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Development of Seismic Performance Estimation Service of Bridge
through Seismic Risk Assessment

ABSTRACT

In order to understand the seismic performance of a bridge, it is common to review through seismic performance evaluation and numerical
analysis of the target bridge. Seismic performance evaluation and review through numerical analysis are analysis methods for specific
target bridges, and many problems can arise in each management body managing bridges nationwide. Therefore, in this study, research
was conducted to estimate the seismic performance of public bridges with various types and characteristics. Seismic performance was
estimated by applying the seismic risk assessment method, calculating the seismic fragility curve for the type and specifications of the
bridge, and estimating the seismic performance of the bridge in use by applying the domestic seismic design standard. In addition, by
installing it on the platform, service items were established so that users can easily review the estimation of seismic performance of domestic
bridges.
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Fig. 1. Domestic Earthquake Statistical Data

Table 1. Status of Facilities in Korea

Facility Type Total
1 2 3
Bridge 5,015 7,631 20,519 | 33,165
Tunnel 1,914 2,259 848 5,021
Port 129 370 - 503
Dam 78 544 - 622
Building 3,289 74,046 | 29,180 | 106,515
River 585 6,303 20 6,908
Water and Sewage 545 1,739 1 2,285
Retaining wall - 3,566 684 4,250
Cut Slope - 4,535 1 4,536
Utility-Pipe Conduit - 40 - 40
etc - - 516 516
Sum 11,555 | 101,037 | 51,769 | 164,361
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Fig. 4. Fragility Curve of Highway Bridge: HWB1~28
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Table 2. Design Ground Acceleration

Case Design G.round Remarks
Acceleration(g)

1 0.110 Earthquake Zone I x 2nd Grade

2 0.154 Earthquake Zone I x 1st Grade

3 0.220 Earthquake Zone I x Special Grade
4 0.070 Earthquake Zone I x 2nd Grade

5 0.098 Earthquake Zone I x 1st Grade

6 0.140 Earthquake Zone I x Special Grade
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Fig. 5. Application of Design Ground Acceleration to Fragility Curve: (a) HWB1, (b) HWB2
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Table 3. Damage Probability of HWB1

Design Ground Acceleration(g)

Fragility
0.070 0.098 0.110 0.140 0.154 0.220
Undamaged 0.9827 0.9656 0.9496 0.9055 0.8808 0.6958
Slight 0.0094 0.0186 0.0271 0.0506 0.0636 0.1574
Moderate 0.0050 0.0100 0.0147 0.0276 0.0349 0.0908
Extensive 0.0019 0.0039 0.0057 0.0109 0.0138 0.0373
Complete 0.0010 0.0019 0.0028 0.0054 0.0068 0.0187

Table 4. Damage Probability of HWB2

Design Ground Acceleration(g)

Fragility

0.070 0.098 0.110 0.140 0.154 0.220
Undamaged 0.9953 0.9907 0.9863 0.9740 0.9670 09111
Slight 0.0030 0.0060 0.0088 0.0167 0.0212 0.0564
Moderate 0.0010 0.0019 0.0028 0.0054 0.0068 0.0187
Extensive 0.0005 0.0011 0.0016 0.0030 0.0039 0.0107
Complete 0.0002 0.0003 0.0005 0.0009 0.0011 0.0031
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Fig. 7. Target Bridge: (a) A—Bridge, (b) B—Bridge, (c) C—Bridge, (d) D—Bridge

Table 5. Target Bridge Specifications

Division Region Seismic Grade |Main Span Length| Span Configuration Pier Girder Continuous | Girder Type
A Bridge Gyeonggi-do II less than 150m Multi Single Simple Steel
B Bridge Gyeonggi-do II less than 150m Multi Multi Simple PSC
C Bridge Gyeonggi-do II less than 150m Multi Multi Simple Concrete
D Bridge Gyeonggi-do II less than 150m Single Single Continuous Concrete
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Fig. 8. Seismic Performance Estimation Result: (a) A—Bridge, (b) B—Bridge, (¢) C—Bridge, (d) D—Bridge

AE FE, o FEEA] AN AN HWBS,

Aol 3
22 HWBS, Ci/=-& HWBI17, D/ HWB28Z -7
o} o] A Al B 27 el $jAIe mee]a
RIS Bl B Crsgo] A DIEl] sl AR
of] o= A WA 1) ilsickan VieR e, ok g

S AP el 71N AloR E4kEe] N} ) LERc)

58 521 ol o) 2] VRV e ekl
= slgmael eree s 4% & 9

bl 34 52) TRk Al Qe o] Al
A F 7V B HIES Apastar glom, mpd teet 3
3 548 AU Qo] AEA SYAZ B 2k W)
PSS Tielsh] St “ApdEe] o 2 fdke] A

