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SPEED @PoliMI: software for physics-based
ground motion simulations (PBS)
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http://speed.mox.polimi.it/

Antonietti et al. (2012), Mazzieri et al. (2013) 
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Workflow for the generation of broadband earthquake 
ground motions from 3D PBS by SPEED
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ANN2BB: BB ground motions using 
Artificial Neural Networks 

region of validity of PBS

TT*

SA

3D physics-based simulated
response spectrum at long 

periods

PBS waveform

(2) Response
spectrum at
short periods
predicted by 
the ANN

Hybrid spectrum
ANN2BB spectrum

(1) Training of an ANN 
(una tantum) based on a 
strong motion database 
(e.g., NGA)

(3) Scaling the PBS waveform 
in order to match (within a 
tolerance) the ANN spectrum 
 ANN2BB
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Case studies of PBS by SPEED

Mexico City 
(17-07-2019 Mw3.2)

Christchurch
(22-02-2011 Mw6.3)

Wellington 
(Mw7.1-7.4)

Kumamoto
(14/15-04-2016 
Mw5.5-6.1-7.0)

Beijing
(Mw6.5-7.3)

Istanbul
(26-09-2019 Mw5.7

Mw7.0-7.2-7.4)

Montelimar
(11-11-2019 Mw4.9)

Thessaloniki
(20-06-1978 Mw6.5

Mw6.9-7.0)

Gemona
(15-09-1976 Mw6.1)

Yangbi
(21-05.2021 Mw6.1)

Validated on historical
earthquakes

Po Plain
(29-05-2012 Mw6)

L’Aquila
(06-04-2009 Mw6.2)

Norcia
(30-10-2016 Mw6.5

Mw 5.5-6.0)

Marsica
(13-01-1915 Mw6.7)

Sulmona
(Mw6-6.5)

Colfiorito
(26-09-1997 Mw6)

Included in BB-
SPEEDset (v2.3)

Irpinia
(23-11-1980 Mw6.9)

Turkey-Syria
(06-02-2023 Mw7.8)

Santiago
(01-04-2010 Mw5.2

Mw6.5-6.7-7.0)

Grenoble
(Mw6)

Groningen
(08-01-2018 Mw3.4

Mw 5.0)Iceland
(17-06-2000 Mw6.5)

BB-SPEEDset v2.3:
- 37 scenarios (12 
validations + 25 
scenarios)
- 55% N; 38% SS;  6% TF
- 75% VS30 > 600 m/s; 
1%  VS30 < 200 m/s
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BB-SPEEDset (v2.3): a dataset of near-source 
accelerograms from PBS
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Mw- Rjb and VS30 distribution of BB-SPEEDset

Open-source (available soon v2.3): 
http://speed.mox.polimi.it/bb-speedset/
• Flatfile
• 3-component broadband accelerograms 

(20’046)

Paolucci et al. (2021) Bull Seismol
Soc Am 111 (5): 2527–2545.

NESS2.0 
(Sgobba et al. 2021) 
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Cumulative distributions of horizontal (FN) PGA, PGV, 
SA(1s), SA(3s) from BB-SPEEDset and from NESS2

BB-SPEEDset: consistency checks with 
recorded near-source dataset (NESS2 @INGV)
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Identification of pulse-like waveforms and of corresponding pulse 
period Tp according to Shahi and Baker (2014)
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BB-SPEEDset: consistency checks with 
recorded near-source dataset (NESS2 @INGV)
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BB-SPEEDset: consistency checks with 
recorded near-source dataset (NESS2 @INGV)
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Within-Event Residuals

Between- and within-event residuals of BB-SPEEDset and NESS2 with respect to the ITA18 
GMM (Lanzano et al. 2019, adjusted by near-source effects)
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Between-Event Residuals
  0 : larger than median 

GMM prediction

  0 : lower than median 
GMM prediction

BB-SPEEDsetNESS2
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Period-to-Period (P2P) correlations

residuals with respect to Lanzano et al. (ITA18corr) GMM

BB-SPEEDset: consistency checks with 
recorded near-source dataset (NESS2 @INGV)

