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Abstract;  The human body is susceptible to heat diseases when exposed to high temperature and high
humidity for a long period of time. In order to assess the level of human heat stress in indoor high
temperature and high humidity environments, the paper utilized the EWM to determine the weights of
measurement parameters such as Mean Skin Temperature ( MST) , Heart Rate (HR), Oral Temperature

(OT) and Tympanic Temperature (TT). A new comprehensive evaluation index QI was established based
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on VIKOR model. The reasonableness of QI was validated by fitting with the subjective parameters and the

environmental parameters. The grading of QI was determined by improving the thermal stress intensity

grading of the physiological stress indicator PHSI. The results show that the weight ranges of TT, MST, OT
and HR are 0.151 9-0.421 1, 0.193 5-0.345 2, 0.160 4-0.426 9 and 0.134 8§8-0.339 1,

respectively. MST has a high mean value of weight, which is greatly affected by environmental factors and

labor factors. QI’s safety range [ 0,0.36), thermal tolerance range [ 0.36,0.57] and hazardous range

(0.57,1].
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PST Ay 3Lt bkt at , PHST 532056 55 i & Y 1 g iR
JEE AR XE LA 5t 1) L T B, R A B 45 5 AR AR FA;
JIHEPRE, KBS RN A s, AT .
HR, - HR,
5 %
180 - HR,

tui - tuO

+
9.5 -1,

PHSI =5 %
3

(11)
A ee,, JSEIT ) EEIREE , °C e, RIS 20 Y 1
JE U BE,°C 5 39. 5 S AR BRI 1T R B B PR B
HR, LRGSR YR/ ming HR, A0 4R B 210 100 2%
K/ min ;180 S A& 5 Oy R AR KRB, PHST X 07 14
PSRRI 3,

&3 PHSIANITEEDR
Table 3 PHSI thermal stress intensity grading

N 15 PSI
PRI -1.0.1.2
T 3.4
rh g 5.6
B 7.8

eHE 9.10.11.12

QI 5 PHSI 1A 4nl& 3 fr/k, PHSI B QI 1Y
HERMIG A, PR QT R 3 BRAR(HL, £ 07 ) 5 B
%, NAREF SRR B . Horb ,R*=0. 901, iX 2 A
QI AT 4 FhSEAIT A B IR A A8 AR,
PHSI H%JE HR 5 OT iX 2 WA BB 4, WA E
oA P S B0 52 e, T X R B 3 il —
AT
3.2.3 QI 5RRIEHRNXA

Kl 4 R QI SHZIREE ET IR 55 THI #4
TR HI B ZE Rl A5 50 SSI 196 2 B QI {2 1y 4
K, 4 TSR 2 L Th, X R R IR
SRR L, NGRS B T R A IS
(W I B FRAEDIR S . QL 55 4 THUBR B 48 B 5 £ 30

12 - PHSI=9.317Q1+0.69 .
R*=0.901 8
3

PHSI
o

B3 QIS5 PHSIMXZE
Fig. 3 Relationship between QI and PHSI

LR, H R Wi, U QI BEMSIRLF b PFAN iR
EEFREE H B A A DR I HL QI 52 3R B3 i 1
A TR

SCH 4 AN RS RO AR ARG S8 A, SR
F,MST BALE /= T HAh 3 MEHSEL, X— KM
S H A F 45—, U0 YOU Bo 45" 48
AR HR (SBP H1 SDP 55 #4555 i i 5L TE AH 54,
55 2 O O, LR A TR B, X HR 52
T T s Ay =3 Il Nt 1 D DN N 5B VA G I PTR
PR A e B 5 = AT TSV R HRV Y 52 R
B, YRLEE FFURF T 388 6T BRI A 3 38 9 25 5 52
M)A F % B —FE AR AU 52 MR, WEH T CRI 25 & % &
TSV FI b A BAE bR A A B, PR IR LE &
S M) A AR 4 A BRI B 38, S TR A A A 3R B8
FLA R TR B 114 ARG O AN AT A2
3.2.4 QIEIDER

