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ABSTRACT: Several factors can influence the response of structures under seismic loading. The
specifications of the materials used may differ from the parameters required in the design of structures.
This difference can affect the response of structures. In this study, we have tried to investigate the
sensitivity analysis of the effects of changing the properties of materials on the seismic response of a
suspended cable bridge equipped with RNC isolator. A cable bridge with and without the RNC isolation
has been dynamically analyzed after initial modeling under a Sanfernado earthquake record. Then, the
effect of random variables on the response of these structures is investigated using Monte Carlo and
first order second moment sensitivity methods. Finally, the accuracy of FOSM analysis compared to
Monte Carlo method. Two parameters of base shear and maximum deck displacement are considered as
structural responses. The results show that among the material characteristics, final strength properties
of concrete, reinforcement yield stress and modulus of elasticity of cables have the most influence on
the seismic response of these structures. Also, the sensitivity of these parameters in the isolated bridge is
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lower than that of the non-separated bridge.
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1. INTRODUCTION

Bridges are one of the essential structures in the
transportation system [1]. Today, a variety of structural
systems of bridges are designed and implemented. One of the
most popular systems for bridge construction is the use of a
suspended cable bridge system [2]. The construction of bridges
in earthquake-prone areas should be carefully considered [3].
Materials specifications, damping, flexibility, span size and
such are factors that should be taken into consideration when
designing and analyzing these structures [4]. Reducing the
effects of seismic load is one of the most important ways to
deal with these loads. There are various tools available today
to reduce these effects on different structures. One of these
methods is the use of energy absorbers such as isolation and
dampers [5].

2. RNC ISOLATION

The RNC isolation is one of the recently proposed seismic
controllers. The operating mechanism of this isolation is
based on the roller movement to convey the minimum
movement of the substructure above it. Like most isolators,
this isolator is designed for horizontal motion control. The
unique rolling configuration is made of a linear gravity-
based reflection mechanism and an energy-absorbing (brake)
mechanical brake mechanism with the back pedals that cover

the inner plates of the upper and lower plates. The horizontal
*Corresponding author’s email: tavakoli@nit.ac.ir

damping in this isolator is caused by a series of hysteretic
metal dampers embedded around the roller. Metal surrender
dampers are chosen so as to provide sufficient length for
expansion motion, reduce the central stress in bending mode
and keep the roller motions away from the main body so that
they never touch each other. Due to their precise design, these
separators do not produce vertical acceleration due to their
horizontal movement and acceleration [6]. The schematic
figure of this separator is shown in Figure 1.

3. METHODOLOGY

There are various methods for evaluating the structural
sensitivity to the desired engineering parameters. Three
methods: Monte Carlo (MCS), Tornado Diagram, and

Fig 1. Detail of RNC Isolator
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FOSM are the most commonly used methods for evaluating
the sensitivity of structures. MCS is one of the most precise

Fig 2. Finite element model of cable bridge
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approaches to the problems of uncertainty analysis and
probabilistic analysis. In this method, the random variable
is defined as a set of specified values. This input data set
produces a set of outputs. Due to its high accuracy, the MCS
method is commonly used to validate other probabilistic
methods [7]. The MCS method is very time consuming.

In FOSM method, only mean and standard deviation
(SD) of random variables are assumed based on their
distribution. Mean and SD responses are measured. The
standard deviation of this method can be a measure of
sensitivity. The main advantage of the FOSM method is
that, although simpler in its analysis process than in other
methods, the probabilistic characteristics of the structural
responses can be obtained [7]

4. RESULTS AND DISCUSSION

Bill Emerson Cable Bridge in Missouri, USA, was used to
select the structural model and to conduct the analysis and
achieve the research objectives. The finite element model of
this bridge in the opensees software is shown in Figure 2.

Concrete ultimate strength, reinforcement yield stress,
reinforcement elastic modulus, cable elastic modulus, and
cable yield stress were considered as uncertainties in the
bridge as random variables in the sensitivity analyzes. For
the ultimate strength of concrete, a normal distribution with
a mean of 2.8 e + 6 N / m2 and a coefficient of variation of
10% (standard deviation 2.8 e + 5) was used. A lognormal
distribution with a mean of 2.4 e + 7 N/ m2 and a coeflicient
of variation of 10% (standard deviation 2.4 e + 6) was used for
the reinforcement stress and ect... Figures 1 and 2 show the
results of Monte Carlo analysis in the form of CDF curves for
seismic separation bridges.

