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Abstract ; Firefighting clothing is an important protective equipment to protect firefighters from heat damage in fire.
Performance testing and evaluation are the key steps in the practical application. This paper analyzed the interaction of
thermal protective performance, thermal-moisture comfort and ergonomic performance, and had a comprehensive analysis of
the evaluation results. The comprehensive testing and evaluation principles were then established based on the above
discussion to analyze the evaluation results more reasonably and objectively.
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Tab.2 Testing and evaluation techniques for the clothed
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Tab.3 Performance testing indexes for fire fighting clothing
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Tab.4 Interactive matrix diagram of the performance testing indexes for fire fighting clothing

A, A, A, A, A, A, A, Aq A, Ay
A, 2 2 2 0 2 0 1 0 0
A, 2 2 0 2 0 1 0 0
Ay 2 0 2 0 1 0 0
Ay 0 2 0 1 0 0
As 0 2 0 2 2
As 1 1 2 1
Aq 2 2 1
Ay 1 1
A, )
AIO

E:0 AT AT AR ARMTE,
5 %

&

SCHVE ST AT B R AR BTy 7 PG T 2 A E L
K TGCMERE S5 T 11 43531 )ik 1 ¥ 7 I 2 e 0 3 5
B R 45 bn o BB 47 I AL 5 TPP s
RPP U3 SET i AR ARG AR I, IF- 1 i — 4%
BeAiiit [E] (X 5L TPP {E, RPP ) /MR AR BRI ] |
Bl F o LU SE R bR B AT AL o PR AT 1 R 3
EE YN H PPN FYNSR 3 EuRlFEWNZS
A OIS e THL B RAE, T
PR 2 o ARSI 38 1o X S 56 2 2R N B
A M P 1) JR A 3% 2l 0 P 25 Mt 5 4% 38 458 416 s it
frifid

1] Ay &b 25 X6 9 75 e B4 77 3 8 e ) B S EL A
Tz AR PIRAET 1 1 BE AN T80 RE A B ST AR X AR
I BV b s s B B bR v 3 B R A%
REZ IAIFAAE S AR Y, BT D1 221 S 255 1 3T
IR, (ER X T T A 68, 57 4 T PE A 3 B 1 25
AHERERTF IR RATELAT . T340, SO 4 I3
BEREEE T I, ST I B A RE I B 52
AR TR, A Bl T X B A B I P 45 AR A
5T o

S 3Lk

[ 1] Barker R. A review of gaps and limitations in test methods
yield meaningful protective clothing and equipment[ R ].
Pittsburgh ; National Institute for Occupational Safety and
Health ,2005.

[ 2] s NRIERNE 23 22 5. W By 51 K KB4 ik GA10—
2002[S]. LT : A E R i Y ik, 2003.

[ 3 ] AT TH B AR 2L 8 B 4 1 e 5 i 4 RE A 7F 52
[D]. kg AR1E R ,2009.

[ 4 ] Nunneley S A. Heat stress in protective clothing: interac-

tions among physical and physiological factors[ J]. Scandi-
navian Journal of Work and Environmental Health, 1989
(15) :52-57.

[ 5] Behnke W P. Thermal protective performance test for
clothing[ J]. Fire Technology,1977,13(1) :6-12.

[ 6] 5kB52, 155, 28R, B KRR BLA 52w A 3R B HE
P[], Y5814 ,2016,37(6) :171-176.

ZHANG Mengying, MIAO Yong, LI Jun. Influence factors

and evaluation methods of stored thermal energy in fire-
protectiveclothing [ J ]. Journal of Textile

Research,2016,37(6) :171-176. (in Chinese)

(7 ] APB, S5 30, 32 200K, 55 ARBAAR S8 BE T By 7 IR AR By
PPERERISCIRITTE [T ] IR A2 R (AR
2014,54(6) .719-723.

FU Ming, WENG Wenguo, YUAN Hongyong, et al.

Bench scale test of the thermal protective performance of

fighters

protective clothing for low intensity thermal radiation[ J].
Journal of Tsinghua University ( Natural Science Edition) ,
2014,54(6) :719-723. (in Chinese)

Standard test method for radiant heat performance of flame

—
[ee)
[

resistant clothing materials with burn injury prediction
ASTM F2702—08 [ S]. West Conshohocken, PA: ASTM
International ,2008.
Eni E U. Developing test procedures for measuring stored
thermal energy in firefighter protective clothing [ D ].
Raleigh: North Carolina State University,2005.
Hoschke B N. Standard and specification for firefighters
clothing[ J]. Fire Safety Journal, 1981, 4(2) :125-137.
Hummel A, Watson K, Baker R. Comparisons of two test
methods for evaluation the radiant protective performance
of wildland firefighter protective clothing materials[ C]//
Performance of Protective Clothing and Equipment. San
Antonio ; Lowa State University,2016:178-194.
[12] Standard test method for unsteady-state heat transfer
evaluation of flame resistant materials for clothing with

burn injury prediction ASTMF 2703—08 [ S]. West



%34 FHT,F

4 By BROPE AR PR B B 42 AR A R - 217 -

Conshohocken, PA;ASTM International ,2008.

