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Abstract. The object of the investigations is seismic input models used in structure designing
under the conditions of limited seismological information. The aim of the given investigation is to propose
a new variant of a seismic input model, which should be generated for the structure under consideration,
taking into account main peculiarities of actual seismic excitations. The method of design seismic input
generation by means of its presentation as a sum of velocity impulse and multi frequency excitation has
been developed. The duration and peak value are parameters of velocity impulse. They can be presented
as function of possible earthquake magnitude and hypocentral distance. Multi frequency excitation can be
presented as a product of sinusoid and some envelope function. Parameters of the impulse and multi
frequency excitation are determined to provide accordance of generated input characteristics with
characteristics of past earthquakes. Characteristics of past earthquakes were estimated using the joined
database including more than 100 records of strong earthquakes presented by Chinese and Russian
experts.

AHHoTauus. NpegmeT ncenegosaHUin — MOAENY CENCMUYECKUX BO3AENCTBUI, UCMOMb3yeMble Nnpu
NPOEKTUPOBAHUN COOPYXXEHUN B YCIOBUAX OrpaHU4EeHHOW cencmonornyeckon wHdopmaumu. Lenb
BbIMOJTHEHHOIO UCCNeAoBaHUs — NPEeASIOKUTb HOBbIM BapuaHT MOAENU CEWCMUYECKOro BO3OENCTBUSA,
KOTopas [OfKHa TreHepupoBaTbCsA QAN  pacCMaTpvBaeMOW KOHCTPYKUMM C  YYETOM  OCHOBHbIX
0CcobeHHOCTEN peanbHbIX CEACMUYECKMX BO3AeNCTBMA. PasBuT MeTon reHepaumMmM pacyeTHOoro
CENCMMYECKOro BO3OENCTBUSA, UCNOMb3YIOLWLMI €ro NpeacTaBneHre B BUae CyMMbl MMMYIibCa CKOPOCTU U

Wsanosa T.B., I'yans 1O., Hecreposa O.I1., IIpokomosuua C.B., Cmuprosa JL.H., Y3aua A.M., MBamuamos J[.A.
MonenupoBaHre pPacUYeTHOTO CEHCMHUYECKOTO BO3ICUCTBUS B YCIOBHAX OTPAHMYCHHOW CEHCMOIOTHYECKOH
nunpopmaumu // UaxeHepHO-CTpouTeIbHbIH xypHai. 2017. Ne 7(75). C. 129-138.

129



Magazine of Civil Engineering, No. 7, 2017

NonnyacToTHOro Bo3MyLLeHUs. MapamMeTpamn Mmnynsca CKOPOCTU ABNSAIOTCH €ro NPOAOIHKUTENBHOCTbL U
nukoBoe 3HayeHune. OHM MoryT OblTb MpeacTaBneHbl Kak (QYHKUMWM BO3MOXHOW  MarHuWTyabl
3eMITETPSACEHNSA N TUMNOLIEHTPAarbHOro paccTosiHWA. MonMrapMoHUYeckoe BO3MYyLLIEHUE MpeacTasnseT
coboli npom3BeaeHne cuHycouabl Ha HeKOTopyto ormbatoLyto. MapameTpbl UMMynbCca 1 NONNYaCTOTHOrO
BO3OENCTBMS  OMpedensioTca  Tak, YTOObl XapakTepuCTUKM  CTEHEepUPOBAHHOIO  BO3OEWCTBUSA
COOTBETCTBOBAlNM HaTYPHbIM XapaKTepuCTUKaM MPOLUSbIX 3eMETPSACEHUN. XapakTepUCTUKM pearibHbIX
BO3OENCTBUA OLEHEHbI C MUCMOMb3oBaHMEM 0OwWen ©6asbl [aHHbIX POCCUMCKUX W KUTaNCKUX
cneumanuncTos, Bkntoyatowlen 6onee 100 3anuceit 9-Tn 6anbHbIX 3€MNETPSICEHNIA.

