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Abstract
The dynamic response of seismic isolated continuous girder bridges subjected to either near-fault or far-ﬁeld ground motions is
compared to the non-isolated ones. Near-fault earthquake ground motion data are collected from the 1999 Taiwan Chi-Chi earthquake. The earthquake data recorded at the same sites from other events serve as far-ﬁeld ground motions. Typical three-span
continuous concrete box girder bridges designed under Taiwan seismic design speciﬁcations of highway bridges are adopted for
this study. These bridges are assumed straight, founded on rigid rock and only the longitudinal response is considered. Parametric
studies for the dynamic responses of isolated bridges by input near-fault ground motions are developed. The PGV/PGA value of
near-fault earthquake records is identiﬁed as the key parameter governing the bridge response.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Near-fault ground motions recorded in recent major
earthquakes (1994 US Northridge, 1995 Japan HyogokenNanbu and 1999 Taiwan Chi-Chi earthquake) are
characterized by a ground motion with large velocity
pulse; which expose the structure to high input
energy in the beginning of the earthquake. The
related study is therefore a very important topic for
both the seismological and civil and architectural
engineering communities.
Several important factors have been pointed out in
previous studies. Bertero et al. [1] analyzed ﬁxed base
buildings subjected to ground shaking. Their result
showed that the near-fault ground motions with pulses
can induce strong responses. Anderson and Bertero [2]
studied the correlation between the width of the acceleration pulse and the natural period of the structure.
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They pointed out that if the width of the pulse is larger
than the natural period of the structure, the structure
might receive severe damage. Hall et al. [3] simulated
the Mw ¼ 7:0 earthquakes on a blind-thrust fault and
these artiﬁcial pulse ground motions are used as input
to study the responses of buildings. They indicated that
the demands made by the near-fault ground motions
could far exceed the capacity of ﬂexible high-rise and
base-isolated buildings. Iwan [4] stated that the rather
distinct low-frequency pulses in the acceleration time
histories for the near-fault records will result in coherent
pulses in the velocity and displacement time histories.
For structures subjected to such ground motion, these
pulses will propagate through the structure as waves,
and the response spectrum analysis may not capture
the eﬀect of these pulses. Iwan further proposed the
use of drift spectrum for near-fault ground motions.
Malhotra [5] studied the response characteristics of
near-fault pulse-like ground motions and showed that
ground motions with high peak ground velocity
(PGV) to peak ground acceleration (PGA) ratios
have wide acceleration-sensitive regions in their
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response spectra. This phenomenon will increase the
base shear, inter-story drift and ductility demand of
high-rise buildings. By investigating the responses of
single degree of freedom (SDOF) systems under the
near-fault and far-ﬁeld earthquake motions in the
context of spectral regions, Chopra and Chintanapakdee [6] found that for the same ductility factor,
the near-fault ground motions impose a larger
strength demand than the far-ﬁeld motions do. Chai
and Loh [7] used three types of velocity pulse to
determine the strength reduction factor of structures.
They found that the strength demand depends on the
pulse duration and the ratio of pulse duration to the
natural period of the structure. Liao et al. [8] studied
the dynamic behavior of a ﬁve-span concrete pier
bridge subjected to both near-fault and far-ﬁeld
ground motions. Their results also support the similar
conclusion that more ductility demands and base
shear are caused by near-fault earthquake ground
motions than by far-ﬁeld earthquake ground motions.
Nakashima et al. [9] examined the response behavior
of steel moment frames subjected to near-fault
ground motions recorded in recent earthquakes in
Japan, Taiwan and the US, and found that the largest story drifts are all similar among Japanese, Taiwanese and the American near-fault records. Loh
et al. [10] carried out a series of experimental studies
to develop a regression-based hysteretic model. They
used this hysteretic model to study basin eﬀect and
near-fault eﬀect of ground motion subjected to ChiChi earthquakes.
The ﬁrst objective of this paper is to compare the
dynamic behavior of seismic isolated continuous girder
bridges to the non-isolated ones subjected to near-fault
and far-ﬁeld ground motion excitations. Typical threespan prestressed continuous concrete box girder highway bridges are employed. Their designs comply with
the current Taiwan seismic design speciﬁcations of
highway bridges [11]. Two diﬀerent pier heights (7.5
and 15.0 m) are selected to represent the behaviors of
bridge in short-period and intermediate-period range,
respectively. To demonstrate the eﬀect of isolation
bearings, two types of bridge system have been adopted here for analysis. One of them is the isolated bridge
and the other is the non-isolated bridge. For the isolated bridge, the bearing system in longitudinal direction is sliding bearings at the two abutments and lead–
rubber bearings (LRB) on top of the two piers. The
bearing system of the non-isolated bridge in longitudinal direction that there are sliding bearings at the two
abutments and moment hinges on top of the two piers.
The Chi-Chi earthquake records that displayed a
ground motion with apparent velocity pulse was selected to represent the near-fault earthquake characteristics. In this study, the term ‘‘near-fault ground
motion’’ is referred to the ground motion record

