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Seismic Response Characteristics of Domestic Cable-supported Bridges Due to

Gyeongju Earthquakes: Case Study

Sung Woo Park’, Seung Han Lee™, Gahee Choi’

Abstract: This study presents the seismic response characteristics of domestic cable-supported bridges due to 3 earthquakes with magnitudes of 5.1,
5.8, and 4.5 in Richter scale, which occurred around Gyeongju region in 2016. The seismic acceleration response signals, recorded by the seismic

acceleration sensors at the free field near bridge and designated positions on bridge, are utilized to characterize the seismic responses of structural elements
of cable-supported bridges. The dynamic behaviors of bridges are presented through Fourier transform of acceleration time history. Using the peak
accelerations normalized by those at the free fields, amplification effects on the tops of the pylons are analyzed comparatively bridge by bridge. Using
aforementioned analyses, the necessity of development on the creteria of alert levels is discussed for the earthquake disaster response of cable-supported

bridges.
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Table 1 Alert levels for seismic disaster situations based on the peak ground acceleration (PGA) measured at the free field IROCM, 2016)

PGA measured . o
Alert level Seismic disaster situation Response manual
at the free field
. . .. .. . The managing organization shall monitor the
There is a sign of seismic activity but its . SN or8 . .
. . . . . signs, and check the cooperation system with
Blue (Attention) > 15 gal level is low. It is unlikely to develop into .
. s the relevant organizations such as the

a national crisis in the near term.
emergency contact network.
The managing organization shall operate

Sign of seismic activity is relatively cooperation system with relevant

Yellow (Caution) > 25 gal active. It appears a certain level of organizations using collection of related

tendency to develop into a national crisis. information and reinforcement of information
sharing activities.

Sign of seismic activity is active, The managing organization shall review the

and the speed and tendency of its action plan and prepare the mobilization of

Orange (Alert) > 50 gal P Y - P prep .

development are remarkable. It is likely human and material resources with the relevant

to develop into a national crisis. organizations.

Sign of seismic activity is very active, The managing organization shall make efforts

. and the speed and tendency of its to put the relevant capacity as much as possible
Red (Serious) > 100 gal P 4 p pacity p

development are serious. It is certain to
develop into a national crisis.

with relevant organizations and be ready to
respond immediately to the national crisis.
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(a) Foreshock (2016. 9. 12. 19:44, M;=5.1) (b) Main shock (2016. 9. 12. 20:32, M;=5.8) (c) Aftershock (2016. 9. 19. 20:33, M;=4.5)

Fig. 1 Epicenters of Gyeongju Earthquakes(Foreshock, Main shock, and aftershock) (KMA, 2017)
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Table 2 Epicentral distances (Gyeongju Earthquakes) and primary information of 14 bridges (KISTEC, 2017)

Bridge name SCP NH DG GBS DS HT SR GG YG WD MP JD JD2 DE
Epicentral distance [km] 137 149 168 172 173 183 231 232 251 274 278 291 291 313
Bridge type

(CB: Cable-stayedBr, CB SB CB CB
SB: Suspension Br.)

CcB CB SB CB CB CB (CB CB CB CB

Types Number of pylon 2 2 1 2 2 2 2 2 2 1 2 2 2 2
Pylon shape
(H, A, D(diamond), H H Y H A iy D D iy A D A A iy
Y, iY(inverted Y))
Total span [m] 436 660 200 464 450 1,020 470 1,116 590 500 900 484 484 400
Dimensions Main span [m] 230 404 100 230 280 500 250 480 320 200 500 344 344 400
Pylon height [m] 89 60 35 90 62 130 87 168 112 75 168 69 69 100
Materials Pylon c s ¢ ¢ S S € s Cc s ¢ s s ¢
(S: steel,
C: concrete, Deck(main span) SC S C C S SC S S C S S S S SC
SC: steel-concrete -
composite) Deck (side span) SC S C C S SC S S C S C S S -
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Table 3 Example of the installation locations for seismic acceleration sensors (IROCM, 2016)

Structural Elements

Installation locations for seismic acceleration sensors

Free field 3-directional sensor on the base rock near the bridge
3 directional sensor on the foundation,
Pylon 2-directional sensor and 1-directional sensor near deck,
2-directional sensor and 1-directional sensor on the top
stiffened girder 2-directional sensor and 1directional sensor at the center of the span
Anchor block 3-directional sensor(suspension bridge)

Hanger or Stay cable

1-directional sensor
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Table 4 Installation conditions of seismic acceleration sensors in 14 bridges (KISTEC, 2017)

Bridge name SCP NH DG GBS

DS HT SR

GG YG WD MP JD D2 DE

Free filed O X O O

X

O

on the foundation

Pylon near deck

Stiffening girder

O
O
on the top @)
O
O

OO0 O x
Oj|0|]O0 O

Hanger or Stay cable

Ojl0j|O0 O O
OO0 O OO0
OO0 O OO0
Oj0|]O0 O
OO0 O OO0
OO0 O O]«
O|l0j|O0 O O
OO0 O x
OO0 O OO0

Oj|0|O]O0 O O

Anchor block -

x| OO0 O x|0O
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Fig. 2 Peak accelerations at the free fields and foundations of bridges (Foreshock, M;=5.1)
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Fig. 3 Peak accelerations at the free fields and foundations of bridges (Main shock, M;=5.8)
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Fig. 4 Peak accelerations at the free fields and foundations of bridges (Aftershock, M;=4.5)
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Table 5 Peak acceleration recorded by sensors located at 3 positions in pylons of 14 bridges [gal]