Introduction

At present two models of seismic input are used in earthquake engineering practice [1]. The first
model is based on generating the input for the building site, and the second model is based on
generating the input for structure. There is also a group of intermediate models in which the input is
generated for a given response spectrum. If this spectrum is set for a building site, then these models
belong to the first group and if the spectrum is given for a construction, then they belong to the second
group. Finally, the spectral curve of Guidelines can be taken as the spectrum. Then the input model will
have all the errors inherent in the normative spectral curve. This question was discussed in detail in [2, 3].

Input models for the building site were built by many experts [5-11]. These models are advanced
by seismologists and require seismological information for the building site. Although this approach to
generating the input seems quite logical, it raises some objections from engineers.

First, in engineering practice, the necessary seismological information is not always available.
Generally it is used in designing nuclear power plants and large dams. Even in designing the world
largest cable-stayed bridge across the Easten Bosporus to the Russian Island, there was no complete
seismological information, and when designing transport Olympic facilities in Sochi, the necessary
information had been received only by the end of the designing process, when all design decisions have
been made.

Secondly, building engineers do not always trust seismological information. This is due to the fact
that out of 27 strong earthquakes that have been place in the former USSR since 1948, 24 occurred in
areas previously considered to be non-seismic or weakly seismic.

Thirdly, structures can be rather sensitive to small changes in the response spectrum. Sometimes,
a 5% change in the input prevailing period of the spectrum, which is quite possible within the framework
of seismological studies, leads to a twofold change of seismic loads. Metal structures are particularly
sensitive to these changes.

Fourthly, the generation of input for the building site is completely unfit for a typical designing,
when the structure is to be earthquake-proof on any sites.

It is these shortcomings that led to the development of input models with a spectrum that repeats
the normative spectral curve. It should be noted here that for the given spectrum one can generate
infinitely many inputs [1, 8]. Besides it should be capped in mind the normative spectral curve itself
contains errors which in the Guidelines are balanced by errors in specifying the design peak
accelerations and errors in the damping task [1, 2], but not balanced in design accelerograms. For these
reasons, this approach can lead to unpredictable results.

An alternative to generating input for the building site is the second model of seismic input, i.e.
generation of input for the construction. In this case, the properties of the building site are ignored
completely or partially, and the most hazardous input is determined for the structure. For linear structure
models, the input model is given as a resonant one for the structure. For structures in the inelastic stage
of behavior, dangerous input frequencies are determined iteratively. This process is described, for
example, in [12].

The aim of the given investigation is to propose a new variant of a seismic input model, which
should be generated for the structure under consideration, taking into account main peculiarities of actual
seismic excitations.

The authors develop a well-known approach to the generation of seismic input for structures used
for a standardized design, when the structure must be earthquake-proof on any site with a given
seismicity [1, 11]. In the proposed version of the method, it is possible to take into account some
seismological features of the building site. First of all, it is situational seismicity determined by using
general seismic zoning maps and Guidelines in law [13]. Information about possible sources of
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earthquakes is often available and one can take into account the possible magnitude and hypocentral
distance for the structure under consideration. These data had been available, for example, in [14].

Methods

Description of the input model.

In this investigation the authors set the predominant input frequencies equal to the eigen structure
ones. It makes the input dangerous for the structure under consideration. Other input parameters are
indefinite ones and can be set by the way of providing the correspondence of the input model to actual
earthquakes. The design input is represented as the sum of the speed pulse and the polyharmonic
process, as it was used in [15].

In this case the input velocigram is written in the form

Vo=V (t—¢) n(t—¢)+ iaie‘”"t (1-e )sin et )

i=1
where V (1) is the velocity impulse separated out the seismic input,

¢ is phase shift from the beginning of the earthquake to the moment when the speed pulse arrives
to the structure;

H (z) is the Heaviside function;
ai, o, and @ are the parameters of the polyharmonic component of the process.

The velocity pulse is described by the following dependences of the acceleration acc, the velocity
v, and the displacement u on time

2 2 uﬂ i i
Uy /o U Ut 2 |1,
acc(t)={-u,, /t’ v(t)= Ulmx(z_tJ ! O
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0

Graphical interpretation of expressions (2) is presented in Figure 1.
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Figure 1. Time charts of displacements, velocities and accelerations for the speed pulse

The presence of a velocity pulse in a seismic input was fined by Italian seismologists [16]. They
obtained the relationship between the pulse parameters and the magnitude of the earthquake Mw and
the hypocentral distance R.