obtained in the vicinity of a fault, with apparent velocity pulse (pulse duration larger than 1.0 s), and the
PGV/PGA value (unit in second) of which is larger
than 0.1 s. For comparison, earthquake ground
motions recorded at the same site from other events
that the epicenter far away from the site are employed
as the far-ﬁeld ground motions, to illustrate the diﬀerence between the far-ﬁeld and near-fault earthquake
characteristics. Only the horizontal component in east–
west direction of the ground motions was utilized as
inputs for analyzing the bridge’s dynamic behavior.
Another objective of this paper is to study the
relation among the parameters of the near-fault earthquake records and the dynamic response characteristics
of the isolated bridges. Some important parameters,
such as the ratio of PGV to PGA, normalized spectral
velocity and the energy of the ground motion, are evaluated in the present study and to discuss the feature of
bridges to near-fault ground motions, where the normalized spectral velocity means the response spectral
velocity obtained by scaling the PGA of the input
ground motion to 1g. The main contribution of this
parametric study is to identify the PGV/PGA value
govern the bridge response for input near-fault ground
motions. It is helpful for the engineering design of seismic isolated bridges.

2. Bridge modeling and idealization
Fig. 1 shows the conﬁguration of a three-span highway bridge. The cross-section of the prestressed concrete box girder and the concrete pier are shown in
Fig. 2. Two diﬀerent pier heights (7.5 and 15.0 m) are
selected here to represent the behavior of bridges in the
short-period and intermediate-period range, and named
bridge-A for the bridge with pier height 7.5 m and
bridge-B for the bridge with pier height 15.0 m. These
bridges are designed according to the current Taiwan
seismic design speciﬁcations of highway bridges; the
total dead load W which includes the superstructure
and the piers is 24.0 MN for bridge-A and 25.7 MN
for bridge-B, the design peak ground acceleration is
0.34g. The nominal compressive strength of concrete
and yield strength of reinforcement are 27.5 and 412
MPa, respectively. The natural periods and design lateral force (base shear) for the non-isolated bridge and

Fig. 1. Conﬁguration of the three-span continuous girder bridge.
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Fig. 2. (a) Cross-section of the continuous girder, (b) cross-section
of the concrete bridge pier.

isolated bridge in the longitudinal direction are shown
in Table 1. The steel ratios for the piers are 1.40% for
bridge-A and 2.20% for bridge-B. For the isolated
bridge, the designed yield force for each LRB isolator
system on the pier is about 2.5% of the weight of the
girder, the post-yielding stiﬀness adopted herein is 12%
of the initial stiﬀness. Fig. 3 shows the hysteretic loop
and yield surface of this seismic isolator.
The bridges are assumed to stand on rigid foundation, the dynamic soil–structure interaction is neglected and only the longitudinal motion is considered, the
transverse and vertical components are ignored. In
addition, uniform ground motions are assumed. The
concrete box girder is assumed to behave linear-elastically and non-linearities occur only in the concrete
piers and lead–rubber bearings (LRB).

Table 1
Properties of analyzed bridges

Design lateral force
Natural period of
non-isolated bridge (s)
Natural period of
isolated bridge (s)
a

Bridge-A
(pier height 7.5 m)
longitudinal
direction

Bridge-B
(pier height 15.0 m)
longitudinal
direction

0.199Wa
0.36

0.120Wa
0.86

0.78

1.12

W is the dead load of the bridge.

