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57910230: MAIJOR: CIVIL ENGINEERING; M. Eng. (CIVIL ENGINEERING)
KEYWORDS: BRIDGE NATURAL FREQUENCY/ INDIRECT METHOD/ PASSENGER
CAR/ ACCELERATION RESPONSE/ VEHICLE-BRIDGE INTERACTION
ATHIWAT MANEERADROI: FIELD VERIFICATION OF BRIDGE NATURAL
FREQUENCY IDENTIFICATION FROM ACCELERATION RESPONSE OF PASSENGER

CAR. ADVISORY COMMITTEE: PATTARAPONG ASNACHINDA, Ph.D., 123 P. 2017.

This research studied bridge natural frequency identification from a passenger car’s
acceleration response by field testing. The research aimed to propose the analytical process and
the appropriate testing scenario. In addition, effect of relevant parameters was studied. The field
test was carried out with three short span reinforce concrete bridges and two types of passenger
car i.e. full size pick-up truck (pickup) and sport utility vehicle (SUV) as the test vehicles. The
acceleration transducers were mounted at the mid-point of vehicle rear axle as well as beneath the
bridge at the mid-span in order to compare the analyzed frequency obtained from the direct and
the indirect methods. Besides, effect of various moving speed was also considered. The bridge
natural frequency can be identified by using indirect method from the process of signal analysis
of the measured acceleration response. The proposed process consisted of 3 steps of calculation
i.e. 1) the simple Fast Fourier Transformation (FFT) 2) the Empirical Mode Decomposition
technique (EMD) and 3) the combination of the EMD and the cut of acceleration signal
techniques. Regarding to the result of study, it was revealed that the proposed process was able to
identify the bridge fundamental frequency of 79.67% for available cases. Moreover, it was
observed that the analyzed frequencies were exactly the same to those obtained from the direct
measurement to the bridge. Consequently, the indirect test with the proposed process of analysis
can be successfully used instead of the conventional direct test. According to the parametric
study, it was found that using a passenger car having heavier weight, higher suspension damping
and only one vehicle moving on the bridge with speed at 36-55 km./hr. Which was recommended
for application. However, estimating the actual bridge fundamental frequency was observed to be
difficult with high complexity. Therefore, the proposed indirect method is appropriate for

classification the potential damage bridges according to the change of frequency.
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Acceleration response of Bridge
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PSD Spectrum of Bridge Acceleration
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é AT Pl ) e
aenIu = Simple EMD &  Simple EMD &
= (km/hr) EMD EMD
® FFT Signal cut FFT Signal cut
Bl Vi 2231 0 6.22
23.63 554  54.55 0 622  6.22 0
29.72 673 26.64 25.02 0 31.27 25.02
3025  26.64  26.64 50.01 3127 3127 50.01
39.04 0 24.98
37.15 4444 2221 49.96 37.52  12.53 49.96
38.98 0 0
47.86 0 0
48.43 0 12.45
48.36 0 25.02
V2 19.37  46.88  34.60 0 18.77 0 0
2895 353  17.66 36.35 3127  12.53 12.53
30.17  22.21 0 12.45
37.20 0
37.41 0
38.71 2221
46.88 0
46.89 0
46.09 0
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é ANNG) e 0 o 0
agnIY = Simple EMD &  Simple EMD &
= (km/hr) EMD EMD
® FFT Signal cut FFT Signal cut
Bl ' 57.14  25.02 0 - 25.02 0 -
56.06  11.07 11.07 33.32 0 0 0
55.10 2857 57.13 66.66 3752 62.51 50.01
66.80  49.96  25.02 50.01 49.96  25.02 50.01
65.72  25.02  25.02 50.01 25.02  25.02 50.01
67.22  50.01 0 - 50.01 0
7517  19.99  19.99 33.32 0 0
76.60  25.02 0 25.02 0
B2 Vi 2198 1253 18.77 17.66 30.01  35.01 30.01

21.51 1999 19.99 40.01 19.99  19.99 40.01
20.57 0 19.99
30.33 0 10.03
29.32 0 19.99
28.85 0 10.03
39.04 0 0
39.64  25.02  49.96 66.66 40.01  19.99 80.00
48.48 4996  49.96 0 19.99  19.99 19.99
48.65  25.02  50.01 50.01 40.01  60.00 60.00
4745 4001  19.99 0 40.01  19.99 0
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A1519N 4-1 (99)

é AT Pl ) e )
agnIY = Simple EMD &  Simple EMD &
= (km/hr) EMD EMD
® FFT Signal cut FFT Signal cut
B2 Vi 57.95 0 0