NESS2

PGA T=0.5 s T=3.0 s

BB-
SPEEDset 2.3
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Software tool for ground motion selection
enhanced by PBS

TARGET SPECTRUM
• USER-DEFINED
• NORMS (EC8, ASCE)

GM DATABASES

• NGA-WEST2, SIMBAD
• BB-SPEED SET

SELECTION CRITERIA
• NUM. ACCELEROGRAMS
• M, PERIOD RANGE
• MAX/AVG PERMIS. MISMATCH
• SITE-CONDITIONS
• PULSE-LIKE SELECTION
• 3-COMPONENT
• RANKING WEIGHTS

SELECTION OF A SET OF N MULTI-
COMPONENT ACCELEROGRAMS

APPROACHING A TARGET SPECTRUM

MATCHING CRITERIA
• PERIOD RANGE
• VARIABILITY BAND
• PGA CONSISTENCY

SET OF N UNSCALED OR SPECTRALLY-
MATCHED REAL/SIMULATED

ACCELEROGRAMS COMPATIBLE WITH A
TARGET SPECTRUM

SPECTRAL MATCHING OF THE N
SELECTED ACCELEROGRAMS
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Software tool for ground motion selection
enhanced by PBS

TARGET SPECTRUM

• USER-DEFINED

• NORMS (EC8, ASCE)

POSSIBILITY TO SELECT REAL AND

SIMULATED GM DATABASES
(NGA-WEST2, BB-SPEEDSET)

BB-SPEEDSET V2.3
(ALONE OR COMBINED)
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Software tool for ground motion selection
enhanced by PBS SELECTION OF A SET OF N MULTI-COMPONENT

ACCELEROGRAMS APPROACHING A TARGET SPECTRUM

POSSIBILITY TO SELECT PULSE-
LIKE MOTIONS

POSSIBILITY TO MODIFY THE

SELECTED RECORDS

MULTI-COMPONENT SELECTION

Validation of simulated ground motions for 
engineering applications

14

SET 2
SIMULATED: 
BB-SPEEDset

SET 1
RECORDED: 
NGA-West2

RESULTSANALYSES

GROUND MOTION 
SELECTION

STRUCTURAL MODEL 
DEFINITION

ELASTO-
PLASTIC SDOF
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Software tool for ground motion selection
enhanced by simulated datasets
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Consistent selection criteria: 
 975 yrs return period elastic design 

spectrum (Central Italy)
 Reference rock site
 T=0.1-4 s within prescribed upper

and lower tolerances
 Unscaled accelerograms 

RECORDED SET: NGA-West2

SIMULATED SET: BB-SPEEDset
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Structural model and inelastic EDPs
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Inelastic SDOF systems with: 
 Elasto-plastic backbone curve (EPP) 
 Vibration period from T=0.1 to 1.5 s
 Strength reduction factors R=2, 4, 6
 Constant-strength systems

 Peak Response: displacement ductility
over strength reduction factor
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 Cyclic Response: equivalent number of 
hysteresis cycles
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Fragility curves from recorded and simulated
ground-motion sets
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RC building 
4s|IF|70s
T0=0.54s

SAavg

records
simulated

Slight Damage 
(DS1)

Moderate 
Damage (DS2)

Heavy 
Damage (DS3)

Very Heavy 
Damage (DS4)

Collapse 
(DS5)

PGA

insufficient IM sufficient IM

 Building confidence in utilization of datasets of regional-scale PBS for 
earthquake engineering applications requires extensive validations of simulated 
ground motions, in a broad frequency range.

 Validation should involve checks on both ground-motion IMs and EDPs, from 
both historical and datasets of scenario earthquakes in a sufficiently wide (M,R) 
range.

 Availability and dissemination of simulated ground motion datasets, such as 
BB-SPEEDset, preferably embedded in ground-motion selection tools, is a key 
step for this purpose.

 Efforts are still needed towards the definition of common acceptance criteria 
and standards for the validation checks on simulated ground motions. 
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Concluding remarks
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Thank you!
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