In particular, the half-pulse duration to is uniquely determined by the magnitude of the action

(-3471005M,,)

t, =10 : @3)

And the residual displacement of the action depends on the magnitude and hypocentral

distance
(-6.3+M,,~fog(R))

U =10 4)

In this case, the velocity pulse is represented in the accelerogram as a step with an amplitude
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In formulas (3-5), obtained in [16], the value of R is substituted in "km", and the displacements,
velocities and accelerations are obtained respectively in "m", "m/s" and "m/s?". It is shown in [17] that the
velocity pulse, theoretically obtained in [16], is presented in real accelerograms. This allows us to
consider the input model in the form (1), as sufficiently universal. It has 12 indeterminate parameters:
three parameters determining the momentum of the speed (Mw, R and ¢) and 9 parameters (ai, a, 3, i=3)
defining the polyharmonic process. Frequencies wi are set hazardous for the structure. Undefined
parameters are set so that the accelerogram model has properties of real accelerograms. This statement
of the problem is available in the works of A.A. Dolgaya [18, 19]. In the works mentioned, the input model
was brought to conformity with real peak ground accelerations and Arias intensity. These proposals were
included in the Recommendation [11]. Below they are developed taking into account new data about past
earthquakes.

The main characteristics of seismic input

Three types of real accelerograms characteristics are distinguished in the literature [1, 20]:
kinematic, spectral and energy.

The kinematic characteristics include peak accelerations (PGA), peak velocities (PGV), maximum
displacements, residual displacements yrez, duration of the action teq, and also the process harmonic
index k. The quantity « is determined by the formula

.. (mex)
0

(me) |
e B ®
(YO

According to the American NPP calculation standards [21], the value of k is assumed to be 5. In
studies [22], it is noted that this parameter decreases with increasing the prevailing earthquake input
period and it varies from 3 to 7. For harmonic action k = 1. The larger k, the more the process differs from
the harmonic one. Large values of k for the model do not allow one to concentrate the input energy at

one frequency.

Kinematic characteristics of the impact are very important for elastic calculations under the loads
caused by design earthquake (DE).

Input spectral characteristics, i.e. input spectral composition, are not considered in the framework
of the proposed approach. Excitation frequencies wi are set to be hazardous for the structure. This
approach allows one of the frequencies wi to be set equal to the prevailing frequency of the excitation
predicted by seismologists, but in this case calculations will not be conservative.

Energy characteristics of the excitation determine the structure behavior under the impact of the
MDE. Among these characteristics are

1) Arias intensity

.
T
I, =—[yidt 7
"1 % 7)
2) Absolute cumulative velocity CAV
T
CAV = [yt (8)
0
3) Seismic energy density SED
T
SED = j yZdt 9)
0

In the given investigation five parameters of the seismic input PGA, «, la, CAV and SED are taken
into account.
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Results and Discussion

To estimate the values of input parameters corresponding to real accelerograms, more than 100
accelerogram records included in the combined database of Russian and Chinese accelerograms have
been analyzed. During the research the dependence of the input parameters on the prevailing input
frequency was analyzed.

The dependence Yo(t) had been considered earlier in papers [18, 20], and the decrease of the
PGA value was found with the growth of the predominant period Teqincreasing.

The dependence K(req) is shown in Figure 2, where the points indicate the data of the records of

past earthquakes available for the authors. In this case for high-frequency inputs with the predominant
period Teq=0.05...0.015 s, the value of k can be about 10-15, and for long-period inputs the value of k
decreases down to 2—-3. For some impacts, e.g., for the Bucharest earthquake k~1.5. It should be noted
that a decrease in k makes the input dangerous. Therefore, in order to generate hazardous input on the

structure, it seems justified to set the value of x according to the proposed schedule K(req) or
somewhat lower, taking as a design value the follows
Kcalc = K -0L-C, (20)
where o is the standard deviation of k from the mean value,

a is the reliability index of the assumed design value.

