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Ciudad Universitaria, 04510 Coyoacán, DF, Mexico

Correspondence should be addressed to Alfredo Reyes-Salazar; reyes@uas.edu.mx

Received 27 September 2012; Revised 13 December 2012; Accepted 13 December 2012

Academic Editor: Wei-Chiang Hong
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With the aim to improve code-based real records selection criteria, an approach inspired in a parameter proxy of spectral shape,
named 𝑁𝑝, is analyzed. The procedure is based on several objectives aimed to minimize the record-to-record variability of the
ground motions selected for seismic structural assessment. In order to select the best ground motion set of records to be used as
an input for nonlinear dynamic analysis, an optimization approach is applied using genetic algorithms focuse on finding the set
of records more compatible with a target spectrum and target 𝑁𝑝 values. The results of the new 𝑁𝑝-based approach suggest that
the real accelerograms obtained with this procedure, reduce the scatter of the response spectra as compared with the traditional
approach; furthermore, the mean spectrum of the set of records is very similar to the target seismic design spectrum in the range
of interest periods, and at the same time, similar𝑁𝑝 values are obtained for the selected records and the target spectrum.

1. Introduction

Currently, it has been thoroughly discussed in the literature
that the selection of appropriate earthquake ground motion
record sets to be used as input for nonlinear dynamic analysis
and several methodologies have been proposed to reduce the
number of ground motion records needed for the reliable
prediction of seismic response of structures [1–3]. Buildings
design codes as FEMA 450 [4] and Eurocode 8 (EC8) [5]
suggest the use of seven ground motion records as input for
seismic performance of structures to consider the average
values of the structural responses. In particular, the seismic
design codes guidelines are based on the use of records
matching the pseudo-acceleration spectral shape in a range
of periods as the main one among other criteria. Because
of the known high variability of nonlinear seismic response
of structures, the average spectra of the set of records must
be as close as possible to the seismic design code spectrum
in order to estimate the structural response with relatively
high confidence given only seven analyses. To this aim, it

is important to define ground motion intensity measures
representative of the spectral shape, which may help in
record selection driven by a target spectrum due to the
ability of this as predictor of nonlinear structural response
[6–12]. In fact, to improve the efficiency in the prediction
of structural response, recently, vector-valued and scalar
ground motion intensity measures based on a parameter
to characterize the spectral shape named 𝑁𝑝 have been
proposed by Bojórquez and Iervolino [10]. This parameter
has resulted very effective to feature the spectral shape even
for different types of earthquake ground motion records and
to predict the nonlinear structural response in terms of peak
and seismic energy demands. Moreover, it can predict the
structural failure in term of peak and energy demand with
good accuracy [12].

Motivated by the purpose to improve the strategies for
code-based records selection inspired in the spectral shape,
a procedure established for 𝑁𝑝 is proposed in the study. To
this aim, a total of 1024 earthquake ground motions with
different characteristics taken from the NGA database and
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recorded at different types of soils are used.The optimization
approach inspired in the natural selection process well known
as Genetic Algorithms is used to solve the optimization
problem which tries to find the best set of seven records
compatible with the parameter 𝑁𝑝 and at the same time
with a target spectrum in a given range of periods. It is
pointed out that Genetic Algorithms have been satisfactorily
used in engineering problems for structural optimization [13–
15] and in record selection for nonlinear dynamic analysis
[1, 2, 16, 17].

The study here presented shows that it is possible to
find a set of records compatible with a target spectrum
and at the same time compatible with several target 𝑁𝑝
values accounting for higher modes and nonlinear structural
response effects. Note that response spectra can be easily
predicted with computer mathematical tools as in the case
of neural networks [18]. The set of records obtained with the
new approach may reduce the record-to-record variability of
the spectra and,most importantly, the variability of structural
response significantly, with respect to intensity measures
of current large use. It is important to emphasize that the
approach is based especially in the proxy of the spectral shape
named 𝑁𝑝, and Genetic Algorithms are used only as a tool
or optimization technique; however, several other techniques
can be applied as neural networks, the gradient-based search
(which in some cases finds a local solution of the problem),
andmany heuristic methods as the firefly algorithms recently
developed by Yang [19] inspired by the behaviour of fireflies
in nature.

