CHAPTER - 6
HAZARD POTENTIAL OF SAREE AND SUPPORTING
GARMENTS

6.1 INTRODUCTION

The in-depth analysis of burns statistics, as discussed in Chapter 5, which
could be representative of the population, it can be concluded that females
wearing saree are at highest risk in clothing related fire incidences. In order to
investigate the hazard of this category of clothing items in particular, various
fabric samples have been prepared matching the specifications to the
commercial range of saree and its supporting garment fabrics. The supporting
garments such as petticoat, blouse, brassiere (bra) and underwear have been
considered for the experiment. The methodology used for determining the
flammability hazard of these fabrics is explained in section 5.2.

The 17 fabric materials have been selected comprising of various fibre type
and blend proportion. Each type of saree fabric is subjected to flammability
testing with different combinations of blouse, petticoat, bra and panties.
Altogether, each saree along with the supporting garments makes six different
combinations. Total of 31 specimen types have been made using the various
number of saree layers and/or supporting garments depending on wearing
pattern of saree and the garments. According to their buring hazard
potentiality, each saree along with its supporting garments was analysed in
terms of time for ignition (Tig), and Average Incident Heat Fluxes (AIHF).
Using the Stoll and Chinata chart, incident heat fluxes are correlated to burn
injury to predict the bumn injuries depending upon the absorbed heat fluxes for
a given time.

This extensive study can be useful for the selection of saree material by the
research workers and manufacturers. It can also help the consumer for
selection of saree and supporting garments. Depending on the ignition time of
saree fabrics and the average incident heat fluxes, saree rank is given to help

the consumer in selection of saree.
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6.2 MATERIALS AND METHODS

6.2.1 Specification of Sample Fabrics _

Ten different woven saree fabrics of different fibre type and blend proportion
were selected viz. cotton, cotton:polyester blend (50:50), cotton:polyestekr
blend (67:33), cotton:polyéster blend (33:67), polyester, silk, viscose, nylon, .
polyester:viscose blend (67:33) and polyester.viscose blend (33:67). Five
different woven garment fabrics i.e. two types of petticoat fabrics of cotton,
three types of blouse fabrics of cotton, polyester:cotton (67:33) blend and
polyester fabric were also selected. Two knitted fabrics of cotton for bra and
underwear were also selected. In all 17 sample fabrics have been selected.
" Each fabric is given sample code i.e. ten saree fabrics (SA1-SA10), Two
petticoat fabrics: light (PL) and heavy (PH), bra fabric (B) and underwear
fabric (UV).

Each fabric varies iﬁ its fibre content, blend ratio, area density and air
permeability. The specifications of fabric materials such as fibre type and
blend proportion, fabric physical properties such as mass of fabric (grams per
square metre), thread count (ends per inch, pické per inch) and air
permeability has been measured. Area density was measured by weighing
100 mm x 100 mm specimen on a microbalance with an accuracy of 0.001g.
Fabric thread counts i.e. ends per inch and picks per inch were measured by
Prolific made microscopic traverse thread counter. Air permeability of each
specimen was measured by standard method on Prolific made, Air
Permeability Tester. The average values of ten replicates for each of these
parameters viz. gsm, ends per inch, picks per inch and air permeability of
each sample is given in Table 6.1.

6.2.2 Experimental Techniques
a) Zone wise Selection of Specimens
Specimens are selected from different locations of body depending upon the

normal wearing pattern as shown in Fig.6.1 and Table 6.1a.The samples are
collected from different zones of body, like trunk, chest, upper arms, buttocks,
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thighs, lower legs etc. which covers almost all the combinations of saree along with
the supporting garments. In the normal wearing pattern of saree with its supporting
garment wraps almost 70% of the Total Body Surface Area (TBSA). Altogether 14
zones are marked and samples are planned, which represents all such 14 zones as
mentioned. Zone wise combinations of sandwich of various fabrics of supporting
garments and number of saree layers have been made and the various specimen

sandwiches in sequence and their specimen codes are given in Table 6.2b

b) Combinations depending on Fibre Type and Fabrics

Each saree fabric is tested along with three different types of blouse fabrics and two
different types of petticoat fabrics using the combinations representing different
zones of body as mentioned in Table 6.2a. The various fabric combinations of

supporting garments and/or saree layers were considered as listed in Table 6.2 c.

N SA
8SA
B(P)
B(PH1SA
B(P)46SA
B+o(K)+1 h>A
B+B(P)+6SA
P +2SA
P +3SA
P +10SA
UV+PL+2SA
UV+PL+3SA
UV+PL+10SA
2SA +PL+-3SA

Fig. 6.1 Normal wearing pattern of garments with various zones
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Table 6.1 Specifications of Fabrics used for the Burning Behaviour Study

Fabric Air
Mass Thread count | Perme
Sr. Sample Fibre Type bility Sample
abili
No. Fabric (Blend Ratio) . Code
Ends/ Picks/ | cc/em®
gsm
inch inch /s
1 Saree Nylon 60 99 70 95.21 SA1
Polyester:cotton
2 Saree 60 80 65 283.13 SA2
(33:67)
Polyester:cotton
3 Saree 56 90 70 273.13 SA5
(67:33)
Polyester:cotion
4 Saree 75 100 70 302.13 SA8
(50:50)
5 Saree Polyester 55.3 89 60 101.21 SA6
Polyester: viscose
6 Saree 60 85 60 2421 SA4
(33:67)
Polyester:viscose
7 Saree 69 80 75 187.1 SA3
(67:33)
Polyester:viscose
8 Saree 71 95 65 142.1 SA9
(50:50)

9 Saree Cotton 53.1 72 60 363.21 SA7
10 Saree Silk 56.6 86.4 77.3 163.84 | SA10
11 Biouse Cotton 65 70 843 211 B(C)

Polyester:cotton
12 Blouse 65 95.7 86.4 106.7 | B(PC)
(67:33)

13 Blouse Polyester 63 63 106 140 B(P)
14 Petticoat Cotton 98 98 90 97.97 PL
15 | Petticoat Cotton 120 75 45 45.64 PH
16 Bra* Cotton 130 - - 860 B

Under
17 Cotton 130 - - 60 uv
Wear*

* Knitted fabric
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Table 6.2b Combinations of Fabrics for Normal Saree Wearing Pattern

Sr. | Specimen Sandwich Patterns of suppon:ting Specimen code
‘No | garments and saree layers :
1 Specimen 1 Blouse fabric sihgle layer (without saree B (")
fabric)
12 | Specimen2 | Blouse fabric single layer +saree fabric B (*) +1SA
single layer
3 | Specimen3 | Blouse fabric single layer + saree fabric8 | B (*) + 8 SA
layers
4 | Specimen4 | Bra fabric single layer + Blouse fabric B+ B (*)+1SA
single layer +saree fabric single layer |
5 | Specimen5 | Bra fabric single layer+ Blouse fabric B+ B (*) 1+8 SA
single layer +saree fabric 8 layers
6 | Specimen6 | Saree fabric single layer (without SA
supporting garments)
7 | Specimen?7 | Saree fabric 8 layers 8 SA
Specimen 8 | Petticoat fabric single layer +saree fabric | P(@)+2 SA
2 layers
9 | Specimen 9 Petticdat fabric single !ayér + saree fabric | P(@)+3 SA
3 layers ’
10 | Specimen 10 | Petticoat fabric single layer + saree fabric | P(@)+10 SA
10 layers
11 | Specimen 11 | Underwear fabric single layer+ Petticoat UV+P(@)+2.
fabric single layer + saree fabric 2 layers | SA _
12 | Specimen 12 | Underwear fabric single layer +Petticoat | UV+P(@)+3 -
fabric single layer + saree fabric 3 layers | SA
13 | Specimen 13 | Underwear fabric single layer +petticoat UV+P+(@)10
| fabric single layer + saree fabric 10 layers | SA
14 | Specimen 14 | Saree fabric 2 layers+ petticoat fabric | 2 SA1+P(@)+3
single layer + saree fabric 3 layers SA

*Fabric Type (Polyester, cotton, polyester:cotion),

@ Fabric Mass (light, heavy)
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Table 6.2c Specimens of Saree/ Supporting Garments depending on Wearing

Pattemn v '
Sr. . Sandwich ‘Pattem of Supporting Garment and/or number
No. Specimen code of Saree Layers
1 B (P) Blouse (Polyester)
2 B (P) + SA Blouse (Polyester) + Saree single layer
3 B (P) +8SA Blouse (Polyester) + Saree 8 layers
4 B + B (P)+SA Bra + Blouse (Polyester) + Saree single layer
5 B+ B (P) 1+8SA | Bra + Blouse (Polyester) + Saree 8 layers
6 SA Saree single layer
7 8 SA Saree 8 layers
8 PL+2SA Petticoat (Ligﬁt) + Saree 2 layers
9 PL+3SA Petticoat (Light) + Saree 3 layers
10 PL+10SA Petticoat (Light) + Saree 10 layers
11 UV+PL+2SA Under wear + Petticoat (Light) + Saree 2 layers
12 UV+PL+3SA Under wear + Petticoat (Light) + Saree 3 layers
13 UV+PL+10SA Under wear + Petticoat (Light) + Saree 10 layers
14 2 SA1+PL+3SA | Saree 2 layers + Petticoat (Light) + Saree 3 layers
15 B(C) Blouse (Cotton) —
16 B(C)+SA V Blouse (Cotton) + Saree single layer
17 B(C)+ 8SA Blouse (Cotton) + Saree 8 layers
18 B+B(C)+SA Bra + Blouse (Cotton) + Saree single layer
19 B+B (C)+8SA Bra + Blouse (Cotton) + Saree 8 layers
20 PH+2SA Petticoat (Heavy) + Saree 2 layers
21 PH+3SA Petticoat (Heavy) + Saree 3 layers
22 PH+10SA Petticoat (Heavy) + Saree 10 layers
23 UV+PH+2SA Under wear + Petticoat (Heavy) + Saree 2 layers
24 UV+PH+3SA Under wear + Petticoat (Heavy) + Saree 3 layers
25 UV+PH+10SA Under wear + Petticoat (Heavy) + Saree 10 layers
26 2SA+PH+2SA Saree 2 layers + Petticoat (Heavy) + Saree 2 layers
27 B (PC) Blouse (Poly:cot)
28 B (PC) + SA Blouse (Poly:cot) single layer + Saree single layer
29 B (PC) + 8SA Blouse (Poly:cot) + Saree 8 layers
30 B + B (PC) + SA | Bra + Blouse (Poly:cot) + Saree single layer
31 B+ B (PC) + 8SA | Bra + Blouse (Poly:cot) + Saree 8 layers
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Table 6.2d Various Combinations of Supporting Garments with Saree

Combination Combination Supporting garments used with each Saree
Name Code - Fabric
1% combination B (P)&PL Polyester blouse and light petticoat
g o ‘ Polyester:cotton blended blouse and light
2" combination B(P/CY&PL |
petticoat :
3" combination B(C)&PL Cotton blouse and light petticoat
4™ combination B (P) & PH Polyester blouse and heavy petticoat
h Lo Polyester: cotton blend blouse and heavy
5"combination B (P/C) & PH ]
petticoat
| 6"combination B(C) & PH Cotton blouse and heavy petticoat

c) Combinations depending on Supporting Garment with Saree

Each type of saree makes six combinations along with supporting garments
as defined in the Table 6.2d. All these six combinations are tested along with
cotton bra and cotton underwear

6.3 IGNITION BEHAVIOUR OF SAREE AT DIFFERENT COMBINATIONS
The time required to ignite a particular specimen shows the ease of ignition of
a particular specimen. Accidentally, if the fabric encounters the flame within
few seconds the fabric will ignite, depending upon the energy for reaching its
flash point and ignition temperature. The major objective of the fabric ignition
studies is to determine the time duration required by any particular zone of
saree to reach its flash point and ignition. This period shows the ease of
ignition of particular zone of saree, when it is exposed to a flame. Depending
upon the span of time, the safety of zone would be considered for instant
rescue from the fire. Thus, the ignition time is used as a tool to rank the saree
fabrics for their ignitability in most of the flammability tests. Table 6.3 to Table
6.12 shows the average values of 10 replicates of the samples tested at 90°
test and it is expressed as Tig in seconds, (time duration for ignition) for all
saree combinations. .

The time for ignition (Tig) indicates that, single layer nylon saree takes longest
time to ignite at 2.8 s, where as cotton takes 1.0 s to ignite. Among the other
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Table 6.3 Time for Ignition (s) for Saree along with Supporting Garments

‘Saree Code SA1 SA2 | SA3 | SA4 | SA5 | SA6 | SA7 | SA8 | SA9
Sr. Fabric N P:C pP:v PV P:.C P C P:C P:v
No. Combination 100 33:67 67:33 33:67 67:33 100 100 50:50 50:50
Code
1 | B 1.8 1.8 18 | 18 | 18 | 18 | 1.8 | 1.8 | 1.8
2 |B{P)+SA 3.4 1.4 28 | 18 | 26 | 32 | 13 | 20 | 21
3 | B(P)+8SA 4.3 2.3 38 | 25 | 35 | 4.0 2 28 | 30
4 |B+B(P)+SA 37 2.1 32 | 24 | 29 | 34 | 18 | 27 | 29
5 |B+B(P)+85A 45 2.4 40 | 256 | 37 | 42 | 23 | 29 | 32
6 | SA 2.8 1.2 2.1 14 | 19 | 22 | 10 | 15 | 1.7
7 | 8SA 4.4 2.4 39 | 27 | 36 | 4.1 20 | 30 | 31
8 | PL+2SA 35 1.6 3.1 19 | 38 | 33 | 14 | 22 | 23
g | PL+3SA 40 2.0 835 | 23 | 32 | 37 | 16 | 27 | 28
10 | PL+10SA 4.5 2.7 39 | 29 | 38 | 4.1 24 | 32 | 31
11 | UV+PL+2SA 4.1 1.7 34 | 19 | 32 | 38 | 14 | 27 | 28
2 [ W+PLaA | 42 | 22 | 35 | 23 | 33 | 39 | 17 | 28 | 29
13 | UV+PL+10SA 4.5 2.8 39 | 3.1 37 | 4.1 25 | 33 | 34
14 | 2SA1+PL+35A | 339 1.9 34 | 21 32 | 36 | 16 | 24 | 25
15 | BO)® 1.2 1.2 12 [ 12 [ 12 |12 | 12 | 12 | 12
16 | BIC)+SA 3.1 1.3 26 | 1.7 | 23 | 30 | 12 | 18 | 20
17 | BIC)+8SA 3.7 2 32 | 22 | 29 | 34 | 16 | 24 | 25
18 | B+B(C)+SA 3.3 1.6 28 | 18 | 25 | 30 | 12 | 19 | 22
19 | B+B(C)+8SA 4.1 2.2 35 | 24 | 32 | 38 | 18 | 26 | 27
20 | PH+25A 36 1.9 33 | 21 | 29 | 34 | 15 | 22 | 27
21 | PH+3SA 37 20 34 | 22 | 30| 35 | 16 | 27 | 28
22 | PH+108A 4.4 2.9 40 | 32 | 39 | 41 25 | 35 | 36
23 | UV+PH+28A 3.8 1.9 33 | 22 | 30 | 35 | 15 | 25 | 26
24 | UV+PH+3SA 3.9 2.2 34 | 25 | 32 | 37 | 19 | 28 | 29
25 | UV+PH+10SA | 42 2.4 38 | 26 | 35 | 40 2 29 | 30
26 | 2SAT+PH+3SA | 39 2.2 35 | 24 | 34 | 38 | 19 | 27 | 28"
27 | BPC)® 1.2 1.2 12 | 12 | 12 |12 | 12 | 12 | 12
28 | BPC)+SA 3.3 1.4 28 | 17 | 25 | 30 | 12 | 19 | 20
29 | B(PC)+8SA 4.3 2.4 38 | 26 | 35 | 4.1 2 32 | 31
30 | B+B(PO)+SA | 35 1.7 3.1 19 | 27 | 82 | 14 | 22 | 22
31 | B+B(PC)+85A | 45 2.6 41 | 29 | 38 | 43 | 22 | 33 | 33
Saree Rank {Ignition) 9 2 7 3 4 8 1 5 6

* Tested without saree fabric
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saree, polyester:cotton 33:67 blend takes 1.2 s, polyester:viscose 33:67 blend
takes 1.4 s and polyester:cotton 50:50 blend takes 1.5 s. Polyester:viscose
50:50 blend takes 1.7 s, polyester:cotton 67:33 blend takes 1.9 s, polyeste-
:viscose 67:33 blend takes 2.1 s and polyester takes 2.2 s. The results revels
that time for ignition depends upon the time required by fibres to reach its
ignition temperature at a constant heat flux, as cotton ignites at 400°C it is first
to ignite and as nylon ignites at 532° C it is lastly ignited among all the
samples. The ignition temperature of polyester is 450°C, which requires more
time to reach the ignition temperature than cotton with lower ignition
temperature. Thus, the time for ignition of polyester:cotton blended fabric
need more time to ignite than cotton fabric. Similarly the ignition temperature
of viscose is 420° C and polyester is 450" C, which delays the time for ignition
for polyester:viscose blend as compared to viscose fabric. Hence the time for
ignition for blended fabric depends upon the ignition temperature of the
individual component of blend and proportion of that component in the blend,
more the proportion of higher ignition temperature fibres, more will be time
required by the blend to reach the ignition temperature.

It can also be seen that time for ignition of a particular zone of saree, depends
on the mass and proportion of material in sandwich layers. When cotton saree
in two layers, three layers and ten fayers is tested along with light and heavy
petticoat, the Ty values of saree increase as the layers increases showing
_difficulty to reach the ignition temperature due to increase in layers and there
by increase in mass at a given area. The same trend is observed for all saree
material as seen from Table 6.3 and Table 6.4 to Table 6.12.

