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Intelligent Detection Method and Device for Void of Composite Bridge Tower
Based on Vibration and Acoustic Signals: Take the Composite Structure
Bridge Tower of Zhangjinggao Yangtze River Bridge as an Example
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2. College of Civil Engineering, Tongji University, Shanghai 200215, China;
3. Guangdong Bay Area Transportation Construction Investment Co., Ltd., Guangzhou 510000, China)

[ Abstract] To achieve rapid automatic detection and identification of void damage in high-rise composite structures, a bridge tower
full-scale model was tested for damage using Zhangjinggao Yangtze River Bridge’s composite structure tower. Through numerical
simulation of sound field spatial distribution, time-frequency response characteristics comparison analysis, and convolutional neural
network (CNN) model training and visualization. An automatic device for void detection of high-rise composite structures and a deep
learning detection method based on acoustic signals were proposed. The results demonstrate that the acoustic signal analysis method
based on automatic device acquisition can be used as a new approach for automatic detection and identification of void damage in high-
rise composite structures. The constructed CNN model can achieve high-precision classification of structural void state, and the
recognition accuracy is 96.8% . The automatic device and intelligent detection method enable automatic real-time detection and
classification of high-rise composite structures, improving automation and reducing safety risks.

[ Keywords] composite structure; bridge tower; void detection; acoustic signal; convolutional neural network ( CNN)

BEE BRI R, IR B W g TR B W W EE . TR B R
400 mZ A A X T m R R R B R T T RS MR RN R, R EUREE
HEHM PR BN RE ) = e S H R, DB SRR e K- R EE L2k R A S e

Wis BHE: 2024-06-25; &iTHHA. 2025-03-07
BEE&WH. EFEESHATTR(2022YFC3802003 ) ; H188 4 A1 B + & WRHIT 5 H ( YSZX-02-2022-01-B)
E—1EE . =M (1992—) , B PUE A ESHEA A, TR, W57 . KEF R GEREH AR . E-mail : Yuanhang7758 @ outlook. com

¥ F5 M HE - www. stae. com. cn



TP, A BT IR P 5 5 B AL Sl A S s R R AN 5 vk MR

2025,25(16)

DEISTEE S RIWN S R el | 6891

TRIEE 5L T 2 Bl g T BE 23 51 e 45 F A% 5 3R
T M 235 R R AR 3 R I IR s A0 A ek 24
Ao % it 158 iR Al /D AR B G
EE XTI AL A a5 I s R, RN TR B IR A 45
I ARARUE) (GB/T 51446—2021) "SR I AT
JINER R T I LA R P D EA T AR e N BT
Bt o 7 i W S e A S, T e S AT
TIATFIE RS, (0% 5 YA A MR P A B T 38 N M 22 32
gy R B N Ay = O W PR R R R, R AR R
TR R AR,

2EFATITE R T R s B A5 K I B AR i BiF
AT HT vk, 9% BB S AR B T 3R T I el 4R
SR B] R 50 A7 BR IS, 38 5k 43 B 57 s ) TRT A
TR ) DL I P HE 2 R R [ 25 1 YR 6 4 ot 2 ke
BEIRBIFE AR, gl A A 207 i Hh A0 3 o 75 D 0 15 4
TR AR D P e 4 e R A v O B
TR Z, 25 H SR 800 3 R0 B ARG ) 9 A 0 0 4%
TREE A [7] ol [ 305 FH M A 0, ZE 2240 R o
i 1m0 3 %o B AR A TR 5 = B A 6 A 2 i I S R
S O o T A A ) I B S BT % (% R B AR D
K 250, MRS L R 1 S RS
WAL, & SC B0 T IR BE 1 B i AR, AT
SEAE ORI T LT A 2 R B s 1 197 7 i )
N AL BT B A A TR R P 1 A T S A A
P IRKFEAET T bl R AR T ST TR
WS BB PE A HR AR o BT T G N ST TR EE
FEBZS . B R T AR S5 S S A 4 3=
BELLRN A R S A 5 A SR A B AR B
X PO 7 A A T e B S R e 4 0k AT R SRR I
BB ST AT, X 2807 vk E L T F 8%
Jil -5 G AR A AR AR AR UGS 5 14T AR 43 A 0
T T AL A 28 55 B 2 FE R VR b A, A
DU = AL B UEAT B SRR A 15 B BRI, 4
VEMERE RSB PER &

AR, Bl MLAS 22 2 5 N TR e B R 0 &
J TR 2 20 S A X T 50 O ) 1A T e B R
(AR JEE 42 i 2 30 1 B o bR 3 55 oy, U LR R AE 4y
KGRy S AExF L B Rl R —FR A 31k
SRAELEE N IET 7R 5 I XA TR B i 2= 14 )
REE2E 2 Ik, B e ST -G i AN-R A A 45
FAAT BRTCAERY X AR 4540 S AR B 7 v iy
PG SRHESEA T AT, SE vk T R e, Hovk, 2t
7R RSN R AR R R R 2= i 405 75 (5 5, F e
FLF P55 I AR F 10 TR B = 2T 2%, - BiF 10 W
JERES [ LA AL 2 A, DT SE 80 20 A 25 Fa i 25
PR AP [ 20 ekl 5

1 FEipZTE S EEREI

1.1 ARTEBE

HR AR G 7 2 HE AT, 2 A AE T i - R
25 [A] P A0 45 ) 4 Tt o IOk vk 38Dt I, K A T4 P 38
FEAE I B S O T A P A B
W M Hi TR, TR) B AE G- 1R A 2 T A e AR BT
Wt A UEIE TR A S 14 B A AR 56 o M
A RO, HE ST SCRZE A BR TR AT s RN
M -1 VE 1 R A AT BROT A BT A48, 25 ok o 5
KM EE SR EE #7257 JLAT R SF 2 @1 000 mm x
600 mm £ PRICIEIAY, IR A Co0 TR &k + 52k 4h
FERHH 30 mm JRERARAR , I 23 340 0 F IR %8 £ 5
S, 2SR R 10 mm DR 10 em x
10 em, APFIEE 1.5 m(K) x 1.5 m(%&) x1 m
(50 ISP AR s SR an & 1 s, Ly
MEFES il B sl 7= A 75 5 58 5 Ja A TR 38 403 455 2R 1
B A A S AL LA

(a) 25 g Wi THT

(b) & Ha i i

BT s KA BROCH R

Fig. 1 Finite element simulation of voiding
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Fig. 6  Original acoustic signal and frequency band variance
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Fig. 7 Time series of acoustic signals in different damage states
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