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fiansan (i) eugtidvesmafauiuiulmlusasaun uay (i) anudasfurenaie
wriuAnlmlulsazvuauaz AT
uansAnUhludunmeundeveuugni nutuinuseive funnues
Uszwandnluganeuldvewsinmeilauns danuansatunsaiaduiubnun  6.1-6.4
Mw Tudn 30-50 T Tuvailuduvesueniling fuanidsamienaray funnvounegunng
(Fvuslifundunseg) Yssdiuaugtidivesnadauiumilmldlussesnandu q
I$uA mugtAdh 6-12 way 10-30 T vesniaukuAulmwLIn 6.0 wag 7.0 Mw
Tudiuveanmawmilevedlvy Jwminednd dwu wagdrl Jlenma  70-90% uaz
20-40% TgiinusiuAulmung 5.0 uaz 6.0 3nimes ludn 50 Vi danlunsdlves
Tomafinusuiulmaua 7.0 Sumes Mondliifu 109% Haiuiiniawmie
Tuduvesnsuseiliuserusuneanurufulmngisanuuiazdu ( probabilistic
seismic hazard analysis) NansAnEUITIUSnATidas TusenBusldveamiiasauiuul
wnzuavmzTunnidsaniovesdiminnssoiiidisennudiuiulmgsiian Taeludn 50 T
Framtindu Tlona 10% uaz 2% Taylasuussduasiiiousysu 0.28-0.32¢ uay 0.18-0.24g
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unit 1 umih (Introduction)
5U 1.1unuiinfimaeiBens Yusenidedliunuiulvg) uansnisnszaesvesundaiiia
wiufulmviengusosidouddnyionadssansynuiuiivAsoumuiulmuasdund
soussmAlnguaifioutiu wu W@udues fo nqusssidouaniiiss dudvdes Ae
nauseeideutniluiufisesdeusemdlng -a11-vah WuAden fo nqusesdon
Havinmmouaulng -wmih wnaudd fe mnsaluiufulndAgiineainfivh
feluedin Inevunearduiusiudwiulunisa 1.1
sU 1.2unuiilanuanssunauazmsnszaneivesikuUdonlan gnasuansiimnsuazdgner
uanIdnsIMsIAdeuRvessiuiUAenlanusazusy (MieiwuRALnAl)
5U 1.3uufigiinim endsunansguinauaznisnsinves wesaivesusiudenlan (Hud
o) Moraduunasiulefitfsousuiulmuazdundl aumdendung fe
s niidsiindsagluilagiiu (active volcanoeninavdidafe
wansaiuHuAulnviliAARTR edund avdeudih fo Aufifies
losunansenuanidhisedunll nsevdund Ae Lunyasiveunudentang
wa-Sunsiu nseudiheeu fe nausesideuluiiufisestenamiioves
Uszinelng-a11-wa1 (Inland Active Fault in Northern Thailand-Laos-
Myanmar Border)
sU L4 nmdnvsianInanzefawsuAulmn Afntumueryedavesusiuddon
lanlugiinee ey uwimsfnnamdarnandusy 1.4
5U 15 unuiimsunuUszmalng -a10-mih uansnsnszaefvesngusesiaeudineiinig
Wauslinnnuidelusin (@uduns ; Pailoplee wazamz, 2009) 29naulusedi
fio wiuAlmfinsataldanedosdionsiainluseningd A 1984-2010 AU
R Lmmiail,wiuﬁulmﬂ%’jaﬁﬁigﬁmaa%’wﬁﬁ’aﬁﬂiﬁﬁuﬁuﬁ (Pailoplee HazAny,
2013) Fuitudih e usitilog
U 1.6(n) anmiafdnad A.0eslni denlasunnudemieanmanisaluduaulm
lod w.a. 2088 (1) MwnLaRduaIaRL MlA1uge 80 Wns Fsduuuvesduiiy
AeRediufinmatendinuauiulm (Kazmer wagany, 2011)
s2108UI5n15398 (methodology)

unil 2 grudayawsiudulniuazn1suiulye ( Earthquake Catalogue and
Improvement)
U2 1auniufiulmnsedaldtaziuveuiunmInaiavesniedionsaatausudulm
Tnglanzaduiiuindssiiuomagnganindudslan

JU2. 21n158usvesnsuseilivvnaukudulmiialan (Kagan wag Knopoff,1980)
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sU2 3gviaumanuduiusveansuiuinasnsatavuausuiulm luiufosgadees 23
wiudenlanguas -Suanshy ileldlunsiiesgsiusumilminendeadaluum
dalu (@) M,,-my, (b) M,,-Ms (Pailoplee, in press)

JU2. 4fegemansdanguunuAnlminuLwiinues Gardner way Knopoff (1974) 30 25
Toyaunuiulmiinmaialdluuinamyeivsusuudenlanguns  -Suaniiu
(Fe) msiasanludiaiwag (v31) nsiasanludeszeene lnedudunsme
nIBUSTETMILATIIANTLARII RIS ImAMsalusiuALliTivualag
wamsaiuiuAulmdug Mszogmalndniemnindudunmensmszezmg uawdl
szppnaaImaintungludeosininduiunsesnsmszesina deoduiu
wnsaiusuAulmnguifontu Swdndanguusiuiulmiomn uwiufuln
yueilvigjfigeluusiaznguazgnideniduusumulmman

5U2.5(nukufimamieUsamalveuaziuiitrafsuaninmsnszaesuostoya 27
wiuAulmnoukazraINsRnwiuAulviuasuiuAulng (1) nan1sinsnei
mil:d?{auLLUaQé’mﬂmimmﬁmLLazﬁ’uﬁﬂLwiuﬁulmiuﬁuﬁLsumgﬂéhsuamsiul,ﬂﬁaﬂ
lanaunnsn-ouasiy MukLIAnves Habermann (1983; 1987) Tuusazaiaiaiiay
wiagtsvuausuAulmlag O wansasnsnaiafianas dw + uansdnng
A9 TATL AL (Pailoplee wag Charusiri, 2014)

JU2.6 nTvluansdaumnnsalusufulmavasluidazdiwia angudeyauduaulng 28
frnunsruaunisdaesizideyaludeada vousuiulmideiuluangesues
wiuFenlangu1ns1-dunnsiu

unfi 3 waRnssunisiiawkuAulna(Earthquake Activity)

U 3.1(n) SammafawsiuAulmilanduunsuunausuiulm - @) fedensl 29
AuduRISIEIs I RvessAnusuRul (N,,) wazsuauruauln (M) Tng
i1 AN a= 6.08 WazA1 b = 0.69