This curve shows how much the maximum displacement
of the deck can be reduced by a given earthquake. This curve
shows how much of a parameter affects the response of the
structures if one considers its probability distribution. A
Monte Carlo analysis was performed to evaluate the impact
of each parameter on the structural response. In fact, to
investigate the impact of each random variable on the seismic
response of the structure, a separate analysis was performed
using the Monte Carlo method. In each analysis the parameter
is considered with its distribution in the analysis and the other
parameters are considered in their mean value. The width of
the CDF curve can be considered a criterion for sensitivity.
The wider the CDF curve, the greater the dispersion of the
responses, and the corresponding parameter has been able to
create more dispersion in the responses.

5. CONCLUSIONS

The results showed that the bridge with RNC separator
was able to reduce the deck displacement and had good
control over the horizontal direction of the deck so that
the maximum horizontal displacement in the bridge
with RNC isolator was 34% less than the bridge without
isolator. The results of sensitivity analysis by Monte Carlo
method on maximum horizontal displacement of deck
show that the sensitivity coefficient for reinforcement
modulus of elasticity, reinforcement yield stress, cable yield
stress, cable modulus of elasticity and concrete strength in
structures with separator 0.059, 0.092, 0.058, 0.082 and 0.1
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respectively. The sensitivity coefficient of these parameters in
the bridge without isolation is 0.1, 0.2, 0.06, 0.12 and 0.23,
respectively. The sensitivity coefficient of these parameters
for the maximum base shear for the separated bridge is 0.03,
0.07, 0.045, 0.044 and 0.1 and for the non-isolated bridge is
0.11, 0.17, 0.07, 0.12 and 0.19, respectively. Comparison of
the coefficient of sensitivity of the isolated and non-isolated
bridges to the random variables shows that the isolated
structure is less sensitive to the random variables.
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Table 2. San Francisco earthquake record specifications
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Table 3. summarizes the results of Monte Carlo analysis for maximum deck displacement sensitivity
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Fig. 10. Monte Carlo sensitivity analysis results for maximum base shear

potie Gl sloally Comles Glie e 2L ln

699,59 Sl iS558 03l Fraly Dl el oas solazl ' lugs
iy ym Sllag glaie b lacaald pae b dolai gloypaie L
by 2 ol et 31 o5 w0 e L Glugs s3Il 09 e
@ bawl Gleg ojlail guass pl o .ol (g)lade ax boojlu
Slece (Ska b jlone Bly2l (5 09Mar (2Ske (o salols O 90
el oy 435 15 15 (Iagely Jlens Gl 1y 90) e il
3 el ol (oo Calas Db Gl )l 1 S0 (SO
Comlar oy lgie 4 ke 4 plog Cond Gis )
o5 Chge Jolow bl gaods ¥ Joaz jo ol oad oy s
Ol (xSle yell aw D90 4 al e olbulr ain Gl
QO Sl oo ol ol ool osls lis Conlus g0 g

1 swing

Yyoo

logenly ‘;.,\_.Sl)_. REX P uLM,.‘Ml;)..UQHCDF ECIPRNVES
o1y eyinn (SaSTy cl anuilyy abgy o yislly 5 el iy
b slp |, CDF ‘_;La:u_;:u.o I W LR VO E Y l.mcwb
Rl ewop e e ol llas g cd e b albel
Suaglie g ygile)] pubas 25 el 90 a5 wes e plis o
sl adye obul> acin Gl 1y (SaSTn i o 2k
Iy Comlas o yiiion ol)ly g0 ol doo oo las a5 conl 00,8
Sl @L.: S ailes )5 oloul Al e i el &l
CDF (lo smvie &g a1y )15 Cige g, 4y (o Comlu
IRT-XYP olad RNC sllas b adl> 6l b ‘S)L?ub Adions 51
L{;www@@@9mgﬁ—‘id&d)&>f‘_}&d|)o
Iy G ymiiom 30U 5 ol Cuglin Ol s o oo lis aS o lo )

el 00,5 sloul adi o ol a5



Wl by dilay (o Sl sl gy g Julod s aods ¥ Jgux
Table 4. Summary of the results of Monte Carlo analysis for maximum shear sensitivity
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Table 5. FOSM method sensitivity analysis results for maximum deck displacement
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