6.3.1 Nylon Saree (SA1) along with Supporting Garments

The analysis of ignition studies on nylon saree along with supporting
garments reveals that, the saree can be easily ignited from its various zones
at minimum 2.8 s and maximum at 4.5 s. The resuits show an ease of ignition
at singlé layer and difficulty at multiple layers at waist, interior thighs, lower
legs, upper arms, posterior trunk, chest and perineum of the female body. The |
studies also reveal that time for ignition of nylon saree depends not only upon
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the material but also on the number of layers to be ignited. Nylon saree single
layer easily ignites at 2.8 s where as with eight layers it ignites at 4.4 s,

The ignition time of saree changes depehding upon the type of blouse
material, when it is burnt with cotton blouse fabric it is ignited at 3.1 s,
polyester:cotton blended blouse fabric at 3.3 s and polyester blouse fabric at
3.4 s. The ignition time of nylon saree increases from 3.3 s t0 3.4 s, when it is
bumed with heavy cotton petticoat fabric compared to light cotton petticoat
fabric and this trend is true in all combinations of heavy and light petticoat
fabrics as seen in Fig.6.1a to Fig.6.1f.

i) 1% Combination:

It was found from Table 6.4 that, when nylon saree is tested with its 1%
combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum 7.20 and 8.16 callcm?s at 45° and 90" test
respectively, for the UV+PL+108A1 zone, where the total gsm is 828.
Whereas for the B+ B(P) +8SA1 zone with 673 gsm, the AIHF is 6.40 and
7.80 calicm®s at 45" and 90’ test respectively. The minimum AIHF value is at
SA1 and is 0.86-1.12 callem?s. The number of hydrogen and 6arbon atoms
available in 828 gsm sample is more than that at 673 gsm sample, the nylon
material have 34 carbon hydrogen atoms and 20 Carbon hydrogen bonds in a

single unit, possessing bond energy of around 413 kJ/mol per C-H bond. Due -

to addition of nylon layers with cotton layers more amount of hydrocarbons
are available for oxidation as compared to the other zone. More the proportion
of strong bonds more will be the energy required for formation and
dissociation of these bonds and more will be the energy liberated during their

burning exothermic reaction.

It can be seen from the Fig.6.2a that the AIHF increases, when polyester
blouse is burnt with single layer saree and eight layer saree along with cotton
bra. The AIHF values increases from 0.86-1.12 cal/cm®s at single saree zone
to 1.41-1.86 callcm®s at B(P)+SA1 zone. The AIHF values also increases
from 2.92-3.82 callcm®s at 8SA1 to 5.04-5.60 cal/cm’s at B(P)+8SA1 zone.
This rise in AIHF values signifies that polyester blouse significantly increases
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the AIHF values. It is found that polyester blouse combination incidents least
AIHF compared to polyester:cotton and cotton blouse. This can be attributed
to the fact that the number of hydrogen and carbon atoms available in a single |
unit of polyester molecule is 34, cotton is 32 and polyester:cotton blend it is
~average of the two. Moreover, the flame propagation ra;te'and buming rate is
low in case of polyester as compared with cotton and polyester:cotton
blended blouse combination.

It is found that as the number of fabric layers increases, gsm increases which
in tumn increases the number of hydrogen and carbon atoms. The energy
liberated due to breaking of the bond between the atoms is an exothermic
reaction, which takes place during burning, there by increasing heat emission,
incident heat flux and thus the AIHF value, depending upon the molecular
structure, hydrogen and carbon content and type and length of bonding

existing between the molecules.

From the above observations, it is seen that in all the cases of nylon saree
combinations, the maximum AIHF occurred at 90° test as compared to 45°.
AIHF depends upon the heat emitted by the material, flame propagation rate
~ and burning rate of the sample, which is confrolled by the molecular structure
and the angle of burning samples, as it can be seen that FPR at 90° is faster
than in case of 45° in all cases.

ii) 2" Combination:

it was found that, when nylon saree is tested with 2" combination (cotton
blouse, light petticoat, cotton bra and cotton underwear) the AIHF is maximum
for the B+B(C)+8SA6 zone. The gsm for the zone is 675 and the AIHF is 5.74
and 6.94 cal/lcm®s at 45" and 90’ tests respectively. The average heat incident
heat flux is least in the range of 0.86-1.12 cal/cm®s at zone 1SA1.

It can be seen from the Fig.6.2b that cotton blouse increases the AIHF values,
when it is bumt with single layer and eight layer saree along with cotton bra.
The AIHF values increases from 0.86-1.12 callcm®s at single saree zone to
1.53-2.78 cal/cm®s at B(C)+SA1 zone, which is less than polyester:cotton
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blend blouse as the number of hydrocarbons added due to use of cotton
blouse is less than polyester:cotton blouse.

The AIHF values also increases from 2.92-3.92 cal/cm?s at 8SA1 saree zone

to 5.00-6.05 cal/cm’s at B(C)+8SA1 zone. This rise in AIHF values signifies

that cotton blouse significantly increases the AIHF values. The moderate

AlHF was found in case of cotton blouse combination, as 32 number of
carbon and hydrogen atoms are available in single unit of cotton and 14 C-H

bonds are available as compared to polyester with 20 C-H bonds and 34

number of carbon and hydrogen atoms in.a single unit.

iii) 3" Combination:

It was found that, when Nylon saree is tested with 3 combination
(polyester.cotton blend blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum for B+B(PC)+8SA1 zone, the gsm of the
zone is 675 and the AIHF is 5.70 and 7.50 cal/cm®s at 45" and 90 test
respectively.

It can be seen from the Fig. 6.2c that polyester:cotton blend blouse increases
the AIHF values, when it is bumnt with single ~layer and eight layer saree along
with cotton bra. The AIHF values increases from 0.86-1.12 cal/cm?s at single
saree zone to 1.73-2.69 callcm®s at B(PC)+SA1 2one, which is more than
polyester and cotton blouses.

The AIHF values also increases from 2.92-3.82 cal/cm’s at 8SA1 saree zone

'to 5.31-7.60 cal/lcm®s at B (PC)+8SA1 zone. This rise in AIHF values signifies
that polyester:cotton blended blouse significantly increases the AIHF values.
The maximum AIHF was found in case of the polyester:cotton blouse
combination. The polyester has 34 carbon hydrogen atoms and 20 C-H bonds
and cotton with 32 atoms and 14 C-H bonds and their blend have
proportionate number of hydrocarbons depending upon the proportion of the
blend. When proportion of polyester and cotton is increased in sample, more
energy will be liberated during burning, in turn increasing heat flux and AlHF
values as compared to other blouse material.

85



iv)4™, 5" and 6™ Combination: |

It was found that, when nylon saree is tested with light and heavy petticoat,
cotton bra and cotton underwear, the AIHF is maximum 7.20 and 8.16
cal/cm?®s at 45 and 90’ test respectively for the UV+PH+10SA1 zone, where
the total gsm is 850. Where as for the zone PH+2SA1 with 240 gsm the AIHF
is 2.40 and 3.50 cal/cm®s at 45° and 90 tests respectively. The AIHF value for
23A1+PH+3SA1 zone is 4.48—4.68 callcm®s as seen in the Fig. 6.2 d to
Fig.6.2f.

For light petticoat combinations, the similar trend is observed as seen in
Fig.6.2a to Fig. 6.2c the AIHF is maximum 7.00 and 7.76 cal/lcm’s at 45" and
‘ 90’ test respectively for the UV+PL+10SA1 zone, where the total gsm is 828.
Where as for the PL+2SA1 zone with 218 gsm, the AIHF is 2.21 and 3.32
cal/cm®s at 45° and 90’ tests respectively. The AIHF value for 2SA1+PL+3SA1
zone is 4.30-4.35 cal/cm®s. From the observations it is seen than heavy
petticoat incidents maximum AlHF and light petticoat incidents significantly

less AIHF due to presence of more mass in heavy petticoat.

Nylon saree when bumnt with polyester blouse incidents total 19.87-26.27
callcm®s. Whereas when it is bumt with polyester:cotton blouse it incidents
19.82-28.04 cal/cm?s and when it is burmnt with cotton blouse it incidents
20.08-25.28 cal/cm®s. These heat fluxes are incident on major portion of
breasts there by damaging 4% of TBSA by 2™ degree bumn injuries. Which
clearly indicates that cotton blouse is suitable option for nylon saree among
polyester:cotton and polyester blouses.

Nylon saree when bumnt with light cotton petticoat incidents total 30.26-34.14
cal/cm®s. Where as when it is burnt with heavy cotton petticoat incident 31.44-
35.79 callcm?®s. These heat fluxes are incident on perineum there by
damaging 1% of TBSA by 2™ degree burn injuries. Which clearly indicates
that light cotton petticoat is suitable to use along with the Nylon saree as
compared to heavy petticoat.
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Single saree layer which incidents heat on 1% of TBSA as it on major neck
area. Cotton incident minimum 0.51-0.57 cal/em®s and ranks top in safety.
Nylon incidents 0.86-1.12 cal/cm®s, polyester:cotton 67:33 incidents 1.38-1.78
callcm®s, polyestericotton 33:67 incidents 1.16-1.66 cal/cm?s and
polyester:viscose 50:50 incidents 1.20-1.69 cal/cm®s, polyester:viscose 33:67
incidents 1.29-1.42 callcm®s, polyester.viscose 67:33 incidents 1.45-1.87
cal/cm®s, polyester incidents 1.47-2.04 cal/cm®s and polyester:cotton 50:50
incidents 1.32-2.03 cal/cm®s.

But when the same saree is burnt in 8 layers, polyester:cotion 33:67 incidents
least 3.20-3.79 callcm®s, nylon saree incidents 2.92-3.82 cal/cm®s, Cotton
incidents 5.08-5.31 callcm®s, polyester:cotton 67:33 incidents 4.10-4.56
~ callem®s and polyester:viscose 33:67 incidents 3.36-4.20 cal/cm?®s. Polyester
incidents 4.24-4.69 callcm®, polyester.viscose 67:33 incidents 4.30-4.9
callem®s, polyestericotton 50:50 incidents 4.12-4.95 callcm®s and
polyester:viscose 50:56 incidents 5.23-5.8 callcm?®s, are indicating different
trend and ranking of saree on single and eight layers, this can be attributed to
the fact that the emission of heat during burning of various saree depends
upon the molecular structure, the hydrocarbon and bonding between the
particular atoms but the average incident heat flux 60 measures only the flux
incident only for the initial 60 s, depending upon the molecular structure the
fabric will emit heat but the rate of reaction, which is responsible for this
emission depends upon the flame propagation rate and the burning rate of the
samples. More the FPR and BR more will be the AlHF values. '

6.3.2 Polyester:Cotton (33:67) Saree (SA2) along with Supporting
Garments '

The analysis of ignition studies on Polyester:cotton 33:67 blended saree
reveals that, the saree can be easily ignited from its various zones at
maximum 2.9 s and minimum 1.2 s, showing ease of ignition at single layer
and difficulty at multiple layers at interior thighs and lower legs, similar to
nylon saree results.
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The ignition studies also reveals that time for ighition depends upon the
material and the number of layers to be ignited. Polyester:cotton saree singlé
layer easily ignites at 1.2 s where as with its 8 layers it ignites at 2.4 s. Even
the ignition time of saree changes depending upon the type of blouse
material, when it is bumnt with cotton blouse fabric it is ignited at 2.0 s,
polyester:cotton blend fabric blouse at 1.4 s and polyester blouse at 1.4 s as
cotton can be easily ignited at lower temperature than polyester and its
blended fabric with cotton. '

The ignition time of polyester:cotton 33:67 saree increases from 1.6sto 1.9s,
when it is bumed with heavy cotton petticoat fabric as compared to !ight‘
cotton petticbat fabric and this trend is true in all combinations of heavy and
light petticoat fabrics. The burning of cotton along with pdlyester is seems to
be decided by the proportion of the individual component in the blend. As
heavy cotton petticoat increases the proportion of cotton in the combination as
compared to the light cotton petticoat, there by taking more time to reach the
temperature equal to the ignition temperature of the individual component and
the blended sample.

i) 1% Combination:

It was found from Table 6.5 that, when polyester:cotton (33:67) saree is tested
with 1s‘combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum 6.90 and 7.01 calfcm®s at 45 and 90’ test
respectively for the UV+PL+10SA2 zone, where the total gsm is 828.
Whereas, for the BQ-B(P)+BSA2 zone with 673 gsm the AIHF is 5.28 and 5.45
callcm®s at 45 and 90 test respectively. The minimum AIHF value is at
combination 1SA2 is 1.16-1.66 cal/cm®s. The number of hydrogenA and carbon
atoms available in 828 gsm is more than that at 673 gsm. The polyester
material have 34 carbon hydrogen atoms and 20 C-H bonds in a single unit
and cotton have 32 carbon hydrogen atoms and 14 C-H bonds, possessing
bond energy of around 413 kJ/mol per C-H bond as compared to other zone
of saree with 673 gsm. More the proportion of strong bonds more will be the
energy required for formation and dissociation of these bonds and more will
be the energy liberated during this exothermic reaction.
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It can be seen from the Fig.6.3a that polyester blouse increases the AIHF
values, when it is burnt with single layer and ‘eight layer saree along with
cotton bra. The AIHF values increase from 1.16-1.66 cal/cm?s at single saree
zone to 1.98-2.54 callcm®s at B(P)+SA2 zone. The AIHF values also -
increases from 3.20-3.79 cal/cm®s at 8SA2 zone to 4.50-4.80 callcm®s at
B(P)+8SA2 zone. This significant rise in mass, due to addition of layers of
saree and polyester blouse, increases number of hydrocarbons for oxidation,

librating more energy during the burning process.

It is found that as the number of polyester layers increases, gsm increases
which in turn increases the number of hydrogen and carbon atoms and AIHF
value, depending upon the molecules, their hydrogen and carbon content and
type of bonding existing between the molecules.

From the above observations it is observed that in all the cases of polyester
saree combinations the maximum AIHF occurred at 90" tests as compared to
45’ due to high flame propagation and buming rate at 90" angle of burning as
compared to 45 burning as seen in other saree cases too.

ii) 2" Combination: | |

It was found that, when polyester:cotton 33:67 saree is tested with 2™
Combination (cotton blouse, light petticoat, cotton bra and cotton underwear)
the AIHF is maximum for the B+B(C)+8SA2 zone with 675 gsm, the AIHF is
5.45 and 5.75 cal/cm®s at 45 and 90 test respectively. This maximum
incident of heat flux is due to more amount of mass of cotton at this zone as
blouse and bra is of cotton material, resulting in more amounts for

hydrocarbons available for burning process, emitting more amount of energy.

It can be seen from the Fig.6.3b that cotton blouse increases the AIHF values,
when it is bumt with single layer, three layer and eight layer saree along with
cotton bra. The AIHF values incfeases from 1.16-1.66 cal/cm®s at single saree
zone to 1.70-1.90 callcm®s at B(C)+SA2 zone, which is less than

polyester:cotton blended blouse.
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The AIHF value also increases from 3.20-3.79 cal/cm?s at 8SA2 zone to 3.35-
4.20 callcm®s at B(C)+8SA2 zone. This rise in AIHF values signifiés that
cotton blouse significantly increases the AIHF values. The least AIHF was
found in case of cotton blouse combination as compared to other blouses as
least amount of hydrocarbons are present in cotton molecule as compared to
polyester and its blend with cotton.

iii) 3™ Combination:

It was found that, when polyester:.cotton 33:67 saree is tested with 3"
Combination (polyester:cotton blend blouse, light petticoat, cotton bra and
cotton underwear) the AIHF is maximum at the B+B(PC)+8SA2 zone with
675 gsm and is 4.15 and 4.35 cal/cm®s at 45 and 90’ test respectively.

It can be seen from the Fig. 6.3c that polyester:cotton blend blouse increases
the AIHF values, when it is burnt with single layer saree, and eight layer saree
along with cotton bra. The AIHF values increases from 0.86-1.12 cal/cm®s at
single saree zone to 1.73-2.69 cal/cm®s at B(PC)+SA2 zone, which is more
than polyester and cotton blouses.

The AIHF values also increases from 2.92-3.82 cal/lcm®s at 8SA2 zone to
5.31-7.60 cal/cm?®s at B(PC)+8SA2 zone. This rise in mass significantly
increases the AIHF values. The maximum AIHF was found in case of the
polyester:.cotton blouse combination. | |

iv) 4™, 5" and 6™ Combination:

It was found that, when polyester:cotton 33:67 saree is tested with light
petticoat and heavy petticoat, cotton bra and cotton underwear, the AIHF is -
maximum at UV+PH+10SA2 zone. The AIHF is 6.90 and 7.01 callcm’s at 45’
and 90" tests respectively, where the total gsm is 850. Where as for the zone
PH+2SA2 with 240 gsm the AIHF is 2.54 and 2.68 cal/cm?®s at 45 and 90 test
respectively. The AIHF value for 25A2+PH+3SA2 zone is 4.59-4.87 callem®s
as seen in the Fig.6.3a to Fig.6.3f. |
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For light petticoat combinations, the similar trend is observed as seen in
Fig.6.3a to Fig.6.3c the AIHF is maximum 6.54 and 6.86 cal/cm’s at 45 and
90’ test respectively for the UV+PL+10SA2 zone, where the total gsm is 828.
Where as for the zone PL+25A2 with 218 gsm the AIHF is 1.90 and 2.11
calfem®s at 45° and 90" tests respectively. The AIHF value for 2SA2+PL+3SA2
zone is 3.90-4.13cal/cm?s.

From the observations it is seen than heavy petticoat incidents maximum
AIHF and light petticoat incidents significantly less AIHF. Polyester:cotton
33:67 saree when burnt with polyester blouse incidents around 19.47-23.50
callem®s. Whereas when it is bumnt with polyester:cotton blouse it incidents
18.95-21.75 cal/em®s and when it is bumt with cotton blouse it incidents
17.73-21.61 callqmzs. These Heat fluxes are incident on major portion of
breasts there by damaging 4% of TBSA by 2™ degree bum injuries. Which
clearly indicates that cotton blouse is suitable option for polyester:cotton saree
among polyester and cotton:polyester blouses.