2.𝑁𝑝-Based Record Selection Using
Genetic Algorithms: Methodology

2.1. Record Selection Criterion. Since the most relevant
parameters to predict nonlinear structural response appear
to be those which try to capture the elastic acceleration
response spectrum shape in a range of oscillation periods [9–
11], nonlinear dynamic analysis seismic design codes usually
require the selection of a set of seven ground motion records
where the average of these spectra needs tomatch the seismic
design code spectrum in the period range between the low
limit 𝑇0 and the upper limit 𝑇𝐹; this is with the aim of
using the mean seismic response parameters for structural
assessment and to reduce the uncertainty in the prediction
of nonlinear structural response. Nevertheless, recently, the
efficiency of the 𝑁𝑝 parameter to predict the nonlinear
structural response [10] compared with the approach where
the records are scaled only for the spectral acceleration at first
mode of vibration Sa(𝑇1) has been observed.This implies that
records selected tomatch a similar value of𝑁𝑝 can reduce the
record-to-record variability in the structural response when
the records are scaled at the same spectral acceleration. Note
that𝑁𝑝 is defined in

𝑁𝑝 =
Saavg (𝑇1, . . . , 𝑇𝑁)

Sa (𝑇1)
, (1)

where Saavg(𝑇1, . . . , 𝑇𝑁) represents the geometrical mean
between the periods 𝑇1 and 𝑇𝑁. The information given by

this equation is that if we have one or 𝑛 records with a
mean 𝑁𝑝 value close to one, we can expect that the average
spectrum to be about flat in the period range between 𝑇1
and 𝑇𝑁. For a mean𝑁𝑝 lower than one an average spectrum
with negative slope is expected. As an example, the mean
value of𝑁𝑝 for a group of 191 ordinary records in the period
range 𝑇1 = 0.6 s to 𝑇𝑁 = 2𝑇1 is 0.39. In Figure 1(a), the
average spectrum of this set is illustrated. In the case of 𝑁𝑝
values larger than one, the spectra tend to increase beyond
𝑇1. As it can be appreciated for a set of 31 narrow-band
records, where the mean value of 𝑁𝑝 = 1.9 for 𝑇1 = 1.2 s
and 𝑇𝑁 = 2𝑇1, the average spectrum shows an increasing
accelerations zone (see Figure 1(b)). A very important issue to
calculate𝑁𝑝 is the evaluation of the number of periods in the
range of interest. This should be addressed through a study
to find the optimal number of spectral ordinate points that
maximizes the efficiency of the parameter as a predictor of
nonlinear structural response. The first author in [10, 12] and
his students have been working to answer this issue, and they
have found for moment-resisting steel frames with periods
between 0.5 to 2 seconds that using spectral ordinate points
for differential periods of 0.1 s provide to the parameter𝑁𝑝 of
good efficiency in the prediction of seismic response in terms
of maximum interstory drifts, hysteretic energy, and damage
indexes, indicating that the number of points depends on the
structural vibration period. This consideration was used in
the present study.

Finally, for the normalization between Sa(𝑇1) values let
𝑁𝑝 be independent of the scaling level of the records based
on Sa(𝑇1), but most importantly, it helps to improve the
knowledge of the path of the spectrum from period 𝑇1 to 𝑇𝑁,
which is related to nonlinear structural response. To illustrate
this, Figure 2 shows two response spectra with similar values
of Saavg(𝑇1, . . . , 𝑇𝑁); it is clear how the spectral shape of both
records is completely different, which suggests that different
responses will be obtained. It demonstrated the potential of
the normalization with respect to Sa(𝑇1).

More details regarding this parameter are given by
Bojórquez and Iervolino [10].

The main objective of this study is to find the best
combination of seven real ground motion records using
Genetic Algorithms, and it also aimed to minimize the
following parameters.

