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Abstract: Prefabricated steel structures are widely used in construction projects due to their advantages such as light weight, high
strength, and convenient construction. However, their fire resistance and anti-corrosion performance are insufficient in complex service
environments, and they need to rely on multiple protective coatings ( such as fireproof layers and anti-corrosion layers) to ensure long-
term durability. The precise measurement of coating thickness is a key link in quality control. The existing ultrasonic testing technology
is confronted with problems such as echo aliasing at multi-layer interfaces and noise interference, resulting in insufficient measurement
accuracy. To this end, this paper proposes a coating thickness detection method based on the combination of high-frequency ultrasonic
pulse reflection method and sparse decomposition matching pursuit ( MP) algorithm, and improves the detection accuracy through signal
separation and reconstruction. Firstly, a finite element model of the protective coating for prefabricated steel structures was established
based on COMSOL to simulate the ultrasonic detection process of water immersion, analyze the propagation characteristics of ultrasonic
waves in multi-layer media, and reveal the physical mechanism of interface echo. Aiming at the problem of aliasing signal separation, a
sparse decomposition MP algorithm that optimizes the over-complete atomic dictionary of Chirp is proposed. Signal denoising and feature

reconstruction are achieved by iterative matching of the optimal atoms, and the separation effects of the traditional wavelet transform
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modulus maximum method are compared. The simulation results show that under the same signal-to-noise ratio condition, the root mean

square error of the reconstructed signal by the MP algorithm is significantly lower than that of the wavelet transform method. The relative

errors in the thickness detection of its fireproof layer and anti-corrosion layer are also better than those of the wavelet transform method.

To verify the practicability of the method, a 20 MHz water-immersed probe was used to test the anti-corrosion layer and fireproof coating

test blocks, and the true thickness was calibrated in combination with the metallographic method. The echo of the superimposed interface

was successfully separated through the MP algorithm. The relative errors of the thickness of the fireproof layer and the anti-corrosion layer

were calculated to be —4.64% and —4. 65% respectively, which were significantly better than —7.15% and —7.28% of the wavelet

transform. Therefore, the method proposed in this paper has better practical detection application scenarios.

Keywords : protective coatings; ultrasonic thickness measurement; sparse decomposition; match tracking
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Fig. 1 Model of ultrasonic wave propagation in the coating
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Fig. 6  Sparse decomposition signal feature reconstruction results
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Table 2 Comparison of the degree of matching of

reconstructed signals by different atomic

dictionary MP algorithms

g Gabor -4l Chirp il
EELAD
5 dB 10dB 20 dB 5 dB 10 dB 20 dB
RMSE 0.0138 0.0126 0.0124 0.0132 0.0123 0.012 1

I 2 H1 3 AR AER (R R ELAR O T, A SO AR
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Table 3 Comparison of reconstruction signal
matching degree by different algorithms
fob MP Bk UNEE S
5dB 10dB 20 dB 5 dB 10 dB 20 dB
RMSE 0.0138 0.0126 0.0124 0.068 1 0.066 6 0.066 3

FYFETF Chirp I B 73 MP B95 (S 5 09 it
B Gabor F- AT — & $E T+ W B 40 MP SIL 76 (5 5 HA
AR R B, HEWE S SRGE S A S
T VG TERE | BE A 5 R R e 7 o {5 5 4 1 RS AE 1 T3, T
B PR FHR S5 5 1 B ACR . i EDWLGT L 40 B A A3k
Ol ARG S I RE S TR IR 2RI AR X iR 25, 45 51
=k 4 s,

®4 FREEENESKIREILLR
Table 4 Comparison of detection errors of reconstructed
signals with different algorithms
i Bh7 S R AR X 15 22/ % W55 14 S A D A % 15222 %
5dB 10dB 20 dB 5 dB 10 dB 20 dB
MP 575 -0.68 -0.68 -0.68 -0.08 -0.08  -0.08
NBEH: -0.68  -0.68 -0.68 9.92  9.92 9.92

MG 4 AT, MP 533 10 9 U FE AL AR X 2 22 T
BN T/INB AR B, UL /N A e Bk 2 W P 1) 52 )
SRk EARE ST R, 1T S B 0L o i S AN T I P A
RN BN , I AR 23 il MIP 335 7 Uk 2 8 P A 0 YR
BA5 5B T A RS

