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MDOF Tool

Dynamic Analysis of MDOF Systems
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MDOF Analyzer: All In One!

e Linear / Nonlinear Analysis | Seismic Excitation / Direct Force

e Seismic Isolator (LRB - FPS - PF - HDR) / Viscous Damper/ General Bilinear Model
e Live Simulation

e Critical Excitation (Synthetic Earthquake)

e Built-in Scale Tool
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MDOF Tool

Seismograph MDOF Tool

’
"4, SEISMOGRAPH | MDOF Tool - Test Filesmp

File Edit Input Run Simulation Help
System Properties.
Number of Stories: 7 System Type: (0) SOF @ MDF Add lzolator Add Damper
. . . Analysis Cases
@M oK ec m = 8.1577
k = 44G2 2222 [ Load ] Case | Function |Run?| [ New ]
Display Properties c=10 Case 1 El-Centro, 1940
m = 8.1577 '
Y Case 2 EiCeniro, 1940
Story Mass k = 44622222
1 91774 . <1577 o= Apphy Caze 3 El-Centro, 1540
= P S |
3 91774 Kk = 44629929 Caze d Eil-Centro, 1940
3 91774 o= Case § El-Gentro, 1940
' m = 91774 Info Al
_ R k = 65635556
: e o
6 81577 m = 9.1774 Edit Name: | Case? | nalysis Type
7 21577 k = 66355006 )
: c=10 Type @ Seismic Excitation [ |DA |EFCentro, 1940 v | DampingType |
m = 91774 :
b{ = Eﬁm_ﬁﬁﬁﬁ () Direct Force Set Input Nonlinear Settings
m = 9.1774
k = 6635506 Analyze
o=
[ Save as... ] [ Open [Modes.”ﬂheck mputs.“{)ptinrrs” Run H 0K | End'l'lrne:lzl
Inputs Tools Results Simulation
ELcentro, 1940 »| | | [ClPotAnFunctions Analysis Case:  Case 2 7 [ view simulation | | Save |
Dis Plot Function |Di5plau:ement v] Relative Disp.
Add Function — > [7] Mass & Spring Style
g 02 [ wet. One Story | isolator ~||pea ~| HLIL
= D AT |:| Trace Acceleration
g 0 Add Earthquake : [C] A Stories [] Selected Cases
5 oo [ psv Duration: [ ]
= R E] [l Psa |SDrlngs '] Compress Video
0 1:0 20 30 — E: [] Trace Loop [] Animate Loop s
- (o] (ooe) | ] | E7 - ]
Time [ Digplay Table AllValues - Scale Factor: 1
Delete Al Settings [ Paylasivideo |
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MDOF Tool

Modeling Tools
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Viscous Damper Base Isolator

A

Avd v v

Liquid Storage Tanks (Available in Seismograph LST Tool)
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Critical Excitation (Synthetic Earthquake)

4] CE =
System Type Basic Parameters PSDF Parameters Settings Envelop Function
@ Envelope Function
SOF @ MDF || 1y 6 | F1[00s Dw [ 16.696 | Al [1.8658 Max tterations | 1000 . P
. 0.4 4
Function DT | 2 | DF |[0.05 =0 10 | A (66208 Fraction =0 002 /
@ Drift 2 12| F2[20 PGA [0.20873 Tolerance 0.0001 o1 |02 |
Acceleration
E SDF) . = - 0.35 0 \ |
TEGELA, [JusePPn | Mode 3w -7 DOF 1 - -7 = 0 10 20 30 40 50
Double PSDF Generate Time History
Enable 4 PSDF . i Fitter Se.ttlrlgs
Freq. Value scale [0.80665 Order: 4
¥ abal 04 0.0767 0= 31 cale = Frea 1 (Hz): [ 0.1
Low W1 0.5 o = "l o 58
Low W2 10 0.2301 0 =
stis2 0135 S r—— [ ideal White Noise | Fiter | [ undo |
ﬂ L 1 1
[ Display PSDF 10 15 20 [ correct for PGA [ Correct for Peak
-3 Stationary Record .
2 %10 T T Y T T D Exact Match |Intensity - | TOL| 0.01

|:| Animate
[] Piot all in one

Time WValue

0 3.2773e-04 »
0.0200 3.3408e-04 |
0.0400 3.3601e-04 _

4 I 2

Time Walue

) 0~
0.0200 1.6629e-08
0.0400 3.3300e-06 _

4 LI I

0 Ww\fhﬁ“m&ﬂ W J'I.AM."'.p MM M .|lrl|.|n'i|“|dWnll-|nupluln|l||"||lﬂuﬂ|,|ﬂ| ujpldl |uu'l|ﬁut

-1

_2 1 1 1 1
] 10 20 30 40

4 X 1074 MonStationary Record

50

0 -._.f'lllw Jn\ JF|||P\JIIWIIUIWWNWWW me

20 30 40

50

cer N

Review

Selected CE:
[@] Piot &1

[ rs. |[Fir][15.]

[ [ mo. |
Fo Ov Oa
[ psv [C] PsaA

F.A. PA.

Cancel l [ 0K

* Critical Excitation Tool
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Live Simulation

* More detailed Frame-Like Style
* Basic Mass-Spring Style

” . {4 Figure 1: Simulation =Rl ﬂ
{4 Figure 1: Simulation @M
Case 1 - Chi-Chi. TCUO51. 1-N Case 2 - Northridge-01, Sylmar - Converter Sta, 142 10 Isolator
Max Difi=0.5cm @ Siory2 ' ! 1120 Max Drift=1.3ecm @ Story 5 12.280 T ; : . ! !
Max Displacement = 16.2 cm  { Relative =3.0 cm ) Max Displacement = 44.7 cm  ( Relative = 8.6 cm )
ms‘i"'a‘g D‘f’p'fD:’;‘f"‘:‘“‘"‘ Max lsolator Displacement =37.2 cm 10 i
e ccsloration = Q.31 Max Acceleration = 1.29 g
> 05 B
=
&
= 0
i
051 * Include Hysteresis Loops
in the simulation
-0.3 -02 -01 0 01 0.2 0.3 0.4
I — Displacement (m)
. . . . . . =
08 06 -04 -02 0 02 04 06 08 = 04r : : : . : : . 3
— Displacement (m) s
§ 100 g 02+ ]
E = = g o
§ °° 1 . Lvd . . o 0.2 ! . . . . . . ]
ﬁ; 100 . . . . . . . . -0.6 -0.4 -0.2 0 0.2 0.4 0.6 a 0 5 10 15 20 25 30 35
o 0 10 20 30 4 50 6 70 0 Displacement (m) Time (s)
Time (s) . 10
R : : ' ' ' ' ' = . ' ' ' ' : '
o . Eo 1 g0
* Add ground motion displacement (or Acceleration) 2 £
] (I,
Trace to the simulation 2 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Time (s) Time (s)
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MDOF Tool

Display & Edit Model Data

* Display Modal Information (Period, Frequency, PFn, MPFn, ...)

* Quickly build model using the Quick Build Tool

1 C= | 21500 |KN.s/m

~]
6 = Next

T1=152s T2=0336s T3=0199s

Calculate Period I

h1=88% h2=39% h3=66%

’
4] Quick Build Tool =
1 +| w= [ 2405 |Ton st | K <
— 1 1500 500000 21500
6 v Next 2 1500 500000 21500
3 1500 500000 21500
— = : 4 2405 8842600 21500
1 | K= [8842600 | KN/m s 2405 8842600 21500
= 5 2405 8842600 21500
6 - Next

& Figure 1: Modal Info = [E] ®
Mode | Modal Damping (%) | Period(s) | Wn(Rad/s) | Wd(Rad/s) | fn(H) | PP |  MPFn
1 1 18.9907 22827 27525 27024 0.4381 83392 0.9884
* Review M Stiffn 2 2 8.4250 0.5939 10.5793 10.5417 1.6837 0.8496 0.0103
evie ass, ess 3 3 62181 03236 19.4163 19.3787 3.0902 0.2805 0.0011
& Damping Matrices 4 4 4.5652 0.2221 282960 28.2665 45035 01071 16311e-04
5 s 45507 0.1784 35.2148 351783 56046 00686  6.6861e-05
g 3
& MKC Data (==] = |
7.2199e+03 -6.5636e+03 0 0 0 0 0 0
-6.5636e+03 1.3127e+04 -6.5636e+03 0 0 0 0 0
0 -6.5636e+03 1.3127e+04 -6.5636e+03 0 0 0 0
0 0 -6.5636e+03 1.3127e+04 -6.5636e+03 0 0 0
0 0 0 -5.5636e+03 1.1026e+04 -4.4622e+03 0 0
0 0 0 0 -4.4622¢+03 8.9244e+03 -4.4622¢+03 0
0 0 0 0 0 -4.4622e+03 8.9244¢+03 -4.4622e+03
== " . — — gl ] -4.4622e+03 4.4622e+03
4| View Mode Shapes =)l
= Pl
A || 4 Inputs | =
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 [Mode 1 - Hode & 29| e
uoces ¥ e
0 o Iode 2 M, K & C Matrices...
Mode 3
Mode 4
P
Mode 6
Case 1 |
--Current Settings - - -
- [ 1 Linear Superstructure
—a i Analysis
Rayleigh - Calculated
2t Direct Integration
[ Panel Newmark
Refresh | || (F ||| ~TTToooTC
HDR] - | -
[”] Normalize Phi Bilinear
T=22827 T=059391 T=03236 T=022205 T=017842 T=0.15022 —
(98.8% ) (1.03% ) (0.112% ) (0.0163%)  (0.00669%)  (0.00137%) Copy Phi Matrix i J
* Check input parameters,