Polyester:cotton 33:67 saree when bdmt with light cotton petticoat incidents
26.16-29.22 cal/lcm?s. Where, as when it is burnt with heavy cotton petticoat
incident maximum 30.73-33.17 callcm?s. These heat fluxes are incident on
interior thighs and lower legs there by damaging 6% of TBSA by 2™ degree
bumn injuries. Which clearly indicates that light cotton petticoat is suitable to
use along with the polyester.cotton 33:67 saree as compared to heavy
petticoat.

6.3.3 Polyester:Viscose (67:33)' Saree (SA3) along with Supporting
Garments _ |

The analyses of ignition studies on polyester:viscose 67:33 saree reveals that,
polyester.viscose 67:33 saree can be easily ignited from its various zones at
maximum 4.1 s and minimum 2.1 s, showing ease of ignition at single layer
and difficulty at multiple layers at chest zone.

The ignition studies also reveals that time for ignition depends upon not only
the material but also the number of layers to be ignited. Polyester:viscose
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67:33 saree single layer easily ignites at 2.1 s where as with 8 layers it ignites
at 3.9 s. Even the ignition time of saree changes when it is burnt with cotton
blouse fabric 3.2 s and polyester:cotton blended fabric 2.8 s as compared to
polyester blouse, taking 2.8 s to ignite.

The ignition time of polyester:viscose 67:33 increases from 3.1 s to 3.3 s,
when it is burned with heavy cotton petticoat fabric compared to light cotton
petticoat fabric and this trend is true in all combinations of heavy and light
petticoat fabrics.

i) 1% Combination:

It was found from Table 6.6 that, when polyester.viscose 67:33 saree is tested
with 1%t Combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum 7.30 and 7.71 cal/cm®s at 45" and 90’ test
respectively for the UV+PL+108SA3 zone, where the total gsm is 918. Where
as for the B+B(P)+8SA3 zone with 745 gsm the AIHF is 7.20 and 7.90
callcm®s at 45" and 90" test respectively. The minimum AIHF value is at
combination 1SAS is 1.45-1.87 cal/cm®s. The number of hydrogen and carbon
atoms available in 918 gsm is more than that at 745 gsm. The polyester
material have 34 carbon hydrogen atoms and 20 C-H bonds in a single unit
and viscose have 45 carbon hydrogen atoms and 27 C-H bonds, possessing
bond energy of around 413 kJ/mol per C-H bond as compared to other zone
of saree with 745 gsm. More the proportion of strong bonds more will be the
energy required for formation and dissociation of these bonds and more will
be the energy liberated during this exothermic reaction.

it can be seen from the Fig.6.4a that polyester blouse increases the AIHF
values, when it is burnt with single layer and eight layer saree along with
cotton bra. The AIHF values increase from 1.45-1.87 cal/cm®s at single saree
zone to 2.10-3.20 4cal/cmzs at B(P)+SAS3 zone. The AIHF values also increase
from 4.30-4.90 cal/cm®s at 8SA3 zone to 4.98-5.20 cal/lcm’®s at B(P)+8SA3
zone. This rise in AIHF values signifies that polyester blouse significantly

increases the AIHF values due to addition of more mass in the combination.
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It is found that as the number of layers of polyester.viscose 67:33 saree
increases, gsm increases which in turn increases the AIHF value, depending
upon the composition of the material, more the amount of hydrogeri and
carbon more will be the AIHF. From the above observations it is observed that
in all the cases of pblyester:viscose 67:33 saree combinations maximum AlIHF
occurs at 90° test as compared to 45", |

ii) 2" Combination:

It was found that, when polyester:viscose 67:33 saree is tested with 2ond
Combination (cotton blouse, light petticoat, cotton bra and cotton. underwear)
the AIHF is maximum for the B+B(C)+8SA3 zone. The gsm for the zone is
747 and the AIHF is 5.36 and 5.90 cal/cm®s at 45’ and 90 tests respectively.

It can be seen from the Fig.6.4b that cotton blouse increases the AIHF values,
when it is bumt with single layer and eight layer saree along with cotton bra.
The AIHF values increases from 1.45-1.87 cal/cm®s at single saree zone to
1.57-2.45 cal/lcm’s at B(C)+SA3 zone, which is less than polyester:cotton
blend and polyester blouse.

The AIHF values also increase from 4.30-4.90 cal/cm’s at 8SA3 saree zone to
5.20-5.40 cal/cm®s at B(C)+8SA3 zone. This rise in AIHF values signifies that
~ cotton blouse significantly increases‘ the AIHF values due to addition of more
mass lead to more hydrocarbons in the combination. The least AIHF was
found in case of cotton blouse combination as cotton have least number of
hydrocarbons in its single unit as cdmpared to polyester and its blend with
cotton.

iii) 3" Combination: 4

It was found that, when polyester:viscose 67:33 saree is tested with 3™
- combination (polyester:cotton blend blouse, light petticoat, cotton bra and
cotton underwear) the B+B(PC)+8SA3 zone with 747 gsm gives maximum
AIHF of 4.23 and 4.35 cal/cm®s at 45" and 90 test respectively, as seen

even in other saree cases. - ‘
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It can be seen from the Fig. 6.4c that polyester:cotton blend blouse in_creases‘
the AIHF values, when it is burnt with single layer and eight layer saree along
with cotton bra. The AIHF value increases from 1.45-1.87 cal/cm®s at single
saree zone to 2.25-2.36 callcm®s at B(PC)+SA1 zone, which is more than

cotton blouse.

The AIHF values also increases from 4.30-4.90 cal/lcm’s at 8SA3 zone to
4.00-6.38 cal/cm?s at B(PC)+8SA3 zone. This rise in AIHF values signifies
that polyester.cotton blend blouse significantly increases the AIHF values.
The maximum AIHF was found in case of the polyester:cotton blouse
combination due to éddition of more polyester and cotton mass in the
combination.

iv) 4™ 5"™and 6™ Combination:

It was found that, when polyester:viscose 67:33 saree is tested with light and
~heavy petticoat, cotton bra and cotton underwear, the AIHF is maximum at
UV+PH+108A3 zone. The AIHF is 7.30 and 7.71 callcm®s at 45” and 90’ tests
respectively, where the total gsfn is 940. Where as for the zone PH+2SA3
with 258 gsm the AIHF is 3.14 and 3.22 cal/cm®s at 45 and 90 test
respectively. The minimum AIHF value at 25A3+PH+3SA3 zone is 4.85-5.10
cal/lcm®s as seen in the Fig.6.4 d to Fig.6.4 f showing increase in values of
AIHF in relation to the mass and proportion of the materials.

For light petticoat combinations, the similar trend is observed as seen in
Fig.6.4a to Fig.6.4c, the AIHF is maximum 6.21 and 6.35 cal/cm?®s at 45 and
90 test respectively for the UV+PL+10SA3 zone, where the total gsm is 918.
Where as for the zone PL+2SA3 with 236 gsm the AIHF is 3.00 and 3.26
cal/cm®s at 45" and 90’ tests respectively. The AIHF value for 2SA3+PL+3SA3
zone is 4.37-4.66 cal/cm®s.

From the observations it is seen than heavy petticoat incidents maximum
AIHF and light petticoat incidents significantly less AIHF. Polyester:viscose
67:33 saree when bumt with polyester blouse incidents 24.21-28.73 cal/cm®s.
Whereas when it is burnt with polyester:cotton blouse it incidents 21.33-26.47
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cal/cm®s and when it is burnt with cotton blouse it incidents 23.11-26.19
cal/cm®s. These Heat fluxes are incident on major portion of breasts there by
damaging 4% of TBSA by 2™ degree bum injuries. Which clearly indicates
that cotton blouse is suitable option for polyester.cotion saree among 100 %
polyester and cotton:polyester blend blouses.

Polyester:viscose 67:33 saree when burnt with light cotton petticoat incidents
31.81-35.53 cal/lcm®s. Whereas when it is burnt with 100 % heavy cotton
petticoat incidents 33.81-36.54 cal/cmgs. These heat fluxes are incident on
interior thighs and lower legs there by damaging 6% of TBSA by 2™ degree
burn injuries. Which clearly indicates that light cotton petticoat is suitable to
use along with the polyester:viscose 67:33 saree as compared to heavy
pgtticoat.

6.3.4 Polyester:Viscose (33:67) Saree (SA4) along with Supporting
Garments |

The analyses of ignition studies on polyester:viscose 33:67 saree reveals that,
polyester.viscose 33:67 saree can be easily ignited from its various zones. It
takes maximum 3.2 s and minimum 1.4 s to ignite, showing ease of ignition at
single layer and difficulty at multiple layers on interior thighs and lower legs.

The ignition studies also reveals that time for ignition depends upon not only
the material but also the number of layers to be ignited. Polyester.viscose
33:67 saree single layer easily ignites at 1.4 s, where as with its 8 layers it
ignites at 2.7 s. Even the ignition time of saree changes when it is burnt with
cotton blouse fabfic at 1.7 s and polyester:cotton blended fabric at 1.7 s as
compared to polyester blouse taking 1.8 s to ignite.

The ignition time of polyester.viscose 33:67 increases from 1.9 s to 2.1 s,
when it is burned with heavy cotton petticoat fabrfc compared to light cotton
petticoat fabric and this trend is true in all combinations of heavy and light
petticoat fabrics.
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i) 1* Combination:

it was found from Table 6.7 that, when polyester:viscose 33:67 saree is tested
with 1% combination (polyester blouse, light petticoat, cotton bra and cotton
uhderwear) the AIHF is maximum 5.90 and 6.20 cal/cm®s at 45 and 90’ test
respectively. For the UV+PL+10SA4 zone the total gsm is 828. Where as for
the B+B (P)+8SA4 zone with 673 gsm the AIHF is 5.60 and 5.70 callcm®s at
45" and 90’ tests respectively. The minimum AIHF value is 1.38-1.78 cal/cm®s
at combination 1SA4. The number of hydrogen and carbon atoms available in
828 gsm is more than that at 673 gsm. The polyester material have 34 carbon
hydrogen atoms and 20 C-H bonds in a single unit and viscose with 45 carbon
hydrogen atoms and 27 C-H bonds, possessing bond energy of around 413
kJ/mol per C-H bond as compared to other zones of saree with 673 gsm.

It can be seen from the Fig.6.5a that polyester blouse increases the AIHF
values, when it is bumt with single layer saree and eight layer saree along
with cotton bra. The AIHF values increase from 1.38-1.78 cal/cm?s at single
saree zone to 2.79-3.10 cal/cm®s at B(P)+SA4 zone. The AIHF values also
increases from 4.10-4.56 callcm®s at 8SA4 zone to 4.26-4.60 cal/cm’s at
B(P)+8SA4 zone. This rise in AIHF values signifies that polyester blouse
significantly increases the AIHF values due to addition of polyester mass in
the combination.

It is found that as the number of polyester:viscose (33:67) saree layers
increases, gsm increases which in turn increases the AIHF value, depending
upon the composition of the material, more the amount of hydrogen and
carbon atoms, more will be the AIHF . From the above observations it is
observed that in all the cases of polyester:viscose 33:67 saree combinations
the maximum AIHF occurs at 90 test as compared to 45 due to high FPR
and BR at 90" than at 45,

ii) 2"Y Combination:

It was found that, when polyester:viscose 33:67 saree is tested with 2™
combination (cotton blouse, light petticoat, cotton bra and cotton underwear)
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the AIHF is maximum for the B+B(C)+8SA4 zone. The gsm at the zone is
675 and the AIHF is 5.34 and 5.80 callcm®s at 45  and 90 test respectively.

it can be seen from the Fig.6.5b that cotton blouse increases the AIHF values,
when it is burnt with singlé layer saree and eight layer saree along with cotton
bra. The AIHF values increases from 1.38-1.78 cal/lcm?s at single saree zone
to 1.90-2.40 calicm®s at B(C)+SA4 zone, which is less than polyester:cotton
blend and polyester blouse.

The AIHF values also increase from 4.10-4.56 cal/cm®s at 8SA4 zo‘ne to 4.06-
4.60 callcm?s at B(C)+8SA4 zone. This rise in AIHF values signifies that
cotton blouse significantly increases the AIHF values. The least AIHF was
found in case of cotton blouse combination compared to other blouses, as
cotton add least number of hydrocarbons compared to polyestér and its blend
with cotton.

iii) 3" Combination:

It was found that, when polyester.viscose 33:67 saree is tested with 3™
combination (polyester:cotton blend blouse, light petticoat, cotton bra and
cotton underwear) the AIHF is maximum for the B+B(PC)+8SA4 zone with
675 gsm the AIHF is 4.30 and 4.60 cal/cm®s at 45’ and 90 test respectively.

It can be seen from the Fig.6.5c that polyester.cotton blended blouse
increases the AIHF values, when it is burnt with single layer saree and eight
layer saree along with cotton bra. The AIHF value increases from 1.38-1.78
callcm®s at single saree zone to 1.67-2.26 cal/lcm®s at B (PC)+SA4 zbne,
which is more than cotton blouse. The AIHF values also increases from 4.10-
4.56 cal/cm®s at 8SA4 zone to 5.62-5.90 cal/cm®s at B (PC)+8SA4 zone. This
rise in AIHF values signifies that polyester.cotton blended blouse significantly
increases the AIHF values. The maximum AIHF was found in case of the
polyester:cotton blouse combination.
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iv) 4", 5™ and 6™ Combination: |

it was found that, when polyester:viscose 33:67saree is tested with light and
heavy petticoat, cotton bra and cotton underwear, the AIHF is maximum at
UV+PH+10SA4 zone. The AIHF is 6.73 and 7.60 callcm®s at 45" and 90" test
respectively, where the total gsm is 850. Where as for the zone PH+2SA4
with 240 gsm the AIHF is 3.10 and 3.98 callcm®s at 45 and 90  tests
respectively. The AIHF value for 25A4+PH+3SA4 zone is 4.40-4.60 callcm?s
as seen in the Fig.6.5 d to Fig.6.5f.

For light petticoat combinations, the similar trend is observed as seen in
Fig.6.5a to Fig.6.5¢ the AIHF is maximum 5.90 and 6.20 cal/cm®s at 45 and
90 test respectively for the UV+PL+10SA3 zone, where the total gsm is 828.
Where as for the zone PL+25A4 with 218 gsm the AIHF is 2.97 and 3.35
cal/cm?s at 45 and 90’ tests respectively. The AIHF value at 25A4+PL+3SA4
zone is 4.26-4.39 callcm?s.from the observations it is seen that AIHF
increases with mass and composition of material.

Polyester:viscose 33:67 saree when bumt with polyester blouse incidents
22.40-25.40 cal/cm?‘s. Whereas when it is burnt with polyester:cotton blouse it
incidents 21.89-25.01 cal/lcm?®s and when it is burnt with cotton blouse it
incidents 21.96-24.71 callcm®. These heat fluxes are incident on major
portion of breasts there by damaging 4% of TBSA by 2™ degree Bum injuries.
Which clearly indicates that cotton blouse is suitable option for
polyester:viscose saree among polyester and cotton:polyestér blend blouses.

Polyester:viscose 67:33 saree when burnt with light cotton petticoat incidents
29.10-31.17 cal/lcm®s. Where as when it is burnt with light cotton petticoat
incidents maximum 31.07-34.09 cal/cm®s. These heat fluxes are incident on
interior thighs and lower legs there by damaging 6% of TBSA by 2nd degree
burn injuries. Which clearly indicates that light cotton petticoat is suitable to
use along with the polyester.viscose 33:67 saree as compared to heavy
petticoat.
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6.3.5 Polyester:Cotton (67:33) Saree (SAS5) along with Supporting
Garments .

The analyses of ignition studies on polyester:cotton 67:33 saree reveals that,
polyester:cotton 67:33 saree can be easily ignited from its various zones at
maximum 3.9 s and minimum 1.9 s, showing ease of ignition at single layer
~ and difficulty at multiple layers at interior thighs and lower legs.

- The ignition studies also reveals that time for ignition depends upon not only
the material but also the number of layers to be ignited. polyester:cotton 67:33
saree single layer easily ignites at 1.9 s where as with its 8 layers it ignites at
3.6 s. Even the ignition time of saree changes when it is burnt with cotton
blouse at 2.3 s and poiyester cotton blouse at 2.5 s as compared to polyester
blouse taking 2.6 s to ignite. \

The ignition time of polyester:cotton 67:33 increases from 2.8 s to 2.9 s, when
it is burned with heavy cotton petticoat fabric compared to light cotton
petticoat fabric and this trend is true in all combinations of heavy and light
petticoat fabrics

i) 1°* Combination:

It was found from Table 6.8 that, when polyester:cotton 67:33 saree is tested
with 1% combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum 5.80 and 6.10 cal/cm®s at 45" and 90" test
respectively. For the UV+PL+10SA5 zone the total gsm is 788. Where as for
the B+B(P)+8SA5 zone with 641 gsm the AIHF is 5.32 and 5.50 cal/lcm®s at
45" and 90" test respectively. The minimum AIHF value is 1.29-1.42 cal/cm®s
at combination 1SA5. The number of hydrogen and carbon atoms available in
788 gsm is more than that at 541 gsm. The of polyester material having 34
carbon hydrogen atoms and 20 C-H bonds in a single unit and cotton with 32
carbon hydrogen atoms and 14 C-H bonds, possessing bond energy of
around 413 kJ/mol per C-H bond as compared to other zones of saree with
641 gsm. More the proportion of strong bonds more will be the energy
required for formation and dissociation of these bonds and more will be the
energy liberated during this exothermic reaction.
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it can be seen from the Fig.6.6a that polyester blouse increases the AIHF
values, when it is burnt with single layer and eight layer saree along with
cotton bra. The AIHF values increase from1.29-1.42 cal/cm®s at single saree
zone to 2.34-2.90 callem®s at B(P)+SA5 zone. The AIHF values also
increases from 3.36-4.20cal/cm?s at 8SA4 saree zone to 3.35-4.23 callcm®s
at B(P)+8SA5 zone. This rise in AIHF values signifies that polyester blouse
* significantly increases the AIHF values, due to addition of more mass of

polyester in the combination.