(1) The difference of the average 𝑁𝑝 value for the set of
real records and the 𝑁𝑝 value for a target seismic
design spectrum obtained in the range between 𝑇1
and 𝑇𝑁 (where 𝑇1 is the fundamental period of the
structure under consideration and 𝑇𝑁 = 𝑇𝐹 = 2

∗
𝑇1 is

used according with [10]). Hereinafter, the term 𝑁𝑝1
will be used to define the value of𝑁𝑝.The normalized
difference (or error) of the average 𝑁𝑝1 and 𝑁𝑝1𝑇 is
obtained with the parameter given by

𝑑𝑁𝑝1 ave =
𝑁𝑝1 ave − 𝑁𝑝1𝑇

𝑁𝑝1𝑇
, (2)

where 𝑁𝑝1 ave is the average 𝑁𝑝1 value of the real
records and𝑁𝑝1𝑇 is the𝑁𝑝1 value of the target design
spectrum.
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Figure 1: Mean elastic response spectra for a set of (a) ordinary records with𝑁𝑝 = 0.39 and (b) narrow-band records with𝑁𝑝 = 1.9.
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Figure 2: Elastic response spectra for two records scaled for the same geometrical mean Saavg(𝑇1, . . . , 𝑇𝑁) that reflects different spectral
shapes.

(2) The difference of an individual 𝑁𝑝 value of the set
of real records and the 𝑁𝑝 value for a target seismic
design spectrum in the range of 𝑇1 and 𝑇𝑁. The
normalized difference of an individual𝑁𝑝1 and𝑁𝑝1𝑇
is obtained with the parameter given in

𝑑𝑁𝑝1𝑖 =
𝑁𝑝1𝑖 − 𝑁𝑝1𝑇

𝑁𝑝1𝑇
, (3)

where 𝑁𝑝1𝑖 is the individual value of 𝑁𝑝1 of a real
record.

(3) The normalized difference of the average𝑁𝑝 value for
the set of real records and the 𝑁𝑝 value for a target
seismic design spectrum in the range of 𝑇0 and 𝑇1
(where 𝑇0 is the initial period under consideration
and usually is equal to 0.2∗𝑇1). In this case, 𝑁𝑝 is
used to incorporate the higher mode effects, and it is
defined as𝑁𝑝2 for a real record and𝑁𝑝2𝑇 for the target

design spectrum.The normalized difference (𝑑𝑁𝑝2) of
the average𝑁𝑝2 and𝑁𝑝2𝑇 is given by

𝑑𝑁𝑝2 =
𝑁𝑝2 ave − 𝑁𝑝2𝑇

𝑁𝑝2𝑇
, (4)

where 𝑁𝑝2 ave is the average 𝑁𝑝2 value of the spectra
obtained with the real records and 𝑁𝑝2𝑇 is the 𝑁𝑝2
value of the target design spectrum.

(4) The normalized difference of an individual𝑁𝑝2 value
of the set of real records and the𝑁𝑝2 value for a target
seismic design spectrum in the range of 𝑇0 and 𝑇1 is
obtained by

𝑑𝑁𝑝2𝑖 =
𝑁𝑝2𝑖 − 𝑁𝑝2𝑇

𝑁𝑝2𝑇
, (5)

where 𝑁𝑝2𝑖 is the individual value of 𝑁𝑝2 of a real
record.
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(5) The normalized difference (𝑑Sa ave) of the average
spectrum for the set of real records and the target
seismic design spectrum in the range of 𝑇0 and 𝑇𝐹
(where 𝑇0 = 0.2

∗
𝑇1 and 𝑇𝐹 = 2

∗
𝑇1) is obtained as

follows:

𝑑Sa ave = √
1

𝑁

𝑁

∑

𝑖=1

(
Saave (𝑇𝑖) − SaT(𝑇𝑖)

SaT (𝑇𝑖)
)

2

, (6)

where Saave(𝑇𝑖) is the average pseudo-acceleration
ordinate corresponding to the period 𝑇𝑖 for the seven
real records, SaT(𝑇𝑖) is the value of the spectral
acceleration ordinate of the target spectrum at period
𝑇𝑖, and𝑁 is the number of spectral ordinate points in
the range of periods.

(6) The normalized difference of the spectrum of an
individual real record and the target seismic design
spectrum in the range between𝑇0 and𝑇𝐹 (where𝑇0 =
0.2
∗
𝑇1 and 𝑇𝐹 = 2

∗
𝑇1), is obtained by

𝑑Sa𝑗 = √
1

𝑁

𝑁

∑

𝑖=1

(
Sa𝑗 (𝑇𝑖) − SaT (𝑇𝑖)

SaT (𝑇𝑖)
)

2

. (7)

In (7), Sa𝑗(𝑇𝑖) is the pseudo-acceleration ordinate of
the real spectrum 𝑗 corresponding to the period 𝑇𝑖.

