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ABSTRACT

In this study, stochastic analyses of isolated and nonisolated
highway bridges under spatially varying ground motion are performed.
The bridge 1s isolated with triple concave friction pendulum (TCFEP)
bearing. The selected bridge 1is assumed to be constructed on
homogeneous soft soil. Incoherency effects are neglected and wave
passage effect is taken into account in the stochastic analyses. The
bridge model subjected to spatially varying earthquake ground motions
in the horizontal direction. The horizontal input is assumed to travel
across the bridge from left to right side with finite velocities of
100m/s, 200m/s and 400m/s. The means of the maximum responses of
displacement and internal forces of bridge deck are investigated. The
results of these stochastic analyses are also compared with the
results of infinite velocity. Analysis results show that using TCFP
bearing on Highway Bridge reduces means of maximum values of total
axial force, shear force and bending moment of bridge deck by 89%, 86%
and 96%, respectively. In generally, low speed is more effective than
high speed at the means of the maximum responses of internal forces of
bridge deck. The finite velocity is the most effective at means of the
maximum responses of horizontal displacement of bridge deck.

Anahtar Kelimeler: Stochastic Analysis, Seismic Isolation,

Sliding Isolation System, Triple Friction
Pendulum Bearing, Wave Passage Effect

1. INTRODUCTION

The highway bridges are dimportant engineering structures for
transportation, so these types of structures are constructed to
withstand severe earthquake ground motions. Thus, using stochastic
approach considering incoherence, wave-passage and site-response
effect along with seismic isolation system should be used on designing
long span structures as highway bridges. Triple concave friction
pendulum (TCFP) bearing used in this study based on one of the most
effective sliding isolation system, namely friction pendulum system is
proposed by Zayas et al. [1l]. TCFP bearing system consists of two
facing concave stainless steel surfaces and an articulated slider is
separately placed between the two spherical stainless steel surfaces.
Namely, in the later system motions occur in three sliding surfaces,
so the system is named as triple. The principles of operation and
force-displacement relationship of the TCFP bearing are developed by

Fenz [2]. The TCFP bearing system is more effective than other sliding
systems [3 and 7]. Dynamic responses analysis for long span
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nonisolated and isolated bridge subjected to spatially varying ground
motions were investigated by Harichandran and Wang [8]. Ates et al.
[9] compared stochastic response of nonisolated and isolated cable-
stayed Dbridge with double concave friction pendulum (DCFP) bearing
subjected to spatially varying ground motion. Analyses results show
that spatially varying ground motion should be taken account in the
isolated bridge. Avanoglu and Soyluk [10] were carried out a study
investigated dynamic characteristic of cable bridge subjected to
spatially wvarying ground motion including wave passage effect and
incoherency effect.

Li et al. [1l1l] performed an experimental study to evaluate the
influence of spatially varying ground motions on the pounding
behaviour of the adjacent bridge segments. Analysis results were
showed that spatially varying ground motions increase the relative
displacement of adjacent bridge girders and pounding forces. Jia et
al. [12] studied on a theoretical non stationary stochastic analysis
scheme for seismic analysis of long-span structures under tri
directional spatially varying ground motions. A high-pier railway
bridge wunder spatially wvarying ground motion including local site
effect was selected to nonstationary stochastic analysis. Bedon and
Morassib [13] carried out dynamic characterization of isolated Dogna
bridge wusing harmonic vibration tests and finite element analysis.
They developed a theoretical procedure to estimate the elastic
stiffness of the isolators. Analysis results showed that theoretical
procedure propounded was acceptable. Bo et al. [1l4] executed a study
investigated responses of multi and large span bridge under multi
support random excitations. In the analysis results showed that multi
support excitations should be considered in long span structures.
Fallahian et al. [15] examined the responses of torsionally coupling
base-isolated structure with TCFP bearing subjected to near field
ground motions in the nonlinear dynamic analyses. Also the responses
of isolated structure with TCFP bearing were compared with same
structure using friction pendulum system (FPS) and DCFP bearing.
Analysis results indicate that using TFP bearing more efficient than
other types of friction bearings.