It is found that as the number of polyester:cotton 67:33 layers increases, gsm
increases which in tum increases the AIHF value, depending upon the
composition of the material, more the amount of hydrogen and carbon more
will be the AIHF. From the above observations it is observed that in all the
cases of polyester.cotton 67:33 combinations the maximum AIHF occurs at
90’ test as compared to 45 as seen in all cases of saree tested.

ii) 2" Combination:

It was found that, when polyester:cotton 67:33 saree is tested with 2™
combination (cotton blouse, light petticoat, cotton bra and cotton under wéar)
the AIHF -is maximum at the B+B(C)+8SA5 zone. The gsm for the zone is
643 and the AIHF is 5.80 and 6.53 cal/cm?s at 45" and 90" test respectively.

It can be seen from the Fig. 6.6b that cotton blouse increases the AIHF
values, when it is burnt with single layer and eight layer saree along with
cotton bra. The AIHF values increases from 1.29-1.42 cal/cm®s at single saree
zone to 2.21-2.46 callcm®s at B(C)+SA5 zone, which is less than
polyester:cotton blend and polyester blouse.

The AIHF value also increases from 3.36-4.20 cal/cm®s at 8SA5 zone to 3.65-
3.97 callom?®s at B(C)+8SA5 zone. This significant rise in AIHF values
signifies that cotton blouse significantly increases the AIHF values. The least
AIHF was found in case of cotton blouse combination as seen even in earlier

saree cases.
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iii) 3" Combination:

It was found that, when polyester:cotton 67:33 saree is tested with 3"
combination (polyester:cotton blend blouse, light petticoat, cotton bra and
cotton underwear) the AIHF is maximum for the B+B (PC)+8SA5 zone with
643 gsm the AIHF is 3.90 and 4.50 cal/lcm?® s at 45'and 90° test respectively.

It can be seen from the Fig.6.6¢c that polyester.cotton blended blouse
increases the AIHF values, when it is burnt with single layer and eight layer
saree along with cotton bra. The AIHF values increases from 1.29-1.42
callem®s at single saree zone to 1.68-2.38 callcm®s at B(PC)+SA5 zone,

which is more than cotton blouse.

The AIHF values also increases from 3.36-4.20 cal/cm®s at 8SA5 saree zone
to 4.84-5.44 cal/cm®s at B(PC)+8SA5 zone. This rise in AIHF values signifies
that polyester:cotton blend blouse significantly increases the AIHF values.
The maximum AIHF was found in case of the polyesier.cotton blouse
combination.

iv) 4™ 5™ and 6™ Combination :

It was found that, when polyester:cotton 67:33 saree is tested with light and
heavy petticoat, cotton bra and cotton underwear, the AIHF is maximum at
UV+PH+10SA5 zone. The AIHF is 7.20 and 7.40 cal/cm®s at 45" and 90 tests
respectively, where the total gsm is 810 where as for the zone PH+2SA5 with
232 gsm the AIHF is 3.01 and 3.20 cal/lcm®s at 45° and 90’ test respectively.
The AIHF value for 2SA5+PH+3SA5 zone is 4.28-4.47 cal/lcm®s as seen in the
Fig.6.6d to Fig.6.6f

For light petticoat combinations, the similar trend is observed as seen in Fig.
6.6a to Fig.6.6¢c the AIHF is maximum 5.80 and 6.10 cal/cm®s at 45  and 90°
test respectively for the UV+PL+10SA5 zone, where the total gsm is 788.
Where as for the zone PL+2SA5 with 210 gsm the AIHF is 2.30 and 2.97
callcm®s at 45 and 90 tests respectively. The AIHF value for 2SA5+PL+3SA5
zone is 4.00-4.15 cal/cm®s. From the observations it is seen that heavy
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petticoat incidents more AIHF than light petticoat as seen in all cases of saree

combinations.

Polyester:cotton 67:33 saree when burnt with polyester blouse incidents
19.66-23.80 cal/lcm®s. Whereas when it is burnt with po!yestér:cotton blouse it
incidents 18.88-23.10 cal/cm?®s and when it is burnt with cotton blouse it
incidents 21.24-23.95 callcm®s. These heat fiuxes are incident on major
portion of breasts there by damaging 4% of TBSA by 2™ degree burn injuries.
Which clearly indicates that cotton:polyester blouse is suitable option for

polyester:cotton saree among polyester and cotton blouses.

Polyester:cotton 67:33 saree when burnt with light cotton petticoat incidents
27.74-29.75 callcm’s. Where as when it is bumt with heavy cotton petticoat
incidents 32.19-33.87 callcm®s. These heat fluxes are incident on interior
thighs and lower legs there by damaging 6% of TBSA by 2" degree burn
injuries. Which clearly indicates that light cotton petticoat is suitable to use
along with the polyester: cotton 67:33 saree as compared to heavy petticoat.

6.3.6 Polyester Saree (SA6) along with Supporting Garments

The analyses of ignition studies on polyester saree reveals that, the saree can
be easily ignited from its various zones at maximum 4.3 s and minimum 1.4 s,
showing ease of ignition at single layer and difficulty at multiple layers at waist

- Zone.

The ignition studies also reveal that time for ignition depends upon not only
the material but also on the number of layers to be ignited. Polyester saree
single layer easily ignites at 2.2 s where as with its 8 IayersA ignites at 4.1 s.
Even the ignition time of polyester saree changes when it is burnt with cotton
blouse fabric at 3.4 s and polyester.cotion blended fabric at 3.1 s as
compared to polyester blouse taking 3.2 s to ignite.

 The ignition time of polyester increases from 3.1 s to 3.3 s, when it is burned
with heavy cotton petticoat fabric as compared to light cotton petticoat fabric
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and this trend is true in all combinations of heavy and light petticoat fabrics as

seen.

i) 1°! Combination:

It was found from Table 6.9 that, when polyester saree is tested with 1s‘v
combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum at B+B(P)+8SA6 zone. The AIHF is 9.06
and 9.44 cal/cm?s at 45" and 90’ tests respectively and the gsm is 633. Where
as for the UV+PL+10SA6 zone with maximum 778 gsm, the AIHF is 7.62 and
8.09 cal/cm®s at 45 and 90’ tests respectively. The minimum AIHF value is at
combination S(P) is 2.04 cal/cm?s. The number of hydrogen and carbon
atoms available in 633 gsm is more due to presence of polyester than that at
778 gsm, even though the mass of the sample is less. More the propdnion of
strong hydrocarbon bonds more will be the energy required for formation and
dissociation of these bonds and more will be the energy liberated during this
buming exothermic reaction.

It can be seen from the Fig.6.7a that polyester blouse increases the AIHF
values, when it is burnt with single layer and eight layer saree along with
cotton bra. The AIHF values increases from 1.47-2.04 cal/cm®s at single saree
zone to 1.87-3.19 callcm’®s at B(P)+SA6 zone. The AIHF values also
increases from 4.24-4.69 callcm?s at 8SA6 zone to 4.58-4.89 callcm®s at
B(P)+8SA6 zone. This rise in AIHF values signifies that polyester blouse
significantly increases the AIHF values. The maximum AIHF was found in
polyester blouse combination showing increase compared to other blouse
material, there by incident this heat flux on around 25 % of TBSA.

It is found that as the number of polyester saree layers increases, gsm
increases which in tum increases the AIHF value. From the above -
observations it is seen that even in all the cases of polyester saree
combinations the maximum AIHF occurred at 90° test as compared to 45’,
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i) 2"! Combination:

it was found that, when Polyester saree is tested with 2" Combination (cotton
blouse, light petticoat, cotton bra and cotton underwear) the AIHF is maximum
7.62 and 8.09 callcm®s at 45° and 90’ test respectively for the UV+PL+10SA6
zone, where the total gsm is 778. Where as for the B+B(C)+88A6 zone with
640 gsm, the AIHF is 5.65 and 6.04 callcm®s at 45" and 90’ tests respectively.
The minimum AIHF value at combination S(P) is 1.47-2.04 cal/cm?s.

It can be seen from the Fig.6.7b that cotton blouse increases the AIHF values,
when it is bumt with single layer and eight layer saree along with cotton bra.
The AIHF values increases from 1.47-2.04 cal/cm®s at single saree zone to
1.76-2.80 cal/cm®s at B(C)+SA6 zone. This is less than polyester blouse.

The AIHF values also increases from 4.24-4.69 cal/cm®s at 8SA6 zone to
5.12-5.28 cal/cm®s at B(C)+8SA6 zone. This rise in AIHF values signifies that
polyester blouse significantly increases the AIHF values. The minimum AIHF
was found in case of cotton blouse combination due to less number of
hydrocarbons. |

iii) 3" Combination:

It was found that, when Polyester saree is tested with 3 combination
(polyester: cotton blend blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum 7.62 and 8.09 cal/cm®s at 45" and 90" test
respectively for the UV+PL+10SA6 zone, where the total gsm is 778. Where
as for the B+B (PC)+ 8SA6 zone with 635 gsm the AIHF is 4.44 and 4.94
cal/cm®s at 45° and 90 test respectively. The minimum AIHF value is 1.47-
2.04 cal/cm®s at combination S(P) as mass of material and hydrocarbons
influences the heat flux.

It can be seen from the Fig.6.7c that polyester:cotton blended blouse
increases the AIHF values, when it is bumt with single layer and eight layer
saree along with cotton bra. The AIHF values increases from 1.47-2.04
cal/cmzs at single saree zone to 2.70-3.13 callcm?®s at B(PC)+SA6 zone,
which is less than polyester blouse.
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The AIHF values also increases from 4.24-4.69 cal/cm?s at 8SA6 zone to
4.44-4.94 callcm®s at B(PC)+8SA6 zone. This rise in AIHF values signifies
that polyester blouse significantly increases the AIHF values. The moderate
AIHF was found in -case of the polyester:cotton blouse combination as
compared to other blouse material and incidenting on around 25 % of TBSA.

iv) 4™ 5%and 6™ Combination:

It was found that, when polyester saree is tested with light and heavy
petticoat, cotton bra and cotton underwear, the AIHF is maximum 7.62 and
8.09 cal/cm®s at 45  and 90’ test respectively for the UV+PH+10SA6 zone,
where the total gsm is 803. Where as for the zone PH+2SA6 with 230 gsm,
the AIHF is 4.84 and 5.12 callcm®s at 45" and 90" tests respectively. The
minimum AIHF value for 28A6+PH+3SA6 zone is 3.84-5.17 cal/lcm®s as seen
in the Fig.6.7d to Fig.6.7f.

For light petticoat combinations, the similar trend is observed as seen in
Fig.6.7a to Fig.6.7c the AIHF is maximum 6.16 and 6.78 cal/cm?s at 45" and
90 test respectively for the UV+PL+10SA6 zone, where the total gsm is 778.
Where as for the zone PL+2SA6 with 208 gsm, the AIHF is 2.70 and 3.94
cal/lcm?s at 45  and 90 tests respectively. The minimum AIHF value is 3.59-
4.10cal/cm®s at 2SA6+PL+3SA6 zone.

polyester saree when burnt with polyester blouse incidents 22.33-27.13
cal/lcm?s, Where as when it is burnt with polyester:cotton blouse it incidents
22.75-28.01callcm®s. When it is burnt with cotton blouse it incidents 23.27-
26.74cal/lcm®s. These heat fluxes are incident on major portion of breasts,
upper arm, posterior trunk and chest, there by damaging 4% of TBSA by
maximum heat incidence and 8% by minimum heat incidence by 2™ degree
bum injuries. Due to blouse fabric, altogether 25% of TBSA is affected and
thus selection of blouse fabric plays a major role in safety decisions. Which
clearly indicates that polyester cotton blouse is suitable option for polyester
saree among 100 % polyester and 100 % cotton blouses.
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100 % polyester saree when burnt with light cotton petticoaf incidents 31.00-
35.04 cal/em®s and when it is bumnt with heavy cotton petticoat incidents
36.99-39.25 cal/cm®s. The maximum heat fluxes are incident on perineum
there by damaging 1% of TBSA by 2™ degree bum injuries. Which clearly
indicates that light cotton petticoat is suitable to use along with the 100 %

polyester saree as compared to heavy petticoat.

6.3.7 Cotton Saree (SA7) along with Supporting Garments

The analyses of ignition studies on cotton saree reveals that, cotton saree can
be easily ignited from its various zones at maximum 2.3 s and minimum 1 s,
showing ease of ignition at single layer and difficulty at multiple layers at
breasts and chest zone.

The ignition studies also reveals that time for ignition depends upon not only
the material but also the number of layers to be ignited. Cotton saree single
layer easily ignites at 1 s where as with its 8 layers it ignites at 2 s. Even the
ignition time of cotton saree changes when it is burnt with cotton blouse fabric
at 1.2 s and polyester cotton blend fabric at 2.2 as compared to polyester
blouse taking 1.3 s to ignite.

The ignition time of polyester increases from 1.4 s to 1.5 s, when it is bumed
with heavy cotton petticoat fabric compared to light cotton petticoat fabric and
this trend is true in all combinations of heavy and light petticoat fabrics.

i) 1° Combination:

It was found from Table 6.10 that, when cotton saree is tested with 1
combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum 6.25 and 6.38 cal/cm®s at 45 and 90" test
" respectively for the UV+PL+10SA7 zone, where the total gsm is 758. Where
as for the B+B(P) +8SA7 zone with 617 gsm the AIHF is 6.42 and 6.83
cal/cm®s at 45 and 90° test respectively. The minimum AIHF value is 0.51-
0.57 callcm®s at combination 1SA7. The number of hydrogen and carbon
atoms available in 758 gsm is more than that at 617 gsm.
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It can be seen from the Fig.6.8a that polyester blouse increases the AIHF
values, when it is burnt with single layer and eight layer saree along with
cotton bra. The AIHF values increase from 0.51-0.57 cal/cm®s at single saree
zone to 3.20-4.40 callcm®s at B(P)+SA7 zone. The AIHF values also
increases from 5.08-5.31 callcm®s at 8SA7 zone to 5.23-5.56 callcm?’s at
B(P)+8SA7 zone. This rise in AIHF values signifies that polyester blouse also
significantly increases the AIHF values.

It is found that in this case that as the number of cotton saree layers
increases, gsm increases which in turn increases the AIHF value, depending
upon the composition of the material, more the amount of hydrogen and
carbon more will be the AIHF. From the above observations it is observed that
in all the cases of cotton saree combinations the maximum AIHF occurred at
90" tests as compared to 45,

ii) 2" Combination '

It was found that, when cotton saree is tested with 2" combination (cotton
blouse, light petticoat, cotton bra and cotton underwear) the AIHF is maximum
for the B+B(C)+8SA7 zone the gsm for the zone is 619 and the AIHF is 4.05
and 4.84 cal/cm?s at 45" and 90" test respectively.

It can be seen from the Fig.6.8b that cotton blouse increases the AIHF values,
when it is bumt with single Iayer'and eight layer saree along with cotton bra.
The AIHF values increases from 0.51-0.57 cal/cm®s at single saree zone to
2.90-3.80 callcm®s at B(C)+SA7 zone, which is less than polyester:cotton
blend and polyester blouse. '

The AIHF values also increase from 5.08-5.31 cal/lcm®s at 8SA7 saree zone to
4.92-5.16 cal/cm®s at B(C)+8SA7 zone. This rise in AIHF values signifies that
cotton blouse significantly increases the AIHF values. The least AIHF was
found in case of cotton blouse combination.
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iii) 3 Combination:

it was found that, when cotton saree is tested with 3 combination
(polyester:cotton blend blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum for the B+B(PC)+8SA7 zone with 635 gsm,
the AIHF is 4.44 and 4.94 cal/cm®s at 45 and 90’ test respectively.

It can bé seen from the Fig.6.8c that polyester:cotton blend blouse increases
the AIHF values, when it is burnt with single layer and eight layer saree along
with cotton bra. The AIHF values increases from 0.51-0.57 cal/cm?®s at single
saree zone to 2.90-3.16 cal/lcm®s at B(PC)+SA7 zone, which is more than

cotton blouse.

The AIHF values also increases from 5.08-5.31 cal/cm®s at 8SA7 zone to
5.76-5.98 cal/cm?s at B(PC)+8SA7 zone. This rise in AIHF values shows that
polyester:cotton blended blouse significantly increases the AIHF values. The
maximum AIHF was found in case of the polyester:cotton blouse combination.

iv) 4™, 5™ and 6™ Combination :

It was found that, when cotton saree is tested with light and heavy petticoat,
cotton bra and cotton underwear, the AIHF is maximum at UV+PH+10SA7
zone. The AIHF is 6.25 and 6.38 callcm®s at 45 and 90" tests respectively
where the total gsm is 758. Where as for the zone PH+2SA7 with 204 gsm,
the AIHF is 3.00 and 3.22 cal/cm®s at 45° and 90" tests respectively. The AIHF
value for 2SA7+PH+3SA7 zone is 4.42-4.65 cal/cm®s as seen in the Fig.6.8 d
to Fig.6.8 f

For light petticoat combinations, the similar trend is observed as seen in
Fig.6.8 a to Fig.6.8¢c the AIHF is maximum 6.33 and 6.84 cal/lcm’s at 45  and
90’ test respectively for the UV+PL+10SA7 zone, where the total gsm is 780.
- Where as for the zone PL+2SA6 with 226 gsm, the AIHF is 3.23 and 3.39
cal/cm®s at 45° and 90’ tests respectively. The AIHF value for 2SA7+PL+3SA7
zone is 4.72- 4.83 callcm®s. From the observations it is seen that heavy
petticbat incidents more AIHF than light petticoat.
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cotton saree when burnt with polyester blouse incidents total 25.15-28.97
cal/cm®s. Whereas when it is bumt with polyester:cotton blouse it incidents
25.13-27.53 callcm® and when it is bumt with cotton blouse it incidents
22.86-25.15 callcm®s. These heat fluxes are incident on major portion of
breasts there by damaging 4 % of TBSA by 2" degree burn injuries. Which
clearly indicates that cotton blouse is suitable option for cotton saree among
100 % polyester and polyester:cotton blend blouses.

cotton saree when bumnt with light cotton petticoat incidents maximum 32.36-
34.79 callcm®s. Where as when it is burnt with heavy cotton petticoat
incidents maximum 33.77-35.97 cal/cm®s these heat fluxes are incident on
perineum there by damaging 1 % of TBSA by 2™ degree burn injuries. Which
clearly indicates that light cotton petticoat is suitable to use along with the 100
% cotton saree as compared to heavy petticoat.

