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Pseudo-dynamic earthquake source modeling, current status and prospect

Seok Goo Song™ - Eunjin Park
Geologic Hazards Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 34132,

Republic of Korea
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297 NG 719 AAAE Ak B AT v A s Al e Amde gl 2
Ae] AAHE BHE olslstn S 3ked A AANE Boks] $la Baoln] Seltete} o] B 2|2
5 A7k BET A AE 1 Fade] o Atk 7zelE APEA AAF Sl At A1E B
A RS 2 SO Hole WS sty sy a A Hat At g e BT e A
A9 719 AARE DA o] FBWI QITk AN BALY T|ute] Hi A0S S BEEL 2 5
o5t Bl -gAMEelst wlo] ARG & AT AL AX BRA R H3He FEET £ A0 T|YH
£ A Y meee] AT Fa 9 AYel thal A&shich AR e H8L et B o
Sigh A4, e BAHA Tel, nFa) ool o zo) S 5 sjdsor & RIS X 7| E0) ARER
A% oS40t A A o] SIS FHT 5 gl 7|4 AT Yk BE FAAE A27)
Aoz BEs Ty ARl TEskEl QA B ATE SAsHeY 27 7)ele 4 YL Aow
7\eigiet.

Z20: A48, 2R ALY, A A AL BY, FAAE 2}

ABSTRACT: Physics-based ground motion prediction studies are an essential element for advanced seismic hazard
assessment. They make it possible to understand and predict the characteristics of near-source strong ground-
motions from future scenario earthquake models, which makes its importance greater in regions where observational
data are scarce. Empirical Ground Motion Prediction Equations (GMPEs) or stochastic strong ground-motion
simulation methods have been mainly used in the community, but recently, strong ground-motion simulation
approaches with fault-based earthquake source are becoming more attractive. They consider both the mechanical
rupture process of an earthquake fault and the seismic wave propagation by adopting either dynamic or pseudo-
dynamic earthquake source modeling. In this review, we stated the research trends and prospects of the pseudo-
dynamic source modeling, which are expected to be more usable because of their computational efficiency.
Although there are still challenges to be overcome, such as improving the input values of pseudo-dynamic source
models, upgrading the complexity of the probabilistic model, and extending to high-frequency band (> 1 Hz), this
method may overcome the limitations of the empirical GMPEs or stochastic simulation methods. We expect that
it will greatly contribute to conducting advanced seismic hazard assessment and mitigation studies in the Korean
Peninsula where observational strong ground-motion data are absolutely lacking.

Key words: seismic hazard, fault-based earthquake source, pseudo-dynamic source modeling, strong ground
motion simulation
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M 5.8 ZAFART M, 5.4 ZFA| R L2u=rt
A X AR 7} obm A ZA S B D A
A AAZ QA A oS A5k A7I7HEHA
o A5, TR B o] F T Aol =T
ANBESYE Aot naxd 55 FE I35
stal A A7 52 AFE T3l o] A
A ol A Y 7Rs e 2A5ke 5 =skE
A A H7HE % HARA A AEEo] 1Y
E3 Qirk & g RolAE vlgo] A 7FsAdol A
= Ay e A REdof tisiA A HY L <A
BANE 4L olsfistaL o|S&ste] a=she 2|7
Al B7HE 3] Rt 224 A=A 7|9t
AR E A BAF AFE 70k T ARt
O