* Display Mode Shapes

force matrix

settings before

analysis.

and other
running the
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PSHA Tool

Probabilistic Seismic Hazard Analysis

N
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SEISMOGRAPH
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PSHA Tool: Site-Specific Probabilistic Seismic Hazard Analysis Package

o Site-Specific Probabilistic Seismic Hazard Analysis

e 22 Attenuation Models (Including 4 NGA Models) / Attenuation Plotter

e 4 Source Types: Point / Line / Area / 3D Fault

e Auto-Compute Magnitude and Distance Distributions

e 3 Analysis Cases: Single / Multiple / Logic Tree

e Hazard Curves / Uniform Hazard Spectrum / Deaggregation Tool

e Advanced Source Editor Tool: Magnitude Conversion / Declustering (Remove Foreshocks & Aftershocks)
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PSHA Tool
r=-
4. Seismograph | PSHA Tool = | —
File Edit AddSource Run Display Tools Help k.
Control Panel Distance Magnitude
Area
Area Radius, km 175 0.3 | P[R=r] r P[M=m] m
0.3094 700096 = 05388 41750 =
0.25 1 - Ind
|_ap | @1 | cataog | ] _ 0.0907 78.9680 0.2407 45250
ras a0z 1 | 00795 87.9264 = 01075 48750 =
guree o 015 1 | 0.0665 96.8849 0.0480 5.2250
| Pont | [ Line | 0.1 { | 0.0650 1058433 0.0214 55750
0.05 { | 00839 1148017 0.0096 5.9250
| area | [ Fou | o 0.0802 123.7601 ~ 0.0043 62750 T
Select Source: 50 100 150 200
Source L1 - Epicentral Distance, r (Km) Magnitude, m
|Display| | Edt | [Delete] Sources o
10° Case 3: M- PGA
Settings 175 _ m——
) - Weighted Average
Win. Ace, 0.01 ~—
: ’ : ‘, ‘\ 8 102 —— Comell et al. (1979) -
Max. Acc, g 1.01 - sanan e . Y =
i \‘_f \1.1:::' S \ g Amberseys (1975)
Ne: ([¥ILog?) [ 20 87.5 !A_M%_’“ﬁ ; pt £ ® 10l — Ghodrati Amiri et al. (2007) | |
! T, Rt ! T T“
[ Analysis Case ] l Run ] I pamin :;-h\ \—-w,.} ‘r”}*’“r_l: ’;"1": ih ,_t"- 2
I -x,___‘_s,\,.)—“— . I‘ L &
4 . \ B 10°r .
Display Results [ ’i"‘!—"-—“ ‘@mﬁ\ e ©
. . 0 "‘_ ot S Tehran ¥ - ‘l"—-l-. = .1 e
Case: s0: [Fe, s /é fir]
- - t;;_fr. e e el _
Mene - | ~ N O = 10
Attenuation: I‘;‘.__'_\& ‘-":\1&% Aﬁ;;:?r:“' — | }f 2
] = » = LW c .
Al e o N S | . S 100} |
Source: N, ¢ W V4 =
Y :\ # o o o -
N \ - -", - L -
L1z <N | =10
=~ _ -
10-14 1 1 I I
. - 175 875 0 87.5 175 0 02 04 0.6 08 1 12
FR =) Acceleration (g)
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Advanced Source Editor (v2.0)

-
4| Source Editor v2.0 ==
File Edit Tools
DA | RO |@
Area Radius (km): 1500 Year Month | Day | Time Latitude Longitude Depth Magnitude | MT | ¥ {m) | ¥
] . 2019 7 7 13:36:53 -33.0856 -177.8680 33 44945 mB 5436811 -3.70
Latitude: |-40.328: Longitude: |175.1, 2019 7 7 07:56:28 33,8327 1798.8020 33 48543 MLv 4339974 37
Display Map Use Opengl 2019 7 7 07:52:24 -33.6081 179.2722 23 4.2464 mB 431.4007 -3.7¢
2019 7 7 06:57:23 -33.7385 1796517 5 46654 mB 4113015 376 =
(Load | [ Edt || Pt | [ savecat | |« | i | ’
Remowve Events
3 |- [945.584 28l L
o .
79.272 = & .
=6r -
Auto g_]
[S.elnect”De.select”Delete] 2 4 - o
E 1 1 1 1 1 1 1 1 1 1 1
Free Selection Tool 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
Auto Detect | Exclude M < | 4 1500 N ' ' ' '] 0 Front View
N | [wiew | [ selectan
e - B 200
[ View Selected [T wateh! r : R ]
N 400
Assign Source Data . .
L 4 -800 ‘e
[Assign | | Deiete || Export | =L
- -800
N S f
one ) > ol | 1000 -500 xcr 500
|:| Exclude sources from selection
Side View
Display Options 500 - ] 0 .
[ Display Selected Events Only 200
Overlay Eliminated Events '
|:| verlay Eliminal Ven 1000 - ] M 400
Info .
All Events: 26335 -600 ’
Selected Events: 20035 -1500 - ]
Elminated Events: 0 2000 -1000 0 1000 2000 -1000 0 1000
Remaining Events: 25335 ¥ Y

—

* Remove Foreshocks & Aftershocks
¢ Build sources by assigning events

e Export Sources Data into PSHA Tool
¢ Convert different Magnitude scales:

oML -> Mw (Shoja & Taheri, 2007)

oMS -> Mw (EMME, 2011 - Scordilis,
2006)

omb -> Mw (Scordilis, 2006)

o ML -> Ms (Gutenberg & Richter, 1956)

oMb -> Ms (Mirzaei, 2011 — Ambraseys
& Melville, 1982)

omB -> Ms (Gutenberg & Richter, 1956)

10
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PSHA Tool
Hazard Curve & UHS
4] Hazard Curve = X
Plat Input
100 : : Case 4: M _| PGA & SA : : '.é.' Acceleration, g 0.2
® ili 0.0003
Weighted A\rerage ! Probability of Exceedance
Comell etal. (1979) Tiene Perind 0
Ime Fer ear
Campbell & Bozorgnia (2008) | - Y
@ Abrahamson & Silva (2008) Disolay Result
z Ghodrati Amiri et al. (2010) Iepiay esults
g Case: . S0 ]
8 P=%0038 T.=187441 ) =0.0000 i M-PeASSA & 0 =
= Y Attenuation: _
L'E — Campbell & Bozorgnia (2008) -
o — ]
o h ‘ | ["] Source:
E > [ : 3 MNone -
= 4| Figure 1: UHS EE™~™ ,
3 Y-Axis
E 108 Save “ Mean Annual Rate of Exceedance v
M - PGA & SA, Campbell & Bozorgnia (2008
et o0 nie
= AT
10710 - = / ’ Plot Uniform Hazard Spectrum l LogLog
= |
02g 2
10-120 0.2 E
’ g 10" \ ] * Review and compare
~ Hazard Curves for different
1 Attenuation Models and
[ ' ' ] ) Seismic Sources.
102 107 10° 10
Priod (s)

* Plot Uniform Hazard Spectrum for appropriate Attenuation
Models.
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PSHA Tool

22 Attenuation Relationships

-

4| Attenuation Plotter

1
Campbell {1 997}‘ PRIl Horizontal PGA - 10 ! !
Campbell & Bozorgnia (2003) Spectral Acceleration
Campbell & Bozorgnia (2008) -
Abrahamson & Silva (1 993} _
Abrahamson & Siva (2008) R o
Sadigh et al. (1997) Ne""”sle 10° |
Boore et al. (1993) orma
Boore & Atkinson (2008) -
Zaré et al. (1999) =
Zaré & Sabzali (2006) 3 = =
Ghodrati Amiri et al. (2007) Aftershock c
Ghodrati Amiri et al. (2010) S 1
Ghasemi et al. (2009) Tl ®10
Youngs et al. (1988 2
i
- Measured
Idriss (1993) 4 Ll 2
Panel
Magnitude: m VS30, mis 360 10'2
Distance: RIB, km T o |
X Axis ZTOR, km o 10 R IR Poobo i
R M _ P
Dip Angle 10° 107 10° 10’
Ho P Period, (s)
‘ Refresh ‘ ‘ Copy Figure ‘ - SEEITEES III

* Cornell et al. (1979), Amberseys (1975), Amberseys (1990), Campbell (1989), Joyner & Boore (1981, 1988), Campbell (1997), Campbell &
Bozorgnia (2003, 2008), Abrahamson & Silva (1993, 2008), Sadigh et al. (1997), Boore et al. (1993), Boore & Atkinson (2008), Zaré et al. (1999),
Zaré & Sabzali (2006), Ghodrati Amiri et al. (2007, 2010), Ghasemi et al. (2009), Youngs et al. (1988), Chiou & Youngs (2008), Idriss (1993)
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Advanced 3D Fault Model

e Easily build 3D geometry: Draw fault trace / set
Depth, Width and Dip Angle / Use Stirling or
Frankel method for gridding.