6.3.8 Polyester:Cotton (50:50) Saree (SA8) along with Supporting
Garments

The analyses of ignition studies on Polyester:cotton 50:50 saree reveals that,
the saree can be easify ignited from its various zones at maximum 3.5 s and
minimum 1.5 s, showing ease of ignition at single layer and difficulty at
multiple layers at interior thighs and lower legs .

The ignition studies also reveals that time for ignition depends upon not only
the material but also the number of layers to be ignited. Polyester:cotton
50:50 saree single layer easily ignites at 1.5 s, where as with eight layers it
ignites at 2 s. Even the ignition time of cotion saree changes when it is burnt
with cotton blouse fabric at 2.4 s and polyester cotton blend fabric at 1.9 s as
compared to polyester blouse taking 2.8 s to ignite.

The ignitidn time of polyester:cotton 50:50 increases frdm 3.210 3.5 s, when it
is burned with heavy cotton petticoat fabric 8 layers of saree compared to light
cotton petticoat fabric, but the ignition time remains unaltered for 2 and 3
layers combination.
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i) 1° Combination:

It was found from Table 6.11 that, when polyester:cotton saree is tested with
1?‘ combination (polyester blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is 6.20 and 6.51 callcm® at 45 and 90 test
respectively for the UV+PL+10SA8 zone, where the total gsm is 978 .
Where as for the B+B (P)+8SA8 zone with 641 gsm the AIHF is 6.21 and 7.20
callcm®s at 45° and 90’ tests respectively. The minimum AIHF value is 1.32-
2.03 cal/cm®s at combination 1SA8. The number of hydrogen and carbon
atoms available in 978 gsm is more than that at 641 gsm. More the mass
more will be the proportion of strong bonds and more will be the energy
required for formation and dissociaﬁon of these bonds liberating more heat

during this burning exothermic reaction.

It can be seen from the Fig.6.9a that polyester blouse increases the AIHF
values, when it is bumnt with single layer saree and eight layer saree along
with cotton bra. The AIHF values increase from1.32-2.30 cal/cm®s at single
saree zone to 3.80-4.23 callcm?s at B(P)+SA8 zone. The AIHF values also
changes from 4.12-4.95 cal/cm®s at 8SA7 saree zone to 5.08-5.56 cal/cm®s at
B(P)+8SA8 zone. This rise in AIHF values signifies that polyester blouse
significantly increases the AIHF values.

It is found that as the number of polyester.cotion saree layers increases, gsm
increases which in tum increases the AIHF value, depending upon the
compbsition of the material, more the amount of hydrogen and carbon more
will be the AIHF. From the above observations it is seen that in all the cases
of polyester:cotton saree combinations the maximum AIHF occurred at 90°
test as compared to 45° as similar to other saree cases.

ii) 2" Combination:

It was found that, when polyester:cotton saree is tested with 2™ combination
(cotton blouse, iight' petticoat, cotton bra and cotion underwear) the AlHF is
maximum for the B+B(C)+8SA8 zone. The gsm for the zone is 795 and the
AIHF is 3.85 and 5.96 cal/cm®s at 45° and 90’ tests respectively.
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It can be seen from the Fig.6.9b that cotton blouse increases the AIHF values,
when it is burnt with single layer saree and eight layer saree along with cotton
bra. The AIHF values increases from 1.32-2.03 callcm®s at single saree zone
to 2.23-3.75 cal/cm®s at B(C)+SA8 zone, which is less than polyester:cotton

blend and polyester blouse.

The AIHF values also increase from 3.12-3.95 cal/cm?s at 8SA8 zone to 3.71-
4.99 callcm®s at B(C)+8SA8 zone. This rise in AIHF values signifies that
cotton blouse significantly increases the AIHF values. The least AIHF was

found in case of cotton blouse combination.

iii) 3" Combination:

It was found that, when polyester.cotton saree is tested with 3" combination
(polyester:cotton blend blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum for the B+B(PC)+8SA8 zone with 795 gsm
and the AIHF is 5.66 and 5.86 callcm?s at 45" and 90" test respectively.

It can be seen from the Fig.6.9c that polyester:cotton blended blouse
increases the AIHF values, when it is burnt with single layer saree and eight
layer saree along with cotton bra. The AIHF values increases from 1.32-2.03
cal/cm®s at single saree zone to 1.92-2.52 cal/cm®s at B (PC)+SA8 zone,
which is more than cotton blouse.

The AIHF values also increases from 4.12-4.95 cal/cm’s at 8SA8 saree zone
to 4.77-4.87 cal/cm®s at B (PC)+8SA8 zone. This rise in AIHF values signifies
that polyester cotton blend blouse significantly increases the AIHF values.
The maximum AIHF was found in case of the polyester cotton blouse

combination.

iv) 4™, 5™ and 6™ Combination:

it was found that, when polyester:cotton séree is tested with light and heavy
petticoat, cotton bra and cotton unden/veér, the AIHF is maximum at
UV+PH+10SA8 zone. The AIHF is 7.35 and 7.80 cal/cm®s at 45" and 90" tests
respectively, where the total gsm is 1000. Where as for the zone PH+2SA8
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with 270 gsm, the AIHF is 3.35 and 4.20 cal/cm®s at 45 and 90  test
respectively. The AIHF value for 2SA8+PH+3SA8 zone is 4.63-5.44 cal/cm’s
as seen in the Fig.6.9d to Fig.6.9f.

For light petticoat combinations, the similar trend is observed as seen in Fig.
6.9a to Fig.6.9c the AIHF is maximum 6.20 and 6.51 cal/cm’s at 45 and 90°
test respectively for the UV+PL+10SA8 zone, where the total gsm is 978.
Where as for the zone PL+2SA8 with 248 gsm, the AIHF is 2.83 and 3.48
cal/lcm®s at 45° and 90 tests respectively. The AIHF value for 2SA8+PL+3SA8
zone is 3.90-4.65 cal/lcm®s.

Polyester:.cotton 50:50 saree when bumt with polyester blouse incidents
maximum 24.29-29.88 callcm®s. Where as when it is bumt with
polyester:cotton blouse it incidents 22.24-26.19 cal/cm®s and when it is burnt
with cotton blouse it incidents 18.31-25.69 cal/cm®s. These heat fluxes are
incident on major portion of breasts there by damaging 4% of TBSA by 2™
degree burn injuries. Which clearly indicates that cotton blouse is suitable
option for polyester:.cotton saree among polyester and cotton:polyester
blended blouses.

Polyester:cotton 50:50 saree when bumnt with light cotton petticoat incidents
30.04-33.49 cal/cm®s. Where as when it is burnt with light cotton petticoat
incidents 33.87-39.14 callcm?s. These incident heat fluxes are incident on
interior thighs and lower legs there by damaging 6 % of TBSA by 2™ degree
burn injuries. Which clearly indicates that light cotton petticoat is suitable to
use along with the polyester:cotton 50:50 saree as compared to heavy
petticoat.

6.3.9 Polyester:Viscose (50:50) Saree (SA9) with Supporting Garments
The analyses of ignition studies on polyester:viscose 50: 50 saree reveals
that, the saree can be easily ignited from its various-zones. It takes maximum
3.6 s and minimum 1.7 s to ignite, showing ease of ignition at single layer and
difficulty at multiple layers at interior thighs and lower legs.
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The ignition studies also reveals that time for ignition depends upon not only
the material but also the number of layers to be ignited. Polyester:viscose
50:50 saree single layer easily ignites at 1.7 s where as with its 8 layers
ignites at 3.1 s. Even the igﬁition time of saree changes when it is burnt with
cotton blouse fabric 3.4 s and polyester:cotton blend fabric 3.1 s as compared
to polyester blouse taking 3.2 s to ignite.

The ignition time of polyester.viscose 50:50 increases from 3.1 s to 3.3 s,
when it is bumed with heavy cotton petticoat fabric compared to light cotton
petticoat fabric and this trend is true in all combinations of heavy and light
- petticoat fabrics.

i) 1% Combination:

It was found from Table 6.12 that, when polyester:viscose saree is tested with
polyester blouse, light petticoat, cotton bra and cotton underwear, the AIHF is
8.06 and 9.16 cal/cm®s at 45 and 90’ test respectively for the UV+PL+10SA9
zone, where the total gsm is 938. Where as for the B+B (P)+8$A9 zone with
761 gsm the AIHF is 7.19 and 7.60 cal/cm®s at 45 and 90’ tests respectively.
The minimum AIHF value is at combination 1SA9 is 1.20-1.69 cal/cm®s. The
number of hydrogen and carbon atoms available in 938 gsm is more than that
at 761 gsm.

It can be seen from the Fig.6.10a that polyester blouse increases the AIHF
values, when it is burnt with single layer saree and eight layer saree along
with cotton bra. The AIHF values increase from1.20-1.69 cal/cm?s at single
saree zone to 1.72-2.15 callcm®s at B(P)+SA9 zone. The AIHF values also
changes from 4.12-4.95 cal/cm®s at 8SA9 saree zone to 5.23-5.80 cal/cm’s at
B(P)+8SA9 zone. This rise in AIHF values signifies that polyester blouse
significantly increases the AIHF values as seen even in other cases of saree

combination.

It is found that as the number of polyester:viscose saree layers increases,
gsm increases which in turn increases the AIHF value, depending upon the

composition of the material, more the amount of hydrogen and carbon more
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will be the AIHF. From the above observations it is observed that in all the
cases of polyester:viscose saree combinations the maximum AIHF occurs at

90° test as compared to 45° as seen in all cases of saree.

ii) 2" Combination:

It was found that, when polyester:viscose saree is tested with 2™ combination
(cotton blouse, light petticoat, cotton bra and cotton underwear) the AIHF is
maximum for the B+B(C)+8SA9 zone the gsm for the zone is 795 and the
AIHF is 3.85 and 5.96 cal/cm®s at 45 and 90’ test respectively.

It can be seen from the Fig.6.10b that cotton blouse increases the AIHF

values, when it is bumt with single layer saree and eight layer saree along
| with cotton bra. The AIHF values increases from 1.20-1.69 cal/cm®s at single
saree zone to 3.07-3.63 callcm®s at B(C)+SA9 zone, which is less than

polyester:cotton blend and polyester blouse.

The AIHF values also increases from 5.23-5.80 cal/cm®s at 8SA9 zone to
6.05-6.26 cal/cm®s at B(C)+8SA9 zone. This rise in AIHF values signifies that
cotton blouse also significantly increases the AIHF values. The least AIHF
was found in case of cotton blouse combination as compared fo other

" blouses.

iii) 3" Combination:

It was found that, when polyester:viscose saree is tested with 3 combination
(polyester:cotton blend blouse, light petticoat, cotton bra and cotton
underwear) the AIHF is maximum for the B+B(PC)+8SA9 zone with 763 gsm
the AIHF is 7.52 and 7.80 cal/cm?®s at 45 and 90" test respectively.

"It can be seen from the Fig.6.10c that polyester.cotton blended blouse
increases the AIHF values, when it is burnt with single layer saree and eight
layers saree along with cotton bra. The AIHF values increases from 1.20-
1.69-cal/cm?s at single saree zone to 2.18-3.10 cal/cm®s at B (PC)+SA9 zone,
which is more than cotton blouse.
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The AIHF values also increases from 5.32-5.80 cal/cm?s at 8SA9 saree zone
to 5.80-6.60 cal/cm®s at B(PC)+8SA9 zone. This rise in AIHF values signifies
that polyester:cotton blended blouse significantly increases the AIHF values.
The maximum AIHF was found in case of the polyester.cotton blouse

combination.

iv) 4", 5" and 6" Combination:

It was found that, when po!yester:viscése saree is tested with light and heavy
petticoat, cotton bra and cotton underwear, the AIHF is maximum at
UV+PH+10SA9 zone. The AIHF is 9.01 and 9.61cal/lcm®s at 45° and 90’ tests
respectively, where the total gsm is 960. Where as for the zone PH+2SA9
with 262 gsm the AIHF is 2.89 and 3.89 callcm® at 45" and 90" test
respectively. The incident heat flux value for 25A9+PH+3SA9 zone is 4.81-
5.27 cal/cm?s as seen in the Fig:6.10d to Fig.6.10f.

For light petticoat combinations, the similar trend is observed as seen in Fig.
6.10a to Fig.6.10c the AIHF is maximum 8.06 and 9.16 cal/cm®s at 45 and 90’
test respectively for the UV+PL+10SA9 zone, where the total gsm is 938.
Where as for the zone PL+2SA9 with 240 gsm, the AIHF is 2.47 and 2.98
cal/cm®s at 45° and 90 tests respectively. The AIHF value for 2SA9+PL+3SA9
zone is 4.21-5.06 cal/cmés. From the observations it is seen that heavy
petticoat incidents maximum AIHF and light petticoat incidents significantly

less.

Polyester.viscose 50:50 saree when burnt with polyester blouse incidents
maximum 26.41-30.55 callcm®s. Where as when it is bumt with
polyester:cotton blouse it incidents 25.73-30.95 cal/cm®s and when it is burnt
with cotton blouse it incidents 26.99-32.01cal/cm®s. These heat fluxes are
incident on major portion of breasts; there by damaging 4 % of TBSA by 2™
degree burn injuries. Which clearly indicates that polyester blouse is suitable
option for polyester:viscose saree among polyester.cotton and cotton blouses
this can be due to the fact that even the number of hydrocarbons are more in

this combination as compared to other combinations, but the heat emission
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should be in a given time of 60 s, and thus combination shows less heat flux

in a given time of 60 s.

Polyester:viscose 50:50 saree when burnt with light cotton petticoat incidents_'
383.07-37.77 callcm’®s. Where as when it is burnt with 100 % heavy cotton
petticoat incidents 36.84-41.97 cal/cm®s. These heat fluxes are incident on
interior thighs and lower legs there by damaging 6% of TBSA by 2" degree
burn injuries. Which clearly indicates that light cotton petticoat is suitable to
use along with the polyester.viscose 50:50 saree as compared to heavy
petticoat.

6.3.10 Silk Saree (SA10) along with Supporting Garments

From the ten different saree material, silk saree ignited but does not
supported combustion after the flame is removed from the fabric. Silk being a
protein fibre requires external source of energy for burning and stops burning
as soon as the external source is removed. As in this method it was attempted
to study the burning behaviour of saree when accidentally it is caught fire and
thus all the specimens were provided external heat up to the time they ignite
and external source was removed thereafter. As silk material stops burning,
when the external source is removed, the silk saree combinations does not
supported tests and further study on silk saree along with its supporting
fabrics were not possible to analyse. Hence silk saree was dropped form

studies.

6.4 PREDICTION OF THERMAL PARAMETERS USING ARTIFICIAL
NEURAL NETWORK (ANN)

Analysis of huge data needs a scientific tool, so that the obtained results can
be studied properly and more scientifically for better understanding of the
facts. For analysis of various results shown in earlier sections, an Attificial
‘Neural Network is used to understand the influence of various factors
influencing flammability and predict the correlation between them, without the
use of such tool the results cannot be understand more clearly and
scientifically. The data obtained from experimentation as seen in Table 6.4 to

Table 6.12 is used to train the software for prediction of the required values,
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and study the correlation and trend of parameters. The data from Table 6.4 to
Table 6.12 is used for building a model from pre-specified architecture in such
a fashion that the composition of each sample in terms of material is
expressed in percentage of material in each sample. This data is used as
input parameters and the results obtained like flame propagation rate, bumning
rate, and AIHF values are used as output parameters. Around one-lac
iterations were performed to achieve the accurate results from the ANN.

6.4.1 Prediction 6f Time for Ignition

The study of combination revels that for alli combination, gsm influences the
time for ignition. In all of the cases, T,ig values are directly proponiahal to the
gsm. As the gsm increases, the time to ignite also increases. Indicating that

time for ignition depends upon mass of material as seen in the Fig.6.11a.

Also it is seen that cotton is readily ignited. Viscose takes more time than
cotton. Polyester and nylon takes longer time than cotton and viscose. Nylon
takes highest time to ignite as compared to all other fibres like cotton,
polyester and viscose depending upon their ignition temperature and thermal
decomposition behaviour as seen in the Fig.6.11a.

The study on cotton polyester combinations revels that, as the proportion of
polyester is increased in polyester and cotton combination, the Tig values also
increase as the proportion of polyester increases, as the polyester take
around 450°C to ignite and cotton ignites at around 400°C, more the amount of
polyester in the blend of polyester:cotton , more will be time required to
achieve the required temperature for ignition, as seen from the Fig.6.11b and
Fig.6.11e. Tig values is least for cotton sample, the Tig values are higher for
25% increase of polyester. The Tig values are still higher for 50% and highest
for 75% proportion of polyester in the combination and vice versa.

In cotton:nylon combination as the proportion of nylon is increased, the Ty
values also increases as the proportion of nylon increases as seen from the
Fig.6.11c. Tig values is least for cotton sample, the Ty values are higher for
25% increase of nylon. The Tiy values are still higher for 50% and highest for
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75% proportion of nylon in the combination and vice versa, as the nylon takes
around 532°C to ignite and cotton ignites at around 400°C, more the amount of
nylon in the blend/ combination of cotton:nylon, more will be time required to

achieve the required temperature for ignition.

For cotton:viscose combination as the proportion of viscose is increased, the
Tig values also increase as the proportion of viscose increases as seen from
the Fig. 6.11d. Tiq values is least for cotton sample, the Tiy values are higher
for 25% increase of viscose. The T values are still higher for 50% and
highest for 75% proportion of viscose in the combination and vice versa.
Similarly, viscose take around 425°C to ignite and cotton ignites at around
400°C, more the amount of polyester in the blend of cotton:viscose, more will

be time required to achieve the required temperature for ignition.

In combination of polyester:nylon, increase in 25% proportion of nylon raise
the Tig values. 50% increase shows further increase in Tig values. Finally, 75%
increase shows highest increase in Tig values. Thus, the proportion of material
influences the Tjg values, more the proportion of higher ignition temperature of
the material more will be the time required to reach the ignition temperature of

the material and its blend, as seen in the Fig.6.11e.

