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7 Simplified Differential Displacement Loading Patterns
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Structural Mass Cross Moment of
component density sectional (m?) inertia
(kg/m3®)  (m?) area
Girder 2322 6.94 4.74

Piers 2322 4.67 1.74

Table 1. Features of TYOH-1 bridge sections
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Fig. 1. Specification of TYOH-1 Bridge (a) longitudinal section (b) cross section of the deck and (c) cross section of the pier
(Dimension in meters)

11 Modified Newton Algorithm
12 Tolerance

9 Implicit
10 Newmark Average Acceleration Method
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Fig. 2. Behavioral model of Concrete02 (a) hysteresis behavior (b) graph of stress-strain.
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Steel 02
Parameter Value Explanation
Fy MPa 460 Steel yield stress
Es 20*10° MPa modulus of steel
Bs 0.01 strain-hardening ratio
RO 18 control the transition from elastic to plastic branches
cR1 0.925 control the transition from elastic to plastic branches
cR2 0.15 control the transition from elastic to plastic
Concrete 02
fc MPa 27.6 Concrete Compressive Strength

nu 0.2
Kfc 1.3 ratio of confined to unconfined concrete strength
Kres 0.2 ratio of residual/ultimate to maximum stress
fclC [Kfc*fc] confined concrete (Mander model), maximum stress
epslC [ 2.*fc1C/Ec] strain at maximum stress
fc2C [ Kres*fc1C] ultimate stress
lambda 0.1 ratio between unloading slope at eps2 and unconfined concrete
fclU fc Unconfined concrete (Todeschini parabolic model), maximum stress
epslU 0.003 strain at maximum strength of unconfined concrete
fc2U [ Kres*fclU] ultimate stress
eps2U -0.01 strain at ultimate stress
ftC [ -0.14*fc1C] tensile strength +tension
ftu [ -0.14*fc1U] tensile strength +tension
Ets [ ftU/0.002] tension softening stiffness

Table 2. Specifications of materials and parameters of the behavioral model for Concrete 02 & Steel02
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Analysis

Cases Pier 1 Pier 2 Pier 3 Pier 4

. . Soil .
Case1 Soil type Soil type tvoe A Soil type
Non-uniform A A v s _ A
and uniform ¥, = 2000 V,= 2000 ¢ 2006 V, = 2000
excitation mye my/ my mys

N

Case 2 . . . .
Non-uniform Soail typ: Soil typs typiOIIDI Soil typ;
_exatation - o000 1= 1000 1,=1000 ¥, = 2000
with different m/ m/ m/ m/
soils s S S S
uﬁi"}?ﬁi Soil type Soil type Soil  Soil type
o A D type D A
_exatation - o000 1= 1000 1,=1000 ¥, = 2000
with different m/ m/ m/ m/
soils s s s S

Table 3. Different cases of analysis for TYOH-1 Bridge
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Fig. 7. Variation of pier axial force with site effect consideration
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Maximum of ratios Axial force Shear force along the transverse
axis
Pier 4 Pier3 Pier2 Pierl Pier4d Pier3 Pier2 Pierl

Non-uniform and uniform 1.63 0.94 1.05 2.29 1.96 1.75 1.9 1.44
excitation

Non-uniform excitation with 1.55 2.96 3.04 1.17 0.95 2.27 2.01 0.79
different soils

uniform excitation with 1.64 0.94 0.94 1.64 1.05 1.2 0.99 0.93

different soils

Maximum of ratios
longitudinal axis

Bending moment along the

Bending moment along the
transverse axis
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Pier 1 Pierl Pierl Pierl Pier4d Pier3 Pier2 Pierl
Non-uniform and uniform 2.2 2.2 2.2 2.2 1.47 1.57 1.69 1.61
excitation
Non-uniform excitation with 1.1 1.1 1.1 1.1 2.5 2.26 1.53 2.21
different soils
uniform excitation with 1.59 1.59 1.59 1.59 1.26 1.17 1.17 1.26
different soils
Maximum of ratios Shear force along the longitudinal
axis
Pier 4 Pier3 Pier2 Pierl
Non-uniform and uniform 2.26 1.54 1.32 1.66
excitation
Non-uniform excitation with 0.83 0.86 1.45 1.32
different soils
uniform excitation with 1.06 0.98 1.02 1.04
different soils
Table 4. Maximum ratio of pier responses for all three cases of analysis
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Fig. 8. Variation of pier shear force along the longitudinal axis considering the site effect
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Fig. 9. Variation of bending moment of bridge pier along the longitudinal axis with considering the site effect
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Abstract

It is vital to consider the spatial variations of ground motions in the design of extended structures and long
bridges. In this paper, the effect of spatial variations of ground motions and local site conditions on the response
of non-uniform column heights bridge is studied. To generate non-uniform accelerometers of ground motion,
a simulated algorithm based on the spectrum design with unstable multivariate random process functions and
a spectral density matrix is used. Accelerometers were generated with a coherence function including the effect
of wave propagation and the duration of the earthquake that is consistent with the selected response spectrum.
In addition, the simulation is performed in 800 time intervals with a time step of 0.025 seconds. The maximum
ground acceleration is assumed 0.35 g. The response of the bridge with a length of about 242.5 m with 5 spans
under the effect of uniform and non-uniform accelerometers was investigated by nonlinear time history
analysis in OpenSees program. The local site effect was assumed by changing soil type (soil under the two
piers is softer than the other piers) and apparent wave velocity under different bridge piers. The apparent
velocity of the wave propagation of the soft soil assumed 1000 m/s and for the hard soil 2000 m/s. To verify
the acceleration of the generated accelerograms, the generated spectrum is compared with the Eurocode design
spectrum, and to validate the analysis performed on the bridge, the ratio of M/M,, calculated and compared
with ratio that calculated by Shinozaka and Deodatis. In this paper variations of axial force, shear force and
bending moments in bridge piers in different positions were studied as comparison criteria. The results showed
that the simultaneity of spatial variations of ground motions and changes in the soil conditions causes a
significant increase in the bridge response. Comparison of the results in the two input cases of uniform and
non-uniform spatial variations of ground motions shows that the properties of spatial variations of earthquake
motions can affect the response of the bridge. The results are compared based on the ratio of the maximum
stress created at the base in the non-uniform excitation state to the maximum created in the uniform excitation
state or the ratio of the maximum stress created at the base in the variable soil to the same soil. Based on the
presented results, it was observed that the maximum bending moments in variable soil conditions can be
increased to about 2.5 times to the maximum created in the same soil condition in the piers and also the
maximum axial force created in the two shorter piers in the non-uniform excitation state is up to 2 times larger
than in the uniform excitation state, and if the effect of different soils is applied to the two middle piers, the
axial force in the middle two piers can be increased up to 3 times. Based on the obtained results, it is observed
that the maximum shear force created in the direction of the transverse axis in the two middle piers occurred
in a situation where non-uniform excitation coincides with the change of soil conditions under the piers and
the bending moment in the direction of the transverse axis in the piers in this case has increased up to 120%.

Keywords: long bridge, spatial variations, site effect, spectral based simulation, uniform and non-uniform
excitation
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