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Abstract. The increased vibration level of the railway bridge could make significant noise and,
also, cause structural damages such as fatigue cracks. Related to these subjects, a spherical
elastomeric bridge bearing, which is layered by hemispherical rubber and steel plates, was
investigated in terms of its vibration performance. Several different shape factors could be
considered by changing the curvature of hemispherical surface and size in rubber and steel plate
thicknesses in the manufacturing stage. The performance of the spherical elastomeric bearing for
the reduction in vibration was compared with that of the conventional bearing by performing
vibration experiments on a scale-downed model. The rubber material characteristics and spherical
shape are found to be important parameters in reducing the bridge vibration.

Keywords: vibration, finite element analysis, scale-downed model, spherical bearing, elastomeric
bearing.

1. Introduction

Railway noises and vibrations include structural noise made as running vibration is conveyed
to the structure, and other noises from the contact surface between wheels and rails (friction noises
from rail roughness, slip and curved sections). Such noises and vibrations are conveyed to nearby
residential areas and structures via the ground, threatening their stability [1] (Kostil et al., 2008).
Bridge bearings, which are applied to support the upper structure of the railway bridge, should be
designed to accommodate a high rotation angle that may be induced by wheel load since unlike
road bridges, they are more greatly influenced by wheel load than self-load. Under the load of a
moving train, the dynamic response of a railway bridge is one of the most important factors in
bridge design, and it should be properly considered [2] (Wang et al., 2003). For railway bridge
bearings, steel was largely used in the past, but today rubber and urethane are increasingly used.
Spherical bearing (Fig. 1), one of the representative railway bridge bearings, can accommodate a
high rotation angle compared to existing bridge bearings, and the technology introduced from
Japan in the past has been used in Korea up to now. Spherical steel bearing was basically designed
to accommodate a high rotation angle in structures through spherical surface friction by applying
hemispherical brass wear plates to the die-cast body, and includes MoS2 in construction for
lubrication of the friction surface. Spherical steel bearing has rubber or brass sealing applied for
smooth frictional behavior, but rubber or brass ring requires maintenance because of low
durability and vulnerability to breakage [3] (Roeder et al., 1995). Thus, elastomeric bearing as a
substitute can be considered, which was proved in both environmental corrosion resistance and
long life, but laminated elastomeric bearing with stiffening plates should consider the effects of
repeated load by shape factor to accommodate rotation [4] (Stanton et al., 2008), and laminated
elastomeric bearing with flat rubber and stiffening plates is highly limited in using for railway
bridges because of its difficulties in accommodating a high rotation angle required by railway
bridges. Rubber as a material factor has low rigidity, high deformation capacity and excellent
energy dissipation capacity compared to other construction materials, and it is often used for the
purpose of reducing vibration. In particular, for seismic isolator like laminated rubber bearing, it
plays the most important role in vibration reduction, reducing vibration from outside and
dissipating energy. However, rubber varies in performance depending on variables such as

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, IsSUE 5. ISSN 13928716 2559



1698. A STUDY ON THE CHARACTERISTICS OF BRIDGE BEARINGS BEHAVIOR BY FINITE ELEMENT ANALY SIS AND MODEL TEST.
Ju OH, CHANGWAN JANG, JIN HO Kim

material, mixing ratio and workers' skill levels, which makes it difficult to generalize its
characteristics, and it is essential to characterize it in the test [5] (Robinson, 1982).

F-ig. 1. Spherical bearing (Park, Chang-Ho, 2008) Fig. 2. Spherical elastomeric bearing

The recent development spherical elastomeric bearing (Fig. 2) has its inner stiffening plates
bent into a hemispherical shape to form a laminated elastomeric structure, which functions to
accommodate rotation, as spherical steel bearing does, and to restore through the laminated
elastomer after rotation. It also has corrosion resistance and long life, the advantages of
elastomeric bearings. This study made a finite element analysis to prove the accuracy of spherical
elastomeric bearing design, performed a comparative test of design and analysis values, and
prepared a specimen of 500 kN capacity for both compression and rotary compression tests to
prove the basic characteristics of spherical elastomeric bearings. In addition, this study prepared
a scaled-down bridge model to prove the vibration reduction performance of railway bridges by
speed and distance while applying spherical steel bearing and spherical elastomeric bearing.