When 25% viscose is increased in nylon:viscose combination, the Tig values
drops as the proportion of viscose is increased, the Tiq values further drops at
50% and 75% proportion of viscose in the combination. This can be seen from
the Fig.6.11g. and can be attributed to the fact that ignition temperatures of
both the components in the blend is responsible, viscose ignites at 425 C and
nylon at 532°C.

In combination of polyester:viscose, increase in 25% proportion of polyester
raise the Ti; values. 50% increase shows further increase in Ty values.
Finally, 75% increase shows highest increase in Ty values as seen in the

Fig.6.11h as ignition temperature of polyester is higher than that of viscose.
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6.4.2 AIHF Values and Flame Propagation Rate

The study shows that, there exists correlation between the flame propagation
rate (FPR) and the AIHF value. The flame propagation rate depends upon the
type of material, the mass of material and the angle of burning as seen from
Fig. 6.12 and Fig.6.13

For cotton fabric, as the FPR increases the AIHF values also increases. It is
found that there exist polynomial correlation between the AIHF and FPR
values of cotton fabric and the coefficient of correlation is 0.9743 as seen in
the Fig.6.12a and it is express in equation 1 at 45 burning test. Where, yis
AIHF and x is FPR.

y = -5E-06x° + 0.0004x° - 0.0102x* + 0.1395x° - 0.9218x% + 2.9112% - 0.9719 .
R?=0.9746 , (1)

Equation 2 expresses the correlation for 90 tests. The equation shows that
there exist polynomial correlation betWeen the AIHF and FPR values of cotton
fabric and the coefficient of correlation is 0.9993 as seen in the Fig.6.13a.
However, comparatively the expression at 90 tests holds strong correlation
between FPR and gsm.

y = -2E-06x® + 0.0001x° - 0.0025x4 + 0.025x3 - 0.1328x2 + 0.8576x + 0.9657
R?=0.9993 | (2)

For polyester fabric, the FPR increases as the gsm increases and accordingly
the AIHF values also increases, but for low gsm and low FPR values up to
1.89 cm/s, the AIHF seems constant and there after it increases as FPR
increases. It is found that there exist polynomial correlation between the AIHF
and FPR of polyester fabric and the coefficient of correlation is 0.9976 as
seen in the Fig. 6.12b and it is express in equation 3 for 45" burning test.

y = 7E-07x% + 2E-05x° - 0.0022x* + 0.0445x° - 0.291x% + 0.7262x + 0.4825
R?=0.9976 (3)
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Where as for 90° tests the correlation is expressed in equation 4 stating that
there exists polynomial correlation between the AIHF and FPR values of
polyester fabric and the coefficient of correlation is 0.9998 as seen in the
Fig.6.13b. However, comparatively the expression at 90 tests -holds strong

correlation between FPR and gsm.

y = -6E-06x° + 0.0003x° - 0.0074x* + 0.0749x° - 0.3342x% + 0.6745x + 1.2945
R?=0.9998 - (4)

For Nylon fabric, the FPR increases as the gsm increases and accordingly the |
AIHF values also increases. It is found that there exist polynomial correlation
between the AIHF and FPR values of nylon fabric and the coefficient of
correlation is 0.9963 as seen in the Fig.6.12c and it is express in equation 5 at
45’ burning test.

y = 8E-06x° - 0.0005x° + 0.0101x* - 0.0903x® + 0.2812x* + 0.3616x + 0.3841
R?=0.9963 (6)

Where as for 90" the correlation is expressed in equation 6 stating that there
exists polynomial correlation between the AIHF and FPR values of nylon
fabric and the coefficient of correlation is 0.9988 as seen in the Fig.6.13c.
However, comparatively the expression at 45 holds strong correlation
betwéen FPR and gsm.

y = 5E-06x6 - 0.0002x5 + 0.0029x4 - 0.0019x3 - 0.1252x2 + 0.6778x + 1.1399 -
R?=0.988 : (6)

For Viscose fabric, the FPR increases as the gsm increases and accordingly
the AIHF values also increases. It is found that there exist polynomial
correlation between the AIHF and FPR values of Viscose fabric and the
coefficient of correlation is 0.9994 as seen in the Fig.6.12d and it is express in
equation 7 at 45 burning test.
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y = 4E-06x° - 0.0002x° + 0.0049x" - 0.0503x° + 0.2551x% - 0.3561x + 1.7163

R%=0.9994 (7)
Where as for 90" the correlation is expressed in equation 8 stating that there
exists polynomial correlation between the AIHF and FPR values of viscose

fabric and the coefficient of correlation is 0.9119 as seen in the Fig.6.13d.

y = -9E-06x° + 0.0005x° - 0.0106x" + 0.0885x” - 0.1615x” - 0.8913x + 6.381
R?=0.9119 _ (8)

For cotton:polyester 50:50 combination fabric, the FPR increases as the gsm
increases and accordingly the AIHF values also increases. It is found that
there exist polynomial correlation between the AIHF and FPR values of cotton
polyester fabric and the coefficient of correlation is 0.9908 as seen in the Fig.
6.12e and it is express in equation 9 at 45 burning test

y = 7E-06x° - 0.0005x° + 0.0126x* - 0.1567x° + 0.9183x%" - 1.8648x + 2.224
R?=0.9908 | ' (9)
Where as for 90" tests the correlation is expressed in equation 10 stating that
there exist polynomial correlation between the AIHF and FPR values of cotton
polyester fabric and the coefficient of correlation is 0.9742 as seen in the
Fig.6.13e. However, comparatively the expression at 45’ tests holds strong
correlation between FPR and gsm. However, comparatively the expression at
45’ holds strong correlation between FPR and gsm.

y = -5E-06x° + 0.0003x° - 0.0055x" + 0.0549x3 - 0.2694x* + 1.0039x + 0.8872
R2=0.9742 ' (10)

For cotton:nylon 50:50 combination, the FPR increases as the increases and
accordingly the AIHF values also increases. It is found that there exist
polynomial correlation between the AIHF and FPR values of cotton nylon
50:50 combination and the coefficient of correlation is 0.9972 as seen in the
Fig. 6.12f and it is express in equation 11 at 45 burning test.
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y = 7E-06x° - 0.0004x° + 0.0079x* - 0.0679x° + 0.2393%* - 0.0415x + 0.9946
R?=0.9972 (11)

Where as for 90" test the correlation is expressed in equation 12 stating that
there exist polynomial correlation between the AIHF and FPR values of cotton
nylon 50:50 combination and the coefficient of correlation is 0.9492 as seen in
the Fig. 6.13f.

y = 1E-05x° - 0.0008x° + 0.0226x* - 0.2791x* + 1.5977x% - 3.4546x + 3.9151
R?=0.9492 . (12)

For cotton viscose 50:50 combination, the FPR increases as the gsm
increases and accordingly the AIHF values also increases. It is found that
there exist polynomial correlation between the AIHF and FPR values of
cotton: viscose 50:50 combination and the coefficient of correlation is 0.9957
as seen in the Fig. 6.12g and it is express in equation 13 at 45 burning test.

y = 2E-06x° - 1E-04x° + 0.0012x* - 0.0029x° - 0.0292%* + 0.6387x + 0.3044
R?=0.9958 (13)

Where as for 90° test the correlation is expressed in équation 14 stating that
there exist polynomial correlation between the AIHF and FPR values of
cotton: viscose 50:50 combination and the coefficient of correlation is 0.9993
as seen in the Fig. 6.13g. However, comparatively the expression at 45’ tests
holds strong correlation between FPR and gsm.

y = 7E-06x° - 0.0004x® + 0.0094x* - 0.0963x° + 0.4479x%? - 0.4829x + 1.9457
R?=0.9957 | (14)

For cotton:polyester 75:25 combinations, the FPR increases as the gsm
increases and accordingly the AIHF values also increases. It is found that
there exist polynomial correlation between the AIHF and FPR values of
cotton: polyester 75:25 combination and the coefficient of correlation is 0.9757
as seen in the Fig. 6.12h and it is express in equation 15 at 45  buming test
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y = 4E-07x° - 4E-05x° + 0.0011x* - 0.0095x° + 0.0121%° + 0.439x + 0.505
R?=0.9757 _ (15)

Where as for 90° tests the correlation is expressed in equation 16 stating that
‘there exist polynomial correlation between the AIHF and FPR values of cotton
polyester 75:25 combination and the coefficient of correlation is 0.934 as seen
in the Fig. 6.13h.

y = -2E-05x® + 0.0009x° - 0.022x* + 0.2312x% - 1.1308% + 2.6774x + 0.2041
R?=0.934 (16)

For cotton:nylon 75:25 combinations, the FPR increases as the gsm -
increases and accordingly the AIHF values also increases. It is found that
there exist polynomial correlation between the AIHF and FPR values of cotton
nylon 75:25 combination and the coefficient of correlation is 0.9899 as seen in
the Fig. 6.12i and it is express in equation 17 at 45 burning test.

y = -2E-06x® + 0.0002x° - 0.0047x"* + 0.0682x° - 0.4866x> + 1.7912x - 0.2795
R?=0.9899 (17)

Where as for 90" test the correlation is expressed in equation 18 stating that
there exist polynomial correlation between the AIHF and FPR values of
cotton: nylon 75:25 combination and the coefficient of correlation is 0.9932 as
seen in the Fig.6.13i.

y = -2E-06x° + 0.0002x° - 0.0042x* + 0.0487x® - 0.226x + 0.6291x + 0.9878
R?=0.9932 (18)

For cotton:viscose 75:25 combinations, the FPR increases as the gsm
increases and accordingly the AIHF values increases. It is found that there
exist ‘polynomial correlation between the AIHF and FPR values of
cotton:viscose 75:25 combination and the coefficient of correlation is 0.9899
as seen in the Fig. 6.12j and it is express in equation 19 at 45  burning test.
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However, comparatively the expression at 90 tests holds strong correlation

between FPR and gsm.

y = 4E-06x6 - 0.0003x + 0.0061x* - 0.0704x° + 0.3832x° - 0.5981x + 1.9563
R?=0.9957 | ' (19)

Where as for 96° test the correlation is expressed in equation 20,stating that
theré .exiét'_, polynomial correlation between the AIHF and FPR values of
cotton: \iisé’ose 75:25 combination and the coefficient of correlation is 0.9932
és seen ih the Fig. 6.13].

y = 2E-06x° - 1E-04x° + 0.0012x* - 0.0028x° - 0.0301x? + 0.6337x + 0.3703
R2=0.9957 | (20)

6.4.3 GSM and AIHF Values

The Fig.6.14a and Fig.6.14b show the correlation between gsm of fabric and
AIHF values. It is seen that for all the fabric samples like cotton, nylon,
polyester and viscose as the gsm of the fabric increases, the AIHF values
also increases, but not linearly, all the fabric samhles’ show. polynomial
correlation. It can be seen from the Fig.6.14a that, Nylon shows less AIHF
values for around 500 gsm fabrics but for heavy gsm, the AIHF values are

higher compared with cotton, polyester and viscose.

The correlation between gsm and AIHF for cotton sample is expressed as
shown in equation 21 for 45° test and their coefficient.of correlation is 0.9746,
the equation reveals that the correlation is of polynomial and no linear
correlation exits between them due to the complexity of burning process.

y = -5E-06x° + 0.0004x° - 0.0102x* + 0.1395x%- 0.9218x% + 2.9112x - 0.9719
R? =0.9746 : o (21)
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Where as for 90 tests the correlation is expressed in equation 22 and their
coefficient of correlation is 0.9993.

y = -2E-06x° + 0.0001x° - 0.0025x* + 0.025x> - 0.1328x% + 0.8576x + 0.9657
R? = 0.9993 (22)

The correlation between gsm and AIHF for Nylon sample is expressed as
shown in equation 23 for 45 test and their coefficient of correlation is 0.9976,
the equation reveals that the correlation is of polynomial and no linear

correlation exits between them due to the complexity of buring process.

y =7E-07x% + 2E-05x° - 0.0022x* + 0.0445x° - 0.291%° + 0.7262x + 0.4825
R? = 0.9976 (23)

Where as for 90" tests the correlation is expressed in equation 24 and their
coefficient of correlation is 0.988.

y = 5E-06x° - 0.0002x° + 0.0029x* - 0.0019x° - 0.1252x* + 0.6778x + 1.1399
R? = 0.988 3 (24)

The Correction between gsm and AIHF for polyester sample is expressed as
shown in equation 25 for 45° tests and their coefficient of correlation is
0.9963, the equation reveals that the correlation is of polynomial and no linear
correlation exits between them due to the complexity of burning process.

y = 8E-06x6 - 0.0005x5 + 0.0101x4 - 0.0903x3 + 0.28f2x2 + 0.3616x +
0.3841

Ro= 0.9963 : (25)

Where as for 90’ is correlation is expressed in equation 26 and their
coefficient of correlation is 0.9998.

y = -6E-06x® + 0.0003x° - 0.0074x* + 0.0749x° - 0.3342x% + 0.6745x + 1.2945
R?=0.9998 (26)
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The correlation between gsm and AIHF for Viscose sample is expressed as
shown in equation 27 for 45’ tests and their coefficient of correlation is 0.9994,
the equation reveals that the correlation is of polynomial and no linear
correlation exits between them due to the complexity of burning process.

y = 4E-06x° - 0.0002x° + 0.0049x* - 0.0503x% + 0.2551x7 - 0.3561x + 1.7163
R? = 0.9994 (27)

Where as for 90 tests is correlation is expressed in equation 28 and their
coefficient of correlation is 0.9119.

y = -9E-06x° + 0.0005x° - 0.0106x* + 0.0885x° - 0.1615x% - 0.8913x + 6.381
R%=0.9119 (28)

6.4.4 Relation between GSM and Flame Propagation Rate

Investigation from the Fig.6.15a shows that up to around 300 gsm fabrics the
Flame Propagation Rates (FPR) remain constant for cotton, polyester and
nylon fabrics except viscose where the FPR increases after 150 gsm. For gsm
above 300 for cotton, polyester, and nylon fabrics, the FPR increases there
'-after, and shows a linear correlation between gsm and FPR for cotton,
polyester, nylon, and viscose fabrics. 4

The study of combination of cotton, polyester, nylon, and viscose fabrics
shows that for all the combinations, gsm influences the Flame propagation
rate (FPR). In most of the cases it is found that for low gsm fabrics the rate is
not influenced as it is with high gsm fabric above 250 gsm at 45  tests. For low
gsm Fabrics the FPR shows constant values and for high gsm fabrics the
FPR shows rise as the gsm increases.

All combination such as cotton:polyester, cotton:nylon, cotton:viscose,

polyester:nylon, polyester:viscose, nylon:viscose for 90" Test shows similar
trend, as seen from the Fig.6.15b.
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6.4.5 Prediction burning rate from gsm

From the predicted plots it can be seen that rate of burning does not show any
strong correlation between BR and gsm as seen from the Fig.6.16a and
Fig.6.16b.

6.5 FABRIC SAMPLES OF ACTUAL FIRE VICTIMS

One of the major objectives of this research project is to collect fabric samples
from the real fire victims and to analyse them for type of fibre material and
flammability parameters. Initially ten fabric samples froh‘: the fire victims have
been obtained and analysed for their textile properties. The samples were-
received from the burn units. In most of the cases the fabric sample remnants
obtained were not sufficient to carry out all required tests and thus replicate
saree and supporting garments with similar fabric specifications have been
prochred and from appropriate retailers in some cases or newly
manufactured.

From the study of sample fabrics of actual fire victims it can be seen from the
Table 6.17 usually the nylon saree, even the gsm is less as compared to
polyester:cotton blends and polyester fabric, it creates more or less similar
injuries .on the TBSA of female. Nylon saree when burnt creates 40-45 % of
burn injuries, similar to that created by polyester:cotton blends. Where as
cotton saree seems to be less harmful and creates around minimum 20-25 %
of burn injuries and maximum 35-40 % burn injuries with heavy gsm fabric.

Silk also shows 40-45% of burn injuries for light gsm and polyester seems to
create burn injuries depending upon the gsm, more gsm of Polyester more is
the injuries up to 40-45%.

It 'is seen from the study that trunk is maximum injured in all the cases of
saree followed by buttocks, thighs, arms and.feet. It is also seen that neck
and head area also received major percentage of injuries even the saree is
not wrapped on these parts; these injuries may be due to length of flames and
burning of long hairs of females when it is in contact with flames.
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Analysis of real bumn victims, burn injury status matches with the experimental
results of various saree materials along with the supporting garments. The
heat flux, incident by various saree materials is studied for initial 60 seconds
after ignition. The time of exposure is the key factors in deciding the degree of
burn injuries and in case of real victims; we do not know the real time of heat
flux incident and human response. In case of real victims the samples of
supporting garments were not found, where as the experimental results give
an idea of incident AIHF of saree along with its supporting garments.

