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Abstract. Recent earthquakes have damaged some bridges located on the Pacific Coast of Mexico;
these bridges have been retrofitted or rebuilt. Based on the fact that the Pacific Coast is a highly active
seismic zone where most of the strong earthquakes in the country occur, one fertile and important area of
research is the study of the vulnerability of both new and existent bridges located in this area that can be
subjected to strong earthquakes. This work is focused on estimating the contribution of some parameters
identified to have major influence on the seismic vulnerability of reinforced concrete bridges. Ten models
of typical reinforced concrete (RC) bridges, and two existing bridges located close to the Pacific Coast of
Mexico are considered. The group of structures selected for the study is based on two span bridges, two
pier heights and two substructure types. The bridges were designed according to recent codes in Mexico. For
the vulnerability study, the capacity of the structure was evaluated based on the FEMA recommendations.
On the other hand, the demand was evaluated using a group of more than one hundred accelerograms
recorded close to the subduction zone of Mexico. The results show that the two existent bridges analyzed
show similar trends of behavior of the group of bridge models studied. In spite of the contribution that
traditional variables (height and substructure type) had to the bridge seismic response, the bridge length
was also found to be one of the parameters that most contributed to the seismic vulnerability of these RC
medium-length bridges.
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1. Introduction

Advances in technology and knowledge have allowed more rational improvements on the well-
known design codes. The general trend is towards performance-based design based on probabilistic
models that lately has caught researchers’ attention. In this vein, there are several studies directed
toward reinforced concrete and steel bridges, and many of the results and conclusions achieved in
those works have already been incorporated based on codes such as FEMA-273 and ATC-40. This
is a fertile area for future research since many of the existent bridges were built a long time ago for
different live and accidental loads than those currently proposed on the regulation codes. Keeping in
mind the fact that the design of existent bridges has been carried out using conservative safety
factors, and during the design process each of the parts that conform a bridge have been designed
considering a single component rather than the contribution of the whole system, the real resistance
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of the bridge might be greater than the capacity of loading evaluated during the design processes.
This fact can be one of the reasons for not having dramatic damage on the highway bridges due to
the increments on the live load amplitudes. So, it would be very convenient to develop system
reliability models that include the most significant random variables for the evaluation of the
reliability and vulnerability of the bridges located in a specific region.

The Mexican highway system has been in expansion during recent decades. Its development
requires the construction of new bridges or the rehabilitation of the existing ones. Mexico is affected
by several seismic faults (subduction, normal, transformation and deeper inslab earthquakes). Most
of the strong earthquakes have epicenters in a zone of the Pacific Coast situated at the boundaries of
the Pacific and North-American Plates. Many of the bridges were built in areas considered with
moderate or high seismicity according to the seismic zonation of the country, making this an
additional issue to be considered for estimating the vulnerability of bridges located in this area. The
vulnerability assessment of existing bridges is of great importance given the fact that most of them
were designed according to design projects developed more than 40 years ago. This produces an
important group of bridges that are particularly vulnerable to earthquake occurrence. Moreover, new
bridges are continuously built in these zones making it important to reevaluate the seismic
vulnerability of these structures.

Fragility curves are a valuable tool to assess different damage levels as a function of possible
seismic scenarios. These curves relate the probability of reaching a certain damage state of a
specific structure or of a group of structures with ground motion intensities. Moses (1999) presented
bridge reliability concepts and methods that can be used as antecedents of the bases of this subject.
There are some studies considering just a few random variables in demand and capacity and others
using probability density functions to describe most of the variables involved. Some of the
methodologies proposed in the literature to assess the seismic vulnerability of structures are
described by Hwang et al. 1998, 2000, Gomez et al. 2002, Banerjee and Shinozuka 2007, Dutta and
Mander 1998, Kasperski et al. 2006, Mackie and Stojadinovic 2006, Nielson 2005, Karim and
Yamazaki 2003, Yi et al. 2009 and Pagnini et al. (2011). Some of these methods have also been
proposed to evaluate the expected behavior of retrofitted bridges or bridge elements (Padgett 2005,
Fridley and Ma 2007, Kim and Shinozuka 2004).

