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Seismic Reliability Cable-Stayed Bridge with Latin Hypercube Sampling Methods
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ABSTRACT: Cable bridges are one of the essential structures that are sensitive to vibrations. Therefore,
it is necessary to investigate the seismic behavior of them. The uncertainty in structural members and
carthquake excitation should be considered due to the undetectability and indeterminably them. In this
paper, the reliability of the cable-stayed bridge with a 640-meter length span in two states with linear
and nonlinear behavior for materials is investigated. The uncertainty in member parameters of pylons,
girders, and cables, which includes the elasticity modules, cross-section, material yield strength, is
considered, and the efficiency of each one is simulated by the sampling method. Linear and nonlinear
time history dynamic analyses are performed by artificial earthquakes produced at four different seismic
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hazard levels. The sensitivity analysis shows that the cable parameters have the highest sensitivity. The

reliability analysis also indicates that the failure probability in the pylon is more than cable, and the
failure probability in the nonlinear model is higher than the linear model.

Cable-stayed bridge
Artificial earthquake
Uncertainty

Latin hypercube sampling

1. Introduction

Cable-stayed bridges are one of the most common
infrastructureswithlongspans,andrecentlytheyareconstructed
with more than 1000 meters span lengths. Operating loads,
car accidents, and natural disasters are important causes of the
failure at bridges. Therefore, an accurate assessment of them
under natural hazards and service conditions is an essential
issue [1]. The seismic behavior evaluation of such structures
is a significant concern of engineers in high-seismic zones,
and appropriate estimation of the seismic response could
ultimately lead to structural damages and also economic
losses [2]. Modeling parameters are usually considered
definitive in analysis, but in reality, they are uncertain. These
uncertainties are due to the member’s geometry, material
mechanical properties, the distribution and amount of loads,
and so on. The deterministic analysis could not indicate the
complete behavior of structures, and probability analyses are
used to compensate for this defect. Cheng & Xiao (2005)
estimated the serviceability reliability of cable-stayed bridges
using a combination of the response surface method (RSM),
finite element method (FEM), first-order reliability method
(FORM), and the importance sampling updating method [3].
Cheng and Liu (2012) are investigated the effect of soil-pile
interaction on the assessment of the reliability of cable-stayed
bridges using the combination method proposed by Cheng
& Xiao (2005) [4]. Truong & Kim (2017) proposed the
improved Latin Hypercube (IHS) and an effective importance
sampling (EIS) method for reliability analysis of steel cable-
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stayed bridges. They considered uncertainty at structural
members, dead and live loads. In this paper, the seismic
reliability of a cable-stayed bridge modeled at two different
conditions (linear model and nonlinear model) is evaluated
using artificial ground motion records. The ultimate (failure
of cables, girders, and Pylon members) and serviceability
(exceeding allowable drift) are considered as limit states
functions. Latin Hypercube methods are used for sampling
and simulation analyses. This method is a statistical method
for generating a near-random sample of parameter values
from a multidimensional distribution.

2. Methodology

The William H. Harsha Bridge is considered in this study
(Fig. 1). This bridge is a cable-stayed bridge that connects
Maysville, Kentucky, and Aberdeen, Ohio, over the Ohio
River. The bridge has a total span of 2,100 feet (640 m) and
the main span of 1050 feet (320 meters). The finite element
modeling of William H. Harsha Bridge is developed using
OPENSEES software. Two different models are made, one
model with an assumption of linear behavior at the geometry
and material properties, and the second one is considered
geometric and material nonlinearity at all members. The
linear and nonlinear time history analyses are performed
for both models. Twenty-four artificial earthquakes are
constructed for this purpose. The artificial earthquakes are
developed according to four different properties (probability
of being exceeded in 50 years of 20, 10, 5, and 2 percent).
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Fig. 1. William H. Harsha Bridge [6].

