
CONDITIONAL PULSE PROBABILITY FOR 
NEAR‐SOURCE HAZARD ANALYSIS

Iunio Iervolino1,2 and C. Allin Cornell2
1Dipartimento di Ingegneria Strutturale, Università degli Studi di Napoli Federico II, Naples – Italy;

2Department of Civil and Environmental Engineering, Stanford University, CA – USA.



s

Motivation Predictors and Dataset Logistic model Simple Pulse Probability Multiple Pulse Probability

Pulse‐like records can induce comparatively large inelastic nonlinear demand
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in structures having a period which is a fraction of that of the pulse*.
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*Tothong, P., and Cornell, C.A. (2006). Probabilistic seismic demand analysis using advanced ground motion intensity measures, attenuation 
relationships, and near‐fault effects, PEER Report 2006/11, Pacific Earthquake Engineering Research Center, University of California, Berkeley, CA.
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To account for the pulse threat appropriate adjustments to PSHA* are 
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required; in fact pulses are not always observed in near‐source conditions
where directivity effects are expected, therefore:
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*Iervolino, I, and Cornell, CA (2007). Prediction of the Occurrence of Velocity Pulses in Near‐Source Ground Motions. Unpublished manuscript.
*Tothong, P., Cornell, C.A., and Baker, J.W. (2007). Explicit directivity‐pulse inclusion in probabilistic seismic hazard analysis. Earthquake Spectra, 
23, 867–891.
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Directivity effects’ predictors for strike‐slip (SS) and dip‐slip (DS) events*:
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Parameter
R [km] Closest distance of the site to fault rupture 
d [km] Distance to the site measured along the rupture
φ [deg] Angle between the rupture and the site
W [k ] Wid h f h f l

Parameter
R [km] Closest distance of the site to fault rupture 
s [km] Distance to the site measured along the rupture
θ [deg] Angle between the rupture and the site
[k ] h f h f l
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n W [km] Width of the fault

Y=d/W Width ratio
M Magnitude
Ycos(φ) Somerville’s amplification parameter

L [km] Length of the fault
X=s/L Length ratio
M Magnitude
Xcos(θ) Somerville’s amplification parameter
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*Somerville, P.G., Smith, N.F., Graves, R.W., and Abrahamson, N.A. (1997). Modification of empirical strong ground motion attenuation relations 
to include the amplitude and duration effects of rupture directivity, Seism. Res. Lett. 68 199–222.



s

Motivation Predictors and Dataset Logistic model Simple Pulse Probability Multiple Pulse Probability

Pulse identification is based on that of Baker 2007*.
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• Baker (2007) developed a method based on Lucerne (landers, 1992)
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wavelets to assign a score, a real number
between 0 and 1, to each analyzed record and
to determine the pulse period. The larger the
score determined the more likely the record is Original GM
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• Herein only those in the fault‐normal
component have been considered; in
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arbitrarily, counted as pulse‐type records.
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and he is the only researcher the authors are
aware of who has looked systematically at all
records in the database. Therefore, we know
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non‐pulses.
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* Baker, J.W. (2007). Quantitative classification of near‐fault ground motions using wavelet analysis, Bull. Seism. Soc. Am. 97 1486–1501.
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The information about the dataset have been retreived by the 
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(Magnitude Range: 5.2÷7.5)
Type Events Records Pulse‐Like  Marginal Pulse
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Strike‐Slip (SS) 12 133 34 26%
Non‐Strike‐Slip (NSS) 11 229 39 17%
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*http://peer.berkeley.edu/assets/NGA_Flatfile.xls
*http://peer.berkeley.edu/nga/NGA_Documentation.xls
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P j t d di t ( l th t l ) f th i i f th t
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toward the site versus the closest distance to fault rupture
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Angle between the site and the fault plane versus the normalized distance
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Logistic regression
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is no widely‐accepted direct analog to R2 as defined
for ordinary least‐square regressions. Nonetheless,
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Information Criterion (AIC) may be used; it allows
one to compare models with a different number of
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terms counterbalancing the improvement of fit
with the manageability of the equation. The lower
is AIC the better is the model.
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R [km] 0.16051 0.12467 136.3561

s [km] 0.040238 0.034712 149.958

θ [d ] 0 12381 0 12873 135 7425
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X 0.001278 0.001522 154.9764
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Non‐Strike‐Slip Model Scores
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R [km] 0.058661 0.050954 202.3675

d [km] 0.007687 0.009624 211.0061

[d ] 0 082195 0 080198 196 255
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M 1.42E‐05 1.36E‐05 213.0149

Y 0.004479 0.004608 212.0546

Ycos(φ) 0.013224 0.012865 210.3287
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• Simple and multiple logistic regression models have been investigated to associate pulse
occurrence in the dataset to the covariates, for both SS and NSS samples. General findings
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hold for SS and NSS. Pulse occurrence probability has shown, as expected, significant
dependence on distance to the rupture, R, along the rupture, s (d), and also on the angle;
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ur • Less explanatory power, if at all, for pulse‐like records occurrence, was found for the event’s

magnitude and other pulse amplitude‐related factors. Although these results may sound
intuitively unexpected, it has to be recalled here that this study dealt with pulse occurrence
probability alone, rather than on the prediction of the amplitude of such pulses, for which

nd
 C
. A

lli
n

bi
lit
y 
fo
r N

p obab ty a o e, at e t a o t e p ed ct o o t e a p tude o suc pu ses, o c
the excluded parameters do play a role;

• The strength of the association between the response variables and the covariates, in simple
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g p p
logistic models, has been found to be systematically weaker in the NSS case than in the SS;

• Multivariate logistic regression models were also investigated. For the SS case the proposed
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n model is the linear combination of the geometrical predictors, as there is no empirical
support to use models which include interaction or quadratic terms. The proposed NSS
multivariate model has been arbitrarily selected by analogy with the SS case*.
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*Iervolino, I., and Cornell, C.A. (2008). Probability of Occurrence of Velocity Pulses in Near‐Source Ground Motions, Bull. Seism. Soc. Am. 98 2262‐
2277.
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