Fig. 3. (a) Lateral force–displacement hysteretic loop, and (b) yield
surface in lateral directions of the lead–rubber bearing isolator.
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Two new elements are developed and added into the
computer program DRAIN-3DX [12] used in this
study for dynamic response analysis of the bridge. One
is the non-linear slice-ﬁber model element for modeling
the concrete pier behavior; another is the bi-linear
model LRB element for modeling the behavior of the
isolator. In the analytical model of this bridge, the continuous girder is modeled as the linear elastic element;
the concrete piers are modeled as the slice-ﬁber model
element. Therefore, the interaction relationship
between axial force and bending moments can be automatically calculated. Each element is divided into slices
along the axis of the column member. The slices are
further separated into concrete and steel ﬁbers. The
strains in these ﬁbers are calculated by the centroidal
strain and section curvature with the assumption that
plane section remains plane. The concrete stress–strain
curve adopted herein is the conﬁned Kent and Park
model [13]. According to the research report by Yeh
and Mow [14], the results of the force–displacement
relationship obtained by the conﬁned Kent and Park
model are very close to the experimental data for fullscale bridge column tests. Concrete is assumed
incapable of carrying tensile stress. Once cracking
occurs, the concrete ﬁber cannot supply compressive
strength until the crack is closed. For the steel ﬁber, a
bi-linear model with a 2% strain-hardening ratio was
adopted to model the stress–strain curve of the
reinforcement.

3. Bridge responses subjected to near-fault and farﬁeld ground motions
In the study of this section, four near-fault ground
motion records were selected as input ground motions
from the 1999 Taiwan Chi-Chi earthquake (Mw ¼ 7:7,
Ml ¼ 7:3). These records are from station numbers
TCU052, TCU068, TCU075 and TCU102 [15], respectively. The peak values of ground acceleration and velocity (PGA and PGV), surface projection distance from
the site to the fault and the PGV/PGA values are
depicted in Table 2. In contrast, another set of earthquake records, which recorded at the same site from
other earthquake events with epicenter far away from
the site, was selected to illustrate far-ﬁeld ground
motion characteristics. Three earthquake records were
selected for each site in this study. The characteristics
of those far-ﬁeld earthquake records are summarized in
Table 3.
The acceleration time history and velocity time history of the east–west component (which is approximately normal to the fault) of the near-fault ground
motion recorded at station TCU052 are shown in
Fig. 4. The far-ﬁeld ground motion recorded at the
same site is also shown in the same ﬁgure for compari-
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Table 2
Properties of selected near-fault ground motion record
Station

PGA (cm/s2)

PGV (cm/s)

Distance to the fault
(km)

PGV/PGA (s)

Velocity pulse
duration (s)

TCU052
TCU068
TCU075
TCU102

348.7
501.6
325.3
298.4

181.8
280.2
116.5
86.5

2.34
0.49
0.43
0.81

0.521
0.559
0.358
0.290

5.54
3.85
3.08
7.69

Table 3
Properties of selected far-ﬁeld ground motion record
Station

Label

PGA (cm/s2)

PGV (cm/s)

Magnitude Ml

Epicenter distance
(km)

PGV/PGA (s)
(mean value)

TCU052

TCU052F1
TCU052F2
TCU052F3

37.4
13.5
17.5

2.39
2.07
1.90

5.83
6.50
5.56

152.7
104.5
108.3

0.109

TCU068

TCU068F1
TCU068F2
TCU068F3

16.1
16.1
13.8

1.31
2.03
1.86

5.83
6.50
5.77

157.8
98.5
93.9

0.114

TCU075

TCU075F1
TCU075F2
TCU075F3

22.6
36.8
23.0

0.82
1.24
0.51

5.58
5.83
5.56

119.8
140.4
107.4

0.031

TCU102

TCU102F1
TCU102F2
TCU102F3

12.1
22.1
7.7

2.21
1.92
0.37

5.77
6.50
5.56

98.3
103.9
112.4

0.106

son. The velocity pulse of the near-fault ground motion
is found to be signiﬁcant as compared to the far-ﬁeld
ground motion. The near-fault ground motions possess
signiﬁcantly long-period velocity pulse, and it is quite
distinct from other long-period ground motions; such
as those resulting from soft-soil eﬀects or basin
response.