There are in the literature several approaches to estimate capacity and demand. Some criteria were
developed with the aim of being easy to handle for practitioner engineers (Gomez et al. 2002).
Typically, the bridge capacity was assessed using nonlinear static methods or nonlinear dynamic
analyses. When incremental non-linear static procedure was performed, the load pattern was mostly
selected according to the mode shapes of the bridge. On the other hand, nonlinear dynamic
approaches use step-by-step numerical solutions for assessing the capacity with the consuming
computer time inconvenience. In this methodology, it is relevant to appropriate assess the dynamic
characteristics of the bridges; several studies related with this topic has been published (Ali 2011).
The demand was usually estimated based on a group of selected accelerograms recorded from real
earthquakes or by a group of synthetic records (Panza et al. 2001). There are other studies
(DiPasquale and Cakmak 1990) that proposed damage indexes to estimate the seismic vulnerability.
Other researchers proposed fragility curves to quantify the bridges' probability of exceedance for
different limit states of the structural seismic behavior accounting for selected variables, (Peckcan
1998, Dutta and Mander 1998). Shinozuka et al. (2007) and Jara et al. (2011), have compared
fragility curves constructed with nonlinear static analysis with the fragility curves developed with
time-history dynamic analysis, and they found well consistency that proves the reliability of the
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nonlinear static procedure. In some other cases, the authors use response spectra to quantify the
uncertainty of the demand parameters (Moustafa 2011).

In all the proposals, the main objective was to get results that allow the estimation of the expected
bridge response for different seismic scenarios. In Mexico, an important number of works to
estimate the seismic vulnerability of structures located in urban areas, using not only simplified but
also complex methodologies have been developed. In spite of that, little effort has been made to
study the actual seismic vulnerability of new and existent bridges.

2. Bridge models

The analytical models for the bridges considered in this study correspond to 2-typical span RC
bridges built in Mexico, with span lengths of 20 and 40 m, pier heights of 6 and 10 m, and two
types of piers; a single column and a three-column bent integrally connected at the top to a rigid
cross bent cap beam forming a frame type substructure in transverse direction. The bridges are
located in the Pacific Coast region of Mexico, the area of the highest seismic hazard in Mexico. The
3D structural models were analyzed with the aid of the SAP2000 program. The superstructure of
the bridges has an 18 cm depth slab supported on longitudinal prestressed AASHTO type beams,
RC diaphragms located at the ends and every 10 m between the support axes, RC bent caps located
at each support line and circular RC columns. The girders, diaphragms, bent caps and piers were
modeled as beam elements, but the RC slab was modeled with a mesh of rectangular thin shell
(plate bending and stretching) finite elements. The beams were supported on neoprene-laminated
bearings that were represented with linear link elements. The abutments were not included in the
model neglecting the flexibility of their foundations and the pier supports were considered fixed
(Fig. 1). For design, live loads trucks currently used in Mexico were considered, HS-20, 73-S3 and
T3-S2-R4 with total weight of 321.8, 451.3 and 761.63 kN, respectively. An importance factor of
1.5 was used as it is stipulated in codes for structures classified in the group A (important
structures). Three load combinations were considered for the design as stipulated in the AASHTO
code, the first to combine the dead and live loads, the second for the dead plus earthquake acting in
the longitudinal direction, and the third was for dead plus earthquake acting on the transverse
direction. The seismic design loads were evaluated using a response spectrum analyses with the
complete quadratic combination (CQC) rule. Twenty modes of vibration were considered, assuming

(a) (b)

Fig. 1 Structural bridge model for substructures formed by (a) three piers and (b) one pier
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a constant damping value of 5%.