Sayed et al. [16] investigated effects of the spatial variation
of ground motions on the seismic responses of a seismic isolated
nuclear power plants. The seismic responses of the seismic isolated
structures were analyzed under the uniform and spatial varying
excitation of El Centro ground motion. Analysis results indicated that
considering the spatial variation of ground motions have substantial

influences on behaviour of isolator device. Apaydin et al. [17]
investigated responses of Fatih Sultan Mehmet Bridge under spatially
varying ground motions. Spatially wvarying ground motions were

generated using finite-fault technique in three directions for each
support. Results from obtained analysis using spatially varying ground
motions and uniform ground motions were compared. The study indicated
that spatially varying ground motions should be considered in analysis
of large structure as highway bridges. Adanur et al. [18] carried out
multi support excitations analyses of Bosphorus Suspension Bridge for
various random vibration methods. The spatial variability of ground
motions was taken into account with the incoherence, wave-passage and
site-response effects. Analysis results showed that the structural
responses for each random vibration analysis depend on the intensity
and frequency contents of power spectral density functions.

2. RESEARCH SIGNIFICANCE

Although stochastic responses of cable-stayed and highway
bridges isolated with different sliding systems have been
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investigated, TCFP bearing system is not taken into account so far.
The aim of this study is to investigation the wave-passage effect on
highway bridge under spatially varying earthquake ground motions. Also
the effectiveness of the TCFP bearing system used will be investigated
depending on the speed. In accordance with this purpose, the
horizontal input is assumed to travel across the bridge from left to
right side. The finite velocities are selected as 100m/s, 200m/s and
400m/s for soft soil condition in The Turkish Seismic Code DBYBHY2007
[19]. The means of the maximum responses of displacement and internal
forces of Dbridge deck are investigated. The results of these
stochastic analyses are also compared with the results of finite
velocity.

3. EXPERIMENTAL METHOD-PROCESS

TCFP Dbearing derived from single concave friction pendulum
(SCFP) bearing was proposed by Zayas et al., [l]. Differences between
TCFP bearing and other friction pendulum bearings are multiple changes
in stiffness and strength with increasing amplitude of displacement
[20]. The TCFP bearing used in this study shown in Figure 1. This
system 1is consisted of two facing concave stainless steel surfaces
coated with Teflon separated by a placed slider assembly. In the
Figure 1, Ri is the radius of curvature of surface i, h; is the radial
distance between the pivot point and surface i, p; is the coefficient
of friction at the sliding surface i and di 1is the displacement
capacity of the surface i. Outer concave plates have effective radii
Rers1=Ri—h1 and Resfsa=Rs—hs. The articulated slider assembly consists of
two concave plates separated by a rigid slider. While the innermost
slider is rigid, the assembly as a whole has the capability to rotate
to accommodate differential rotations of the top and bottom plates.
The friction coefficients on these concave plates are pl and p4. The
inner concave plates have effective radii Ress2=Rz—hy; and Rere3=Rs3—hs. The
friction coefficients on these concave plates are p; and ps. In case of
economic benefit 1is taken into account, there 1is no significant
differences between the SCFP and the DCFP bearings. The TCFP bearing
is cost effective as per bearing size and displacement capacity.
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Figure 1. The cross-section and parameters of the TCFP bearing