Fig. 5 presents the normalized acceleration response
spectra of the near-fault ground motions described in
Table 2. The mean acceleration response spectrum of
three far-ﬁeld ground motion records recorded at the
same site is also shown in the same ﬁgure. It can be
clearly seen that the long period responses of the nearfault ground motions are higher than those from the
input far-ﬁeld ground motions. This phenomenon indi-

Fig. 4. Acceleration and velocity time histories for (a) near-fault ground motion recorded at station TCU052 in Chi-Chi earthquake, and (b) far-ﬁeld
ground motion (TCU052F1) recorded at same station from other event.
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Fig. 5. Comparison of the normalized acceleration spectra (PGA of ground motions scaled to 1g) for near-fault ground motion input (solid line)
and that of far-ﬁeld ground motion input (dash line).

Fig. 6. Comparison of the normalized mean response spectra of
four-selected near-fault earthquake records that are shown in Table 2
to the design spectrum of the Taiwan bridge code for diﬀerent sites.

cates that a long-period structure will experience a
higher dynamic response when subjected to near-fault
ground motion. Fig. 6 shows the comparison of mean
response spectra of selected near-fault earthquake
records to the design spectrum for diﬀerent site conditions, the site conditions are classiﬁed according to
the Taiwan seismic design speciﬁcations of highway
bridges. In the long-period (displacement sensitive)
region, the Taiwanese design response spectrum [11]
speciﬁes a spectral acceleration equal to the PGA.
In order to study the isolation eﬀect of an isolated
bridge, the response of the bridge is analyzed in the
longitudinal direction independently; the dynamic
responses in the transverse and vertical directions are
ignored. The peak ground acceleration of near-fault
records and far-ﬁeld records are scaled to the design
level (PGA ¼ 0:34g), and the east–west component of
the earthquake ground motion records are utilized in
the present analysis. Fig. 7 illustrates the base shear

Fig. 7. Responses of base shear in the longitudinal direction for the (a) non-isolated bridge-A, and (b) isolated bridge-A subjected to near-fault
and far-ﬁeld ground motion that are recorded at station TCU102 with PGA ¼ 0:34g.
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responses in the longitudinal direction of the isolated
bridge-A and the non-isolated bridge-A by input nearfault and far-ﬁeld ground motions. Fig. 8 shows the
corresponding results for bridge-B. The base shear is
deﬁned as the sum of the shear forces in all piers. The

far-ﬁeld ground motions. The input ground motions
are also from the station TCU102, and the PGA is
scaled to 0.34g. In addition to the girder displacement, for the isolated bridge it is also interesting to
know the distortions of the LRB under earthquake

Fig. 8. Responses of base shear in the longitudinal direction for the (a) non-isolated bridge-B, and (b) isolated bridge-B subjected to near-fault
and far-ﬁeld ground motion that are recorded at station TCU102 with PGA ¼ 0:34g.

input ground motions for these examples are from station TCU102. In the case of the far-ﬁeld ground
motion, the isolated bridge signiﬁcantly reduces the base
shear responses as compared to the non-isolated bridge.
For the case of input near-fault ground motion, the
eﬀect in base shear reduction by the bridge isolation is
not so signiﬁcant as that in the case of the far-ﬁeld
ground motion. Fig. 9 shows the longitudinal displacement responses of the girder for the non-isolated
bridge and isolated bridge subjected to near-fault and

excitation. Fig. 10 shows the time histories of lateral
drift of the LRB at the top of pier 1 for the isolated
bridge-A and bridge-B by input far-ﬁeld ground
motion with label TCU102F2. Fig. 11 shows the lateral drift responses of the LRB by input near-fault
ground motion recorded at station TCU102. Figs. 9–
11 show that the longitudinal displacement response
of the girder and the lateral drift of the isolator
induced by near-fault ground motions is higher than
those by far-ﬁeld ground motions.

Fig. 9. Responses of longitudinal displacement at the girder for the (a) non-isolated bridge-A, and (b) isolated bridge-A (short-period) subjected
to near-fault and far-ﬁeld ground motion that are recorded at station TCU102 with PGA ¼ 0:34g.
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Fig. 10. Responses of lateral drift of the lead–rubber bearing isolator for (a) isolated bridge-A (short-period), and (b) isolated bridge-B (intermediate-period) by input far-ﬁeld ground motion (label TCU102F2) with PGA ¼ 0:34g.