A -ZoA 2R I Al QIZ BER|F oA o
A= ZANEFY EA4S dSshe A2 XA 8]
7t AtollA] F-a3t aaolcth IA WA A XS0
o3t #S5 ARF ARE B8t 29 Al
2 AXFY AI71E dl&she B EEA A2E
Z2)(empirical Ground Motion Prediction Equations,
GMPEs)©] @& 7|7 ARE-E o] 2t Abrahamson et
al., 2008). 12y I A= 7Nk & LS
o= Ag|xujolael dE A=) o] 7 A
=7k 52 A oA = 5 7F 2 Aol A 2| 7h
771 A Fel A= IS AR Y REOE A F
3 = S Aol ofzlee] Sla TS AAR
5 AE7} dojHom REs eeluele g A
o= 2§ 31717t A9l 8715 siek. Tl ofel Ao
o] A% R AeE 0.2 2 ulaxHlo] ofh 3t
2 A28 Feoio] 2ol Sshe SR
HEAS AT F ZABHA AAE BA R Boore,
1983, 2003)& BHgate] AR AELS BARIH 1
o)1 mAE SAA AT RS Bt s
d5A1E TSI Aol 22 B EoigTHlo
and Baag, 2001; Park ef al., 2001). 2124} o] W
o] Aol A} e AASE Ao R U
7| Hejo) A28 B Hie] Fu7t 2 A
o A57] g AT i Ae Fushe
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E 3 7}&=(Spectral Acceleration, SA)¢} Zro] A
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A AR E oo Ao A TESE 7|
A3 7} Aol SEEA BE AR 7|oHw
U wopo|tt. & RollA= AL Ao E o
T AAXE A X5 DBE 15 4= ¢lo] £
2 AR 2 7RE A X E AR Al A A QL
87t w2 AR 7 EHE AN A1
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7R AuE] @ X3 o gt ZA|-F A
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TR 5.0 o]5te] TR X7l thsiA HA A
E4E& 45k 997 FRE olFed A,
23 AR WY o]F ZAY A7F AR 2FS
A InSAR (Interferometric Synthetic Aperture Radar)
A 5= &t AN YE 2dE 55k A
F7F 4=3 % ¥} 9JtH(Uchide and Song, 2018; Song
and Lee, 2019). @3 X1Y 7|8k LA X215
EA4 dtolx= @3l 2Hgst= S Tt
d TG0l A TFH o 28-Sk nhEkE o) st £
2 133t 593} X2 2 g (Dynamic Earthquake
Rupture Modeling) o] A= 02 ARE-E 11 Q)
th(Olsen et al., 2009; Shi and Day, 2013). 134t
T} AR RS TS it F o A5HE B4 7]
v T3 A AR E E4S B4 5 e
Z370] ARt IS Amof| Qi ARE A4 54
st S A5 ol ol I TG A
AR A2 AR E 549 A4 24 Sl
thgFe] A W uty S YAkt o g7 Qo
s A1 mElR)(Pseudo-dynamic Earthquake
Source Modeling) A7+ 2534 (kinematic) A]
7 @ Wb o] AXt A 84T FYst xRz g0
=224 B4 2ste A9 gAY 2EdS
FE3 A= FHAZ A =HJTH2E 2; Guatteri er
al., 2004; Graves and Pitarka, 2010). 2 T=H 9
(slip), TR (slip velocity), TEIEL(rupture

Ground surface

velocity) 5 F8 2582 |7 W Ato] o] ¢
AAE o] 598 A2 Y BdS EAFO RN
LS5k WAoo AR W4 Alo] o] BA Aol =
S84 0] o= A= 23k e Yla AR EH
¢ BA LS AR A AAl T8 XY =
9 Hoh A H Alojof] | A2 BAE A
&oh= AYE 2 5 A= 27 o] o] %
= A Hap Afo]of o= A= o] ESHAS 11
ot FAIAQ ABASE S5k ol A=
EIHLiu ef al., 2006; Schmedes et al., 2013; Song
et al., 2014). £3] Song et al. (2014)9] AL F8
A2 HE= Abo] O] Al S T Aol A 22
AT ofU 7t 1 3 G A7MA] ZFSH] FrARE
A5t A1 BEF oA Hp 7t A A4S 1L
HE 5= e TS vk Song HE 9 o]
2 v A7}t mdlg W22 Z7k7) Song and Dalguer
(2013)2] 13 49} Song et al. (2014)2] H=2o]
gk 4= Qi

u)= ]| Yo} ] ZAlE|(Southern California
Earthquake Center, SCEC)o| A= X| XA 3 712}
B A AAHR] AGE YA thgFet =24
ES sk =t B AR E ZAFERE
(Broadband Platform, BBP) & A% 1 £ 3}
t}o]thMaechling et al., 2015). BBP AloA=
=24 A2 7|9 Fef (0 - 20+ Hz) ZHA| A

Station W._____
v ,

Rupture propagation

Rupture

I'tiatiori‘*\// / // // //
/7% )
SRR

Fault plane

Site effects

Path effects

Source effects

Fig. 1. A schematic diagram that shows the generation of ground motions. Ground motions are affected by all three
components, i.e., source, path, and site. In the near-source region, the source effect may be dominant.