U 3.2degansminsnszanefvesmsd  vuausuAubniivssdulsainung 30
Lma'aﬁ']LﬁmLwiuﬁulmﬁﬁﬁigiugﬁmﬂmLs?jau dydnwal A Ao Sruruunuaulnalu
wiazutnn M dagdnuel [ fie S1uusiufulmazay vesunuiulmdifawn = M
Wumss A nemnansaudiiusludadamansmuaunis (- 3.1) Asediuain
Toyad34 (dydnwal L)

5U 3.3 unufivgmeAiaUTud uariiuiflndifsuwans nanssnefadaiufives (n) A1 a () 32
M b (A) Andeauwnnsgiuresa b wag (1) % miudonndessEnilauuTdans
FMD wazdoyaiiléannnisnsiain (Pailoplee way Boonchaluay, 2015)

sU 3.4unuilumynivesusudonlanginng  -Sussuuaninsnszatedives (a)f a 33
uag (b) A1 b 3NaNN1s FMD (o) drudsauuannsgu (dwedwudemmunindede
(% of goodness fit) ag (9) Guu’lml,s\iuauimamuuiaj (%) (Pailoplee, in press)

sU 3.5unuilumyndvesusudonlanmuuuamiinzvesUsemeduladide uanins 35
nsvaedosunusuAdlngean ( e M,) fianssodeduldlugisnm () 5
U (v) 10U (m)30 U waz(9)50 U (Pailoplee, 2015)



5U 3.6 unufisenidouasne Ussmanan uansmsnszatedudeiuiives suausufulm
g9an (e M,) fillomafniuludn (M5 9(@) 10T was@)50 U (Pailoplee,
2015)
sU 3.7unuiinamilevesuszmealng mans fusenvesuszimaminuazanawiloves
Ussimaan uansnsnsznedaudsiuiives sueusufulmasan ( wie M) 9
Tomadntulusn () 13 @) 5T (1) 10 Yuaz (1) 50 J(Pailoplee uavame, 2013)
sU 3.8unuilumyadnvesusudonlanginns  -Sunfulaninisnszaneiiveuiin
wuAlngean (wihe M) Aflenadetuldluseuinem () 10 @) 30 waw ()
50 1
sU 3.9 unuilumyndvesurudonlanmuuumiinzvesUsmeduladifouansns
nszaefvesaUgURen (e 9) vesmaiausuivlmlusezaun (1) 5.0 M,
(@) 6.0M,, (A) 7.0 M, 4ae (1) 8.0 M, (Pailoplee, 2015)
5U 3.10 wnufingineiauTuduasiuilndifeauaninisnssneianesaugtis (i T)
vosnmsinawnuaulmluwiazswn (n) 5.0 M, @) 6.0M,, (A) 7.0 M, lay () 8.0
M,,(Pailoplee ez Boonchaluay, 2015)
5U 3.1 wiuiisesidouarnis nounaswesUsEnANd wanIMInTzeidiiu vesay
qﬁ’asg’l (g U) vesmsiiauruAulmluusazwa (1) 5.0 M,, (V) 6.0M,, wag (A)
7.0 M,,(Pailoplee, 2015)
sU 3.12ufimamilevessumdlng ananyusenvesUszmansiuaznamilenes
Ussimaanuansnsnszedudaiud  ves anugiiien (nihe ¥) vesnsiin
unuAubmlulaazwn (n) 4.0 M, (@) 50M,, () 6.0 M, uag (@) 7.0M,
(Pailoplee wazay, 2013)
su 3.13LLmuﬁLsumgméhsumLwiumﬁaﬂiamjmmﬂ—é’umﬁmammsmzma@fmmmuaﬁﬁ’a%
(e V) vesnsiinusuauliluwaazaun () 5.0 M, (@) 6.0M,, waz (A) 7.0
M,,(Pailoplee, 2015)
35U 3.14n51enuhazduvesnisifawiufulnawianieg Tuseu 10 Y50 U waz 100 Ylu
6 Fanfamsaamile (n-a) uar 3 Wou (v-a) lunanz TunnvesUszmalne
sU 3.15unuflumnivesurudonlanmuunminzvessmaduladifouansns
nS¥RNERVBIlonNId (3w %) naAuduAuliIvwIn (1) 5.0 M, (@) 6.0 M,, (A) 7.0
M,, uag (1) 7.0 M,, Tudn 50 U (Pailoplee, 2015)
5U 3.16 wnufingine AU Tuduasiuilndifeauans nanssnedadsiuiivodlona (s
%) WnukuALlvn (1) 5.0 M, () 6.0 M,, (A) 7.0 M,, wag (1) 7.0 M,, Tudn 50
U(Pailoplee waz Boonchaluay, 2015)
5U 3.17 wnuftsesidouarnie Ussinaniin uansn1Insznedaudeiud vadlenia (Miae %)
WatkuAulmvwe (1) 5.0 M, () 6.0 M, kag (A) 7.0 M,, Tudn 50 T (Pailoplee,
2015)
sU 3.18unufimamiloussmalneunadiu uans  anmhazdu e %) vesnsin
wHuAulmaua (n) 4.0 M, (0) 5.0 My, (A) 6.0 M,, Wag (1) 7.0 M, 1w 50 U
U 3.19 unuilumadnvesusudenlanguins  -Sumsunanininszatedives lena
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(Wi %) IRaukuAulmaug (1) 5.0 M, (V) 6.0 M,, wag (A) 7.0 M,, Tudn 50 U

va v 1

uni 4 msUssfiuRviseukudulva(Seismic Hazard Analysis)
31.]4.1LquﬁLLamﬁﬁ’aﬁmmuﬁﬂm (Seismic Hazard Map) lufiufiseg vedlan (USGS,
2010)
Jua 2 fudsddyidndudmiunsussiiuftfsousuiulm (Kamer, 1996)

sU 4.3 5upaunsUssiiufitRfousufulmdeiBimune (Hull wasan, 2003)

U ddunuiwuivlvggfiniaedony fusonidedduans (n) soedounHuAlm
(earthquake faultiiTiusinanyidelueinuazinauelny Pailoplee wasan
(2009) () warfiauiufulm fiiauelng Pailoplee waz Choowong (2013)

sU 4.59umeunsUsuiufitRsousuiulmeisauiindu (Kamer, 1996)

sU 4.6n51mluansietemnuthendures (n) szasmadululdansesidounsimis
Foridedmi@uiuiulmnunasie foaietuldansesdeusin

5U 4.7 nidRSsusuAulng ( seismic  hazard  curve)uaniANudITUSTENI9AIY

Tl (9)luunuds vesmsiinussduasidiouanuiuivlm (@) Tuunu
uou AaTzilumunisusdwminvesusemealne ( Pailoplee  uag
Charusiri, 2016)

