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0. DISCLAIMER

DGML Version 2.0 (Release Date: August 2009) was developed based on knowledge believed
to be accurate and reliable. Due to the possibility of human or mechanical error as well as other
factors, this software is provided “as is” and the authors make no representation, express or
implied, as to the accuracy, reliability, completeness, or timeliness of this software, and are not
responsible for any loss or damages incurred by parties using this software.

The acceleration time history database used in DGML is the PEER-NGA strong-motion
database, which was rotated to fault-normal and fault-parallel directions by a third party.
Further QA/QC may be needed to ensure the quality of this database. Any comments,
questions, bug reports regarding the DGML software and the Users Manual can be addressed to
the authors of the program (email: dr.gangwang@gmail.com); bob.youngs@amec.com;
maury.power@amec.com; lillian.li@amec.com).

1. INTRODUCTION

DGML Version 2.0 is an interactive software package that allows the user to select sets of
strong ground motion acceleration time histories that are representative of design ground
motions. The user specifies the design ground motions in terms of a target response spectrum
and the desired characteristics of the earthquake ground motions in terms of earthquake
magnitude, source-to-site distance and other general characteristics. The DGML tool then
selects acceleration time histories from the PEER-NGA database for rotated fault-normal and
fault-parallel acceleration time histories that satisfy the user-specified selection criteria and
provide good fits to the target response spectrum.

DGML Version 2.0 has been developed based on the capability of Matlab’s Graphic User
Interface (GUI) (Matlab ® version 7.2). The software was compiled using Matlab Compiler ®
into a stand-alone program so that it can be executed in any Windows PCs independent of
Matlab environment.

Several features of DGML Version 2.0 are highlighted as follows:

Graphic User Interface: GUI provides a user-friendly interface for data input and processing.
The user’s operation involves checking boxes, selecting pop-up menus, and pushing buttons.
There are numerous features that are designed to facilitate easy usage. One example is the
software can automatically retrieve previously specified input data.

Interactive Plotting: Results in each step can be visualized in real time, and results from
different sets of input parameters can be easily compared. The software provides a list of the
selected records with important information. By clicking the list, users can visually inspect the
response spectrum, acceleration/velocity/displacement time-history of each individual record
for each component.

Flexibility: The DGML Version 2.0 provides users flexibility to exercise different criteria to
select the design records. Users have the options to scale or not to scale the records; to select
the record according to the geometric mean of fault normal and fault parallel components or
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according to a single component. The user can choose to select records with pulses or without
pulses. The number of output records can be user-specified, and users have the capacity to
manually select and adjust the results to meet their specific requirement. In addition to the
features provided in the previous release, DGML version 2 provides a supplementary search
engine to allow users to search the database by NGA numbers, earthquake names, and station
names. The new search engine gives users flexibility to inspect any record in the database.

Easy Output: DGML version 2 provides easy ways to output search results, plots and tables.
The software can automatically generate a “Target Spectrum Report” and a “Search Result
Report” and save them into text files or csv (Comma Separated Values) files. The DGML
reports summarize search criteria, scale factors, scaled spectra of selected records, and other
record information, and they can be opened by Microsoft Excel. The response spectra plots and
time history plots can be exported into figure files of different formats. Finally, files containing
acceleration time histories of selected records can be saved for each project.

Efficiency: The algorithm of the DGML Version 2.0 package is robust and efficient. The
search engine can scan and sort the NGA database within a few seconds.

Extendibility: The DGML Version 2.0 package is directly connected to the NGA flatfile and
strong motion database, so it can be easily upgraded to accommodate future development of the
NGA database.
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2. GETTING STARTED
2.1 DGML 2.0 DVD PACKAGE

The DGML Version 2.0 DVD contains the compiled executable DGML program, PEER-NGA
rotated fault normal/fault parallel dataset, and electronic version of DGML report and User’s
Manual. The directory structure of the released DVD is shown on Figure 1.

g N
(- o .
. \) . ——é\ﬂ DGML bat ) Batch file to launch DGML
OVD Drive — -_ DGML Report & User's Manual
—JDGML e } Compiled programs
= iptled progr
L) Utility
DGMLStart
] Matlab source codes
BNGATargetSpectrum
BDGMLibPostProcessor
L () FNFPDataset NGA rotated fault normal and
Jault parallel record dataset
—— (_)NGADatabase NGA unrotated database,
including vertical records
P —
_k—)'mta"e' D Installer for first time user

Figure 1: Directory Structure on DGML Version 2.0 DVD Package

The batch file “DGML.bat” is used for users to launch the DGML graphic interface.
Although DGML source codes are written in Matlab® (v7.2), they are compiled using Matlab
Compiler® (v7.10) to create a stand-alone executable program that does not require Matlab.
The compiled DGML programs are located in “DVD Drive:\DGML\exe” directory. “DVD
Drive:\DGML\mcr” contains expanded files from “Matlab Component Runtime (v7.10)”,
which are required to run the compiled program.

DGML source codes contain all *.m files, *.fig files in “DVD Drive:\DGML\” directory and
all files in “DVD Drive:\DGML\Utility\” subdirectory. DGML can also be executed directly
in Matlab environment from DVD Drive:\DGML\DGML Start.m
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The NGA rotated fault normal/fault parallel acceleration record dataset is also contained in the
DVD. It is stored in the “DVD Drive:\FNFPDataset\” directory. The NGA original (unrotated)
database is stored in the “DVD Drive:\NGADatabase\” directory. These records can be viewed
by a text editor.

IMPORTANT NOTES FOR THE FIRST TIME USER

DGML Version 2.0 is designed to run directly on the DVD drive. User should have
administrator privilege to run DGML, since it involves operation to write files (very minimum
but necessary) on the local disk. Once the program starts, DGML automatically creates a
directory on the user’s local disk to store intermediate files and output files. This directory is
named “C:\DGML\”. It is safe to delete “C:\DGML\” directory and files after running the
program.

For the first-time user to run DGML, user needs to install Visual C++ 2005 Redistributable
Package first if the package is not already installed in the local machine. Otherwise,
DGML.bat cannot be properly executed. DGML is written in Matlab language and was
compiled through Matlab Compiler v7.6 to create a stand-alone program, which requires this
new installation procedure.

The installer is located in “DVD:\installer\” directory. For 32-bit CPU (applies to most
Pentium, Athlon, AMD CPUs etc. in_most personal computers), run vcredist_x86.exe, For 64-
bit CPU (eg. super-computers, stations, servers etc..), run vcredist_x64.exe. The Microsoft
Visual C++ 2005 Redistributable Package installs runtime components of Visual C++
Libraries required to run applications developed with Visual C++ on a computer that does not
have Visual C++ 2005 installed. The file does not do any harm to the user's computer. User
only needs to install Visual C++ 2005 Redistributable Package once.

The program is best viewed on a 15- inch or bigger screen with resolution 1280 by 1024 pixels.
Graphic quality may deteriorate under other lower resolution settings.
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2.2 STARTDGML

To start DGML Version 2.0, double click the batch file “DVD Drive:\ DGML.bat” to launch
the program from the DVD. The start window will show up as Figure 2. Click the “START”
button to start the program.

Design Ground Motion Library

An interactive program to select design ground motioh records DGML V2.0

AMEC Geomatrix Consultants anecy

Sponsored by
California Geological Survey (CGS)
CALIFORNIA Pacific Earthquake Engineering

GEOLOGICAL SURVEY Research Center (PEER) . Click START

Figure 2: DGML Start Window

2.3 DGML BAsIC STEPS

There are two basic steps in the use of the DGML software. Step one is the creation of the
target response spectrum. The process of creating the target spectrum is described in
Section 3.0 of the Users Manual. Step two is to search the PEER-NGA database for recordings
that satisfy user-specified selection criteria and whose response spectra are similar to the target
spectrum. Section 4.0 of the Users Manual describes the process of specifying selection criteria
and developing sets of acceleration time histories. A user can inspect each ground motion
record to finalize the selection.
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3. CREATE TARGET SPECTRUM

The TARGET SPECTRUM window is shown in Figure 3. The window contains the following
main parts: (1) Select Spectrum Model; (2) PEER-NGA Spectrum; (3) User Defined Spectrum;
(4) Code Specification; (5) Plot Control panel; (6) Spectrum plot; (7) Explanation of notations;
(8) Save Target Spectrum button; (9) Go to Next Step to Perform DGML Search.

File  About DML u

TARGET SPECTRUM o

PEER-MNGA Spectrum

—PEER-NGA Spectrum———
W Abrahamzon-Silva ¥ Boore-stkinson | koood——egpEett T
[V Campbel-Bozorgnia [V Chiou-voungs [V sy 000 [
Magnitude  Fault Type  Dip (ded) Width (km 107
[ 7 jetrike .. | [0 [ 10
Rijbr (ki Rrup dkmy  Rx(kmy  ZTOR (k)
| 20 | 20 | 20 | o

Yaal (mis)  Z.0Gkm)  Z2.5 (k)

Spectral Accleration, Sa (g)

10°
| 569 |012333 [0.96237 pe———
[¥ estimated [V default ¥ default A & 5 2008)
----- B & & (2008)
Average Epsilon  Cond.Mean - C & B(2003)

Geometric:l |1— MO | """"" C &7 (2008) "1;" i

Idriss (2008)
:

10-3 2 1 ID 1
10 10 10 10
—User Defined Spectrum Period, T (sec)
Read from text file which specifies user defined
T(sec) and Saly) data pair in each row. _ seleCt SPG‘CtI'I-II'I'I Model
Select models to generate target spectrum PEER-MGA, spectrum -
Open Fi|9| '_Ise hutton to brovwse of key in path and nam
—Notations —Control

Width Dowm-dip width of rupture

= = Mao Moment magmitude -
-Code Specification————— S i eacie o6 e pme _Clear | rog-og

i

Sds (o Sl () TL (sec) ZTOE  Depth to top of rupture Mem | Solid ... v
Prup Closest distance to rupture plane
[ 1 [ 078 [ 1z Bib Joner-Boore distance to rupture plane
Bx Site coordinate w.r.t. top of rupture on
The code specified design response spectrum is Vs30  Average shear velocity of top 30 n

. ; Create
in accordance with Code ASCE/SET-05 El-0 DegEn we Wsslol S Memlesm

ZZ.5 Depth to ¥s=Z.5 km/s horizon

Reference: "Minimum Design Loads for Buildings Only Averge

" Sds Design Sa parameter at short period X
and Cther Structures", ASCE, 2006 =41 Pocion B porererer @ lesce Pamed [ Mormalize
TL Long-period transition period

Save Target | HEXT |

Figure 3: Create Target Spectrum Window e 9

3.1 SELECT SPECTRUM MODEL
The first step is to select the spectrum model to generate the target spectrum. Three options are
available by mouse-clicking the drop menu at location (1) in Figure 3:

(1) PEER-NGA spectrum;
(2) User defined spectrum;
(3) ASCE/SEI Standard 7-05 code specified spectrum.

Once a spectrum model is selected, the corresponding panel for parameter input will be
highlighted in yellow color.
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Select models to generate target spectrum

(Select Spectrum Model

PEER-MGA spectrum v

FEER-MGA spectrum

User defined spectrum
ASCE code specification

Figure 4: Selection of Spectrum Model

3.2 PEER-NGA SPECTRUM

— Click drop menu to
select spectrum
models

The “PEER-NGA Spectrum” model creates a target response spectrum using the PEER-NGA
ground motion models published in the February, 2008 issue of Earthquake Spectra. Five NGA
empirical models are employed in DGML Version 2: Abrahamson-Silva (A&S, 2008), Boore-
Atkinson (B&A, 2008), Campbell- Bozorgnia (C&B, 2008), Chiou-Youngs (C&Y, 2008a), and
Idriss (2008). The spectrum is defined for a specific scenario earthquake defined in terms of
magnitude, distance, style of faulting, and site conditions as specified in the PEER-NGA
ground motion models. This option is selected by clicking the drop menu and selecting “PEER-
NGA spectrum” option. The panel shown at location (2) in Figure 3 allows the user to input the
necessary parameters to generate a PEER-NGA spectrum. An expanded view of this input
panel is shown in Figure 5. The required input parameters are described below.

[ Abrahamson-Siva
[ Camphel-Bozorania

—PEER-NGA Spectrum—

[+ Boore-Atkinson
[+ Chiou-Youngs

[+ Idriz=

Magnitude  Fault Type

Dip (deg) Width (k)

| 7

Rib (kmy  Rrup ikrmy R (k)

fstrike .. | [ 80 |

ZTOR (krm)

10

| 20 | 20 | 20

V30 (mis)  Z1.0 (km)

Z2.5 (km)

1]

I
[+ estimated

f0.12333
[ default

{0.96237
[ default

Average  (Epsilon

Cond.Mean T_eps (s)

Geometric | | 1 |

YES |

1

Click button to specify
method of averaging
selected NGA models,
see Sec. 3.2.1

disable use of
conditional mean

Click button to enable or

method, see Sec. 3.2.3

Check box to select
NGA model(s), see
Sec 3.2.1.

Input boxes to
enter NGA model
parameters, see
Sec. 3.2.2

Input boxes to specify
number of standard
deviations, see

Sec .2.3

Input box to specify the period

of conditional mean method,

see Sec. 3.2.3

Figure 5: Input Panel for Creating a PEER-NGA Spectrum
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3.2.1 Select PEER-NGA Ground Motion Models

Use check boxes to select the PEER-NGA ground motion models to be used. The user has the
option to use any single, or any combination, of these NGA models, except that the Idriss
(2008) model is not applicable to cases where Vsso is less than 450m/s, or fault type is normal
or normal oblique faulting. In such cases, DGML will automatically not select the Idriss (2008)
model. If the Idriss (2008) model is selected by the user and is applicable for the conditions
specified by the user (i.e. Vs30>=450m/s and strike slip faulting or reverse or reverse oblique
faulting), then the Idriss model will be used.

If more than one model is selected, the user can further specify the resulting average target
spectrum to be the arithmetic or the geometric mean of the spectra produced by the selected
models.

