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Comprehensive Human Stress Index
Based on Dynamic Weighting under High Temperature High Humidity and Low Pressure Environment
Chen Ning Sun Liangliang Hu Yue Su Xiaowen Yuan Yanping
( Southwest Jiaotong University, School of Mechanical Engineering, Chengdu, 610031 )

[ Abstract]  The high-altitude tunnel constructional environment has the characteristics of high temperature, high humidity, and
low oxygen partial pressure, which can lead to thermal stress and hypoxia stress reactions in constructional workers. Continuous
high-intensity labor can also lead to fatigue stress reactions, thus bringing greater risks to tunnel constructional workers' safety. In
order to ensure work efficiency and workers' health, it is necessary to quantify the comprehensive stress level of tunnel
constructional workers in high-temperature, high-humidity, and hypobaric environments. Considering the individual differences in
different environments and different working hours, human comprehensive state is influenced by both physiological state and

psychological state, thus the Comprehensive stress index evaluation system based on Norm Grey Correlation analysis is proposed
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with dynamic weighting. By analyzing the influence of environmental intensity on the main objective and subjective parameters of
the human body, the evaluation index system is composed of oral temperature, mean skin temperature, heart rate, diastolic blood
pressure, and RPE fatigue perception, the dynamic weight intervals are 0.20-0.32, 0.20-0.30, 0.00-0.17, 0.20-0.28, and 0.00-0.20
respectively, and the range of weight change is 0.2; Before the start of all the working condition exercises, the weights of oral
temperature were 0.29-0.31, the weights of average skin temperature were 0.29-0.30, the weights of heart rate were 0.09-0.11, the
weights of diastolic blood pressure were 0.28, and the weights of RPE were 0-0.06. They were relatively stable with the changes of
environmental working conditions, indicating that the short-term environmental effects had a relatively small impact on subjective
and objective indicators;The weight of RPE fatigue sensation increases with working time in different operating conditions, and the
weight of heart rate is more affected by temperature than oral temperature, average skin temperature, and diastolic blood pressure.
In high temperatures (>34°C), the weight of heart rate increases with working time, but the weight of oral temperature, average skin
temperature, and diastolic blood pressure remains the highest; It can be seen from this that the weights of each indicator are
different in different environments and after different working hours,the index evaluation system based on dynamic weighting is

more physiologically meaningful and can provide more reasonable safety assessments for high-altitude tunnel constructional

workers.
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Table 2 Results of significance test

- R i T RNV W)

F P F P F P

s U2 71.048 <0.001* 3.168 0.113 0.471 0.633
T34 B R 122.398 <0.001* 1.575 0.245 0.194 0.825
D 41.886 <0.001* 39.228 <0.001* 5.432 0.026*
W4 0.093 0.823 2.676 0.141 0.626 0.546
FF5K 2.881 0.085 6.178 0.038* 4.936 0.021*
I A A R 3.221 0.067 176.642 <0.001* 2.716 0.097
FKIKE 23.803 <0.001* 0.255 0.627 0.168 0.846
RPE 10.852 0.001* 4278 0.072 1.234 0.317
PR 12.870 0.005* 1.730 0.225 0.675 0.498
iy 52 A2 26.576 <0.001* 3.408 0.102 0.416 0.667

N T BRI 2 M S HR GG HRIR IR
THRZE, N SHE— DR, RKERTRE
B, A5E, AMEPPGTEbR. A A 32 2
57 SR RMAIRK, fE—E o7 R E A, AR
s E, ARKaettE ARz, 5ol
TR A BRI S8 VAT 2 A5 [ T LA 2 4
P, i DAL S PR R B AT LA D M 4 N A 22 4 1) 45
b, ABAE PSR bR . R0 AR B S0k i 1
R P RIRE . DR kR, DERE
AN 85 BB 2 T PP SR B A0 57 Bl AR A IR