In addition to the bridges previously described, we studied two existent bridges located in the
highest seismic zone of the country, the Chuta (one column substructure) and the Feliciano bridges
(two-column frame type substructure). The Chuta Bridge (Fig. 2) is located on the highway Playa

Fig. 2 Longitudinal view of La Chuta Bridge
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Azul-Manzanillo in the State of Michoacan in Mexico. The bridge superstructure is a continuous
prestressed concrete box, 9.90 m wide and 1.80 m high, resting on rubber laminated bearings
supported by the piers’ bent cap. It has five spans of approximately 35 m each, and two end spans
of 29.60 m given a total length bridge of 233.60 m. The substructure is formed by six single column
piers with circular transverse section of 2 m diameter. The piers’ heights vary from 5.30 m at the
end spans of the bridge to 8.60 m at the central spans of the bridge. The cap beam is a variable
cross section with a width of 1.45 m and the maximum depth is 1.65 m.

The Feliciano Bridge (Fig. 3) is located on the highway Lazaro Cardenas-Uruapan in the State of
Michoacan in Mexico. The bridge has four simple supported spans with lengths in the range of
29 m to 34 m. The superstructure was built by an RC slab resting on ten prestressed AASHTO-type
beams, and they are simple supported over laminated rubber bearings. The substructure is a frame
type pier built with two square RC columns of 1.95m width and 14 m height connected to a
rectangular RC bent cap.

3. Seismic hazard assessment

A seismic hazard assessment for the sites where the bridges are located was carried out, aimed at
determining the expected peak ground acceleration for different return periods. All the seismic faults
that contribute to the seismic hazard of the Pacific Coast region in Mexico were considered in the
analysis. Specific attenuation laws obtained for subduction and intraplate Mexican sources were
used (Garcia et al. 2005, Sanchez and Jara 2001) and a more general law for local type sources
(Abrahamson and Silva 1997). The earthquake occurrence process was divided into two models
namely: (a) characteristic process associated with subduction earthquakes with magnitude equal to
or greater than 7.0, which present evident occurrence periodicity and magnitude dependence on the
elapsed time between their occurrences as well and (b) poisson model for other faults and
subduction events with magnitude less than 7.0. The maximum expected magnitudes for the
characteristic process were adopted from Rosenblueth and Ordaz (1989). An empirical equation of
the expected magnitude (M) of the characteristic earthquakes as a function of the occurrence
elapsed time (¢) was determined (Eq. (1)).

E[M|f] = max(1.5,4.71 +0.757 In #) (1)

A lognormal distribution for the time between characteristic earthquakes f(¢), was selected (Jara
and Rosenblueth 1988)
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Table 1 Expected PGA at the Pacific Coast in Mexico

Return period (years) 50 235 500 1000
PGA (gals) 255 480 645 820

of the subduction sources in Mexico. ¢, is the elapsed time since the last characteristic earthquake
for each of the independent subduction zones in the Pacific Coast of Mexico. The seismic hazard
assessment was determined using the total probability theorem according to Eq. (4).

F(A>a) = [[[[ fymr(@Vfidm|0)fe(r)dmdrdtda 4)

AMRT

where, A is the peak ground acceleration, lognormally distributed; F(A4 > a) is the probability of
A>a; fym, R(a) is the probability distribution of the ground acceleration 4, given the magnitude M
and distance R, f;;(m|f), is the magnitude distribution given the inter-occurrence time of earthquakes,
fr(r) is the distance probability distribution between the epicenter and the site and fr(¢) is the
probability distribution of the time between earthquake occurrences.

The acceleration exceedance rate for the i seimic source was obtained as (Eq. (5))

vi(a) = ZPUP(A >a) 5)

where v; is the acceleration exceedance rate for the i seimic source and P; is a weighting
parameter to involve the size of each j element in the source i. Hence, the acceleration exceedance
rate for all sources is

n

v(a) = v(a) (6)

i=1

The exceedance rate of the peak ground acceleration, a, was obtained by using Eq. (6). This gives
the annual probability of exceedance of the acceleration a. Once determined the annual probability
of exceedance curves (v), four return periods (7 = 1/v) are chosen for scaling the accelerograms.
Table 1 summarizes the peak ground acceleration (a=PGA) obtained for the selected four
earthquake return periods. All the seismic records used in the study for the seismic vulnerability
assessment of the bridges were scaled to the values showed in Table 1. It must be mentioned that
this interval of return periods have been extensively used in other sites of the world (Pitilakis et al.
2011).