58.65 0 0
57.31 0 0
68.23  25.02  74.99 0 40.01  79.99 19.99
6621  25.02 2498 0 40.01 0 19.99
66.05 0 19.99
77.63 0 0
76.23 0 0
78.05 0 0

V2 21.44 0 9.96
2141 3530 11.80 0 45.01  25.03 30.01
20.85  21.10  31.60 49.97 25.03  35.01 10.03
31.30 0 _ 10.03
32.84  19.99  70.51 79.99 19.99  70.51 79.99
3845 3752 50.01 50 50.01  60.00 40.01
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Acceleration response of Vehicle
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PSD Spectrum of Vehicle Acceleration
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SUV & Pickup
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SUV & Pickup
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» o fwau ) fone (Y0 €1 (70)
< AITULII
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
® asnIu FFT cut cut cut>EMD FFT cut cut cut>EMD
Bl VI dAw@ey 2231 0 6.22
23.63 5.54  54.55 0 12.49 12.49 6.22 6.22 0 12.49 12.49
29.72 6.73  26.64 25.02 63.14 63.14 0 31.27 25.02 63.14 63.14
30.25 26.64  26.64 50.01 12.53 12.53 31.27  31.27 50.01 12.53 12.53
37.15 4444 2221 49.96 63.14 63.14 3752 1253 49.96 63.14 63.14
38.98 0
47.86 0
48.43 0
48.36 0
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» . e .. (%) € e (70)
= AITULTI
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
2 agnIy FFT cut cut  cut>EMD  FFT cut cut  cut>EMD
Bl V2 AuRg) 19.37 46.88  34.60 0 12.53 0 18.77 0 0 12.53 0
28.95 3530 17.66 36.35 18.18 9.06 31.27 1253 12.53 12.45 2498

30.17 22.21 0 78.15 12.53 75.43

37.20 0 12.45

37.41 0 12.45

38.71 22.21 12.53

46.88 0 0

46.89 0 0

46.09 0 0

57.14 25.02 0 25.02

56.06 11.07  11.07 33.32 16.66 16.66 0 0 0 24.98 24.98
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<= AITULI
agnu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
® aEWIU FFT cut cut cut>EMD FFT cut cut cut>EMD
Bl V2 AWAeY 5510 2857  57.13 66.66 33.32 33.32 3752 62.51 50.01 0
66.80  49.96 25.02 50.01 0 4996  25.02 50.01 0
65.72  25.02  25.02 50.01 50.86 50.86 25.02  25.02 50.01 50.86 50.86
75.17 19.99  19.99 33.32 50.00 33.32 0 0 0 25.02 0
B2 VI A 21.98 12.53  18.77 17.66 50.01 50.01 30.01  35.01 30.01 60.00 60.00
g7 21.51 19.99  19.99 40.01 50.01 50.01 19.99  19.99 40.01 60.00 60.00
20.57 0 19.99
30.33 0 10.03
29.32 0 19.99
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» . e .. (%) € e (70)
= AITULTI
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
2 asnIu FFT cut cut cut>EMD  FFT cut cut cut>EMD
B2 VI Al 28.85 0 10.03
thg’ 39.04 0 0
39.64 25.02 49.96 66.66 33.37 33.37 40.01  19.99 80.00 19.99 19.99
38.09 0 0
48.48 49.96 19.99
48.65 25.02  50.01 50.01 50.01 50.01 40.01 60 60.00 60.00 60.00
47.45 40.01  19.99 0 50.01 50.01 40.01  19.99 0 60.00 60.00
57.95 0 0
58.65 0 0
57.31 0 0
68.23 25.02 40.01
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<= AITULI
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
o aenIY FFT cut cut cut>EMD FFT cut cut cut>EMD
B2 \4! A 66.21 25.02 2498 0 19.99 79.99 40.01 0 19.99 19.99 79.99
198 66.05 0 19.99
77.63 0 0
76.23 0 0
78.05 0 0
B2 V2 AU 21.44 0 9.96
g7 21.41 3530  11.80 0 30.01 30.01 4501  25.03 30.01 30.01 30.01
2085  21.10 31.60 49.97 24.98 24.98 25.03  35.01 10.03 24.98 24.98
32.84 19.99  70.51 79.99 22.21 2221 19.99  70.51 79.99 22.21 2221
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» o fwau ) fone (Y0 €1 (70)
< AITULII
agnu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
® agnIy FFT cut cut cut>EMD FFT cut cut cut>EMD
B2 V2 AuRg) 38.45 37.52  50.01 50.00 33.32 33.32 50.01  60.00 40.01 19.99 19.99
49.66 0 10.03
50.26 2498 2498 0 50.01 19.99 0 0 19.99 60.00 0
50.88 24.98 0 0 19.99
61.54 19.99  19.99 33.32 32.95 32.95 19.99  19.99 19.99 19.99 19.99
61.67 19.99  19.99 33.32 32.95 32.95 19.99  19.99 19.99 19.99 19.99
69.40 25.02  75.00 50.01 25.02 0 40.01  80.00 60.00 40.01 19.99
70.59 12.45 0 19.99
70.42 0
78.90 0
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» . N CO) € e (70)
= AITULTI
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
2 agnIy FFT cut cut cut>EMD  FFT cut cut cut>EMD
B2 V2 AuRg) 80.90 50.01  50.01 0 50.01 0 60.00  60.00 19.99 60 19.99
80.67 25.02  75.00 0 25.02 50.01 40.01  80.00 19.99 40.01 60.00
B3 VI fufed 2038 0 14.28
23.48 0
21.74 0
30.56 0
29.32 0
33.34 14.28 25.02 50.01 14.28
39.18 0
38.57 0
36.88 0
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= AITULTI
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
2 asnIu FFT cut cut cut>EMD  FFT cut cut cut>EMD
B3 VI Au 46.28 0
Y 4872 0
58.91 0
55.19 0
58.91 0
66.12 25.02
69.23 25.02
73.64 0
81.02 2498  25.02 50.01

