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MCE: Is Well and Coppersmith 1994 still valid? Any better/more update equation to use?
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A
(6) 14 Why Wells and Coppersmith is Still Widely Used

- Main Outputs
Despite the availability of newer models, Wells and Coppersmith is still widely used for MCE estimates because:

> Surface of rupture length, SRL |

[T EACHve At characteristics o It offers a robust and simple-to-use set of empirical relations applicable globally.

_» —> Age of the active fault

> Lastest movement/history o Its dataset, though older, covers a broad range of fault types and settings.

— L Suprate J aumsvas . . . . . . . . .
|3 Attenuation and Magnitude Well & Coppersmith (1994) 2/ o Itisa conservative approach, meaning it tends to provide reliable, albeit possibly overestimated, magnitude
L Recurrence interval NGA-West2 ?

predictions which are safe for critical infrastructure like dams.
L]

While Wells and Coppersmith (1994) remains a trusted and widely used method for estimating MCE, there are several newer

models and approaches that provide refined estimates, particularly for large-magnitude events and specific tectonic settings. These
include region-specific empirical models updated global scaling laws and advanced rupture models that incorporate more detailed
fault mechanics. However, the choice of model depends on the fault characteristics, available data, and the seismic hazard context,

with Wells and Coppersmith still serving as a conservative and reliable option for many applications.
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U Table 2 b
Shortlisted Regressions for Each Combination of Tectonic Setting, Subclasses and Slip Type Given in Table 1 =
v v r— pow
All Hanks and Bakun (2008); M, =log A + (3.98 £ 0.03) A: area (km) 1
A <537 km?
Regressions should be chosen according to the relevant fault arca
range.
Bulletin of the Seismological Society of America, Vol. 103, No. 6, pp. 2993-3011, December 2013, doi: 10.1785/0120130052 “’:“‘ “;';'L 20085 M, =4/3logA + (307 £ 0.04) " 1
= 537 ki
Wesnousky (2008); strike-slip 6+ 0.87 log L L+ surface vupture length (km) 1
4 (in M)
Leonard (2010) 3.99 + log A !
A2l Yen and Ma (2010 all log A, = ~13.79 + 087 1 Best represented by Yen and Ma regression as datasets contain a mix
election O arthquake sScaling kelationsnips
: : 0.41 (in Ac) of plate boundary earthquakes of strike-slip and dip-slip
. . . My = 16.05 + 1.5M mechanisms.
for Seismic-Hazard Ana]y313 AT Hanks and Bakn (2008 g A -+ (3.95 £ 0.03) A: area (k) I Larger magnitudes produced by Stiling er al, (2008) than by others
A €537 km? (larger D-L scaling)
. . . . . Si et al. (2008), New M, =418 4+ 2/3log W + 4/3log L L: subsurface rupture length 1
by Mark Stirling, Tatiana Goded, Kelvin Berryman, and Nicola Litchfield Zealand; oblique-slip a=0.18 (in M,) (k)
W width (km)
Wesnousky (2008): strike-slip M, = 5.56 + 0.87 log L L: surface rupture length (km) 1
a= 024 (in My)
Abstract A fundamentally important but typically abbreviated component of Yen and Ma (201 1): strike-slip Ac=—14.77 + 0921og My At effective arca (m?) 1
seismic-hazard analys the selection of earthquake scaling relationships. These are " Jf'[: “‘;" L
My = 1605 + 1.5M,
typically regressions of historical earthquake datasets, in which magnitude is esti- AZ3 Wesnousky (2008 normal . 24 047logL L: surface rupture length (km) 1 Basin and range-rich normal-slip earthquake datasct
- - B “ - . a =027 (in M)
mated from parameters such as fault rupture length and area. The mix of historical A4 Stiding  al (0085 New M, =418 + 2/3kog W + 4/3log L. W widdh k) 1 Yen and Ma (2011) dipship dataset dominated by reverse and thrust- z
data from different tectonic environments and the different forms of the regreggion Zealand: oblique slip a =018 (in M,) L: subsurface rupture length slip earthquakes from wide area (Taiwan and cast Asia). }

. . fyey . . . - . - (km)
equations can result in large differences in magnitude estimates for a given fault rup- Wesnousky (2008); reverse 411+ 188log L L: surface rupture length (k)
ture length or area. We compile a worldwide set of regressions and make a first-order 0.24 (in M.} 5
. P . . . - . . . . . Yen and Ma (2011); dip-slip | 5 + 0.80log M, A,: effective area (n?) 1
shortlisting of regressions according to their relevance to a range of tectonic regimes p 5 o
(plate tectonic setting and fault slip type) in existence around the world. Regression log My = 16,05+ 1.5M, g

levance is based larcel he seosraphical distributi o d iev/auali Bl Anderson 1 al. (1996) M, =512 4 L16log L —0.20log § L2 surface Fault length (km) 2 Equal priority to the three regressions. Nuuli (1983) and Johnston -
relevance 1s based largely on the geographical distribution, age, and quantty/quality o= 0.26 (in M,) S slip rate (mu/yn) gressions are developed exclusively for stable continental :
of earthquake data used to develop them. Our compilation is limited to regressions of =500 km from plate boundaries). but dataset is old. ;’