[13] Standard test method for measuring the transmitted and
stored energy of firefighter protective clothing systems
ASTM F2731—11 [ S]. West Conshohocken, PA; ASTM
International ,2011.

F AR, 2R, TR T R KRR
Bigr vk BEDN P [T ]. VU R R i ( A SRR i)
2014,36(2) ;:150-156.

WANG Min, HE Jiazhen, LI Jun, et al. A flash-fire

manikin-based evaluation of the thermal protective

[14

[

performance of civilin fire-proof suits [ J ]. Journal of
Southwest University ( Natural Science Edition) ,2014,36
(2) :150-156. (in Chinese)

[15] WIS, 2R B IR PEREM PEE SR [T ]. 258174k,
2011,32(5) :148-154.

HU Shurong, LI Jun. Progress in research of protective
clothing performance test and evaluation [ J]. Journal of
Textile Research,2011,32(5) :148-154. (in Chinese)

[16] Gasperin M, Juricic D. The uncertainty in burn prediction
as a result of variable skin parameters: an experimental
evaluation of burn-protective outfits [ J]. Burns, 2009, 35
(7):970-982.

[17 ] Wastonk L. From radiant protective performance to
RadMan TM : the role of clothing materials inprotecting
against radiant heat exposures in wildland forestfires[ D ].
Raleigh; North Carolina State University, 2014.

(18] 8, 2R, 2/ M. SRR BNTE K7 3B 47 IR T 52
FHEIRIHILT . 95485741 ,2013,34(3) :154-160.

WANG Min, LI Jun, LI Xiaohui. Application of flame
manikin in thermal protective clothingresearch[ J]. Journal
of Textile Research,2013,34(3) :154-160. (in Chinese)

[19] Rossi R M, Schmid M, Camenzind M A. Thermal energy
transfer through heat protective clothing during a flame
engulfment test [ J ]. Text Research Journal, 2014, 84
(13) :1451-1460.

[20] HE J Z, WANG M, LI J. Determination of the thermal
protective performance of clothing during bench-scale fire

test and flame engulfment test: evidence from a new index

[J]. Journal of Fire Sciences,2015:1-14.

[21] HE, EAL, KIHE, 55 w4 ) & & TR0 e

TS HE LT ] R 24 (AR
2013,39(6) :754-759.
TIAN Miao, WANG Yunyi, ZHANG Xianghui, et al.
Comfort-ergonomics evaluation and optimization of thermal
protective clothing [ J ]. Journal of Donghua Uuiversity
(NaturalScience Edition), 2013,39 (6) :754-759. (in
Chinese)

[22] Standard on protective clothing and equipment for wildland
fire fighting NFPA1977—2011[ S]. Quincy, MA ; National
Fire Protection Association,2011.

[23] Ross K A. Evaluation of an instrumented sweating manikin
for predicting heat stress in firefighters” turnout ensembles
[ D]. Raleigh;: North Carolina State University,2006.

[24] Kai Sirén E F. A thermal manikin with human thermoregu-
latory control ; implementation and validation[ J ]. Interna-
tional Journal Biometeorol ,2012,56(5) :959-971.

(25] 2. MHATIE P57 it A [ M. dEst: hE 2541
i #t,2002 :107-109.

[26] Havenith G, Heus R. A test battery related to ergonomics
of protective clothing [ J]. Applied Ergonomics, 2004, 35
(1) :3-20.

[27] fulfE5R , 2242 Wi IR TACHERETT A i B stk e [ ]
25 4R 2014,35(1) . 158-164.

HE Jiazhen, LI Jun. Advances in research of ergonomic
evaluation for protective clothing [ J]. Journal of Textile
Research,2014,35(1) ;158-164. (in Chinese)

(28] FLERUA. BELAATH B Bl 47 £F 4t e S AR5 (D). F &5 -
H & KH,2007.

(29] JA5E, 2R BT IR R GES 1 4 5 2RI 4 P RE 14 52 1)
WEFE[D]. Lifg: RAEH2F: 2011,

[30] 5KXC, 242, BEARSUY) FAE &F 15 1k B FA )7 37 1k REAF 50
[D]. k¥ RHR%,2016.

[31] “Emyh, 2502 T B IR TR 2R GE B 47 P RE AN AR AT 3
PERERI G RATFEL DL L R AR ,2016.

(ARG 4 TR E 4k )