The arithmetic mean of n spectra is defined as follows
1 n
SA(T) = H(Z SA (r)}
i=1

where SA (T) is the spectrum produced by model i; The geometric mean of spectra can be

viewed as the arithmetic mean of the logarithm-transformed values (i.e., the arithmetic mean of
the logarithms), and then using exponentiation to return the logarithm values to the natural
scale actual values. The geometric mean of n spectrais defined as follows

InSA(T) = %[iln SA (I')j SA(T) = exp(%iln SA, (I')j

or
3.2.2 Ground Motion Model Input Parameters

Depending on the PEER-NGA ground motion models selected, the user must enter up to twelve
parameters in the data input boxes to construct the response spectrum. Parameters required by
each ground motion model are listed in Table 1. DGML will only display the necessary
parameters according to the model selection specified by the user.
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Table 1: Parameters for PEER-NGA Ground Motion Models

A&S | B&A | C&B | C&Y | Idriss Explanations

Magnitude 4 4 4 4 v" | Moment magnitude of the earthquake
Types of fault mechanism. Options are:

Fault Type v v v v v | (1) Strike Slip; (2) Normal or Normal
Oblique; (3) Reverse or Reverse Oblique

Dip (deg) v v v Dip angle of rupture plane

Width (km) 4 4 4 Down-dip width of rupture plane

Z+tor (km) 4 4 4 Depth to top of rupture plane

Ry (km) v v v v Joyner-Boore distance to rupture plane

Rrup (km) v v v v | Closest distance to rupture plane

Rx (km) v v Site coordinate w.r.t. top of rupture

Vs30 (M/s) 4 v 4 4 v" | Average shear wave velocity of top 30 m

estimated v v Specifying Vs is estimated or measured

Z1o (km) v v Depth to Vs=1.0 km/s horizon

Z,5 (km) Depth to Vs=2.5 km/s horizon

Epsilon v v v v L\rl]lérrr:]t;zri ;); 2tpa:c(1?l:(rjn deviations away from

T eps v v v v v zﬁeecﬁirrlr??suc%?:j ;{[\;glncehdcondltlonal mean

Remarks:

1. Magnitude, Fault Type, Dip, Width and Zror are parameters that define the seismic
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source. Rys, Rrup, Rx define different types of distance measures from the site to the
fault rupture. Vsso, Z1,0 and Z, 5 are used to describe the site condition.

Definition of Rg, Rryp, and Rx are shown in Figure 6 for strike-slip faulting and for
reverse or normal faulting with the site on the hanging-wall and the foot-wall side. Rrup
is the closest distance to the rupture plane; Rjs is Joyner-Boore distance defined as the
closest horizontal distance to the trace of the rupture that is vertically projected to the
ground surface. Rryp and Ryg are always non-negative numbers. Please note that Rx is
the horizontal coordinate of the site with respect to the top of the rupture. For a reverse
or normal fault, if the site is on the hanging wall side, Rx is a positive value; if the site
is on the footwall side, Rx is a negative value. Therefore, DGML does not provide a
separate hanging wall flag, instead, the sign of Rx is used to indicate a hanging wall
condition for a reverse or normal fault. For a strike-slip fault, it does not matter whether
Rx is positive or negative.



3. Parameters Z; o and Z, 5 specify the depths at which the shear wave velocity reaches 1.0
km/s and 2.5km/s at the site, respectively. A user can specify the values of Z; and Z,5
directly as shown in the following check boxes. The “default” checkboxes will be
automatically unchecked once a user keys in numbers.

W30 (mfs)  Z1.0(km)  Z2.5 (km)
560 0.5 2

w| estimated default default P
estimated || defau [] defau user-specified Z1 0 and Z, 5 values

4. Default values of Z; o and Z,5 can also be used by checking the “default” checkboxes.
Empirical relationships are used to estimate Z; o value based on Vsso, and the default
values are automatically displayed in the text boxes thereafter.

Vs30 (mis)  Z1.0(km)  Z2.5 (km)
569 0.12333 0.96237

estimated default default
use default values of Z; o and Z,5

A&S model uses the following empirical equations to estimate Z; o, where the unit
of Z1ois in km, and Vszp is in m/s.

exp (6.745) /1000 if Vs30 <180 m/s
Zio=1 exp(5.394 - 4.48*1n(Vs3,/500))/1000 if Vs30 > 500 m/s
exp (6.745-1.35*1n(Vs3,/180))/1000 if 500 m/s >Vs30>180 m/s

C&Y model uses the following relationship to estimate Z; o,
Z10 = exp (28.5 — 3.82/8 *1n(Vs3o® + 378.8%))/1000

Please note the difference of empirical correlations used by A&S and C&Y, where the
estimate of Z; o from C&Y is always smaller than that from A&S. If both A&S and
C&Y models are specified in DGML, the above relation is used accordingly for each
model. For simplicity, DGML only displays Z; o values estimated by A&S model, but
different Z; o values are used as the default for C&Y model. Parameter Z, 5 is used only
by C&B model. Default value of Z, 5 is determined based on the value of Z; . If Z31 is
specified by the user, the following relation is used to estimate Z, 5 based on Z; o (both
in units of km)

Zy5=0.519+3.595*Z;9

Otherwise, DGML estimates Z;  first using relationship proposed by A&S, and then
Z, 5 is estimated using above equation.

5. It is the user’s responsibility to ensure the input parameters are correct. The DGML
does NOT check the consistency of the input data.
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| Ru=Ru (positive) | : Ry (positive) R
: _ A Surface i R 1 Surface
! TS ! ,Site
Z1or 1 .~ "Rrup 1 7
P Zror ' ,
N T
Width
Fault
.
(a) Strike slip faulting (b) Reverse or normal faulting, hanging-wall site
i Ry (negative) :
: R !
E—ﬂ Surface

(c) Reverse or normal faulting, foot-wall site
Figure 6: Definition of Fault Geometry and Distance Measures

3.2.3 Number of Standard Deviations and Conditional Mean Spectrum

The PEER-NGA ground motion models provide relationships for the median ground motion
amplitude (mean value in log space) and for the aleatory variability about the median value.
The aleatory variability is defined as the standard deviation of the natural log of the spectral
acceleration. Parameter epsilon is used to define the number of standard deviations away
from the median represented by a particular ground motion level. For example, the 84™-
percentile spectrum is a spectrum where the ground motion levels are one standard deviation
above the median at all spectral periods (epsilon = 1.0).

The user has two options for incorporating aleatory variability in the target spectrum developed
from the PEER-NGA models. The first option is to use a constant value of epsilon at all
spectral periods (e.g. epsilon=1.0 for an 84™-percentile spectrum). The second option is to
develop a conditional mean spectrum (Baker and Cornell, 2006) in which the user specifies the
value of epsilon at a specific spectral period and the correlation model developed by Baker and

\\Oad-fs1\doc_safe\10000s\10607.000\3000 REPORT\DGML Report\4 Apx A\ADGML Users Manual.doc A' 11



Jayaram (2008) is used to compute the expected value of epsilon at other spectral periods.

(1) Constant Epsilon Spectrum

The constant epsilon spectrum is constructed by specifying a single value of epsilon for all
periods (e.g. an 84th-percentile spectrum). To construct the constant epsilon spectrum the user
provides the desired epsilon value and disables the method of conditional mean spectrum, as

shown in Figure 7.

Average Epsilon Cond.Mean _
Click the button to “NO”

@] 1 | NO to disable conditional

| mean method

Enter the Epsilon value

Click to choose between “geometric mean” or “arithmetic
mean” of selected NGA model spectrum

Figure 7: Constructing a Constant Epsilon Spectrum.

Figure 8 shows examples of constant epsilon spectra generated using the average of five NGA
models and epsilon = 0, 1, and 2. Model parameters are specified as shown in Figure 5. Epsilon
is changed to be 0, 1 and 2 for each case as shown in Figure 8. The three cases are plotted
together in the same graph for easy comparison, by using “Hold on” button and “change color
of lines menu” provided in the Control Panel, see Sec. 3.5.

10"

=
o
=)
T

C

©

[7)]

5 Epsilon=2
E : /

g1 Epsilon=1
Q

2 /

e Epsilon=0
I3 /

(0]

o

(D -

[N
© U

-3 I I
107 107 10° 10
Period, T (sec)

10

Figure 8: Example of Constant Epsilon Spectrum
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(2) Conditional Mean Spectrum (CMS)

A conditional mean spectrum can be constructed using NGA models and the correlation
coefficient model by Baker and Jayaram (2008) (see text of the report for a complete
description). The inputs needed to construct a conditional mean spectrum are shown in Figure
9.

Select to compute geometric
or arithmetic mean of Enter T eps value for
selected NGA spectra conditional mean method

Average Epsilon Cond.Mean T_eps (s)

i | [y )05 F

[
Enter the Click the button to
Epsilon value "YES"to enable

conditional mean method

Figure 9: Input Needed to Construct a Conditional Mean Spectrum

Figure 10 shows an example of a conditional mean spectrum (CMS) created for an epsilon
value of 1.0 at a spectral period of 0.5 seconds. Model parameters are specified as shown in
Figure 5 using input parameters for the CMS are the same as shown in Figure 9. The solid
black line shows the generated CMS for epsilon=1 and T_eps=0.5 sec. Constant epsilon spectra
for epsilon=0, 1, as shown previously in Figure 8, are also plotted in Figure 10 for comparison
with the CMS.

The value of epsilon may be selected in a variety of ways. One approach would be to use the
results of epsilon deaggregation from a PSHA calculation. Alternatively, the user may specify a
target spectral acceleration at T_eps and then enter trial values of epsilon until the resulting
average conditional mean spectrum matches the target value.
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Figure 10: Example of Conditional Mean Spectrum

3.3 USER-DEFINED SPECTRUM

A user-defined spectrum is any target response spectrum the user wishes to use. It may
represent a uniform hazard spectrum from a PSHA or a scenario earthquake spectrum created
using other ground motion models. There is no limit for the number of spectral periods and
spectral acceleration values that may be entered.

Select a “user-defined spectrum” model by clicking the drop menu (Location @ in Figure 3)
and select a “user-defined spectrum” option.

Select Spectrum Model

Select models to generate target spectrum User defined spectrum A

Figure 11: Selecting a User-Defined Spectrum Model
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3.3.1 Creating and Loading a User Defined Spectrum File

A file containing a user defined spectrum is created using a text editor. An example file is
shown in Figure 12.

# User Specified Spectrum } Comment lines are the lines that contain any
# T(sec) Sa(g) characters (as long as it is not pure numbers)
H e
0.01 054 3\
0.02  0.54186
0.075 0.8481
0.1 1.01966
8; 131236 Data field, each line contains _spectral

' ' period (T) and spectral acceleration (SA)
0.5 1.10297 > data in pairs, separated by blanks or tabs.
1 0.74228 There is no limit for the number of data
1.5 0.5379 that maybe entered.
2.0 0.40813
3 0.24773
4 0.16592
10 0.05 )

Figure 12: Example of User-Defined Spectrum File

DGML provides two methods to load a user-defined spectrum. (1) Click the “Open File” button
to select from directory. The following figure shows an example:

User Defined Spectrum Select the directory that

Read from text file which specifies ufei:GTe Q1RGN contains the user-defined

Tizec) and Sa(yg) data pair in each ro SpeCtrum fl|e
Look in: | £ DEML_Matlab

Cpen File Use hutton to browse ar key in path 3 =) Documentation

| |[)Maintenance
) Result
|[ZtrashiCode
[ Utility

4] UserDefinedspectrun.kxt

Click “Open File” button

File narne: |U$erD efinedS pectrum. txt
Filez of tppe; |"_txt j Cancel

Figure 13: Selecting a User-Defined Spectrum File From the File Menu

or (2) key in complete path and name of the file in the window box. The following is an
example:
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User Defined Spectrum

Fead from text f£ile which specifies user defined
Tizec) and 3a(g) data pair in each row.

Type the complete path and

CADGML_MatishilserDefinedSpectrum t name of the file, and hit

“Enter”” on keyboard

Figure 14: Direct Input of the File Name and Path for a User-Defined Spectrum

3.3.2 Generate User Defined Spectrum

Click Create button in Control Panel, and the user defined spectrum will be plotted in the
plotting area, as shown in Figure 15.

User Defined Spectrum

10

-
o
o

Spectral Accleration, Sa (g)
=
o

1072 -2 -1 0 1
10 10 10 10
Period, T (sec)

Figure 15: Plot of User-Defined Spectrum Using Data Listed in Figure 12.

3.4 CODE SPECTRUM

The code specified design response spectrum is in accordance with ASCE Standard ASCE/SEI
7-05 specified in the "Minimum Design Loads for Buildings and Other Structures”, published
by the American Society of Civil Engineers, 2006. The code specification requires three points
to construct the spectrum, as follows: site-adjusted short period (0.2 sec) spectral acceleration
(Sps), site-adjusted one-second period (1.0 sec) spectral acceleration (Spi), and the transition
period (T.) between constant spectral velocity and constant spectral displacement regions of the
spectrum. These parameters are illustrated in Figure 16.
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Sds |-

Sd1

Spectral Accleration, Sa (g)

| | i |
Tao Ts 1.0 TL
Period, T (sec)

Figure 16: ASCE/SEI 7-05 Code Spectrum

The procedures, equations, and parameters for constructing each branch of the spectrum are
given in ASCE Standard ASCE/SEI 7-05.

Example:

Step 1. To activate the function to generate a target spectrum according to the code
specification, users need to select the spectrum model by selecting “ASCE code specification”

from the menu at location @ in Figure 3.

Select Spectrum Model
|7 Select models to generate target spectrum ASCE code specification "

Figure 17: Selecting the ASCE Code Spectrum Model

An illustration will appear in the plotting area to explain the symbols of the spectrum as
specified by the code.

Step 2: Key in Sds (g), Sd1 (g), TL (sec) in the Input Windows for the Code Spectrum

—Code Specification

Sds (o) Sdl (o) TL (gec)

0.3 0.z 4

Figure 18: Input Needed to Construct a Code Spectrum.
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Step 3: Press the Create Button at Control panel.

Step 4: A target spectrum is then generated in the plotting area as illustrated in Figure 19.

ASCE Code Specification

& .

Spectral Accleration, Sa (o)

. 1 1
os 1 18 2 258 3 35 4 45 5 55 B
Period, T (sec)

Figure 19: ASCE/SElI 7-05 Code Spectrum Created Using the WValues Listed in
Figure 18.