KAl 4 sunuitussinalveuasiuidhafesuanansnszaieives (n) ssfuussduasiiiou
(MY gal)ﬁﬂist,ﬁuﬁmuqﬁ’aegw 100 T (Hattori, 1980) () szAULSIEUALLTIOY
(e ¢) Mnlemanudulula 10% Tuseunai 50 U (Wanitchai waglisantono,
1996)

U 4.9 unuiszmAlneuazUsemaiiaAssuanssefunssduasiiiou mhe @ malonia
arandulul 109 Tuseu 50UASRs s uAunndwiawihdua ¢ fivsinglugd
(OrnthammarathiazAaiy, 2010)

5U 4.10(n) wnuiissimalvsuaziiuiitrafsuansaniidauuiulm (nseudihdu
Pailoplee @y Choowong, 2013) (V) wuiinawmievesssmelneuariui
Frafies uwanin1snszatefvessesidouiiillontaings (@uduns ; Pailoplee uaz
Ay, 2009b) wnetaalugy ¥ aeandesiuneduy  “waneian” Tumsie 4.1 &
WARIT1UaELBUAYRIAILUTAULH LAWY

sU 4.1 wuuiaesdnwazmsaaveulsduasiieuanusuAulmiauslag \driss
(1997)uae Crouse (1991) Tnsuansogluguanuduiusszninassssmefifisduan
uwasidausiuAulnienuivssiuitisousiuiulmngs Wisuifeuiuteya
svuussduasiiouiinedinmstufiniluifuiivsemalng  (Chintanapakdee  waz
AUy, 2008)

sU 4. 12unfimamieuazinafssuansseiusunseusiuiulmuazuanussduaziiouly
sUrRsSmTLINgIgaULLAY (e ¢) sulemanundululy Gevas) Turasnan
nsfansan @) s 9 fu n) Tenadosas 2luseu 50TRsAsIsuAUIINNI e
wihifuen ¢ fusnglugtuas v) Tenadesas 10lusey 50URSHTNTsURUNANT
vidowinium g fiusnglugy
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sU 4.13nsmmnudiiussenintg MMIPGA fasgildanniiudisnag sah fufivssna 71
TnauazUszmaiioutu (Eudsiiu) (Pailoplee, 2012)

sU 4. 14unuiivssmalnouasiuidafesiuandemanudululd (%) fussduandion 72
NUAUAULNILINNTINTOWIAUANUTULITITEAUAN 9 MIUUINTNUBIARE Tuseu
507 (n-v) Tomaemandulule (96) ussduazifiousnnniwiewiniusedu -V
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undi 1
uni1 (Introduction)

1.1. AnudAgyuaziinnvasdymiinn1s33s (Theme and Rationale)

Tumsssaudsdagiu ( Geotectonic) Haanmsindeuiivuiuluiagtuvesusudonian
dulng-gamsiae (Indian-Australian plate) uazuiuwFenlaneiside (Eurasian plate) vilviiin
widstilausuiulniiddununglugiiniaedeny Susendedd (U 1.1) flenadmansenuiidly
sufivRfsusiuAulmuasdundeussmelneuaziioutu Téu

urasnudauaunulug
1. wayemvasiulUdenlanauing -du
214 ( Sumatra-Andaman Subduction
Zone)
2. ﬂduiaaLﬁauazLﬁSQ( Sagaing  Fault
Zone) WIAKIUADUNA1NUDIUTLNANLA

3. nausesdouluiiuiisosdovsanalve -
a1 -yl 1 ngusosidoumim due -
Wy neudeu 8

4. NEUIBEUTINIEWAUING Wi WU NgY
seuidpuARdaNed Aiatan wy -
MO8 YW WIUMAIT 18

ANEARY
[ [y 1 N a
JuvaumsvuiuvesukuUdoniandule -
ERGHGHIGEIIRIELRIGREIEE (Martin,
2005)
Jungusesideuszaudu (shallow crustal fault)
nelukiuUaanlan (intraplate) Nugiuazdfny
ngalugiinia (Curray, 2005)

\Hungusesidouund ( normal  fault) firmuay
Wunsmsidausangnaulugiinig - (Pailoplee
wagAale, 2009)

L?Juﬂajmaalﬁaum?iamﬁ’m (strike-slip fault) il
msunAng fuanvating Fudufinmondeu
dAyraenns (Rhodes hazande, 2004)
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U 1.1. wnunginaeleng Jueendedliuriuaulvg waninisnseaeivedumaaiiiausuaulng
weanguseedaud Ay ionvdmanssnumuiURsuwrufulmwazdulideUsswelneuas
A ) ' Y a ' a a Y o A & \ a A g A
oty WU UL Ao nduseulfouasiies dudmdes Ao ndusesiouUnAluiug
sousaUsswalng-a1-win WWuAded fie nqusesdeuteusnuuaulng -ni 1navd
a1 Ao winsalwiufulmd Ay iveadeitiselusin Inemnamvduiusiuanuly
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M99 L.1asuwenmsalusuiulmasaddgluglinaedens fusenideslauunulg

avu  auin Gnines) U(p.f.) aeu  wun Gniaes) U(p.f.)
1 9.0 2004 9 1.3 1930
2 8.6 2012 10 7.2 1995
3 75 1908 11 7.0 1941
q 7.6 1931 12 7.0 2011
5 7.7 1946 13 6.3 2007
6 8.0 1912 14 6.5 1935
7 7.0 1929 15 5.9 1975
8 7.3 1930 16 5.6 1983

Mnmsuduteyausiuiulmileefniulurascssnn 100 Ysewined e 1900-Jagiiy
fAfonuinnsAawiAulnluginiatedisdes 29,988 s (gadilunilugy 1. 1) Tnefvgnisel
wiudlmasiddyiidmanssmuduicifeluuinunii edwlies 16 wmnsal (g3U 1.1 uay
M1579 1.1 Usznev) Wi mnisalusuaulmunn 9.0 Snines wag 8.6 SNines ALLURLARIYBILEY
Waenlangunan -suansiu 1Wlel aA. 2004 wag 2012 (Manelay 1 waz 2 Tusy 1.1; Martin, 2005)
dqmaﬂswuﬁgﬁé’mﬂﬁ’ﬁﬁaLwiuﬁulmlﬂﬁl’aqﬁmﬂLLazﬁﬁ’aﬁaﬁmﬁﬁiaﬁqmu%mmEjﬁauwwaym
Buifle Tufisusamalng innsnssneivewuvasindausiufulmuasussaunsaiduusiuiulnm
fireiinduluefin (idvasuihninaedeny fusenidedsuumilnaidudsridauulmd
difey warUsainelvetiulivaenseannividouduiulmuardundl Fsnluetsbefiasinu
ngRnssunMsinuiuAulmsezUssduiiuiidedisfawiuiulmiendeiiAeithsy lneans
ogsBsluvinanunyadveasiuiUdonlanginns  -Sussfu (Sumatra-Andaman  Subduction
Zone) wazngusenidouluiiuiisessioniamiiovesusemelng -am-wi1 (nland Active Fault in
Northern Thailand-Laos-Myanmar Border) 191 ngusesideuusini dnns-iu weudous] was