In this study, a sample design suggestion 1is used to determined
parameters of TCFP bearing system [21]. The all parameters are shown
in Figure 1 was studied to determine. The TCFP Dbearing has 16
parameters. 12 parameters related to geometry. The others are composed
of the friction coefficient. In generally, diameter of concave plates,
Ri and Rz, are equal to 2235mm and 3048mm respectively. However,
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diameters of these surfaces are selected as 3092mm because earthquake
record 1s wused analysis and piers are supported on different soil
conditions. When the diameter is selected bigger value, re-centering
force 1is not enough for a Design Basis Earthquake (DBE). This

situation is checked by Equation (1).
1 1

20 (22 (2)
Where p is equal to the characteristic strength of TCFP bearing

divided by the normal load supported isolation devices. D represents
design displacement capacity. A preliminary estimation of diameter of
concave plate, D., 1s selected to be 1778mm (typically). Diameter of
concave plate could be selected bigger or smaller. Selected diameter
could be changed depends on desirable friction of coefficient and
axial load supported by bearing. Piers of bridge support different
axial load values and two type isolators should be designed. In this
study, TCFP bearing 1is designed according to axial loads which are
W1=9094kN and W,=12122kN. Other concave plates, Ds and Dgr, are selected
to be 584mm and 457mm, respectively. Heights of sliders (hiths, hoths)
are selected as 406mm and 305mm, respectively. Diameter of concave
surfaces 1 and 2 are selected as 3962mm and 1555mm, respectively. The
height of plates 1 and 2 are selected as 203mm and 152mm,
respectively. The displacement capacity of ith surface is determined by
Equation (2).

df(=(hggﬁ (2)

1

where d;* 1s actual displacement capacity of ith surface, d; is
displacement capacity of ith surface. The actual displacement capacity
of surface 1 and 4 is calculated as 566mm. The actual displacement
capacity of surface 2 and 3 is calculated as 57mm. Bearing pressure is
different on surfaces 1-4 and 2-3. Pressure of each of the surface is

calculated by Equation (3).
w
P=romr )
In which P 1is bearing pressure, W is the vertical compressive

load on the Dbearing and D 1s size of surface whose pressure is

calculated. Tri-cycle <coefficient of friction 1s determined by
Equation (4).
K3cer = 0.122 — 0.01P (4)
One-cycle coefficient of friction is determined by Equation (5).
Kicer = 1.2 % Kyper (35)

where Xiper 1s lower bound coefficient of friction adjusted for
high velocity. Upper bound coefficient of friction is determined by
Equation (6).

Kubef = Amax * Kicef (6)
Amax results from aging, contamination and travel. It is selected
as 1.386. The frictional properties of combined system are

calculated by Equation (7).
2W1 tqi+2Watipi
= St )
Where pip 1is coefficient of friction of ith surface in the
combined situation. mi; and ppi are coefficient of friction of itk
surface 1in case vertical load 1is W; and Wy, respectively. The
properties of two different load cases are given in Table 1.
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Table 1. Properties of TCFP and Combined System
W:=9094kN Wy=12122kN Combined system (kN)

Reff]_:Reff4 (mm) 3759 3759 3759
Reff2=Reff3 (mm) 1403 1403 1403
di"=d4" (mm) 566 566 566
do*=d3* (mm) 58 58 58

m1=ps Lower Bound 0.058 0.041 0.048
u2=up3 Lower Bound 0.037 0.010 0.021
1 Lower Bound 0.050 0.030 0.038
m=ups Upper Bound 0.096 0.069 0.081
w2=us3 Upper Bound 0.061 0.016 0.035
1 Upper Bound 0.083 0.049 0.064

In Table 1, p is the value obtained by dividing force by normal
load when displacement is zero and is shown in Figure 2. u value is
obtained by the Equation (8).

Reffz

H=H1_(H1_H2)% (8)

2P
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Figure 2. Force-Displacement Relationship of TCFP bearing

The effective coefficient of friction of the TCFP bearing system
is obtained by the following Equation (9).
_ Pa(Ra-hy)+pp(Ra—hp)+p3(R3_h3)+us (Re—hs) (9)
e R1+R2+R3+Rs—h;—hy;—hz—h,
Seismic device as the TCFP bearing has an important role to
changing natural period of the supported structure. The natural period
of the vibration is given by Equation (9).