3.5 CONTROL PANEL

The control panel is used to provide options for automatic data input and plot adjustment.
Figure 20 displays the layout of the control panel, and each of the functions will be described in
the following:

(1) “Create” button is used to create and plot the target spectrum using current spectrum model
and parameters.

(2) “Clear” button and “Mem” button are designed for automatic data input. Clicking “Clear”
button will fill in “0” in all input boxes of Figure 5. Clicking “Mem” button will
automatically fill in all input boxes of Figure 5 with data from the previous run.

(3) Drop menus in the right side of the panel are used to control the plot of the target spectrum:
drop menu A to change the plot axis, e.g. from log-log plot to linear plot; drop menus B and
C to select the color and style of the lines to be plotted.

(4) “Hold On” checkbox allows a new graph to be plotted on top of the previous plot for easy
comparison. If Hold On box is checked, the plot will be displayed in the plot window
without erasing the previous plot. If Hold On box is unchecked, each time the new plot is
created, the previous one is erased. “Grid On” checkbox is to display the grid lines on the
plot window. “Only Average” checkbox, if checked, displays only the average spectrum on
the plot window if more than one PEER-NGA model is used. “Normalized” checkbox, if
checked, will plot the normalized target spectrum (normalized with respect to PGA).
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Clear: Click to clear all input data boxes
Mem: Click to automatically refill all input data boxes

v
log-lag v@

Solid .. » log-log
sermilogx

linear

Black ... sermilogy

Dashed line .
-- lingar

Datted line

Green Line

Dash-dat line __ Click to Change
plot axis

Blue Line

Create
Cyan Line Click to change

Magenta Line style of lines
Yellow Line

Black Line
Ahite | ine

Click to Create Click to change
target spectrum color of lines

Hold On: Check to allow the next plot to superimpose on the previous one

Grid On: Check to show grid lines on the plot

Only Average: Check to only plot the average spectrum if more than one PEER-NGA
models is selected.

Normalize: Create target spectrum normalized with respect to PGA

Figure 20: The Control Panel

3.6 SAVE TARGET SPECTRUM
3.6.1 Save Target Spectrum Report

DGML Version 2 allows users to output the generated target spectrum in .csv format (Comma
Separated Variables file) or .txt (ASCII file) by clicking “Save Target” button in the lower right
side of the window, as shown in Figure 21. The CSV format file can be directly opened by
Microsoft Excel or any text editor, providing the most convenient way for data export.

Figure 22 demonstrates a DGML automatically generated target spectrum report using
parameters prescribed in Figure 5. In this file, the parameters that are used in generating the
target spectrum are listed. In this example, the Vs3 value is annotated as “estimated”, and
default values of Z;p and Z,s for A&S, C&Y and C&B model are reported separately.
Spectrum values by individual NGA model together with the mean spectrum are listed for
periods of 0.01, 0.02, 0.03, 0.04, 0.05, 0.075, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.75, 1, 1.5, 2, 3,
4,5,7.5, and 10 seconds.

For a code-specified target spectrum, only the periods and spectrum values are reported. The

exported values are interpolated at period intervals that are evenly spaced in log space, with
100 points per decade.
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Cr

Save the target spectrum

[ ] onk Aver
[] Maormalize

Save Target |

NEX

Save jn: | L DGML - |‘j( Ed-
) Ukiliky GATestSearchResult, csv
) Ukiliby000 GATestTarget.csy

) Utiliey0n

mykarget.csv

avetest.csv
tringdatatest.csv

mykesk,csy estDGMLpostprocessor, csv
NGA.csv ests.csv
b | 2
File name: |testSaveTargetSpectrum.csv
Save as lwpe: |".csv j Cancel
|

Figure 21: Click “Save Target” Button to Save Target Spectrum

B4 Microsoft Excel - testSave TargetSpectrum.csy

DExEaS" SRV BRI - % = -2 B e -3
il -0 - B J U ESE=EBE $ %, %Y EE
@ File Edit ‘“iew Insert Format  Tools Data  Window  Help [
19 - i3
A a] c D E F G =

1 —
2 | Design Ground hotion Library (DGML ver.2) NGA Target Spectrum Report 26-Aug-2008

3

4 | Earthguake Source Parameters

5 Mag=7.00 Strike-Slip Faulting

5 Dip (de) a0

v Wyidthikm) 100

= ZTOR (krn) 0

9 | Distance Parameters

10 Rrup (km) 20

1 Rib (ke 20

12 R (k) 20

13 | Site Response Parameters

14 Ws30(mi's) 569 (estimated)

15 Z1.0 (k) 0123 (default for AS)

16 Z1.0 (k) 0.07 | (default for C¥)

17 2.5 (km) 0.862 (default for CE)

18 | Mubrner of Standard Deviation
119 epsilon 1 ]
20 | Use Conditional Mean Spectrurm: conditioned at T=1.00(sec)

21

22 | Period(s) Geomatric Mean (g) A & 5 (2008) (@) B & A Z003) (g) | C & B (2008) () © &Y (2008) (g)  Idriss (2003 (g)

23 0.1 0.2137 0.1853 0.241 0.2033 0.2183 0.22m

24 0.0z 0.2145 0.1504 0.2425 0.2047 0.2199 0.2183

25 0.03 0.2238 015873 0.24592 0.2169 0.2328 0.2264

26 0.04 0.2355 0.2009 0.2591 0.2574 0.2504 0.2339

27 0.05 0.2453 0.2084 0.2671 0.2547 0.2732 0.2455

24 0.075 0.2949 0.2359 0.3154 0.3172 0.3234 0.2879

29 0.1 0.3377 0271 0.34% 0.3705 0.3763 0.3328 -
M 4 » )\ testSaveTargetSpectrum / | 4 | ’ | |—
Ready MM

Figure 22: Example of DGML Target Spectrum Report
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3.6.2 Save Target Spectrum Plot

The spectrum plot can be saved to the disk as figure files. Right click mouse on the plot area,
and a “Save Plot As” box will show up. Left click the box to pop up a window, select the
proper directory, and enter the name of the graphic file to save. The plot can be saved as .bmp,

Jpg, .tiff, .eps, or pdf format by selecting the proper “Save as type”. Figure 23 illustrates the
steps to save the spectrum plot.

0 PEER-NGA Spectrum
10 T T
= -1
=10
[
Iial
-
=
=
[ri)
o Save Plak As
(&)
=
=
E -2 save the plot as
210 b
Geometric Mean Saven | 3 DML ] =k B
— A & 5 (2008) [ Uity [ Frsice_Set4_543000_T02_60.bmp [
----- B & A (2008) 5 Utiliby00n [%4 Frace_SetS_sA3000_T0Z_60.bmp [%
——— C & B (2008) () Utiliey00 [%4 Frace_Seté_SA3000_T0Z_60.bmp [%
.......... C & Y (2008) (%4 Fracc_Setl_SA3000_TOZ_60.bmp (% FHAC_Set7_SAS000_TOZ_60.bmp  [%
Idriss (2008) (% Fracc_Setz_SA3000_TOZ_60.bmp (%) FHACC_Setd_SA3000_TOZ_60.bmp  [%
10-3 i ot | [P Face_sets_sa3000_Toz_60.bmp [ FNFP7_SA3000_T0Z_60.brap &
-2 -1 0
10 10 S A3 2
Period, T (sec) File: name: [
Save as ype: |"_bmp j Cancel

Figure 23: Save DGML Target Spectrum Plot
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4. SEARCH NGA DATABASE

The DGML SEARCH ENGINE window contains eight main parts, as labeled in Figure 24: (1)
Search Engine to specify the record acceptance criteria and perform search over NGA database;
(2) Specification of Weight Function used for scaling records; (3) Spectra plotting window; (4)
Weight Function plot; (5) Acceleration/ Velocity/ Displacement time history plotting of a
selected record; (6) Ground motion record information output list; (7) Graphic control panel for
line styles and display of ground motion components; (8) Buttons to accept, reject individual
record, save the search results and selected acceleration time history files.

-} DGMLibPostProcessor E“ D |

Fle Edit View Insert Tools Desktop Window Help AboutDGML

- SEARCH ENGINE oo :
: 10
) Log-Log >
Magnitude  Fault Type  D9-35 (sec) Switch g
6, 7.29 Strike Slip ¥ Solid line _... ¥
:
R_IB (km). R_rup (k) w530 (mfs) Cyanline S0
0,20 | [ o.20 | [200 300 Mem =
Os i
Componernts c -
‘ 5 Sh nt =
FN FP in Pair, .. ¥ rd e | | 4
2 10
Sealing Single Factor Limit Search FaultNormal E
FaultParallel =
T 0%, 2 e 5
[vertical ©
Q.
—Weight Functior 2T
Total Murm,
Period Array | 01 4 Output | 30
. = ;|| Total Num. e Target Spectrum
Weight Arra
Y ¥ 1 1 Averaged | 7 — e
R Fault Parallel
Plot Acceleration Time History v (O Zoom In Time 10'2 10—1 1!!“ 101
Period, T (sec)
i = 1
iy
e
@ 05
1 z e
L L I | L L | 0
0 5 10 15 20 25 30 35 40 I~ T . o
Ti
ime (sec) Period, T (sec)
Comp. | NG | MSE | ScaleF | Pulse | Tp(s) | D5-95isj | Event | Yemr | Station N
G 5 0.0365 11 5.9 2 5.0 6.4 Tiperial Vallev—06 FERE] Cent
= GH | 165 | 0.0412 | 0.7674 | O O | —  — 0 20.5 | Lmperial alley-06 | 1979 | Chihuahua |t
# GE | 1116 | 0.0444 | 0.8224 | 0 O | -- - 5.4 | Kobe, Japsn | 1985 | Shin-Osaka | e
* GE | 543 | 0.0450 | 0.9978 | 0 O | — - 15.3 | Chalfant Valley-0Z | 1986 | Bishop - LADWP South St | e
= GH | 713 | 0.04%4 | 1.7376 | 0 O | -—- - 14.1 | Superstition Hills-0Z | 1887 | Brawley Airport |t
* G | 725 | 0.0511 | 0.6555 | 0 O | -- - 14.1 | Supersvition Hills-02 | 1987 | Pos Road (temp) | e
= GEm | 153 | 0.0544 | 0.9305 | 1 O | 2.3 —— | 11.5 1%.7 | Imperial Walley-06 | 1979 | Agrarias |t
< 3

[ Accept I I Reject I IRefresh]

I Save Search Result ] [ Save Unscaled .ace IC-SaveVertical Records

BACK EXIT

Figure 24: DGML Search Engine Window

4.1 SWITCHBETWEEN MAIN AND SUPPLEMENTARY SEARCH ENGINES

DGML Version 2 provides two types of search engines. Figure 25 illustrates the switch
between two search engine interfaces by clicking “Switch” button. The main search engine
searches the database according to the specified acceptable ranges for the characteristics of the
recordings (e.g. the appropriate magnitude, distance range etc, termed as “acceptance criteria”).

A-22
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The supplementary search engine searches the database according to specified NGA sequence
numbers, event names, and station names. The two search engines are described in the
following sections. By default, DGML displays the main search engine.

SEARCH ENGINE

Magnitude  FaunType Do-05(gec) | Swich
6,725 | [akesp w |

Clear
F_JE (k) ; Fi_rug (km) V30 (mig)
0, 20,5 0, 205 | 200, 300 Mem

switch between
two search engines

SEARCH ENGINE

MGA Sequence Numbers Swiitch
Ewvent Name Station MNarme
hlem

Figure 25: Switch between Main and Supplementary Search Engines

4.2 MAIN SEARCH ENGINE: SEARCH ACCORDING TO ACCEPTANCE CRITERIA

The acceptance criteria for recordings are entered in the search engine data boxes shown in
Figure 26 (location 1 in Figure 24). As described below, acceptance criteria are specified by
indicating the allowable range or restriction for the parameters listed in Table 2. Any recording
satisfying these criteria will be passed on to the second stage of comparison with the target
spectrum.

Data field input format

e The range of acceptable values for a recording parameter is entered into the data box
with a yellow background color. The acceptance range is specified by the minimum and
the maximum values. The minimum and maximum values should be delimited by a
comma or space. For example:

Y230 (mis)
200, 400

e An input box in yellow colors can be left BLANK if no search restriction is imposed on

that data field. For example:

Duration{sec)
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Switch the search engine
Magnitude  Fauit Type  D9-95 (sec) Silign
g, 7.29 Strike Slip W
ki Drop menu o text box to
RABm) — Rruplm) — vs30 (mis) specify the minimum and
U, Al 0, 205 | [200, 300 Mem | maximum values of the
= search restriction, see
omponents Fulse Table 2
FM FPin Pair, u... s Any Record W
Scaing  Gingle Period FactorLimit | o0 o Press button to perform the
VES 0.25, 2 search
Weight Function T otal T Text box to
Period Array 01 4 Cutput |30 specify the
. Tatal Mum. number of
Weight Array 1 1 Ayeraged 7 output see
' Table 2

Specify scalind method and

weight function, see sec. 4.4

Figure 26: Main Search Engine (Default) User Interface.

Table 2: Parameters for DGML Search Engine

Data Field

Explanations

Magnitude

Restrict range of moment magnitude, input in the format of [min, max] or
leave as blank for no restriction.

Fault Type

Types of fault mechanism. Options are: (1) All types of fault; (2) Strike Slip;
(3) Normal or Normal Oblique; (4) Reverse or Reverse Obligue; (5)
Combination of (2, 3); (6) Combination of (2,4); (7) Combination of (3,4).

D5-95(sec)

Restrict range of the significant duration of the records, input in the format
of [min, max], or leave as blank for no restriction. The duration is defined as
the time needed to build up between 5 and 95 percent of the total Arias
intensity.

R_JB (km)

Restrict range of Joyner-Boore distance, input in the format of [min, max],
or leave as blank for no restriction.

R_rup (km)

Restrict range of closest distance to rupture plane, input in the format of
[min, max], or leave as blank for no restriction.

Vs30 (m/s)

Average shear wave velocity of top 30 meters of the site.