® Assign Fault Mechanism

e Compute Magnitude and Distance Distributions

e Calculate various distances: Rjs, Rx, Rmin and
Rmax

’
[4] Fault Builder

~Fault Parameters

Depth to top of rupture, km
Width of rupture plane, km
Dip Angle, deg

| oraw || caiculate | | copy Fig. |

Display Distance Map

—Gridding
Segments Dimension, km IIl
Strike Angle:
Gridding Type 1
|V @) Stirling (") Frankel
Wiew
az: 189 il | Pl
el 30 il | Pl
wom [ [
[ev] [%2] [vz][ a0 |
Distance

RIB | 6829 R Min
RX RMax | 1168 |

~Mechanism

[Comoa ] (o

13
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PSHA Tool

Deaggregation Tool

'8

4| Deaggregation Tool

PSHA Deaggregation Result for: Return Time 2475 years

Mean [R.M.suj =46.6 km, 7.08, 1.77

Mode (R,M .en] =25km, 7.25, 0.871

SA period 0.6 sec Accel > 0.598g. Ann. Exceedance Rate 4.04e-04

Magnitude

=
CRUED)
Settings
[ Run ] [ Refresh Plot
AllGMPEs V: 12
All Sources
06 - .
) =
Relative Contribution g = 10
E
Bin Size o
Delta M 0.5 :'NE
Detta R 10 =}
- 8
None =]
=
=
E=]
Recovered TR: 2475 years 5
=
Recovered Rate: 0.00040383 8 &
Binned: 100%
Residual: 0%
*Caze 3 (Single-PSA), 2475 years 4
1
= |
;|
§as . 2
4 T
£ i
a
o a5 1 15 2 25 3
Pericd () Distance (km) o

Identify the magnitude and distance combination
with the largest contribution to seismic hazard
Compute Mean and Modal Values (for M, R and €)
Break down the deaggregation result to individual
sources, GMPEs and Magnitude sets

Perform UHS deaggregation for desired spectral
period

User-friendly design and workflow



Strong-Motion Data Processing

Acceleration (g)

Period (s)

SEISMOGRAPH

SMDA
o

Strong-Motion Data Analyzer

Manage Multiple Records (Edit, Sort, Search & Filter, Add/Delete Event, Build Database, etc.)
Compute Ground Motion Parameters (Durations / Arias Intensity / Power & Intensity / Peak Values)

Sismean + o

——mean
mean + o
mean

10°
Period (s)

Elastic / Inelastic Response Spectra | Fourier / Power Spectra

Design Spectrum: Elastic & Inelastic Spectra / Response Spectrum Compatible Design Spectra
Spectral Matching / Artificial Accelerogram Generation / Filtering & Baseline Correction

SEISMOGRAPH
SMDA

SDF Analyzer Tool: Nonlinear Analysis / Damping Calculation / Live Simulation / Nonlinear Parameters Calculation (Ductility Ratio /

Normalized Yield Strength)

15
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SMDA

Seismograph SMDA

-

E Seismograph | SMDA = | —
File Edit Display Toels Run Help k]
& O
Input Sort Events -
Magnitude PGA | Parameter | Value | Unit |
[ AddEQ. ][ Reset ] Tabas Iran, Bajestan, L 7.4000 0.0907 = Sort by: Depth ] km
’ ” ] Tabas Iran, Bajestan, T 7.4000 0.0669 D o Va3l 0 ms
ave.Disis Sel Export Tabas Iran, Boshrooyeh, L 7.4000 0.1055 cenem Ep. Dist. 0 km
. Tabas Iran, Boshrooyeh, T 7.4000 0.0849 e Hp. Dist. 0 km
a Tabas Iran, Dayhook, L 7.4000 0.3239 fter Even PGA 0.10553 g
Display Info Tabas Iran, Dayhook, T 7.4000 0.4094 _ Fitter by: | Preferred Ws30 - PGV 13.288 cmis
PGD 7.633 cm
< Valug =
’ ] | % | :| :l Power 0.11527
Run / Refresh 0.8 o : ' g g ’ Fitter ] [ Undo ] Intensity 0.011224
Plot Options o FA Area 3.5287 mis2
Edit Events Amax ms
¥: MaxE - 0.7 bt 1.038
Y 1 ’5elec1 ] ’ Delate ] ’ Clear ] Ca 17643 m2is3
X: |Inten5'rty v] W max 0.43597 m
Cw 0.050566 m2is
[ Addpiot || copy Figure | 06y @ | rPotPane
|Taba5 Iran, Boshrooyeh, L VI MaxE 020152 s
[T Display Names [ LogX ° - veh, T 0.5 s
L@ _ [ Piot &1 [T Piot Selected Max Et m2is2
Add Linear Fit | [ Logy 0.5 ax 051852
’TLme Series ] ’ Input Energy ] = 2 2
< ) @ Duration 3408 s
’ Design Spectrum ] ’ Comp Tool ] g 0.4 7 Response Spectrum U Duration 16792 s
[ Response Spectrum || s0F Tool | * o Disp. [[]vel [ Ace. B Duration 1642 s
- - : 0.3 Q i [CIrsv [[]rsa S Duration 1948 =
Imp Fitter / Baseline Carrection Q /s Ratio 102692
Statistics o o 0 [ ] EUE Ratio 038863
. U — . THT Rati .
N 18 0.2 2 o > Fourier & Power ate 0.2077
PGVIPGA 0.1285 s
i [Pt ]
min 0 (o] ‘ o EIFA. PLA. m Arias Intensity  0.28261 miz
Mmax 0 0.1 . T
W=30min 0 . D Show Table
Wa30max 0 h. . @ o
HOmin 0 0 : : : : :
MO 0 0 100 200 300 400 500
Epicentral Distance

16
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SMDA

Record Comparison Tool

r
E Recerd Comparison Tool

T

Plot
120 T T T T

Imperial Valley-06, Aeropuerto Mexicali, 45
Imperial Valley-06, EC County Center FF, 92
Imperial Valley-06, El Centro Array #4, 140
— Imperial Valley-08, El Centro Array #13, 230

100 -

Displacement {cm)
g

i
n
T

ra
T

Imperial Valley-06, Aeropuerto Mexicali, 45
Imperial Valley-06, EC County Center FF, 92
Imperial Valley-08, El Centro Array #4, 140
Imperial Valley-06, El Centro Array #13, 230 |

Input energy per unit mass {mzfsz}
o

4 LI

a0 | 1
20 k 0.5
0 L= ' 0
0 1 2 3 4
Period (s) Matural Period (s)
Left Axez Right Axes
Plot Option - Dizplacement Response Spectrum | |Actual Energy - Options -
s © s | (o] [cm] | | Rn 0 5[]
Earthquake Station ID Station Name
vium [ o |[ 120 [ Fix lim g [IMPETET VEIEy=Ug T o O viim: [ o 10 [T Fix *¥lim
42  |lmperial Valley-05 El Centro Array #4 230
SDF Parameters 43 Imperial Valley-06 El Centro Array #4 14(= Spectrum Parameters
Period: 1 Damping: | 0.05 44 Imperial Valley-06 El Centro Array #13 14C Min: [0.05 Step: [0.02 Max: | &
45 Imperial Valley-06 El Centro Array #13 23 - Beta: [0.05 D \ariable dt i

[Reset Piots| | Trim |

|Scale to PGA| | Revert | [Scale to PGV

F
[7] Mormalize PSDF [ | Exact IE 50

* Plot and compare various earthquake parameters (Time Series, Response Spectra, Fourier / Power Spectra, Input Energy, Input Energy Rate, etc.)
* Scale Records by PGA & PGV
* Trim Records