Note that points (5) and (6) are usually chosen as record
selection criteria [20].

Finally, it is important to say that although the records
could be selected to match a target spectrum by means of (6)
and (7) in Section 2.1, they do not necessarily have similar
values of𝑁𝑝 or spectral shape.This is because it is possible to
obtain two records with a similar difference of their spectra
with a target spectrum in a range of period given by (6) and
(7) but different spectral shape and 𝑁𝑝 values [10]. For this
reason as it was previously discussed, the normalization of𝑁𝑝
with respect to spectral acceleration is very helpful to better
describe the path of a spectrum.

2.2. The Use of Genetic Algorithms. The genetic algorithms
are heuristic methods used to solve optimization problems,
which are based on the natural selection principles of Darwin
[21–23]. The main characteristic of the genetic algorithms
is based on the principle of survival and adaptation. The
advantage of genetic algorithms is the use of a population
of possible solution instead of a single point solution. The
tool of Genetic Algorithms consists in the random generation
of a population of guesses or possible solutions for a given
problem, usually as binary encodings. A typical genetic
algorithm uses three operators: selection, crossover, and
mutation [24]. Selection attempts to apply pressure upon the
population in a manner similar to that of natural selection
found in biological systems. Poorer performing individuals
are weeded out, and better performing or fitter individuals
have a greater average chance of promoting the information
they contain within the next generation. Crossover allows
solutions to exchange information in a way similar to that
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Figure 3: Elastic response spectra for the 1024 records under
consideration.
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Figure 4: Comparison of magnitude and epicentral distance distri-
bution of the 1024 records taken from the NGA Database.

used by a natural organism undergoing sexual reproduction.
Finally, mutation is used randomly and changes (flips) the
value of a single bits within individual strings. After the three
operators are used, a new population is developed.

The Genetic Algorithms are used to select the best suite
of ground motion records. For this aim, 1024 records taken
from the NGA database are considered in the analysis, which
are represented by a binary codification of 10 bits. The
seismic response spectrum for spectral acceleration Sa(𝑇1)
in percentage of the gravity for 5% of critical damping of
the selected ground motions records and the distribution of
the records in terms of moment magnitude and epicentral
distance are provided in Figures 3 and 4 respectively. In
Figure 3, a large record-to-record variability in the earth-
quake response spectra is observed. Hence, the importance of
record selection strategies in order to select the best ground
motion set is to be used as an input for nonlinear dynamic
analysis. Moreover, Figure 4 illustrates that the selected
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records were obtained at different epicentral distances and
from different events withmagnitudes𝑀𝑤 between 4 and 7.5.

The operators and the procedure of the Genetic Algo-
rithms employed here for record selection are as follows.
(1) Initial Population. The first generation or initial popula-
tion is randomly defined. Each individual in the population
is a combination of 7 different records, where each record is
represented by a binary codification of 10 bits. For example,
the binary number 0000000000 represents the first ground
motion record of the database. It is considered a constant
number of individuals (200 in total) in all the generations.
It should be emphasized that typical values for the number of
individuals are in the interval from 20 to 1000 [24] depending
on the problem under consideration.
(2) Response Spectrum Parameters. After the population is
created, the seismic response spectra and the parameters𝑁𝑝1
and𝑁𝑝2 are obtained for each selected record.
(3)Objective Function.The objective of the genetic algorithms
consists in the minimization of the square root of the sum of
the square errors given from (2) to (7).
(4) Selection. This operator is based on elitism, which is
represented by the individual with the less difference given
by the square root of the sum of the square errors obtained
from (2) to (7).
(5) Crossover. A single point crossover was considered. The
crossover was performed between the specific records of an
individual. Typical values of the probability of crossover (Pc)
are around 0.4 to 0.9 [24]. In the present work, Pc equal to
0.65 was considered.
(6)Mutation. It is used to guarantee the diversity of the set of
records obtained in each generation. The process is applied
for all the generations, and it consists in changing a specific
bit by inversion of the value. For example, a bit with 1 can
be changed by a bit equal to 0 considering a probability of
mutation. In the present study, a probability ofmutation equal
to 0.025 was selected.
(7) New Generation. After all the evolution procedure is over,
a new generation is obtained and the process returns to step
(2); it is applied for a number of𝑁 generations (for this study,
300 generations were considered).