. . . - . Anderson et al. (1996) dataset includes stable continental b
magnitude (or seismic moment) on fault rupture area or length, and our shortlisted carhquakes, and ,,D?J,M‘ﬂ:,-|-‘l;m o alin rate b z
regreggions show a large magnitude range (up to a full magnilude unit) for a giyen influence on M,,. Johnston (1994) database dominanily reverse

. : . o ; cvents. g
rupture length or area across the various tectonic regimes. These large differences in = =
magnitude estimates underline the importance of choosing regressions carefully for S B ed ot ,
seismic-hazard application in different tectonic environments. able 2 (Continued) o T

vty 8

Reference for Regression’ Regression Equations* Units Scored Comments! s
Nuttli (1983) log My = 3.65log L 4 21.0 My seismic moment 3 S
log My = 1605 + 1.5M, (dyn-cm) [

Table 1 L: subsurface fault length 3

: : : : e (km) A3

Tectonic Reg‘lme Cl_asmﬁcauon Scheme, Cc@pnsmg Plate Johnston (1994) M, = 1.36% logL 4 4.67 L: surface rupture length (km) 3 H

Tectonic Settings, Subclasses, and Slip Types B2 Anderson et al. (1996) M, =512+ L16log L - 0.20log S fault length (km) 2 As for B x

o =026 (in My) 5. te (mm/yr) @

Plate Tectonic Nuttli (1983) log My = 3.65 My scismic moment 3 s

Setting Subclass Slip Type* L4210 (dyn-cm) =

- " M, = 1605 + L5M,, L: subsurface fault length ,c

A, Plate Al: Fast plate boundary Strike-slip (km) %

i Cl Strasser ef al. (2010); M, = 4441 + 0846 log,o(A) A: rupture arca (km?) 1 Diverse dataset and M,, dependence on interface arca makes the =

boundary faults (> 10 mm/yr) dominated v 21 P p P &

crustal A2: Slow plate boundary (A1) interface events o= 0286 (in M,) Strasser et al. (2010) regression the most suitable for using on a ]

S : wide variety of subduction megathrusts. =

faults (<10 mm/yr) All faults (A21) €2 Strasser ef al (2010); M, = 4441 + 0846 log (A) A: rupture arca (km?) 1 As for C1 el

Strike-slip (A22) interface events &=0286 (in M,) =

Blaser er al. (2010); oceanic/ 210 L = —2.81 + 0.62M,, L: subsurface fault length 1 3

Normal (A23) subduction reverse Sxy = 0.16 (orthogonal standard deviation) (km) g

Reverse (A24) €3 Ichinose ef al. (2006) \,) = 0.57(20.06)M ~ 135(£1.5)  A,: combined arca of 1 Only regression of relevance 1o intraslab carthquakes. g

B. Stable Reverse (B1) =161 (in A,) asperities (km?) B

. . . M, = seismic moment =

continental Strike-slip (B2) 9 =

N . (dyn-cm) ]

C. Subduction Continental megathrust Thrust (C1) DI Villamor ef al. (2001); New M, = 339 + 1.33log A A: area (km?) 1 Only regression of relevance to volcanic-normal carthquakes in thin 3

Marine Thrust (C2) Zealand; normal a=0.195 (in M) crust (rift environments). >

. D2 Wesnousky (2008). normal M, =612 +047logL L: surface fault length (km) 1 Basin and ra rich normal-slip dataset. g

. Inl!'as]ah Normal (C3) Mason (1996) o =027 (in M) L: surface rupture length 2 I d ated al-slip dataset. =