r

-

Vol.43 No.5 October 2023 541



AR olA] AL b= URVESH7EE kA =150
Ats g3l T agel] digh HES =ik sl T ukis
H7F 2 RS WS S aEg Aol sl Grasl el
ol ARY, 912 Fo EAPE AN =l w2 el
TlelA] 88 520 wge] o] Ukidss 45| Sigt
AME SIS oM, UV s 598 AM|E ZEES) ofo
e} IR A 28 7Fssias st A
H= 73l do Ay o) 2k
(1) HAZUS®IA] AL k= 2870 4]0 agdel] thigk %[zl oF
T2 B ) URPA 71 A83le] AN
SkE-S ATBIN: sk UklPds el gk =218 Abdst
ZES) Slo] o] YRR H AlYS viRe 2 B4
o] UkPdss jefst 4= s uRkbds 559 Al
£ T8Ik
s 574 Azl gigk HEES s f18l A7 1%
Al SR 1= NS dhde R HES FEkIsion,
VA 71zl ARk Qe APgte B uiklAd sl
AR 7 sYsicelE Z7te] wEF AP v
ANE EEsIQlrE UklPds 98 AM1~e] HE Zwje) o]
7y 3-8 g ofgk Are] iRt S wrEke] yRlg
TS F4Y F US FoRE itk
Q) 1Fe] AFARE SNES Bl TSl Je Uk
4 AMIE D8slo] TRl Sk Al gl gk Uikl
oS 8L e AE v R 3% fx AR
FHe 7EAER S8 7FsE ZloR dpder: Tl el
A7t gk weke] Au Bl AE vlEo R | ulge]
U s BAES Alss 55T 4 IS B0 obdert

i

m%lﬂJ
i
ro4e

= 1

@

Rl

=

2 e IR RSN Sl et ey
A AEELAR) AR R R IFHTH A S. 20230073001,
DNA 7T9F =5 e 5135 2wE S S8 2 S8k
7, =50 2022 CONVENTION =78 =4 1 ¢ks}o]
2= AFH T

References

Cho, H. M. and Hu, J. W. (2021). “Seismic performance evaluation
for piloti structures of MPS seismic isolation device in response
to earthquakes on the Richter Scale 7.0 - nonlinear dynamic
analysis.” KSCE Journal of Civil and Environmental Engineering

Research, KSCE, Vol. 41, No. 1, pp. 13-20, https://doi.org/
10.12652/Ksce.2021.41.1.0013 (in Korean).

Federal Emergency Management Agency (FEMA) (2020). Hazus
earthquake model technical manual.

Kim, D. J., Choi, J. H. and Kim, B. H. (2019). “Decision making of
seismic performance management using seismic risk assessment.”
Journal of the Earthquake Engineering Society of Korea, EESK,
Vol. 23, No. 6, pp. 329-339, https://doi.org/10.5000/EESK.
2019.23.6.329 (in Korean).

Kim, D.J., Choi, J. H. and Lee, D. H. (2020). “Seismic performance
management of aged road facilities using deterministic method
vs. probabilistic method.” KSCE Journal of Civil and
Environmental Engineering Research, KSCE, Vol. 40, No. 5, pp.
455-463, https://doi.org/10.12652/Ksce.2020.40.5.0455 (in Korean).

Kim, S. H., Kim, D. K., Seo, H. Y. and Kim, J. I. (2004). “Fragility
curves of seismic retrofitted concrete bridges.” Journal of the
Korea Institute for Structural Maintenance Inspection, KSMI,
Vol. 8, No. 1, pp. 203-210 (in Korean).

Korea Meteorological Administration (KMA) (2022). Earthquake
statistics (in Korean).

Lee, D. H., Jeong, H. D. and Kim, B. H. (2018). “Seismic fragility
analysis of a RC bridge including earthquake intensity range.”
KSCE Journal of Civil and Environmental Engineering Research,
KSCE, Vol. 38, No. 5, pp. 635-643, https://doi.org/10.12652/
Ksce.2018.38.5.0635 (in Korean).

Ministry of Land, Infrastructure and Transport (MOLIT) (2018).
Seismic Design Criteria. Korea Institute of Civil Engineering and
Building Technology (in Korean).

Ministry of Land, Infrastructure and Transport (MOLIT) (2022a).
Development of decision supporting technology of seismic
performance management for aged road facilities (bridges,
tunnels, slopes, retaining walls).

Ministry of Land, Infrastructure and Transport (MOLIT) (2022b).
Facility Management System. Korea Authority of Land &
Infrastructure Safety (in Korean).

National Disaster Management Research Institute (NDMRI)
(2007). Development of Seismic Fragility Function for Bridge
Structures in Korea (in Korean).

Seo, H. Y., Yi, J. H.,, Kim, D. K. and Song, J. K. (2010). “Modified
HAZUS method for seismic fragility assessment of domestic
PSC-1 girder bridges.” Journal of the Korea Institute for Structural
Maintenance Inspection, KSMI, Vol. 14, No. 2, pp. 161-170,
https://doi.org/10.11112/jksmi.2010.14.2.161 (in Korean).

Shinozuka, M., Feng, M. Q., Lee, J. H. and Naganuma, T. (2000).
“Statistical analysis of fragility curves.” Journal of Engineering
Mechanics, ASCE, Vol. 126, No. 12, pp. 1224-1231,
https://doi.org/10.1061/(ASCE)0733-9399(2000)126:12(1224).

Song, J. K., Jin, H. S. and Lee, T. H. (2009). “Seismic fragility
analysis for probabilistic performance evaluation of PSC box
girder bridges.” KSCE Journal of Civil and Environmental
Engineering Research, KSCE, Vol. 29, No. 2A, pp. 119-130 (in
Korean).

542 KSCE Journal of Civil and Environmental Engineering Research