Components

Restrict the directional component of the records to search. Options are: (1)
Use fault normal and fault parallel in pair, and use geometric mean of fault
normal and fault parallel components for spectral matching; (2) Use only
fault normal component; (3) Use only fault parallel component; (4) Use
arbitrary component, either fault normal or fault parallel, regardless of the
direction.
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Data Field Explanations

Restrict the pulse characteristics of the searched record. Options are: (1) Any
record; (2) Only pulse-like record; (3) No pulse-like record.

Restrict range of scale factors, input in the format of [min, max], or leave as
blank for no restriction. The parameter is applicable only if “scaling” button
is “YES” and “single period” button is “NQO” (i.e. the records are scaled, but
are not scaled to a single period).

The period whose target spectral value all records are scaled to. The
parameter is applicable only if “scaling” button is “YES” and “single period”
button is “YES” (i.e. the records are scaled, but are scaled only to a single
period).

A real number sequence of periods used to specify the weight function. The
number sequence is in ascending order between [0.01, 10].

A real number sequence of weights used to specify the weight function. The
Weight Array | number sequence is in one-to-one correspondence to that of the Period
Array.

Specify the total number of records to display in the “ground motion record
information display window”. If the number of qualified records is less than

Pulse

Factor Limit

Ts (sec)

Period Array

'(;(l)J'E[alul':lum. the specified number, the Total Num. Output will be reset to the maximum
P possible. Please note that the current version of DGML only displays at most
up to 200 records. The restriction is necessary to avoid abuse of the software.
Specify the total number of record spectra to compute the average spectra.

Total Num. . . A I
Averaged The number will be automatically reset to the maximum possible if the total

output record number is less.

4.3 SUPPLEMENTARY SEARCH ENGINE: SEARCH ACCORDING TO NGA NUMBERS ETC.

Supplementary Search Engine is a new feature in DGML Version 2, which allows users to
search, scale, and rank the records according to specified NGA sequence numbers, event name,
or station name. This feature is particularly useful for users to inspect any particular record,
especially convenient to fine-tune the search results from the Main Search Engine.

NGA sequence number is a unique number assigned to each pair of FN/FP records in the NGA
flatfile. The sequence number can combine with the “Components” drop menu to specify which
components are specified, and “Pulse” drop menu for specification of pulse characteristics. The
NGA sequence number should be positive numbers, except that if the “Components” is chosen
to be “Any Component, Either FN or FP”, one needs to distinguish between the FN and FP
components of the record which have the same NGA sequence number. In this case, positive
numbers represent fault normal component, and negative numbers represent fault parallel
component. For example, in the case that the “Components” menu is chosen to be “Any
Component, Either FN or FP”, the NGA sequence input of “-179, 719” specifies two single-
component records: FP component from NGA #179 record, and FN component from NGA
#719 record. Please note that, as explained in the DGML report, some records have been
removed from the DGML database so those records are not searchable.
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NGA sequence numbers can be input using the following formats: (1) number array separated
by comma, eg. “1, 2, 3, 4, 5”. (2) number range delimited by colon, eg. “1:300” specifies NGA
number range from #1 to #300. (3) combination of format (1) and (2), eg. “1:100, 200, 300”
specifies NGA numbers from #1 to #100, and #200, #300. DGML will automatically eliminate
any duplicate numbers in the NGA sequence number input.

Event Name and Station Name require string input. The input string should be contained in the
list of event names and station names as specified in NGA flatfile. For example, if user wants
to search all “Imperial Valley” records, he can input “Imperial Valley” (input the string inside
quotation marks), or “imperial valley”, or “Imperial”, or simply “Imp”. The DGML uses exact
character matching to search the records, but it won’t distinguish upper- or lower-case letters.

The input boxes can be left as blank, which imposes no restriction in that field. If more than
one input field is filled in, the search results are the logical “AND” of these multiple conditions.

Figure 27 illustrates an example using the supplementary search engine to search and scale all
“Imperial Valley” event from NGA #1-#3000, using geometric mean spectra of FN FP
components. The search results in 49 records, and the number is automatically displayed in
“Total Num Output” box. In this case, “Total Num Output” is not controlled by the user. Please
note that DGML limits the maximum number of output to be less than 200 to avoid abuse of
the program. “Total Num. Averaged” is set by the user.

- SEARCH ENGINE |

NGA Sequence Mumbers Sinftch ————  Switch the search engine
1:3000
Ewvent Name Station Mame Text boxes to specify the
Imperial Walley hdem range of NGA sequence
numbers, Event Name and
Components Fulse

Station Name
FMFF in Pair, ... Any Record R

Scaling Single Period Factar Limit Search

Weight Function

Total Mum.
Feriod Array 01 4 Qutput | 30 T_eXt box to
: display the
. Total Mum.
Weight Array 1 1 Averaged | T number of
output

Figure 27: Supplementary Search Engine User Interface.
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4.4 SPECIFY SCALING METHOD AND WEIGHT FUNCTION

The degree of similarity between the target and recording spectra is measured by the mean
squared error between the two spectra. The user has several options for scaling the recordings
before computation of the mean squared error. These are described in the following section.

4.4.1 Scaling the Records

Record scaling in the DGML is accomplished by applying a linear scale factor that does not
alter the relative frequency content of the acceleration time history, and thus does not change
the shape of the response spectrum of the time history. Two options are provided for scaling the
records to match the target response spectrum. The user also has the option to use unscaled
records.

(1) Scale the record to match the target spectrum over a period range

In this approach the record (or pair of records) is scaled by a factor that minimizes the mean
squared error between the spectrum (spectra) of the scaled record(s) and the target spectrum.
Calculation of the mean squared error is described in the main text of the DGML report.

Scaling Single Period  Factor Limit

Specify the max and min of scale
YES NO 05, 20 — factors. Leave the box blank if scale
|
|

factor is not restricted

Click to YES Click to NO

Click the Scaling button to “YES”, the Single Period button to “NO”, and specify the limits on
scale factors, if desired. In this scheme, the scale factor is computed to minimize the weighted
squared residuals between the scaled record and the target spectrum (see Section 2.3.2 of the
report). Specification of the weight function is described in Section 4.4.2 of this manual. If the
range (minimum, maximum) of scale factor is specified by the user, and the computed scale
factor is greater (or less) than the specified maximum (or minimum), then the scale factor takes
the maximum (minimum) value. If the factor limit is left blank, no restriction is imposed on the
scale factor. The above example limits the minimum scale factor to 0.5, and maximum scale
factor to 2.0.

(2) Scale the records to match the target spectrum to a single period

In this approach, the records are scaled to match the target spectrum at a specific spectral
period, called Ts (sec). In this scheme, the scale factor (f ) is computed such that the record
spectrum matches the target spectrum at the single period Ts, i.e.,

f _ SAtarget (TS )
S Arecord (Ts )

The mean squared error is computed for the scaled record as described in Section 2.3.2 of the
report.
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To scale the records to match the target spectrum to a single period of Ts, click Scaling button
to “YES”, Single Period button to “YES”, and specify the Ts value as follows,

Sealing SIgE R s e Specify the period to which all the

| YES | YES 10 |T—records are scaled.
| |

Click to YES Click to YES

The above example shows all records are to be scaled to match the target spectrum at period 1.0
sec.

(3) No scaling

The third option is to consider only unscaled records. The mean squared error between the
spectrum (spectra) of the recordings and the target is computed as described in Section 2.3.2 of
the main report with the scale factor set to 1.0.

=scaling
Click to NO, and all other fields

NO become invisible

Click Scaling button to turn off scaling method. Original records are used in this case.

4.4.2 Weight Function (Period Array and Weight Array)

A weight function is used to compute the scale factor for scaling option 1 in Section 4.4.1 and
in the computation of the mean squared error for all scaling options. We emphasize that the
user needs to specify the weight function even if the records are to be scaled to match the target
spectrum at a single period, or if there is no scaling at all. In the last two cases, although the
weight function is not involved in computing the scale factors, it is used to compute the mean
squared error to order the results with respect to degree of similarity of target spectrum and
spectra of recordings.

The user needs to specify Period Array and Weight Array to construct the weight function. The
Period Array or the Weight Array each has at least two data points. The Period Array is a
period sequence (T1, T2, ... Ty) in ascending order between [0.01,10], with each element
delimitated by space or comma. The Weight Array data set is a sequence of non-negative
numbers that have a one-to-one correspondence to the Period Array data set, and thus shall
have the same number of elements (W1, W5, ... W,). Weights beyond the range of the Period
Array are automatically set to zero.

In DGML, the weight function specified by Period Array and Weight Array is discretized by
linearly interpolating over evenly-spaced discrete period points in log scale. To maintain
sufficient accuracy, one log-cycle is discretized by 100 points. Therefore, there are 301 discrete
period points (end-points included) in total to range from 0.01-10 sec. The weight function only
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represents relative weights assigned to various discrete periods and are normalized in the
program such that the summation of the weight function over discrete period points equals
unity. Therefore, the absolute value of the weight function is immaterial.

The following three examples illustrate input of the weight function and the visualization

produced by the DGML software.

Example 1

Weight Function

Period Array

003 500
Weight Array 1.00 1.00
o T
£ os
=
0
2 -1 0
10 10 10 10
Period, T (gec)
Example 2
Weight Function
Period Array 01, 10, 3
Weight Array 05, 1.0, 0

Waight
o
{==] m
o 4

Period, T (sec)

Example 3

Weight Function

Period Aray 003, 03, 0301, 0999, 10, 500

Weight Array 10, 10, 00, 00, 18, 10

Wyeight
=]
n

Period, T (sec)

Equal weight between period 0.03

sec. to 5.0 sec.

The weight function is visualized in

|=—— Area 4 of Figure 24 when the Search

button in Figure 26 is pressed.

More weight is put on the short
period range (0.1-1 sec) than long
period range (1-3 sec)

Discrete weight on the short period
range (0.03-0.3 sec) and long period
range (1-5 sec). Because the Period
Array needs to be a monotonically
increasing sequence, step function
should be approximated by a very steep
ramp, as illustrated.

Figure 28: Examples of Specifying Weight Function
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4.5 PERFORM THE SEARCH
4.5.1 Search for Records and Calculate Average Spectrum

Once the search restriction, scaling method and weight function are specified, press “Search”
button to perform the search.

Search ———— Press button to perform the
search

Tatal kum.
Output 30

Tatal kum.

Averaged | 7

Text box to specify the
number of output

A progress bar will appear and shows the size of the data bin that satisfies all the specified
search restrictions, and specified number of records for output.

Sorting inside data bin of 33 records .

Output top 30 records

B 2020

The progress bar shows there are total of 33 available records that satisfy the acceptance criteria
specified in the Search Engine Panel. The best 30 (specified in Total Num. Output box) records
will be displayed for inspection, and the best 7 records (specified in Total Num. Averaged box)
are used to compute the average spectrum. If the total number of records that satisfy the
acceptance criteria is less than the value of Total Num Output specified by the user, the value of
Total Num Output is automatically reset to the maximum number of acceptable recordings in
the database. DGML restricts the display of outputs up to 200 records to avoid abuse of the
program.

The spectra for all 30 output recordings will be displayed in the spectrum plot window together
with the average spectrum. Both the geometric mean and algebraic mean of the selected
number of spectra are plotted against the target spectrum, see Figure 29 for an example.
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10 .
Lines denoting the period
range of the weight function
]
10t E N
1 — Distribution of total

: ] num output (30)
j_;“" ] records

=
4]
0]
-
=]
[
@ 10 | i
2 Averaged spectrum of
3 the selected (7)
i
8 records
[
2 -2
A
— Target Spectrum
3 | | == Record Geom. Mean
10 P S————r—— T, R
2 E 0 1

Period, T (sec)
Figure 29: Example of Average Spectrum of Selected Records

45.2 List the Search Result

DGML lists the search results in the output list window for the total number of output records
specified by users. The record list is ranked in order of increasing MSE.

Individual Record Information

Comp. | | | | Fulse | | D5-35 (s | | | E
GM | 184 | D.0368 | 0.4308 | 1 1 | 5.9 2 | 6.9 & | Imperial Walley-05 | 1975 | El Centro Differential irray | ¢
GM | 165 | 0.0412 | 0.7574 | 0 O | -- --— | 20.0 20.8 | Imperial Valley-O5 | 1979 | Chihuahua [
GM | 1116 | 0.0444 | 0.8224 | O O | —— —— | 13.3 9.4 | Kobe, Japan | 1995 | Shin-Osaka [
GIT T 539 [ O.0450 [ O.99 T o o 1 — == T II. T T Chaliant valley-U T I986 | Bishop - LADUP South St |t
% GN | 715 | 0.0454 | 1.7376 | 0 O | -- -- | 13.5 14.1 | Superstition Hills-02z | 1957 | Brawley Lirport [
# GN | 725 | 0.0511 | D.6585 | 0 O | -— -- | 13.0 14.1 | Superstition Hills-0z | 1987 | Poe Road (temp) |
% GN | 159 | 0D.0544 | 0.9305 | 1 O | 2.3 -- | 11.5 13.7 | Imperial Valley-06 | 1979 | Agrarias 1/t
B B B e a 13T 2 AT Tumewied wetiom ac | I0mh 1 T e Mesrdan 4 |
< >
[Accept] [Rejectl [Refresh] [ Save Search Result I [ Save Unscaled .acc ] () 5ave Vertical Records BACK EXIT

Scroll bar horizontally to
see all output information
field

Scroll down to see all
the output record

Figure 30: Output List Window

Since user has specified Total Num Averaged (=7), the first 7 records (NGA #s 184, 165, 1116,
549, 719, 725, 159) in the list are selected to compute the average spectrum, with an asterisk
(*) shown in front of each selected record. The user can manually add or reject an individual
record from the list of output records. See sec. 4.6.4.
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-0z
-0z

Records Comp. | HGA§ | MSE | ScaleF | Pulse | Tpi(s) | DE-95(s) | Ewvent

g s + GM | 184 | 0.0368 | 0.4308 | 1 1 | B3 Z | .9  &.4 | Imperial Walley-08

with * in * GH | 166 | 0.0412 | 0.7674 | 0 0O | -- -- | 20.0 20.%2 | Imperial Valley-0&

f t * GM | 1116 | 0.0444 | 0.822¢ | 0 O | -- -- | 13.3 9.4 | Kobe, Japan

rontare * GM | 54% | 0.0450 | 0.%597% | 0 0O | -- -- | 1l1.2 15.3 | Chalfant Valley-0Z

selected * GM | 71% | 0.04%4 | 1.737¢ | 0 0 | -- -- | 13.5 14.1 | Superstition Hills
+ GM | 725 | 0.0Bll | ©.85GE | O 0O | -- —-- | 13.0 14.1 | Superstition Hills

records to * GM | 159 | 0.0544 | 0.9305 | 1 0 | 2.3 -- | 11.5 13.7 | Imperial Vallev-06
<

Compute

average

spectrum

Figure 31: Close-up of Output List Window

The listed information for each record is tabulated in Table 3.