TZZT[\/E (9)
g

where R is the radius of spherical concave surface and g is the
acceleration of gravity. The force-displacement relationship of the
SCFP bearings in any direction may be given by the Equation (10).

F = 2V, + s, WSign(v,) (10)
where W, R, V,, Us, and V@ are the total weight carried by the

SCFP, the radius of the spherical concave surface, the sliding
displacement, the coefficient friction on the sliding surface and the
sliding wvelocity, respectively. Sign 1s the signum function. The
lateral restoring stiffness of the SCFP is given by the Equation (11).

kp = (11)
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It is also shown in Equation (11) that the stiffness of the
pendulum depends on the weight carried by the bearing. Equivalent

stiffness of the bearing is given by Equation (12) [22].
w neW
€3 Reff (Vb)max ( )

Where (Vp)max 1s maximum displacement capacity of the SCFP, fnin is
minimum mobilized coefficient of friction. The stiffness of the FPS
system before it sliding is given by Equation (13).

frinW
k= 22 (13)

Where Vp is displacement of bearing. The single mode method of
analysis, spectrum analysis and time history analysis are used to
determine displacement capacity of the TCFP bearing [21]. The spectrum
and the time history analyses are performed in SAP2000 [23]. Results
of these analyses are compared each other and displacement capacity of
TCFP bearing 1is determined. Single mode method of analysis 1is
performed in the design earthquake (DE). Analyses procedure of seismic
isolation system for upper bound by using bilinear hysteretic model is
given Figure 3. In this Figure, Ky, Q4 and Y are represented post-
elastic stiffness, characteristic strength and yield displacement,

respectively. Post-elastic stiffness is given by Equation (14).
U

= 14
d 2Reff1 (14)

JLForl::e

-

/.a\/ Displacement

Y

Figure 3. Force-Displacement Relationship

The post-elastic stiffness is calculated as 10441kN/m by means

of Equation (14). The Characteristic strength is given by Equation
(15) .
Qq = uW (15)
where p is coefficient +of friction of combined system (weighted
average system). Different axial loads which supported by different

isolator is considered in a single isolator in combined system. The
characteristic strength 1is calculated as 2705kN by means of Equation
(15) . The yield displacement is given by Equation (16).
Y = (b1 — M2)Resrz (16)
The yield displacement 1is calculated as 0,0634m by means of
Equation (16). Displacement of the TCFP bearing could be estimated at
single mode analysis and shown in following steps.
e The displacement capacity of TCFP bearing is selected as 0.278m
e The effective stiffness is given by Equation (17) and calculated
as 15375kN/m.

Ketr = kg + 22 (17)
D

e The effective period is given by Equation (18) and calculated as
3 s.

, w
Toee = 1
eff oKorr (18)
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e The effective damping is given by Equation (19) and calculated
as 0.311. But effective damping should be 0.3 to ensure re-

centering of bearing at DE.
E _ 4u(Dp-Y)

Per = 2mKegDp®  2mKegDp? (19)
e Damping reduction factor is given Dby Equation (20) and
calculated as 1.712.
Berr) >
B = (120) (20)
0.05

The spectral acceleration of —response spectrum of PULl64
component of 1971 San Fernando earthquake for 5% damping is used. The
corresponding value in the effective period in the response spectrum
is 2.084m/s?. The design displacement is calculated as 0.272m and given
by Equation (21).

SaTeff2

Sp = "intp ()

In a similar way, the displacement of TCFP bearing was estimated
using the bilinear hysteretic model of the isolated system according
to the lower Dbound condition. Analyses results obtained by using
single mode method of analysis for characteristics of the isolator
used for the lower and upper bound conditions are given in Table 2.