The summary of the relevant values considered in the
genetic procedure is (a) population of individuals: 200; (b)
number of generations: 300; (c) probability of crossover: 0.65;
and (d) probability ofmutation: 0.025.These values have been
successfully used in other studies for ground motion records
selection [16].

3.𝑁𝑝-Based Record Selection Using Genetic
Algorithms: A Numerical Example

As a numerical example, the selection of a set of seven ground
motion records is considered to match the seismic design
spectrum according to the ASCE 7-05 [25] for site class B
for a framed building with a vibration period at the first
mode (𝑇1) of 0.6 sec. Two approaches were used for the
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Figure 5: Set of seven earthquake response spectra obtained with
the traditional approach and comparison between the average and
the target spectra.

selection of the set of records. The first one was based on the
consideration exclusively of the selection criteria given by (6)
and (7) in Section 2.1. This approach is commonly used for
ground motions selection (here it will be named traditional).
The second procedure considers all the equations given in
Section 2.1 which takes into account the values of 𝑁𝑝1 and
𝑁𝑝2 (𝑁𝑝-based approach). In this example, the target values
of 𝑁𝑝 are 𝑁𝑝𝑇1 = 0.9611 and 𝑁𝑝𝑇2 = 1.3461 obtained from
the seismic design spectrum according to ASCE 7-05.

3.1. Results for the First Approach (Traditional). Theresults for
the first approach (traditional procedure) are first presented.
Figure 5 compares the set of seven records obtained with the
methodology under consideration. In particular, it can be
observed that the mean spectrum of the set of records is very
similar to the target seismic design spectrum in the range of
periods under consideration. This suggests the effectiveness
of the Genetic Algorithms as a tool for record selection.
It is mentioned that the computer program only requires
a few seconds to finish with the evolutionary procedure.
Furthermore, the set of ground motion records obtained
and the computational errors are illustrated in Table 1, and
the largest value of 𝑑Sa𝑗 obtained was 0.4257, which is an
acceptable error value according with other studies [20]. Also
in Table 1, the values of 𝑑𝑁𝑝𝑖 are illustrated, which will be
discussed in the next section. Table 2 compares the𝑁𝑝 values
obtained with the 𝑁𝑝 target values. A large difference is
observed among them, which reflects the insufficiency of the
traditional approach for compatibility of 𝑁𝑝 values. Finally,
the evolution of the average error 𝑑Sa ave and the total error
𝑑𝑇Sa obtained as the square root of the sum of the square
from (6) and (7) in each generation are shown in Figure 6.
It is observed that the error is reduced in each generation,
and the procedure requires less than 50 generations for the
minimization.
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Figure 6: Evolution of 𝑑Sa ave and 𝑑𝑇Sa in each generation (tradi-
tional approach).

3.2. Results for the 𝑁𝑝-Based Approach. The results for the
proposed𝑁𝑝-approach are presented in this section. Figure 7
compares the set of seven records obtained with the 𝑁𝑝
procedure. The results suggest that the records present are
less scattered compared with the traditional approach, and
the mean spectrum of the set of records is very similar to
the target seismic design spectrum in the range of interest
periods. The set of ground motion records obtained and the
computational errors are illustrated in Table 3. The largest
value of 𝑑Sa𝑗 obtained was 0.3603, which is smaller than that
corresponding to the traditional approach. For this reason it
is possible to conclude that records can be selected incor-
porating several objective parameters in the optimization
procedure and obtaining satisfactory values of the error.
Table 3 shows also very small values of 𝑑𝑁𝑝𝑖 whichmeans that
most of the records in the selected set have similar𝑁𝑝 values
compared with the target 𝑁𝑝 (see Table 4). The evolution of
the average error 𝑑Sa ave and the total error 𝑑𝑇Sa obtained as
the square root of the sumof the square using (2) to (7) in each
generation are illustrated in Figure 8. It is also confirmed that
the error is reduced in each generation, and the procedure
requires less than 50 generations for minimization of the
error. Note that 𝑑𝑇Sa is very similar to the value obtained
using the traditional approach, and in this case, more param-
eters were incorporated into the optimization procedure.