=
dd

il
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AXg8t AFAE 23t FAF o= B0
T 25| Zofstar len Aol HSH &
AE F=52 flst] 4A AF 2w 4 BAEH
AZE ASAT) vl 24 F ot S5 A9
3}a1 QItK(Dreger et al., 2015; Goulet et al., 2015).
E3 FTH R A A AdS 3gste] 24l
HZS dutef F7iskL Utk hitp:/github.com/SCEC
code/bbp). B A XF BAF EHES 155
7] Qhrie AR, A} Ak, RAGTHE wA}
4 Qs S 2E0| as) 2 2oy
ORI gl AN RES sk A 1= =
& 270(GP, UCSB), 3= 2& 17](Song), Y&
E 17}(Irikura)7} SCEC BBPo| &2ts]o] gl
Holt. 78 LEHH MY WEEs), o
SIS E, BT S5 50 14 923 BARE
Aot 2] Song BEL thabg 2 T
25 3607 Y X RE A (Dalguer and Mai,
2012y BAjsto] AukElE GARESS Yeind
& F&35o] ARRESEAL It(Song, 2016).

SCEC BBP: 77l 2 2| 2138} 474 5] <3}
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A5 &85 Jti(Bijelic et al., 2019; Oreb
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et al., 2019; Zhong et al., 2021). E3] =] A ZA|
3 B7He] B9 QAR A=t F85H -85
U=t GARIR A= 9] ESHAS A7) 1%
712 4 Folle E-8% B JtkKim et al., 2019;
An et al., 2020). Song g 9] 2o = =AY
of| &3t ZA] BAXE 548 TelstA U Fayjaloun
et al., 2020; Park et al., 2020) SH=o A Foi5t
B AU 2 A2 2 ES g3 AR R 7 at At
neg A ol -8 vb Qitk(Lee et al,, 2022).
53] AR RS EAHLE ZAREL Al71E vetl=
F2 ¥W(PGA, PGV, SA)E9] TARE, & B+,
BZUR, F71E AT o2 S0 24
B 397t Z26|(Bayless and Abrahamson, 2018;
Bayless and Abrahamson, 2019a, 2019b), 2 X
Y M9 1324 SAZS AEshe FrAks
A3t AN Y 2dg o] B9 AR "yt A2F
W Abo] 9] SA| A A A B4 dtol At
AAEe] Y& ALz 7|t glom #A 11 7]
Z AFE0] A=%aL It Crempien and Archuleta,
2017; Song et al., 2021).
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Kinematics Dynamics
- u(x,t) = T(x.t)
- slip - initial stress (t,)
- rupture time / M/‘/\/ / - shear strength ()
- slip velocity /// : //L% X/ - final stress (t;)
- sli i - friction laws (slip-weakening)
slip duration 77+ @ 7
/ A N7
L V4

Slip velocity (cm/s)

- rupT Time (sec)

N
= s

o

2

2T

(]

| =

A

rupT

i
>

Time (sec)

Fig. 2. Kinematic vs. dynamic representation of an earthquake source. The kinematics is focused on motion on the
fault while the dynamics on force, i.e., stress and friction. The pseudo-dynamic source modeling is a kinematic ap-

proach, but constrained by the dynamics.
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X a2k 3 5 Qe SRS 1Y Yl
A5718F A A3-8H Performance Based Earthquake
Engineering, PBEE) £-o}o} wrEa 1 =315 XA
sl B7F AEE ATT 5 Y= Ve 2PS
Ao 7= Qo i = A8 HlaiA
£ asor & BAE=E A ST 4 o
et 204 TG AR EES B4t FANE
A3} 2l o] o gk 7S davt ok A 7]
T-%=% Song Ed(Song, 2016)2] 7ol = A}
A Foe A3 2E e 2 H(M 6.5-7.0)] A
ofFo] glo] 53] Syttt ol 72 6.5 o]5te] &
TR A Y 7Fs/d0] w2 A QoAM= B 2
< O] A Zof| et FARE s 2E sfdo] I
a2 Ao Holrk fANE e X319 REE A
|3 5= Qs R Sgto|u Aol HaiA =
AL oA i = J 9ol tisiA FFe A
Y 2ellS 54 AR e X2 2Eo &
A& FE800k ot A2 ARSI S A2 2o
-84 AloFshe S0 Stk T3 o] Fst
AR LTS 5517 fsiMe wHAFEY &
& T ATEY AR EE B 5] wiiZe o
e 2N FEE G T AR AL T
ot Ax 38 1A F sholth. 53] @3S
EERYoA ZFo| 7hadt 3=7tstel vl
A oR BEARES ol 47 54 olalo] ofete
0] Ql= TEut Ao X (Fracture energy)”H Guatteri
and Spudich, 2000) SAFESIE}F X719 Telo| 1]
A= FF= oldlist=s A2 Fa3t BA|o|th(Song,
2015). fFAFE e 2Elo) g mEls 153517] 9
sto] /S A 2R}z oJsiA 2 58 AR
2 d)(Mai and Thingbaijam, 2014)& AME-5h= W
= AZH & 4 JAATHSong et al., 2009), T
Aslip) 28 A=E AlQJstals HpALo|Y A
HAE 2T + IS A= Y=L 7|5
ot ot IS AXF AmnEHE AT
Az 2do] 1327 FA% WeE vk= 245}
= WS A oA EFA0 AT = X
e o e 8 &5 A W &
Aol FEEds A AA5HA] Yot 7| of
ol 28 & Zarvt ok FUHeom HIEEH
R 25 of|&4](e.g., Bayless and Abrahamson, 2019a,
2019b)& == FAFE S o Bds ik