One of the essential steps in reliability analysis is
sensitivity analysis, which is used to reduce the number of
variables. This ratio is equal to the percentage of changes
in the output response (probability of failure), divided by
the percentage change of a special input variable with the
assumption to be constant other parameters, which is shown
as follow:

(Yzy_lyl)xloo%

RS = (Xz-X1

X1

(1

)x100%

Where X1 is the initial value of the input, X2 is the
changed value of one of the parameters, and Y1 is the initial
output, Y2 is the output change relative to the change in one
of the parameters. This equation is equivalent to the normal
partial derivative. Variables with the highest sensitivity ratios
have the most significant effect on the limit state function or
the failure probability [7].

3. Results and Discussion

The average percentage of changes in the dynamic
response of the pylon, girder, cable resistance, and drift at
the top of the pylon, compared to the static responses are
shown in Fig. 2 for linear and nonlinear models in the four
different seismic levels. According to this figure, in the linear
model, the pylon resistance and drift responses are raised by
increasing the seismic return period. This result is due to the
rising seismic demand of the bridge. However, in the girder
and cable resistance, there is not a significant percentage
of changes. This result is due to the lower stiffness of these
members than the pylon. As shown in Fig. 2 in the nonlinear
model, the percentage of changes in the drift at the top of the
pylon as well as the pylon resistance increases with increasing
return period. Unlike the linear model, the cable resistance
is increased at higher performance levels. By increasing the
return period, the pylon resistance in the linear model has a
higher percentage change than the nonlinear model, but cable
and girder resistances, and the drift at the top of the pylon
changed significantly at the nonlinear model.

The results of sensitivity analysis and sensitivity ratio
of different parameters in linear and nonlinear models are
presented in Fig. 3. As can be seen in the linear model, the
elasticity modulus and cross-sectional area of cables are more
sensitive than other parameters, and the girder inertia moment
and pylon cross-sectional area are less sensitive than other

252

@iCable Fesistance
B Drift at Top of Pylon

f

@ Pvlon Resistance
1.2, w(irder Resistance
1 | 2) Linear Model

08
- I Ii I |'|
[} Ll = = I_I -

Ratio of Change at Responses
£ £

124-Rewm  475-Retum 975 Retun  2475- Retum
Period Period Pericd Period
0 Pvlon Resistance @iCable Rasistance

o Girder Resistance

B Drift at Top of Pvlon
b) Non-Lnear Model
U]

4“ n“ HII Il

I114-Retwn  475-Beturn  975.Retwmn  2475- Retun
Period Period Period Period

Ratio of Change at Responses

Fig. 2. The ratio of change at responses for various seismic levels.
2

AL
-

1]

@ Pylon Resistance
o Girder Resistance

a) Linear Model

|—<

1.2 o' Pylon Resistance  odCable Resistance
& 1 o Girder Resistance  © Drift at Top of Pylen
gﬁ 08 b) Non-Linear Model
0.6
g 0.4
0.2 | I
1]

oCable Resistance
o Drift at Top of Pylen

19905
1903y,
ELULT

3843 an{;
48p14g
4
“epro;

uoldg
uolid
uoldg
..lsp_u

o LN m — = 3
Q ) & = o P h B, el
B & o & 9 g 3 4 =
= = o 2 2 a )
5 m I B = =3 B g & ¥ m 3
-1 g 5 a 3 hl N a
o 8 o n
- o =

Fig. 3. Sensitivity ratios of girder, cable, pylon to input
parameters

parameters. In the nonlinear model, the cross-sectional cable
area and elasticity modulus, and density of concrete slabs
have a higher sensitivity ratio. The girder elasticity modulus,
pylon inertia moment, and yield stress of girder have a meager
sensitivity ratio; in other words, these parameters are among
the low significant parameters of structure. The reliability of
the cable-stayed bridge in linear and nonlinear models has
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Table 1. Failure Probability and dispersion coefficient for
ultimate and service limit state at linear and nonlinear models.

