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ABSTRACT

Purpose: The dynamic behavior of a bridge structure under seismic loading depends on many uncertainties,
such as the nature of the seismic waves and the material and geometric properties. However, not all
uncertainties have a significant impact on the dynamic behavior of a bridge structure. Since probabilistic
seismic performance evaluation considering even low-impact uncertainties is computationally expensive, the
uncertainties should be identified by considering their impact on the dynamic behavior of the bridge.
Therefore, in this study, a global sensitivity analysis was performed to identify the main parameters affecting
the dynamic behavior of bridges with I-curved girders. Method: Considering the uncertainty of the earthquake
and the material and geometric uncertainty of the curved bridge, a finite element analysis was performed, and
a surrogate model was developed based on the analysis results. The surrogate model was evaluated using
performance metrics such as coefficient of determination, and finally, a global sensitivity analysis based on the
surrogate model was performed. Result: The uncertainty factors that have the greatest influence on the stress
response of the [-curved girder under seismic loading are the peak ground acceleration (PGA), the height of the
bridge (h), and the yield stress of the steel (fy). The main effect sensitivity indices of PGA, h, and fy were
found to be 0.7096, 0.0839, and 0.0352, respectively, and the total sensitivity indices were found to be 0.9459,
0.1297, and 0.0678, respectively. Conclusion: The stress response of the I-shaped curved girder is dominated
by the uncertainty of the input motions and is strongly influenced by the interaction effect between each
uncertainty factor. Therefore, additional sensitivity analysis of the uncertainty of the input motions, such as the
number of input motions and the intensity measure(IM), and a global sensitivity analysis considering the
structural uncertainty, such as the number and curvature of the curved girders, are required.

Keywords: Curved Girder, Bridge, Seismic Loading, Surrogate Model, Global Sensitivity Analysis
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Table 1. Statistical parameter of I-shape curved steel girder bridge

Component Parameter Mean Coeffient of Variation Distribution
Height (h) (Lowesrnléound) (Uppefgound) Uniform
(é(;l;zznte Diameter (d) 0.5m Im Uniform
(Lower Bound) (Upper Bound)
Compressive Strength (f.) 36.78 MPa 0.0696 Normal
I-Type Yield Strength (fy) 405MPa 0.0963 Normal
Stee Girder Ultimate Strength (f,) 557MPa 0.0341 Normal
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Table 2. Input motion

No. Event PGA(®) No. Event PGA(®)
X z X z
1 Northridge 0.4157 0.5164 11 Loma Prieta 0.5550 0.3673
2 Northridge 0.4100 0.4820 12 Manyjil 0.5145 0.4963
3 Duzce 0.7275 0.8224 13 Superstition Hills 0.3578 0.2583
4 Hector Mine 0.2655 0.3367 14 Superstition Hills 0.4463 0.3009
5 Imperial Valley 0.2377 0.3511 15 Cape Menocino 0.3854 0.5489
6 Imperial Valley 0.3639 0.3795 16 Chi-Chi 0.3528 0.4401
7 Kobe 0.5093 0.5027 17 Sna Fernando 0.2098 0.1741
8 Kobe 0.2432 0.2119 18 Friuli 0.4157 0.5164
9 Kocaeli 0.3121 0.3578 19 Gyengju 0.4420 0.3906
10 Landers 0.2448 0.1515 20 Pohang 0.2456 0.2826

KOSDI 979



Journal of the Society of Disaster Information | Vol. 19, No. 4, December 2023

Mt DRt A |

B e BIIA QLA 7B 0] A5l nl Al Ak H71el7] $16) ARG EI] elbE o 2 S w o] mizt
24 uhglo] 9lekSobol, 1993), T Rzt HALE Al WIZhE HAlo] u]s] e | Balold 3148 Wa @ shrt Bat
3 Q17 Ao o] T Ahg-2 T2l 4 1o AFHE EXkolA] HAkmt B 4= e o] Qlek(Tian, 2013). 71 Izt
& Ao nE B4 QAL A Qe Bte] el A1) Wst] niEe] A BahAA Qlxte] ard 9 woEkge]
ofet R FAO] BT 4 glom, 1] vtz B4 7] % SOBOL 71 Z2ie 714 % shiolrkZhang et al,