17
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Response Spectrum Tool

{4 Spectrum Tool = P
Panel
Spectrum Type 50 T
(7) Elastic Spectra
(@) Constant-Ductility Inelastic Spectra H ]
Plot Axis Settings @ 7
X-Axis .
Min Period | 005
Period - e ,__35 -
S Max._ Period 5 g a0 [4] CDIS Review = x
Displacement = Period Step | 0.05 =
(<)
E 25
Damping Values Inelastic Spectra 8 | Period | fhar | Mu =
" 15 <50 15 07500 06607 1508 4 G 50 T " T "
5% u: - b =
2 16 (XTI 0703 1488 = e
oetucay 0.02 e 15 ’ I 17 08500 07031 1502 g 0 _....f|‘ w" l | —
ing: - 4 Fi : Triparti = 1.491 8 !
Damping: | 0.05 e 4| Figure 1: Tripartite Plot - = . 3
[ Elastic Spects e 10 Save ~ 14897y o 50 \ . . .
astic Spectrum = -
Show Table 1481 o o 10 20 30 40
10 | | | o 2000
0 1515 ' '
[ Display Legend 0.5 ppmp 1500 u =20.370I5§7'[7)59 |
u = .
1 1513 max
1000 1
1511 5 500
—_ = 1
. ® 1,509 <
e Elastic Spectra E 1512 g 0
e Constant Ductility Inelastic Response Spectra z 1.502 S -500 ]
g 1497 =
e Tripartite Spectra ® 1510 o> ]
. _g 1617 -1500 ]
® Review Tools / Table Data E 1503 2000 . .
o 1.508 -40 -20 0 20 40
1493 7 Displacement (cm)
el
107" : N * . . .
10?2 10" 10° 10' 107 Review Tool for Constant Ductility Inelastic
Period (s)
L Response Spectra

* Sample Tripartite Spectra
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Design Spectrum Tool

-

|4 Design Spectrum ==
File Edit
103 [ S T S L T S S
Ground Motion Parameters L ]
. + ]
Ag, g: 1 Vg, cm/s: | 122 mean + o 1
mean i
Dg, cm: | 91.5 Damping: | 0.05 SR D < mean + o | -
‘ : BN mean
Tripartite l Add / Refresh ] l Copy Fi
py Figure
2
[ JInelastic Spectrum, Mu: | 2 10
[¥] Log
l Display Tables ] Vel (base) v: 0
=
&)
Mean Spectrum >
S o
= 10 3
- =
Earthquake Station ID o
1 |Kobe 99999 - g
— [}
2 |Kobe 99999 = K
3 [Kobe 99999
4 |Kobe 99999
5 |Kobe JMA 4 10° |
< b i
Correct GM Parameters
PGA= 02924 (g) | (@ Mean
PGV = 35.602 cm/s (") Mean + SD
PGD = 10.128 cm Apply 10-1 2 - . - ,
10" 107 10 10 10
Period (s)

e Elastic / Inelastic Spectra

e Response Spectrum Compatible Design Spectra

19



* Damping Calculation Tool

SEISMOGRAPH
SMDA
2 SDF Tool = e Linear / Nonlinear Analysis
— e Seismic Input / Direct Force / Free Vibration
e Damping Calculation Tool
Plot . . .
001 e Live Simulation
= U T T T
‘E’ 0 'm W B |#] Figure 3: Nonlinear Parameters =HEN X
=
g ‘ | U M Save El
% -0.01 | | J W W -
©
E;_ -0.02 U o T T T T
a -0.03 | | | I ! ! ! 1r =4 1.001 F-———————— b
0 10 20 30 40 50 60 70 |
Time(s) 7 =0.233 |
|
Displacement - 0.5 |
Velocity m |
Acceleration m 1 Beta | 002 FY 10233647 |
ABS. Acceleration L " @ |
Kinetic Energy = k| 394784 Tn 1 UY 0005918 8 !
Potential Energy ¢ [025133 Wn [6.2832 Mu | 3.99973 2 0.025
Damping Energy B —
Yielding Energy Wd | 62819 fbar 0233398 L= m
Total Energy p A AN
EY, ED. ET . [ ] ’ ] . -05 9
RUN Play Animation Monlinear Analysis
Load T (=]
uai yee Earthquake Station ID Station Nan % 0.05 7 '03 7 ‘02 3 '01 5 5 61 5 ‘02 5 63
() Direct Force b b ok - - -
s 1 39999 UK - ] ;
_ - = Displacement
(@) Seismic Excitation 2 Kobe 99999 UK = g 0 M" i
+| Damping Tool - - e - .:_ﬂ
Edit *|} Figure 2 = = X
Disp. 2 Force J . 0.4 0.02 L - Disp. 5 Force ). e
26955010 10642008 = 02 s 001 26955010 677470.00
10696009 42228008 é 0 = 0 10696009 133340.08 0.08
2378%-09 93916608 = = \ 4 2378903 195726-08 —
41650005 16454807 _ “ 02 “ oot AN / 41680808 2539208 _ Mo
------- — W -0.02 N e s o o 0.06 -
ED = 0.0085546 kN.m ED=0 £
S— ES0 = 0.0032072 kWm 002 001 0 001 002 001 0 001 | puz=0¢ o
W= 51306Rads Displacement (m) Displacement (m) c=0 5 0.04
Beta = 0212 R || MleckteT= | 1 Frams Selected Atea | _Go o the closest Peak | | | | ByAvea] [ ByEmeiope | &
: : & 0.02 -
[=
. | L |7 32 [Run T2 3242 4 | o 0 | |
E 0.02 : : T T T
b= ‘ L J 0 10 20 30 40 50 60 70
EE i Time(s)
g—nm v «‘
§70'mn m 20 % © % % 7
Ti . . . . . .
i) * Potential, Kinetic, Yielding and Damping Energy Plots
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SMDA

Filtering & Baseline Correction

4] Filter Data e
Original Filtered
KMM 2000/06/08 09:32:49, N-S KMM 2000/06/08 09:32:49, N-S
9 0.5 0.240 T T T ,‘9 0.5 0.242 T T T
c c
2 2
g o g o
iy A
8 3
g-05 ' : ! g-05 ' ' !
0 50 100 150 0 50 100 150
@ 10 ; ; @ 10 ; ;
= =
Z e 0
= 0 a =
'g 'g -10 - .
E e | ‘ | E -10.152 ‘ | |
0 |9.349 50 100 150 50 100 150
£
S.200 ' ' ' 145.461 ' ' '
€
[
£ 100
@ 4
3]
o
% 0 | | | | | |
o 0 50 100 150 50 100 150
Time (s) Time (s)
Filter Type Filter Configuration Order & Frequencies ’ | -
(@) Butterworth (@) Highpass Order: 4 c ] " hEarthquake CUEStatlon L5 e _ft;
Chebyshev () Lowpass Freq 1 (Hz) : 0.1 8 0.5 E 2 P a
- | ® Band 25 000/06/08 . RORITIE
e o mandpass ikl il 0 - 5 26 |[KMM 2016/04/14 .. KMMO0S
Bassline Correction Panel Fre1f?uency H2) 10 27 |KMM 2016/04/14 . KMM00S
Polynomial Type: Baseline Correction Filtering 28 |KMM 2016/04/14 ... KMMO08 |§|
: . ] Settings 29 (KMM 2016/04/15 .. KMMOOS [
Quadratic 4 Copy: |A ] (@) Apply ta all (©) Apply to Selected 2n I-(Mi\.l'l_ |9n1 RINAMA  KMMANR T
<« |1 b
Cancel l l OK l

* Apply Filtering & Baseline Correction to multiple records.
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Artificial Accelerogram Generator

E Artificial Accelerogram = | —
General Settings Fitter Settings
PSDF Tmax 45 N 1 G0 0.8
Freq. | Value B ' ' ' ' ' ' DT 0.02 Nm 500 W 85
00767 ol 26 White Noise : ' '
' = = Corrected White Noise Beta 0.95
0.1534  0.0716 — E 4 Additional Corrections :
0.2301  0.5182 B, [C] Pea correction? 0.2
03068 05320 = . 2
e _
N3R35 04706 T & 0 } i A skt B bt o ) [¥] Fitering? Onder |4 g a0
i:upy Tahlr::] [Cupy Figure] 0 3 U , S 20 25 30 Freg 1 (Hz):| 0.1
Circular Fregquency (Rad/s) Envelope Seftings

|:| Baseline Correction? Linear
Ta/Tmax 0.2

Stationary Process

Time | Value | = ' ' ' ' Frequency Fitter TeTmax 0.4
. ol 22} White Noise 1 ) Band Limited e ey 0.2
' — a Corrected White Naise = o
0.0200 0.7403 — 'E 0 wm “ywwrwuwﬂw ;fllfll LR _ Gamma 02
0.0400 0.5853 n
00600 04539 E o }‘ Envelope Function n 3
DORM 03895 = . ) . . (") Exponential (Liu} 01
@) )
Copy Tablel |Copy Figure| 0 10 20 30 40 @ Jennings 0.35
Time (s) (7 Saragoni & Hart =
| | 02 Nonstationa ry Time H|slory . B =
Time Value : -
0 0 0.1 [rs] | @mo

o

0.0200 1.5583e...
0.0400 1.0135e..