8.2

o

WA RGO AE K R T VRN A 57
B NSO L RGN REIE o PPN SEOE IR
SR I A 35 1) RPE, ARERO IV RS WP R
gt DA # R G0 TIEEm 1 it WR AR
SR AR P SR AR 57 B I A TR IR, AR it — A
V712 B BE S B R AR AS T S RS i 52 R
E R VEMT H 1
32 g

FRAE 3.1 W4T, Fdie A T PP AR SR
é&ﬁ%%ﬁ%%%%%m@3%%o

@ 31C-& 3T—e- 37T @ 31C-¢ UT— 37T @= 31T & UT-e T
3.0 . 78
= P=96. Skpa » P=65. Thpa P=96. Skpa . P=65, Tkpa = P-96. Skpa P=65. Tkpa
/ o o ~ ol
e el /,/ = e 7 L
= - - s e =5 /
Lara g el \ =5
] o ] a -
237,24 = / i 3 e D
35”" / Fwot / b o . B =
g o . i oo 1:% 35. ' = ,')‘\
- » e o ol — — v
3.8 - ; - \
[ v e w0 4 * ~ SN
17 W \
%.61 o / / 61 \
4/ 549 Y \
ol g/ .5 & -
o
36.2 3. 60
o 0 4 T0 95 120 o 20 15 0 95 120 o 20 15 70 9% 120 o 20 15 W 9% 120 o 0 45 70 95 120 0 20 45 70 9 120
1A (min) I (min) B (win)
(a) PSR 1 (b) PRI B kR (e)RFIIE
150 4
a— 31T T 3T 94— 31C-+- MUT— NT *— 31T UT— 7T
140 184
P=96. 5kpa » P=65. 7kpn 9 P=06. Skpa i P=65, Tkpa P=06. Skpa P=65. Tkpa
130 e - 16 v ‘{,- 5 r
/- A o 2 s
s o o P oz — e
£ a', > 3 "3 ,( s = r 7
% 110 4 " o £ e & B, A o/ a
2 // g ; / &
‘.“ 2 i/ S 1 e =g rd % —
100 o " = o/ ‘/ - / y >
90 1/ e /:' ot '." A
/ 4 /7 23
/ 5 1 — el
01 ¢ i P/ a- =
6 9
a 20 5 70 95 120 o 20 1 0 95 ] o 0 15 70 95 120 o 20 15 70 9 120 o 20 15 7 9 120 0 20 15 70 9 120
) (min) M 8] (min) Ff (min)
[CIIVES (e)RPE (R ERE

TE31°CAI34°CHY, 11 eI B AN 25 B iR A
BB SRR E, & BT K IR, 45min

3 SmEER

Fig.3 Experimental result

JEHBEEREER (p>0.05) , 5
) R RUR T L & s 25 SR F-37.2°CF36.1°C, A



5539 &5 5 ] Moo 55 mid iR KRR

T EET B AU N AR ZR & MR bR $ 619+

IRUGEAE T HRAE A X . 37°CH, AERTEIEIE
FIHCF7, 7Eiz3h80min J5 IR L 37.6°C,
IRB TAUPREE o P35 Bz BRI FE £ 32 314 5min #t i i
36.7°C, NARALT-H 3082, R A >
ToiEHU, RIS 2R

TE31° CHIBACRY, LFRLAR —HisshfaiaE, T
BEMZER 3TCRE, B0 2R I IR ALK
HEERZEZER (p<0.05) . NEIEEER, 2@t
PO F RN R AT AU, BRI RS R ST X
WM (p<O.05) . fE31°CHILRIEAERLT
HHAEEX . 34°CH ., 125)80min B2 38 il ik
Fl45bpm, EEITRPREE, KA 45min BIAE) T
REPR . 37°CH JE32 390min B 0 S8 14 i & ik 5
60bpm, 14 EIFINSZ PR, TR RI$EHT20min IAF

ey it A5 B 7k s PR AE R 457 48238 B 4 4 ok I
FIS VR, A7 5K 1R B B A, (HE Ak
(=R NN = L N N AP Fa g A o] 2 i SR

[ RPE | gFokik T % 0] Py ki g [ nugsary

e ((p<0.05) . E3ICHRE L FELA %
W W& Ik B KT 1E % {H60mmHg .