Pylon Cable Girder Drift

F.P. 0.26 0.175 0.047 0.36

Linear
Model

D.C. 0.0034  0.066 0.136 0.0029

F.P. 0302 0.164 0.06 0.382

Nonlinear
Model

D.C. 0.0025 0.12 0.147 0.0026

been evaluated using the Latin Hypercube simulation. The
failure probability and the dispersion coefficient, Table 1, for
the ultimate and service limit states are estimated. According
to Table 1, it is observed that between the criteria that are
considered for the ultimate limit state, the pylon resistance
has the highest failure probability and also has the lowest
dispersion coefficient, while the girder resistance has the
lowest failure probability and also the highest dispersion
coefficient. According to Fig. 4, by comparing the result of
two linear and nonlinear models, it can be concluded that
the probability of failure in different limit states is almost
the same, but the failure probability in the nonlinear model
is higher than the linear model. It can also be concluded that
the failure probability in the service limit state is higher than
the ultimate limit states.

4. Conclusions

In this study, the seismic reliability of a cable-stayed
bridge has been investigated, and two linear and nonlinear
models have been developed using Opensees software.
Some uncertainty parameters in the cable, girder, and pylon
members were also considered in analyzes. To assumption, the
uncertainty at the seismic loads, artificial earthquakes at four
different levels was used. Fifty samples of variables have also
been generated using the Latin Hypercube sampling method
to assess the structural reliability. Modal, static, linear, and
nonlinear time history analyzes were used to obtain structural
responses. The results of sensitivity analysis, as well as
estimating the failure probability of the cable-stayed bridge
can be summarized as follows:

. The average percentage change of dynamic
responses indicates that the bridge pylon is the vulnerable
member of the cable-stayed bridge during the earthquake.

=
.

___ w(Girder Resizstance

oCablz Resistance

=

8 Pylon Rasistance

8 Drift at Top of Pyvlon

=
e

=

Amaeqeld ampe g

A

Linear Model Non-Lnear Model

o

Fig. 4. Failure probability of cable-stayed bridge at linear and
nonlinear models.

. The bridge pylon has a high failure probability
compared to the cable and girder elements.

. The failure probability in the nonlinear model is
higher than the linear model.

. In cable-stayed bridges, cable elasticity modulus
and cross-section are high impact parameters.

References

[1] Ren, W. X., & Peng, X. L. (2005). Baseline finite
element modeling of a large span cable-stayed bridge through
field ambient vibration tests. Computers & structures, 83(8-
9), 536-550.

[2] Cunha, M. A., Guerreiro, L., & Virtuoso F. (2012).
Influence of the Plastic Hinges Nonlinear Behavior on Bridges
Seismic Response. In 15th World Conference on Earthquake
Engineering, Lisbon, Portugal.

[3] Cheng, J., & Xiao, R. C. (2005). Serviceability
reliability analysis of cable-stayed bridges. Structural
Engineering and Mechanics, 20(6), 609-630.

[4] Cheng, J., & Liu, X. L. (2012). Reliability analysis
of steel cable-stayed bridges including soil-pile interaction.
Steel and Composite Structures, 13(2), 109-122.

[5] Truong, V. H., & Kim, S. E. (2017). An efficient
method of system reliability analysis of steel cable- stayed
bridges. Advances in Engineering Software, 114, 295-311.

[6] Nazmy, A. S., & Abdel-Ghaffar, A. M. (1990).
Three-dimensional nonlinear static analysis of cable-stayed
bridges. Computers & structures, 34(2), 257-271.

[7] Mahmoodian, M., Li, C. Q.2012. Sensitivity analysis
in structural reliability of buried pipelines. 6th International
ASRANet Conference, Integrating Structural Analysis, Risk
& Reliability, London, UK.

Please cite this article using:

(2021): 251-254.

DOI: 10.22060/ceej.2020.16781.6342

M. A. Rashid, H. Rahman Shokergozar, M. Mohebbi, Seismic Reliability Cable-Stayed
Bridge with Latin Hypercube Sampling Methods, Amirkabir J. Civil Eng., 53(3)

253






785 500 ()] yo (o kien & i

N8 1100 Gloxio ¥ e Jlo & 0)led OY 0,93 ¢5usS pool lyas (susige 4y pii
DOI: 10.22060/ceej.2020.16781.6342

S oY (Gilwanl gy b U o sloj ) sleel calild (b5

SR M"" “é)‘)fjiw O Q> 5%’2)) kch

L)l)"‘ ‘J.:J.Q)‘ au’l.:..vb)‘ Lj.OJLA oKl (e g k.‘:"j cuSlidls au‘)o.c (e 05;