Table 2 Displacement and damping capacities of the TCFP bearings using
single mode method

. Maximum Considered Earthquake
Parameters Design Earthgquake (DE) (MCE)
Lower Bound| Upper Bound Lower Bound Upper Bound
Displacement (mm) 284 278 578 565
Effective Damping 28% 30% 28% 30%

The response spectrum analysis 1is performed wusing SAP2000
commercial software. Each isolator device 1is represented horizontal
stiffness Dbased on single mode method of analysis. To obtain a
response spectrum according as a damping ratio differs from original

response spectrum and Equation (22) [24] was used.
4

B= 5.6—1n(100 Bogp)
Where Perr is effective damping ratio, B is the coefficient that
multiplies the 5% damped spectrum curve. The values, Perr and Ters, are

(22)

used obtained from single mode method are used. Perr is calculated as
28% and 30% for lower and upper bound, respectively. B 1is calculated
as 1.759 and 1.819 for lower and upper bound, respectively. Changed
spectrum ration is only used isolation mode. In other words, in
periods greater than 0.8 Teff, the ordinate of the 5% damped spectrum
is reduced by B value. The reduced spectrum cure for lower and upper
bound conditions are shown in Figure 4. The displacement of the TCFP
bearing obtained from analysis using response spectrum of PULlc4
component of 1971 San Fernando earthquake for 5% damping is calculated
as 314mm. The nonlinear time history method 1is wused for system
stability control and evaluation of the performance of structural
elements as well as for estimating the maximum displacement of the
isolator. PUL164 component of 1971 San Fernando earthquake is used in
time history analysis. Analyses results show that the maximum
displacement of isolator reaches to 400mm. The results of single mode
method of analysis, response spectrum and time history analysis are
compared to determine displacement capacity of TCFP bearing [21].
Because of comparison 1is indicated that maximum displacement of the
isolator is 578mm. Because of this value is smaller than the maximum
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displacement capacity of the selected isolator, the dimensions of the
isolator are enough.

Lower Bound Upper Bound

Spectral Acceleration (g)
|

Spectral Acceleration (g)
|

0 T T T T T T T 0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

Period (sec.) Period (sec.)
Figure 4. Reduced Response Spectra

The variance of the i th total response is given by Equation
(23) .
o2, = oo + o2 + 2Cov(z, z) (23)
Where GZS is the wvariance of the 1 th gquasi-static response

d . . . .
component, 6%, is the variance of the i th dynamic response component
andCov(dm,ﬁﬁ is the covariance between the 1 th quasi-static and
dynamic components. The variance of the i th gquasi-static component

can be written as Equation (24). (ﬁ?s=_ﬁlsgﬁpﬂdu)=

Tiet i A Aim [, o7 Svg v (@)dw (24)

Where Sf(w)is the i th quasi-static component of the spectral
density function of the structural response, r is the number of
restrained degrees of freedom, Sv&%m(m) is the cross-spectral density

function of accelerations between supports 1 and m, A;; and Ain are
equal to static displacements for unit displacements appointed to each
support. The variance of the 1 th dynamic response component may be
given in Equation (25).

o = [0 SE(w)dw

= Xjt1 Lk=1 2i=1 2m=1 Vi Pix T mk

x [, Hy(~0)H (@) Sy, 4, (@)dw (25)

Where, c%is the 1 th dynamic component of the spectral density
function of the structural response, n 1is the number of degrees of
freedom,¥Y is the eigenvectors,I’ is the modal participation factor and
H(w)is the frequency response function. The mean of maximum value and
its standard deviation are most important parameters 1in stochastic
analysis. The maximum value can be given in Equation (26) [25 and 26].

1= po, (26)

The standard deviation of the mean of the maximum value is given
in Equation (27) [27-28].

0 = qo, (27)

Where g and p are peak factors which are zero-crossing rate and
functions of the time of the motion, respectively [27].

