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Fig. 1 Flowchart of SDD based on IGOA-ALOL and sparse

regularization
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Fig. 3 FE model of a 20-element simply-supported beam
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Fig. 4 SDD results for different damage cases
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Tab.3 DVCI100 values of different damage cases

TH 1 TH 2 TH 3 TH 4

GOA 0% 0% 0% 0%
IGOA-AL 45% 14% 10% 6%
IGOA-OL 39% 22% 16% 2%
IGOA-ALOL 85% 61% 39% 14%

3.2.2 RRAA AL Ak 0 kAR

HE— T IGOA-ALOL 5 ALO.PSO
HMFEO 1) 25 ¥ 35193 15U 25 5% % 4 b T2 00 1) 15 531
ERWME 5 o, ATLLE £ T IGOA-ALOL
{18 235 KA 958 05 1) 5 SR v R ) B T B D HLR B BT
TR AL R /DN 5 e TR DR B A HL At B B B 1k
=1
3.2.3 HMEHEMNEY G R

R TGS ITIE AR LA KR 0.01 1
Do A% 45 2 0 . TR B E DU Ak R R 2 A =0. 03, 1%
F T IGOA-ALOL,GOA . IGOA-AL.IGOA-OL
() S5 A A 05 IR S 45 SR AN 6 s



%54 X\ HL A, % . BT B R Mk Bk B 5 AR 4 B IE U T A 807

B B 52445 B ALO £ PSO 58 MFO EEIIGOA—ALOL
010} ‘ T

TH4

0.00 Uz it N MR . o om L
1234567 8 91011121314151617181920
Bums

Bl5 IGOA-ALOL 5 AL Ik i 45 44 1 s U 5 5
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intelligence algorithms
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Tab.4 DVCI100 values of different damage cases

TH1 T8 2 TH 3 TH 4

GOA 1% 0% 0% 1%

IGOA-AL 88% 54% 90 % 53%

IGOA-OL 11% 0% 45% 10%

IGOA-ALOL 95% 67% 92% 80%
3.2.4 MERHZM A

WL o = rea (L E, N o) B8 055 307 (4 e 75 LA
BP0 S B 4SS 25 2 B0 I AN 2 1 K e
G390 R AT W R TC R P B L E, R K P N
SR N €O 1) 1 w35 357 43 A7 BEHILER .

XF TG0 3 AT 0 4 f A 23 i 0 B0 W) B S
B 1.5 % MR L A5 3 T IGOA-ALOL FIF B 1F )
TR B S5 B IRANEE R & 7 i . AT LB L TE
SR E WAL  IGOA-ALOL 75 3¢ J3 4b 5 451
TR R B T 5 T AE S 43 LS4 5 A 14 R 1)
W W 5 JC R B IE AR i 25 1 X — e R E
RAAR T 0 0 IXURS: . 158 B A B 1 D) A 35T 64 51 A%
THE RS P A — e

ST R ELIE ML £ % REL1IE AL
0.15}

0.10
0.05

0.00

0.25
ﬁ0.20
0.15
0.10
0.05
0.00

1234567 8 91011121314151617181920
Bums

7 2T IGOA-ALOL By W T 350 2544 45 1 1 51 45 R

Fig. 7 SDD results based on IGOA-ALOL under noise
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Fig. 8 Diagram of experimental structure,experimental devices and

damage settings
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Tab. 6 Experimental and calculated frequencies
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Fig. 9 SDD results of experimental structure
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An adaptive grasshopper algorithm for sparse-regularization-based
structural damage assessment

LIU Qitian, CHEN Zepeng®, YANG Xinhua, CHEN Zhou

(School of Civil Engineering and Transportation, Foshan University, Foshan 528225, China)

Abstract: Structural condition assessment is crucial for ensuring the safe services of structures, with
structural damage detection (SDD) being a core component. In this paper, a novel SDD method is
proposed based on the adaptive grasshopper algorithm and sparse regularization. It aims to tackle
accuracy decline of SDD results and instability involving uncertainties and incomplete measurement,
thereby achieving sparse-regularization-based structural condition assessment. Firstly, adaptive Lévy
flight and elite opposition-based learning strategies are incorporated into the adaptive grasshopper
algorithm to prevent the SDD process from falling into local optima and to enhance the stability of SDD
results. Secondly,a modal parameter-based objective function with sparse regularization is formulated to
increase the sparsity of SDD results, thereby improving SDD accuracy and robustness. The optimization
results of competition-based evolutionary computation benchmark functions show that the adaptive
grasshopper algorithm exhibits better global convergence and identification stability compared with its
standard version. Numerical and experimental results for simply-supported beams indicate that the
proposed method can ensure reliable SDD accuracy even in the case of incomplete measurements,and it

possesses good noise robustness as well.

Key words: structural condition assessment; structural damage detection; adaptive grasshopper

algorithm; sparse regularization; incomplete measurement
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