FNEERFEAES SR TEARNAEL R
FET, Wbk AR 45 4% 1 0 T ) b A5 e A MR
QI FFSIHEHRINEFR , K I QI 5 B F o] #1455k SsI
ARG B B v R =0.974 9 {HA %Ok & E, iX



hoE " 2 R ¥ % R H35k
- 238 - China  Safety Science Journal 20254F
38 63
ET=-15.447 2QI*+27.854 8QI+24.150 1 R 60 F HI=-21.545 9QI*+58.629Q1+26.215 4 °
R>=0.965 2 R>=09716
36 +
55+
34+ o
& E
321 45+
30F 40
st " sk °
02 03 04 05 06 0.7 0.80.85 02 03 04 05 06 0.7 080.85
QI QI
(a) QLEETHIR R (b) QUSHIM R R
140 38
SS1=-49.777 6QI*+94.782 8QI+92.243 1 o THI=-13.962 2QI*+26.578 9QI+24.062 8
135F R=0.9749 R>=0.974 8 b
36
130 F
125+ #r
172) —
@ 120 Zanl
115F
30 F
110
o
105} 28F°

02 03 04 05 06 07 08
Ql
(c) QILESSIKIX R

02 03 04 05 06 07
Ql
(d) QL5 THI X &

0.80.85

B4 QI54MREHBHIXE

Fig.4 Relationship between QI and four environmental indexes

4 FRERBEHR BN 7 BASBEAR 4 b H T QI iy Tl | i
ik PHSI F5HR AN 758 B 43 2R S QL [y Tl
FEMCHE PHSI Hre Joali B SRAE QI 1424l
K5 PHST RS 52 v B R AE R QT AY AT A2 3 Fl 5 K5
PHSI P EE AE% #RAE A QI BER L E . R 4
PHSI N 75 B 43 2, 38 3 LA A AR
QI MY ZE4VEH }[0,0.36) , i 2 7L K[ 0. 36,
0.57 ], fERfEEl N (0.57,1]

4 4 &

1) 4 WAEHSH TT MST .OT .HR HYLETsh7s

AU B 0.151 9~0.421 1,0.193 5~0.3452,
0.160 4~0.426 9.0. 134 8 ~0.339 1,38 i ¥ %k
L, MST BALEE & b T Al 3 3004 3240, Ui W)
MST 32 ¥R58 K 55 8l K 3 R Ml F P TR

2) QI 5 PHSI.ET.THI HISSI (48 F1 % R 4%
U AR PHST AT 758 B 4 2%, i A 2t
AR QI B &YuH [0,0.36), # i 52 i
[0.36,0.57], fafa i (0. 57,17,

3) R A PR L B PR R iR R [
1,9t oSS LA, VUG PRGN % 18 sh S PR 2R
5T M55 8 AR AR 1L

2 % X W

(1] KEF, K. 16 TRESTENELRSRDI]. PEZENZFIR, 2020, 30(5): 184-190.
ZHANG Zhiyu, ZHU Neng. Classification of 16 high temperature and high humidity environmental conditions[ J]. China

Safety Science Journal, 2020, 30(5). 184-190.

(2] YOU Bo, WANG Siqi, YANG Ming, et al. Simulation study of heat transfer in the space under the clothing of mining

ventilation suits in typical human labour positions[ J]. International Journal of Thermal Sciences, 2025, 208. DOI.

10. 1016/j. ijthermalsci. 2024. 109423.
(3] X2, 2k,

B, 5. PPCIESHTISESEMNSMENITMHNARLI]. PERZZIR. ERNZR,



6 1 LS 5ET EWM-VIKOR BB A PRHRRGE A5 b5t - 239 -
2020, 51(5) . 1424-1430.
WANG Mengfei, JIN Longzhe, YU Lu, et al. Feasibility study of PPG signal for early warning of high temperature and
high humidity injury[J]J. Journal of Central South University: Science and Technology, 2020, 51(5) . 1424-1430.