4. Seismic excitation

A collection of 116 seismic records of subduction type and 43 seismic records of intraplate type
earthquakes were selected for the demand assessment. In the first case, all the records selected
belong to earthquakes with a minimum magnitude of 7.0, and in the second case to earthquakes
with a minimum magnitude of 6.5. In both cases, the seismic stations are always situated in a range
of 50 km to 150 km from the earthquake epicenter.
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5. Seismic demands

The expected spectral pseudoacceleration and displacement demands on the bridges were determined
as the average value of the spectral ordinates for each period of the response spectra obtained with
the collection of the scaled seismic records. These demands were evaluated for two orthogonal
directions that corresponded to seismic records acting in the longitudinal and transverse directions
of the bridge, the analyses were carried considering the earthquakes acting independently in each
direction. Fig. 4 shows the average pseudoacceleration response spectrum of the subduction
earthquake records, for each of the four return periods (50, 235, 500 and 1000 years).

6. Seismic capacity

The bridges seismic capacity was estimated with a nonlinear static analysis that models the
nonlinear behavior of the piers through the definition of plastic hinges at the top and at the bottom
of each element. Plastic hinges are modeled as a discrete point hinge with plastic deformation
occurring within the point hinge. This point was assumed to occur at 10% of the column height
ends. The plastic hinges were modeled as coupled axial-force/biaxial-moment behavior. Fig. 5
shows the curve that describes de plastic hinge’s behavior for the force-displacement or moment-
rotation relationships. These curves define the yield value and the plastic deformation following the
yield defined by the five points shown on it (4-B-C-D-E). The origin of the curve is always
represented by point A; point B represents yielding and no plastic deformations occurs on the hinge
up to this point, e.g. only deformation beyond point B will be exhibited by the hinge; the ultimate
capacity for pushover analysis is determined by point C; point D represents the residual stress
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Fig. 4 Mean seismic demands for each of the subduction earthquake return periods
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Force / Moment

Displacement / Rotation

Fig. 5 Force plastic deformation curve

considered in the pushover analysis; and the total failure is given by point £. These points are used
by the program to determine the pushover analysis.

The lateral load was applied on the geometrical center of each span of the deck. This process was
achieved using the SAP2000 V14 program. The plastic hinges’ properties were defined according to
FEMA 356 in two ways: for the typical representative bridges the plastic hinges were designed
directly by the program as it is stipulated in FEMA 356; for the existent bridges, the Chuta Bridge
and the Feliciano Bridge, the plastic hinges were defined according to their moment-curvature
relationships.

7. Vulnerability assesment

The estimation of the bridges’ vulnerability was achieved using fragility curves defined as the
conditional probability of attaining or exceeding a specified limit state. In this analysis, the C/D
ratio was selected as the vulnerability parameter as shown in Eq. (7). The capacity C and demand D
are continuous random variables that were modeled with a lognormal distribution. This means that
the C/D ratio is log-normally distributed as well. Based on the limit state function, the fragility
curve for a structural system with random variables of this type is given by a lognormal cumulative
probability density function (Eq. (8)).

_CS)
€)= psH ™
F(S,) = P{g(S)<1.0]|S,3 ®)

