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able testing of the load-bearing stiffness of service bridges. This paper presents a load stiffness as-
sessment method for simply supported girder bridges based on a modal test of local measurement
points. An actual, simply supported girder bridge is used as the test object to verify the feasibility
and accuracy of the proposed method. The schemes of symmetric and eccentric loads used in con-
ventional bridge load tests were designed, and the measured static deflection of the mid-span sec-
tion of the simply supported girder bridge under each condition was obtained. Modal tests of joint
and local points were conducted based on the ambient excitation to predict the modal deflection of
the mid-span section of the simply supported girder bridge, and the calibration coefficient of
structural deflection was calculated with the theoretical deflection. Results show that under sym-
metric and eccentric loads, the maximum relative error between the modal deflection of the mid-
span section predicted by the modal test of joint points and that measured in the static load test is
less than 5.7%. The load-bearing stiffness of the bridge can be accurately assessed using the mo-
dal test of joint points on the mid-span section and the bridge deck. The modal deflection predic-
ted by the modal test of local measuring points with sensors only in the mid-span section is equiv-
alent to that predicted by the modal test of joint measuring points, and the relative error between
them is less than 2%. The deflection calibration coefficient of the mid-span section predicted by
the modal test of local measuring points is in good agreement with the measured value from the
static load test.

Keywords: modal test; local measuring point; simply supported girder bridge; load-bearing stiff-
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The studied bridge (Unit: mm)
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Fig.2 Finite element model of bridge
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Table 1 Deflection values of control section under eccentric

and symmetric loads

IR ke P BB/ mm TG /mm
CN1 4.75 3.22
CN2 4.28 4.04
CN3 2.76 3.82
CN4 1.85 3.17
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Fig.5 Field diagram of modal test
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Fig.6 Layout of joint measuring points
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Table 2 Frequency identification results

A B IR 1 By 2 B 3 B
FRIE AR %/ He 3.685 6.833 12.636
BT R / He 4.453 6.857 13.778
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Fig.7 The first three vibration modes
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Table 3 Correlation coefficient of vibration mode
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Table 5 Error between measured modal deflection and

measured static deflection under symmetric load

45 e A S AL A S 2 AT iR 22
ETReS e /mm B /mm /%
CN1 3.23 3.22 0.3
CN2 4.02 4.04 0.5
CN3 4.01 3.82 5.0
CN4 3.35 3.17 5.7
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Table 4 Error between measured modal deflection and

measured static deflection under eccentric load

e RIS SR A S AT R 2%
%5 PEE/mm Pe)E/mm /%
CN1 4.86 4.75 2.3
CN2 4.12 4.28 3.7
CN3 2.87 2.76 4.0
CN4 1.93 1.85 4.3
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Table 6 Deflection check coefficient under eccentric load

15 ep] SRS IR B RERE T
ETRE HJE/mm ¥ /mm RE
CN1 4.86 6.27 0.78
CN2 4.12 5.69 0.72
CN3 2.87 4.32 0.66
CN4 1.93 3.69 0.52
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Table 7 Deflection check coefficient under symmetric load

15 ep ] SRS I B RERE T
ETRE H ¥ /mm 1% /mm RE
CN1 3.23 4.80 0.67
CN2 4.02 5.25 0.77
CN3 4.01 5.19 0.77
CN4 3.35 4.72 0.71
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Fig.8 Layout of local measuring points
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Table 8 Frequency identification results
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Fig.9 The first three vibration modes
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Table 9 Correlation coefficient of vibration mode

BB 1B 2 B 3 Br

MAC fH 0.999 3 0.998 3 0.985 4

[EE IRV 1B 2 B 3 B
PUNIR 3/ Hz QR 3B MBS ) 4.481 6.879  13.798
PR/ Hz (B A A S 4.453 6.857  13.778
W2/ % 0.6 0.3 0.1
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Table 10 Deflection comparison under eccentric load

MF 8 R Al DL L JR R RS
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TEIR A W BE VA A Se bl 26 1

HT T Jrg IS 00 A 28 0 1A T B v A A SRS

s BRI ARG BEEBE R DR
%5 BERE) /mm BEIXE) /mm /%
CN1 4.86 4.82 0.78
CN2 4.12 4.08 0.92
CN3 2.87 2.84 0.98
CN4 1.93 1.97 2.00

K11 FHIRBEXL

Table 11 Deflection comparison under symmetric load

PEpl i BOSREE ARG BEREE RIS MXTRE
ETRE AKX /mm BEAIAE) /mm /%
CN1 3.23 3.20 0.89
CN2 4.02 3.95 1.66
CN3 4.01 3.94 1.67
CN4 3.35 3.28 1.99
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Table 12 Deflection check coefficient under eccentric load

B gl SEIsEAS BLiRTN e A HR [ =%
R B /mm  BE/mm KERH 5 2 5L
CNI1 4.82 6.18 0.78 0.76
CN2 4.08 5.59 0.73 0.75
CN3 2.84 4.12 0.69 0.64
CN4 1.97 3.72 0.53 0.50

13 BHEIRKERBRRAY

Table 13  Deflection check coefficient under symmetric load

BRI LIS EUREER BUSERE WEpE
% Pl /mm B /mm RBRAK KRR
CN1 3.20 4.78 0.67 0.67
CN2 3.95 5.00 0.79 0.77
CN3 3.94 5.12 0.77 0.72
CN4 3.28 4.62 0.71 0.67
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