Range of periods

0 1 2 3 4 5 6 7 8
0

0.1

0.2

0.3

0.4

0.5

0.6

Period (s)

Target
Average

R1
R2
R3

R4
R5
R6

R7

Sa
(T

)
[g
]

Figure 7: Set of seven earthquake response spectra obtained with
the 𝑁𝑝-based approach and comparison between the average and
the target spectra.

Moreover, only few seconds of computational time have been
required for the analyses. Finally, it is important to say that
the commonly used uniform hazard spectrum is an envelope
of the spectral accelerations at all periods that are exceeded
with a specified rate, as computed using probabilistic seismic
hazard analysis. Probabilistic seismic hazard analysis already
accounts for variability in spectral accelerations at each
period being considered, and construction of the uniform
hazard spectrum is a conservativemethod of combining these
spectral values [26].

4. Analysis of a Moment-Resisting Steel Frame

To provide more information about the possible acceptable
error criterion of the parameter𝑑Sa𝑗, amoment-resisting steel
frame with two bays of 8m and two story levels of 3.5m,
and structural period of 0.6 s was subjected to the set of
ground motion records obtained with the 𝑁𝑝-based record
selection approach. The frame was analyzed with the non-
linear dynamic analysis computer program RUAUMOKO
[27] assuming fixed columns and a bilinear model behaviour
with 3% of postyielding stiffness. It has been found that
the variability of the structural response of the steel frame
using these records produces a standard error close to 10%
which is adequate (see Table 5). Note that the standard error
associated to a sample of size 𝑛 can be expressed as in (8)
[28], where 𝜎ln(MIDR) is the standard deviation of the natural
logarithms of maximum interstory drift MIDR. Moreover, to
produce this standard error, the values of 𝑑Sa𝑗 are smaller
than 0.36 (see Table 3 for the 𝑁𝑝-based approach), which
suggests that an acceptable error of the parameter 𝑑Sa𝑗 for
practical earthquake engineering application could be 0.4. It
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Table 1: Set of records and errors obtained with genetic algorithms using the traditional approach.

NGA database number Record 𝑑Sa𝑗 𝑑𝑁𝑝1𝑖 𝑑𝑁𝑝2𝑖

583 SMART1/45O10EW.at2 0.2325 0.1972 0.1704
581 SMART1/45O07EW.at2 0.1710 0.1485 0.2837
573 SMART1/45I01EW.at2 0.2745 0.2151 0.4504
289 ITALY/A-CTR000.at2 0.1956 0.3511 0.1846
773 LOMAP/HWB220.at2 0.3622 0.6424 0.5993
507 SMART1/40M01EW.at2 0.2722 0.3745 0.0161
352 COALINGA/H-PG3000.at2 0.4257 0.3127 0.0664

Table 2: Set of records and𝑁𝑝 values obtained with genetic algorithms using the traditional approach.

NGA database number Record 𝑁𝑝1 𝑁𝑝1𝑇 𝑁𝑝2 𝑁𝑝2𝑇

583 SMART1/45O10EW.at2 0.7716 0.9611 1.5584 1.3461
581 SMART1/45O07EW.at2 0.8183 0.9611 1.6997 1.3461
573 SMART1/45I01EW.at2 0.7544 0.9611 1.9074 1.3461
289 ITALY/A-CTR000.at2 1.2985 0.9611 1.5762 1.3461
773 LOMAP/HWB220.at2 1.5785 0.9611 0.5993 1.3461
507 SMART1/40M01EW.at2 1.3210 0.9611 1.3260 1.3461
352 COALINGA/H-PG3000.at2 1.2616 0.9611 1.4289 1.3461

Table 3: Set of records and errors obtained with genetic algorithms using the𝑁𝑝-based approach.