where C(S,) and D(S,) represent the capacity and the demand for a given spectral displacement S,
and P{[g(S,) <1]S,]} is the conditional probability of failure, defined by a lognormal cumulative
probability density function as explained previously. To define a lognormal density function, Eq. (9),
it is required to determine two parameters: the median and « the logarithmic standard deviation S,
and og;. Eq. (10) defines the parameter ug; for a given S, that corresponds to the intersection point
of the capacity and the demand functions, and the parameter o, was considered to be 0.3 and 0.6,
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values commonly used in seismic vulnerability studies of bridges (Mander 1999, Dutta and Mander
1998, Nielson and DesRoches 2007)
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Once the capacity of each of the bridges and the expected demands was evaluated, the probability
of failure of the bridges in longitudinal and transverse directions was assessed. Figs. 6 and 7 show
the fragility curves in the longitudinal direction when considering that the ground motions act only
in the longitudinal direction of the selected group of typical bridges for returns periods of 50, 235,
500 and 1000 years, for the frame type (three columns) and one column pier configurations
respectively. The first and second rows of the plots correspond to bridges with piers heights of 6
and 10 m. In a similar manner, the first and second columns of the plots are for bridges with a span
length of 20 and 40 m, respectively. Figs. 8 and 9 show the fragility curves of these bridges in the
transverse direction, considering that the ground motions act only in the transverse direction of the
bridge.

The results presented in Figs. 6 through 9 represent the probability of exceeding a particular limit
state of damage linked to the return periods considered in the analysis. The limit states go from
light structural damage on the bridge piers (50-year return period) to severe damage of the bridge
(1000-year return period). In general, the probability of reaching a limit state decreased for longer
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Fig. 6 Fragility curves in longitudinal direction of the three column pier bridges’ model for oy, = 0.6 and for
different return periods
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Fig. 7 Fragility curves in the longitudinal direction of the one column pier bridges’ model for oz, = 0.6 and

for different return periods
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Fig. 8 Fragility curves in the transverse direction of the three column pier bridges’ model for oy, = 0.6 and for

different return periods

return periods, as could be expected, the reductions are bigger for the 40 m span length. The fragility
curves resulted to be sensitive to the bridge span length (20 or 40 m) and to the pier height (6 or
10 m) although the fragilities change when comparing the values considered for each variable. This is
also the case for bridges where the pier height is the only geometric parameter that differs, particularly
for shorter return periods. Results show similar trends for the transverse direction (Figs. 8 and 9).
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Transverse direction: 6=0.6 & S=20m & H=6m & 1 column Transverse direction: 6=0.6 & S=40 m & H=6m 1 column
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Fig. 9 Fragility curves in the transverse direction of the one column pier bridges’ model for oy, = 0.6 and for
different return periods

To look at the applicability of the fragility curves obtained for typical bridge models to the
existing ones, the fragility curves for the Chuta and the Feliciano bridges were determined. Figs. 10
and 11 show the fragility curves obtained for these two bridges in their longitudinal and transverse
directions, respectively. In both of the figures, the first and second row present the fragility curves
of the Chuta and Feliciano bridges, respectively. The plots in the first and second columns are the
results obtained for two oy, values (0.6 and 0.3, respectively).

When comparing the results of the Chuta Bridge versus bridge models with one-column pier
substructures, and the Feliciano Bridge versus bridge models with frame type substructures, it is
possible to study the applicability of the fragility curves presented in Figs. 6 to 8. The probability of
exceeding a particular limit state in the existing bridges, Figs. 10 and 11, show that, on average, the
fragility curves present similar tendencies to the ones previously discussed for the corresponding
general model. The estimation of the probability of attaining a limit state for one of the real bridges
using the fragility curves evaluated with the parametric analysis is more accurate when considering
a standard deviation of 0.6. Further, it resulted that the fragility curves generated for the three
columns frame-type substructure are applicable to the two columns frame-type substructure actual
bridge.

In order to investigate the contribution of the parameters analyzed on the fragility curves, the
probability of exceeding three of the limit states (77 = 50 years, 7r = 235 years and 7r = 1000 years)
for a specific displacement, used as an example, were determined. Table 2 shows these probability
values for a drift of 0.03, obtained with the analysis of the ten bridge models.