The saree wearing pattern covers around 72% of total TBSA and as per the
experimental analysis around all the 72% TBSA will receive at least 2™
degree bum injuries when exposed to initial 60 seconds after ignition at that
specific zone. But the real burn victim’s show less bumn injuries than predicted
from experiments; this is due to the fact that, when accidentally the saree
caught fire, the catching of fire is at a speciﬁc spot and not at all the zone of
saree. Propagation of flame and burning process depends on rate of flame
propagation and rate of burning of specific saree.
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Fig. 6.2a AIHF 60 for Nylon Saree 1st Combination B(P) & PL
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Fig.6.2b AlHF 60 for Nylon Saree 2nd Combination B{C) & PL
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Fig. 6.2c AIHF 60 for Nylon Saree 3rd Combination B(P/C) & PL
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_Figure 6.2d AIHF 60 _for Nylon Saree 4th Combination B(P) & PH
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1 UV+PH+2SA 370 [3.76[/4.00

- UV+PH+38A1: .| 430 {4.55]4.76
“UV+PH+10SAT] 850 |7.2018.16) cou

- 2SA14PH+3SAT] 420 {4.48]4.68
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Figure 6.2e AIHF 60 for Nylon Saree 5th Combination B(C) & PH

Combma‘hon .} GSM| 45 90 e 45 Digroe
- -.x) 60 10.86]1.12 —#— 90 Degroo
480 |2.92]3.82 10 .
63 |1.21]2.46 -

"..’-B(P),+13AL, 123 |1.41]1.86
B(P)+BSAT . | 543 |5.08|6.72
BaB(P):1SA1- | 253 |2.00|2.44
* B+B(P)+8SAT. | 673 |2.40|3.50
-7 PH+2SAT." .| 240 |2.40|3.50
—_“PH+3SA1. .| 300 |2.65|3.64
T PH+10SA1 | 720 |6.40]7.05
- UV+PH+2S5A1" | 370 |3.76|4.00
" UV+PH+3SA1 | 430 |4.55|4.76
“UV+PH+10SA1 | 850 |7.20]8.16
2SA1+PH+3SA1] 420 |4.48|4.68

Figure 6.2f AIHF 60 Nylon Saree 6th Combination B{P/C) & PH
Combmatron 45 ] 90
S 0.86]1.12
2.92|3.82
1.20]2.11
. o 1.73{2.69
= B(PC)+8SA11 545 |5.31]7.60
"B+B{PC}+SA1 '} 255 12.10]3.20
B+B(PC)+SSA1 675 {5.70]7.50
240 12.40}3.50
. 300 }2.65]3.64
PH+1OSA1 720 }16.40{7.05
UV+PH+2SA1‘ 370 13.7614.00
'i‘UV.‘rPH}SSAT. 430 14.55{4.76
»Z'UV+PH151'()SA1 | 850 |7.20{8.16 GSMO : — s
2SA1+PH+38A1 420 14.4814.68 60 480 65 1256 5456 255 675 240 300 720 370 430 850 420

Fig.6.3a AIHF 60 for P/C 33/67 Saree 1st Combination B(P) & PL

Combmatron 45 | 90 —9——45 Dogree
. KGRI

3.79
246

5 98| 2.54
~ B(P)+8SA2. .| 543 14.50]4.80
B B+B(P)+1SA2*-‘ 253 {2.14]2.80

j=
545 E
211 T
3.20) <
5.70

UV+PL+2$A2 | 348 13.20{3.50
2 UVaPL+38A2 | 408 13.9714.20
< UV+PL+10SA2- | 828 {6.54{6.86 asn® ] :
DSAD+PL+3GA2| 398 [3.0014.13 60 480 63 123 543 253 673 218 278 698 348 408 B28 398

___gure 6.3b: AIHF 60 for P/C 33/67 Saree 2nd Combination B(C) & PL
45 | 90 et 45 Degroa
1.16}1.66 i 90 Dagreo
3.20{3.79 10 '
1.73]1.77
1.70{1.90 il e ST T SN RSB AP SRR U S
3.35{4.20 - :
2.36}2.68
5.4515.75
1.9012.11
3.09]83.20
5.605.70
UV+PL+28A2;A' 348 |3.2013.50 2t
FUV+PL+3SA2°| 408 |3.97[4.20
- UV4+PL+10SA2:| 828 |6.54[6.86 GSM [+ : : ;
23A2+P1”_+33A2 398 3.0014.13 60 480 65 125 545 256 675 218 278 698 348 408 828 398

'

H

AIHF-60

d
’
»
>
»
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Figure 6.3¢:P/C 33/67 Saree 3rd Combination B(P/C) & PL

Combmatlon GsM| 45 | a0
" 18A2- 1.16 1.€6
= 'BSA2. 3.20 3.79
S35 BPCY 1.20 2.11
. B{R)1SA25 1.68 2.10
- B{P)*88A2 3.45 4.30
- B+B{P)}+1SA2"" 2.89 3.30| @
- B+B{P)+BSA2 4.15 4.35 'ili
PL+2SA2 1.90{2.11) =
7 PL+3SA 3.09{3.20) -
- PL¥10SA2; 5.6015.70
" UV4+PL+2SA2:. 3.20}3.50
- UV+PL+3SA2:.| 408 |3.9714.20
"’UV+P'L+HWSA(2; 828 16.54/6.86| oy 60 Iaao‘ 65 I125‘5451255'675'215‘278.699laaalaosxsza‘aga
‘2SA2+PL4+3SA2 | 398 [3.90{4.13
Flgure 6. 3d P/C 33/67 Saree 4th Combination B{P) & PH
GSMI! 45 | 90
60 |1.16]1.66
;] 480 13.20}3.79
63 }1.2112.46
123 }1.98]2.54
+: | 543 14.5014.80
253 |12.14}2.80) ~
673 |5.28]5.45] 7
| 240 12.54]2.68) L
| 300 [3.18]3.56] <
5 : 720 |5.86]6.32
UV+PH+2$A2~ 370 14.10]4.30
- UV+PH338A2: | 430 [4.70}4.98
;'UV+PH+1:OSA2,. 850 16.90{7.01 GSM ° 60 :450: 63 :123'543'2557673 240 300 720 370 430 850 420
'2S5A2+PH+3SA21{ 420 459 4.87
Flgure 6. 3e PN 33/67 Saree 5 th Combination B(C) & PH
90 45 Degroea
1.66 — 90 Degree
3.79
1.77
1.90
. .3514.20
T B+B(C)+SA27 | 255 |2.36]2.68] 1
- B+B{C)+8SA2" | 675 |5.4515.75 E
: 2.68 I 1
356| <
.8616.32
-.’»UV+PH+2SA2K 370 |4.10]4.30
- UVEPH4+3SA2~| 430 |4.70{4.98
-UV+PH+10SA2.| 850 |[6.90 7.01 asM —
ZSA2+PH+33A2 420 4.59'4-87 60 480 65 126 545 255 675 240 300 720 370 430 850 420
Figure 6.3f: P/C 33/67 Saree 6 th Combination B(P/C) & PH
45 | 90
1.16}1.66
3.2013.79
1.20]2.11
1.68]2.10
3.4514.30
2.89{3.30 2
4.1514.35| &
254 2.68) =
3.18}3.56
5.8616.32
4.1014.30
7 UV+PH+3SA2 430 [4.7014.98
UV+EH+1OS,A2_ 850 [6.90 7.01 aSM — 77— T
2SA2+PH+SSA2 420 4591487 60 480 65 125 545 255 675 240 300 720 370 430 850 420
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Figure 6.4a:P/V 67/33 Saree 1st Combination B{P) & PL

Combmatlon-: . | GSM] 45 | 90
69 |1.45[1.87
552 [4.30]4.90
63 [1.21]2.46
: 132 |2.10]3.20
;;*.B(P)+SSA3 615 |4.98|5.20
B+B(P)+1SA3 262 [2.97]3.20] o
" BiB(P)yBSA3+| 745 [7.20|7.90
PL+2SA3" 7| 236 [3.00[3.26] <
, 305 |3.20{3.47
- PL+10SA3 - | 788 |5.23]5.46
UV+PL+2SA3._| 366 |3.58]3.78
- UV+PL+3SA3" | 435 [4.20{4.36
_UV+PL+10SA3 | 918 |6.21[635) oo ——t e
2SA3+PL+3SA3 443 4‘37 466 69 652 63 132 615 262 745 236 305 788 366 435 018 443

Figure 6.4b: PN 67/33 Saree 2nd Combination B(C} & PL

Combmahon o] GSM| 45 | 90 —— 45 Degreo
~] 69 11.4511.87 8 . ~3—-00 Degroe
1 552 T4.30]4.90 e
1.73]1.77 A A
1.57]2.45 P I S S SO SN S SR SO SR SO Y WS
B(C)+8$A3 5.20]5.40 : - : : :
B+B(C)+SA3 3.5013.90] R :
: : 536/590f L 41-: . bk
3.00|326] = ' :
3.20]3.47 J : :
5.23]5.46 2+ ittt o v
"UV+PL+2SA3 | 366 | 3.58]3.78 A B ! :
= UV4+PL+38A3--| 435 |4.20]4.36 oo o or
- UV+PL+10SA3'| 918 [6.21]6.35) o\ © 69' A e e e e S
323A3+PL+3SA3 443 |a.3714.66 552 65 134 617 264 747 236 305 788 366 435 918 443

Figure 6.4¢:P/V 67/33 Saree 3rd Combination B(P/C) & PL.

Comblnano 45 | 90 s Degee

" 1SA 69 |1.45[1.87 00 Dogreo
8SA 552 14.30]4.90

... B(PC) ", 65 |1.20]2.11

¢ B(PC}+SA3.-| 134 |2.25]2.36

- B(PC)+B9A3" | 617 |4.00]6.38
‘B+B(PC)+15A3 | 264 |3.90]|4.50

"B+B(PC)+85A3 | 747 |4.23]4.35 f
PL+2SAS 326]
' 3a7] <
5.46
OV3PLi2SAT. 3.78

- UViPL33SA3::| 435 [4.20]4.36
“UVHPL+10SA3 | 918 |6.21]6.35
-2SA3+PL1.35A3 | 443 |4.37]4.66

0 g ¥ * + + ? + $ $
GSM 69 652 €5 134 617 264 747 236 305 788 366 435 918 443

Figure 6.4d: PN 67/33 Saree 4th Combination B(P) & PH

Combination 45 | 90 —e—45Degree
y 69 }1.45]1.87 —#—50 Dogres
552 14.3014.90 10 .
63 |1.21]2.46 . ,
132 |2.1013.20}| . - J SR -----
615 |4.9815.20
| 262 12.9713.20
745 |7.2017.90
258 |3.14}3.22
327 |3.36}3.67
810 [5.30}5.87
388 | 3.6 3.9 2+
r~UV+PH+SSA3 457 14.6014.90
T UV+PH+10SA3 | 940 |7.30f7.71
- 2SA3+PH+3SA3| 465 |4.8515.10

—_—a

AIHF-60

mahosaneboraen

»
.
.
s

...

[¢] ¥ ¥ + +
GSM 69 552 63 132 615 262 745 258 327 810 388 457 940 465
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Figure 6.4e:P/V 67/33 Saree 5th Combination B(C) & PH
Combination.”=- | GSM] 45 | 90
T 1 69 j14511.87
] 552 14.30{4.90
65 11.73}11.77
134 }1.57]2.45
617 15.20{5.40
264 13.50{3.90
«B+B(C)+BSA3 747 15.36{5.90
| 258 13.1413.22
‘1 327 13.36}3.67
? 810 }5.30{5.87
UV+PH+2SA3 388136139
MUV+PH+38A3 457 14.60{4.90
UV3+PH4+10SA3 | 940 |7.30{7.71 GSM ———
«ZSA&PH{3SA3 465 14.85/5.10 69 552 65 134 617 264 747 258 327 B10 388 457 940 465

AIHF-60

Figure 6 4f PN 67/33 Saree 6th Combination B(P/C) & PH
JGSM] 45 | 90
1 69 11.4511.87
-} 552 14.30{4.90
65 }1.20{2.11
2 <) 134 12.2512.36

B(PC)+BSA3 617 }4.00{6.38
B+B(PC)+1SA3 264 13.8014.50
By ) 4.2314.35
3.14]3.22
3.3613.67
5.3015.87
X 3.6 3.9
i UV+PH+3SA3 457 14.6014.90
"'UV+PH+1‘OSA3' 940 17.8017.71f  Gsm  © 69 552 65 134 G17 264 747 258 327 810 38B 457 940 465
‘25A3:+PH¥3SA3] 465 14.85{5.10 .

AlIHF-60

Flgure 6 5a PN 33/67 Saree 1st Combination B(P) & PL
E 45 | 90 et 25 Dogree
1.38]1.78 —#-—90 Dogree
4.10{4.56
1.2112.46
2.7913.10
~-B{PY +BSA4 543 14.2614.60
i B+B(P)+SA4 253 13.06{3.20
B+B(P)+88A4 673 }5.60{5.70
2.9713.35
3.2013.60
4.9715.23
NE 3.5013.90
UV+PL+33A4 408 14.30]4.50

‘U.V4PL+10SA41 828 15.90/6.20 TR VR
TOGA4:PL+3SA4 | 398 1426|438 &M 60 480 63 123 543 253 673 218 278 698 348 408 828 398

AlHF-60

F:gure 6. 5b :P/V 33/67 Saree 2nd Combination B(C) & PL

45 | 90 ——45 Degree
1.38/1.78 I
4.10/4.56 10 4y M : M ;
1.731.77 :
1.90]2.40 3 A
4.06)4.60] - --—o
345[380 o
5.34]5.80] .
2.9713.35 %
3.0013.60
4.9715.23
U.V.2PLi2SA4| 348 |3.50|3.90 2-
7 U.Vi+PL+3SA47| 408 14.30] 4.50
-UVA4PLEI10SA4 | 828 |5.90]6.20 T e S e ;
2SA4+PL+33A4 398 |4.2614.39 80 480 65 125 545 255 675 218 278 698 348 408 828 398
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~ Figure 6.5¢ :P/V 33/67 Saree 3rd Combination B(P/C) & PL

ICombmaho 45 | 90
1.3811.78
4.1014.56
1.20]12.11
3 ‘ 1.67]2.26
» B(PC)+8SA4.. | 545 |5.62]5.90
" B+B(PC)+8SA4.| 255 13.62|3.80 o
B+B(PC)+SA4 | 675 [4.30]4.60] U
- 218 [2.07]335| =
278 13.20§3.60
PL+1 0SA4: i 698 14.97]15.23
- U.V.+PL+2SA4 | 348 13.50}3.90
L‘.;{ i‘\'{ fPF;f_-;:i'SSAA‘; ggg g:gg g:gg csm 60 480 65 125 545 255 675 218 278 698 348 408 828 398
-2SA4+PL+35A4 | 398 14.2614.39
Figure 6.5¢: PN 33/67 Saree 4th Combination B(P) & PH
Combination:.: .. 45 | 90 e
- ..SA4 1.38]1.78 il 30 Degroo
-~ 8SA4 4.10]4.56 0 —————————————
~B(P) 1.2112.46 A
—B(P)+SA 2.7913.10 B A i a e e g o e e e ey e g e o e e
B(P) +8SA%; 4.26|4.60 o : : T
&B+B(P,)+.SA4 253 13.0613.20 Q bT-dA-~b-d--F-d--Pgi--F-4-- P -
673 15.8015.70)| L
240 |310[388] = SLl-iRL_i . \ N AL 2N
300 {3.45{3.88 1R R
PH+1OSA4‘ 720 15.4015.50 54 e e b e
U.V..+PH+23A4~ 370 |3.66] 4 D S T
- U.V.+PH+38A4 | 430 |4.33/4.53 P TR S S S N SO e
‘U:V3PHR10SA4] 850 |6.73|7.60 GSM 60 480 63 123 543 253 673 240 300 720 870 430 850 420
-2SA4+PHE35A4 | 420 14.40/4.60
Figure 6.5e PN 33/67 Saree 5th Combination B(C) & PH
Combmabon .. ~{GSM} 45 | 90 w45 Dgroe
'SA4 60 11.38{1.78 10 =90 Degros
4.1014.56 A
1.73]1.77 R
1.90{2.40 L e Tl
06/4.60 SRR EEEE
345[380) § 64 -do-i-tomioteod PP S S S -
534|580 u .
310[388) = | R . 2N L N L
3.4513.88 R W A .
5.40{5.50 B R
UV’+PH+281 : 3.66] 4 N 23 == - i A i S R e B
TUV+PH+3SA% | 430 [4.33]4.53 T
‘U.Vi+PH310SA4] 850 16.73]7.60 asm ° ' * ' ' '
>SA4IPHGSAR| 420 |4 .4014.60 60 480 65 125 545 255 675 240 300 720 S0 430 850 420

Figure 6.5 :P/V 33/67 S

aree 6th Combination B(P/C) & PH

GSM

45

90

60

1.38

1.78

| 480

4.10

4.56

65

1.20

2.1

. BPCiSA

125

1.67

2.26

T B(PC)+85A4- .

545

5.62

5.90

“B+B(PC)sBSA4.