1.2. InguszasAvaslasenis (Objective)

TATIEvFULUUNSAAEURULNY wazUssiiumgAnssumainusufulluuiuiuifn
Felumasedduninluiuil 1) mawmidevesUssmdlnauasiuidnafes Fse1vdmansenusie
FTAFowuRulmveUsnalnelaenss way  2) weyadveawiuldenlanduing -sunsiuiiens

9 9
a va v

danansgnuneUsemdalnendumuussduasiiounasivisedund

1.3. Wufidnw

1.3.1. LuayafvasLiuUaanlangu1ns-duaisiu (Sumatra-Andaman Subduction Zone)
Hagtundngrumeinemanifigndunutaiinddentan ( cust) Faufutuveaudsduuenan

vadlantuldlimduiuwinudiont uwiuanooniduwsiug LLa::aaaag}'uu%uﬁa‘[aw%wu@a

(mantle)fifianuzifiuvemiin lasaindeyanisnsznesvesgall uiufulmitaeiaiu naonay

Toyaaruauunesdine ( Geology) tnssdiivewisweunuazduunwiuddonlansendu 14



Wi (5U 1.2) W wlugisilsuiuasnimvileuduanlnlausuduie  -ooamsiagunusEn1uNy
wBTinuazurunziaidUTuddudu Tnswsiuddenlandinandsnsdimsiadeuiiognaonan §u
deanannalnnislaieuvesununldlanfidendn nszuanianudou Convection current; Randy
uaz Kunstatter, 2010) wagnaanmsiadeuiisefiansuazanudfiuanmeiuseausudonlanus
avun (3U 1.2) yhl¥usnumouvewsuFentantuiimanssnunssiatfussvinukunaeniaa e
THAnnszUINNMSuATdNwARINEMesIANETiuaninaiy 1wy giiuszina nine1ns wasitRse
IngandeyanusstinUsdagnu (Geotectonics) Unssaline1duunuduiussyninausuUdonlan
sonlu 3 gUuuy fe 1) nsiAdeuiioonaIndu ( divergent movement) 2) Msiadeuiidimniy

(convergent movement) ag3) N15AABUTNHIUAU fransform movement)

wuslUSnnnla
—  [Noftht American Plate)

5U 1.2. unulanuansguinaiaznisnsyaemvesiuilienian gnasuanfirnuazdgnasians
BNIINTLARBUNVDILAUUADNLANLARZLEY (MUY URLLAZT)

TumausiuAulmAnen (Seismology) Udiusszyisusudonlaniunnsinsiu avdssasie
woAnssunsAausuAulmiuans1eil Wy nsiedeufieanainiuresuiudenlan aznelviAn
uwuulmvesaduiinduuruiulmitiunadndudnlng luvasimsiedouiiiuiuiuilona
Aausuiulmsziuiuldvanuaerug dunsdvesnmandeuiiimiuuasuiu fhazde
wsiuAulmvunalug TaglemznsvuuazyafuvesusuUdonlan awviliAndnunrssauysdng i
Furtusunsifausudulin ( seismotectonic  setting) 3 JUuUU Bsiinalnuagnginssunisiia
IOV T SR TR Ty

1)LLsiuﬁu1wq17iLﬁﬂsz1n'j'1awmgﬂﬁwauwimﬂﬁanian (  interplate  earthquake) f®
uriuAulmiAnusnaiitnssuiussriasiuudenlanduinasduuiuiulmsesuiu fanudn
tosni 60 Alawnslneuszunn Tusgiuanumunvesisiuddentan wasinduusuiulmidoue



vy ilosanidumsvuiuveseuusiudenlanlnonss fegratu mmsalusudulmwun 9.0
e AAntwileTudl 26 Suneu e 2507 Maneumiovennzaung Ussmadulaiide
2)wrivAulmiianeluwsiuiudenlan (intraplate earthquake) Ao wrufulmfiinen
seeidou (fault) meluuruFenlan Fafnainussannisvuiuusinszaneidiluneluusiuddon
Ton wiuAulmydssaniasinnudnlifuaummveusudentan uazannsofiausufulm
wevelld 1wy wiuAulmnsiad (Tarley Earthquake; Wang wazagsy, 2014) wu1a 6.8 Sninas 9
Aetudleudl 24 flurew a.a. 2011 VinmBLALTETINMAWToTesUsEmAlELa ARy Tuaen
veUsEmAng ?z'i'uﬁmmmjmam?{auf’lm( Nam Ma Fault; Morley, 2007)waguauaulniuian’
(Mae Lao Earthquake) 1un6.0 Snimes iintudletud 5 NWNIAYN A.A. 2014 USIUIINIA
\Te9318 JauAnainngusesideunsien (Phayao Fault; DMR, 2006) usu
Bwiudlvaiifausnawiuiiynastuldlan (intraslab earthquake) fio wrudulszsv
anfiAnludiuvesusudonlaniiynasly Tnefinalnnsifaunnsisannsifausudulm 2 gunuy
rounthil Tnsusumilmsuuuuiifsainnssuananufouresunulilandfeusuddonland i
snadluudliunadluanndeiu luvnefidmimdmuiudugnininlissrineuunyadve sy
Waenlan vilviduiyasienan gnussidlidn deunsadiorafinmasusunnnaneduusiuiulmld
Ua90u annsfnwiwaesiusindoyanussaiiven ssaluusdugu wasiHuiulInetly

a =

pilmaedungJueenidesld ( Southeast Asia) 30 8dyu ( ASEAN) wudilanufgadesiunis

A

\ndouiluaznsnssnunszisiusninasiuenlan 3 wiu Aoukugisids  (Eurasian Plate) weiu
dulAe-oeawIlay (Indian-Australian Plate) wazwiunziailaulud (Philippine Sea Plate) (3U 1.2)
lAgHaIINNTBULALLANUTEN IR RNTANAINE T i bdnnyadivedusuGantan
(subduction zone) TiduunasriudnuduRulmfiddy 13 wa (3U 1.3)%qa1ﬂsﬁagat,l,siuauluaﬁ
nratalsarniedosiensiain (instrumental records) luts 55 U sewined e.e. 1960- 20167y
Uuiinlaeniieau Thelnternational Seismological Centre (ISC) UsginAansgatinanaliiliiug
WaknuAulmnnuemuaydmvewsuUdenlandang s (jU1.4)