0 0:5 1.0 1.5 2

Predominant earthquake period, T, $

Figure2. Dependence K(Teq)obtained on the basis of the available records of real accelerograms.
1 - average value; 2 - 1<(Teq )-o

Energy indicators are sufficiently stable characteristics of seismic input. Figure 3 shows the
dependence Ia(Teq). The records of past earthquakes available to authors are denoted in the picture by
points, and the mathematical expectation of the value and the sum of the mathematical expectation and
standard deviation are denoted by lines. According to our data, the |a value decreases slightly from 5 to
4 m/s with the growth of Teq. In this case, the quantity Ia +61=8. It can be noted, that according to the data
of [23], there is also a slight decrease in the value of |1a with an increase in the prevailing period. In the
range of Teq from 0.1 to 0.5 s Ia = 2.53 m/s, and for Teg> 0.5 s |a =2. If we take into account that the
intensity of earthquakes considered in [23] is within the range of 8-9 degrees on the MSK scale, and the
earthquakes considered in this paper have intensity of 9 or more degree, then the results obtained are
quite compatible. Analogous dependencies can be obtained for other energy characteristics, in particular,
for the CAV value. Between the quantities under consideration there is clear-cut correlation dependence,
shown in Figure 4. This makes it possible to use any of the parameters under consideration when
generating the design input. In Recommendations [11], the intensity according to Arias is given as the
energy characteristic, and in the paper of American experts [23] the preference is given to the value of
CAV.

5
Error =) p,-Er

i
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The data of real accelerograms are denoted by dots

In paper [24], it is proposed to use the SED as the basic energy parameter. This value, according
to the data available to the authors, does not correlate with the two energy characteristics considered
before. It is sufficiently stable and in the first approximation it can be assumed to be equal to 1.5.

The obtained empirical dependencies are used to specify 12 indeterminate parameters of formula
(1). To do this, some weight is assigned to each of the five parameters (PGA, «, la, CAV, SED), and an
error between the given empirical values and the analogous values obtained from formulas (6-9) is
calculated at each grid point of the variable parameters.

By assigning different weight coefficients we get a set of dangerous inputs, with a close spectral
composition. When choosing the coefficients, it seems possible to start with the following considerations.

Calculations for the impact of the DE are force ones, and the result of calculation, strains and
stresses in the elements of the construction are proportional to the value of PGA. Therefore, when
generating a DE, one should assign a large weighting factor for PGA.

Calculations for the impact of the MDE are energy ones. The strength condition of the elements is
not met, but it is necessary to exclude progressive collapse and low cycle fatigue of the main load-
bearing elements. To do this, it is necessary to get a limit to work of plastic deformation forces [25-28]. In
this case energy characteristics are most important for the model input.

It is also important to limit the concentration of all seismic energy at one frequency both for the DE
and for the MDE. Therefore, the weighting factor of k must be taken into account for both inputs.

As an example, Figure 5 shows two generated accelerograms for calculating a building with
suspended members [29], a seismically isolated structure with periods of natural oscillations
T1=4.243s, T2 = 3.145 s, T3 = 0.054 s. Table 1 shows the characteristics of these accelerograms.
When generating the first accelerogram, three weight coefficients are assumed to be nonzero: prea = 0.6,
p« = 0.3, pia = 0.1, and for the second accelerogram prea = 0.1; p« = 0.3; pia = 0.6. The generated
accelerograms are quite similar, although they have some differences, for example, in residual
displacements. This confirms the validity of the hypothesis expressed in [1] which supposes that taking
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into account the dependence of the peak acceleration on the prevailing acceleration period ensures that
the parameters of the model and real excitations coincide.

The accelerograms name ,acc txt
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Fig.5. Oscillograms of artificial input for pPGA = 0.1 (on top) and pPGA = 0.6 (on bottom)
Table 1. Artificial input characteristics

The type of input
Input charcteristics prca = 0.6 Prca=0.1
PGA 2.146 2.149
K 3.55 5.76
Ia, m/s 1.368 1.343
CAV, m/s 12.02 12.23
SED, m?/s 1.55 2.0
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Conclusions

As the result of the investigations a new input model with a spectral composition that is dangerous
for the structure under consideration, and with kinematic and energy characteristics corresponding to real
seismic excitations has been generated. This new input model can be considered as a certain
compromise between the model for the building site and the model for the structure.
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