Table 3. Listed Record Information of DGML Search Result

*

The asterisk (*) is used to designate the record is selected to compute the
averaged design spectrum.

Comp.

Component indicator:

FN: Record of fault normal (FN) direction

FP: Record of fault parallel (FP) direction

GM: Record of both FN and FP directions; use geometric mean of two
components.

NGA#

NGA number. A unique number assigned to each NGA record for
identification purposes.

MSE

Computed Mean Squared Error (MSE) of the selected record with respect to
the target spectrum.

ScaleF

Scale factor of the record computed by DGML

Pulse

Pulse Indicator: binary code to indicate if the unscaled record has velocity
pulse.

0 for non-pulse-like record

1 for pulse-like record

If the search is for two components in pair, the pulse indicator is shown for
both components. The first binary is for fault normal record, and the second
binary is for fault parallel record.

Tp (sec)

The period of the velocity pulse. No number is assigned for a non-pulse
record. If the search is for two components in pair, pulse periods (if any) for
both FN and FP components are given in order.

D5-95 (sec)

Significant duration, the time needed to build up between 5 and 95 percent of
the total Arias intensity. If the search is for two components in pair, durations
for both FN and FP components are given.

Event

Name of the earthquake event

Year

Year of earthquake

Station

The unique name of strong-motion station

Mag.

Moment magnitude of earthquake

Mechanism

Type of Fault Mechanism. Available mechanisms are: Strike-Slip, Normal,
Normal-Oblique, Reverse, Reverse-Oblique.
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Rjb (km) Joyner-Boore distance to rupture plane

Rrup (km) Closest distance to rupture plane

Vs3o (M/S) Average shear velocity of top 30 m

Low. Freq. (Hz) The recommended lowest usable frequency for the record. (see Footnote (1)

below)
Horiz. Acc. File Name | The horizontal acceleration time history record file name in \FNFPDataset\
or directory. If the search is for FN/FP components in pair, the file names for
FN Acc. File Name both FN FP components are given (labeled as “FN Acc. File Name” and “FP
FP Acc. File Name Acc. File Name”, respectively).

The vertical acceleration time history record file name in \NGADatabase\
directory. If the vertical file is missing, the file name is displayed as
“nonexistent”.

Vertical Acc. File
Name

4.6 SELECTION AND EVALUATION OF RECORDS
4.6.1 Highlight an Individual Record

The response spectrum and acceleration, velocity, and displacement time histories for scaled
individual records can be easily visualized in DGML, providing users the capacity to inspect
the records in greater detail. The user can simply click on the record line in the list window, and
the selected record line will be highlighted. The following example shows a particular record
(NGA#165) selected. Record #165 is ranked 2™ in terms of closeness of the spectrum shape to
the target spectrum, where geometric mean of the FN and FP components (Comp.=GM) are
used to calculate the scale factor and MSE. The scale factor (ScaleF) is computed to be 0.7674.
The pulse indicator shows that both components of this record is not pulse-like (Pulse=0 for
both FN FP component).

NGAg
134

MEE
0.0368

EoaleF
0.4303

Station
El Centro Differential Array
Chihuahua

Tear
1373

Event

Iuperial Valley-06&
Inperial Valley-0&
Fobe, JTapan

| £~
|
|
|
Chalfant Valley-0Z | 1938
|
|
|

LE-2E5(=s)
5.3 B

|
|
lekb | 972
1116 | 0.0444 0.8z224 1985
E45 | D.04E0
|
|
|

AWom oo om m

o o
0.937g [ Bishop - DWP South St
G 719 0.0454 1.7378 o o - - Superstition Hills-0Z 1987 Brawley Ailrport
[ TZE 0.0E11 0.EEEE [ - - 1z.0 14.1 Superstition Hills-0Z 1987 Poe Road (kemp)
G 153 0.0544 0.9305 1l 0o | z.3 -- 11.5 13.7 Imperial Vallevy-0& 1973 Agrarias b

Click to highlight an individual record
Figure 32: Highlight an Individual Record on the Output List

Footnote (1): The recommended lowest usable frequency is related to filtering of a record by the record processing
organization to remove low-frequency (long-period) noise. Filtering results in suppression of ground motion
amplitudes and energy at frequencies lower than the lowest usable frequency such that the motion is not
representative of the real ground motion at those frequencies. It is a user’s choice on whether to select or reject a
record on the basis of the lowest usable frequency. Because of the suppression of ground mation at frequencies
lower than the lowest usable frequency, it is recommended that selected records have lowest usable frequencies
equal to or lower than the lowest frequency of interest.
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4.6.2 Highlight Response Spectrum of an Individual Record

By specifying suitable options in the “Control” panel, the scaled response spectrum of an
individual record can be highlighted in the Spectrum Plot Window. Figure 33 shows the graphic
control to highlight the scaled fault-normal (in blue color), fault-parallel (in red color) and
vertical (in green color) response spectra for record NGA#165. Please note that the vertical
component is scaled using the same scale factor that was obtained for the horizontal

components.

10’ ———r ——————r
1’ 4
=
@
w
=
=
s
o 10
o
(&}
<L
I
o
O
o
w 2

10

—— Target Spectrum
Fault Normal
Fault Parallel
10'3‘ L L """"_:_
107 107 10 10

Period, T (sec)

(a) Graphic control to highlight fault-normal and fault-parallel spectrum of selected record

10 — T T — T

=y
=
1

Spectral Accleration, Sa (g)

[

Target Spectrum
Fault Normal
Fault Parallel
Vertical

Period, T (sec)

—Control——

Log-Log v

Solid line ... ¥

Cyan Line v

FaultNormal
FaultParallel

—Control——

Log-Log v
Solid line ...«
Cyan Line ¥

(1 Grid On

Sho onent
(FN/FPAE

FaultMNormal
FaultParallel

Vertical /

(b) Graphic control to superimpose vertical response spectrum

Figure 33: Highlight the Response Spectrum of an Individual Record
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4.6.3 Highlight Time History of an Individual Record

Once an individual record is highlighted, the scaled acceleration/velocity/displacement time
history is automatically plotted in Time History Plot Window. One can select the drop menu to
plot acceleration or velocity or displacement time history. Check boxes in the Control panel
give users the option to display fault-normal (in blue color), fault-parallel (in red color) and
vertical (in green color) components. Figure 34 shows the scaled time histories for a
highlighted record (NGA#165 in this case).

Plot Acceleration Time History «| (O Zoom In Time

02F T T T T T T T 3
01F
0

Acce. (g)

01F
Click drop menu 02t

to select to plot
acceleration or

velocity or
displacement
time history
—Control—— =
Log-Log b >
Solid line _... ~ Time (sec)
Cyan Line v : : - _
- Plot Displacement Time History  +~| () Zoom In Time
[ ] Grid On
Check box Show Component
to select /WWM\ ' oy T
which Faulthormal st
com.ponent FaultParalle| 0 5 10 15 20 25 30 35 40
to dISplay e Time (sec)

Figure 34: Plot of the Scaled Acceleration/Velocity/Time History of an Individual Record in
Fault Normal, Fault Parallel and Vertical Directions

4.6.4 Zoom In Time Function for Examining the Time History of an Individual Record

The “Zoom In Time” function is provided to help the user inspect the details of the time history
plot. The function can be activated by selecting the option “Zoom In Time”. As shown in
Figure 35, an input box appears to prompt input in the form of “min, max”. The example shows
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that the acceleration time history is zoomed in between 5-7 seconds. To zoom out, one can
input blank in the input box, or click the “Zoom In Time” to deactivate the function.

Time (sec)

(@) Click on radio button “Zoom In Time” for the input box to appear.

Plot Acceleration Time History v (@ Zoom InTime | min, max

0.2

0.1

0

Acce. (g)

-0.1

0.2

0 5 10 15 20 25 30 35 40
Time (sec)

(b) It is prompted to input data pair in the format of [min, max]

Plot Acceleration Time History v (@ Zoom In Time 57

0.2

0.1
0

Acce. (g)

-0.1

0.2

5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7
Time (sec)

(c) Key in the time range to zoom in. The acceleration time history zooms in
between 5-7 seconds in this example.

Figure 35. Zoom In Time History Plot
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4.6.5

Accept or Reject an Individual Record

The user has the option to remove or add an individual record from the selected list by using
“Accept” and “Reject” button. First, mouse-clicking the record in the list window highlights the
individual record. If the asterisk (*) shows the record is currently in the selected list, then
clicking Reject button removes the record from the list, and the asterisk (*) is also removed in
the front to signify the record was rejected. Similarly, clicking the Accept button will add the
highlighted record into the selected list, and the asterisk (*) symbol appears in the front after
the operation. The average spectrum of the selected list is automatically updated after each
“Accept” or “Reject”, however, one can always check the updated spectrum using the
“Refresh” button. The steps of operation are illustrated in Figure 36.

Conp NGALg | MEE | ScaleF | Pulse |
*  GM 134 | 0.0368 | 0.4308 | 1 1 |
* oM 165 | 0.0412 | 0.7674 | 0 0O |
* P > | 0. 04 | O.82F4 | O 0 |
* M E45 | 0.04E0 | 0.9972 | 0 0O |
*  GM 713 | 0.04%4 | L 7376 | 0 0 |
* oM 7EE | 0.0Ell | O.&EEE | O 0O |
*  GM 153 | 0.0544 | 0.2305 | 1 0O |
L4
| Accept| | Reject| [Refresh| [Save Search
Comp. | NGLAf | MSE | ScaleF | Pulse |
* GM | 184 | D.03&8 | 04308 | 1 1 |
* GM | 165 | D.041Z | O.7674 | 0 0 |
GM | 1116 | 0O.0444 | 0.8224 | 0 0O |
* GM | 545 | D.0450 | 0.9578 | 0 0 |
* GM | 715 | D.04%4 | 1.727& | 0 a0 |
* GM | 725 | D.0E1l | O.GE5E | 0 0O |
* GM | 155 | D.0544 | 0.9%05 | 1 0O |
<
| Accept| | Reject| |Refresh| [Save Search
I
* GM | 545 | 0.04E50 | 0.9878 | 0 0O |
* GM | 718 | D.04%4 | 1.737& | 0 0O |
* GM | 7ZE | D.0Ell | O.6EEE | 0 O |
* GM | 189 | D.0544 | 0.9305 | 1 0O |
GM | 158 | 0.06E7 | 0.7677 | 1 0 |
GM | 179 | 0.0732 | 0.E5082 | 1 0O |
* GM | 18% | D.075% | 0.4828 | 1 0 |
GM | leZ | 0.0821 | 1.0287 | 0 0O |
<
| Accept| | Reject | |[Refresh| [Save Search

Click to highlight the
individual record

Star is removed from the

front to show the record is

rejected

Click Reject to remove the

record from selected list

Star appears in the front

to show the record is
added

Click Refresh to see the

Highlight record and click Accept to add the
record from selected list

Figure 36: Steps to Accept or Reject an Individual Record
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4.7 GRAPHIC CONTROL
4.7.1 Graphic Control Panel

The graphic control panel provides the functionality to manipulate the spectrum plot and the

time history plot. Basic functions of the control panel are summarized in Figure 37.

—Control-——

Log-log  ¥=—— Change axes of spectrum plot, see sec 4.5.2.

Solidline _.. ¥ Change line style of averaged and target spectrum

Cyanline || Change line color of total output in spectrum plot

[ ]Grid &n ) ) ]

. Cump—nnem — Check to show grid on the spectrum and time history plot
(FR/FPAer)

FaultNormal Check box to select which component to display in the

EaukParallel spectrum plot and time history plot. See Sec. 4.6.3. The

a ) “FaultNormal” and “FaultParallel”” check boxes are
Vertical available only if searching for FN and FP record in pair.

