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Percussion-based bolt loosening detection method in a single-row
multi-bolted steel beam-column joint

WANG Shuyin, KONG Qingzhao, ZHOU Ying
(State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The percussion-based method refers to a detection technique that utilizes a hammer to percuss test
structures to produce vibration and sound, and diagnoses any abnormalities in structures based on sound features.
Percussion-based bolt loosening detection has been one of the hot research topics in recent years. Most existing
studies focus on the issue of single bolt loosening, while multi-bolt connections are commonly used in engineering
applications. Therefore, current methods can not meet requirements for multi-bolt loosening detection in engineering.
This paper proposes a fast percussion-based multi-bolt loosening detection method, using a single-row multi-bolted
steel beam-column joint as the research object. Firstly, characteristic vectors of percussion sound of each bolt within
the joint are extracted by short-time Fourier transform and binarization processing. Then, the Euclidean distances
between characteristic vectors of each bolt under the loosening cases and under the reference case are calculated to
quantify loosening characteristics. Normalized loosening indexes are subsequently constructed by combining
loosening characteristic values of all bolts to measure loosening degree of the joint. Finally, the loosened bolts are
identified by comparing the difference between loosening characteristic values and baseline value of each bolt.

Experimental results show that the proposed method can rapidly and accurately identify loosened bolts in the joint,
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and further enhance the potential of percussion detection method in engineering application.
Key words; multi-bolt loosening; percussion-based method; short time Fourier transform; binarization;

quantitative loosening characteristics
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Fig. 1 Simplified model of the percussed bolt
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Fig.2  Quantitative analysis methodology of percussion sound characteristics
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Table 1  Multi-bolt loosening cases

TS 12 1(T/Nm) 1242 2(7/Nm) 124 3(7/Nm)

1 200 200 200
2 0 200 200
3 200 0 200
4 200 200 0
; 5 200 0 0
3 MRHBRERET S 6 0 200 0
7 0 0 200

Fig.3 Steel beam-column bolted joint
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Fig.4 Multi-bolt loosening characteristic values
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Fig.5 Percussion-based multi-bolt loosening detection procedure
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Table 2 Normalized loosening indexes for multi-bolt loosening cases

T 1 2 3 4 5 6 7

AR R INTIE L 7D 0 0.37 0.45 0.41 0.57 0.51 0.53
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Fig.6  Multi-bolt looseness identification
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Table 3 Multi-level bolt loosening cases Table 4  Bolt loosening characteristic values and normalized loosening indexes
, A 1 1A 2 1 3 , AR 1 AR WERAE 2 #A ) R A 3 FA ) PRfEALAA Bl
pag= o=
TRED  (Nm)  (Nm)  (T/Nm) TS A B PR ks
1 200 200 200 1 33.10 31.17 31.26 0
2 200 70 0 2 53.81 59.08 56.47 0.78
3 200 0 70 3 52.86 52.18 51.65 0.64
4 70 200 0
4 51.74 51.63 56.52 0.68
5 70 70 70
6 70 0 200 5 50.51 46.14 49.47 0.53
; 200 20 6 47.69 47.88 47.04 0.49
p 70 200 7 57.34 4731 50.71 0.63
9(ARIFE) 0 0 0 8 55.78 44.91 47.65 0.57
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Fig.7 Double-row multi-bolted frame column joints
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Table 5 Multi-bolt loosening cases for the double-row bolted joints

TS 124 1(T/Nm) 1 2( T/Nm) 124 3(7/Nm) 124 4(T/Nm) 124 5(T/Nm) 124 6( T/Nm)
1 200 200 200 200 200 200
2 200 200 200 0 200 200
3 200 200 0 200 200 0
4 0 200 200 0 200 0
5 0 200 0 0 0 200
6 0 0 0 0 0 200
7 0 0 0 0 0 0
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Table 6 Bolt loosening characteristic values and normalized loosening indexes

T RS Bk 2 ik 3) Bt 3 k3 B 4 A 5h BRHE 5 Kl B 6 F25) prifift
FEAFAE FEE(E FRE(E FEAE(E FEAFAE FEAE(H UASIECEAR

1 24.85 22.41 23.42 21.31 26.77 27.71 0.00

2 37.10 36.91 32.91 39.04 38.46 40.74 0.54

3 39.54 37.63 35.29 36.61 38.95 41.85 0.57

4 38.99 39.68 36.04 38.75 38.48 41.72 0.60

5 38.10 38.56 34.75 39.34 40.71 43.14 0.61

6 39.42 41.40 36.94 38.64 38.40 42.11 0.62

7 39.11 41.30 38.07 39.46 39.14 42.91 0.64
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Table 7 Bolt loosening characteristic value difference

ERVE R Bt 1 B 2 A 3 14 4 A 5 i 6
2 0.49 0.65 0.40 0.83 0.44 0.47
3 0.59 0.68 0.51 0.72 0.45 0.51
4 0.57 0.77 0.54 0.82 0.44 0.51
5 0.53 0.72 0.48 0.85 0.52 0.56
6 0.59 0.85 0.58 0.81 0.43 0.52
7 0.57 0.84 0.63 0.85 0.46 0.55
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