3 KWESH

3.1 AREXBFA

JYE MP Bk Y SE BRIV IR BE, BTt T BRI
PR BRI TR O D17 I T2 ) A 2 A e, A e e g
TRIEREATA] BN R 150 mmx 150 mmx5 mm {194
HRFHERE, 2 T WE TR PR SA BER BOE BLB E TR R, W
P8 (a) BT 7 o o A W I 7 Ok U2 JRE BE, A Bk | R
5 mmx5 mm FEARBEAT AT, WA 8 (b) Biw, B 4f
N 5 A R IR (L HEAT X HU R SR 2505,
TEBT 6 U JZ X B3R W03 Bl KRR A & TR 2 454
Horp 1 S TS, 3 5 B Dy X BRAEAS 4
KO Fron. ¥ =R B9 G A R BT R I &5 R
K 10(a) (b)) Bz iR S B 8 r0 23 S 454, A il
4 R Ze 0N U 2 DX 60 DX O O 5 08 TR =
RN BT KR . D3R5 Al SE 80 , 78 il b
EREALEEE S SIS 3500 E PRI B R LA
LR 5 F6 P,

(a) ZEBLIEN G I B 4 ikt
(a) Test blocks for anti-corrosion coating of prefabricated
steel structures

(b) MMM B F v B S AR AR
(b) Metallographic test blocks for anti-corrosion
coatings of prefabricated steel structures

B8 EMEUHIZE F Bl B v JE A S
Fig. 8 Physical drawing of the test block for anti-corrosion

coating of prefabricated steel structure

o

Ko el Uz B i iR JZ2 i R s

Fig.9 Physical drawing of the test block for the

protective coating of prefabricated steel structure

x5 EEANEHHEREEESHENKER
Table 5 Metallographic test results of anti-corrosion

coating thickness for prefabricated steel structures

WYgis WA REEENESR /um  JEEEE um

1 114.21
116.24
114.08
113.98
113.88
371.30
372.17
372.87
371.74
366. 09

114. 48

370. 83

wmohA WD = R W N

FEVRZ BRI S8 v, 5 B EL AR R R 35— B
SR KR P R 7 3 , TR] st 0 P P33y 20 MHz 1Y
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(a) FEALRNG MBI E IR E EAHG R
(a) Metallographic result diagram of anti-corrosion coating for
prefabricated steel structures

; e

(b) ZEFC LSBT KRB AR R

(b) Metallographic result diagram of fireproof coating
for prefabricated steel structures

F10 RN ES B3 TR 2 A e AR A R
Fig. 10  Metallographic result diagram of the test block for

protective coating of prefabricated steel structure
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Table 6 Metallographic test results of fireproof coating

thickness for prefabricated steel structures

G W RBEREENESR wm JEEIE pm

1 326. 96
2 331.74

1 3 326.52 328.26
4 327.83
5 328.26
1 328.70
2 327.83

3 3 326. 52 327.65
4 328.26
5 326.96

e

E 11 SEFH5Y

Fig. 11  Physical diagram of the experimental platform
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Fig. 12 Random detection signal of test block No. 3
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Table 7 Calculation results of sound velocity

of coating of No. 3 specimen

HET I IRAE S A7 (18T 12) R B2 i (3= 5 N
6) ,IHRATE] 3 SR URZ P42 7 S5 R AR 7
Fos

i 3 50 AR A T (4 P SR A SR R 7
JI7 P A 2 T X 45 4 7 S A% )2 v ) 140 4 47
JEH 5 458 m/s , TEA LN 1 7 I 2 T i ~F- 24 14 1
HIED 3295 m/s MRS L IRSLER SR i i 1 i

57 8 0 S 7 LR B K o 2 P A
1%k . .
(m-s™) (m-s)

1 5494 3277

2 5298 3197

3 5705 3 361

4 5298 3277

5 5494 3 361
EHE 5458 3295

3.2 EEHMBEMERE
TIPS, A SCR A 20 MHz HPO iR 3k
XF 1SR T KR A (CRAFEARIZE 200 MHz, 314 20 2
1 mm), KB R GAREF S WE 13 Fios, i T2
FETARLRE S, B K 2 RUTE 1 (5 A) IR 2 gy
fiE, 38 328 555 — WL [ W {4 A R AU AR T B N R iR 25
FRAE 75 2 28 ST AL, 7K IR S 30 6 T 3R 96 4 PR 4 B3 Ny
136. 45 um , HF 5 2 B2 B2 AT 3 S50k I [l g+ B0 7™ B
PR S ING , Forh 5 B XTI Bi7 /B B J2 ST, 8 € X i
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Fig. 13 Specimen test echo signal
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(a) The first extraction of features
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(c) The third extraction of features
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Fig. 14 The sparse decomposition result of the water immersion

detection signal of prefabricated steel structures
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Wavelet transform results of the mixed signal

Fig. 15
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