162910 Az ;U
AAILVVER 7R SRRt IR
VYRV 2,55l
WAYINE : ol

\Y29/-0/Y) UJBLT &l

PRWLICIN

) eiad ol a0 g (gl ilas| Blis 15 a5 aied VU aranl b (glo ol alox 51 LIS cgla Ly auodis
Slasein g glojls slo el )l g (o2ad s Canl (659 8 (5 ol A3 (59,8 coxi oy cnl sl L8, (o) 2 9,00
b L olezel ol allie ol 5o sl (sl 03)) (Slaml)l 5o B pae (23,5 1155 50 (sl (Ao W3l (59,0
2 Lk pae el a5 18 sy 0550 wllas gl (asyed g s L8, Ll g0 50 pe PFE wlas ol
5 e s 33 5 ek Coain e s it ¥1 s Jalt IS 5 5oLt i o] sl 5

o (53 A (6l Az g, 3l 00l b b il ly (sl 51 Sy 5 (63l e g el oy Blodd 5 o

Eoman sl Jleslb Jas 5 Jas Sl azse b Seelus Judo jlosle sledewl (10 5] sy (gl 2l
A aadge lis a3 F O jan Cowles Ldod cail oays 5 oolatnl alisee gloj ) et mhaw ez j0 0ol oy
st bz pasl o ol JleislaS asase lis j slesel co bl Jdow o)lo 1) conlus o 3L LIS slo il )

sl s e 3l i s e Jow 5 3 Jleis 5 el piols 5 LIS s )

S
Fyman A5
;,u.a.‘cﬁ pas

oS yole Y (gile 4

Sgdun | 50 55 00)ly slacamw] i 5 aiien a); 48y ]
S ol zils s 4y LIS sla s ] oLl (slael, s
S Ll a5 il 5 (55 Y sb oglis o0 Vsans P )
SIS oo 5l Ll (Sealins S35 g S oo ime baojlo nlo
ol g8 ol Seslos Sy 9 crySlasl ss2s 0l L
Oleaz 9 B piae (ol ailas Jsb aile il (poax
Slosazre 5 Bt €55 0l H13, lolids ol Sy
@l 9 G b )bl addie 5l (AU (Sl &5 ol
SS9 gl 0)98 (bl LI slah 5o cnlple el Dol
Sl oS lelge 51 (ool pre Sl (2l Sl SR 9 oge
i &y 4yl OIS o el o LIS (slaly ol o g
axdllas Y (35 03,0 b gblis yo [¥]cwl Gl Sles o 435
9 Sl 0595 5 Slofag Coenl l baojle (Sl 5 sl L3,
Blgi oo o sledmsly b)) 5 slos ), sl slacs Lo e

Sl g oo HBas colawl Sl comal 4 e Colys o

doddio —)

anslr Sy oo jsl Cess (a3 bl 3l Slies slacslo
U sl wile gleojle y3l ass jo g Canl Sxio g 500
Ailas 51 slae ladhy gl 5 00,8 oy 0,8 ey 5l iy
(2l aley bl Gl 1) LI sy g (158
& o ey (e eslefl las 5l 5e 5 JolS eolicl
sle s cadls LS L slacl Soo8 LMM.) olwl 9 3leo sl b
il sladilas b Jyoro jokas &5 st plaojle alox 51 LIS
o & LS oy e wlas 55 1es] g wigd o a5l
5 b sloolas ) (510 o e slo b el ooy 3 e Ve e
20,8 sy olF cel a5 siis oo 9150 I Dliolar g4
(0 00 youds Dijg 0 G ool b sla s (nl G8s b)) nlplo
[\]‘59**’

3 losls J& 5 Joo i 50 pdvcam] slaojle 5l

Email: h_rshokrgozar@uma.ac.ir :olsle jlseage oo gs ™

(Creative Commons License) s, Soii 31 juilucd cod i ol .ol 0ais 00ls 108 ol olSisls il jLicil 40 50 358> g B oian g5 4 (uilie 3oh>
Auley® oo hittps://www.creativecommons.org/licenses/by-nc/4.0/legalcode o1 5l uilacd cpl Slssa sly ol a8 5 18 ety o i 5o BY NG