NGA database number Record 𝑑Sa𝑗 𝑑𝑁𝑝1𝑖 𝑑𝑁𝑝2𝑖

510 SMART1/40O07EW.at2 0.2175 0.0945 0.1647
772 LOMAP/HVR000.at2 0.3603 0.0992 0.0156
503 SMART1/40C00EW.at2 0.2928 0.3027 0.0725
577 SMART1/45O01EW.at2 0.2260 0.0621 0.4882
340 COALINGA/H-Z16000.at2 0.2708 0.1428 0.0539
582 SMART1/45O08EW.at2 0.1772 0.0423 0.1081
363 COALINGA/H-VYC020.at2 0.3201 0.3849 0.3521

Table 4: Set of records and𝑁𝑝 values obtained with Genetic Algorithms using the𝑁𝑝-based approach.

NGA database number Record 𝑁𝑝1 𝑁𝑝1𝑇 𝑁𝑝2 𝑁𝑝2𝑇

510 SMART1/40O07EW.at2 1.0519 0.9611 1.5514 1.3461
772 LOMAP/HVR000.at2 0.8658 0.9611 1.3656 1.3461
503 SMART1/40C00EW.at2 1.2520 0.9611 1.4365 1.3461
577 SMART1/45O01EW.at2 0.9015 0.9611 1.9545 1.3461
340 COALINGA/H-Z16000.at2 1.0983 0.9611 1.2789 1.3461
582 SMART1/45O08EW.at2 1.0017 0.9611 1.4808 1.3461
363 COALINGA/H-VYC020.at2 0.5912 0.9611 1.7849 1.3461

Table 5: Analysis results of the steel frame with period equals 0.6 s.

NGA database number Record Maximum
interstory drift 𝜎ln (MIDR) SE

510 SMART1/40O07EW.at2 0.029
772 LOMAP/HVR000.at2 0.021
503 SMART1/40C00EW.at2 0.031
577 SMART1/45O01EW.at2 0.018 0.29 0.11
340 COALINGA/H-Z16000.at2 0.027
582 SMART1/45O08EW.at2 0.024
363 COALINGA/H-VYC020.at2 0.014
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Figure 8: Evolution of 𝑑Sa ave and 𝑑𝑇Sa in each generation (𝑁𝑝-based
approach).

is important to say that more studies are necessary to define
this target acceptable error

SE =
𝜎ln(MIDR)

√𝑛
. (8)

5. Conclusions

Nowadays, due to the recent advantages in the computer tech-
nology, the use of nonlinear time history dynamic analysis
for earthquake resistant design is becoming more popular.
However, one of the main challenges to develop this type
of analysis is the selection of appropriate earthquake ground
motion record sets to be used as input. Buildings design
codes as FEMA 450 and Eurocode 8 suggest the use of seven
ground motion records as an input for seismic performance
of structures to consider the average values of the structural
responses for seismic assessment. In particular, the seismic
design codes guidelines are based on the use of records
matching the pseudo-acceleration spectral shape in a range of
periods as the main one among other criteria. In this paper,
a new approach for real earthquake ground motion records
selection based on a parameter proxy for the spectral shape,
named𝑁𝑝, was proposed. The approach was compared with
the traditional code-based procedure of record selection for
nonlinear dynamic analysis. For both approaches, a genetic
algorithmwas used in the optimization problem to minimize

the main parameters of the methodologies analyzed. For this
aim, a computer program was developed for the analyses. It
is observed that the genetic algorithm is very efficient, since
it only requires a few seconds to find the best set of records.
Further, the convergence of the algorithms requires less than
50 generations for both approaches under consideration.

The results of the comparison suggest that records
selected with the traditional approach aimed to match the
average spectrum of the set of earthquake ground motions
with a target spectrum do not necessarily results in𝑁𝑝 values
similar for the spectra of the selected records compared with
the target seismic design spectrum. This is very important
because 𝑁𝑝 is a parameter directly related with the spectral
shape, especially with the nonlinear structural response,
as recent studies suggest. On the other hand, the results
of the recently proposed 𝑁𝑝-based approach suggest that
the records present are less scattered compared with the
traditional approach, and the mean spectrum of the set of
records is very similar to the target seismic design spectrum
in the range of interest periods. For this case, the set of ground
motion records obtained and the maximum computational
error 𝑑Sa𝑗 obtained were smaller than that of the traditional
approach. Finally, the use of the new approach provides
records with similar spectral shape and values of 𝑁𝑝, which
are crucial to reduce the uncertainties to predict nonlinear
structural response of buildings.
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