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Method of mode difference change rate of superposition curvature
for multi-beam bridge detection
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Abstract: Most of the present studies on bridge damage identification using curvature modes only take one-
dimensional single-beam structure as the research object. In this paper the idea of G-M method is put
forward and the wide multi-beam structure is transformed into orthotropic plate based on thin plate
vibration theory. The curvature expressions of the two orthotropic directions of the structure are obtained
by analogy beam bending theory. In consideration of the deficiencies of the damage identification of the
bridge by using single-order curvature mode difference index, two-direction multi-order curvature mode
change rate superposition index for damage identification is used instead, and finally the finite element
software Ansys is adopted to establish a bridge model to calculate the unit location, multi-location and different
degree of damage under various working conditions. Matlab plotting results show that the index along the bridge
longitudinal superposition is more accurate with less disturbance to the data of undamaged location and more index
independence, and it can be used to locate the damage of wide multi-beam structure.
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Fig. 1 Schematic chart of differential method
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Fig. 2 Finite element model
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Fig. 3 Schematic diagram of vibration pick-up point arrangement in the left lower 1/4 range of bridge
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Table 1 Damage condition
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1 ) 0.7
2 @ 0.6
3 ® 0.5
4 O+O0O+® 0.8,0.7,0.6
5 O+0+0® 0.7,0.6,0.5
6 O+O0O+® 0.6,0.5,0.4
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Fig. 4 Condition 1 x-scale and y-scale change rate of superposition curvature mode difference
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Fig. 5 Condition 2 x-scale and y-scale change rate of superposition curvature mode difference
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Fig. 6 Condition 5 x-scale and y-scale change rate of superposition curvature mode difference
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Table 2 Damage identification coordinate results table
BRI <5
A bR /mm 1 9 3 4 5 6
x Rk FR (13 030,7 576) (7 576,3 991) (11 210,1 364) (13 030,7 576) (13 030,7 576) (13 030,7 576)
x ARSI FR (13 030,7 5760 (7 576,3 991) (11 210,1 364) (7 576,3 991) (7 576,3 991) (7 576,3 991)
z AR FR (13 030,7 576) (7 576,3 991) (11 210,1 364) (11 210,1 364) (11 210,1 364) (11 210,1 364)
y AR AR (13 330,4 242) (7 879,3 788) (11 520,1 515) (7 879,3 788) (7 879,3 788) (7 879,3 788%)
y AR A BR (13 330,7 424) (7 879,3 788) (11 520,1 515) (7 879,3 788) (7.879,3 788) (7 879,3 788)
y MR FIARFR (13 330,10 150) (7 879,3 788) (11 520,1 515) (11 520,1 515) (11 520,1 515) (11 520,1 515)
St 4 _
S (13 500,7 500) (7 800,3 750) (11 400,1 250) (13 500,7 500) (13 500,7 500) (13 500,7 500)
RPNy 7N
SR A5 4
/, e (13 500,7 500) (7 800,3 750) (11 400,1 250) (7 800,3 750) (7 800,3 750) (7 800,3 750)
RPN 7N
S B At 473
o (13 500,7 5000 (7 800,3 750) (11 400,1 250> (11 400,1 250) (11 400.1 250> (11 400,1 250)
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Table 3 Number table of sudden change points of superposition curvature mode difference rate

T z [1/(X10) y [/ (X107%)
1 0.020 987 7 0.004 896 0
2 0.172 993 8 0.048 038 4
3 0.099 074 1 0.026 784 0
4 0.012 037 0 0.002 880 0
4 0.113 4259 0.031 449 6
4 0.066 821 0 0.018 316 8
5 0.020 987 7 0.004 492 8
5 0.172 685 2 0.048 211 2
5 0.099 228 4 0.022 118 4
6 0.032 561 7 0.006 681 6
6 0.252 932 1 0.071 193 6
6 0.143 672 8 0.032 544 0
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