78.64 19.99 0

76.23 25.02 0
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» o fwau ) fone (Y0 €1 (70)
< AITULII
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
® asnIu FFT cut cut cut>EMD FFT cut cut cut>EMD
B3 V2 Al 22.52 30.01  30.01 12.53 33.31 33.31 0 0 0 28.57 28.57
g3 2078 0 7.13
31.40 5.86 5.86 0 11.07 0 1433 1433 14.33 14.33 14.33
31.98 22.21 0 28.56 22.21 14.33
30.68 0 0
40.50 0 0
39.32 2221 2221 22.21 25.02 50.01 0 0 0 14.28 14.28
50.31 3752 1245 25.02 25.02 14.28 28.57 28.56 14.28 14.28 14.28
49.77 37.52  50.01 75.00 12.45 50.01 28.57 42.85 71.42 28.56 14.28
50.08 0 14.33
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» . e .. (%) € e (70)
= AITULTI
agnIu = IDUU Simple EMD>Signal  Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
2 agnIy FFT cut cut  cut>EMD  FFT cut cut  cut>EMD
B3 V2  fAufA®I  59.89 0
58.7 19.99 0
60.11 49.96  49.96 49.96 49.96 49.96 71.44  71.44 71.44 71.44 71.44
68.35 0 14.33
68.79 0 14.33
69.38 2498 50.01 50.01 25.02 25.02 42.88 42.85 42.85 14.28 14.28
80.20 25.02  50.01 50.01 50.01 50.01 1428 42.85 42.85 42.85 42.85
78.45 49.96  49.96 49.96 50.01 0 71.44  71.44 71.44 42.85 14.28
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T T ) e, (%) e (70)
< AITULII
agwn = VU Simple EMD>Signal Signal Signal Simple EMD>Signal  Signal Signal
= (km/hr) EMD EMD
= agnu FFT cut cut  cut>EMD  FFT cut cut  cut>EMD
Bl Vi uIn 44.30 0 37.43
NN 42.02 5.54 54.55 12.53 12.49 12.49 1249 6.22 0 24.98 12.49
1 AU 53.38 20.02  13.37 57.12 28.59 12.45 6.2 37.43 25.02 12.53
37.54 6.73 26.64 25.02 63.14 63.14 0 31.27 25.02 63.14 63.14
44.63 26.64  26.64 0 12.53 12.53 31.27  31.27 50.01 12.53 12.53
35.92 25.02  50.01 50.01 31.27 25.02 1245 60.00 19.99 60 19.99
B2 \'2! 21.98 44.44 2221 49.96 63.14 63.14 37.52  12.53 49.96 63.14 63.14
35.82 37.52  12.45 25.02 25.02 14.28 0 28.56 14.28 22.21 14.33
21.04 33.31 21.44 30.01 30.01 1245 42.85 42.85 42.85 42.85
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TR YR d e, (%) e (70)
< AITULII
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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Acceleration response of Vehicle PSD Spectrum of Vehicle Acceleration
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