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Study on the Emergency Assessment about Seismic Safety of Cable-supported
Bridges using the Comparison of Displacement due to Earthquake with Disaster
Management Criteria

Sung-Woo Park’, Seung Han Lee”"

Abstract: This study presents the emergency assessment method about seismic safety of cable-supported bridges using seismic acceleration sensors
installed on the primary structural elements of them. The structural models of bridges are updated iteratively to make their dynamic characteristics
to be similar to those of real bridges based on the comparison of their natural frequencies with those of real bridges estimated from acceleration data
measured at ordinary times by the seismic acceleration sensor. The displacement at the location of each seismic acceleration sensor is derived by seismic
analysis using design earthquake, and the peak value of them is determined as the disaster management criteria in advance. The displacement time
history is calculated by the double integration of the acceleration time history which is recorded at each seismic acceleration sensor and filtered by high
cut(low pass) and low cut(high pass) filters. Finally, the seismic safety is evaluated by the comparison of the peak value in calculated displacement time
history with the disaster management criteria determined in advance. The applicability of proposed methodology is verified by performing the seismic
safety assessment of 12 cable-supported bridges using the acceleration data recorded during Gyeongju earthquake.
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Fig. 1 The installation location of seismic acceleration sensors
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Table1 Safety check method using acceleration measured at seismic
acceleration sensors

Member Safety check method

Free-field, - Peak ground acceleration

Foundation, - Response spectrum analysis

Anchorage

- Simplified analysis using response displacement

Pylon, - Comparison of response displacement with designed

Stiffening  displacement

girder - Comparison of natural frequencies before and after the
earthquake

Cable, - Comparison of tension forces before and after the

Hanger earthquake
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Hard to mstall sensor at
the center of a cable

Fig. 4 Location of sensor on the stay cable
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Fig. 8 Calculated displacement using measured acceleration

Table 2 Safety check using comparison of displacements

Displacement by

Sensor Sensor Disp lacemept structural analysis ~ Safety
. .. calculated using . .
location  direction using design check
measured data
earthquake
pylon longitudinal 0.74mm 109.7mm OK
(tP)  transverse  1.04mm 199.3mm OK
o vertical-1 1.04mm 129.5mm OK
stiffening
girder  transverse 0.81mm 291.4mm OK
(center) .
vertical-2 0.99mm 129.5mm OK
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Fig. 9 Results of response spectrum analysis and the relation between
main span length and maximum displacement
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Table 3 Primary information of 12 cable-supported bridges
(CB : cable-stayed bridge, SB : suspension bridge)

height of pylon(m) .
. . - . Main span
Bridge Bridge Foundation Stiffening Total length
name  type tostiffening girder to .
. height (m)
girder the top
DE CB 12.5 100 112.5 407.5
DG CB 20.1 30.4 50.5 100
DS CB 232 58.8 82 280
GBS CB 25.5 64.5 90 230
GG CB 38 126 164 480
D2 CB 27.9 69.5 97.4 344
JC CB 14.3 35.7 50 140
MP CB 455 120 165.5 500
NH SB 21.5 38.5 60 404
SCP CB 30.3 58.2 88.5 230
SR SB 28.1 59.3 87.4 250
YG CB 33 82 115 320
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Fig. 10 Results of response spectrum analysis and the relation between
height of pylon and maximum displacement
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Table 4 Peak displacement calculated using measured acceleration
during Gyeongju earthquake(M;=5.8)
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Table 5 Safety rate of displacement during Gyeongju earthquake
(MLZSS)

Safety rate
. Pylon Center of
B
ridge at the top near deck Deck
name - -
longi- trans- longi- trans- trans- vertical
tudinal ~ verse  tudinal  verse verse
DE 455 94.4 1.2 0.5 - -
DG 83.9 56.5 - - 70.8 824
DS 38.8 - 52.9 53.9 110.7 7.0
GBS 217.6 188.7 37.0 132.4 56.1 1.1

GG 67.2 106.4 34.7 121.9 344.7 66.7
D2 163.3 74.7 29.8 8.1 126.8 1.7
MP 116.0 134.3 73.9 79.9 165.7 0.1
NH 7.0 353 16.7 28.9 152.7 0.0
SCP 173.3 59.0 30.6 13.5 39.2 13.8
SR 142.4 59.3 26.2 37.4 28.0 0.3
YG 148.8 181.6 - - 359.2 124.9

Average 109.4 99.0 33.7 52.9 145.4 29.8

Table 6 Comparison of the safety rate of displacement with that of
ground acceleration

Pylon (mm) Center of deck

near deck (mm)

Bridge top

name  ongi- trans- longi- trans-  trans-

. . vertical
tudinal  verse tudinal  verse verse

DE 0.71 0.56 0.33 0.23 0.47 0.00
DG 0.98 2.49 - - 0.46 1.14
DS 1.26 - 0.90 0.58 1.33 3.01
GBS 1.20 1.15 0.88 0.53 2.13 3.56
GG 5.76 1.79 0.58 0.18 1.38 1.44
JD2 0.75 0.48 0.31 0.32 1.35 3.06
MP 1.18 1.20 0.63 0.52 2.07 4.98
NH 231 0.95 0.65 0.62 3.63 20.03
SCP 1.31 1.31 0.62 1.17 3.95 3.24
SR 0.71 0.82 0.83 0.49 1.16 1.87
YG 0.74 1.10 - - 0.81 1.04

Ground Safety rate in pylon
Bridge acceleration at the top near deck
name [<al] safety longi- trans- longi- trans-
rate tudinal verse tudinal verse
DE 1.4 104.9 45.5 94.4 1.2 0.5
DG 10.6 14.2 83.9 56.5 - -
DS 6.7 22.7 38.8 - 529 53.9

GBS 12.7 11.9 217.6 188.7 37.0 132.4
GG 8.0 18.8 67.2 106.4 34.7 121.9
D2 2.6 58.0 163.3 74.7 29.8 8.1

MP 19.3 7.8 116.0 1343 73.9 79.9
NH 273 5.5 7.0 353 16.7 289
SCP 28.4 53 173.3 59.0 30.6 13.5
SR 5.0 30.2 142.4 59.3 26.2 37.4
YG 4.6 33.0 148.8 181.6 - -

Average - 284 109.4 99.0 33.7 52.9

=27 M22d H6Z(2018. 1)
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