Because of the complex structure of the earth, earthquake ground
motions do not be same at support point of long span structure such as
highway bridge. This occurs by considering that travelling with finite
velocity, coherency loss due to reflections-refractions and difference
of local soil conditions at the support points. This wvariation gives
rise to internal forces Dbecause of quasi-static displacement. 1In
normally, quasi-static displacements do not produce internal forces in
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the case of uniform ground motion. Therefore, spatially varying ground
motion should Dbe considered while analyzing large structures.
Spatially varying earthquake ground motion model includes incoherency,
wave-passage and site-response effects. The incoherency effect results
from reflections and refractions of seismic waves through to the soil
during their propagation. The wave passage effect results from
differences in the arrival times of waves at support points. The site
response effect results from differences in local soil conditions at
the support point. Finite velocities of 100m/s, 200m/s and 400m/s are
taken into account in the stochastic analyses. In addition to this
analyses are conducted under uniform ground motion to compare results.

4. ANALYTICAL STUDY

Two dimensional analytical model 1is selected as a numerical
example to investigate the stochastic response of nonisolated and
isolated bridge with TCFP bearing under spatially varying ground
motion. The selected highway bridge and its analytical model are shown
in Figure 5. The properties of the bridge are given in Table 3. The
stochastic analyses of nonisolated and isolated bridge with TCFP are
performed for spatially varying earthquake ground motion by considered
the wave passage effect. The bridge model subjected to spatially
varying ground motions in the horizontal direction.

36.0m 73lm 732m 73lm 36.0m

ﬁ————4+q———————————h+*———————————J+q———————————;+¢————p
£ A

MU4m

s

17
—=Y

3 4 ] ] 7 8 9 0 1 12 13 14 15 16
mlmr " " i 1glmr - " i mlmr " i i 21lmr " A
2 23 24 2

DECK

| | |
TCFP Bearing

o1~

PIER

L1 L]

Figure 5. Selected highway bridge model and its two dimensional
analytical model
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The stochastic analysis of spatially wvarying ground motion is
performed with computer code SVEM Dby Dumanoglu and Soyluk [29].
However, computer code program called SVEM has not been performed a
stochastic analysis of spatially varying ground motion of an isolated
structure with TCFP by now. Ates et al. [30] carried out a stochastic
analysis an 1isolated structure with SCFP bearing. Considering the
change components of the earthquake motion, behavior of TCFP bearing
is attached in the program and stochastic analysis of spatially
varying ground motion includes wave passage effect is performed.

Table 3. Properties of the bridge

Properties Deck Pier
Young’s Modules (kN/m?) 32000000| 32000000
Cross Section (m?) 6.9 4.9
Moment of Inertia in the case of Vertical Bending (m?) 4.2 1.92
Moment of Inertia in the case of Lateral Bending (m?) 79.18 1.92
Torsional Moment 14.18 3.84
Poisson's Ratio 0.25 0.25
Unit Weight (kN/m3) 25 25
Unit Length Weight (kN/m) 165.60 122.75

5. RESULTS AND DISCUSSION

Stochastic analyses of nonisolated and isolated highway bridge
with TCFP under spatially varying ground motions including wave-
passage effect are performed in this study. The nonisolated and
isolated highway bridge model subjected to spatially wvarying ground
motions in the horizontal direction. This horizontal input is assumed
to travel with finite velocities of 100m/s, 200m/s and 400m/s. Also,
the results of these stochastic analyses are compared with the results
of infinite velocity.

