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Shrinkage of fire—fighting suit during flash fire exposure

LI Jun'?* ZHAI Li'na' > WANG Min'** LI Xiaohui' **
(1. Fashion * Art Design Institute Donghua University Shanghai 200051 China;
2. Protective Clothing Research Center Donghua University Shanghai 200051 China; 3. Key Laboratory of
Clothing Design & Technology ( Donghua University) — Ministry of Education Shanghai 200051 China)

Abstract The shrinkage of fire-fighting suit in the flame may affect its thermal protective performance
and constrain body’s movement. By using an instrumented mannequin flame-test for complete garments
is applied to simulate the fire situation. Seals marked on the garment are used to measure the shrinkage
distribution of the garments during flash fire exposure. The reasons for the shrinkage and its factors are
studied. The relationship between shrinkage and the burn injury of manikin skin is preliminarily
analyzed. Results show that the sleeves trousers and the back of the clothing shrink significantly. The
variation of the shrinkage results from the heat flux air gap and other factors. The shrinkage extent is
influenced by wearing posture fire duration construction size and fabric areal density. As a whole
burn injury will be more serious where the shrink is more significant.
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Tab. 1 List of garment specimen o
/ ;
(g'm~?) :
Gl 210 B 5
G2 150 B 2 A.B.C3
3 175 B 1 0,
G4 210 A 1 1.2.3
G5 210 C 1
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o ISO 13506—2008 { 3
Y . Tab. 3 Comparison tests
2
3 R Cl T1.T4.T5
c2 T1.T6.T7
2. .
+
(84 £4) kW/m"; 0.25 s; & LTS
(20 -_F3) OC; 65% +5% C4 T1.T8.T9
2 10 C5 T4.T10
Tab. 2 Design list of flame exposure tests
/ 2
s
T1 Gl 4
T2 Gl 3 2.1
’1‘3 Gl 5 2. 1. 1
T4 G2 4 4
TS G3 4 o
T6 G4 4 °
T7 G5 4
T8 Gl 4
T9 Gl 4
14.4 cm
T10 G2 4
4
Tab. 4 Shrinkage of key measurements cm
Tl 16.0 13.0 6.0 14.0 0.0 14.0 6.5
T2 9.0 5.0 3.0 8.0 0.0 5.0 3.5
T3 17.0 15.0 8.0 11.0 0.0 16.5 9.0
T4 15.0 13.0 7.0 15.0 0.0 16.5 8.5
TS 15.5 16.0 4.0 6.8 0.0 15.0 7.5
T6 11.0 13.0 3.0 7.0 0.0 13.5 8.5
T7 17.0 10.0 8.0 16.0 0.0 17.0 5.0
T8 10.5 18.0 9.0 8.6 0.0 12.3 9.5
T9 15.5 14.0 3.0 6.0 0.0 13.5 6.5
T10 17.5 18.0 8.0 12.0 0.0 14.5 9.5
14. 4 13.6 6.0 10.4 0.0 13.8 7.4
2.1.2 3 10
T2
0 2 T1 75% o
o 4
T1.T8.T9 °
K 10
118
4 5 ;
118
4
118 3 . o ( 4(b))
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Tab.5 Four types of shrinkage

(SR)

SR <3%

3% <SR<11%

11% <SR<19%

SR >19%

2
Fig.2 Garment before (a) and after (b) flame test
and seal detail before (¢) and after ( d) flame test

( 4(¢c))
o 5 T1.T6.T7 3
. . Fig.3 Ratio of shrinkage degree
4 TI.T8.T19
Fig.4 Shrinkage distribution of T1 (&) / T8 (b) / T9 (¢) garment
2.2 IBM SPSS Statistics 19. 0 10
2.2.1 Spearman ;
1) o
Spearman o
\ N 6
7 o
. 7
(p<0.05)

(p <0.01)
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5 TL/T6/TT
Fig.5 Distribution of average shrinkage of T1/T6/T7

6
Tab. 6 Mean value of variables
/ /
% (kWem~?) /mm
T1 10. 54 85. 11 11. 68
T2 4.50 85. 11 11. 68
T3 12.38 85. 11 11. 68
T4 12.57 86. 24 11.68
T5 11. 18 85. 11 9. 49
T6 10. 25 86. 24 13.90
T7 12. 41 86. 24 10. 82
T8 9.04 83.72 7.10
T9 7.92 83. 10 11. 68
T10 12.72 85. 88 11. 68

2.2.2
T. B. A,
L4 4
( 3)
8 ~12 SyaSp S S,
. . . 4 o
8
Tab. 8 Influence of areal density on shrinkage

M(gm™2) /% Sy /% Sy 1% S.1%
150 ( T4) 4.7 8.0 18.9 17.0
175 ( T5) 3.4 8.9 17.2 14.9
210 ( T1) 4.8 9.0 13.7 13.7

9

Tab.9 Influence of garment size on shrinkage

Sp /% Sy % Sy /% S, 1%
A (T6) 3.5 7.5 14.8 13.9
B (T1) 4.8 9.0 13.7 13.7
C(T7) 5.6 10.0 14.9 16.9

7 Spearman

Tab. 7 Spearman correlation cofficients

10

Tab.10 Influence of flash test time on shrinkage

& &
T1 0.679** 0.385**
T2 0.593** 0.320**
T3 0.552** 0.394**
T4 0.533** 0.501**
T5 0.534** 0.488* *
T6 0. 605* * 0.375**
T7 0.697%* 0.277"
T8 0.527** 0.231"
9 0.584** 0.246"
T10 0.435** 0.461**
95%

p<0.05 ** p<0.01.

2) .

/s Sy /% Sy /% S, 1% S,.1%
3(T2) 1.9 3.6 6.6 5.7
4 (T1) 4.8 9.0 13.7 13.7
5 (T3) 4.9 8.9 18. 1 16. 4
11
Tab.11 Influence of manikin state on shrinkage
Sy /% Sy /% Sy /% S, /%
(T4) 4.7 8.0 18.9 17.0
(T10) 5.2 7.6 13.9 17.6
12
Tab.12 Influence of manikin posture on shrinkage
Se/% Sy!% Sy 1% S, /%
(T1) 4.8 9.0 13.7 13.7
('T8) 4.8 7.1 17.3 9.2
(19) 5.1 6.1 1.7 8.9
8 ~12 : Cl (
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