Fig. 11. Responses of lateral drift of the lead–rubber bearing isolator for (a) isolated bridge-A (short-period), and (b) isolated bridge-B (intermediate-period) by input near-fault ground motion from station TCU102 with PGA ¼ 0:34g.

Table 4
Maximum base shear (MN) induced by input near-fault and far-ﬁeld ground motion for bridge-A
Station

TCU052
TCU068
TCU075
TCU102
a

Input near-fault ground motion
Vnisa

a

Viso

10.599
12.614
10.378
11.467

9.311
5.446
5.885
7.525

Input far-ﬁeld ground motion (mean value)
Viso/Vnis

Vnis

Viso

Viso/Vnis

0.88
0.43
0.57
0.66

9.497
11.626
5.660
9.500

2.524
3.131
1.224
3.198

0.27
0.27
0.22
0.34

The symbol Viso and Vnis represent the base shear of the isolated bridge and non-isolated bridge, respectively.

Table 4 shows the maximum base shear responses of
the isolated bridge-A and non-isolated bridge-A subjected to the near-fault and far-ﬁeld ground motions.
Table 5 shows the corresponding results for bridge-B.
The symbol Viso and Vnis represent the base shear of
the isolated bridge and non-isolated bridge, respectively. For input far-ﬁeld ground motions, the base
shear for each site listed in these tables is the mean
value from three far-ﬁeld records. The ratios of Viso/

Vnis are also shown in this table, which is the index to
display the eﬀect in base shear reduction of a seismic
isolated bridge. Tables 6 and 7 show the maximum
longitudinal displacement responses of the isolated
bridge (diso) and non-isolated bridge (dnis) subjected to
the near-fault and far-ﬁeld ground motions, respectively. The displacements are measured at the center of
the continuous girder (point A in Fig. 1). From these
tables, the following observations can be made:

Table 5
Maximum base shear (MN) induced by input near-fault and far-ﬁeld ground motion for bridge-B
Station

TCU052
TCU068
TCU075
TCU102

Input near-fault ground motion

Input far-ﬁeld ground motion (mean value)

Vnis

Viso

Viso/Vnis

Vnis

Viso

Viso/Vnis

7.819
7.160
5.837
8.041

7.857
5.614
5.951
6.639

1.00
0.78
1.02
0.83

3.669
5.850
1.231
5.020

2.405
3.060
1.037
3.283

0.66
0.52
0.84
0.65
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Table 6
Maximum longitudinal displacement (cm) of the bridge girder by input near-fault and far-ﬁeld ground motions for bridge-A
Station

TCU052
TCU068
TCU075
TCU102
a

Input near-fault ground motion

Input far-ﬁeld ground motion (mean value)

dnisa

disoa

diso/dnis

dnis

diso

diso/dnis

3.3
6.0
3.1
3.8

51.3
26.1
28.7
39.4

15.5
4.35
9.26
10.4

2.93
4.07
1.30
3.27

7.33
10.70
1.30
11.47

2.50
2.63
1.00
3.51

The symbol diso and dnis represent the maximum displacement of the isolated bridge and non-isolated bridge, respectively.

Table 7
Maximum longitudinal displacement (cm) of the bridge girder by input near-fault and far-ﬁeld ground motions for bridge-B
Station

Input near-fault ground motion

Input far-ﬁeld ground motion (mean value)

dnis

diso

diso/dnis

dnis

diso

diso/dnis

TCU052
TCU068
TCU075
TCU102

45.2
24.1
12.7
47.3

73.4
36.8
40.6
51.0

1.62
1.53
3.19
1.08

9.17
14.5
1.30
12.9

9.63
14.0
1.60
15.9

1.05
0.97
1.23
1.23

1. The eﬀects in base shear reduction of a seismic isolated bridge with the far-ﬁeld ground motion input
is more signiﬁcant than those with the near-fault
ground motion input. For isolated bridge-B subjected to near-fault ground motions, there is nearly
no eﬀect in the base shear reduction.
2. For both the isolated bridge and non-isolated
bridge, near-fault ground motion input causes larger
base shear responses than the far-ﬁeld ground
motion.
3. The short-period isolated bridge (bridge-A) has
more eﬀect in base shear reduction than the intermediate-period isolated bridge (bridge-B).
4. The displacement responses for the isolated bridge
subjected to near-fault ground motion is very large
compared with the non-isolated bridge. For far-ﬁeld
ground motion input, the displacement responses for
both the isolated and non-isolated bridges are kept
in a reasonable range.