~11°N 2 )

. 1,000 Alawns 102°E 117°E 132°E
) | | |

nuewn: (1] wayeimvasruUdonianauing-dundu ( Sumatra-Andaman Subduction Zone)
4,145 ny. [2] sesfinumaymsyuan (Sunda Trench) 5,154 nul. [3] Sesdinuymayvsguaunyiueen
(East Luzon Trench) 379 nu. [4] wayadivasusuiUdenlangaundsi ( Halmahera Subduction
Zone) 452 nyl. [5] sesanumaynsueiian (Manila Trench) 1,256 ny. [6] seaanumaynsiuiandan
(Minahassa Trench) 1,372 ny. [7] sesdinumaynsiunsea (Negros Trench) 446 nyl. [8] S04an
umaunsU1aniu (Palawan Trench) 1,141 nyl. [9] wayasiveswsuUdentanilautud ( Philippine
Subduction Zone) 1,617 ny. [10] 5898NUMa3N533M (Ryukyu Trench) 1,416 nyl. [11] Lunyad?
vowusuidenlanduiaduida 620 nu. [12] JesBnumaymsgg edimanln ( Sulu Archipelago
Trench) 686 nu.uag [13] s038nUMALNIY] (Sulu Trench) 527 .
sU 1.3, wnuiigliniaondeunansgusauarmsnsnvesinyaivesusiuidenlan (Fudier) 7
oraduumdsidafivifowiuiulmuasdund awmdoudung fio suvwsagiliiiddl
waseeflutiagiiu (active volcanoenanandidenie wmnnsalusuiulmivihliAsitRsydun
f avidendth fe Mufifieeldsunansenuanivhdedund nsouduns fo lwayadives
wiuAenlangunam -Sunsiu nseudihdou Ao nqusesideu luiiuisesdaniamioves
Useinalng-a1i-wain (Inland Active Fault in Northern Thailand-Laos-Myanmar Border)



wazaInATUUinereUlaenulede The  National Oceanic  and  Atmospheric
Administration (NOAA) Ussinaanigowsan Sststhlusansy wmnsaiusuiulmiiiedunsion
yasveasiuAenlandanan uaivnddyivihliAsidRsyduniitaiannudemelituge
Peilziarie vesglimaendou (U 1.3) Wy AvATefuNaTAstudlouil 26 funeu ne. 2547
NniaMsalusiuAulnvg 9.0 3nwed Memeumilevenmeging Usemadulaiide Fadud
vikvoavnyamveusudenlanauing -unsfu (Sumatra-Andaman Subduction Zone) ¥il#
thuFeunuuuneillneseusmaymsduifsgninansesnann wazUsuiiuindfidedinaniics
foguniluadsiiannnii 230 ,000 AU 91N 14 Uszine Iﬂwszmmﬁlﬁ%’ummﬁamamﬂﬁqm Ton
UszmedulafiTedeglndgaquinanauiuiulmanniian Ussmarsdsn Ussimadulile uazusvine
ng swddtu SeieldinduniduseRioinesssuninddeusidiaalusy Rmansussanud

Fsandnwazynassdive ssdlwsdugiu ngAnssunsfausiudulmlaeninsn s
JUTNLAETIANINMTINveIUnynfivaruFantantuginirondey fIdulaAndentuiln
mIyefowsudenlanguiam -Susifusniduiuiivdnlunsfinuidelunsd ilesnduan
nsuaffmnRauiuiulmudedmansenureysumalnesisluiuiohfoussduanitouuas
fAfpAundfainanluudaludeiu

wayAfdvauHuLlUGanlanguIns1-duasiy (Sumatra-Andaman Subduction Zone) i
ANEIUTEINN 4,145 Alawns 1naisluwuimile daseninnianTuanvesuseinandl winsu
nain1ilauns (Nicobar Islands) Tungtaduandiu snasidandmnneuldvesneguing (Sumatra
island) (nsevuaslugy 1.3) uazilefiezduduisguiauaznsnsiveaayaiiveasiuudentan
AdelinauedeyanisnszaedvetruAullusULuUTeIn MR Tneia1sanmuLwInTg
TN 2 B WARIUURAFITaRUERNaN guns-dundiu (JU 1.3) wansegluwul 1 uay 2lu
5U 1.4 Tnenmdnunnauundl 1 favnawayash usnamyinizileus uandnuazmsyasivesi
wWaenlanlumadiengusen lasisumasnluiailamnsd 300 vhwunisaiUszann 45 uazynas
fssgdumudn 180 Alawnsldiulanluuinuflawnsd 500 werdukufulmfifndumsus
Waenlanlussduanudndideliidu 40 Alawesaniufinlanuenainidmunguusufulmi
suutuintuneluusuudenlangsids Flawnsd 600) Fassdiuldinnasduwiumilmyes
sevidouazmeiiseiilesasnanmeunatsvesUszvaNsNasgvzIasua U MERYINLIT 2
AnrIsRLafIUsIMnsumieoveun1vannT TnguaninisynmveusuUdentaniumie
ne Tueonidsanile ludieilamns?i 450 e wazunadlufsssduanudn 250 Alawmsléilan Tae
yhsunsuesaUszanas 30 Gsdeindutiosninamaiuinadug



ANAAVIIWLEUIN 1 ANANVINUIN 2
A B A
0 EPPREY 5 ¥ T r O et dupan
— . .hf%i..u-: H — * . .
g -50- ‘s s.. » '.'"'-' ‘I JI_.EZ
c _ PR Tt L < 00—
£-1004 "k-i L. £ -200
& L Y 8
-150- . . .
P ]
T T T T T T =400 T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Distance [km] Distance [km]