2. Design of spherical elastomeric bearing and finite element analysis
2.1. Design of spherical elastomeric bearing

The required performance of laminated rubber bearings is generally divided into physical and
environmental characteristics. Physical characteristics include compressive stiffness and repeated
fatigue, while environmental characteristics include temperature change, long-term aging and
ozone, factors related to rubber.

The basic shape of spherical elastomeric bearings should, in general, be designed to show an
appropriate form of elastic complex, depending on applied load, installation position and upper
structure behavior. The designed spherical elastomeric bearing is a spherical elastic body of
laminated steel plates and viscoelastic material, such as rubber, as shown in Fig. 2. Spherical
elastomeric bearing was designed under much severer conditions (500 kN in vertical capacity and
0.03 rad in allowable rotational angle) than those of actual bridges.

2.2. Finite element analysis

In this study, a finite element analysis was made using the universal software ANSYS ver. 12,
and Fig. 3 shows one example of a finite element model.

A convergence test was performed for appropriate size of elements with the number of
elements at approximately 78,000 and the number of panel points at approximately 352,207. Like
in the analysis conducted in the verification phase, three-dimensional element Solid 185
supporting viscoelastic materials was used. Reinforced steel plate SS400 and rubber Neo-Hookean
were applied. Fig. 3 shows modeling for the finite element analysis of spherical elastomeric
bearing.

In the finite element analysis, constraint and load conditions had x, y and z axes applied to the
bottom of the bearing so spherical elastomeric bearings act in the same way as actual, and coupling

2560  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716



1698. A STUDY ON THE CHARACTERISTICS OF BRIDGE BEARINGS BEHAVIOR BY FINITE ELEMENT ANALYSIS AND MODEL TEST.
Ju OH, CHANGWAN JANG, JIN HO Kim

load applied to the upper part of the bearing. In the compression analysis, a vertical load of 500 kN
was applied to find the compression behavior characteristics of the bearing, and the findings of
design and analysis were compared to each other, as shown in Table 1 and Fig. 4.

Fig. 3. FEM modeling

Table 1. Comparison design and analysis
Classification Design | Analysis
Vertical displacement (mm) | 2.51 2.73
Compressive stress (MPa) 18.14 21.07

The finite element analysis showed that vertical displacement was 2.51 mm in design and
2.73 mm in analysis with an error of 0.22 mm, while compressive stress was 18.14 MPa in design
and 21.07 MPa in analysis with an error of 2.93 MPa. As shown above, design and analysis values
for the bearing were very similar to each other, but analysis value was slightly higher than design
value because there was a difference between functional formulas used when applying the error
in the finite element analysis modeling and viscoelastic material rubber to the analysis.
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70253
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Fig. 4. Von-Mises stress
3. Test of characteristics of spherical elastomeric bearing

The test of characteristics of spherical elastomeric bearing had compression and rotation tests
performed following the Compression Test Spec. of ISO 22762 (2010) and BS EN 1337-3 (2005).
Finding that individual laminated elastomers were great in strength change due to 1st Shape Factor
in design phase, specimen shape factor, rubber shear modulus and applied rotational angle were
divided for the test.

3.1. Dimensions of specimen

For spherical elastomeric bearing, a specimen of 500 kN in vertical capacity was designed and
prepared, as shown in Table 2 and Table 3. To estimate the effects of shape factor applied to the
device, the specimen of 500 kN in capacity was designed and prepared to have around 20, 12 and
8 in shape factor, and then tested. 2nd shape factor of the specimen was designed to have a constant
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value to raise the accuracy of the estimation of effects of 1st shape factor. The laminated elastic
layer had NR (natural rubber) applied as its material, while NR had a special rubber with shear
moduli (G) of 0.9 MPa and 1.2 MPa in 100 % shearing displacement applied. Table 2 shows the
physical properties of the materials used in the test.

