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Ground-Motion Prediction Equation
( GMPE) for Taiwan

Po-Shen Lin

==l Disaster Prevention Technology Research Center,
I— Sinotech Engineering Consultants, INC.

Disaster Prevention Technology Research Center ( DPTRC) .
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Outline

 Introduction of GMPE

— Important component of PSHA
— From attenuation equation to GMPE
— Steps for building GMPE

e Taiwan’s GMPE — Past * Present * Future
e Conclusion
e Future work
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Log # Quakes > M

Magnitude M

(3) Ground Motion (4) Probability of Exceedance

3

-

Peak Acceleration

Probability of Exceedance

Distance

Ground Motion Parameter

&J FEMA Instructional Material Complementing FEMA 451, Design Examples Seismic Hazard Analysis 5a - 24 .
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What is GMPE

° llWaS”
— Attenuation relations
— Attenuation relationships

— Attenuation equations

* |t is an equation that can be used to predict the
possible ground-motion value during a future
earthquake.

* Most of then are “empirical”, and was
developed from a set of ground-motion data

with proper physical meaning




Why Call them “Ground-Motion Pre ' Lo

e “Attenuation Equations” is a poor term

— They describe the INCREASE of amplitude
with magnitude at a given distance

— They describe the CHANGE of amplitude with
distance for a given magnitude (usually, but
not necessarily, a DECREASE of amplitude
with increasing distance).

Art McGarr, 2006
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Ground Motion Prediction Equations

 Empirical regressions of recorded data

e Estimate ground shaking parameter (peak ground
acceleration, peak velocity, spectral acceleration or
velocity response) as a function of

(1) magnitude
(2) distance
(3) site
* May consider fault type (strike-slip, normal, reverse)
Art McGarr, 2006
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Steps for building GMPE

* Establish database

e Select form of predictive equation
e Perform regression analyses

e Evaluate uncertainty
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Combination of horizontal measuregaas

* Arithmetic mean (B 8 £155))

* Both

e Geometric mean (£&/(o] £255Y)

e Largest component

e Random

e Resultant (a=al*cosB+a2*sinb)

* Vectorial addition ( a, =\/a1(t)2 +a,(t)’ )
 GMRotI50
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Characterisation of source

 Earthquake magnitude, M

e Source mechanism
— Strike slip ~ normal faulting ~ reverse

* Tectonic setting
— Crustal ~ subduction




o Climate Change

————————

dslide Hazard

Characterisation of path

e Definitions of source-to-site distance

— Epicentral distance -~ hypocentral distance -
rupture centroid distance ~ centre-of-energy-
release distance ~ surface projection distance (R;,)

~ surface projection distance with focal depth ~
rupture distance (R,,,) ~ seismogenic distance
average site to rupture end distance ~ equivalent
hypocentral distance (EHD)




R‘ Debris Flow

source-to- Slte distance

Vertical Faults

Seismogenic
Depth

Hypocenter

Dipping Faults

‘ = | &
I
| (Abrahamson and Shedlock,.
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Characterisation of site

* From data selection
 Multiplicative factor
e Shear-wave velocity (Vs30)
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Form of the predictive equation

Y=f(M,R,P)
Y: Ground motion parameter of interest
— M: The magnitude of the earthquake

— R: Distance from the source to the particular site

— P;: Other parameters (earthquake source, local
site conditions, wave propagation path...)
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Analysis techniques

 The majority of ground motion estimation
studies use the

 Two-stage method
* Non-linear regression

 Maximum-likelihood method (mixed effects
method)
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Most used GMPE for the Engmeer

Campbell's form

a=b " (R+b, ")
Joyner and Boore's form

log,,(a) = b, +b,M + b, log,, [(R2 + b2 )" }
Kanai's form

a=b " (R +b4)_b3

Japan Rock Site's form

R*"”*] - (b, +b,M —b,M?)

log,,(0.981a) —(

5
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Seismotectonic framework of Taiwan
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(1900—2007)
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Data source:
1.Central Weather Bureau(CWB)
2.Institute of Earth Sciences, Academia Sinica
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Strong-motion data for GMPE — Crustal
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Strong-motion data for GMPE — Subductiog
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» Kk = station
* | = region
* Residuals
— Intra-event,&, inter-eventr,
— Inter-station,&,, intra-stationfrik
— Inter-path,6, intra-path&;,
— Inter-region, 77sz, intra-region 7,
e Standard deviations
— Intra-event, & inter-event?

— |nter-station, o intra-station o, Following the notation
— Inter-path, o intra-path oy of Walling (2009)

— Inter-region, z; intra-region z, .
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Decomposmon of the varlab|l|ty of empirical ground
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(site-term) & =0, + 04" variability
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Single Site Single Path
Total Intra- Total Inter- Intra-
event Event Event
Oss o Ogp To Og

PGA 0.91c; 0.86c 0.540; 0.697 0.43c
T=0.1 0.88c; 0.81c 0.530 0.697 0.42c
T=0.3 0.90c; 0.86c 0.60c; 0.697 0.55c
T=0.5 0.89c 0.83c 0.61c; 0.697 0.57c
T=1.0 0.860 0.75c 0.590c 0.697 0.51c
T=3.0 0.860 0.69c 0.60c 0.697 0.51c
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a fraction of o

This Study Atkinson (2006) Morikawa et al.

(2008)

PGA 0.540; 0.67c; 0.460
T=0.1

0.530; 0.380

T=0.3 0.600 0.680 0.440;
T=0.5

0.61c; 0.450

T=1.0 0.59¢ 0.67c+ 0.47c;
T=3.0

0.600 0.470
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Conclusion

* More and more strong-motion data

e Strong ground motion parameters
— PGA, PGV, PGD, la and Sa

* Including crustal earthquake and subduction zone
earthquake

e Source-to-site distance

— From epicenter distance to the closest distance to fault
rupture plane

* Site parameters
— From rock/soil to Vs30

 Hanging-wall and footwall
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Future work

For GMPE

— More predictor variables for source, path and site
— Directivity

— Nonlinear site effect

— Strong-motion difference due to various stress drop
* For Ground-motion prediction

— Empirical approach
— Seismological approach
 Empirical Green’s functions (EGFs)

e Stochastic Green's functions (SGFs)
* Hybrid Green’s functions (HGFs)




o Climate Change

——————

%

andslide Hazard Seismic Haza 4

/
1

Thank you for your attention.

Disaster Prevention Technology Research Center ( DPTRC)