Y+9q0



Vo2 B Y+AD dxbo MY e e Jl.u) & b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

Slacsy 5l oS 5 S uised Gogy 5 TS 5 Bl S Shes
byl Slr Ceeal b 65 wges g oud Mol oS ey
e el o comhad pac b g0V¥gd LIS |y piew slazel e LB
L)”&ﬁ)" L)"‘ GL».: 9 Sl 00l 4...>‘»)).: 0435 9 00 50 d)‘df)l) 9 o)’Lw
30 pok 1y ol Jleil olerin by, 45 was e lis
slaws b gilwancs 550 sla g, b anglin ;o g 00,5 awle
w8 ]y (oS Jlil (SaSln o ps (658 diged
5 b s, b elog,) slazel colls bl 4 dlis ol o (8]
Wby egian sladll; 005, cod LIy a9 S o e

! 00

0w oloobl colbls -Y
C;LQ:;«.Q.L:S pae GM»L».A 09.»..» 4 sloiel s.,\.».lJlS Lgl.@ws)
S oo (2l (e Pl 3 1) lojle sla el ;o 99290
Sl piie &g Allae 3 WSl sl el b slociel ol (5,955 40
Oypar (el slapiie & (Jige 0 WS (o Jao Solas
Jlal olgs o sl f(X) Jlos! B> ol L X Solas s

13,59] Gy g abaly &g l)pfw

Pr = P(GQN) = f5xeo f ()dx M)

ol ol gam Sl wl saias Lis G(X) YU ala

wib 3, GX) S0 Lo oS ol o 3l caSs 5,90 50

KeLY &MBLQA 0‘5)‘9 6Lm)b ).3‘).3 5o .\."9.:640 o)'L.u Q)}»o LJ"‘ ).».C BN

Iv-]

o> b algi —V-Y

oppp Sl pol> magh y0 ead aid S i o s slacdl>
el LS b slasl caglin o 5ylo
Slre Hladie 5l el O jgar (505 0y o > o LSS
05 (o0 i p35 (o 0 S

G= dallow - dmax(h) (T)

3 Trang & kim

I¥] sas salS 1y 00l

TECJC R A O P N P NEE P
Dol s Eapalad e shls Loy Seedly 5 J5 Wpteoo
(phais mhw ¢ olul) ojle slacl anais 51 iU lacgakad pue
9 &9 Loy 9 Ceoglie iVl Jgoo) Slge (Sl Blaseine
S8, Wl god (oxad JLdod 0929 (nl bl 8 9 (651 jlade
VLT ol b by el sy e (Lt JolS s 4y LSy
oot oasbim T 5 S0 [F] 09 axsls p LIS sla s ks, &
S Jlazm] ol 0SS ] poe Jsb 5o |y o5l oS
508 5 Ceaglie oo oo el ulil 9 (S5 el o pe O g
slassgyg Olye 4 (b polie b s S o Jloel (b 5
Jo) o Gl b alol> azii g aiies dgame sl s,
ol (Fipe 5 gdiee dmlie (Adn O atS 5 hi)ss
ol ot 48,5 i s am bl 5laS s 1y asY el
a4 Wlgs oo ojle slazel cublB b3l &dlae Sy o 0] wlews
oile 2l 0 5o mhans 5,13, 5l (s S b oS STk
iz S oS ol golatil 5 il >k 4y g asl axsls
el HUEST 0> Gl s ooz St sl oy 4 (bl
i e Slhlos o slazel coll Jol SGSS 0525l b
s oz 5 IF) 08 i 5 oslizd 550 5o 55 sk
SrSeills gas p3 (2l 850 4 bojlu slazel B L5 )
IV] )8 oLl canss Jlozl 0,51 5 sl o5l (slacae]

poe byl slp a3 plnl Yzl slajiagh 5l (So
Verd Jlo jo by g Siz Gebo LS sladky 59, » Sl
L ol agy Sho, 5l (kU b ool el gl cal jo o
Soonl b (6 pSaiges 5 Jol 4y slatel Sl slahg) o5 5
L (s pSaiges Gog, sideh opl uli 4 axei bl oads oolaiul
oo 5500 lahe, b aslio ;o 53,1 5553 L ol Cuenl
el 3 s sl 5520 slatises olass ol s g,
P 5ol LYY Jlo o e 5 Sz by Sos stagh
cebls bl o mei S S w56 [F] g e solpiins

3 ommen JAl cadl a8 5 15 ) 590 LIS sl s slece!