Table 2. Material property

Test spec Propert Natural rubber
pec. perty G-100 % = 0.9 MPa | G100 % = 1.2 MPa
Hardness (IRHD) 61.5 69.6
KS M 6518 | Tensile strength (MPa) 28.74 25.23
Elongation (%) 583.333 513.198
Table 3. Specimen dimensions
G 51 tT tS n, D
0.9
2 20.483 3 2 10
0.9 12.286 5 2 6 236
1.2
0.9
12 7.676 8 2 4

G — shear modulus (MPa), S; — 1st shape factor, t,. — rubber thickness (mm),
t — steel plate thickness (mm), n,. — laminated rubber layer,
D — bearing diameter (mm), S; = D /4t,.
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Fig. 5. Hysteric curve of compression test (BS EN1337-3)

=]
=

o
=5

AN ANYA
77 7\

V vV

n
=

Wertical Force(kN,
w =
S 2

[

\
/ \
J o

0 200 400 600 800 1000 1200
Time(sec)

Fig. 6. Hysteric curve of compression test (ISO 22762)
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3.2. Test conditions and method

For characteristic test, a compression-shear fatigue tester (Fig. 7) was used. Table 4 shows the
specifications of the tester. Compression test should measure and analyze vertical strength and
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deformation except the viscoelastic characteristics of laminated rubber, and establish the relation
between elastomeric bearing vertical strength and deflection rather than ISO seismic isolator
vertical strength measuring method, while rotation test was performed with inclination plates of
0.03 rad and 0.05 rad applied to compression test (0.0 rad). Compressive stiffness was calculated
obtaining the results of deformation for 30 % and 100 % of design load with BS EN 1337-3 and
ISO 22762 standards applied, and obtaining a change in compression load against vertical unit
deformation. It was calculated using:
Oc2 — Oc1

Ecs = —,
5= — (1)

where o, is stress at maximum load and g, stress at 1/3 of maximum load, and is €, deformation
rate at maximum load and €, deformation rate at 1/3 of maximum load.
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ol "l

Fig. 7 2,000 kN fatigue test machie

Table 4. Specifications of fatigue testing machine

Max. load (kN) | Max. stroke (mm) | Max. velocity (mm/sec)
Vertical capacity +2,000 +100 100
Horizontal capacity +500 +200 250

3.3. Test results and analysis
3.3.1. Compression test

A total of 6 specimens of three different types in shape factor with rubber shear modulus at
0.9 MPa and 1.2 MPa each were prepared for the test.

Table 5. Compression test data

. . 0.0 rad

Classification SO BS
Vertical load (kN) | S.F Rubber thickness Shear modulus K, Kgast | Kgz2na | Kqzra
2048 3 0.9 865.8 | 858.2 | 844.4 | 834.6
' 1.2 1026.9 [ 1039.4 | 1100.0 | 1033.3
0.9 627.5 | 6144 | 633.3 | 627.5
500 12.28 > 1.2 855.0 | 885.7 | 865.8 | 901.3
0.9 3447 | 342.0 | 351.8 | 351.5
7.676 8 1.2 442.6 | 441.6 | 428.8 | 435.2

The compression test showed that where 1st shape factor was the same, the higher shear factor
was, the higher compressive elastic modulus was. It also showed that where shear factor was
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constant, the higher 1st shape factor was, the higher compressive elastic factor was. It means that
as 1st shape factor increased, the thickness of each rubber layer decreased and the compressive
elastic factor of each elastic layer increased. Fig. 8 and Table 5 show briefly the results of
characteristic test for compressive stiffness.
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Fig. 8. Compressive stiffness according to shape factor (0.0 rad)

3.3.2. Compression-rotation test

As shown in Fig. 9, the compression-rotation test with inclination plates applied also showed
that the higher shape factor was, the higher rotational stiffness was, similar to the results of the
compression test. While the rotation test is underway, no damage to or no permanent deformation
specimens in appearance was observed, but there was a temporary bending in the laminated
depending on rotation level, and it restored after the removal of load. A complete rotation by the
inclination plate is made at 50 % of design load, and it needs to reset load range to estimate the
compressive stiffness of spherical elastomeric bearings. Fig. 10 shows the results of compressive
stiffness depending on shape factor and rotation angle.