Baj4 Aok HTHE A2k 2 4 Ak

EEREREERE S PR EEER R E
o} S0 E5/d(Complexity)2 S7HAIA &
o AR 4] ke B FEE Wast ok
A& 5o A7HA= F8 ANY M8 Uehll=
SpgwsT T Aol BUR BAH S48 2
= A (stationarity)S 2t Qokal 71k &
E BES FSSHAR 950 7 ]3o] YRt 4
ol et 2, 9 27le] Walel npE T 3
¥l o] 49) Wsbt 912 4 9l B vl
AR (nucleation), A3 propagation), Z=(termination)
DAl g H3td B4 HalE FE8] AdE &
4= )t} Dhanya and Raghukanth (2020)+= T4
9] B PS refste] TS Trend parto}
Fluctuation part2 E&]3}o] ZJAZE ZAS 43
314t Trend @S S FESR= Irikura 2 (Irikura
and Miyake, 2011)3} fluctuation 2L | F3h= GP
Zg)(Graves and Pitarka, 2010)& £3}5}o] sto]H
gt 2ulg T3l GLE A =52 §lrk(Pitarka
et al., 2017, 2020). Thit mElo] BN 27147
=72 10 ARoRhe Yentel ApEt
F7sto] A3 29 A8 248 wahs A=
0% Tolck, 271402 BA) A7 HE(Normal
Distribution)E 7Fg31 U= 18 EAF X
E o @A v BEE MBS aw glof
HOltKThingbaijam and Mai, 2016). o}x|2to.2
ohd meol} T sk ras] BEAAe 1
23t md2o) L Y3 & 4 JUHGraves
and Pitarka, 2016).

224 222 dg 7RE A E BAE o335
Az} vhelo] g e Aol et BEH
A 1 Hz8| ¥E gol A Fu8 AFAI7]
+ =3o] el AZ3itk. A SCEC BBPY
A2HE BEE) A9 | HeS 71 E 0% A%
£ 9AEYE (Y BEYS Al 25T o

o ZABRA X A%5 BAL P (Boore, 2003; Atkinson
and Assatourians, 2015)& AM-SH= Zl o] R0
UCSB mele] 9k A7utsl m7} oo mwo]
deln gARE st e ALgatad) olHs] 1F
o oA THES TR S =SSkt o=
2 A3 Qvk TP FIFH oL 15 el
SN Eeld AR 7)9 A RE BA
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¥ A geis Aol Yasiohn AzkEs Fofot A
A9 2] A AR HEAQ) A AR50] &
7= JtH(Shi and Day, 2013). H}R|2 O 2 =Q
317 mefslof 8 WL AT FANE mA B9
F9 A ofBA HEsH=u ke AR E
Aoz 74 Aol o5t BE NAE A= AW
£4 A5 247 )T BHE Falo] A% 2
A& 98312 YA TH(Dreger et al., 2015; Goulet
et al., 2015) BB 22271 Adjd o= AR5t
FEM ~ 6.5) ARelu A2 F7H30 km ~ 50 km)
ol F2 AYHL glom B ANF A2 3
3 gt A-IM > 7.0)01v ZAZ(~ 10 km)
| Hol|x= vg3tt HE o] BAg SHE e
2ol Aude 75 BE DA S9E 7
23} 7 94 @2 714 F il gAREet A
d 2dg 7le2 AR AA Ao S &85
D =3HE A2 Brret A7 RE A -E8E At
Fo} Rl Qo2 1 YRS A S A
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9l Cybershake T2AEL AR AUE o 24 S
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