1 Cheng & Xiao
2 Cheng & Liu

)+4a1



VVeF B VoD dbo NFe e JL‘“ Al o)l.o..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c d..;).aw.:

Div] asl acals 5L soby olowlxe
S Sle) (oS i a5 @(X) O ygas |y s > pb S
2,5 Sle (@) daly & jga 1) (V) adaly Glos oo iyl (I b

Pf = [I1(x)f(x)dx *)

239,500 et ) Oyee [(X) alaily ol o

1 if gx)<0 )

1) = {0 if glx)>0

23,5 63kwosls (A) abaly & g0 4y |, (V) aladl, o3 o

1
P =201 1(x)) )

Solas digei N 5l 35 slaws P 5 Jloz>l sl sl

e 095 se adgi X s ol Jlas| JE> &l 5l oslizal U
Soled 58 5 90,5 (o0 e (Bolal digei 2 il 4 oIS &b
25 akly Sygon el (Sl e 2l Sl Glg oo

:$)9>‘ oo

g(0) a5 el Slaslas, slass sasms Lis ]\G Y alal, o
DY il onss 5 Lais wols &, N ol
125 Ole &y9e (e Olgies | sletel bl bl U=
‘;ol..aj le.lb)..:.;.'i.o 6‘)-.’ L:n:ﬁg.q.i ..\.Jy -\
o3l s 8,91 ey g 00 a5 (sladigas b ojlu Julos -¥
o> Sl @l b ojle sl (b))l T
e\b; )5L‘>u L_sLQCLwL! Slass M l; @‘P JLQ-»D" 00)5] Cawdy -f
Lageuly plod slaws 4 gu> Sl wilgs jloes 0> )

"9y (oiY (65 lwdnnls (g y-)-Y-Y
coS ule Y (6,8 dses 3l eolaiwl b glwas Ldoo

N comT Zgbaw coms 3 (o (3150 puii 03900 ) 9o
Table 1. Limit of drifts for various damage levels

] s (s OB i 03905
S ol ey Jeed
wféok;mowi ofe ¥
Lgie S0 ol SRR
u..i.....;mowi YO
g |0

@Qﬁbqhémw]cjbu&lﬁ)‘b.uwd&oﬁ?ﬁ
s d (h) 5059 388 Joozr ilhae o)) Sen 5 o Slidos
J.MJL!GA LQ)..JLJ & R 6‘;) OMT Cawdy w (5.......4 u&o

ypal Dygo (pdy gl 5l LAL CwSs o> Il

:éé;u;o
G =0y —0y o bl &l p )
G = Uyz - O—gi LQ),..»OLMJ 6‘;» (f)
G=10-(al Ml Wby o)

AC,  AM; =AM,

Wil pll LS gae (250, 035 JS (25 O Ll cnl 5o

b Flailoo ol ol gae (135 0009 yiols (i 0,

5 X yeme Js> sted Sles M2 5 Myl shaie jo (590

Glad e AC) sy 4 g aibios 4l ahaiie )0 97

2570 3 X jeme o> iad Sles AM g AM | ¢ ol (s jme

5 ool 8590 pllas 5 Slasuin b @llas 45 siiws wb 0 Y
Wloas a8 5 la o s> slacdls gile Joe

o jlw slosel Cubld g S digod o9, -Y-Y
2,00 S92y slexel ol oLyl lp Selane slas,
S obalre o Vb cds 5 (Fol s g pSaiged sla s,
o allie cpl jo g 00 o5l slael ColilB sla gl (50 )5
ol S g g, ol ol el ool sslaiul g, ol
5 O9Sse Gile D g3 Sjpo @ oy a5 cel ol
byl bolas ) sled o 3l Cuddge olas, lads slaws o