4. Bridge response behavior—earthquake
characteristics
Another objective of this paper is to study the parameters of the near-fault earthquake records which govern the dynamic response of the isolated bridge. For
this purpose, a set of 22 near-fault earthquake records
is used. The peak ground acceleration of the east–west
component of these records is scaled to the design level
(PGA ¼ 0:34g) for the analysis and some properties of
these records are listed in Table 8.

The following parameters are studied to understand
their eﬀect on the response characteristics of the isolated bridge: PGV/PGA value, the energy of the
ground motion (Ei) and normalized spectral velocity
(Sv). The energy of the ground motion (Ei) is deﬁned as
follows:
ð te
ð1Þ
Ei ¼ u_ 2 dt
tb

where tb and te are the starting time and end time of
the strong ground motion, respectively; and u_ is the
ground velocity. The normalized spectral velocity (Sv)
listed in Table 8 is calculated at the period T ¼ 0:78 s
for the isolated bridge-A and at 1.12 s for the isolated
bridge-B, which are the natural periods in the longitudinal direction of those bridges.
Fig. 12 shows the relation between the maximum
base shear response and the PGV/PGA value, the
energy of the ground motion (Ei) and the spectral velocity (Sv) for the isolated bridge-A subjected to the
selected 22 near-ﬁeld ground motion records. Fig. 13
shows the relationship between the displacement
responses with PGV/PGA, Ei and Sv for the isolated
bridge-B. The straight lines in these ﬁgures are
obtained by linear curve ﬁtting and are used to indicate
the trend of calculated data points. From these ﬁgures,
it can be observed that the maximum base shear tends
to increase as the PGV/PGA, Ei and Sv increase for
the intermediate-period bridge (bridge-B). This trend
does not exist for the short-period isolated bridge
(bridge-A). Figs. 14 and 15 show the relationship
between the displacement responses with the PGV/
PGA, Ei and Sv for the isolated bridge-A and bridge-B,
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Table 8
Selected near-fault ground motion records for parameter study (Ei is the energy of the ground motion deﬁned in Eq. (1), Sv is the spectral velocity, and T is the structural period)
Station

PGV/PGA (s)

Ei (N-m/kg)

Sv (m/s) at T¼ 0:78 s

Sv (m/s) at T¼ 1:12 s

TCU052
TCU054
TCU067
TCU074
TCU072
TCU075
TCU076
TCU122
TCU049
TCU053
TCU065
TCU068
TCU071
TCU078
TCU082
TCU089
TCU102
TCU120
CHY028
CHY029
CHY025
CHY101

0.521
0.322
0.200
0.120
0.190
0.358
0.204
0.216
0.208
0.192
0.171
0.558
0.135
0.101
0.233
0.127
0.290
0.280
0.102
0.120
0.323
0.198

3.118
2.048
0.394
0.173
0.252
0.874
0.348
0.844
0.512
0.556
0.395
2.666
0.215
0.123
1.064
0.194
1.165
1.017
0.071
0.142
2.400
0.504

0.132
0.302
0.250
0.287
0.386
0.120
0.114
0.222
0.125
0.183
0.135
0.157
0.216
0.207
0.253
0.157
0.240
0.260
0.204
0.194
0.232
0.188

0.379
0.330
0.361
0.298
0.291
0.150
0.147
0.240
0.225
0.250
0.341
0.292
0.226
0.165
0.235
0.212
0.398
0.385
0.253
0.219
0.429
0.181

respectively. It can be seen from these ﬁgures that the
displacement response of bridge-A depends on PGV/
PGA, Ei and Sv. The displacement response of bridgeB, however, depends on PGV/PGA and Ei only.