. WW’JW TS S 75 = Envelope Function
0.2
T ﬂ ijsv

Acceleration (g)
o

0.0600 26073e. . 017
0 O&M 538578 n2L ) . i == T 01
k:opy Tahle] [Cupy Figure] 0 10 ED. 30 d 0
Time (s) [ Settings l 5 20 e

e 2 Frequency Filters (Band Limited / Kanai-Tajimi)

¢ 3 Envelope Functions (Liu / Jennings / Saragoni & Hart)
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Spectral Matching Tool

-

|4 Match Tool =0
Panel Panel
10‘} T T T 0.5 T T T T T T T
Corrected i
<
10‘1 .
Original -
£
i
] &
w -
]
=
102
E
=
a
.
10‘3 2 I 1 IG I 1 °
10° 10° 10 10
Period Time (s)
Panel Settings Dizplay
’ Load Target Spectrum ] | | Tolerance Mean Spectrum: Original i
SemiLogY 1 cncn, TCUD4E, B-N Dampinng Ratio Time Series & Spectra: [¥] Original [V] Corrected
2 Chi-Chi, TCU122, 2-E
l Add Real Accelerogram ] 3 Chi-Chi, TCUDS1, 1-N [ Run ] [ Run for Al l
[ ] Period Range Additional Correction
Add Artificial Accelerogram
Win. Period Fittering? Order:
Max. Period lIl Freg 1 (Hz):
Info... [C] Display? Baseline Correction?

* Modify Real (or Artificial) Accelerograms to match with any target spectrum.
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Clean-Up Tool

-

‘4 Clean-Up Tool

{ | =)
Plot
Chi-Chi, TCU122, 2-E
E 02
§ 01T
® 0
2
g 01+
< 02}
0
Time (s)
Panel
Earthquakes (Analyzed)
Acceleration Level, (%PGA) ChiChi TCUD4S. B |
Min Rest Time, (s): : '

[Anaiyze | [Refresn | [ Reven | | [CRCM.TCUOST, 1N

[ Remove Rest Time |

* Remove Initial Rest time from all records
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SCALE Tool

Accelerogram-Scaling

Corrected Spectrum
Code Spectrum
Adjusted Spectrum

SEISMOGRAPH

Tootl

Scale

2
Period (s)

A Comprehensive Tool for Scaling Ground Motions

e Up to 11 pairs of horizontal records

e Min MSE / Direct Scale Method + Free Adjustment Tool

e Single Period Scale / Scale to Peak Values (PGA/PGV)

e Built-in Code Spectrum: 2800 v4 / ASCE 7 (2010 & 2016) / Eurocode 8
e User-Friendly Design & Workflow
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SCALE Tool

Seismograph SCALE Tool

-
E Seismograph | Scale Tool - Tabas Example 2.ssp

File Edit Toocls Run  Help

EEIRYTIE

l'abas, Bajestan, L

—#—H-%Mm—

Tabas, Bajestan, T

%WW—

labas, Boshrooyeh, L

[istandig i

l'abas, Boshrooyeh, T

—-—-—#n«wﬁmﬁ*fm .

labas, Dayhook, L labas, Dayhook, T
L L e L TN WESNEIR
Tabas, Ferdows, L Tahas, Ferdows, T

e ettt bl g

Tabas, Kashmar, L

A WA st

Tabas, Kashmar, T

labas,

Sedeh, L

10! :

10° 5
= ]
0" \ Hrey i

\ 7 i
= .
10k
— Mean Spectrum
— Code Spectrum N
— Corrected Spectrum TN
-2 L L . Ll L L
10
102 1071 10° 10
Period (s)

[SBtthgs” Run H Code Spectrum HAII (Corrected)

-] Set Limits log-log Axes

Hethod D | EX EY [
) max
. EQ1  Tabag, Bajestan, L Tabag, Bajestan, T -
":" min MSE EQ 2 Tabas, Boshrooyeh, L Tabas, Boshrooyeh, T
L) max - var. EQ3 Tabas, Dayhook, L Tabas, Dayhook, T L
@ min MSE-var. | [EQ4 Tabas, Ferdows, L Tabas, Ferdows, T

EQ S Tabas, Kashmar, L Tabag, Kashmar, T
Structure EQ6 Tabas, Sedeh, L Tabas, Sedeh, T
Perind, = EQ7 Tabas, Tabas, L Tabas, Tabas, T

= W= &

| correct | | check | | Scale Factors | | weignt Function | T -

26



SEISMOGRAPH
SCALE Tool
Free Adjustment Tool
-
E Adjust Scale Factors = —
Edit
Plot Adjust
10" —0.2T} 15T ] EQ1 % 4| [+ EQl v 4] v| [7.95254
i ] EQ2 X 4| [ v| |298777| E@2Y: 4] +| [298777]
] easx 4 | r| 0380314 E@3v: 4] r| 0380314
EQd X 4] [ v [11.1973| EQ4v: ¢] v] [11.1973]
EQs X 4| | r| 433138] Eosv: 4] r| 433139
TR - easx <[ | v| (124885 EasY: <] | [12.4885]
] EQ7 X 4 [ v| 0176525 EQ7Y: 4] ¥| [0.178525
] Eas X 4| [0 | EaBv: 4] [ o ]
EQox: A | W o EQov: A| W o
EQI0X: 4] | 0 | E@ioy: 4] 0 ]
1071 EQ11 3 4| | o EQ11Y: 4| | 0
I Total 4] | 11z |
Refresh D | EX | EY |
EQ1 Tabas, Bajestan, L Tabas, Bajestan, T -
1 Cess EQ2 Tabas Boshrooyeh, L Tabas, Bozhrooyeh, T
H EQ3  Tabas, Dayhook, L Tabas, Dayhook, T =
1072 2 _ '_1 —_ "'0 ' E— 1 EQ4 Tabas Ferdows, L Tabas, Ferdows, T
10 10 ) 10 10 Frame Al EQS5 Tabas Kashmar, L Tabas, Kazhmar, T
Period 00109 'FQ6  Tabas, Seden, L Tabas, Sedeh, T
DLUCKEY EMT Trkb Trb I Trb Tk - i

Cancel ] [ OK

* Adjust scale factors to achieve best match
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Set Minimum Level

-

02

04

06

08 1
Period (s)

E Set Minimum Level R
1.6 T T T T T T T SEﬁII’IgS
-19.69% 1.5T
z ; - [ Refresh ]
1.4 ' i
Min. Level: | 0.5
1.2 : 11 | Apply ]
. — Cormrected Spectrum Scale Factor;
1 — Code Spectrum 1
A\ s Code Spectrum xﬂg [ P— ] [ oK ]
~m 0.8 :
0 :
0.6
0.4
0.2 | SN
0 1 1 | 1 1 1 L .

* Specify the minimum value for the ratio of the corrected spectrum to the target spectrum.

SEISMOGRAPH
SCALE Tool



SEISMOGRAPH
SCALE Tool

Scale to PGA, PGV / Single Period Scale

— — = Mean Spectrum
— — = Code Spectrum
Corrected Spectrum

Sclae to PGA=0.35g

— = = Mean Spectrum
— — = Code Spectrum
Corrected Spectrum

107

10°

Period (s)

| Sclae to PGY=0.35 mis

107

10°
Period (s)

Scale to specific Peak Value (PGA/PGV): Scale to the specific level of PGA (or PGV) as required by some

building codes.

— = — Mean Spectrum
— — — Code Spectrum
== Corrected Spectrum
2 i

107!

Period (s)

10°

Single Period Scale: Easily control the period of
interest at which the mean spectrum crosses the

target spectrum.