As shown in table 2, the probability of exceeding the limit state related to 7 = 50 years is in the
range of 62% to 96% as function of the span length, pier height, pier type and direction of analysis.
These values are substantially reduced for the limit state of 7= 1000 years. In this case, the
probability values are in the range of 6% to 45%. These wide-open ranges confirm the remarkable
influence of each of the parameters on the fragility estimates.
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Longitudinal direction: 6=0.3 Chuta bridge
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Fig. 10 Fragility curves in the longitudinal direction for the existent bridges for different return periods
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Fig. 11 Fragility curves in the transverse direction for the existent bridges for different return periods

Furthermore, the contribution of each parameter can be more clearly visualized if the piers’
height, span length and pier type ratios are obtained as shown in Tables 3 to 5. Table 3 presents the
probability ratio (model of 10 m piers’ height/model of 6 m piers’ height) of exceeding the three
limit states. It is evident that the increase of this ratio to the increase of the bridge length, reflecting
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the importance on the fragility curves of the span length, changes. In the case of the 20-meter-long
bridge models and the return period of 50 years, the probability ratio values were relatively small
(1.22 maximum). However, these cases for a return period of 1000 years were noticeably increased,
reaching a maximum value of 2.25, showing that the importance of the piers’ height depends on the
selected limit state. It must be emphasized that the probability of exceeding a limit state of the 10-
meter piers model (for 7 = 1000 years), can be as much as 5.67 times the obtained value with the
6-meter-high model.

The influence of the span length in the probability of reaching a limit state decreases as this

Table 2 Probability of exceeding three limit states of behavior for a drift value of 0.03

Pier Direction of  Bridge length  Pier height Limit state probability
type analysis (m) (m) Tr=50 Tr=235 Tr = 1000
3 Columns  Longitudinal 20 6 0.83 0.47 0.20
10 0.92 0.65 0.35
40 6 0.64 0.25 0.06
10 0.88 0.55 0.22
1 Column 20 6 0.83 0.45 0.20
10 0.95 0.73 0.45
40 6 0.65 0.26 0.06
10 0.88 0.55 0.27
3 Columns Transverse 20 6 0.84 0.49 0.18
10 0.96 0.75 0.43
40 6 0.62 0.23 0.06
10 0.87 0.53 0.20
1 Column 20 6 0.82 0.46 0.20
10 0.95 0.74 0.45
40 6 0.62 0.23 0.05
10 0.87 0.53 0.25
Table 3 Probability ratio of the two pier height models (H =10 m/H = 6 m)
Piers Directior} of Bridge length Tr =50 Tr =235 Tr = 1000
type analysis (m)
3 Columns Longitudinal 20 1.14 1.48 1.93
40 1.47 2.45 4.5
1 Column 20 1.19 1.74 2.53
40 1.46 2.58 5.5
3 Columns Transverse 20 1.18 1.67 2.92
40 1.5 2.61 5.67
1 Column 20 1.22 1.74 2.53
40 1.48 242 5.00
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Table 4 Probability ratio of the two length models (L =20 m/L =40 m)

Piers Direction of ~ Pier height Tr =50 T =235 7r = 1000
type analysis (m)
3 Columns Longitudinal 6 1.30 1.88 333
10 1.05 1.18 1.59
1 Column 6 1.28 1.73 3.33
10 1.08 1.33 1.67
3 Columns Transverse 6 1.35 2.13 3.00
10 1.10 1.42 2.15
1 Column 6 1.32 2.00 4.00
10 1.09 1.40 1.80

Table 5 Probability ratio of the substructure type models (1 column/3 columns)

Direction of Bridge Pier height Tr =50 Tr =235 Tr = 1000
analysis length (m)

Longitudinal 20 6 1.00 0.96 1.00
20 10 1.03 1.12 1.29
40 6 1.02 1.04 1.00
40 10 1.00 1.00 1.23
Transverse 20 6 0.98 0.94 1.11
20 10 0.99 0.99 1.05
40 6 1.00 1.00 0.83
40 10 1.00 1.00 1.25

variable increases, as Table 4 shows. The tendency applies for both of the column heights
considered, but larger columns have smaller ratios than the shorter piles. This result is
understandable given the fact that taller piles should be more susceptible under seismic loads.
Further, when the span length increases, the design requires a larger column cross section
(increasing the piers’ stiffness), which is reflected in its period changes that could led to different
seismic demands. In all cases, the probability values of the 20-meter-long models are larger than
those values of the 40-meter-long spans. The tendency described is also valid for the two type of
substructures, and for the longitudinal and transverse directions.

