Frequency-Dependent Comparison of Vs30 and Site Period as-Predictors of
Earthquake Ground Motion Intensity Measures

Joy Ndamukunda'; Chunyang Ji4, Yongfei Wang®

'University of Southern California (ndamukun@usc.edu), “Verisk Extreme Event Solutions, *Verisk Extreme Event Solutions

o ¢
-

Group 1
] . . . Relationship between Vs30 (cm/s) in Log Scale and 1s Spectral Relationship between Site Period (Ts) in Log Scale and 1s Spectral
1. Ab StraCt To remove systematic path effect related source, we modify the mixed-effect decomposition | Acceleration (SA) | Acceleration (SA)
(EQ-3). Within the formula, Ci is a constant conditioned on event index. After, ReSj was utilized to : . : ;
Most existing studies use Vs30, the time-averaged S-wave velocity for the top 30 m of soils, as the site explore which proxy (between Site period and Vs30) is better predictor for site effect (ReSj)

proxy to develop the site terms of the Ground Motion Model (GMMs). However, Vs30 is only related to
the influence of shallow site conditions on ground motion. Meanwhile, limited attention has been given .

to their frequency-dependent predictive performance, leaving a gap in understanding whether Vs30 is an lOg (Rez]) — C; X R]bz] ‘|‘ RBS] ‘|‘ 777, ‘|‘ Eij EQ-3
effective predictor for high-frequency (e.g., Peak Ground Acceleration (PGA) and Short-Period Spectral
Acceleration) versus low-frequency (e.g., Peak Ground Velocity (PGV) and Long-Period Spectral
Acceleration) intensity measures (IMs). Since high-frequency ground motions are generally more
affected by these shallow layers, it is reasonable to expect that Vs30 may perform better than site
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Residual site terms are plotted and analyzed in ArcGIS Pro and grouped into three geographic areas
(Figure 2). Within each group, regression plots were generated using log-transformed Vs30 and Ts as