-
4] Peak Value Scale

D EX | PGA(g) | EY | PGA(g) | Scale Factor
EQ1 Tabas, Bajestan, L 0.35 Tabas, Bajestan, T 0.25796 5
EQ2 Tabas, Boshrooyeh, L 0.35 Tabas, Boshrooyeh, T 0.28145 T4
EQ3 Tabas, Dayhook, L 0.27691 Tabasz, Dayhook, T 0.35 45952
EQ4 Tabas, Ferdows, L 0.31076 Tabas, Ferdows, T 0.35 97
EQS5 Tabas, Kashmar, L 0.31287 Tabas, Kashmar, T 0.35 13
EQ6 Tabas, Sedeh, L 0.3432 Tabas, Sedeh, T 0.35 29
EQ7 Tabas, Tabas, L 0.34634 Tabas, Tabas, T 0.35 148
EC & 0 o
EQS 0 0
EQ 10 0 0
EQ 11 0 0

Settings
Scale to: @ PGA () PGV

PGA= | 035 |g

[ Cancel ”

0K

* Scale to the specific level of PGA (or PGV) as required by some building codes.
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Frame2D

2D Structural Analysis

SEISMOGRAPH

FRAME2D: 2D Frames Analysis Package

e Linear & Nonlinear Static Analysis (Pushover)
e P-Delta Analysis
e Linear & Nonlinear Dynamic Analysis (Gap - Isolator - Damper)
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Frame2D
Seismograph Frame2D
[ 4] SEISMOGRAPH - Frame2D ==l ]
File Edit Add Draw Select Loading Run Help B
Draw Display
Grid Lines
7.4138 7.4138 [ Joint Labels
[ Beam Labels
2.3212 [] Column Labels

["] Brace Labels
[] Plastic Hinges

W
1
[
f,
4
il
<
<
<
<t
q
<
il
<

HH
IH

[] Sections
Clear All ["]End Releases
Last 7.4138 7.4138 D
["] Constraints
Loading 2.3212 None v:
‘ Y v /
Load Assigns
["] Joint Loads
7.4138 7.4138 [ ] Paint Loads
o 23012 Distributed Loads .
- DEAD LOAD A
/ |
Outputs
End Release
: ["] Joint Displacement
7.4138 7.4138 1
__ DEAD -
e 2.3212 '
¢ . ‘ Deformed Shape
| Undeformed Shape
NL Link \ / e
["] End Forces
["| Diagrams |p -]
Edit [ ] Include Weights
1
ANAANY TR T TR

RUN
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Frame2D

Dynamic Analysis

[4] Display Modes

Mode 3 - T = 0.40986
g - ] =
4| Add Analysis Case ==
MName Options
Name: LoadCase 1 Type: Linear Time History - ’ Settings l
Record
Linear Static [ Enable
Initial Conditions MNonlinear Static el « | \ \ \
= _ Linear Time History
(@) Zero Initial Conditions (L) Continue From( o inear Time History - / 7 / 7
Loads
Load Type Load Name Function Scale Factor Display Mode Shapes
Load Pattems | DEAD ~ | |NONE v||1 || Add | ) )
< Figure 1: Simulation (= B
X Direction El-Centro, 1940

LoadCase 1

11.600

HE

* Define Analysis Cases window

=1 0 1 2
Displacement (m)

Play Live Simulation

32
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Pushover Analysis

* Review hinges results

B Hinge Results

B cdit Hinge Data

=

i

— Hing Plot o i
[ & B
Analysis Case |NSP - (@) Plastic Rotation Immediate Occupancy | 025 | | 025 e 17 Do 1 =
Element ID () Total Rotation Life Safety 2 2 1 B
N 7| Bhow Assigned Hingss Oniy
Show Assigned Hinges Only N Show Acceptance Crieria Collapse Prevention L= s ] [ ||IR || | Hobrewfes ciad ks ges Onl )
s 05
 Yielding Parameters e
Yielding Moment [139.170 o A F
| [ Yielding Rotati £
g Rotation  [0.01191
100 = 100 | : ETD
05
50 50 —Moment :
o s B [ 4 1 - c B
5 5 :
£ oo £ o c [A12 112 T 0 > s
= = DE [ 02 | 02
— Acceptance Ciit
50 -50 — Immediate Occupancy 0.25 025
100 | 100 B [ 0 0 Life Safety 2 2
1 | —k""' co [ 4 7 Collapse Prevention 3 3
-0.05 0 0.05 -0.05 0 0.05 EF: [ 6 6
Plastic Rotation Plastic Rotation B [¥] Show Acceptance Criteria
r
B NSP curve = |
& yom— & TN T T T T T T T
700 1
Py ala ala Py
& L an 10 &
600 #
Py ol adla .
O g n 1 &
500 1
=
a ala P P o
& L an & & 2
@O 400 e
@
w
@
B ~h RS B 300 F i
< 200 =
Analysis Case | NSP v
S A 100 | 4
[/] Show Yielding Points
Show Hinges Set Color 0 I L I L L I 1
0 0.1 02 03 04 0.5 06 07
A lei Displacement

* Assign concentrated
plastic hinges to frame
elements

* Display NSP Curve & hinges state

for different stage of loading.



SEISMOGRAPH

Frame2D

Nonlinear Elements
Gap
Plastic Hinge
Damper
Isolator
E E E E T TN TR SRR TR TR TOER TR

34
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Quakelab

Seismicity Analysis & Catalog Management

y = -1420%03 + 0 81x
A7+ 00000

Magnitude

Time (Year)

Time (day)

=
/)
e

\\i

SEISMOGRAPH 3%, :

QuakelLab

Quakelab: Powerful Seismicity Analysis Tool

e Create, Merge, Filter, Delete Catalogs / Statistic Reports / Catalog Visualization

e Duplicate Removal / Declustering Tool / Manual Event Removal

e Fault Trace Builder / Background Fault Generator

e Completeness Analysis / b-value Estimation / Frequency-Magnitude Analyzer Tool
e Synthetic Catalog Generation / Aftershock Generation (BASS/ETAS)

e Background Seismicity Editor (IFS Tool)



SEISMOGRAPH
QuakelLab

Seismograph Quakelab

,
zl SEISMOGRAPH | Quakelab - - Norcia.scp

AEF IR

[erse) (cop) (2eete) o

[ 1 Conversion || Duplicate R |

(i) [ [ s

[bvaue |[caTool || FsTool |

[ synthcat || Rate uncertainty |

| peclustering || moment Refease |

Histograms: |Magnitude 7

Options
[ copy Table | [ Refresh Piot |

Area
Area Radius:
Latitude of Origin:
Longitude of Origin: 13.0047
[oet]
~Map
Mask  Alpha
[map-01 -
[ va | [ Load | Save] [ Reset]
~ Add Catalog
Min Magnitude: lII
Latitude:
Min Depth: [0 |
Delete out of circle events
>
~Edit Catalog
Number
| CPTHS_v4.0. = ]

Magnitude, M
[ = s

250

150

100

T
- o °
o
B o s} C:é.o 0. © o @ ®o 00 fas
s}
Y o ° o8 o® ) 8 %o © o &
L] L] 1] ‘ @ .- L] : ..: :.."..... u. "
L] L) a [ o oo L) 90 0 0000 OO0
[ e e o oo L1 LR L]
1 1 1 1 1
1600
 Display ~Region
Log Time Axis |+Fu|| v] [ Add Region | [ Display
Color by Magnitude None -
-
4=m=5
S=m=8
G=m=7
m=7 i
Hide Events @
D In-Fault |Faultz - -
-~ Statistics ;[ Fault Trace
EQ= Number: 1557
Start Time: 1005 [ Trace Tool ] [ Auto Trace
End ear: 2me Castel San Pietro Terme-Meldola [P
Max Magnitude:  7.19 Ripabottoni-San Severo =
Min Magnitude: 4 Conero !:mshure )
Ascensione-Armaia
Max Depth: 405.9 Borbona-L'Aquila-4remogna
Min Depth: 01 Southern Marche st
L] m 3
Selection o Trace Boundaries
-300 -200 -100 0 100 300
X
Vear | Month | Day | Time | Latitude | Longitude | Depth | Magnitude | MT | Region Ref. CATID X
1005 1 1 00:00:00 43.4540 11.8820 0 4.8600 W Arezzo CASALSSS 1 -57.8435 EXIS
1005 1 1 00:00:00 41.4880 13.8310 0 5.1000 Mw Cassino FIMAQD2 1 61.3230 4=
1019 4 1 00:00:00 41.1310 147780 0 4.6300 W Benevento FINAQD2 1 140.9809 4.1
1044 4 19 05:00:00 41.1310 147780 0 4.6300 M Benevento FINAQDZ 1 140.9809 4.1 -
4| I | 3
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SEISMOGRAPH