Fig. 9. Compression-rotation test
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Fig. 10. Rotation stiffness according to shape factor

As shown in Fig. 11, where the rotation angle of inclination plates was applied, compressive
stiffness decreased more than where rotation angle not applied, with a slight difference in strength
between different rotation angles. Unlike the compression test, the compressive stiffness test
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showed that stiffness dispersion occurred by accommodating displacement with rotational
distortion by inclination plates of vertical force. It also showed that the higher rubber shear
modulus was, the higher compressive stiffness by rotation was.

Table 6. Compression-rotation test data
0.03 rad 0.05 rad
1ISO BS 1SO BS

Classification

o () | 5F | ickness | moduus | K0_| Kasst[Kuana| Kyara| Ko | Ko |Kqana| Koo
0.9 |451.3[547.2|556.9|555.3|497.8|494.93 | 530.0 | 523.7
12 [692.9[713.5|764.4|742.4|680.2 | 675.25 | 683.0 | 694.9
500 | 1208 5 0.9 |456.3[470.5|467.3|464.4|432.9]439.35 | 445.8 | 445.8

: 12 [577.3]618.0|617.1|619.8|566.1 | 573.33 | 588.0 | 586.3
0.9 |264.4[254.1|268.0271.1|262.6|251.47 |259.1255.1

20.48 3

7.676 8 1.2 326.1|320.4 | 324.4|331.4|335.0 | 320.75 | 348.2 | 332.4
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Fig. 11. Rotation stiffness according to rotation

In addition, it turned out that as shape factor increased, deviation from the rotation test with
inclination plates applied increased greatly. Since if the shape factor decreases, the vertical
deformation that can be accommodated by one deviation from the results of compressive stiffness
with inclination plates applied is small. Two specimens with laminated rubber at shear modulus
0.9 MPa and 1.2 MPa applied showed that a change in stiffness by shape factor depending on
rotation was small with similar tendency to each other.
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Fig. 12. Rotation stiffness according to rotation and shape factor

The analysis of the effects of shape factors depending on inclination plate angle showed that
like the results of the analysis above, the stress induced by the inclination plate’s rotation was low
compared to the compression test as the laminated bearing turned horizontally with shear
deformation and increased displacement, and there was no great difference in stiffness change
depending on a change in rotation angle. Fig. 12 shows compression-rotation test results with
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rotation angle and shape factor.
4. Analysis of noises and vibration test using scaled-down model
4.1. Similitude of scaled-down model

Vibration effects by bridge bearing have largely been evaluated by analytical and experimental
methods. However, a vibration test using actual vehicles involves constraints related to test
preparation, and difficulties in applying various variables. To overcome such shortcomings, a
scaled-down model was introduced. The test involves a review of vibrations from running trains
and basic structures depending on bearing types, and to do this, theories of various similarity
methods were reviewed. This study adopted Jaschinski’s similarity law [8] (Jaschinski, 1999),
which does not consider gravity acceleration in experimental environments. The adopted
Jaschinski’s similarity law is used as a method to verify the multi-body dynamic theory for railway
vehicles and the feasibility of non-linear equations. Scale-down ratio is 1/50 scale (Table 7), and
the following similitude rate was used.

Table 7. Similitude rate (1/50)

Scaling factor | Unit | Jaschinski | Full scale
Velocity km/hr 2749.9 70
Inertia m* 37014.4 11.567
Weight tonf 1.056 132
Damping % 0.000283 5
Frequency Hz 47.38 6.7

4.2. Preparation and installation of the structure

A scaled-down model of concrete railway bridge was prepared with a review of scale-down
ratio, and tested. The scaled-down bridge structure has an acceleration track section of 25 m and
a deceleration track section of 25 m built, and the measurement section of the bridge is
30 mx2 spans depending on scale-down ratio, and if the bridge is 60 m long, it was scaled down
to 1/50 at 600 mmx2 spans (1200 mm).