JUL.4. 2 ARYINULEAINISNTEAEMIvaNUALLYY TiAnTumanafiveurulFenlanly
AP NTYY wIMIAnMANFRYIUanlugU 1.4

anuaEN1sTALUTAUgINYRRYAYAf vk uURaNlaNgu19T1-duA Y iR INuRWUGEN
Tanduife-eeamside indouiivnoanuEUseans.5-7.0 wuims/A WhauukuFenlangindely
fianz Suoonidsaniedeulumanide (U 1.1) Fwanmsvuiuvesusudenlanssna1nvinlviin
winfulmrualugnninglusfndisnn wu wamsaiwuiulmaua 9.0 Snwmed Wetud 26
e A 2004 dsfinanluudludnadiu sudsanssununesdansesideyausiuiulmly
USnauunyedifandn  Sukrungsritiay Pailoplee (2015) s1enuilutiananfios 35 U fiiuan
senInUa.A. 1980-2015 Waeiinusudulmvwinlvginin.o Snwes eg1atios9 wmnisal

uaﬂmﬂﬁ/mﬂmiéﬁ’mLLazﬁﬂmﬂuﬁﬂms;mmiwiuﬁuimmﬂwé’ﬂgmmwiﬁ%wm
(geological records) JULUUANN ﬁué’umqﬁu’j'}Lsummﬁasuamsiumﬁaﬂiaﬂqmm'l-é’umﬂuﬁu Ju
wdstuiausufulmniduivisy Wy véngunmseniuouvesmeneunesuidewnanmgnsoid
uilluedin fignAunuuinainiznsznes uenyeilmeiaduaiuvossymelne (3U 1.50; Jankaew
uazARL, 2008) Wazyeilimang Fuanveunzguns Ussmadulailde (Monecke uazaas, 2008)
Uei i wennuansaliitRseAuaiiAedunSsaanilul we. 2507 weyadvesisiudonlang
1ns-Suniuil wedawiuivlmaualnglussiuivinldindunfiodatios 3 adsluein

Aung uazAnly (2008) waz Wang uwazAelg (2013) drsialazfinemzinngia ( marine
terace) WAzt muia (sea notch) (5U 1.59 wag @) AdwiusAumsAausuiulmngmemeils
pzunnvesUstmang Swanseneduduiiluiuiidenarmeiouuulmenn 8.0 wielwainid
ogvansads ¥un 729 1 ,395-740 Triourdannian.A 805 —1220 A.f. 1585 ~1810 uag AA. 1762
ALEAY

Zachariase hazaug (1999) wag NatavdeaJa wazAe (2006) ﬂﬂmmimaammqummiu
narsyAuTngasUszn1¥ed (microatolls) fiduiusAuNsenudeyufvesiuusiuAusulomnan
wuulnAilng) nansAnwasuhisyeivesudonlanaunns -Sumdulnsangluuiiom
uenmeilanzTuanveanzans  eetinusiuivlinvun 8.8-9.2 Tasuszann Tudisd a.a. 1833
wag 1797 (§U 1.59)

%amﬂé’ﬂwmsﬁ’ﬂﬂmqgﬁmam%maaLﬁumg@@hﬁmLLr;JuLﬂﬁaﬂiaﬂqmmw-é’umﬁuﬁ Uedimn
AausiuAulmuwsivameaumsuasinindeusivessiuudenlanluunfddvaa swilona



AelAAniURdedud dadimeildunduvesusenalnevionizauinsla deweintuied w.e.

o
Y

2547 Manuiedion wayamveawiuUdenlanauns  -sunsiu bunialuunasindaunuiulmg
dfnylugiinipe@eu NenslimnudAyuasAnwinginssunisifauduaulmlutunyasidn

1.3.2. mawmillevasuseinalng (Northern Thailand)

uennIRAFTeuEIUenlanauIng -Suniiu Aldesueluluhdenounthi wsadu
9558IuUTEIFIU (tectonic stress) ThAnINMsTuAUTeILiuIUFoNTand LRy -spamsIdouazuy
e Sdsorudunneluusiudenlanginde luiuiiniawievessamelng nanyTusen
vaaUsEmemEh maensuMAmilevesstmaan (3U 1.5) Fwaannisvuiuveusiundenlanyili
usndudandnnsgyhuiiuiluguuuurewsaislubungiuan  -aetusen dwaliAndnumegl
Uszmenuuussnznauguaduiutniionngdasiiuuasesidouduiemugunsidaveiouay
nniveaudazues duluunasiidausuiulmvdnvesiuiil wu senideuuifunassenidouih
(Fenton uazAfy, 2003) so8tdoudU1s-1iu (Charusin uazAny, 2004) UATIEBIABULLIMN (Rhodes
wazAny, 2004) [usu

mndeyanafnusiuiulniluein wuiiuiitineRauifulnlussduioasevansads wy
(5U 1.5) wiuAlmaunn 6.5 3niaes Wotudl 13 wquaiau ar. 1935 ynaneumilevouiiemans
wszU1s Usemmand wkuAvlnue 5.1 Sniwed Wetudl 11 Ausieu ar. 1994 71 9. 385578
wiufulmauin 7.2 Snwes Wetudl 11 Asngiem A 1995 MennAng TuoonueIUsEmAN
wiuAdlnuun 6.3 Snwes Wetuil 16 wguateu A.A. 2007 Vnasesideutiun weuauUssme
min-amlaglanizegisBauvmnsaiuiuiulnuune 8 Snnes fitatudletudl 24 fueu ae. 2011
UinumeuauszninmamilevesUsemalnewazniany Tueanvesuseinanil a319ade g
aghannsietuseululssmaniuasUseinalneninndl 100 vdiiseu warargauiuinlnizg
6.0 3numes iloTudl 5 nauaew A.e. 2014fdmansENUUI AN IenAmToveIUstnAlng Aa
neTupanveslszmaniy usiu
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100 Alaluag
L= PR et

sU 1.5, unuiitnsunuUszmalng-an-na uananmsnszaeiveangusesidouilaeinsinausly
nenAdelueiin (§uduns; Pailoplee wasmmiz, 2009) 2anaulusedii Ao wiudulmi
arafaldaniadosdionsiainluseningd A, 1984-2010 anaduas Ao iwmnsalusufulm
afad iy fneasaiURSelR U (Pailoplee uaznaey, 2013) @uiivddh Ao wdilug