Fault Trace Builder Tool

-
E Trace Builder

Tools N
SOED
Map Draw Fault Trace
] () Free (0) Spline X () Spline ¥ latitude
MAP-01 = @ Constrained ~ di=[ 3 | km longitude
@ Interpolated altitude
Catalog - :
depth_aleng_di 10480.7
| Draw Fautt || Add Section | et
slip_rate Display | :
fault_name |Castel San Pietro Terme
0 Castel San Pistro Terme Meldola - .
Ripabotteni-San Severo i III
[T Color by Mag. 5 Conero onshore £ lame_mu
[T Hide Events Ascensione-Armaia
10 Berbona-L"Aquila-Aremogna lame_lambda 3.2e+10
Display Southern Marche
125 Miranda-Apice .
Traces Salto Lake-Ovindoli-Barrea RITJIDEIRTE
. Colfiorito-Cittareals
0 H!de e Y Riminese offshore 2
Display Boundary X Conero offshore 3
|:| Display Points. Pesaro-Senigallia 4
D Hide Circle hiugellu—CﬂTﬁ'di Ca.s-tellu—Leunr:s S ;
Fill Fault Surface bl
85 || Merge || Detete | [ sort | | | [ setsip | [ EdtAlData |
Display Rake
X | ¥ | Fault Segment
Area Coordinates Info Display Option -121.5239 17740820 = fault id sec_id |I|
Radius (km) nEQs = 1557 nTrace = 456 -117.1108 1748231 — number_of_points
. Reset o
. FralEaE -112.4808 1725539 - ]
Center Latitude Type = Thrust L= 515707 [ Lock current view section_name:
Center Longitude Recalculate XY A= 530.485 Frame || Focus [Lnad Traoe] [ Export l [ Export ALI] | Castel San Pistro Terme-Meldola |
M max = §.74732 [ ] [ l [ ]
- ) Load B.S. rt Reset

* Advanced Trace Builder Tool




Quakelab
':— h
4| Auto Trace Tool = | =
T .
Map T T T T -
250 | B Magnitude Year TR DS (m) | SR (cm/fyear) |
uap | O 0 400 1993.88 507.48 0.26 0.05 ~
MAP-D3 400 2004.90 1014.96 0.26 0.03 =
4mM 1974.50 169.16 0.27 0.16
Catalog 402 1902.72 169.16 027 0.16
125 1 b 402 2018.33 1014.95 027 0.03
403 1993.60 507.48 0.27 0.05
403 2015.93 1014.95 0.27 0.03
4.04 1967.75 338,32 0.28 008 T
> ot ] Display Scale Factor | 4 | T T 3
[T color by Mag TR: |Catalog Span - ]
Hide Events [ Randomize TR i
= Declustered Faults ]
Max Dist: ki 1
Display Traces ax Distance (km) lIl i
Panel 2250 F B Correct f-m ]
1 1 1 1 ]
Display -m Offset (km) [a | |
-3 | _
[ Equal D - [T] Display In-Faults 10 E
Statistics Export ]
Total Events 1557 45 Major Faults Events 865 Export ]
Selected Events 0 420 Background Events 692 2L 104 ! ! ! !
4 4.5 6 6.5 7 7.5
M

* Background Fault Generator
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Frequency-Magnitude Analyzer Tool

r=_ h
4 FM Tocl = e
Edit N
ST
T T T T T T T T T T T Settings Current Window
— 8 DT = 1014 Events: 1557
= Range: 1005 - 2019
@ WMmin = 3
'g 6 -1 All Events: 15857
= o) Mmax = | & Total Range: 1005 - 2019
= oo
g 4r 7 Time Step
[ CQuarter ][ Third ][ Half ][ Full ]
2 1 ] ] ] ] ] ] ] 1 1 ]
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 Magnitude
Time (year) s
& 492 ; ; ; . ; . ;
250 o 10 (14 || 4<<s |[ 5<m1<6 | 8<ti=7 |
= 1 Time:
A 100 ¢ 1 4 ,
126 o] J [ J
§ o SliderStep | 0.01 Jump:
@ o100 | 1
< RN : :
o 33 ! [ Load Reference Data l [ Settings ] | Refresh |
o 10—1 F \ E
g |:| Frame Selected
o [=
125 a}J oL \‘.‘ | |:| Frame Selected (TopWiew)
'ﬁ 10 -3 Fix Time
250 E k J R [ o
- .3 1 1 1 L 1 L 1 )
=2 10 SliderStep Y Fix Start | | Fix End
=250 =128 1] 128 250 @ 1] 1 2 3 4 5 (5] 7 8
Magnitude (M)

* Frequency-Magnitude Analyzer

39



SEISMOGRAPH | 40
QuakelLab

Synthetic Catalog Generation

~
4| Synth Tool = —
Edit Y
Synthetic Catalog
7 L T T T T T T T T T T | — .
. N=| 1557 Bin=|0.01| Mc= 4
- b= 063362 M.Max=[ 7.19
hs) . .
S 6 . P . 7
= : Pt Time [2]| 1005/1/1 | 2013/12/18
@ ; . ‘. Latitude @[ 40715 44.821
=5r ' . 7 Longitude 10.188 15.858
P s Depth 0 4059
1 . 1 Ii:
4 -
use catalog data uare Limit
4 45 5 9 O g Clsa
%108 Synth | | Merge | | @ Replace ) Add
250
[ Export Catalog | | Revert | [Refresn |
125 5 ] Decluster
a ’
E -
= 4
=
@ General Aftershock Settings
> 0 > )
-(..—E m.min 3 N.max 1e+5
E 1 M. min 5 M=.max 1
125 3 L Bass || emas || Merge |
] Select Mainshock |g7.2 v.
-250
1 L L 1 L L ETAS
100 o—
0 1 @ =) 4 5 6 7 mmax=| & K=|0008 | p=134
Magnilude d.min = |0.001| ©=|0.085 =| 1.37
dmax = 500
Area Panel Statistics
Area Radius (km) 250 Fault Based Catalog N= 1088 BASS
Latitude 427917 Aftershocks = 55503 dM=| 1 =| 0.008 p=|18
Longitude 13.0947 Copy Fig [7] Add G-R Curve Mainshocks = 267 b= 1.2 c= 0.1 q=135

* Synthetic Catalog + Aftershock Generator: BASS / ETAS
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Background Seismicity Editor (IFS Tool)

r B
4| In-Fault Selection Tool =
LTED -

8 T T T T Detect In-Fault Events Map
% X0 Offzet (km) 2 Map | O] B [04
& [ 3D Offset? 1
= 6 . o Mmin for Faults 4 e
=
% - Display? Detect
= | - Background Panel
4 .
= 1557
1000 1200 2200 b | 0931 : min Db:'s 4 N
' a [ 382 max o 7.06 Nb= 831
Time (Year)
< 10 . . [ Include CAZ Nf= 852
[
o] Fault
= ——— - | | Thrust
E Ripabottoni-San Severo || YRS —
" 100 e Conero onshore | L=51km A= 539km2
- Ascensions-Armaia = M.min (obks) 4 (4.08)
= Borbona-L'Aquila-Aremo M.max {obs) 6.75 (6.12)
['7] Southern Marche
- Nu_ob: 3%
% 10 Wiranda-Apice L=
5 Salto Lake-Ovindoli-Barre AL 3
= Colfiorito-Cittareale Activity_obs 0.0276
2 g2t Riminese offshore Activity_seis 0
g Conero offgshore Activity 0
e Pesaru—Sgn |?al_l|a SR 00435
@ Mugello-Citta' di Castello-l .
= a s SR_seis 0.0158
= 1077 F Riminese onshore DS seis Tae
% Barisciano-Sulmona & - :
= 4 [ 3 b= 0 2= 0
=3 L L
S 4o b-value
0 2 4 8 @ from Background Display Option
Magnitude (M) () from Catalog Frame [V Focus
) Caleulate

* Fault Event Detector + Background Seismicity Editor
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Completeness Analysis Tool

i
zl Completeness Analysis Tool

—_ =
Year | Month | Day | Time | Latitude | Longitude | Depth | Magnitude | MT | Region | Ref. | CatiD | X (m) ¥ (m)
2019 12 18 10:36:115  41.081 14.738 107 413 Ww Benevent... BSID20c 1 137.5719 4569.3372 13 &
2019 12 9 03:37:03  44.004 11.319 T3 4.69 W Mugello BSI20c 1 -141.9573 4894 5162 -
2019 12 7 21:55:38 42462 13.263 13.7 4 I Aguilano  BSID20c 1 13.79972 4721.5727 13
2019 11 T 173521 41.776 13.604 16.2 4.62 Iy Val Roveto BSI0Z20c 1 4222382 4545.4067 42
2018 il 1 00:02:38 42757 13.13 10.3 417 w Valnerina BSI0Z0c 1 2877527 4758.8099 28T
| 1 | ,
Basic Count Tools
4-45 | 45-5 | 5-55 | 55-6 | 6-65 | 65-7 | 7-75 | 75-8 | Sum |
1005 - 1106 o 4 2 o ] ] 0 ] ] nEQ:
1106-1207 2 2 4 2 0 0 0 0 10 ET
1207 - 1308 2 2 2 ] 2 ] 0 ] 14 M Bin
1308 - 1408 T 5 8 2 4 1 0 ] 27
1409 - 1510 30 14 13 L] ] 1 1 ] 65
1510 - 1611 11 14 9 2 2 ] 0 ] 38
16111712 23 28 15 3 4 s 1 0 35 N> Mmax O Resutts
172 - 1813 63 61 32 10 6 2 0 ] 174 N<Mmin: 0
1813 - 1914 147 103 &5 12 2 ] 0 ] 39 I:‘ Keep last Y-bin
1814 - 2015 413 183 T 2 5 ] 1 0 692
2015-2020 9z 25 3 4 2 1 0 0 127 Cumulative Count
sum 790 441 214 74 25 1 3 0 1557
[ Logv? [[] Logx?

