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Random Field Parameter Estimation for Service Bridge Components and
Comparative Analysis on Estimation Methods
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Abstract: In order to estimate the fluctuation coefficient  of structural dimensions and material property of
RC structure in service, three 36-year-old beams are taken as the research objects. First, the protective layer
thickness C, and the concrete compressive strength f, of sample girder are measured, and the ordinary Kriging
method is used to interpolate the measured data to get more effective data. Second, the 6 values of C, and f,
are estimated by ACF method and the SVF method. Then, based on the measured values of pitting factor R at
different positions of 246 corroded steel bars, the spatial fluctuation property of non-uniform coefficient of
reinforcement corrosion is studied. Based on the 1D random field ( RF') theory, each beam is discretized into
several small elements, the random variables are transformed into spatial correlation variables according to the
fluctuation coefficients obtained by different estimation methods, the parameters of different discrete elements

are obtained, and the bending capacity of each discrete beam element and the corresponding whole beam are
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obtained. Finally, the above 2 estimation methods are compared and analyzed by comparing the theoretical

moment value and the bearing capacity test result of corroded beams. The result shows that (1) the mean 6

values of C, and f, obtained by SVF method are 2. 242 and 2. 467respectively, which are larger than those

obtained by ACF method, and the fluctuation range of concrete compressive strength is smaller with the

increase of @ value; (2) the spatial distribution has no strong correlation between pits on the surface of a

corroded steel reinforcement; (3) the bending moments obtained by SVF method are in better agreement with

the experimental values than those obtained by ACF method, and the average relative error of the former is

6.52% , which is 33. 19% lower than that of the latter. This demonstrates SVF method is more accurate to

estimate the fluctuation property compared with ACF method.
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Tab.1 Autocorrelation function models
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Tab.2 Semivariogram function models
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Fig.1 Main girder component of Jianggong Bridge
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Fig.2 Layout of measuring points on sample
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Tab.3 Partial measuring point positions on protective layer of beam webs and corresponding protective layer thicknesses (unit: m)

P (M 5 0 a1 b, AL R RIS Cy)
1 7 2 S il 7 4 5
- (0.6,0.152,0.037) (1.4, 0.166 , 0.032) (2,0.172, 0.039) (2.8,0.134,0.035) (3.4, 0.188, 0.04)
il 47 6 A7 8 il 7.9 il 5 10
(4.6, 0.195, 0.037) (5,0.158, 0.038) (5.8, 0.176, 0.034) (6.8,0.162,0.039) (7.4, 0.186, 0.033)
il 1 5 2 3 il 4 5
(0.6, 0146, 0.034) (1.4, 0.172, 0.033) (1.8, 0.151, 0.038) (2.4,0.162, 0.03) (3.4,0.178, 0.046)
noa i 5 6 7 i 8 il 7 9 il 45 10
(3.8, 0.185, 0.034) (4.2, 0.144, 0.039) (5.8, 0.138, 0.035) (6,0.167, 0.038) (7.4, 0.156, 0.037)
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Tab. 4 Partial core sampling positions of beam webs and corresponding concrete compressive strengths

IR 4 CHORERL A b a/m il b/m, X0 o1 0 TR 4R S,/ MPa)
FEA 1 FEAk 2 BEA 3 FEA 4 FEA S
(0.51, 0.332, 27.6) (1.16, 0.304, 25.4) (1.74, 0.372, 30) (2.92,0.336,24.1) (3.66, 0.364, 25.6)
ner FEA 6 BT FEAR 8 FEA FEAR 10
(4.28,0.322,22.8) (4.98,0.342, 27.6) (5.86, 0.361, 25.4) (6.78, 0.366, 20.6) (7.48,0.348, 27.4)
FEA 1 FEA 2 FEA 3 B 4 FEA S
(0.82,0.322,24.9) (1.18,0.342, 21.2) (1.74, 0.362, 23.2) (2.36,0.334,19.7) (3.12, 0.398, 26)
me FEA 6 A7 BEAS FEAO FEAR 10

(3.74,0.346, 18.9) (4.66, 0.357,27.9)

(5.25,0.334, 18.3)

(6.46,0.318, 22.3) (7.22,0.3838,24.1)
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Fig. 6 Comparison of estimation results obtained by different methods
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Tab. 6 Comparison of bending moments of service bridge

members between measured values and theoretical
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Tab.7 Measured values of partial material property
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Tab. 8 Partial measuring point positions on corroded steel bars and corresponding pit depths
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Fig. 7 One-dimensional random field element discretization
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