From a practical point of view, the Tables 3 and 4 show that the probability of reaching a target
displacement does not have a significant change when the span length or the pier height are varied,
for the service limit state. On the other hand, when considering the collapse prevention limit state,
special care must be taken in the evaluation of the seismic vulnerability as a function of these
parameters. The later means that the service limit state conditions allow grouping a less number of
bridge typologies as a function of their span length and piers height making attractive the use of
simplified methodologies to evaluate the bridge seismic vulnerability for frequent earthquakes.

Table 5 presents the probability ratio (1 column model/3 columns model) of exceeding the three
limit states for the two substructure types. Results show that, in all cases, the substructure type is
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irrelevant when the limit state of the 7 =50 years is considered. On the other hand, the type of
substructure is a significant parameter if the bridge height is 10 meters and it is less important when
the 6-meter-high bridge is analyzed. The substructure type was the variable of the parameters
analyzed with minor influence on the fragility curves.

Therefore, it can be said that the bridge models analyzed could be used as representative of
bridges in Mexico with span length in the range of 20 to 40 m and piers’ heights of 6 to 10 m, with
substructure formed by RC piers of one, two or three columns (frame type substructures). The
results obtained from this work show that it is possible to use the fragility curves developed here to
assess the probability of reaching different limit states as a function of the earthquake displacement
demand to determine the seismic vulnerability for a very common type of bridges in Mexico.

8. Conclusions

In this work, the influence of some parameters on the probability of exceeding a particular limit
state of damage for a group of ten bridge models with geometries similar to the most common
bridges built in Mexico was evaluated. The fragility curves for two existing bridges were also
determined. All of the selected bridges are located on the Pacific Coast of Mexico, the most
vulnerable seismic zone of the country. The bridge capacities were determined by conducting
nonlinear static analyses. The seismic demand was estimated based on a seismic hazard assessment
and by using 116 seismic records for an earthquake return periods of 50, 235, 500 and 1000 years.
The capacity and the demand were considered as continuous random variables characterized with a
lognormal probability density function, as a result the fragility curves are defined with a lognormal
cumulative density function. The similar trends of behavior between the existing bridges studied and
the bridge models analyzed, allow using the fragility curves obtained to assess the seismic
vulnerability on other existing bridges with similar characteristics of the bridges studied.

Results show the importance of the piers’ height, which depends on the selected limit state. The
probability of exceeding the most severe limit state studied (7 = 1000 years) in the 6-meter-height
piers’ model can be as much as 4.5 times the obtained value with the 10-meter-high model.

The influence of the span length in the probability of reaching a limit state decreases as this
variable increases. The tendency applies for both of the column heights considered, but larger
columns have smaller ratios than the shorter piers. In all cases, the probability values of the 20-
meter-long models are larger than those values of the 40-meter-long spans. The tendency described
is also valid for substructures conformed with three (frame type substructure) and one pier, and for
the seismic response of bridges in the longitudinal and transverse direction.

As it is well known, one of the variables that mostly affect the seismic vulnerability of a bridge is
substructure type (one column or frame types); in spite of this fact, the results showed that this
variable have a bigger or smaller impact as function of two parameters: the expected PGA and the
limit state of behavior analyzed. For the cases considered, it happened to be that only slightly
influence of all the parameters considered was presented for the service limit state (77 =50 years)
and the smallest expected PGA. It means that there were not important differences among the
probabilities of reaching this limit state.

On the other hand, the influence of all variables can be quite significant if other limit states of
behavior are studied. Changes in the substructure type, span length and bridge height affect
importantly the probability of reaching a specific displacement demand, as shown in Tables 3 and 4.
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The substructure type was the variable of the parameters analyzed, with minor influence on the
fragility curves.

In spite of the contribution that traditional variables (height and substructure type) had to the
bridge seismic response, bridge length was also found to be one of the parameters that most
contributed to the seismic vulnerability of these RC medium length bridges.
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