* Completeness Analysis Tool

( [E=REEN =)
(4] Fgure 1 R
Save ™
Cumulative Event Count
5 —e—4-45
£ 700 —=—45-5
t 5-55
= —%—55-6
& 800 —%—6-65
E —e— 657
(_ 500 —e—7-75
]
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‘5 400
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2
£ 300
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°
2= 200
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2
E 100,
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I S R
1000 1200 1400 1600 1800 2000 2200
Start Year (T)
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CA Tool: CUVI / STEPP Method

.
[4] STEPP Method

* CUVI Method: Assign Periods Tool

s - 2
@] Figure 1 [E=RE
10"
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*
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4 ] Cumulative 556 350 - 1 5-55 1861 158 17 07405
S 1000 7] Fox Lim e s 55-6 1781 238 43 01807
z 7-78 5 20|y 1 6-65 1279 740 25 0.0338
-8
S wo i Wope | ] 65-7 1005 1014 10 0.0038
_ = 7-75 1005 1014 3 0.0030
- - Za20r
0 —— " 5
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 [CJLogxaxis o 10
Time (Year) Auto Calculate a8
-
optons. ot -
© [ Log X Axis. 0 —t . - -
E [ Log ¥ A [ wanwal ssion | 1100 1200 1300 1400 1500 1600
= [ Frame Selected Start Year | 1676
g 8 T T T T T T
= Panel
N o Snap 2
"o g
Yo Resuts =
E)
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 or @ £
Time (Year)
Duration = 142 years 4 » . ; : : ;
Rate - 15085 1100 1200 1300 1400 1500 1600
Time (Y ear)
Visual Cumulative Method | CA Analysis result: Table Data

43



SEISMOGRAPH | 44
QuakelLab

b-value Estimation

r=_ '
4 G-R b-Value =l

Edit k

VW@

Maximum Likelihood Estimate

10% T T

EME ][ wis || Linear Fi

Run for selected SubCat

o o ' e Mc=42 4E

108 F
Varying Mc

Evaluate Options

Create K-Input Export

Cumulative Display

7 Output

Mmax = 7.2
Mc=42
b-value = 0.7544 +- 0.02
a-value = G.444
[1] | | | | | | | a*value = 3.438
10 v ~
0 1 2 3 4 5 6 7 8 beta-value = 1.829 +- 0.045
Magnitude alpha-value = 7.916
N(4.2) = 1282.2037
Options Y-Axis Lambdai4.2) = 1.2633

Duration = 1015 years
N = 1557

cumulative number of events with mag = M
=)
Pa
T
€

[7] Add G-R Curve (@ N(m): Leg(N(m)} = a-bxM ) A(m}:

—

* Maximum Likelihood Estimate / Weighted least squares / Linear regression
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Magnitude Conversion, Duplicate Removal & Declustering Tools

* Magnitude Conversion Tool

r
4. Magnitude Converter = [T
Year Month Day Time Latitude | Longitude | Depth | Magnitude | MT | R
2021 4 615:12:25 356618 459925 10 5.2000 mww NiA &
2021 3 12 05.5T.01 39.6645 437922 10 4.1000 mb MNiA B
2021 3 11 05:46:27 38.4996 45.0358 10 4 mb NiA
2021 2 28051717 37.7559 47 6867 10 4.1000 mb A
4 [ ] 3
L] =
mb "
Convert to: Function: s =y | | [Scordiis (2006)
mir IE] Shahvar (2013)
e [_comeen_| -
ml A Convert
mblg E B6Ms+211 28<Ms<62
mwe 93Ms+045 B2=<Ms=82
md
F_ IR
mw i k"2
Vesr | Month | Day | Time | Lstitude | Longitude | Depth | Msgnitude | MT | cMagnitude | cMT |
2005 9 1181710 39.5580 44,8500 15 4.2000 ms 4.8820 Mw -
2000 2 26 08:18:37 37.3040 447600 33 5.2000 ms 5.5420 Mw El
1990 [ 22 08:07:50 37.2570 43.8540 10 4.6000 ms 5.1460 Mw
1990 [ 20 23:48:44 366410 498300 15,6000 5.1000 ms 5.4760 Mw
1984 12 307:38:10 37.9710 431470 356000 5.7000 me. 5.8720 Mw
1094 4483844 22 n7a0 FLEFLYA a7 & =nnn & enan M. S
i =
E Duplicate Removal = e
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Humber of events = 1557
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e
[4 Dedlustering Tool
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'
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1100 1200 1300 1400 1500 1600
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 Manual Removal
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- Declustering
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Min Magnitude [a]
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Focus on selection
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Space Window = 72.4 (km}
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[ Panel

N(Mmin) =1557
All Aftershocks = 471
All Mainshocks = 1088
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[] Hide Events

R ——————————————————————————————

* Duplicate Removal Tool

* Declustering Tool: Manual Removal / Gardner Knopoff
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* Rate Uncertainty Calculator

Quakelab
Statistic Reports
20
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YouTube:  Youlllll:

G)
\J

Aparat:

Linkedin:

Telegram:

Twitter:

Facebook:

O
B
o

https://seismograph.me/

https://www.youtube.com/seismograph

http://www.aparat.com/seismograph

https://www.linkedin.com/company/seismo-graph

https://t.me/SGees

https://twitter.com/seismograph me

https://www.facebook.com/Seismograph.me/

Contact: info@seismograph.me
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Tutorial Videos

MDOF Tool PSHA Tool SCALE Tool
e Seismic Isolation e PSHA Tool v8.8: New Features (2021) e Scale Tool v5.5: New Features (2021)
e Pulse Load e PSHA Tool v8.5: New Features e Scale Tool v5.0: New Features
e Nonlinear Elements e PSHA Tool: Tutorial (2019) e Scale Tool: Tutorial (2019)
e Nonlinear Dynamic Analysis: Base Isolated System e PSHA Tool: What's New (2019) e Scale Tool: What's New (2016)
¢ Nonlinear Dynamic Analysis: MDOF System e PSHA Tool: What's New (2016) e Scale Tool
e Nonlinear Dynamic Analysis: SDOF System e PSHA - Advanced Source Editor
e Probabilistic Seismic Hazard Analysis

SMDA Frame2D LST Tool
e SMDA: What's New (2019) e Linear Static Analysis e Liquid Storage Tanks
e SMDA: What's New (2016) e Nonlinear Static Pushover Analysis

e SMDA Tool


http://seismograph.me/video/seismic-isolation
http://seismograph.me/video/pulse-load
http://seismograph.me/video/nonlinear-elements
http://seismograph.me/video/nonlinear-dynamic-analysis-base-isolated-system
http://seismograph.me/video/nonlinear-dynamic-analysis-mdof-system
http://seismograph.me/video/nonlinear-dynamic-analysis-sdof-system
http://seismograph.me/video/psha-tool-v88-new-features
http://seismograph.me/video/psha-tool-v85-new-features
http://seismograph.me/video/sg2019-psha-tool-tutorial
http://seismograph.me/video/sg2019-psha-tool-whats-new
http://seismograph.me/video/psha-tool-whats-new
http://seismograph.me/video/psha-advanced-source-editor
http://seismograph.me/video/probabilistic-seismic-hazard-analysis-psha
http://seismograph.me/video/scale-tool-whats-new
http://seismograph.me/video/scale-tool-whats-new
http://seismograph.me/video/scale-tool-whats-new
http://seismograph.me/video/scale-tool-whats-new
http://seismograph.me/video/sg2019-scale-tool-tutorial
http://seismograph.me/video/scale-tool-whats-new
http://seismograph.me/video/scale-tool
http://seismograph.me/video/sg2019-smda-whats-new
http://seismograph.me/video/smda-tool-whats-new
http://seismograph.me/video/smda-tool
https://seismograph.me/video/linear-static-analysis
https://seismograph.me/video/nonlinear-static-pushover-analysis
https://seismograph.me/video/liquid-storage-tanks
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