2015). SOBOL 7[5l A E2Hd g Q1K) o] F/J(F Aol thiel RIA = 2144(S)= th= A (2)2F 2ol At

S = 2

A7IA, Vi S AAFxell Sfel] At At UER i V2 e 22 Al Hiet 24 Sfnieit). Faviet

jLe =
W o Z-go] SRt GIbE ARt T RIFHE A]ax(Sp)= T A (3)a o] Al
G)

o714, Sy A B AR B QIAke] walARE: kS Ul WIRE 2otk S e 1A B n A B2
QIAF] W AR FE e l= RIFE 2|40tk

SOBOL 732 583 9 w o218 galof| tfgh 244 =aiol| whze] W =2] AlEeo| A Sl47F B E|ojok ghrt
=% 7|5He] SOBOL 7| H-& ARgoto] A Rifte B4 458
slo] o AJE o)A Sl QIS AHE-& A7 4= Qlth(Yoo et al., 2020). Wk 2 o= tjg| 2 7]dte] Ao vl

=
7 B2 919 el B84 QAE Tefslo] fata el e Sk Sl A TS sisTlolH R AL sto] el w

Che|ag 7%
chelme 7jte] Al WIZhE R4S 9ol 2 Q- Gradient Tree Boosting(GTB) )5S 7Hko e dfezd 7
Zolsiet. GTB ST ekEL ofel/ie] oia Eeparaom adslo] 2 Eejo] g2 Wit 21k Alole] wfete
5517 Wl FARE A 2 FA5to] 2 e O] o 5452 HFI 4 ek (Wang etal., 2021). BEHIY A4S
.

2129 2002]9] Bl At ayst gl o sh2HE Hiz| o] satlolH 2 ARESISIT: HIAdE Aol

Niv]

980 KOSDI



Jun-Tai, Jeon et al. | Surrogate Model-Based Global Sensitivity Analysis of an I-Shape Curved Steel Girder Bridge under Seismic Loads

oM ASH 18 4 A 9] S5l it glofe] NIE-2 slsd|o]E] AEL ASdlo|E AER F2F9JekA] -5}
oM v &L 8:22 ALt Fig. 32 2| R dS 5ol oS 3t 534 S Baf dof 3h2 v|wstsct sk
t|o]E] HES} HZEHlo 8] MlE 2] AAAGRY)S 2210.9529 D 0.4223 2 UERTE 155 t2] 2 d-g o] 851e] SOBOL

o
] Qg 242 Sasom Fvke the oA =ojgct

600 ~
g W 23 HI0lE set(R2=0.4223) .
500 © SHS OOl E set (R2=0.9529) . o S
5] - °. .
£ 400 .
§ oo
= 300 S

; o
g = n -5;".
= P
3 200 o® ;.-!.'g’_" °
b1 [ J
£ 100 W?' °n -
S
-9}

0

0 200 400 600 800

Von-Mises Stress (MPa)

Fig. 3 Compare prediction and FE analysis result

13 3 ACE 28 wge] 7okl £, s 54, A|x1ute] E4dof tigh B2 do] A 9] -g=2-gFol n]2 = F3F
A& BA617] Slal t2=d 7]9ke] SOBOL A< Tt 44 =a0ot3iet. Fig. 4> 78 ufi7ii<=o] FaFdol| theh
A} T Z]4(First Order Index)@F 2} w7l Afo] o] /3o 2k-8-2- 125t F IR A5 Total Index)E IH|l 2= 3
A5 Fig. 4(a)y= 7+ £/ Q120 FRto]| et Wt 2]4-5 Hlwsto] LRl et 274 A6 9] 82852 2]
AGE7FEIE(PGA), W22 =0|(h), 2] E-88 o & & Fake whi= A o &2 Ul .o m 71710.7096, 0.0839, 0.0352
O] T8} YIAE 2|5 ZH=Th Fig. 4(b)= 2 28443 12k Ao|o] woakg aats 1ejt 5 e 255 UERlSL

