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Virtual static load test method for stiffness evaluation of main
girder of long-span cable-stayed bridge under normal traffic

QI Xingjun', YANG Hongchao', ZHANG Bin?*, SUN Peng?, CAO Sanpeng’,

GUO Dongmel’

(1. School of Transportation Engineering, Shandong Jianzhu University, Jinan 250101, P. R. China; 2. Shandong
Huajian Engineering Testing Co. Ltd., Jinan 250101, P. R. China)

Abstract: In order to investigate the feasibility of the virtual static load test method for evaluating the stiffness
of the main girder of a large-span cable-stayed bridge, a cable-stayed bridge was subjected to a static load test
and a modal test under environmental excitation. The static deflection of the measuring points at the mid-span
section of the main girder was measured in the static load test. Modal expansion of the measured mode shapes of
the cable-stayed bridge was carried out, and the Kriging interpolation method was applied to predict the modal
deflection of the mid-span section of the cable-stayed bridge under the static load test. A virtual static load test

scheme meeting the loading efficiency requirement was designed, and the deflection calibration coefficient under
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virtual static load was calculated to evaluate the stiffness of the main girder of the cable-stayed bridge. The
results show that the modal test under ambient excitation can accurately obtain the bridge vibration information;
the relative error between the modal deflection predicted by the Kriging interpolation method using only the first
four orders of vertical modal parameters and the measured static load deflection is less than 10% , which meets
the engineering accuracy requirement; the deflection calibration coefficient obtained by the virtual static load test
method is close to that from the static load test, and the evaluation results are less than 1.0, which indicates that
the main girder of the cable-stayed bridge is in good bearing condition and verifies the feasibility of the virtual
static load test method for evaluating the stiffness of the main girder of a large-span cable-stayed bridge under
normal traffic conditions.

Keywords: cable-stayed bridge; virtual static load test; deflection calibration factor; stiffness assessment;

environmental excitation; Kriging interpolation
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Fig.1 General drawing of the bridge
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Fig. 3 Finite element model of the cable-stayed bridge
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Table 3 Frequency of cable-stayed bridge
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Table 4 Deflection comparison under medium load

Wi #AOPE/mm 30 /mm 4B /mm 58 /mm
Al 141. 81 141. 42 141. 49 141. 49
A2 147.77 143. 87 143.87 143. 87
A3 141. 56 141. 41 141. 34 141. 34

RS ARRBERATHEEI L

Table 5 Deflection comparison under level 4 eccentric load

MWeis  #HFEE/mm 35 /mm 4By /mm 5B /mm
Al 147. 41 141.59 145.99 145.99
A2 147. 40 140. 92 143. 66 143. 66
A3 135. 96 143. 69 136.46 136. 46
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Table 6 Modal deflection under medium load

W e /mm
Al 117.54
A2 119. 48
A3 117.43
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Table 7 Modal deflection under eccentric loads at all

levels
_ 1R mEBREL 2HRBEE 3HIRMEAE 49w
FEE/mm A /mm APEE/mm AHE/mm
Al 39. 86 66. 34 99.18 120. 46
A2 34.73 59.58 94.45 119.01
A3 28.69 51.22 87.10 114. 21
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Table 8 Relative error between modal deflection and

static deflection
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Table 9 Deflection calibration coefficient under medium

load condition

S BIEHEE /mm R EE /mm B R
Al 141. 81 113.82 0.80
A2 141.56 111. 37 0.79
A3 147.77 115.72 0.78

10 ABFEHIATHRXIREERELRY
Table 10 Deflection calibration coefficient under level 4

eccentric load condition

RS BB /mm R HE /mm B R
Al 147.41 116. 36 0.79
A2 147.40 114.79 0.78
A3 135.96 104. 49 0.77
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Table 11 Virtual medium load check coefficient

Wei PBOEEEE /mm  EREE AR /mm R R
Al 139.97 105.78 0.76
A2 139.97 105.78 0.76
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Table 12 Virtual partial load calibration coefficient

Wri  HRERRE/mm R RE /mm R R
Al 131. 84 88. 28 0.71
A3 49.29 37.46 0.76
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