“Vertical”> component box is unchecked by default.
Figure 37: Graphic Control Panel

4.7.2 Change Plot Axes

The axes of the spectrum plot can be changed from log scale to linear scale by selecting options
in the drop menu. The following plots in Figure 38 illustrate four options available to change

the axes of a same plot.
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— Taret Spectrum
e Fiecord Geom Mean
— Record Slgh Mean ||

o
ha

o

=,
=
w

=
m

Spectral Accleration, Sa (g)
Spectral Accleration, Sa (g)

o

b
o o
R =

— Taret Spectrum
e R2c0rdl Geom bean
3| | = Record Algh Mean

2 -1 u] 1 :
10 10 10 10 10 10’ 10 10
Period, T (sec) Period, T (sec)
(@) log-log axes (b) semilogx axes
T 1
— T et SpECUM 10
—— Farord Geom Mean —Target Spectrum
ey m— Fecord Algh Mean 1 — Record Geom Mean
m— Record Algh Mean
= 4 = 10D
o =t
w o
= oWl
2 s c
= i)
ko B
a = 10
£ 06 3
T =
-— [
o =
2 04! ‘g’.:_ P’
m & 1o
0z,
0 1 2 3 4 5 6 0 1 2 3 4 5 5 7 ] ] 10
Period, T (sec) Period, T (sec)
(c) linear axes (d) semilogy axes

Figure 38: Example of Four Options to Change Plot Axes

4.8 SAVE DGML SEARCH RESULT
4.8.1 DGML Search Report

The DGML search criteria and summary of the selected records can be exported by clicking
“Save Search Result” button (cf. Figure 39). If “Save Vertical Records” button is selected, the
corresponding vertical component information will be exported together with the horizontal
components. A pop-up window allows the user to specify the file name and file type (“csv’ or
‘txt” format). “cvs” (Comma Separated Variables) file format is preferred since it can be
opened using Microsoft Excel, or any text editor.
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Save the target spectrum

Savein | DGML

<] ~®em-

= Savi |

E i
" SavessarchitesultEvample.
My Fecent ] searchResult2 csv
Documents & cearchRasulr . csv
B Al srarchResul csv
Deskiop
My Documants
Comp. | NGAM | ESE | Scalef | Pul
* o 1 104 | 0.0360 | 0.4300 | 1
T oGR | 165 | 0.041Z | 0.7674 | © My
T G | 3116 | 0.0444 | 0.8234 | © Placas
T oon | 549 | 0.0450 | 0.9978 | © r
T GE | 719 | 0.0484 | 1.7376 | O Féa name: [savnSearchResutExamply cav
T oX | 725 | 0D.0511 | 0.6585 | O
T oN | 1S9 | D.0S44 | 0.8305 | 1 Save as type | eav)
<

= Cancel

Accept ' Reject Refresh ( Save Search Result I > Save Unscaled .acc l %) Sava Vertical Records

BACK EXIT I

Figure 39: Save DGML Search Result
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EJ Microsoft Excel - SaveSearchResultExample.csv

Figure 40: An Example of DGML Search Report
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@I_j He Edit Vew [Insert Format Tools Data Window Help Adobe PDF

QEEHROSETE & LB F 9 - @ E -3k 0% -@iml

imlicl

T47 - & 03151
A | B | ¢ [ o [ E [ F [ e [ v [ 0 [ 9 [ K L [ ™ N 0 P

1 e/
| 2 | Design Ground Motion Library (DGML ver 2) Time History Search Report 05-Apr-2009

3

4
| 5 | Magnitude: 6 - 7.25
| 6 | Fault Type: Strike Slip
| 7 | D9_95: Not specified
| 8 | RRUP =0 - 20 (km)
| 9 | RJB =0-20 (km)
| 10 | Vs30 = 200-300 (m/s)
| 11 | Component: FN/FP in Pair
| 12 | Pulse: Not Specified
| 13 | Records Are Scaled and The Scale Limit is [0.25-2]
| 14 | Period Array: 0.1 4
| 15 | Weight Array: 1 1

16

17
| 18| Comp. NGA# MSE ScaleF | Pulse Tp(s) D5-95(s)  Event Year Station Mag Mechanis Rjb(km) = Rrup(km) Vs30(m/s| Low.f
| 19| " GM 184 0.0368 0.4308 1 1 59 2 6.9 6.4  Imperial Vv 1979 El Centro 6.53 Strike-Slig 51 51 2023 (
| 20| * GM 165 0.0412 0.7674 0 0 - - 20.0 20.€ Imperial \ 1979 Chihuahu 6.53 Strike-Slig 73 73 2745 (
| 21| * GM 1116 0.0444 0.8224 0 0 - - 13.3 9.4 Kobe- Jaj 1995 Shin-Osal 6.9 Strike-Slif 19.1 19.1 256 (
| 22| * GM 549 0.045 0.9978 0 0 - - 11.2 15.2 Chalfant\ 1986 Bishop - L 6.19 Strike-Slip 14.4 17.2 2714 (
| 23| " GM 719 0.0494 17376 0 0 - - 13.5 14.1 Superstitit 1987 Brawley A 6.54 Strike-Slig 17 17 208.7 (
| 24 | * GM 725 0.0511 06555 0 0 - - 13.0 14.1 Superstitit 1987 Poe Road 6.54 Strike-Slig 1.2 1.2 2075 (
| 25| * GM 159 0.0544 0.9305 1 0 23 —- 11.5 13.7 Imperial v 1979 Agrarias 6.53 Strike-Slip 0 07 2745 (
| 26 | Note: Rjb and Rrup in square brackets are estimated values

27

28
| 29 | Comp NGA # Scale Fac PGA (g) PGV (cm/ PGD (cm. Period(s) 0.01 0.02 0.022 0.025 0.029 0.03 0.032 0.035 0.
| 30| * GM 184 0.4308 0.1854 23.8384 14.1387 Sa (g) 0.1858 0.1883 0.1898 0.191 0.1941 0.1944 0.197 0.1981 0.1
31| FN 184 04308 0.1797 256716 16.684 Sa(g) 0.1804 0.1841 0.1857 0.1881 0.1916 0.1926 0.1972 0.2012 0.2
132, FP 184 0.4308 0.1912 22136 11.9817 Sa (g) 0.1913 0.1925 0.1941 0.194 0.1966 0.1963 0.1968 0.195 0.1
| 33| * GM 165 0.7674 0.2108 21.9872 7.0496 Sa (g) 0.2122 0.2119 0.2121 0.2131 0.2195 0.2225 0.2244 0.216 0.2
| 34| FN 165 0.7674 0.2181 23.3332 8.2857 Sa (g) 0.2193 0.2195 0.2199 0.2197 0.2279 0.2301 0.2294 0.2225 0.2
135 FP 165 0.7674 0.2038 20.7189 5.998 Sa (g) 0.2053 0.2046 0.2047 0.2067 0.2115 0.2152 0.2194 0.2097 0.2 =
| 36| * GM 1116 0.8224 0.1851 29.1134 6.6064 Sa (g) 0.1856 0.1855 0.1856 0.1857 0.186 0.1861 0.1862 0.1865 0.1
| 37| FN 1116 0.8224  0.1535 24641 7.2115 Sa(g) 0.1537 0.154 0.1541  0.1542 0.1545 0.1546 0.1547  0.1551 0.1
138 FP 1116 0.8224 0.2231  34.3975 6.0521 Sa (g) 0.2241 0.2235 0.2235 0.2237 0.2239 0.224 0.2241 0.2243 0.2
| 39| * GM 549 0.9978 0.2159 19.9979 6.8059 Sa (g) 0.2161 0.2172 0.2189 0.2209 0.2208 0.2189 0.2342 0.2403 0.2
| 40| FN 549  0.9978 02309 20.7182  6.0201 Sa () 0.231  0.2323 02326 0.2339  0.2341 0.233  0.2497 02576 0.2
| 41| FP 549 0.9978 0.2018 19.3027 7.6943 Sa (g) 0.2021 0.2031 0.2059 0.2087 0.2083 0.2055 0.2196 0.2242 0.2
| 42| * GM 79 1.7376 0.244 281429 12.1034 Sa (g) 0.2482 0.2516 0.254 0.2579 0.2665 0.2685 0.2711 0.2741 0.
| 43| FN 79 1.7376 0.2759 259252 9.4218 Sa (g) 0.2785 0.2869 0.2887 0.2932 0.3023 0.3029 0.3055 0.3176 0.3
| 44| FP 719 1.7376  0.2158 30.5503 155483 Sa(g) 02211 0.2207 02234 0.2269 0.2349 0.238 0.2406 02365 0.2
| 45| " GM 725 0.6555 0.2236 19.3138 7.3141 Sa (g) 0.2261 0.2252 0.2263 0.2268 0.228 0.2311 0.234 0.2392 0.
| 46| FN 725 0.6555 0.2048 18.5791 6.5274 Sa (g) 0.2075 0.2057 0.206 0.2073 0.2097 0.2124 0.2124 0.2149 0.2
| 47| FP 725 0.6555 02441 20.0775 81956 Sa(g) 02464 0.2466 02486  0.2481 0.248 0.2515 02578 0.2662 0.2
| 48| * GM 159 0.9305 0.2615 30.125 6.9544 Sa (g) 0.2641 0.2968 0.3164 0.4263 0.679 0.7109 0.8595 0.8008 0.8
| 49| FN 159 0.9305 0.2898 50.0578 13.8163 Sa (g) 0.293 0.3572 0.3691 0.5036 0.6892 0.7311 0.9397 0.8801 0.9
| 50| FP 159 0.9305 0.2359 18.1293 3.5005 Sa (g) 0.238 0.2467 0.2711 0.3608 0.6689 0.6913 0.786 0.7456 0.7
51

52
| 53 | Comp NGA # Scale Fac PGA (g) PGV (cm/ PGD (cm, Period(s) 0.01 0.02 0.022 0.025 0.029 0.03 0.032 0.035 0.
| 54 | Vert 184 04308 0.3047 88899 4.9846 Sa(g) 0.3069 0.3527 0.3576 0.4328 0.433 04213 04245 04915 05
| 55| Vert 165 0.7674 0.1675 3.9212 0.9804 Sa (g) 0.1711 0.1678 0.1699 0.1723 0.1827 0.1769 0.2128 0.2289 0.2
| 56| Vert 1116 0.8224 0.0483 5.249 1.7769 Sa (g) 0.0486 0.0487 0.0488 0.0489 0.049 0.049 0.0492 0.0496 0.0
| 57| Vert 549 0.9978 0.1401 6.7005 2.2366 Sa (g) 0.1435 0.1597 0.1738 0.1921 0.2159 0.24 0.2942 0.3915 0.4
| 58| Vert 719 1.7376 NaM NaM NaM Sa (g) NaM NaM NaM NaM NaM NaM NaM NaM Na
| 59| Vert 725 0.6555 NaM NaM NaM Sa (g) NaM NaM NaM NaM NaM NaM NaM NaM Na
| 60| Vert 159 0.9305 0.7787 9.43 4.6331 Sa (g) 0.7851 113 1.233 1.4209 3.0754 3.447 3.9127 3.0618 33
| 61| Note: vertical records use the same scale factors from their corresponding horizontal components

62
| 53 | Scaled Average Spectral Acceleration of Selected Horizontal Records
| 64 | Period(s) 0.01 0.02 0.022 0.025 0.029 0.03 0.032 0.035 0.
| 65 | Target Spectrum (Horizontal) Sa (g) 0.2137 0.2146 0.2167 0.2196 0.223 0.2239 0.2264 0.23 0.2
| 66 | Geometric Mean Spectrum of Selected Horizontal Records Sa (9) 0.218 0.2226 0.2258 0.2368 0.2558 0.2592 0.269 0.2689 0.2
| 67 | Arithmetic Mean Spectrum of Selected Horizontal Records Sa (9) 0.2197 0.2253 0.2293 0.2462 0.2842 0.2912 0.3123 0.3092 0.3
| 68 | Note: Horizontal Components with star (*) in front are used to compute the mean spectra =
:nq » » \SaveSearchResultExample / | < | > |7
Readv NN
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Figure 40 illustrates an example of the DGML search report (hnamed as
SaveSearchResultExample.csv in this case) opened by Microsoft Excel. The search report
features the following data blocks:

(1) Summary of DGML search criteria. All user-defined search criteria are listed in this data
field, including the magnitude range, fault type, specified D9-95 range, specified Ry, and Rjp
ranges, specified Vsz range, component specification, pulse characteristics, scale factor limit,
period array and weight array.

(2) Summary of Properties of Selected Horizontal Records. The same information in the
DGML output list window is reported only for selected records (these marked with stars). The
reported properties of each selected record are: Component Indicator, NGA number, Mean
Squared Error (MSE), Scale Factor, Pulse Indicator, Pulse Periods, D5-95 duration, Event
Name, Year, Station Name, Magnitude, Fault Mechanism, Ris, Rrup, Vs3, recommended
lowest usable frequency, and the acceleration record file names. Please note that if Rjg or Rryp
IS in a squared bracket, it indicates that the value is absent in NGA Flatfile. The reported value
was estimated by Chiou and Youngs (2008b).

(3) Scaled Spectral Acceleration of Selected Horizontal Records. For each selected record
listed in data field (2), their component indicator, NGA number, scale factor, scaled PGA,
PGV, PGD values and scaled spectra acceleration values are reported in this data field. The
scaled spectra acceleration values are reported for the following periods (in seconds):

0.01 0.02 0.022 0.025 0.029 0.03 0.032 0.035 0.036 0.04
0.042 0.044 0.045 0.046 0.048 0.05 0.055 0.06 0.065 0.067
0.07 0.075 0.08 0.08 0.09 0.095 0.1 011 012 0.13
0.133 014 015 016 017 018 019 0.2 022 024
025 026 028 029 0.3 032 034 035 036 038
0.4 042 044 045 046 048 05 055 0.6 0.65
0.667 0.7 0.75 0.8 085 09 09 1 11 1.2
1.3 1.4 15 1.6 1.7 1.8 1.9 2.0 2.2 2.4
2.5 2.6 2.8 3 3.2 3.4 3.5 3.6 3.8 4
4.2 44 4.6 4.8 5 5.5 6 6.5 7 75
8 8.5 9 9.5 10

If the search component is “FN/FP in Pair”, the spectra values of the Geometric Mean (GM)
spectra and Fault Normal (FN), Fault Parallel (FP) are all listed separately. If the search
component is “FN” or “FP”, only the spectra values of FN or FP component are listed.

(4) Scaled Spectral Acceleration of Selected Vertical Records. The data block is available only
if “Save Vertical Records” button is selected. The data block lists the same information for
vertical component as is in data field (3).

(5) Scaled Average Spectral Acceleration of Selected Horizontal Records. The data field
reports the target spectrum (horizontal) values, and both geometric mean spectrum and
arithmetic mean spectrum of selected horizontal records (see definitions of geometric mean and
arithmetic mean of spectrum, Section 3.2.1 of Users Manual). Please note that the reported
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target spectrum is re-interpolated to the same period sequence as used in data field (3),
therefore, the values may be slightly different from user’s original input.

4.8.2 Save Acceleration Time History Files

DGML (version 2) allows users to save the selected acceleration time history file. Please note
that the saved time history file contains unscaled original data as in the PEER NGA
database. The steps are illustrated in Figure 41.

Step (1): user clicks to highlight the record to be saved. By default, only horizontal time history
files will be saved. One must check “Save Vertical Records” button if the corresponding
vertical time history file is to be exported.

Step (2): click “Save Unscaled .acc” button. A pop-up window allows the user to specify the
save directory and file name. The pop-up window shows a default file name assigned by
DGML using the convention of “FilePath.Filename” as was used in the PEER NGA database to
distinguish records that might have the same file name but different file paths in the database. If
the search component is set as “FN/FP in Pair”, the pop-up window will show up sequentially
for each of the FN and FP acceleration time history file, and for the vertical file in the last if
“Save Vertical Records” button is checked.

