Dne-plece dress L1100 148C |C 6[B 6IC M BjY-shirt & trousers PE65,CT35/CTI00 | 700A ICS{D6|C
G 1+ OFajona(half sleeve) £T50,PESO e |aipilc M 6Bath robe 1100 ngp _ p7lc7p
iG 1 1Pne-piece dress PELOO 15qC JC 5B BIC | Drie M 7liukata dress L1100 80D cslpsipD
G 1 25veater & skirt N70,¥1.30/PE65RY35 161C B 8lC 2]C M Bhivkata dress Lo, o125 180D D 7|p 7l0
G 1 Bweater & skirt  |iKB0,PE20/CT100 | 1798 [C 6|8 7|B W Blemeer s tromsers WL1007PESS,CTs  1oda B aln7le 173
G 1 dfveater & skirt UK100/ANTSPEZOVLS | 108C lcBiD6IC | 2 M1 Obuits NL100 1200A B3ATIA | 3
L 1f0ne-plece dress PEL00 1874 [C BB BiB | Drie M 1 1hlumper & trousers UN90,PEI0/PEGSRY3H 503A 1B 4D 4B | 2
L 2Ncsliges r1100 1ip° |c 5D 7D M1 25ults PESS, ¥L4S A jpaladla |3
L 3Pojara L free 179c _prCse M 1 3Norking cloth Pess, C135 3284 [CEA TS
L 4Hegligeo half aleevel10,PEL0 e s e M 1 4 Fiwono dreas b1.100 1300A ip 8[B BlB ] brid
L 6Plouse & skirt PE65,CTa5/PE100 | 2164 [C6|C 6B 12 Drid 1 Ehuits bri00 ds Iosls T
M 1 Bljuaper & trousers NL10O/¥L10Q sua jaelB2ja | 3
M 1 7ot PESD, VLAY 1da fcslaais
M 1 B¥orking cloth 1480, 81,20 ~ Jooda Jaojaola

Note:

*1 B:Boy, G:Girl, L:Lady and M:Man

*2  CT:Cotton, WL:Wool, PE:Polyester, AN:Polyacrylonitrile, NL:Nylon
PU:Polyuretane, RY:Rayon, BA:Aromatic polyamide :

*3 Numerical value indicates the number of thermoplates counted.
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CONCLUSION

The fire tests using thermal mannequins dressed in 73 sets of everyday
garments showed that all of them, except for 18 sets, exhibited fierce
combustion for 1l0~second contact with a gas flame and also indicated a possi-
bility of causing serious fire injuries to the body within a short time. On
the other hand, some clothes were proved to be fire proofed and these were
classified intoc three groups: one group is that the material itself is fire
resistant, such as aromatic polyamide, wool and silk; another is that the
fiber melts and falls in drops, such as polyester and nylon; and the third
group is that the material is thick or fits the body like jeans, though the
material itself is flammable, such as cotton. Standards of classification,
such as burning rate, size and degree of fire injuries and a combination of
these factors were proposed to be viable.
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