User Manual for RSPM atch09

I ntroduction

RSPMatch09 performs time-domain spectral matchipgatbding adjustment wavelets to an
initial acceleration time series to generate a fiedlitime series whose response spectrum is
compatible with a specified target response spectiithe original program was developed by N.
A. Abrahamson (1993) to implement the Lilhanand drsg¢ng (1987, 1988) algorithm and
modified in 1999 to preserve the non-stationaryrati@r of the initial ground motion at long
periods. The new version of the program includesea wavelet adjustment function that
provides a stable and time-efficient solution withcausing drift in the resulting velocity and
displacement time series.

The main new features in RSPMatch09 consist of:

* An improved tapered cosine adjustment function @ho€) that prevents drift in the
modified velocity and displacement time series.blitg and time-efficiency of the
solution are ensured by using analytical functimnsalculate the elements of matrix C.

* Dynamic padding of the beginning of the acceleratime series performed when the
time of its peak response at a certain frequengys(small compared to the duration of
the record.

» Using the new model to perform spectral matchingatdarget pseudo-acceleration
response spectrum instead of a target accelenasmonse spectrum.

» Using Newmark’s integration scheme for the calséafatof the pseudo-acceleration
response spectra to guarantee unconditional stabilithe results. The accuracy of the
numerical solution at high frequencies is ensunedllowing local dynamic interpolation
of the acceleration record such that the maximuro setween the integration time step
and the period of the oscillator is always less$ #heertain tolerance (0.01).

» Performing the different spectral matching passes isingle step since no baseline
correction of the resulting acceleration time sefiem each pass is needed.

The old adjustment functions that were available REPMatch99 are also included in
RSPMatch09, but we recommend the use of the newnamibved adjustment function (model
7). To run RSPMatch09, the user needs the progresouéable, reference acceleration file,
target response spectrum file, input file and pa&tamfiles for the different passes. RSPMatch09
will produce three output files for each pass cstirgj of a modified acceleration time series,
spectral response at the frequencies requesteck tmdiched and spectral response at the
unmatched frequencies.

Input Files

The input files to RSPMatch09 have the extensidnp*. Since the short period spectral
accelerations are influenced by long period waseléte series adjustment is usually done in



multiple passes, starting at short periods and rpesiyvely adjusting longer periods. When
running RSPMatch09, the user is prompted to ehtenaame of the input file, which contains the
number of passes and the names of the correspondinijes. The input file has the following
format:

nPass Number of adjustment passes.
*.inp Name of the first run file.

The user can run all the spectral matching passes@ by setting nPass equal to the total
number of passes and specifying the correspondingfite names on the subsequent lines.
Similarly, the user can choose to run only one jpgssetting nPass to 1 and specifying the name
of a particular run file. Run files have the samenfat as the one used in RSPMatch99 and
consists of:

Maxlter Maximum number of iterations for spectral matchimgis value is typically set
between 5 and 20 depending on how close the imé&donse spectrum is to the
target spectrum.

Tol Tolerance for maximum mismatch in fraction of &trgrhis value is typically set
to 0.05 for 5% maximum deviation from the targetcpum.

Gamma Convergence damping. This factor specifies thetiracof adjustment made to
the acceleration time series at each iteratiors parameter is usually set to 1.

iModel Flag indicating the adjustment model to be usedpectral matching. While
RSPMacth09 contains the adjustment models that axaiable in RSPMatch99,
we recommend the use of the new and improved ax@rgtmodel (iModel = 7).
The available wavelet functions are:

1 Reverse acceleration impulse response functiondbase Lilhanand and
Tseng (1987, 1988).

6 Tapered cosine function.
7 Improved tapered cosine function.

Adjustment model 1 does not preserve the non-siatjocharacter of the initial
time series and we therefore recommend againsg usirAdjustment model 6
preserves the non-stationary character of theaebertime series but causes drift
in the resulting velocity and displacement timaeserWhen using this model, the
user needs to apply a baseline correction to thdifred acceleration time series
after each pass to correct for this drift. Adjustineodel 7 prevents drift while
preserving the non-stationary character of the mplomotion. Moreover, it
ensures fast and stable solution by using analytitegrations for the calculation
of the elements of matrix C. We recommend usingeh@dor best results.

Note that models 1 and 6 are programmed to per§pastral matching to a target
acceleration response spectrum. On the other haediel 7 is designed to
perform pseudo-acceleration spectral matching.



al, a2, f1, f2 Parameters that describe the frequency dependdnite aaper for adjustment
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model 6. The frequency dependence of the taperldhm consistent with the
reference time series. That is, if the reference tseries has a short duration at a
particular frequency, the taper parameters showddsélected such that the
adjustment function at that frequency also has @tsturation. The taper
function for adjustment model 6 is defined by:
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If model 7 is selected, the user can enter anyultefalues for these taper
parameters as they will not affect the results.
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Flag to linearly scale the acceleration time sedaed the response spectrum to
match the target spectrum at the specified peRed, The scaling flag can take
the following values:

0 No scaling is applied
1 Scaling the acceleration time series before aret afich iteration

2 Scaling the initial time series to match the tagmtctrum at the specified
period only before the first iteration

Scaling the acceleration time series to an inifipectral or pseudo-spectral
acceleration is useful and can reduce the numbeteddtions necessary for
matching. Therefore, we recommend scaling the eafer acceleration time series
only before the first iteration (scale flag sefoto the peak ground acceleration
in the first pass. Scaling is recommended to beetoff in subsequent passes.