mniarsandeunduluieduiinnieUseifenans ( historical records) Charusiri wagany
(2005) losruTinuazAnaanUuiinimnnsalnuAulnanurasdayasier Wy anranews) naeinis
FaraanmsTIusan Uadi muslmglﬂw,wiuﬁulmﬁLﬂsjLﬁmsﬁumamﬂmﬁammﬂizl,m laidouni
20 wgmsaiivu Tufinnsifeusiuiulmedslvalul  wa. 2088 Asenuiiduanveyiili wis
yans 2. Bedlyal Wvaeaan (U 1.6) yasiaaigdug luiuilndiRssiubewiongas ( Kazmer
wazAny, 2011) TolunItlues “meAnInnsillesdiugadeauay 7 USB“Q&JWﬂﬁ’]’Jﬂ’ﬁﬂ’]ﬂﬁ 61 Uszyu
waEmas 2512 wih 44-48 finandausuiulmimaiiistuluuinaismuemean Teununs
(Ffadeene) fodl
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wsu 7 M ideuha.a. 376 Tiang (wa. 1557) Tounuasdetlagtiu fie Audl 2.8ueme
_seiindinnluuda Aldudsaviloutusuiudiatuniulmuszgadviisdeunuas
yanafid dnindeudnitsluduue wdfmeluadmis afsduivdueufiwandumsvassudifime
tuua fetladueufdfaniusisuay suilanifdnimnasinsnilduinud natudes
Tsunuasvasituiguanasindumuessulngenuiuauiomesuiludssiy fwszmndaididu
Usesufiunadume anluluididuiu davdeeduiFousuuiviinewmn dafertuua..
drnlunsalvesiuiinniessdlingn Pailoplee  wazame (2009)l9d1519uarAnwsIaINg)
wiufulmUsnusesdeudesduiulazseideugestiuing dadudumiawesngusenideudte-
i Tudwmdadie lnens@nwidseneudie 1) misAnwmnumsdisiateyaszeylnag ( remote
sensing) LleAnwINMInszatefivessenidey 2) MaynsesdimausuAnlmLazuUan NNy
mzﬂaiﬁwmﬁnﬂmﬁ’qéaqﬁ'ﬁwﬁmﬁ% 2 fuituay  3) nsfvunegmeneuiiduiusiusosidou
wuAvlnfeIsnmsinemans Tnsnaainnisimuneng st sesdeudessuiuaiin
wriuAulrleyszana 1,800 U uay 3,500 Filk1usn lneidasnisiadousvessesidouyszaa
0.18 131./4) duluiiufisesidougestuine wetiawNuAulmlng 1 aduslouszana 3,800 Tane
darnsideuiiUsyanm 0.06 uu /A
dhedeyatiufinummnisaiuiuiilmisinnafaldnedesiensiain dufinms
UseiRmand sauaidngiuessdiine) Sudunseiut fuiinamilevessanalne sl
Peunulszinalng-an-mh suillomaairsusfulmiduiodfedeyssnalne anuazni 3a
mma?’lLi‘]uﬁ%ﬁﬂquaﬂﬁmmﬁmLwiuﬁulmLLamJizLﬁuﬁuﬁL‘ﬁ'mﬁ%LﬁmLLr;iuﬁulmﬁusluaw"’m

5U 1.6. (N) anmiafdviadt A.3eslvsl dgenlasunnudemeanmansalusuaulmiiiet w.e.
2088 (¥) MWNALRRGNAILAY THlANES 80 LT FeduuwvenduiiudmAedIui
WINANYVRINBEUALLAT (Kazmer wazagiy, 2011)
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1.4. 35a1TUN159398 (Methodology)

iielsinsoungquynunasiiinfidifiyuesgiinmeidons usonidedd filenadmansyny
sovsumelng §3Tuld Aaidon fufidnweenidu 2fuiifnwdes difiosunsludneiu (93U 1. 3
Usznov) laud 1) wayadvedwsuUdenlanguing-sundu ( Sumatra-Andaman  Subduction
Zonelay 2) nausesideuuniluiiufisessioUssmalue-aanin ( Thailand-Laos-Myanmar
border) Tngluusaziiufidnugestu fiteazsativihnsinuusudulninedeada ( Statistical
Seismology) InefnwingAnssunisiiaunuiuln wazUsziliuivfsoununulm

ash\ﬂ,sﬁm:uLﬁaﬂmmwu%’aﬁlﬂumﬁmeﬁl,%qaaﬁmaqmﬁ;mszﬁl,wiuﬁulmﬁmaLﬁméﬁu Badl
Foddrlendanuiivanydeseomnuasmimaisavosiuiifavaluwiasiui dufuanugnies
wiugesdoyminiriuiadutadvddyesneddumsiinmedt duduteunsinuideissnduses
fns99u5 Anned wasdunsiesilneazidesvesgudeyausiuiulmiiteglidanuauysafluwdi
dofamgfnssumainuiuiulmegiouiass Sundeui®ie duneusequar nsusuugsteya
witudvlin T8 (5U 1.7)

Funauii 1
Earthquake Improvement

Area 1: Sumatra-Andaman

Area 3: Thailand-Laos border 1. 1. Earthquake Collection

1.2. Magnitude Conversion

1.3. Earthquake Declustering

1.4. Man-made Seismicity

Funnuii 2
Earthquake Activities

13
L,

Seismic Hazard Analysis

2.1. Evaluate FMD

3.1. Earthquake Source
2.2. Maximum Magnitude

3.2. Attenuation Model

3.1 Earthquake Source |
2 Aenuniontiodel
*

2.3. Return Period

2.4. Probability of Earthquake
3.3. DSHA and PSHA

Occurrence

I I'£-|<-|k Ié |

5U 1.7.52108U78n15798 (methodology)
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1. m‘s‘s’wi’mLLaxll%'Ull‘gmmmwg'lu{l'ayjaLLNu§u1M? ( Earthquake Improvement)
(Fumau 1 lugy 1.7)

1.1. Anaanuazinguiuudayausunulug (Earthquake collecting)

Tutlgtulimsfafuatetnensatauuiulmnszaeegialan nanasedotiedan
msnumusazdsgutesanimneiludediunuigl 34 gudeya Atufinugnisal
LLsiuauimﬁLﬂsjLﬁmsﬁugﬁmﬂLal,%amz’;’uaaﬂL?zaqiﬁLLsJuﬁuiﬁfg \9U WU Incorporated Research
Institutions ~ For ~ Seismology  (IRIS)  wagguteyavasnsuaniesingsenedlng  (Thai
Meteorological Department, TMD) LLazLﬁ@ﬂﬁ]’]ﬂﬁ’]uﬁﬁ@yjaLLBjuauVLWﬂULLGiazLﬂ%@ﬂ?ﬁﬂ’]iﬁ]i%ﬁ@ﬁ
for-Todouunnsinetiu wu wdetemansainnndssamatulianinsataiilanuaziissuuns
fannsiin siliigrudeyaitléduiinmmainesaidedusseznaonui widosmndunisna
aniasaindivinaiurlan vildanusonmaialdarzanauiudulmssduiiunats ( > 4.0-5.0
3nwed) Tl dalunsdveneietnenmsnsiatalulsema dufusihazlifinsasataedady
svuvsadsuuazdaionnninilefisuiuedotisnnissema uiidemininisfeseannd
nrviansounquUsEmalneuaziiioutu Juihliedoviemelulsemaiidnenmannninluns
peariausuAulmvadng SedanuddlumsdnwmgAnssunsiausuivimn deiuludupoud
Juiathlunsadsputeyauduiulmini Tasnmssmdeyauiufiulmildanaietnenmnsiaia
#97 warlunsdififinnsesataukuiulneniu Tdadenamemamsniien

wakAn : gudoyausuAulminifediszsrnalunsnnainemuuiusesmsnsyatefves
Ul Taldnanniu

1.2. Ysuifisunnnsinsiadauduulng (Earthquake magnitude conversion)

TuneUfus msnsradausufulmlusdazinIaien1sn s indnae e unienIauIng
Tunisesainrwausuiulmiiuanssfuey  Body-wave maenitude  (m,)  Surface-wave
magnitude (Ms) Local magnitude (M,) 3o Moment magnitude (M.,) 3sluusiazanasnisnsiain
fugradannauyigiu Bmsdunnuasiden-defesiuandatu