Bearings used in the scale-down model test are spherical steel type (stiff bearing) and spherical
elastomeric type (elastomeric bearing), as shown in Table 8. The detailed description of how these
bearings were applied is: they were created as a single unit of upper and lower plates with the base
uneven, and they were designed and created in such a way that one could test variables
individually depending on whether or not rubber sheets were applied to the uneven; and each post
has two spherical bearings, and a total of six bearings for 2 spans were prepared and applied.
Fig. 13 shows bearings installed between posts and the deck.

Fig. 13. Scale-downed model )
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Table 8. Application bearings
Classification Rubber spec. | Hardness

Spherical bearing é Rubberless -

E u
Spherical elastomeric bearing = Natural rubber 55

4.3. Preparation and application of scaled-down bogies

Fig. 14 shows the full-scale specification of railway vehicles. The vehicles were scaled down
to 1/50 of actual train model, and a head car and rail were provided.

The head car was designed to be driven by a separate speed controller, which was connected
to vehicles by a steel wire of @1.0 mm. For accurate control, a connection control device was
mounted on the outside of vehicles, as shown in Fig. 15. A total of 7 freight cars were added, and
existing links given to the train can cause the risk of derail due to separation distance. Thus, a new
connection device was made of MC nylon blocks, and then applied. To meet similitude rate load,
the same weight was installed on each car.

Table 9 shows the similarity results of the scaled-down model in train velocity. Setpoint for
the speed controller used in this study was established to be available for measurement at 70 km/h,
the general running speed of freight train, and it implemented maximum 244.4 km/h at 1/50 scale.

Table 9. Application velocity

1/50 Controller scale velocity (m/sec) | Real scale velocity (km/h)

1 Stage 0.28 7.1

2 Stage 1.30 33.1
3 Stage 2.78 70.8
4 Stage 5.56 141.5
5 Stage 8.33 212.0
6 Stage 9.6 2444

o ——

—
D]:I =
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Cﬁgr\f\muilr
TALYARN, 1§

22tan 22ton 22ton 20ton 2Zton 23ton
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Fig. 14. Vehicle specification
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Fig. 16. Vibration response measurement

Fig. 15. Condition of the installation
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4.4. Evaluation of vibration of bridge with bearings

To find vibration and displacement of foundation structures depending on bearing types while
the train runs on the scaled-down railway bridge model, vibration and displacement of the
miniature bridge structure at various train speeds (7.1 km/h, 33.1 km/h, 70.8 km/h, 141.5 km/h,
212 km/h, and 244 km/h) were measured, as shown in Fig. 16. The measurement was performed
using the three vibration sensors installed under the bridge.

An acceleration sensor was installed at the center of the bridge, and vibration acceleration was
measured by material of bearings while the train ran, and the L,, 4, lue of the observed values was
measured three times to display average value in a graph. Fig. 17 shows the results, in which
acceleration values at the center of the bridge while the train ran are lower overall than those at
the entry section. When the train ran at low or high speed as well, stiff bearings produced greater
vibration overall than elastomeric bearings. In particular, at the entry section ACC #01 where the
train enters the bridge, steel bearings produced great vibration, while at the exit section ACC#03,
acceleration change occurred with speed change. It was observed that acceleration for stiff
bearings increased compared to that for elastomeric bearings when the train ran at high speed.

30 {7 30 1
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- mSEB -
2 25 [ mSEB
% 20 B W20 [ '
E E
T | a L T | | !
215 7 215
E 5
] 8
Ew v LRI [ [
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¢) ACC #03-Exit
Fig. 17. Vibration velocity response according to train speed and bearings

4.5. Measurement of vibration damping by distance

To confirm distance attenuation of vibration depending on bearing type when the train runs on
the scaled-down railway bridge model, sensors were installed at specific intervals, as shown in
Fig. 18, and vibration was measured by material of bearings and train speed. A total of 5 spots
were selected for measurement, as shown in Fig. 18, and vibration was measured at 40 cm, 80 cm,
160 cm and 320 cm from the bridge respectively.