F TOUR, RPE 9 57 18 A 26 — 232 3 1) 52 56
SRR ARE, @REWSINEEREEER
(p<0.05) . HABHEEXT RPE 555 &5 i E 5
Wi, 3B R R A AN B2 1 RPE B, 75
ST B RIE 57 R i 52 R N HE A2 AR 1)
PORES, B MSRIR AT & RAUE T B AN RR 4L
B B TCIEM 2, R T AMRZEA RS2
FHAAN . RN 98 57 ML FIFE A .

HHIL PR, BFRARAEA RS Tl AFEEZE3)
N B I8 380 1) AR B PR BE AN]SRV AR R AR U
DR AE VA AR ZEAIRAS I, FRFRAN EE B2 P 45
FN57 BT [a] 7 0 o
33 LEADNIEFRbREST

= re gk I % [ SF-H) Rk BT

Omin 31% ‘ 30% 1% ‘ 28% Omin 31% | 30% ‘ 11% I 28% IH
20min 30% ‘ 29% ‘ 14% ‘ 25% iﬁ: 20min 30% ’ 29% ’ 13% 27% ﬁ
45min 31% [ 29% ( 10% 26% H 15min 31% | 29% 11% 25% ?
T0min 32% ‘ 30% 5% 24% TOmin 31% 28% 10% ‘ 25% 6%
95min 30% 28% *"Jr 26% 14% 95min 32% 27% 7% 20 14%
120min 30% 27% 25% 120nin 32% I 26% 6% ‘ 20

0 20 10 60 80 100 0 20 10 60 80 100
(a) 96. 5kPa (b) 65. TkPa
B4 31°CTahiSEZLE
Fig.4 Graph of weight changes of each index at 31°C
I e HFRIE I 0% P EVGERNE [ CUEsE (B e APk I o [ I EARLIE T
: /] .

Omin 3% R e we [T ] e B
20min 30% | 30% | 12% ‘ 26% 3} S P | — ’ — I 2% ,Pl,
45min 30% 29% 9% 22% 10% \Smin 30% { 29% J ,,I 27% [s%]
TOmin 29% ‘ 28% | 8% | 22% ‘ 13% 70min 1% I 29% 505/ 259 10% |

! ) |
95min 21% 21% 12% | 27% [ 18% 95min 23% 23% 14% 20% 20% |
120min 21% 2% 12% 25% 120min 22% l 2% 15% 20% % |

0 20 10 60 80 100 0 20 10 60 80 100
(a) 96. 5kPa (b) 65. TkPa

&5 34°CTEHHENELZLE

Fig.5 Graph of weight

changes of each index at 34°C



<620 + il & 5 25 2025 4F
Omin 29% | 30% ‘ 9% ‘ 28% ‘5%‘ 0 29% ‘ 29% ‘ 9% ‘ 8
20min 28% | 27% { 11% ‘ 26% ‘ 8% ‘ 20m1 29% ‘ 29% ‘ 12% ‘ 26% E}.
45min 30% 29% 1% 22% W i 22% [ 22% 17% ‘ 5% \ @ |
T0min 22% ‘ 24% ‘ 15% ‘ 24% ‘ 15% ‘ T0mi 23% ‘ 2% I 17% . 3 16%
95min 23% 23% 14% 26% 15% 95mi 21% | 21% 17% % ‘ 18% w
120min 22% ‘ 22% ‘ 16% ‘ 23% ‘ 18% ‘ 120min 20% { 20% 17% 25% 18%
0 20 10 60 80 100 0 20 10 60 80 100

(a) 96. 5kPa

(b)65. TkPa

6 37 CTERNELNE
Fig.6 Graph of weight changes of each index at 37°C
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