Save file name

Savein | DGML

s e®mckE-

oAkl

<

-7
iy Network File name: |\MPVALL H-CHI_FM
Places

Lo L

Save as type: | race)

| 1878 | Agracias [

E3

BACK |  EXIT

| Accept | Reject | |Refresh| | Save Search Result

Save Unscaled .ace | (%) Save Vertical Records

Figure 41: Save Acceleration Time History Files

4.8.3 Save the Plot

Both spectrum and time history plots can be saved to the disk as figure files. The steps are
illustrated in Figure 42. Step (1): Right click mouse on the plot area, and a “Save Plot As” box
will show up. Step (2): Left click the box to pop up a window, select the proper directory, and
enter the name of the graphic file to save. The plot can be save as .bmp, .jpg, .tiff, or .eps
format.
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Right click mouse in the plot field

Spectral Accleration, Sa

— Target Spectrum

Fault Mormal
= Fautt Parallel
10 I 1
-2 -1 0
10 10 10 10

Figure 42: Steps to Save the Plot

Period, T (sec)

Select the directory to save the plot

save the plot as

Savejn: | ) DGML_Matlah /

@Documentation
@Maintenance
(C)Result

[)trashCode

1) Uikl

.3 CodeSpecification. brp

.3 CodeSpecificationExample.bmp
.3 ConditionalMeanEps1-a.bmp
.3 ConditionalMeanEps1-b.bmp
.3 ConditionalMeanEps2-a.bmp
l::_{ ConditionalMeanEps2-b.bmp
.3 ConditionalMeanspec.bmp

< b3
File name: |myDesignSpect |
Save as lype: | *bmp j Cancel

Enter the name of the file to save
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5. DGML EXAMPLES

Examples are provided below to illustrate the major steps in selecting suitable ground motion
records using the DGML. The examples are served mainly for the purpose of demonstration
and not for the purpose of any practical application.

5.1 RECORD SELECTION AND MODIFICATION

Step 1. Developing the Target Spectrum

The site selected for the example is Site Class D at a location in San Francisco approximately
10 km from the San Andreas fault. The structure was assumed to be a medium- to high-rise
building having a significant period range of 0.3 to 3 seconds. The design response spectrum is
a Code spectrum, and the following steps are needed to construct the spectrum.

(1) Select Spectrum Model: Choose “ASCE code specification” from the drop menu.

Select Spectrum Model
|7 Select models to generate target spectrum ASCE code specification w

Figure 43: Select Spectrum Model

(2) Specify Spectrum Parameters: By referring to the design ground motion maps and
provisions of ASCE standard ASCE/SEI 7-05, parameters Sds, Sdl, and TL needed to
construct the code design spectrum are obtained as follows, where equations, figures, maps,
and tables refer to ASCE (2006):

Maximum Considered Earthquake parameters:
Ss=1.59 (Map, p. 214), Fa= 1.0 (Table 11.4-1), Sms=1.5¢g (Eq.11.4-1)
S1=0.75g (Map, p.216), Fv=1.5 (Table 11.4-2), Sm1=1.125¢g (Eq. 11.4-2)

Design earthquake parameters:
Sds=2/3*Sms=1.0g (Eq. 11.4-3)
Sd1=2/3*Sm1=0.75g (Eq. 11.4-4)
TL=12 sec (Fig. 22-16)

Code Specification

Sds (g) Sdl (m) TL (zec)
Enter Parameters for the Code

Spectrum

1.0 0.7s 12

Figure 44: Specify Spectrum Parameters
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(3) Create the Target Design Spectrum: Press “Create” button in the Control Panel to create
the target spectrum, which is shown in the spectrum plot window as follows:

Spectral Accleration, Sa (o)
=]

Period, T (sec)

Figure 45: The Target Design Spectrum

Press NEXT button to proceed to the next step.

Step 2. Defining the Search Criteria

The USGS web site, http://earthquake.usgs.gov/research/hazmaps, was used to deaggregate the
site ground motion hazard. At 1-second period, the dominant contributor to the hazard was an
earthquake of approximately magnitude 7.8 occurring on the San Andreas fault. For purposes
of the example, the search was restricted to recordings from strike-slip (SS) earthquakes of
magnitude 7 and higher occurring within 30 km of the site. A wide range of Vs3o limits and no
restrictions on significant duration (Ds.g5) or on scale factor were utilized in order to capture a
sufficiently large set of potential records for examination and scaling and matching of recorded
spectra to the Code spectrum within the significant period range. It is noted that although
specifying the site Vs3 and site class is essential in developing the design response spectrum, it
is not so important in selecting records because the search will rank the records with respect to
their match to the design spectrum. It was assumed that matching would be to the Code
spectrum rather than to a conditional mean spectrum. Equal weight was given to matching at all
periods within the significant period range (0.3-3 sec). It was also assumed that for the
structural analyses, only individual horizontal components were required rather than FN/FP
pairs. No restrictions were placed for searching on whether the record should or should not
have pulses. The display of search criteria is shown in Figure 46.
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- SEARCH ENGINE |

Search within records of magnitude

Magnitude  Fault Type  DS-95 (sec) - 7-9, strike- slip type of faulting, any
7.8 | ]—\smke sie v [ T — significant duration, distance (R_JB,
: R_rup) from 0-30km, and Vs30 from
R_IB (km)  R_rup (km) w530 (mifs) 200-1000 m/s
030 | [ oa0 | [0 1o00]|  Mem |
Components Fulse Search any individual component
Any Componen... ¥/ ‘Any Record v| and no restriction on pulse
Scaling  Single Period Factar Limit Search
Scaling the record with no
YES [ o l ‘ | restriction on scaling factors

Weight Function

i Total Mum.
Period Array | 0a 7 | Output
. Total Mum.
Weight Arra | 1 1 | Averaged
Give equal weight to all periods Output 30 records, and compute the
within 0.3-3.0 sec average spectrum of 7 records best

matching the design spectrum
Figure 46: Specify the Search Criteria

Step 3. Searching for Records

Press “Search” button in the Search Engine. The progress bar shows there are 46 records that
satisfy the search criteria.

Sorting inside data bin of 46 records .
Output top 30 records

Step 4. Inspect, Evaluate, and Finalize the Search Result

As shown in Figure 46, the search was set up to output 30 records and computes the average
spectrum for the 7 records that best match the Code spectrum. Scroll down the list bar in the list
window to see information on all 30 output records, as shown in Figure 47. Clicking on an
individual record allows one to examine the spectrum and acceleration/ velocity/ displacement
time history of that record.
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The best-matching 7 records are called “Selected Records”, with a star in the front for
identification. Figure 47 shows the top 7 records (with * symbols) that are selected by DGML.
However, the user has the capability to reject records from or add records to the list of selected
records. The next step is to adjust the list of selected records and finalize the search result.

After inspecting the records, it was decided to reject records #FP1148, #FP 900, # FN 1165,
and add records #FN882, #FN 1176, #FN 850 into the list of selected records. Figure 48 shows
the operation to include or exclude an individual record. Note that the selected records

always
Table 4.

* FP | 1605
* FN | 1158
* FP | 1148
* FP | 900
* FP | 882
* FN | 1165
* FN | 88O
FN | 1176
FN | 882
FN | 850
FN | 114&
FN | 879
FN | 564
FN | 8B1
FP | 1165
FP | 1158
FP | 879
FP | 1176
FP | 1616
FN | 1613
FP | 1611
FP | 1613
FN | 1605
FN | 1616
FP | 1787
FP | 850
FN | 900
FP | 880
FN | 2114
FP | 564
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ODOoO0O0O000000000000000000000000 0 0]
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Strike-Slip
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Strike-Slip
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Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
Strike-Slip
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0446
L0458
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L0542
0548
0565
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0639
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0748
L0773
0798
0809
0541
0841
L0907
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Figure 47: DGML Search Result
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Duzee, Turkey | |
Kocaesli, Turkey | 1999 |
Kocaeli, Turkey | 1999 |
Landers | 199z |
Landers | 199z |
Kocaesli, Turkey | 1999 |
Landers | 1929z |
Kocaesli, Turkewy | 1999 |
Landers | 129z |
Landers | 199z |
Kocaesli, Turkey | 19399 |
Landers | 199z |
Landers | 199z |
Landers | 129z |
Kocaeli, Turkey | 1999 |
Kocaesli, Turkey | 19399 |
Landers | 199z |
Kocaesli, Turkewy | 1999 |
Duzce, Turkey | 1999

Duzce, Turkey | 1999

Duzee, Turkey | 1999

Duzce, Turkey | 19399

Duzce, Turkey | 1959

Duzce, Turkey | 1999

Hector Hine | 1999 |
Landers | 199z |
Landers | 199z |
Landers | 199z |
Denzali, Alsska | 2002 |
Landers | 199z |
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DUZCE/DIC FP.aco

Duzce

Duzce

Lreocelik

Yermo Fire Station
MNorth Palm Springs
Izmit

Mission Creek Fault
Tarimea

Morth Palm Springs
Desert Hot 3prings
Arecelik

Lucerne

Joshua Tree

Morongo Vallewy
Izmitc
Duzce
Lucerne
Tarimea
Lamont
Lamont
Lamont
Lamont
Duzce
Lamont
Hector
Desert Hot Springs
Termo Fire Station
Misszion Creek Fault
TAPS Pump Station #10
Joshua Tree

362

1060
10588
1060

362

o the graph below)

DUZCE/DEZC-TP. ATZ

KOCAELI/DZIC FM.ace KOCAELI/DZIC-UP.ATZ
KOCAELI/ARC FF.acc KOCAELI/ ARCDWN.ATZ
LANDERS/YER FP.acc LANDERS/YER-UP.LTZ
LANDERZ/NPZ FP.acc LANDERS/NPZ-UP.ATZ
KOCAELI/IZT FN.acc KOCAELI/IZT-UP.ATZ
LANDERS/MCF FN.ace LANDERS/MNCF-UP.ATZ
KOCAELI/YPT FN.acc KOCAELI/YPT-UFP.ATZ
LANDERS/NPZ FN.acc LANDERS/NP3-UP.LTZ
LANDERZ/D3F FN.acc LANDERS/D3P-UP.ATZ
KOCAELI/ARC FN.acco KOCAELI/ ARCDWN.ATZ
LANDERS/LCHN FN.ace LANDERS/LCHN-UP.ALTZ
LANDERS/J0O3 FN.acc LANDERS/JO3-UFP.ATZ
LANDERS/MVH FN.acco LANDERS/MVH-UP . LTZ
KOCAELI/IZT FP.ace KOCAELI/IZT-UP.ATZ
KOCAELI/DZIC FF.acc KOCAELI/DZIC-UP.ATZ
LANDERZ/LCHN FP.acc LANDERS/LCHN-UP.ATZ
KOCAELI/YPT FF.acc KOCAELI/YPT-UFP.ATZ

DUZCE/362 FP.aco
DUZCE/ 1060 FN.ac
DUZCE/ 105 FN.aco
DUZCE/ 106 FH. ace
DUZCE/DEIC FN.acc
DUZCE/ 362 FH.ace
HECTOR/HEC FF.ac

DUZCE/362-V. LT2

DUZCE/ 1060-W. LT
DUZCE/ 1058-W. LTZ
DUZCES 1060-W. T2
DUZCE/DEZC-UP.LTZ
DIUZCES 3 62-W. T2

HECTOR/ HECVER. ATZ

=3

(=3

LANDERS/D3P FP.acc LANDERS/D3P-UP.LTZ
LANDERZ/YER FN.acc LANDERS/TER-UP.ATZ
LANDERS/NCF FF.acc LANDERS/NCF-UFP.LTZ
DENALI/ps10 FM.ace DENMALI/ps10-UP.ATZ
LANDERS/J0O3 FF.acc LANDERS/JO3-UFP.ATZ

have * symbol in the front. The finalized 7 selected records are summarized in
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Comp. | NELAf | MSE | ScaleF | Pulse |

* FP | 1605 | 0.0Z04 | 0.965% | 1 |

* FN | 1158 | 0.0305 | 1.6279 | O |
FP | 1148 | 0.0320 | 4.7654 | 1 |
FP | 900 | 0.041% | 2.4328 | 0 |

* FP | 222 | 0.0448 | 4.1224 | O |
FH | 1165 | O. | z. | o

* FN | 220 | O, | 4. |0

4

| Accept | [Rejec‘t’]/ | Refresh | —{Save-Seareh———
FF | 200 | 0.041% | Z2.4328 | 0 [

* FP | 222 | 0.0446 | 4.1224 | 0O [
FN | 1165 | 0.0458 | 2.8886 | 0 [

* FN | 220 | 0.048% | 4.%551 | O [

* FN | 1176 | 0.054Z | 1.4447 | 1 [

* FN | 83z | 0.054% | 2.8372 | O [

* FN | 850 | 0.0585 | 3.1467 | Q |
FN | 1143 | 0O. | 6. | 0

4

| Accept| | Reject | [Refresh] [Save Search |

Click to highlight record, and
click Reject button to exclude it
—+————=—from selected list.