Figs. 12–15 show that the ground motions with a
high PGV/PGA value or high energy value Ei, will
need large seismic demands for the analyzed isolated
bridges. These two parameters are independent of the

Fig. 12. Relationship between the maximum base shear and (a)
PGV/PGA, (b) energy of the ground motion Ei, and (c) spectral
velocity Sv at period T ¼ 0:78 s for the isolated bridge-A (short-period) by input near-fault ground motions that are recorded during the
Chi-Chi earthquake.

Fig. 13. Relationship between the maximum base shear and the (a)
PGV/PGA, (b) energy of the ground motion Ei, and (c) spectral
velocity Sv at period T ¼ 1:12 s for the isolated bridge-B (intermediate-period) by input near-fault ground motions that are recorded during the Chi-Chi earthquake.
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Fig. 14. Relationship between the maximum longitudinal displacement of the girder and (a) PGV/PGA, (b) energy of the ground
motion Ei, and (c) spectral velocity Sv at period T ¼ 0:78 s for the
isolated bridge-A (short-period) by input near-fault ground motions.

Fig. 15. Relationship between the maximum longitudinal displacement of the girder and (a) PGV/PGA, (b) energy of the ground motion
Ei, and (c) spectral velocity Sv at period T ¼ 1:12 s for the isolated
bridge-B (intermediate-period) by input near-fault ground motions.

structural period and are associated with the ground
motion characteristics only. From Table 8, it is
observed that these two parameters are highly dependent on each other for the near-fault ground motions
recorded during the Chi-Chi earthquake. These two

parameters may be treated as a single parameter for
those near-fault ground motions. In view of Table 2,
Table 3, and Fig. 5, the ground motions with high
PGV/PGA value have a wide acceleration-sensitive
region in their elastic response spectrum. This will
increase the base shear, displacement and ductility
demand of isolated bridges, and it is veriﬁed by the
present analysis. This eﬀect can be explained by Fig. 16,
which shows the relation between the Sa value and the
PGV/PGA value for diﬀerent structural periods. In
this ﬁgure, for a structural period higher than 0.6 s, the
Sa value increases as the PGV/PGA value increases,
but the short-period structures (period less than 0.6 s)
do not have such a phenomenon.
It is also interesting to study the reduction eﬀect in
base shear for the seismically isolated bridge compared
with the non-isolated bridge. The PGV/PGA value of
the earthquake records will signiﬁcantly inﬂuence the
dynamic response of the bridges. Fig. 17 shows the
relationship between the PGV/PGA value and base
shear reduction ratio (Viso/Vnis) for bridge-A and
bridge-B, respectively, where Viso and Vnis represent the
base shear of the isolated bridge and non-isolated
bridge, respectively. In this ﬁgure, the PGV/PGA value
strongly inﬂuences the base shear reduction ratio for
those analyzed bridges, and it is shown that the base
shear reduction eﬀect is very limited if the input ground
motions have a high PGV/PGA value.

Fig. 16. Relationship between the spectral acceleration Sa and the
PGV/PGA value for various structural periods T by input near-fault
ground motions that are recorded during the Taiwan Chi-Chi earthquake. (a) T ¼ 0:3s, (b) T ¼ 0:6s, (c) T ¼ 0:9s, (d) T ¼ 1:2s.
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Fig. 17. Relationship between the base shear reduction ratio and the PGV/PGA value for (a) bridge-A (short-period), and (b) bridge-B (intermediate-period) by input near-fault ground motions that are recorded during the Taiwan Chi-Chi earthquake.

5. Concluding remarks
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1. The eﬀects in base shear reduction of a seismically
isolated bridge with the far-ﬁeld ground motion
input is more signiﬁcant than those with the nearfault ground motion input. For isolated bridge with
intermediate-period subjected to near-fault ground
motions, there is nearly no eﬀect in the base shear
reduction.
2. The displacement and base shear response for both
the intermediate-period and short-period isolated
bridges strongly depend on the PGV/PGA value
and the energy of the ground motion Ei. These two
parameters are related to each other.
3. The PGV/PGA value is identiﬁed as the key parameter that controls the response characteristics of
bridges under near-fault ground motion. The base
shear and displacement demand of isolated bridges
are signiﬁcantly inﬂuenced by this parameter.
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