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Observations and motivations

Observed site amplification: 4 Sept 2010
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@ Acceleration amplitude at HVSC significantly higher than nearby stations
(similar source-site distances and azimuths)
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Observed site amplification: HVSC VS. LPCC
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@ Consistently higher amplitude at HVSC throughout the sequence of events
@ Intense vertical acceleration
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Empirical predictions [Bradley 2015]
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@ Non-ergodic empirical analysis of ground motions suggests strong
systematic site amplification in periods T < 0.5s
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Observations and motivations

Broadband ground motions simulations
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@ Hybrid ground motion simulations using the Graves and Pitarka method, with
a recently developed 1D and 3D velocity models of the Canterbury region

@ Vg3¢ based empirical correction factor to account for the site amplification
@ 3D velocity model significantly improves prediction of long period (T > 2s)
ground motions, but the prediction is still poor in short periods
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Site investigation
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@ 15 seismic CPT, 15 ambient noise H/V, 5 surface wave tests
@ Lidar-based DEM to account for topography
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Site characterization and model description

Site investigation
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(a) Vs from sCPT (b) Comparison of fy from H/V and sCPT
@ Measured soil velocities are modelled with a power law equation:

Vs = 2072%%°m/s
@ Site periods measured by H/V and sCPT are broadly consistent
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Site characterization and model description

3D geological model of Heathcote Valley
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@ Vs = 207225 m/s for soils; Vs = 1500 m/s for the volcanic bedrock
@ Soil thickness profile from CPT refusal depths and the estimated depths from
H/V spectral ratios
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Site characterization and model description

2D finite element model
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@ 2D finite element simulations using OpenSees
@ Non-reflective boundaries; equivalent force input at the base of the model
@ PDMY model (UCSD) for soils and the linear elastic model for rocks:

e Soil: p=1.8Mg/m?, Vs = 2072°%m/s, ¢ = 36°, v = 0.25

e Weathered rock: p = 2.4Mg/m?®, Vs = 800m/s, v = 0.25

e Basement rock: p = 2.4Mg/m?®, Vs = 1500m/s, v = 0.25
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Site characterization and model description

Earthquake events for simulations
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@ Deconvolved and amplitude-corrected (based on the empirical model by
Bradley 2010) LPCC rock motions as input motions
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Site characterization and model description

Earthquake events for simulations

Table: Earthquake events used in the analyses, in chronological order.

| | HVSC | LPCC

Event date Mw | Ru' PGA® PGV | Ry PGA PGV

(km) (@) (cm/s) | (km) (g)  (cm/s)
04/09/2010 711208 061 29 [224 029 19
19/10/2010 48 | 128 009 32 | 131 0.02 0.71
26/12/2010 47 | 47 041 29 | 77 002 0.65
22/02/2011 62 | 39 141 81 70 092 46
16/04/2011 50 | 73 068 32 | 52 029 85
13/06/2011(a) | 53 | 47 045 14 | 53 015 54
13/06/2011(b) | 6.0 | 36 091 55 | 58 064 33
21/06/2011 52 | 149 026 80 | 156 0.07 2.1
23/12/2011(a) | 5.8 | 99 031 127 | 114 024 76
23/12/2011(b) | 5.9 | 9.7 026 42 | 124 044 23

"The shortest source-to-site distance based on the models by Beavan et al. (2012)
2Horizontal fault-normal component
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Model validation

Simulations VS. Records: Time Series
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Model validation

Simulation VS. Records: Response Spectra

Spectral acceleration [g]

Spectral acceleration [g]

10t

102 Recorded motion
— Simulation
107 . .
102 107 10° 10!
Vibration period [s]
(a) 04/09/2010
10t : .

=
o
°

=
e

102} — Recorded motion
— Simulation
10'3 n L
10 10! 10° 10*

Vibration period [s]

(c) 13/06/2011(b)

Spectral acceleration [g]

Spectral acceleration [g]

10?} — Recorded motion
— Simulation
1073 . .
1072 10 10°
Vibration period [s]
(b) 22/02/2010
10! : .
10° 1
107 E
102 F — Recorded motion
— Simulation
10'3 n n
102 10! 10°

Vibration period [s]

(d) 23/12/2011(b)

Jeong and Bradley Site-specific response analysis at Heathcote Valley

April 28, 2016

13/21



Model validation

Spectral acceleration residuals
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@ The 2D Heathcote Valley site response model performs much better than the
empirical model and the large-scale ground motion simulation
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HVSC/LPCC spectral ratios
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@ Very good agreement between the observed and simulated spectral ratios
@ Simulations show a large variability in the high frequencies (f > 3Hz), likely
due to the event-dependent soil non-linear response
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Discussions

2D vs 1D simulations

Residual, r
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2D simulations outperform 1D simulations

1D simulations overestimate long period motions (T > 0.5s or f < 2Hz):

Topography effect?

2D simulations and the recorded motions are further amplified in short
periods (T < 0.5s or f > 2HZ), likely caused by the Rayleigh waves
generated near the basin edge

Jeong and Bradley Site-specific response analysis at Heathcote Valley April 28, 2016

16/ 21



Discussions

Effects of non-linear soil response
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@ Linear elastic simulations overestimate the ground motion amplitudes for
strong events
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Discussions

Effects of non-linear soil response
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@ Significant amount of energy is dissipated via the hysteretic response of soils

during strong ground shaking events

@ Improper modelling of such behaviour can lead to significant overestimation
of ground motion amplification, caused by the waves trapped within the soil

layer
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Discussions

Role of the depth dependent soil velocities

Shear wave velocity [m/s]
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@ Pressure dependent vs depth invariant soil moduli and strengths
@ The two models have identical site periods and similar fundamental model
amplification factors
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Discussions

Role of the depth dependent soil velocities

Residual, r
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The equivalent homogeneous soil model underestimates the ground motion
amplitude (at T > 0.5s or f < 2Hz)

The steep near surface velocity gradient of pressure dependent model
results in much larger high frequency amplification; it may also affect how the
surface waves propagates
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Conclusion

Conclusion

@ 2D non-linear site response simulation of Heathcote Valley shows a good
agreement with observed ground motions and performs significantly better in
high frequencies than the empirical model and the large scale ground motion
simulation

@ The strong impedance contrast at the soil-rock interface at Heathcote Valley
significantly amplifies the ground motions near f = 3Hz

@ Simulations suggest that the Rayleigh waves generated near the basin edge
further amplify the ground motions at f > 3Hz

@ Improper modelling of soil non-linear response may significantly overestimate
the ground motion intensities for strong earthquake events

@ Assumption of a depth-invariant soil velocity (and strength) may
underestimate the amplification at frequencies higher than the site
fundamental frequency
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