255

3.62

3.80

" B+B(PC)+SAL"

675

4.30

4,60

240

3.10

3.98

300

3.45

3.68

720

5.40

5.50

370

3.66

2

4.33

4.53

U .+PH+1 OSA4

850

6.73

7.60

"2S5A44+PHY3S A4

420

4.40

4.60

10

AIHF-80

GSM

el 45 D10
e i) Dogroe
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. . . . * * . s * . » . .
. . » . N . . : . . . . v
’ . x . . . " * . . »
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Figure 6.6a PIC 67/33 Saree 1st Combination B(P) & PL

Combination.”; | GSM] 45 | 90

—&——45 Degroe
el 0O Degroe

T1SA5" 56 |1.89]1.42 0
. 8GAB 448 | 3.36|4.20
. B(P)- 2.46
. B{P)+SAb-. - 34)2.90
" B(P)+BSA5." | 511 |3.35]4.23
-B+B(P)+15A5. | 249 |2.79]3.09|] o
B+BQ=’)+8SA5 641 [5.32[5.50| ¥
= - PL+2SA5 ] 210 12.3012.971 =
PL+aSA6. - | 266 |320]350] <
= PL+10SAB. - | 658 14.5614.83
“UV+PL+28A6" | 340 |3.76]3.95
- UV+PL+3SA5Y| 396 |4.19]4.25
"UV+PL+10SA5 | 788 [5.80|6.10  .c\
&6 448

' 2SA5+PL+3SA5 | 378 14.00{4.15

63 119 511 249 €41 210 2066 658 340 398 788 378

_Figure 6.6b :P/C 67/33 Saree 2nd Combination B(C) & PL

12112.21]12.46
513] 3.65|3.97
251] 3.20] 3.60

GSM|] 45 | 90 835 Degree
? 56} 1.29] 1.42 10 88— 90 Degroe
448 3.36] 4.20 IR [ T
6511.73] 1.77 : . S T

2SA51PL+3SA5| 378 14.00]4.15

[
| 6431 5.80] 6.53 E
1 210 |2.30}2.97 I
=] 266 13.2018.50 <
“'_PL+1GSA5 658 14.5614.83
- UVFPL+3SA5":] 396 |4.12]4.25
AV+PL+10SA5 | 788 |5.806.10 GSM 56 448 65 121 513 251 643 210 266 658 340 396 788 378

Figure 6.6¢:P/C 67/33Saree 3rd Combination B(P/C) & PL

e 45 DOGroS
—®—99 Degres
. . s * « . , , 1 . .
. . i . x s s . . . N
a . * . » . N . . N
. . . . N ' N N . N .
uuuuuuuu A b o e B e A e e e o e B R
v . . N . . " » " N .
. N . . N N + ' . . .
. ) . . » N . ' ' . .
. ) . » . ’ " . . . .
—— SN DR S 2 _+ P -
3 . + » v
. , * * B
. N ’ .
N s .
. 3 2 _
ST i

vevumeonman
i
R LEXRTLYY

- 2SA5+PL13SA5 | 378 |4.0014.15] &M

Combination 45 | 80
-~ : 15A5- 1.29(1.42
3.36/4.20 o
K ; 1201241 . R
'1:'”B(PC)+SA5 - 1.6812.38 B —m e
- B(PC)+8SA5. | 513|4.84]5.44 -
:"B+B(PC)+SA5.] 251/2.61]3.05 g 6 I
B+B(PC)+BSA5 643]3.9014.50) v
230297} L | gl
3.20/350] < :
- 4.5614.83
UV+PL+2$A5 340 [3.76/3.95 24 s
“UV+PL+3SA5. '] 396 14.12{4.25 -
~UV+PL+10SA5 | 788 |5.80]6.10 od—s

56 448 65 121 513 251 643 210 266 658 340 3VE 788 I8

_Figure 6.6d:P/C 67/33 Saree 4th Combination B(P) & PH

Combmahon < 90 45 Degree
* 15A5-. 142 w ~8--90 Dagroo
8SA5" 4.20} - :
> B(P)" 2,46} O
2
4.23 3 e Y A
300} @ sb-d--t--doorodgeoteonadeoran -
550 T : R <
3.20 < ‘———s T T T f (] T —.———E——.—--
3.84 : s
:1015.20 2L RIS R
UV PH:2SA5. | 362 |4.20|4.40] : . YT
= UViPH+38A5 | 418 14.9015.36 < S S S

"UV3PH+108A5 | 810 |7.20| 740} con °
"2SA51PH+3SA5| 400 |4.28|4.47

56 448 63

119 511 245 641 232 283 680 362 418 810 400
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Figure 8.6e :P/C 67/33 Saree 5th Combination B(C) & PH
Combmanon 2

-YGasml 45 | 90 et
" 18A5 - 5611.29]1.42 ‘-—-.——90099.39‘
‘.BSAS 448]3.36]4.20 W7 7T T T T T o
7 B(G) = 65]1.73]1.77 R T
'--1'.B(C)+SA5 121]2.2112.46 L b e S b i bl il e Sl
1= B(C)+8$A5 1 513|3.65|3.97 R : :
“B+B(C}+SA5 . | 2513.2018.60) o 6 -d--bodo-bodo-bdoobodo-bodo -
B+B(C)+BSA5 -| e43{580/653] £ o
-PH+2SA5. 1 232 1301|320} T ,|_. / i ARNSS 3
~, . PH+3SA5 288 |3.5013.84) < : : ;
-~;,PH+105A5:‘~:~': 680 }5.10/5.20 2l AR R
- UV+PH+28A5. | 362 14.2014.40 N : ooy
"UV+PH438A5,.| 418 14.90/5.36 Do : oo or o
UV+PH+10SA5 | 810 17.20]7.40 G bttt — =
GSM 56 448 65 121 513 251 643 232 288 680 362 418 810 400

2SA5+PH+3SA5]| 400 ]4.2814.47

Figure 6.6f:P/C 67/33 Saree 6th Combination B{P/C) & PH
Combination~ """ GEM}| 45 | 90 —&— 45 Degiee

T 1SAB 56] 1.20] 1.42 — -0 Degroe
_BSAB 448] 3.36] 4.20 10

" BEC). |65 1.20[2.11 R
- BPC)+SA5:+ | 121] 1.68|2.38 B e e
~B(PC}+BSA5- | 513]|4.8415.44 A A -
“B#B(PC)+8A5 | 251)26118.05) o .t b i i i i G b Gt _
B+B(PC)+8SA5 | 643]3.00[4.50] ? S L A R

L PH+2SASTTT 232 [3011820) T | it i /N iml ! 3
. PH+3SAB 288 |3.60384] < A / ~ S :
- -PH+10SA5 | 680 |5.10]5.20 : : o
- UV+PH+2SA5 5| 362 |4.20]4.40 2rdi TTYTTrTRTTrTRTITTTIOAT
_UV+PH+35A5 '] 418 14.90|5.36 AT A
“UV+PH+10SA5.] 810 [7.20]7.40 e L S S S

GEM 56 448 65 121 513 251 643 232 288 680 362 418 810 400

-2SA5+PH+3SA5| 400 |4.28|4.47

Figure 6.7a: Polyester saree 1st Combination B{P) & PL
Combmanon 45 1 90 ey —
71208

4.24]4.69 10 Ty
1.21]2.46 A
1.87]3.19 Y S L Lo
~ B(P)i85A6- 4.58]4.89 A
B+B(P)+1SA6-‘5 248 [290[342) o ol i .1 i . ]
~B+B(F)+BSA67| 633 |6.06]6.44) P P
- 270[394) T | B \ |
agalaio) < : :
5.63]16.71 olafli. NS /L T v R
- UV3PLs25A6. | 398 [3.99]4.30 T A A
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Figure 6.7¢ . Po!yester saree 3rd Combination B(P/C) & PL
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_Figure 6.7e: Polye!
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Figure 6.71 : Polye

ster saree 6th Combination B(P/C) & PH
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Figure 6.8a: Cotton Saree 1st Combination B(P) & PL
Comblnatlon FGSM| 45 | 90 —e—145Degree

B+B(P}+1SA7* 246 13.50/3.84
. B+B(P)+8SA7 -] 617 16.4216.83
L-PLa2SAZ ;. | 204 |3.00]3.22
42 "PLL3SAZ 257 13.57{3.80
«-PL+10SA7.:5] 628 |5.86]6.84 : . :
~UV+PL+28A7: | 334 [4.22]4.52 Ch 7 G Ak it i St i S S e
- UV+PL+3SA7:| 387 |5.04]|5.38 . oy :
. UV+PL+10SA7.| 758 |6.25|6.38 0 S B
'QSA7_+PL+3SA7‘ 363 [4.42]4.65 GSM 53 424 63 116 487 246 617 204 257 628 334 387 758 363

0.51]0.57 —8—90 Dogree
5.08]5.31 10 T YT
1.21}2.46 N oo
3.20}4.40 R L S S g T " EE T
5.23|5.56 : Do -

v e mtap e s enp e

AlIHF-60

Figure 6.8b : Cotton Saree 2nd Combination B(C) & PL
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Figure 6.8d: Cotton Saree 4th Combination B(P) & PH
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Figure 6.8e: Cotton Saree 5th Combination B(C) & PH
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Figure 6.9¢: PIC Saree 3rd Combination B(P) & PL
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Figure 6.10a: PN Saree 1st Combination B(P) & PL
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Figure 6.10e: P/\/ Saree 5th Combination B(C) & PH
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Figure 6.10g: AIHF Comparision of Nylon Saree SA1 Combinations
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Figure 6.1 oh: AIHF Comparision of P/C 33 /67 Saree SA2 Combinations
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Figure 6.10i: AIHF Comparision of P/V 67/33 SA3 Saree Combinations
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Figure 6.10j: AIHF Comparision of P/V 33/67 Saree SA4 Combinations

cb

<>

cb

0

Qom do

Cc™M
NT

Cc™M
NT

CcM
NT

T—

CM
nT

T~

CMm
nT

CcM
nT

CD
Cc™M

CD
Cc™M

CD
CcMm

CD
Cc™M

CD
CMm

CD
cM

ID
<

co

CcM

CcM
nT

CcM
nt

(91%)
nT

CM
nT

(&%)
nt

co
co

co

co
co

co

co
co

co

[ele]
co

co

co
co

co

[ele]
co

co

ID
<=
Co
00

—
csi

r-

co
nT

CcM

T—

csi

co
NT

CcM

CcM

co

Cc™M

CL
CD

co
o)
cm

co
nT

Cc™M

CD
CcM

co
co

CcM

co
nT

Cc™M

CD
CMm

co
co

CM
CM

nT

CM

00
co

CcM
CcM

B(P)+SA5

NT
nT
id

r-
CcD

co
CMm

nT
nT
id

h-
CD
cd

co
CMm

nT
00

if)
cd

LO
0O)
cd

nT
00

nt

LO
co
cd

LO
O)
cd

ID
<

Ccb
an

CD

LO

cd

co
cd

CD

cd

LO

cd

co
cd

CcD

cd

CM

o

cd

CcD

csi

CcM
cd

ID
CcD

CL
CD

CD

LO
NT

co

cd

LO
id

[e]
NT

co

cd

LO
id

0O)
cd

id

cM
co
id

CD
cd

00
id

cM
co
id

uo

CcD
co

CcL
cb

CD

o

cd

CM
cd

CcM
cd

CD
csi

CD
csi

CD
csi

—

cd

co
csi

co
csi

Csi

N

[o]]

nT

cd

nT
0o
cd

nt
00
cd

in
cd

in
cd

in
cd

230

in
cd

Cc™M
cd

cM
co

o +8

cM
id

CcM
id

cM
id

co
00
nt

co
00

nT

co
00

nT

T—
id

co

nT

co
v)
nT

co
v)

<0

CL

nT
nT

nT
nT

nT
NT

in
CcD
cd

in

cd

CD
cd

CM
nT

cM
NT

cM
M

co
N-
cd

co

cd

co
h-

co
co
id

co
co
id

co
co
id

in
CcM
NT

CM
NT

in
CM
NT

CcD
NT

CD
NT

CD
NT

CM
Y—
NT

CcM

NT

LVv+2_+88A

NT
1~

V-

cd

cd

CcM

00
id

00
id

U +9_+ 0SNG

NT
NT

NT
NT

.
NT
NT

in

NT

in

NT

in

NT

00
CMm

NT

co
cM

NT

co
CMm

NT

500 500

500

ID

cD
co

J
TL
+
ID
<

CD
CN)

1SAl

8.00

S

Q

O

T &
—
< 0O 9 <
255 8
I |
- >
nivVAdHIV

B+B(C)+SAl
-+ —B+B(C)+8SAl

--- PL+2SA1

PL+3SA1

PL+10SA1
— UV+PL+2SA1

UV+PL+3SA1
-X — UV+PL+10SA1

13

12

COMBINATIONS

P/V 33/67

<20 M Uj 0k



TVSE+1d+AN SNOILVYNIGINOD €€/.9 D/d

TVSZ+H1d+AN —|— €T A} T 0T 6 8 L 9 S 14 € 3
TVSOT+1d 000
TVSE+1d 00z
TVSZ+1d 003
>
TvS8+(D)g+4d =
008 L
TvS+O)g+9 .Anm
00
(0)a+zvss W
O
(D)a+1vs 00% ®
[a}
(0)a 008
Tvse 00
VST 008

09v  09% 09t 6V 6EY 65 orvy  Ovv or'y 9zY 9z 9Zv  YVSE+Id+rvST
09'7 091 09°2 029 02’9 029 €L'9 €L°9 €L°9 06°G 06'S 06'S  PVYSOT+Id+AN
€Sy €SY eS'Y 0Sv 0S5V 0SY €€V €Y €ey 0y  OS¥ 0S¥  PYSE+Id+AN
06°¢ 06'€ 06'€ 99'¢ 99'¢ 99'¢ 05°€ 0S°E 0S€  P¥SZHId+AN
05'S 0S'S 0S'S £2'S £€2'S XA or's or's or's L6 L6V 167 yYSOT+1d
88'c 88'c 88°€ 09°€ 09°€ 09°€ Sv'e S'e Sv'e 0z'e 0z'E 0z'€ PvSE+Td
86'€ 86'€ 86°C se'e se'e se'e oT’e oT'e oT'e 16T 16T 16T pvSZ+1d
09 08'S 0L'G 09v 08 0L'S £y YES 09'G ey  vES 09'G  vvssHd)a+a
08°€ 08'€ 0z'E 08'€ 08'E 0z'€ z9°e Sv'e 90'€ z9'e Sv'e 90t vvsHd)a+a
06'S 09t 09%  06'G 09V 09 29's 07V 9TV 29's 90y 9Ty vSg+(d)a

9¢'¢ ov'¢ oT'¢ 9¢'¢ ov¢ 0oT€ 19T 06T 6.°¢C 19T 06'T 6L°¢C rvS+(d)g
11°¢ 11T av'¢ \N LL av'e 0cT €LT T 0cT €L'T 12T (da
98’y 98’y 98V 9S> 95y 98y oTv oT'v oT'v oT'vy oT'v 0Ty rvse
8L'T 8LT 8L'T 8.1 8.1 8L'T 8e'l 8E'T 8¢” 8e'l 8€'T 8E'T vvSs
U9 us uw pig pug ST w9 us U pie pug ST uolireuiquiod
daIes ¢¢//9 O/d 1saL 9ai1baq 06 9ales €¢//9 O/d 1sa] 9albaqg Gy 09 4HIV

suolJeuIqWoD SYS dales €€/29 O/d Jo uoisuedwo) FHIV H0T'9 aInbid

00



Figure 6.101: AIHF Comparision of Polyester Saree SA6 Combinations
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Figure 6.1 on: AIHF Comparision of P/C 50/50 Saree SA8 Combinations
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Fig. 6.10t: AIHF 60 values for saree along with B (C) and PH - 45
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Figure6.11a:GSM VS IgnitionTime for Fibres
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Figure 6.11b:GSM VS Ignition Time for C/P Combinations
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Figure6.11d:GSM VS Ignition Time for C/V Combinations

GSM 100c  75C/25V 50C/50V  25C/75V
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Fiaure6/11e:GSM VS Ignition Time for P/C Combinations

100 P  75P/25C 50P/50C 25P/75C
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800 3.76 3.56 3.3 2.59
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Figure 6 11f:GSM VS Ignition Time for N/P Combinations
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Figure 6.11g:GSM VS Ignition Time for N/C Combinations
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Figure 6,11h:GSM VS Ignition Time for N/V Combinations
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Figure 6.11i:GSM VS Ignition Time fo V/P Conibinations
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Figure 6.11 k:GSM VS Ignition Time for V/C Combinations
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Figure 6.12a:FPR VS AIHF 60 - Cotion Test 45

- GSM_[AIHF 60] FPR
- 50 -: 1 1.28 1.68 Co-orelation Flame Propagation Rate & AIHF-80 (100C)
100 | 1.87 | 1.77
160 | 243 | 1.85
7200 | 267 | 1.87
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e 1280 y=-5E-06:¢ +0.0004x°- | _ ©
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950 1 500 | 669
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Figure 6.12b:FPR VS AIHF 60 - Polyester Test 45
- GSM_- [AIHF 60] FPR
' 101 0.89 * Coorelation Flame Propagation Rate & AIHF-60
1.01 .89 | (1 OOP)
1.03 | 0.89
1.07 | 0.89
117 | 0.91
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189 | 1.81
2;2 gg; y = 7E-07x° + 2E-05x° - 0.0022x"| B
370 | 401 +0.0445x - 0.291x" + 0.7262x |
503 | 4.18 +0.4825 <
549 | 4.55 R® = 0.9976
5830 | 5.14
6.64 | 5.79
7.24 5.89
7.27 | 651 .
7.29 | 6.61
731 | 6.64
7.33 | 6.65
7.35 | 6.66
Figure 6.12¢:FPR VS AIHF 60 - Nylon Test 45
= (3SM_]AIHF 60] FPR
- 50 .04 0.90 Coorelation Flame Propagation Rate & AIHF-60
1007} 1.40 0.92 {100N)
- 1507+ 2.39 1.07
5200 | 283 | 223
250 .1 2.67 | 3.35
300 ] 2.80 | 3.26
3501 204 | 3.34 p p”
400, | 567 | 333 |v=8E-06x° - 0.0005x° +0.0101x* | o
450. ] 3.07 | 3.8 0.0903x* + 0.2812%° g
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5 361 | 3.00 A = 09963 <
00-1 4.18 | 0.84
“1 485 | 2.81
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564 | 3.31 - -
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586 | 4.24
S.87 | 4.61
584 | 4.86
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Figure 6.12d:FPR VS AIHF 60 - Viscose Test 45

—GSM' JAIHF 60] FPR <
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1001 171 | 6.90 {100V)
1501 1.91 | 0.90
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Figure 6.12e:FPR VS AIHF 60 - 50C/50P Test 45
3 FPR :
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Figure 6.12:FPR VS AIHF 60 - 50C/50N Test 45

- GSM _{AIHF 60} FPR
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Figure 6.12g.FPR VS AIHF 6

0 - 50C/50V Test 45
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Figure 6.12h:FPR VS AlHF 60 - 75C/25P Test 45
" GSMJAIHF 60] FPR
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- 3000:] 591 | 6.82
Figure 6.12i:FPR VS AIHF 60 - 75C/25N Test 45
~ GSM-_[AIHF 60] FPR '
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Figure 6.12j:FPR VS AIHF 60 - 25C/75V Test 45

~GSM _JAIHF 60f FPR
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Figure 6.13a:FPR VS AIHF 60 - Cotton Test 80
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Figure 6.13b:FPR VS AIHF 60 - Polyester Test 90
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_Figure 6.13¢c:FPR VS AIHF 60 - Nylon Test 90
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_Figure 6.13d:FPR VS AIHF 60 - Viscose Test 80
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Figure 6.13e:FPR VS AIHF 60 - 50C/50P Test 90
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Figure 6.13f.FPR VS AIHF 60 - 50C/50N Test 90
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Figure 6.131:FPR VS AIHF 60 - 76C/25N Test 80
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GSM vs Rate of Burning
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GSM VsBR 60 for Fibres

Figure 6 16b
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