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Study on local muscle load level and fatigue monitoring in tunnel —construction
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Abstract : Objective This study aimed to investigate the correlation between typical muscle load levels and muscle fatigue
of tunnel-construction workers during tunnel waterproofing operations using surface electromyography (sEMG). The findings
will provide a methodological foundation for the objective assessment of muscle fatigue. Methods Using the field
experiment method, nine nail—gun operators were selected from the tunnel waterproofing operations site in April 2023. The
surface electromyography signaling of their brachioradialis, biceps, and triceps in the whole process of the tunnel
waterproofing operations was gathered using sEMG, and their rating of perceived exertion (RPE) was surveyed with the

questionnaire. An analysis was conducted to determine the relationship between time —domain and frequency —domain
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indicators of the target muscles and the RPE scores. The JASA method was employed to analyze the local muscle fatigue of
(calculated by RPE score)
(P > 0.05). With the gradual increase of the RPE score, the percentage of maximal

the workers. Results The electromyographic data of nine workers under the same fatigue degree
were in the normal distribution
voluntary electrical activation (MVE) of the brachioradialis showed a trend of initially rising, subsequently falling, and then
rapidly increasing; the MVE of the biceps showed a fluctuating upward trajectory; and the MVE of the triceps showed a
trend of first decreasing, then rapidly rising, and then decreasing. With the gradual increase in RPE score, the
corresponding media frequency (MF) of both the brachioradialis and biceps showed a trend of initially increasing and then
decreasing, while the MF of the triceps showed a fluctuating downward trend. There were statistically significant differences
in both MVE and MF of the brachioradialis, biceps, and triceps among different groups with varied RPE scores (P < 0.01).
Fatigue occurred in the brachioradialis at RPE scores of 10, 15, and 17; fatigue in the biceps at RPE scores of 13, 14,
16, and 17; and fatigue in the triceps at RPE scores of 11, 12, 13, 14, and 15. Conclusions The time —domain and
frequency —domain signals of surface electromyography were consistent with the subjective RPE score survey in judging the

current muscle fatigue state of the workers by the JASA method. Nevertheless, challenges still remained in applying sEMG

technology to real-world operational settings, necessitating further research.
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R PEUE N K-S KBRS (D ) ;P EY > 0.05,
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17 3531 59.151 = 12.003 3741 97.938 + 7.411 3050 62.167 = 16.283
FAs 12.233 8.918 18.466
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Kt B 5 AR A0 B 37 4 oMb R A3 3 1 7 8 1 1X 43 A
FIRE W RETE— BRI TR T 57 0 (AR A o

ZE Bk AR B T B I B K ET R AR L )R
TR LD 7 5 9 55 B SEMG {5 S8 A0 B, )0
ST ILPR AR g A R 57 T Oy . A5 R R BT L
FEL, P B 3 AT 38 5 5 3 0ok JASA 75 0 1) 32 4 51 24
HI L 55 0 25 5 3 W RPE 20 B8 & A — 8k (3
2T LR B AR AE 52 B AR M 3 5% vh v o A TR 1 2
BELTL , A 00 X6 2 AV b 1 8l b 20 A7 A 52 2 VR L 4
B A Y L A PR s AR B
BiAR 5 T T4 45 o il 2 1H LA HE AR R LS4
B N G ILIA) B g 7K SF R 55 1 ), FE RS B
AT fH S B o A 7 22— 2 )

EER A SCTCSEBR BB TE 19 ) £ vh 2%

S & 3k

(1] BREM. TAEMSCHL A B85 R LITR [T ], P85 15 Bl B2
2%,2023,40(1):1-5.

(2] Xffik, E0. LR a0 2 L TaeE 1] Bs 5 0k
52,2008 ,25(6) : 605-608.

(3] % SRR, WA, & . PRI ANBEE 57 5 T/EM
PN R LR E TS S 0 T S S E5 A VR S

2023,50(2):133-139.

[4] JO D,BILODEAU M. Rating of perceived exertion (RPE )in
studies of fatigue —induced postural control alterations in healthy
adults: scoping review of quantitative evidence [J]. Gait Posture,
2021,90:167-178.

[5] WANG W. Intelligent scanning detection system of muscle
exercise fatigue based on surface electromyography[J]. Scanning,
2022,2022:9163978.

[6] FURUTERA H,KAWAKAMI S,KODAMA N,et al. Detection of
muscle fatigue caused by repeated posterior tongue lift movement
from neck surface EMG: a pilot study[J]. J Oral Rehabil,
2021,48(12):1337-1346.

(7] FMHGE, k8, EA4, % RNV C AR TAEAM LA
HREBAAT R ()] FEE S B BE %, 2017,34(9)
812-816.

(8] FRARfE, M, Mo, 5. s a) o I £ F 35 & 5508 LA
57 W I PR R AL BT L ] BE AR D5, 2021, 36 (3
1l 1):353.

[9] SOMETTI D,SEMEIA L,BAEK S,et al. Muscle fatigue
revisited —insights from optically pumped magnetometers[ J ]. Front
Physiol , 2021, 12 : 724755.

[10] GOUBAULT E,MARTINEZ R,BOUFFARD J,et al. Shoulder
electromyography —based indicators to assess manifestation of
muscle fatigue during laboratory —simulated manual handling task
[J]. Ergonomics,2022,65(1):118-133.

[11] 28, ph SR, sk He, 55, KL T CIRL R 2% 41 Ml g 2 1 DL v
a4 B g5 % 22 SR S0 ] A 55 g T A WO O AR A
2020,38(9):651-656.

[12] fBIEAS, WA T, FIRH 5. R4 R IL A 5 9% 57 M %
UL 3 (0. e R B2 2%, 2022, 49(3) : 254-259.

[13] HAGG G M,LUTTMANN A,JAGER M. Methodologies for
evaluating electromyographic field data in ergonomics [J]. ]
Electromyogr Kinesiol , 2000, 10(5):301-312.

[14] BORG G A. Psychophysical bases of perceived exertion[]]. Med
Sci Sports Exerc, 1982,14(5):377-381.

[15] BERedt 2 g AN ok, 4. Bt v is 4 N B i He 35 B IE A
MR T8 JUL P B A 90 5 e R LE A AL ] BRSO B
%,2023,40(1):62-67.

[16] SUN J,LIU G,SUN Y,et al. Application  of  surface
electromyography in exercise fatigue:a review[J]. Front Syst
Neurosci , 2022, 16 : 893275.

(171 skAFae, vy SEAL R, 45, o Dt I 28 409 307 1 7 B2 A ol A S L
PR B A 508 55 1 2 I LR ARRAE A [0 ] rp B T R o 2R
2023,36(1):3-6.

[18] NA Y,CHOI C,LEE H D,et al. A Study on estimation of joint
force through isometric index finger abduction with the help of
sEMG  peaks for applications [ J ]. IEEE  Trans
Cybern,2016,46(1):2-8.

[19] DASOG M,KOIRALA K,LIU P,et al.
bandwidth requirements when the signal is whitened [J]. IEEE
Trans Neural Syst Rehabil Eng,2014,22(3):664-670.

biomedical

Electromyogram

i 2023-12-11

— www.oher.com.cn ——