Foreshock, M;=5.1 Main shock, M =5.8 Aftershock, M =4.5
Longitudinal Transverse Longitudinal Transverse Longitudinal Transverse
Bridge
) fl::ilg Near Top I;;)tl:lc: Near Top fl::ilg Near Top I;;)tl:lc: Near Top fl::ilg Near Top I;;)tl:lc: Near Top
N deck N deck deck deck deck deck
SCP 13.0 17.8 59.0| 132 159 53.1| 165 185 793| 214 328 60.1| 42 48 155| 51 82 142
NH 150 153 133| 173 86 7.8| 245 252 17.0| 273 137 136 50 114 69| 43 29 36
DG - 33 452 - 42 140| - 51 557| - 106 29.8| - 1.8 243| - 53 121
GBS 02 63 113 00 88 134 03 115 234, 00 116 187 01 20 31| 00 32 46
DS 36 81 210 48 69 01| 6.1 136 342| 67 122 02| 1.1 32 81 1.3 21 00
HT 28 39 321| 55 101 139 57 83 53.8| 101 174 379, 08 18 72| 07 16 4.0
SR - 68 83| - 32 62| - 10.8 13.0] - 52 10.1| - 1.3 21] - 1.1 25
GG 1.7 106 522| 44 01 89| 27 126 111.0f 80 02 235 04 21 109| 12 01 26
YG 22 22 59| 17 1.7 34| 38 38 136 46 46 61| 06 06 17| 06 06 1.0
WD 20 28.0 216 1.8 82 16.8| 4.1 344 345 45 132 233, 05 82 55| 07 21 47
MP 30 39 69| 50 23 46| 65 64 104, 69 67 82| 10 08 15| 13 1.2 15
D 07 33 70| 10 36 72 19 65 112 21 50 140 02 13 81| 02 08 24
D2 14 61 130 10 25 70| 25 86 1l66| 26 71 147, 04 16 37| 04 12 3.0
DE 06 10 57| 08 09 20| 1.1 1.5 93] 14 14 57, 04 04 17| 03 03 07
Max. 150 28.0 59.0| 173 159 53.1| 245 344 111.0] 273 328 60.1| 50 114 243| 51 82 142
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Table 6 Peak acceleration recorded by sensors located at the center
of girders of 14 bridges [gal]

Foreshock, Main shock, Aftershock,
Bridge M;=5.1 M;=5.8 M;=4.5

Horizont Vertic | Horizont Vertic | Horizont Vertic

al al al al al al
SCP 1649 1920 16.85 27.71 6.02 6.09
NH 439 3042 720  10.64 333 13.22
DG 7.57 8.65| 1327 18.54 5.08 5.36
GBS 7.12 7341 10.81 14.14 1.63 1.77
DS 10.64 1938 27.12  20.69 3.69  33.76

HT 1246  13.43 1.76 4.62 - -

SR 4.50 441 6.49 7.46 0.88 1.23
GG 8.08 822 1391 9.89 2.45 2.74
YG 2.59 2.75 5.00 6.45 0.73 0.76
WD 3.69 6.40 8.58  12.65 1.55 2.31
MP 2.44 5.11 431 12.55 1.46 12.47
D 3.02 4.44 5.42 8.76 1.16 3.43
D2 1.83 3.04 3.79 8.18 0.73 5.15
DE 2.05 0.00 3.47 0.00 0.80 0.01
Max. 1649  3042| 27.12 27.71 6.02  33.76
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Table 7 Predominant frequencies in acceleration time histories of

bridges (Main shock, M =5.8)

Horizontal direction [Hz]

Vertical direction [Hz]

Bridge top of the pylon center of girder
Name g:lz longitudinal | transverse 11;1:13 Ist |predominant
direction | direction mode | frequency
SCP | 5.21 3.62 2.61 10.08 | 0.45 1.31
NH [13.30 3.14 0.77 244 | 0.25 0.25
DG | 4.46 4.48 0.92 9.90 | 0.97 1.24
GBS | 5.38 3.32 0.70 8.86 | 0.42 0.42
DS | 4.12 5.73 - 1.84 | 0.55 2.40
SR | 5.39 2.71 0.86 2.01 | 042 2.66
GG | 148 1.49 1.37 297 | 031 1.50
YG | 292 2.95 0.68 2.11 | 033 0.88
WD | 8.05 5.21 7.85 10.01 | 0.50 2.48
JD |3.12 5.11 3.60 1,58 | 0.50 1.03
JD2 |3.12 5.24 1.47 1,58 | 043 0.43
DE | 1.67 1.67 1.59 1.56 - -

Table 8 Normalized accelerations at the tops of pylons and their slopes due to heights of pylons (Main shock, M;=5.8)

Properties of pylon Normalized acceleration Slope of normalized acceleration
(Top of the pylon / free field) [m-1]
. Height [m longitudinal transverse longitudinal transverse
1ype Material o o © b @ ©/ @

SCP(CS) H concrete 89 2.79 2.12 0.03 0.02
NH(SB) H steel 60 1.35 1.08 0.02 0.02
DG(CS) Y concrete 35 3.52 1.88 0.06 0.03
GBS(CS) H concrete 90 1.85 1.48 0.02 0.02
DS(CS) A steel 62 6.74 0.08

HT(CS) iY steel 130 - - - -
SR(SB) D concrete 87 2.59 2.02 0.03 0.03
GG(CS) D steel, concrete 168 3343 7.08 0.2 0.04
YG(CS) iY concrete 112 7.06 3.17 0.07 0.03
WD(CS) A steel 75 8.17 5.51 0.1 0.06
MP(CS) D concrete 168 - - -
ID(CS) A steel 69 5.95 7.47 0.07 0.08
ID2(CS) A steel 69 8.85 7.82 0.1 0.09
DE(CS) iy concrete 100 6.47 3.97 0.06 0.04
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