F34%HTH bR % e B R Vol. 34 No.7
20247 H China  Safety Science Journal Ju. 2024

WS AR R, E R IR, 5. BT EMI-CNN 198 5t TR S35 4R R @RI [ 0], b B 22 2R 2424, 2024,
34(7) :83-90.

5| &3 XU Jing, YAN Zunhao, YANG Songsen, et al. Health monitoring of joints in construction formwork support systems based on
EMI-CNN [ J]. China Safety Science Journal ,2024,34(7) :83-90.

ETF EMI- CNN HZE T E LR IEMR R
T RN

A oalua, AER, Bk s, X &
(FHEIAY ERITEFKE, LE F§ 266520 )

PEDES X948 M EAREEE A DOI:; 10. 16265/j. cnki. issn1003—3033. 2024. 07. 0163
HE2WB . AL AN E SR (ZR2021IME33, ZR2021IME239) : | RAFREMBH SRR RN B

(sdkyc2023088) ; S BB T ARMAEBERFZIRME (y012023-002) ,
[# ZE] HTAHHERIRIAEAR I L2 ZRNG, R HE — AL TE & 4% (EMD) fr 5 4R
AW 4 (CNN) AR X EERRAT RFa 7k, w8, FI R JE o8& th & (PZT) AL o 4% 4
HHREER R T RS, B L PZT-F A BAZ A M E e RALHI A, 2ok, &
TEML %, NG FMEWBEE N PZT R R 65 h WNEAR, s e A L HER T ARSI R &
RIE, NBURST B A PZT Frth 801 NE 4w S5 A EA N9 /\**,,\\%z\z}m‘z?aﬁﬁﬁ%ﬁ M EE
162 4 % 3] FEA A 27 A MR A, 227 EMI-CNN & # e f ansiBE, &5, L —NMLREITAE
B U TAE AR R A R O B, 3 4F EMI-CNN 4 AL 89 7 2 4 |, 5F %t e 4947 EMI-BP A2 AL @?%9*
R KU EMI-CNN # A & 3 85 X 3% K 3k 2| o s, Ul v 7 % 3K 2] 100% , 48 3% T EMI-BP # A 42 &
29.63%, ZWEM 7B LI B TER X ERR T R @RI A SEe EH R,
[iA] EREHFE(EM); HRMZEMEL(CNN); HHMEL; ERXERR;

R R W A (PZT)

Health monitoring of joints in construction formwork
support systems based on EMI-CNN

XU Jing, YAN Zunhao, YANG Songsen, LIU Ke
(School of Civil Engineering, Qingdao University of Technology, Qingdao Shangdong 266520, China)

Abstract; In order to monitor the health state of construction formwork support systems and prevent the
risk of safety accidents caused by formwork collapses, a new intelligent monitoring method combining EMI
and CNN for joints of formwork support systems was proposed. Firstly, based on the electromechanical
coupling and sensing-driving characteristics of PZT, PZT-joint coupling model was built based on the
electromechanical impedance sensing mechanism. Secondly, the original conductivity of PZT patch,
coupled with the monitored structure, was used as a monitoring signature for identifying joint looseness
based on the EMI technique. Thirdly, EMI-CNN model was built with the 801 original conductance signals

of PZT over the sensitive frequency range as the inputs, and the nine degrees of joint looseness as the
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outputs. In total, the dataset consisted of 189 samples, 162 for training and 27 for testing. At last, taking
an actual formwork support system joint from building site as an example, EMI-CNN model was verified
and compared with EMI-BP model by the experiment. The research results show that EMI-CNN model
reached convergence after 85 iterations. The prediction accuracy of the EMI-CNN model reached 100% ,
which is 29.63% better than EMI-BP model. This proposed method is distinguished by its real-time,

accurate and non-destructive monitoring capabilities, providing an effective solution for health monitoring
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of joints in construction formwork support systems.

Keywords: electro-mechanical impedance ( EMI) ;
construction ; formwork support system;
transducer ( PZT)
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Fig.1 Cup-lock scaffolding joint at construction site
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