S IR F W A|gol|A 3] STkl A& el

= =
PGA 2 27} ool ot & WA A4 27k vt ek A4} oF 33% 9 ©F 55% SRR A0 ekt

_

1.0 1.0
0.9 0.9
% 08 0.8
<07 » 5 07
= 06 S g o6
g 0.5 \ E 0.5
1 \ e
- \ .
=02 N 0.2
0.1 0.1
0.0 \\ - - ™ - § 0.0 ! —— - ] [ | | 1.
h d fo fy fu  PGA h d fo fy fu  PGA
(a) First Order Index (b) Total Index

Fig. 4 SOBOL indexies of I-shape steel curved girder

KOSDI

981



Journal of the Society of Disaster Information | Vol. 19, No. 4, December 2023

2} gl ek 9] 9 W zre) 1k wislel] AuA 0 2 19 T4 Avo] g2t e gl e )

o H

aE

B A7 BeHa14 QA7) Bt 24 el 19 A1E)0] S el g el nlals e sl 918 712 Ae Are
# el md 7)u Ao g BAe Salslodrt BeHIA ks Fleteld 54 9 Alm s, Axine] E4o A4l
oAt B4 QIAHE Tafsle] £ 200819] 841 ARIol el Seetole] S AT SHTlolE| 2 o] g5t el
Qe TESIT A 0 2 B4 Qo] e FAT e 40} e AE-S Telgt F Ui (48 Balslol o

i g2 AES =ESI
(1) WA S5 O] T3 RIZE 2]9=0.7096 0 & 2|35l W= 13 JAAH 9] -§8-8Fol 7P 2ai& el A

o ehitt. 2, el o) BeHAle] o)8) 1 T4 7110 AL Al 4 7] W] SR 7} A) 9l
—#501] o5t Eg} Ao X225 PaE|ojoF gt Q) Eﬂ—r«EJ A 5 Intens1ty Measure(IM)— F| A7 L,

o H
) WAL Tt F W7HE 2|4k mE B3hAA olzjol| A 87 ‘ﬂ%‘E ]—’FEE}% Ao = LERgom 2]
. =

3% 9 55% F710k 2, 2HBEP QIR Afole] mE ARG BTk T A-gSp]

:I:;‘w

2 S 23HA QlAfo] AlEe Faste] @RSl B4 mare] S-S BIHE 4 Qe
Aoz Holrlck

(3) 2 AT A wao] 2|7 ol nlA ek HAL 91871 2A 0] AR, MRS 1ES e Ttk ] 17
T4 7] 9] g2 g el el A WA B Salsteic. el 5ol BEIA thel URiE X457t b 2 A
o Uehg] whze] Q2o 5o] i 8 F7441 IME Tefsle] B4 wao] izt B8 W ashe] e A
9 Sgugn e 7 BEAAS Tefe F71Hel AT Basitt

Acknowledgement

o] Adih= AR (IRP e g A o Aldo® SmdrAITe] 2|k wot R AU TH(No. 2021R1A2C10
10278).

References

[1] ABAQUS (2021). ABAQUS/CAE User's Manual 2021; ABAQUS: Pawtucket, RI, USA.

[2] ACI Committe 318 (2007). ACI 318M-08: Building Code Requirements for Structural Concrete and Commentary,
Farmington Hills, MI, USA.

[3] Bavaghar, Y., Bayat, M. (2017). “Seismic fragility curves for highly skewed highway bridges.” Journal of
Vibroengineering, Vol. 19, No. 4, pp. 2749-2758.