@ Wl oo gy Ol (o Sowlosles Sl (g (nl poie 99,5 o0

2 Latin Hypercube Sampling

)y

1  Yietal



Vo2 B Y+AD dxbo MY e e Jl.u) & b)Lo.m LY 0,93 s)....s).ml ul):..c L;“’“\-*-@(" 4:)..“4

éb)fc;o ol gl o 0 olal diged S e o Sl e
L Bolal Oypar pite ;o lp ool oy Bolad sladiges
30 6l e 50,8 o oS 5 00 sl st oall 0gi sladigal
slacl ablis 5 pllas Slastie ;o o psie Jold ool aid 3 L
U"‘ Y Jju\} )J ‘w‘ o 4..3; ).‘44 )O Tr o LQJ...'OLMJ ‘LQJJlS
08l abgi o g9 b (SuSTy o pd g Sl e b b it
3loolaiwl b g 00y diges oloxty (65ludid diged dlowd .l 0nls
Lol oo o MATLB 2017a 13310 5
5 baiged 0l 5 ©5S yulaos¥ sy (i glp
B glojlu Joo ol Scige (g, b g, onl dmalie frizren
el 0250,5 sl Opensees 38l 5,0 ailos G anlb SO
Jode g pubed s Juls Solas sle e ddos Jow ol o
OV Sl izl @ diged YAFA L o SChge hg, o
ooy p &S Jb ol aulbe <N SuSly oo b
copo b JOA caSs Jlim! @ diged Voo b ogS ula oY
uﬁﬁl@uﬂng)@b&bwlowwbu <\Y Q;J..S‘).v

Lol o580 g, 4 Cod (205 Gladigad olaws b oYL cdo

RO B Sy Y
William § yseols o6 b alis ol 1o 00l sy LIS s

Lol Clad pie b5l slo by (o 5 S50 9 050 5l (S
oo (oAl dolas by, S (LHS) oS ule Y b,
wiz @is b b iie | S aised sl a5 g a5 il e
S o ol y8 150 paite

Golwans g, 3l eolainl b Bolai sle pxe adgi wig,
el 3 Oygar 08 ,ule 5N

il Jeil Lol 71 X pisie 10 gj98 (0,5 o ¢

25 Soge a Ol 1) diged (orem Jlail gl o5l o

Prob; = (1/n)r, + (i —1)/n )

Lol VBl eSeSs Bolas sae S 7 oS
&l osSae loslatwl L X aiges jlade 4 Jlom! Jog

235 oo el I e

x = F~1(Prob) )

e bl Polar sbcas b X s 0 slp slalaie
el aﬂ‘so Sy ;500 o pxio 1 polie b g5lucd e

Syge ol 4 oS mlansY by, 4 leaised ol >

L_s);‘);JLo..D‘c\S‘;me)lacbd.]oyjoe)yL:LQ)..J_..A‘J..JC\Sw‘

0,5 oo (G (Sl g dlaad ol 3 ddiged olaas) ails

SO o v lg o o polie) LU s slacl glp o p2 (gl 0o aid )5 165 50 &2l 0 g @395 ¢SS 3 o o (b Hladio (b piin Y Jouo
(o
Table 2. Considered parameters, average values, dispersion coefficient, distribution function and also references for the

cable-stayed bridge (unit: SI)
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Fig. 1. Plan and real picture of William H. Harsha (Maysville) Bridge
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Table 3. Structural properties of members at William H. Harsha (Maysville) bridge
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Table 4. Comparison of ten first natural frequencies of William H. Harsha (Maysville) bridge
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Fig. 6. The ratio of change at responses for seismic levels with 224, 475, 975 and 2475 return periods at a non-linear model
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Table 5. Failure Probability and dispersion coefficient for ultimate and service limit states at linear and non-linear models
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Fig. 9. Failure probability of cable-stayed bridge at linear and non-linear models
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