Quasi-static, dynamic, total components of internal forces and
displacements of nonisolated and isolated bridges are investigated for
different velocities. Means of maximum quasi-static, dynamic and total
axial forces of the nonisolated and isolated bridge deck compared for
four different velocities are presented Figure 6. The bridge supported
on homogenous soft soil. The use of the TCFP bearing system may be
reduced the maximum values of the quasi-static, dynamic and total
axial forces of the bridge deck by 89%, 74% and 96%, respectively.
While the wvalues of quasi-static and total axial forces increase the
middle of the bridge length, these forces decrease towards abutment.
When the wave propagation velocity is 100m/s, the maximum total axial
force value on the nonisolated bridge deck is 58%, 145%, 516% greater
than the wave propagation velocity of 200m/s, 400m/s and infinite
velocity, respectively. When the wave propagation velocity is 100m/s,
the maximum total axial force value on the isolated bridge deck is
38%, 77%, 159% greater than the wave propagation velocity of 200m/s,
400m/s and infinite velocity, respectively.
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Means of maximum quasi-static, dynamic and total displacement of
the nonisolated and isolated bridge deck compared for four different
velocities are presented Figure 9. The bridge supported on homogenous
soft soil. Mean of maximum quasi-static displacements of isolated and
nonisolated bridge deck are nearly same. Using TCFP bearing system
increases mean of maximum dynamic and total horizontal displacement of
deck bridge are 128% and 11% respectively. Because the TCFP bearing is
an isolation system that cause large displacement of the bridge deck,
the displacements obtained in the case of base isolation are higher
than those of the case of nonisolation system. This indicates that
earthquake energy is damped by displacing on the friction surfaces of
the TCFP bearing.
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The infinite velocity is the most effective in the stochastic
analyses. When the wave propagation velocity 1is infinite velocity, the
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maximum total displacement value on the nonisolated bridge deck is
30%, 27%, 16% greater than the wave propagation velocity of 100m/s,
200m/s and 400m/s, respectively. When the wave propagation velocity is
infinite, the maximum total bending moment wvalue on the isolated
bridge deck is 49%, 13%, 3% greater than the wave propagation velocity
of 100m/s, 200m/s and 400m/s velocity, respectively.

5. CONLUSIONS

In this paper, the stochastic responses of isolated and isolated
bridge with TCFP bearing system were investigated. The nonisolated and
isolated bridge models were subjected to spatially wvarying ground
motions. The TCFP bearing system was designed and installed between
bridge deck and pier. The wave passage effect 1is considered in the
spatially varying ground motions. The isolated and nonisolated bridge
models including wave passage effect were analysed different
velocities. The horizontal input 1s assumed to travel across the
bridge from left to right side with finite velocities of 100m/s,
200m/s and 400m/s. The results of these stochastic analyses are also
compared with the results of infinite wvelocity. The analyses are
carried out for nonisolated and isolated Dbridges, separately.
Comparing the results of this study, the following observations can be
made:

e The use of the TCFP bearing system on the isolated bridge may be
average reduced the element forces of bridge deck by 86% to 96%.

e The means of maximum total axial forces decrease as the wave
propagation velocity increases in the nonisolated and isolated
bridge with TCFP bearing.

e In case of infinite velocity, the means of maximum total axial
forces of nonisolated and isolated bridge deck are the least.

e The means of maximum total shear forces of nonisolated bridge
deck are decreases when the speed increases.

e The means of maximum total shear forces of isolated bridge deck
are increase when the speed increases.

e When the wave propagation speed 1is infinite, the total shear
forces and bending moment of nonisolated bridge deck are over
than the speed is 400m/s, less than speed is 100m/s and 200m/s.

e TIn case of infinite velocity, the means of maximum total shear
forces and bending moment of isolated bridge deck are the
highest.

e The means of maximum total bending moment of nonisolated bridge
deck are decreases when the speed increases.

¢ The means of maximum total bending moment of isolated bridge
deck are increase when the speed increases.

e The means of maximum total displacement of nonisolated and
isolated bridge deck are increase when the speed increases.

e The finite wvelocity 1is the most effective at means of the
maximum responses of horizontal displacement of nonisolated and
isolated bridge deck.

e The finite velocity is the most effective dynamic responses of
the nonisolated and isolated bridge deck.

NOTICE

This study was presented as an oral presentation at the
International Conference on Advanced Engineering Technologies (ICADET)
in Bayburt between 21-23 September 2017.
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