D. Volcanic Thin crust (<10 km) Normal (D1) M, =486 + 1.32l0g L 13
Thick crust (> 10 km) Normal (D2) a=034(in M,)

P — N S *The “Tectonic Regime” identifiers relate to the 1Ds given in parcntheses in Table 1. For example, A1l signifies “Plate Boundary Crustal/Plate Boundary Fast Slipping/Strike-Slip Dominated.”
*The identifiers in parentheses allow cross referencing to Table 2 and have Primary reference for regression. Bold regression information corresponds to the shorlisted regressions (those having the highest quality score and/or most suitable re

the following derivation: first character (A-D), primary tectonic regime; Regression information not in bold provides close alternatives to the shonlisted regressions for the given tectonic
second character (1-2), tectonic subregime; and third character (1), “Regression equations and standard deviations o standard errors (if available). Applicable parameters are in parentheses: for example. “in M,,” means the standard deviation is for M. The standard Hanks and
. . S Kanamori (1979) equation is also provided in cases for which seismic moment needs to be converted to moment magnitude. Use of A, (combined asperity area on fault plane) is possible for well-modeled sources and
mechanism or slip-type. For example, All indicates a plate boundary RS
carrelates with M,
crustal setting (A), fast subclass (1), and strike-slip mechanism (1). #Quality scores: 1, best available; 2. good; 3, fair

Yustification for shortlisting of regression into this table.

ressions for the given tectonic regimes),

imes.
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ABSTRACT

Keywords:

Attenuation model

Strong ground motion data
Northern Thailand

Peak ground acceleration
Spectral acceleration

‘Within the last decade, the number of earthquake events in Northern Thailand has significantly increased. At
least, two major earthquakes have occurred in this region: the 2011 M,, 6.8 Tarlay Earthquake and the 2014 M,,
6.3 Mae Lao Earthquake. The lack of understanding on appropriate attenuation models to represent a specific
region becomes a major issue if strong ground motion data is not available. This paper aims to determine an
appropriate attenuation model for Northern Thailand based on seven recorded earthquake events in the region.
Nine attenuation models, including ground motion prediction equations (GMPEs) from both NGA-West1 and
NGA-West2 (Next Generation Attenuation Relationships for Western US), were employed to predict peak ground
acceleration (PGA) and speetral acceleration (SA) during the selected earthquake events. Ground motion data
during the events from twenty nearby seismic stations were collected for verifying the predictions from each
attenuation model. Goodness of fit test and root mean square error (RMSE) were evaluated for each attenuation

Sadigh et al. [11]

Boore and Atkinson [13]

Chiou and Youngs [31]

model prediction. The results show that the NGA-West2 are the most appropriate attenuation models to predict
ground motion in Northern Thailand. As a consequence of verifying these attenuation models, it is hoped that

further development of Thailand’s seismic design standards for seismic hazard analysis of specific regions such as
Northern Thailand can be based on more accurate, appropriately selected models.
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Fig. 2. Comparison of results from attenuation model with the recorded PGA.
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Ideas

Faults within 5 km: Considered extremely close, often warrant DSHA, fault
trenching, and detailed geophysical surveys. These faults pose a high risk of strong
ground motion and surface rupture near the dam site.

Faults within 10 km: Also require detailed hazard assessments, with a preference
for DSHA if the fault shows high seismicity or slip rates. Geophysical surveys are used

to map subsurface structures, and monitoring networks might be installed.

Faults beyond 15-20 km: PSHA is typically sufficient unless the fault has a history
of producing large-magnitude earthquakes that could affect the dam despite the

distance.

1nsgulun1sUsEiu DSHA uas PsHA (Aanagnals/nsdila)

ICOLD 148

The process can be accomplished by using either a deterministic procedure, or a probabilistic
seismic hazard evaluation.

In a deterministic procedure for choosing seismic evaluation parameters, magnitude and
distance should be ascertained by identifying the critical active faults which show evidence of
movements in Holocene time (i.e. in the last 11,000 years), large faults which show evidence of
movements in Latest Pleistocene time (i.e. between 11,000 and 35,000 years ago) or major
faults which show evidence of repeated movements in Quaternary time (1.8 million years). The
capability of these faults must be ascertained through appropriate established methods such as
a rupture length-magnitude relationship or a fault movement and magnitude relationship. The
distances of these critical faults from the site should be determined to evaluate the other
parameters.

A probabilistic seismic hazard evaluation quantifies numerically the contributions to seismic
motion, at the dam site, of all sources and magnitudes larger than a designated minimum
(typically Richter magnitude 4 or 5) up to and including the maximum credible earthquake
(MCE) on each source. The possible occurrence of each magnitude earthquake at any part of a
source (including the closest location to the dam site) is directly incorporated in a probabilistic
seismic hazard evaluation. Section 5 of Appendix 2 provides a summary of such an evaluation
procedure.

If no obvious earthquake scenarios exist (e.g. no active faults are identified), the ground
motions at a dam site are generally estimated using a probabilistic approach, and the ground
motions are typically linked to a long return period, for example 10,000 years. Such ground
motions estimated using a probabilistic approach may be either lower or stronger than MCE
ground motions evaluated using a deterministic approach, depending on factors such as the
types of uncertainties incorporated in each approach.
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