Interpolation factor (integer greater than or equaall) used to interpolate the
acceleration time series to 1/dtflag of the inpuietstep.

Minimum normalized eigenvalue used in the singwatue decomposition
(SVD). The recommended value for this parametérds-4.

Number of spectral values to use in matching orywp. This parameter is
typically set to 30.

Maximum frequency (Hz) up to which spectral matghs performed.

Parameters used to set the frequency band anduimden of poles for the
bandpass filter to be applied to the initial acedien time series. The use of this
filter is not recommended as it might introduceftdto the velocity and
displacement time series.



iIModPGA  Peak ground modification flag. This parameter stidhd set to 1 for modifying
PGA or 0 otherwise. If Model 7 is selected, thisgpaeter is not used in the code
and a default value can be entered.

iSeed, RanFactor Parameters used to randomize the target respoast&lap by introducing
random variations about the mean target spectr@eed is the seed
number for the random number generator, while RetoFasets the
amplitude of variation. The use of target randommza is not
recommended and these parameters are typicalty geto.

freqMatchl, freqMatch2  Frequency range for spectral matching. Spectraciag for a
certain pass is performed for all frequencies betwigegMatchl
and freqMatch2. Since short period spectral acagters are
influenced by long period wavelets, it is recommeshdo do
spectral matching in multiple passes. The firstspastypically
performed for a frequency range of 1 to 100Hz. levrgeriods are
matched progressively in subsequent passes.

Baseline Cor Flag Baseline correction flag. When set to 1, this flagplies baseline
correction to the acceleration time series follayvemch iteration. When
this flag is set to zero, no baseline correctiorapplied. For Model 7,
baseline correction is not active regardless ofvtige of this flag.

Scale Factor Scale factor used to scale the initial acceleratiame series prior to
spectral matching.

*.tgt Filename of the target response spectrum.

*.acc Filename of the reference acceleration time series.

*.acc Output filename of the modified acceleration tireeies resulting from this pass.

*.rsp Name of the output file containing the modified ctpa&l accelerations (for models

1 and 6) or pseudo-spectral accelerations (for mm@jeat the frequencies
requested to be matched.

*.unm Name of the output file containing the modified cp&l or pseudo-spectral
accelerations at the unmatched frequencies.

Reference Acceleration Time Series

The reference acceleration time series should tie/éllowing format:
Title Title having a maximum of 80 characters in length

nPts, dt, nAdded  Total number of acceleration points, time step amomber of zero
acceleration points added at the beginning of ithe series for padding.
nAdded is usually zero for the initial accelerattime series used in the



first pass of spectral matching. If adjustment nhodeis used, the
acceleration time series generated from a certss pnd used as an input
for the next pass might have nonzero nAdded if papdccurred.

Acc Multi-column list of acceleration values in g.

Target Response Spectrum

The target response spectrum should have the folgpfermat:
Title Title having a maximum of 80 characters in length

nPer, nDamp Number of data points in the target response spact@nd the
number of damping values.

Dampl, Damp2... Damping values corresponding to nDamp

Freq, T1, T2, SA1, SA2... Column arrays of frequency, time 1, time 2 and spéor pseudo-
spectral acceleration values in g to be matchet &ach specified
damping level. T1 and T2 specify the time window fihe
application of the adjustment wavelet to the ace#ilen time
series. It is recommended to set T1 to zero antb Esufficiently
large number that will exceed the duration of tbheeteration time
series.

Output Files

RSPMatch09 generates three output files for eacbimmay pass. The names of these output files
are specified in the corresponding input run filBse output files consist of an acceleration time
series file, response spectra files at the reqdestd unmatched frequencies.

The acceleration time series file has the exter'saet and has the same format as the reference
acceleration file. If Model 7 is used, the initadceleration time series is dynamically padded to
prevent drift in the velocity and displacement tigggies. In such case, the modified acceleration
time series will be longer than the initial timeries. The additional number of acceleration
points is given by nAdded. The user can removeetlailitional acceleration points and taper
the beginning of the acceleration time series. @&lgh drift will not occur in the modified time
series, accelerations, velocities and displacenmaight still end with a nonzero value in cases
where the response of the acceleration time spaaks at high; values relative to the duration

of the record. In such cases, the user can apjalyea to bring the end of the time series to zero.

Output files with extension *.rsp provide detailstioe spectral or pseudo-spectral accelerations
of the adjusted time series at the frequenciesestgd to be matched. If adjustment models 1 or
6 are selected, spectral accelerations are gedekatethe program. If model 7 is used,
RSPMatch09 generates pseudo-spectral acceleraBomgsut files with extension *.unm provide



details of the spectral or pseudo-spectral acdedesa of the modified time series at the
unmatched frequencies.

Example

Example input and corresponding output files amiled with the program. After running the
executable file, the program will prompt the useenter the input file name with the full path if
the file is located in a different folder and thdaemsion (.inp). Spectral matching will then be
performed for the different passes specified initipeit file. Three output files will be generated
for each pass.
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