2568  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716



1698. A STUDY ON THE CHARACTERISTICS OF BRIDGE BEARINGS BEHAVIOR BY FINITE ELEMENT ANALYSIS AND MODEL TEST.

Ju OH, CHANGWAN JANG, JIN HO Kim

]
i
ACCI I
i
i

1 ] I 1
40cm ' : L !
= | 80cm ! i )
» : Y %0em | :
B : : = 320cm R
] ] ! : g
: Acdz ACC3 ACCS
i . 2 -
.

60
50
4
@ i
= “"-\
2 B
£ a— o
H
“ 2 \\
=58 1
10
=#=5EB
. 1
40cm 80cm 160cm 320cm
Distance{cm)
a)V =7.1 kmh
60
50
\
© [ T
: N
a0 ..‘\"\\
g N
20
Y
0l ——s8 \"
=&=SEB
0 I [
40cm B80cm 160cm 320cm
Distance(cm)
)V =70.8 km/h
60
—
50 —
.40
N
3% N
g
=20 \\
5B
0T s
I -
40cm 80cm 160cm 320cm
Distance{cm)
)V =212 km/h

60
50 —
—
_a0 \\
g T
30
% N
5 0 R
~— N
o
—&-5B
0 I I
40cm 80cm 160cm 320cm
Distance(cm)
b) V =33.1 km/h
60
——
50
-\_‘\
=% \‘l \
2
5 30 \\\
g \
2 \\I
—+=S8
0T esen
)
40cm 80cm 160cm 320cm
Distancefcm)
d)V = 141.5 km/h
60
4;-_.___0____‘
50
i
.40
3 N\
T30
i N\
Z 30 ]i
=58
10—
=@=5EB
. -
40cm B80cm 160cm 320cm
Distance(em)
)V =244 km/h
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The measurement of distance attenuation using the scaled-down railway bridge model showed
the results in Fig. 19 depending on bearing type. According to the results, as the train approached
the bridge, vibration increased overall, and steel bearings produced more vibration than
elastomeric bearings in all sections. At a distance of 40 cm, elastomeric bearings reduced vibration
by around 6 dB on average from that of stress bearings, but as the distance increases, the difference
of vibration between bearing types decreased overall.

5. Conclusions

Existing spherical steel bearings produced a lot of noise and vibration while the train ran, and
to improve this problem, spherical elastomeric bearings that could reduce vibration were
developed. Thus, spherical elastomeric bearings were designed, and the accuracy of the design
was verified using the finite element analysis. Then, compression and compression-rotation tests
for spherical elastomeric bearings were performed to analyze their characteristics, the bearings
were applied to 1/50 scaled-down bridges, and vibration reduction performance test was
performed. The results are as follows:

1) A 500 kN capacity specimen of spherical elastomeric bearing was designed, finite element
analysis was performed under the same boundary condition as the specimen using ANSYS ver. 12,
and design and analysis values were compared to each other. It turned out that there were a design
vertical displacement of 2.51 mm, and an analysis vertical displacement of 2.73 mm with an error
of 0.22 mm, and compressive stress had an error of 2.93 MPa between design and analysis.
Analysis values were larger than design values because of difference between the errors from
finite element analysis modeling and the functional formula used when applying rubber, a
viscoelastic material, to the analysis.

2) Compression and compression-rotation tests by material, shape factor and rotation angle of
spherical elastomeric bearings showed that the higher the shear modulus and shape factor of
applied rubber were, the higher the compressive stiffness was. In the meantime, the comparison
of rotation angles showed that the stress induced by rotation was relatively low in stiffness
compared to the compression test (0.0 rad), and there was no significant difference in stiffness
change due to rotation angle change as the laminated bearing section had horizontal deformation
(rotation and shear) with increased displacement.

3) Spherical steel bearings and spherical elastomeric bearings were applied to scaled-down
bridges, and train vibration was measured by train speed. The measurement showed that in all of
the entry, central and exit sections of the miniature bridge, spherical elastomeric bearings
produced less vibration than spherical steel bearings. In particular, in entry section, spherical
elastomeric bearings reduced vibration more greatly when the train ran at high speed than at low
speed.