(4] 1SO 7933-2004, Ergonomics of the thermal environment-analytical determination and interpretation of heat stress using
calculation of the predicted heat strain[ S7.

(5] FIALA D, HAVENITH G. Modelling human heattransfer and temperature regulation M ]. Cham: Springer International
Publishing, 2015.265-302.

(6] JOSHI A, WANG Faming, KANG Zhanxiao, et al. A three-dimensional thermoregulatory model for predicting human
thermophysiological responses in various thermal environments [ J]. Building and Environment, 2022, 207. DOI.
10. 1016/]. buildenv. 2021. 108506.

(7] OPRICOVIC S, TZENG G H. Compromise solution by MCDM methods: a comparative analysis of VIKOR and
TOPSIS[J]. European Journal of Operational Research, 2004, 156(2) . 445-455.

(8] YADAV R, SINGH M, MEENA A, et al. Selection and ranking of dental restorative composite materials using hybrid
Entropy-VIKOR method: an application of MCDM technique[ J]. Journal of the Mechanical Behavior of Biomedical
Materials, 2023, 147. DOI. 10. 1016/]. JMBBM. 2023. 106103.

(9] KUMAR A, KUMAR M, VERMA P C. Ranking analysis of AA7075-Cr alloy composites based on physical, mechanical,
and sliding wear assessment using hybrid ENTROPY-VIKOR approach[ J]. International Journal of Metalcasting, 2024,
18(1). 352-372.

[10] THOM C E. The discomfort index[ J]. Weatherwise, 2010, 12(2). 57-61.

[11] MORAN D S, PANDOLF K B, SHAPIRO Y, et al. An environmental stress index (ESI) as a substitute for the wet bulb
globe temperature (WBGT) [ J]. Journal of Thermal Biology, 2001, 26(4/5) . 427-431.

(12] 8Z. EFRVERCHANRRNEUKENALD]. BOX BNE T KRS, 2017.

HU Qin. Evaluation of human heat stress level based on heat balance theory [ DJ]. Wuhan: Wuhan University of
Technology, 2017.

[13] KURAZUMI Y, TSUCHIKAWA T, MATSUBARA N, et al. Evaluation of enhanced conduction-corrected modified
effective temperature ETFe as the outdoor thermal environment evaluation index[ J]. Energy and Buildings, 2011, 43.
2926-2938.

[14] SAKOI T, MOCHIDA T. Concept of the equivalent wet bulb globe temperature index for indicating safe thermal
occupational environments[ J]. Building Science, 2013, 67. 167-178.

(15] CHEN Y C, MATZARAKIS A. Modified physiologically equivalent temperature: basics and applications for western
European climate[ J]. Theoretical and Applied Climatology, 2018, 132, 1275-1 289.

[16] ZHENG Guozhong, LI Cong, FENG Yinshuai. Developing a new index for evaluating physiological safety in high
temperature weather based on entropy-TOPSIS model : a case of sanitation worker[ J]. Environmental Research, 2020,
191(8) . DOI. 10. 1016/j. envres. 2020. 110091.

[17] B6%. NHRAERE N ARNMEZDRRLD]. KR REXZ, 2007.

LYU Shilei. Study on human thermal tolerance under extreme thermal environment[ D]. Tianjin: Tianjin University,
2007.

(18] YOU Bo, WU Chao, LI Ji, et al. Physiological responses of people in working faces of deep underground mines[ J].
International Journal of Mining Science and Technology, 2014, 24(5) . 683-688.

[19] YANG Bin, YAO Huangcheng, YANG Pengfei, et al. Effects of thermal and acoustic environments on workers *
psychological and physiological stress in deep underground spaces[ J]. Building and Environment, 2022, 212. DOI.
10. 1016/]). BUILDENV. 2022. 108830.

EE®A: % ok (1986—) 5 IR IR WL 0%, EENG I E RG5O 22 4 e 5 T Y

5%, E-mail: 494907336@ qq. com,,



