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Motivation and
Research Question
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Research Question

Approach 1 (conventional):
Empirical Amplification Factor

Vs, ref = 500 m/s
1Vs30 = 250 m/s
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Approach 2:
Physics-Based Site-Response Analysis

Step 2: Viscoelastic Step 3: Nonlinear
deconvolution site response
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Step 1: 3D viscoelastic simulation

Under what conditions can we improve

effects using site-response analysis?

predictions by explicitly modelling local site
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Sites and
Observational Data Considered



S Ites Christchurch Geology
: ’ I ‘Easl

Christchurch CBD

Full study area Current phase of the study

<

New Zealand | > 50 sites Canterbury Region | 20 sites (out of 28)

-

Elevation (m)

172.45 172.50 172.55 172.60 172.65
Longitude (%)

CBD ® SWNC
Eastern Suburbs

Western Stiff Gravel

Other

©® KPOC

F,:! Gravel

Fluvial Sand & Silt, & Loess

Dune & Beach Sand Not
I Peat Swamp & Unconsol. Sand r considered

Not

{_ considered

® ROLC

® LINC

e Strong-motion station > 3 recordings 10 km -
* High-quality Vs profile Spatial variability of soil properties
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Frequency
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Earthquakes and Ground Motions

e35< M, <50

* Crustal Events

* > 3 Recordings per Site
> 3 Recordings per Event

20 Sites
158 Events
1032 Ground Motions

Magnitude, M,
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Methodology



Simulation and Site-Response Modelling

Regional-Scale Ground Motion Simulations
Approach 1: Empirical Amplification Factor

Simulations produced by Lee et al. (2022)

e Hybrid broadband method
(Graves & Pitarka, 2010, 2015)

e LF-HF transition frequency of 1 Hz Approach 2: Site-Response Analysis
* Minimum Vs of 500 m/s

* Campbell & Bozorgnia (2014)

* Grid spacing of 100 m

Step 2: Viscoelastic Step 3: Nonlinear
deconvolution site response

* 1D Wave Propagation
* OpenSees
* PDMYO02, PIMY

Viscoelastic

Basin
Viscoelastic

Step 1: 3D viscoelastic simulation




Validation: Residual Analysis
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Results



Model Prediction Bias and Total Variability
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(1) Underprediction with No Site Response

(2) Underprediction/Overprediction with Emp AF

(3) 1D SRA shows the lowest model bias
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(1) Reduction in o from No Site Response

(2) Both approaches for capturing site effects

show comparable variability in their predictions
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Variance Decomposition

0% = 1% + PS5 + dSg

Total Standard Deviation
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Systematic Residual, a + 6525,
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Disaggregating the Results

i v ‘ i :
1.0 Underprediction : RHSC ° 10 Underprediction i SWNC 10
' Vs30 = 286 m/s ' 3 : Vs3o = 546 m/s '
i .
1
l
0.5 I r0.5
I
|
d I
I ; ° o
0.0 = 22 NGt ~ - 3 oo
e e RIS
1 ; 1
1 | 1 [ ]
-0.5 S Tmodei=0-15 S . L —0.5
i O
: I |
E i —— 1D Wave Propagation
—1.01 e ; -—1.0 b I = Empirical Amp. Factor — t—1.0
Overprediction i ‘ Overpredlctlon ! —— No Site Response
102 10t 10° 100 g>>T 8% 102 10 10° 100 g>>T 8%
Vibration Period, T (s) £a0 QqQ Vibration Period, T (s) 260 Qq

When the results are disaggregated by site, significant differences are found in the
relative performance of both approaches



Scrutinizing the Entire Dataset



Sub-Regions of Christchurch

VS30 =420 m/S‘
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Sub-Regions of Christchurch
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Systematic Residual, a + 6525,
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Western Stiff Gravel Central Business District Eastern Suburbs
10- (CACS, SWNC, TPLC, LINC, SLRC, DFHS)

Individual, 1D Wave Propagation
- Mean, 1D Wave Propagation
—1.0 — Mean, Empirical Amp. Factor
- Mean, No Site Response

i (CBGS, CHHS, REHS, CCCC) - (NBLC, NNBS, HPSC, KPOC)
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* Sites little affected by site effects ¢ Variability between sites

* |t reveals imprecisions in the
simulation
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Better performance using 1D
e Similar performance of both site-response analysis
approaches at short periods



Systematic Residual, a + 6525
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Sites with Significant Residuals
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Sites outside the limits of +/- o are worth examining in more detail



a+ 6525,

A(a + 652S;)

Parameter Dependency

Research Question: Under what conditions can we
improve predictions...?
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Learning from the
Modelling Limitations
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Limitation of the Empirical Amplification Factor
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Is there something in the shape of the Vs profile that influences the relative
performance of this approach?
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a+ 6525,

A(a + 652S;)

Examining the parameter Vs3o/Vs10
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* Vs30/Vs10is a better
predictor

* The idea of examining
“the shape” of the Vs
profile looks promising
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Limitation of the 1D Site-Response Analysis

Reality

1D Assumption
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|
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How do the actual (3D) site conditions influence the relative
performance of this approach?



Next Step: Evaluating the Site Complexity using the NZGD
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Next Step: Evaluating the Site Complexity using the NZGD

K
CPTAG89 o 11668

CPT_1Z§154Z\
EPT_33748

) b " YN REfs
m " - : ’-_-_-.,GPT_AiO»’lSO‘
25&}5PT_75760 G y s /

Ny Al A AR
: CPThast CPT ghase  AcPT fuasfN - oo Aoy
CPT_40483 3

.

4
l\ePTj2543 ’

i) A 7[\(-)PT_7254'

- - 4 € X 122896 CPT_72545."CPT @‘54G A

? r g 3 = CPRT_72547 |
A —— CPT_72548

. h 4 P

. ’.!r.'a}\-: Y .

ﬁ:l\epf_sams 1

HT’" G g 1!

PT_55676° 1500077 Z\GPT_55679{\GPTQ555

[\EPT 122895 N
A 5t EPT_55685 G =
CPT_g5682 CPT—E‘%“[\ 5. EPT_55686 “ <3
€PT 55683

A

PT 556907 12693

CPT 33133 4
z 1 2553 oy
€PT 30112



Quake

UNIVERSITY OF NZ Centre for Earthquake Resilience
CANTERBURY Te Hiranga Ri
Te 1’1/71;:1‘6 VVr:manga 0 H‘/airaha

Evaluating the Performance of 1D Site-Response
Analysis in Ground-Motion Simulations:
Insights from Small-Magnitude Events recorded in the
Canterbury Region

Felipe Kuncar
Brendon Bradley
Chris de la Torre

Robin Lee

DT1 Call | 24/11/2022