4) Spherical steel bearings and spherical elastomeric bearings were applied to scaled-down
bridges, and vibration measurement was performed. For both, the further the distance from the
scaled-down bridges became, the less the vibration was observed. In all speed sections and all
distance sections, spherical steel bearings produced the greater vibration than spherical
elastomeric bearings. Thus, if spherical elastomeric bearings are applied to railway bridges,
vibration will be greatly reduced.

5) This study tested the vibration characteristics of spherical steel bearings and spherical
elastomeric bearings for scaled-down bridges when the train ran, but as errors may occur when
bridges and bearings are scaled down, vibration reduction performance should be verified more
clearly performing vibration tests by temperature change and train speed for actual railway
vehicles. Thus, this study will be expanded to actual railway vehicles to measure vibration by
bearing, and the results will be published.

2570  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716



1698. A STUDY ON THE CHARACTERISTICS OF BRIDGE BEARINGS BEHAVIOR BY FINITE ELEMENT ANALY SIS AND MODEL TEST.
Ju OH, CHANGWAN JANG, JIN HO Kim

References

1

2]
3]
[4]
[5]
6]

(7]
8]

191

[10]

Kostli K. P., Jones C. J. C., Thompson D. J. Experimental and Theoretical Analysis of Railway
Bridge Noise Reduction Using Resilient Rail Fasteners in Burgdorf, Switzerland. Noise and Vibration
Mitigation for Rail Transportation Systems, Springer, Berlin, 2008.

Wang J. F., Lin C. C., Chen B. L. Vibration suppression for high-speed railway bridges using tuned
mass dampers. International Journal of Solids and Structures, Vol. 40, 2003, p. 465-491.

Roeder C. W., Stanton J. F., Campbell T. 1. Rotation of high load multirotational bridge bearings.
Journal of Structural Engineering, Vol. 121, Issue 4, 1995, p. 747-756.

Stanton J .F., Roeder C. W., Mackenzie H. P., White C., Kuester C., Craig B. Rotation Limits for
Elastomeric Bearings. NCHRP Report 596, Transportation Research Board, Seattle, WA, 2008.
Robinson W. H. Lead rubber hysteretic bearing suitable for predicting structures during earthquakes.
International Journal of Earthquake Engineering and Structural Dynamics, Vol. 10, Issue 4, 1982.
International Standard Elastomeric seismic-protection isolators — Part 1: Test methods. [SO22762-1,
2010.

BSI. Structural Bearings — Part3: Elastomeric Bearings, BSEU 1337-3, 2005.

Jaschinski A., Chollet H., Iwnicki S., Wickens A., Wurzen J. V. The application of roller rig to
railway vehicle dynamics. Vehicle System Dynamics, Vol. 31, 1999, p. 345-392.

Kim See-Dong A Study on Vibration Characteristics of Railway Bridge Using High Damping
Spherical Elastomeric Bearing. Doctorate Thesis, University of Seoul, 2011.

Park Chang-Ho, Ku Bon-Sung The Effects on Structures caused by replacement of bridge bearing.
Korea Institute for Structural Maintenance Inspection, Vol. 6, Issue 4, 2002, p. 209-217.

Ju Oh received Ph.D. degree in Department of Civil Engineering from University of Seoul,
Seoul, Korea, in 2011. Now he works at Korea Intellectual Property Office. His current
research interests include seismic and seismic isolation dynamics.

Changhwan Jang received Ph.D. degree in Department of Civil Engineering from
Kookmin University, Seoul, Korea, in 2010. Now he works at Korea Intellectual Property
Office. His current handle patent examination in river, coastal, ocean and environmental
engineering fields.

Jin Ho Kim received Ph.D. degree in Mechanical Engineering from University of
California at Berkeley, in 2005. Now he works at Yeungnam University. His current
research interests include control, dynamics and electromagnetics.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, IsSUE 5. ISSN 1392-8716 2571




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