982

KOSDI



Jun-Tai, Jeon et al. | Surrogate Model-Based Global Sensitivity Analysis of an I-Shape Curved Steel Girder Bridge under Seismic Loads

[4] Davidson, J.S., Abdalla, R.S., Madhavan, M. (2002). Design and Construction of Modern curved Bridges. University
Transportation Center for Alabama, Report No. FHWA/CA/OR, The University of Alabama, Alabama, USA.

[4] Jeon, J., Ju, B.S., Son, H. (2018). “Seismic fragility analysis of curved beam with I-shape section.” Journal of the
Korea Society of Disaster Information, Vol. 14, No. 3, pp. 379-386.

[5] Jeon, J., Ju, B.S., Son, H. (2018). “Seismic fragility of I-shape curved steel girder bridge using machine learning
method.” Journal of the Korea Society of Disaster Information, Vol. 18, No. 4, pp. 899-907.

[6] Jeon, J.S., DesRoches, R., Kim, T., Choi, E. (2016). “Geometric parameters affecting seismic fragilities of curved
multi-frame concrete box-girder bridges with integral abutments.” Engineering Structures, Vol. 122, pp. 121-143.

[7] Jeon, J.S., Mangalathu, S., Song, J., Desroches, R. (2019). “Parameterized seismic fragility curves for curved
multi-frame concrete box-girder bridges using bayesian parameter estimation.” Journal of Earthquake Engineering,
Vol. 23, No. 6, pp. 954-979.

[8] Kim, J.R., Kim, S.B., Park, Y.H., Jung, W.G. (2000). “A statistical study on the mechanical properties and chemical
components of rolled steels for welded structure, SM490.” Journal of the Architectural Institute of Korea Structure
& Construction, Vol. 16, No. 11, pp. 3-10.

[9] Kim, J.S., Shin, J.H. (2009). “Mechanical properties of concrete with statistical variations.” Journal of the Korea
Concrete Institute, Vol. 21, No. 6. pp. 789-796.

[10] Saltelli, A., Ratto, M., Andres, T., Campolongo, F., Cariboni, J., Gatelli, D. (2008). Global Sensitivity Analysis: The
Primer. John Wiley & Sons. New Jersey, USA.

[11] Seo, J., Park, H. (2017). “Probabilistic seismic restoration cost estimation for transportation infrastructure portfolios
with an emphasis on curved steel [-girder bridges.” Structural Safety, Vol. 65, pp. 27-34.

[12] Sobol, .M. (1993). “Sensitivity estimates for nonlinear mathematical models.” Mathematical Modelling and
Computational Experiments, Vol. 1, pp. 407-414.

[13] Tian, W. (2013). “A review of sensitivity analysis methods in building energy analysis.” Renewable and Sustainable
Energy Reviews, Vol. 20, pp. 411-419.

[14] Wang, W., Li, Z., Shafieezadeh, A. (2021). “Seismic response prediction and variable importance analysis of
extended pile-shaft-supported bridges against lateral spreading: Exploring optimized machine learning models.”
Engineering Structures, Vol. 236, 112142.

[15] Xiao, S., Lu, Z. (2017). “Structural reliability sensitivity analysis based on classification of model output.” Aerospace
Science and Technology, Vol. 71, pp. 52-61.

[16] Yoo, Y.S., Yi, D.H., Kim, S.S., Park, C.S. (2020). “Rational bulding energy assessment using global sensitivity
analysis.” Jornal of the Architectural Institute of Korea Structure & Construction, Vol. 36, No. 5, pp. 177-185.

[17] Zhang, X.Y., Trame, M.N., Lesko, T.J., Schmidt, S. (2015). “Sobol sensitivity analysis: A tool to guide the develop-

ment and evaluation of systems pharmacology models.” CPT: Pharmacometrics & Systems Pharmacolohy, Vol. 4,
No. 2, pp. 69-79.

KOSDI 983