Press Refresh to check averaged
spectrum for the updated selected
records

Click to highlight record and
click Accept button to include it
in the selected list

Press Refresh to check average

spectrum for the updated

selected records

Figure 48: Modify the List of Selected Records and Re-average

Table 4. Selected Ground Motion Records

Scale Tp |D5-95 : Ma : Rjb Rrup | Vs30 ([Low.Freq
Comp.| NGA# Factor Pulse (sec) (sec) Event Year Station g Mechanism (km) (km) (mis) (Hz)
Duzce, . .
FP | 1605 | 0966 | 1 56 | 107 1999 |Duzce 71 | StrikeSlip | © 66 | 276 | o010
Turkey
Kocaeli, . .
FN | 1158 | 1.638 | 0 - 17| Toney | 1999 [Duzee 75 | Strike-Slip | 136 | 154 | 276 | 0.24
FP | 882 | 4182 |0 363 | Landers | 1992 ’S\";’r’it:gza'm 73 | Strike-Slip | 268 | 268 | 345 | 0.28
FN | 880 | 4955 |0 402 | Landers | 1992 |[MISSION 25 | syikeslip | 268 | 268 | 345 | 0.11
‘ ’ Creek Fault| " : - -
Kocaeli, . . .
FN | 1176 | 1445 |1 45 | 154 | OO | 1999 |varimea | 75 | StikeSlip | 14 | 48 | 297 | 0.09
FN | 882 | 3597 |0 37 Landers | 1992 l\é(;rrtiz;alm 7.3 | StrikeSlip | 268 | 268 | 345 | 0.28
PN | 850 | 3147 |0 2 Landers | 1992 ggfiigs"'m 73 | strikestip | 218 | 218 | 345 | 0.07
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For the seven selected records, significant duration (5 to 95% of Arias Intensity) ranged from
11 to 40 seconds with an average of about 26 seconds. The average is very close to the median
value of about 27 seconds for a magnitude 7.8 earthquake at 10km distance based on the
correlation of Kempton and Stewart (2006) in Table 1 of the main report. Two pulse records
are included in the data set, with estimated pulse periods in the range of 4.5 to 5.6 seconds.
Although pulse periods of these amplitudes are reasonable for a large-magnitude earthquake
(see Figure 9 of the report), it could be desirable to have a record set with a wider range of
pulse periods, or a larger number of pulse records, depending on the structural characteristics
and response. The average spectrum for the seven selected records is shown in Figure 49, and
the background shows the spectra of all 30 listed records. The averaged spectrum has a close
match to the target spectrum in the significant period range of 0.3 to 3 sec. The acceleration,

velocity, and displacement time histories of the selected records are shown in Figure 50.
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Figure 49: Average Spectrum of 7 Selected Records
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Figure 50: The Acceleration, Velocity and Displacement Time Histories of Selected Records

5.2 Use DGML SUPPLEMENTARY SEARCH ENGINE

The previous example illustrates the steps to use DGML’s default search engine to select and
modify ground motion records. In DGML Version 2, a supplementary search engine is
provided to enhance the search capability, which is documented in Section 4.3 of this manual.
The supplementary search engine is useful to inspect the properties of a set of records
according to specified sequence of NGA numbers, and/or event name, station name.

Step 1. Switch to Supplementary Search Engine
Press “Switch” button to activate the Supplementary Search Engine. The user interface is
shown in Figure 51.

Step 2. Search According to NGA Numbers

The final result from Example 5.1 can be easily reproduced using the Supplementary Search
Engine. First, specify the NGA sequence numbers with the rule set in Section 4.3. The
“Components”, “Pulse”, and other options also need to be set properly as shown in the
Figure 51.
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After pressing the “Search” button, only the specified seven records are displayed. The
spectrum plots are shown in Figure 52, where the target spectrum, the average spectrum and
each of the selected records are illustrated in colors. Please also notice the difference between
Figure 52 with Figure 49, where the background in Figure 49 shows the spectra of all 30 listed
records.

Step 3. Search According to Event Name

Assuming that the user particularly wants to include records from Northridge earthquake. one
can use the Supplementary Search Engine to search records according to the “Event Name”, as
shown in Figure 53. All records with “Event Name” containing the key word “Northridge” will
be searched and displayed.

Step 4. Modify Search to Include a Particular Record

The Supplementary Search Engine is also useful to add particular records into a group. Assume
that after inspecting all “Northridge” records in Step 3, the user wants to include FP component
of NGA #1057 record to replace the last record (FN NGA#850) used in Step 2. The task can be
easily achieved by specifying an updated set of seven records by the “NGA Number Sequence”
as shown in Figure 54, where 850 was replaced by -1057. The spectra for the updated set are
shown in Figure 55.

SEARCH ENGINE

MGA Seguence Mumbers | Switch

1605, 1158, -882, 880, 1175, 632, 650

Event Mame Station Mame
Merm
Components Pulze
Ay COmpone... s Ay Recard W
Search

Scaling Single Period  Factor Limit

Figure 51: Search by NGA Sequence Using The Supplementary Search Engine
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Figure 52: Plot Spectra of Selected 7 Records

SEARCH ENGINE

MGA Sequence Mumbers

il

Event Mame Station Mame Clear
Morthridge | | | e
Components Fulse
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Figure 53: Search by Event Name Using the Supplementary Search Engine
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SEARCH ENGINE

MGA Sequence Mumbers Switeh
-1605,1158,-882 830, 1176,882 -10487
-

Event Mame Station Mame
Components FPulse
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| ves | [ no |

Figure 54: Update to Include the Northridge Record
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Figure 55: Plot Spectra of Updated 7 Records
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6. DGML MATLAB SOURCE CODE

DGML was developed using Matlab ® version 7.2 Graphic User Interface (GUI). The DGML
Matlab source codes were compiled into standalone executable so that no Matlab environment
is required for common users. The DGML Matlab source codes are also provided in the DVD
release. Advanced users can execute or modify the source codes in Matlab environment. The
section provides brief descriptions of the DGML source codes for advanced programmers, and
it can be skipped by common users. Relevant references on Matlab GUI programming should
be consulted if necessary.

6.1 INTRODUCTION

The Matlab source codes are stored in “DVD:\DGML\” directory, with Matlab utility files
stored in “DVD:\DGML\Utility\” directory. The utility files are Matlab .mat files that store pre-
processed NGA database information, such as spectrum values, earthquake magnitudes and
distances, etc. The utility files are called by DGML in real time, serving as input data for
various subroutines. DGML can be updated by simply updating the utility files without re-
compiling the whole system.

There are two types of source files under “DVD:\DGML\” directory. The *.fig files are Matlab
figure files used to design the GUI layout, and *.m files are Matlab source files that provide the
callback functions of the GUI objects and perform other operations. Brief descriptions of the
source codes are given in Table 5.

Table 5. Descriptions of DGML Matlab Source Codes

Matlab Source Codes Description
DGMLStart.fig GUI layout of DGML Start page
DGMLStart.m Main program of DGML Start GUI
NGATargetSpectrum.fig GUI layout of Target Spectrum page
NGATargetSpectrum.m Main program of Target Spectrum GUI

Subroutine to compute Abrahamson and Silva

AS2008.m (2008) NGA spectrum

BA2008.m Subroutine to compute Boore-Atkinson(2008) NGA
spectrum

CB2008.m Subroutine to compute Campbell- Bozorgnia (2008)
NGA spectrum

CY2008.m Subroutine to compute Chiou-Youngs (2008) NGA
spectrum

Idriss2008.m Subroutine to compute Idriss (2008) NGA spectrum

Subroutine to compute correlation coefficient based

ComputeEpsilon.m on Baker & Jayaram (2008)
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DGMLibPostProcessor.fig GUI layout of DGML Search Engine page

DGMLibPostProcessor.m Main program of DGML Search Engine

DGMLibSearchEngine.m Core code segment of DGML search engine.

Subroutine to read in acceleration time history data
ComputeAccVelDispTimeHistory.m from a file in NGA database, and compute the
velocity and displacement time history.

Subroutine to fix the dashed line style in post script

fixPSlinestyle.m figure output

6.2 RuN DGML IN MATLAB

Beside running the pre-compiled program on DVD, DGML can be executed directly using
Matlab ® version 7.2 or higher. By setting “DVD:\DGML\” as the working directory, DGML
can be started by calling DGMLStart.m function as follows,

>> DGMLStart

6.3 ViIEw GUI OBJECT CALLBACK FUNCTIONS

Matlab command “guide” can be used to open each GUI *.fig file. Type the following
command in Matlab:

>> guide

The command will show existing GUI files that can be opened, as in Figure 56. For example, if
one selects to click open “NGATargetSpectrum.fig”, the GUI layout of “Target Spectrum”
page will be shown in Figure 57. The GUI Layout of “Search Engine” page is shown in Figure
58. Developer can resize each GUI object (buttons, menus, etc.) by clicking and dragging. GUI
programming is “event-driven”, i.e., a user-defined call-back function will be invoked when a
button is clicked, or a drop menu is selected and so on. To view the call-back function of a GUI
object, one can right-click a GUI object, and the related object call-back functions can be
selected from the pop-up menu. Figure 59 illustrates the procedure to view call back function of
the “Create” button on NGATargetSpectrum.fig. Figure 60 shows the source code of the
callback function when “Create” button is pressed.
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GUIDE Quick Start

Recenty opened files:

4.\ CADGML_MatlabiDGMLStart fig

Create Mew GLI | Open Existing GUI

4\ CADGML_MatlamDGMLIbPostProcessorfig

4.\ CADGML_MatiabiUtilibiHelp_About_DGMLfig

[ Qpen

] [ Cancel ] [

Help ]

Figure 56: Use Matlab “Guide” Command to Open DGML GUI

% NGATargetSpectrum.fig E‘@E

He Edt Vew Layout Tools Help

[ Abrahamson-Silva

- FETIE
TARGET SPECTRUM
rPEER-NGA Spectrum

Boore-Atkinson

Camphell-Bozargnia Chiou-Youngs Idriss
Magnitude  Fault Type  Dip (deg) Width (km)
() EE | o
Rib (km]  Rrup (km)  Rx(km) ZTOR (km)
I [T [ o

Vs30(mss)  Z10tkm) 225 (km)

[ o [0 o

estimated default default
Average Epsilon Cond.Mean T_eps (s}
Geometric | [ g | VES ]

rUser Defined Spectrum

Read fram text file which specifies user defined
Tisec) and Sa(g) data pair in each row:

Open File

Use button to browse or key in path and nam

axes]

rSelect Spectrum Mod

Select models to generate target spectrum

PEER-NGA spectrum

-

rNotations

rCode Specification

Sds (g) 3d1 (g}

TL {sec)

[ o [ o

]

and Other Structures”, ASCE, 2006

The code specified design response spectrum is
in accordance with Code ASCE/SEIF-06
Reference: "Minimum Design Loads for Buildings

May  Moment magnitude
Dip  Dip angle of rupture plane
Width Down-dip width of rupture plane
ZTOR  Depth to top of rupture
Rrup  Closest distance to rupture plane
Rjb  Joyner-Boore distance to rupture plane
Rx Site coordinate w.r.t. top of rupture
¥s30  Average shear velocity of top 30 m
Z1.0  Depth to Vs=1.0 im/s horizon
22.5 Depth to Vs=2.5 km/s horizon
3ds  Design 3a parameter at short period

| %31  Desion Sa parameter at l-sec period

rControl
Clear

WMem

Create

.

Log-log
Salid li... v
RedLi.. v

I Hold on

[ Grid On

[ only Averge
[ Normalize

Save Target NEXT

Figure 57: GUI Layout of “Target Spectrum” Page
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W DGMLibPostProcessor.fig

Fle Edt Vew Layout Toos Help
@ LI
' SEARCH ENGINE  |[Control—

logles [¥

Magnitude  Fault Type  D8-95 (sec) m [solidline ... |~ |
0 }Alllypes v 0
Clear [cyanLine [+
R_JB (km) R_rup(km)  ysan (m/s)

[ o [ o [To Merm Ol Grid On

Compaonents Pulse Shaw Component
[FNFPinPair, v | |AnyRecod v | (FN/FPA/er)

axesl

Search FaultNormal

Scaling Single Period  Ts (sec) FaultParallel

I l - ! [ vertical
[ nein Total Mum,
Period Array | Gt I_U
Weight Array | T;laa\r;\lgt;rs ID_

Plot Acceleration Time History ~ | O Zoom In Time i]

axes?

axes3

Time Histary Scaled

Accept Reject Refresh Save Search Result Save Unscaled .acc | O Save Vertical Records BACK EXIT

Figure 58: GUI Layout of “Search Engine” Page
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Figure 59: View Callback Functions of a GUI Object
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‘B Editor - D:\Geomatrix\DGML_v2\DGML\NGATargetSpectrum.m

_E_\!e Edit Text Go ge_ll Taols _E_)egug Qesk_top _wl_ndqw Help
Dl iBRao | & e Ff |88 @@@T@@_Smcg:‘ |

2| BB -[10 ]+ [+[11 [x[&#|0

@ This file uses Cell Mode. For information, see the rapid code iteration viceo, the publishing video, or help. X
i ?II
387 3355555253530 050505052585855585858525%5%%% =5
388 %

389 5% 5%%%%

390 % —--- Executes on button press in CreatButton.

391 function CreatButton;Callback(hobject, eventdata, handles)

382 % hchiject handle to CreatButton {see GCBO)

393 % eventdata reserved - to be defined in a future version of MATLAR

3584 % handles structure with handles and user data (see GUIDATA) i
395

396 % clean the current figure first if hold off

387 — HoldonTag = get(handles.HoldCn, "value'}:
398 — 1f HoldOnTag

B9 = hold on;

400 — else

401 — hold off;

402 — plot{0,0)

403 — hold off

404 — end

ans |

406 — load ("C:ADGMLAUtilitw\NGRInputData.mat’):

407

408 % get fault mechanism and assign waribles

409 — menuiMechanism = get(handles.menu)ﬂechanism, "Walue');

410 —  switch menu Mechanism

411 — case 1

412 — NGAInputData.FRV=0; NGAInputData.FNM=0; % strike slip;
413 — case 2

414 — NGAInputData.FRV=0; NGAInputData.FNM=1l; % normal fault;
415 — case 3

416 — NGAInputData.FRV=1; NGAInputData.FNM=0; % reverse fault;
417 —  end

418

419 % get NGA parameters

420 — NGAInputData.M=handles.metricdata.M:

421 — NGSAInputData.DIP=handles . metricdata.DIP;

422 — NGAInputData.ZTOR=handles.metricdata.ZTOR:
423 — NSAInputData.W=handles.metricdata.W;

424 — NGAInputData.RRUP=handles .metricdata.RRUF;
425 — NGAInputData.RJB=handles.metricdata.RJE;
42/ — NGAInputData.vs30=handles metricdata.vs30; -

427 — NGAInputData.CMFlag=handles.metricdata.CMFlag:
I < | S
DGMUbSearchEngine.m  » | NGATargetspectrum.m x|

| %

MNGATargetSpectrum / Crea.. Ln 405 Col 1

Figure 60: Source Code of a Callback Function
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APPENDIX B

Summary of PEER-NGA Records Included in and Excluded from DGML Database
(tables in electronic form on DVD)

Table B-1 List of PEER-NGA Records Included in DGML Database

Table B-1a List of PEER-NGA Records Included in DGML Database (Taiwan)

Table B-1b List of PEER-NGA Records Included in DGML Database (California)
Table B-1c List of PEER-NGA Records Included in DGML Database (Other Regions)
Table B-2 List of PEER-NGA Records Excluded from DGML Database
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