od (Te) i dicti ik Ms. © v T Hich q ) k predictor variables, with PGA, PGV, and spectral acceleration as response variables. The data was P2 ss ss I T
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amplification at the site of interest, can capture both shallow and deep site effects. Thus, Ts could Group 2
outperform VSBO for Iow-frgquency IMs. This StUdy aims to explore whether Vs30 or Ts is a better proxy - Ak Relationship between Vs30 (cm/s) in Log Scale and 1s Spectral Relationship between Site Period (Ts) in Log Scale and 1s Spectral
for CharaCtenZlng site conditions. ' Figure 3: The Acceleration (SA) Acceleration (SA)
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A subset of the NGA-West2 GM database across California was selected to test these hypotheses by Medford The T_hree plots of Vs30 & Ts ..
comparing with the site term of GMM residuals. Data points were plotted and analyzed in ArcGIS Pro, ; r 3 e ; Re_g|on-5pec|f|c vs. 1-second " ' “ '
with regions grouped into three geographic clusters: Group 1 (Los Angeles, Ventura, San Bernardino, B‘E.'”“"g Siskiyou Modoc | \ ' g g
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and Orange counties), Group 2 (Sonoma, Solano, Napa, Marin, Contra Costa, San Francisco, Alameda, ¢ ;h___‘_.;_—f’ 5 | lerati & & ,
San Mateo, Santa Clara, Santa Cruz, Monterey, and San Benito), and Group 3 (Riverside and Imperial H mm‘f Trinity :;f Shasta e -- 5 acceleration. ¥
counties). Within each group, the correlations between the site proxy (Vs30 and Ts) and site residuals "r;_ﬁ___"m G el { Nevads | 2 o ’
were examined through linear regression analyses. The linear regression results indicate that Vs30 TR g Plmes
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slightly outperformed Ts in predicting both high- and low-frequency IMs across most regions. However, £l “'?1%%5 4 s '@3_ 73 . " it : : : 1
the small R2 (e.g., 0.03 for the regression between Vs30 and PGA) for the regressions suggests that b Nakel  sumer -—;;L"-'Ei?i—ﬁjf_' VY eI cha
linear regression may not fully capture the trend between Vs30 or Ts and site residuals. Although the "‘“?.is_pnmétéa\ T?_.S‘Eg;é;;r;; Dm;gglp_lé-%ﬁ-m& | # Group 3
linear correlations with Ts were not obvious, this work still observed that the performance of Ts is better Eﬁﬁgﬁ%ﬁﬁaﬁ*ﬁ'ﬁﬁ&owéﬁ g Relationship between Vs30 (cm/s) in Log Scale and 1s Spectral Relationship between Site Period (Ts) in Log Scale and 1s Spectral
in Northern California, which potentially supports the inclusion of Ts into the site term for the <Son Fralcd gos ;;;f,?jiﬂg;np;sﬁ-"‘“"” R ClEeRIEtEn A ARECEIO O
region-specific GMM in this area. For future work, nonlinear regression will be adopted to further study iy D N
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the performance of Vs30 and Ts in ground motion predictions. Eaxia O r‘l.____ ,..f-ﬂffff"_;‘;’es . i 2
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2. Introduction and Key Concepts 2 et W NG
Motivation N h Kem B :
e Site effects, occurred beneath the site of interest, can significantly alter GM characteristics T A San_ ""‘1& 2 .
e Site effect is a complicated function of multiple factors including soil properties and bassin effects -fff'ff”f“] | semardine \, N
Objective e =LY e e . '
Investigate the appropriate soil proxies (i.e., Vs30 and Ts) characterizing earthquake GM IMs _ ,\ . «  vao@wginiogsae " She Period (T8 in Log Scale
e Vs30: time-averaged shear-wave velocity in the upper 30 m = 6. DlscuSS]_on
e Site period: Ts, soil characteristic natural period hereafter defined as 1/predominant frequency : | B : - ] . " . . deling 1 - ded b ' . .
i : : : : : - visitin wi n improved m ing framework is recommen inear regression may n
Figure 1: lllustration of site effects and frequency-dependent soil amplification ‘., evisiting these datasets with an improved modeling framework is recommended because linear regression may not tully
_ e ' . capture the complex, non-linear relationships between site parameters (Vs30, Ts) and ground-motion intensity measures.
ﬂ . GI‘OUD 1 Official Additionally, while Vs30 outperforms site period but in the Bay area (group 2), the Vs30 dependency is strongly reduced for GM <
f\ o Group 2 Official 1s, which means ergodic Vs30-based site model may introduce bias in site effect in the Bay area (Figure 4). In contrast,
SU rface G * 3 Official m non-linear site period trend is stronger than that in LA (Figure 4).
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Figure 2: Map of the data points divided into three region-specific groups across 2o 2o and best fitting
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Site Predominant California. :e: 3: models (linear
effects [~ frequency 4 Results P - B - regression regarding
* Z 2 Vs30 and nonlinear
e Vs30 outperformed Ts for most high- and low-frequency intensity measures P 3 regression regarding
o Exception: In Group 3, Ts outperformed Vs30 for high-frequency measures (PGA, site period). The
short-period SA). " " nonlinear formula
m Most likely due to basin or sedimentary effects boosting Ts's high-frequency o o follows Hassani and
response Atkinson (2016)
e Group 1: highest mean Vs30 values — stiffer sites, stronger high-frequency shaking 1 o : .
e Group 2: highest mean Ts values— softer, deeper sites, stronger low-frequency shaking. "
Bed rOCk e Performance differences varied by region s o
e Overall Outcome: Geographic setting influences which predictor is superior ’ e =3
T i 1 : R2 Values Based on Intensity M .
n Intensi r _ _
3. Ground Motion Residual Analysis ke Mo Inmcsty Miren | | -
¢, Hassani and Atkinson, 2016 fpeak <05 Hy
We utilize earthquake ground motion data across California to study how site effect varies with Vs30 or Sroyps 5 5 O o) = Cl*[ﬁ&_}f"ﬂ]“"g""f”ﬂ“” Sk S
site period. Residual site terms for each of the records of the NGA-West2 database (Ancheta et Vs30 Ts Vs30 Ts Vs30 Ts . . Ef[m]x“"g“’“”“/f” e
al.,2014) are determined relative to the BSSA14 GMPE. In the residual formula below (EQ-1), reij is the | 300 500 1000 03 10 3.0 10.0
) . . o . . . PGV 0.34 0 0.12 0 0.2 0.06 Vs30 (m/s) Site period Tg (s, log scale)
residual estimated for event i at station j, obsij is the observed ground-motion parameter, and preij is the N
predicted ground-motion amplitude for the corresponding record determined using the BSSA14 GMPE PGA 0.19 0.02 0.03 0.02 0.04 0.14 .7 C 1 o
model. SA 0.3s 0.29 0 0.09 0 0.04 0.06 o O nc u S l O n
= SA1s 0.4 0.03 0.2 0.18 03 0.03 e Vs30 is an valuable site parameter in GMM, while Ts reflects deeper site conditions and it appears less
log(reij) = log(obsi;) — log(preij ) eo- - eliable a5 a standalone predictor
The residuals can then be broken down into a residual site term (ReSj) for station j, random event term :‘smg - - - . N - o F}cgfr Group. 3, ;I's. ef>]<ceeded \(330 for a single high-frequency IMs, indicating that local geological or basin
for event i (ni), and within-event residual term for station j recorded at event i (gij) (EQ-2) via | effects uniquely influenced site response.
mixed-effect regression. SA 5s 0.43 0.02 0.15 0.09 0.53 0 e Regional geologic and geographic conditions strongly influence the effectiveness of Vs30 and Ts
e Vs30 remains the more effective and practical metric for empirical GM across both short- and long-period
log (reij) = ReSj - 1i —+ 5ij EQ-2 Table 1: A Summary Table of the Linear-Regression Analysis R2 Values. IMs.
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