Tumsieesigudeyausiuiulmedsiiussansam doyaiildmsimiensnsrainvu
uriuAulmfitinassufeiuiomn drulufureutdfajatilunmsuiufsuauduiusseming
1INTINTIVTAVUIALHUAULINA99 WU M,-my, wag M,-Ms Juduy Fanuduiusimaniasiiny
awzuazianasiuluusasiiui mndulshmsuuisumiemansnsafausuiulnly
grudeyausiufulmlfduniensgufiofuainaudustusidnule

NawER : aun1sATELTLS ST annssnTI Tv ARl U T d S
Anvuazgudeyausiufulmidmhemsnsaiadumheinpsguieiu

1.3. antdanuaufuluivan (Earthquake catalogue declustering)

Tngunfusiufulmiinraialdusznouseusiuiulvi ( foreshockusiufulmmdn  (main
shock) uazusiuAulm (aftershock) usiiosarnmmnisalusiufulmdniinainusaiu( Stress)
Sudosnanmanssvimsssdiusdugnilaens ffulumslieseigiudoyausiuiulmiio
UsnidungAnssunisifausiudulmluiiuiisngg Suinussdiunngrudeyauwiumilmmdniiy
(Gardner waw Knopoff, 1974) fetlutumeuiifajaiiulumsfnweniuduiusvosuausiuiulm
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nénuazusuAuliezusuAUlmaLiiAaty WomsidnuriuAulmihuazuiuiulmaueen
Nnguteyausuiulm Windeisasfulmndnifidodfyese dengfinssumessaulsdugiu
uaznaiiausuAulmalufiufidnw

HanAn : g1utouawHuAulIman (Main shock earthquake catalogue)

1.4. Andnusiuaulnlanfanssunyed (Eiminate man-made change)

Tnehluiedotiemansiatauduiulmiuansansataadulmaziouldnnsuuuudy
idesnanaumaingg fu wu masedamiles miveassszidaiaedes Wus ( Habermann,
1987)  wiiiilosrnemAdeiadulunsimigudeyauiuiulmluiuiidnusuiennain
nsvUIuNIN s IdUsduguyiniiy duluiureuiFajuiilumnseaeumanisaiusuiuln
lailfiAnnnszuIumsmessainysdugiu fefinanludisdiu uasidneenangudeyausiufiulm
fisleg Tneldimaia Bnsvseuvudrassifinmminauslilunuidoiinanssussme

wanAn : PuteyauduiulmvdniuanmgfnssumessdulsdaugiuuazngAngsunisiin
wiuAulmlaensdlufiuine

2. msfnwmgRnssunaAausuAulug (Earthquake Activities)(tunay 2 lusu 1.7)

2.1. ApTEiAnudunuSsERdeans I siauasvuawsuaulng

ndsnldtoyausuiulmianysainndunoufiiiun Tutuseuthjaiiulssdiuludiud
(spatial  investigation) feAuduiussEnIeRITINSIAaLazILInuRuAUl Tneluuday
widsiudausufuln §ifeazutsiuiifnuesnidugafinmgos ( gridding) 1°x1 %sluusazgafnn
fidvavidendeyalusnil 110 nyu. 9ngeAnwILazsIwABANT W FMD ileymnenuduiud dauans
Tuanns (1) FadlolineiadaiFouies lunngednwidesazanunsalsufiud a uag b naoAIY
FAdusBu fisdanudedures auay b firwaadldtu Wy a1 Weauunessiuves  FMD
MnuFviusuiLaninsnszatefivesd a uag b iethluldlunsiesesitusely

NANAR UNLTLAAINIINTEIBRIYDIA a WAL b MABAIULNLTILARIANTIULLNMTEILYDS
Aun3 FMD usiae i

2.2. Anseruauiudulgegaiissnsafntulflusaudsing

nmsianest FMD ludunoufiiiuin fifeasutasdt a way b sgnafuszuulinaedu
A o uay gananuduiusiinardludneiu wasthludiaunsanuduiusvesnsusaduawe
wHuAulasEn auEung (2) Tnowasudrsnatoendu 3-4 n3el W 10, 50, 100, 1000 T 1o
Fovhusuiimnzaufunsldnunuuing ﬁgqmﬂﬁmmitmsqmu nsnaEudaaiu naenaunis
readdsgnasnaieivilunasAsgnadiadndy wu Weu vide Tsdlwihiiuedes

WaKAA wuikaninsnsrefesauuRulngsgafiansaiatuliluseulieg

2.3. AnnituiaaugtAsivesusiudulwavunasiie

wonnien M LLazﬁ%gmfhmLLUaaL?Jumuaqﬁ’a%ﬂﬁumLwiuﬁulmsummm6] AINAUNT
(3) TnegAforiunsussdulufuiuiulmana 4.0 Snwef Tuld esmnduusufulmiiGudma
nsgnusBeIAIYRAgnai

NAHAR uKuTuansn1InsEefasnugtRT weskuALlIIIA 4.0-7.0 Snimed

3..m5UsziliusEAUdUnsIBInuHUALlAa (Seismic Hazard Analysis)
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¥
=]

Tudunauil UingUszasdnan Ao LiloUselluseAumUTULSBINTaUARIIoWYDINUAY Tu

¥ '

= )

Nuiidnelussasiuivndawiupulmiy Tnewdaduduneudes fi
3.1. sausiudayaunniinudunulng
unuteyausuiulmiinsainldaniedesdensiatn vieantuiinmelszfamans
paonauiILUFuMLALlAeY  dWeusadiufnennveaandiauiuiulm Tufiuitenaduwa
nsgnURDLTiANwY
wanAn :gruteyauvasiudausuiulmididusonsussiduitRsousuiulm

3.2. AndanuuusiassmsaanauussduaziiouanueiuAulng ( strong-ground motion
attenuation relationship)

Tngludunouiyatuiufioudeyausduasiioufinensataldluiuiidnuwasusuidiou
funuudiaeamsasmeuusduasfieuanusiuiulnm  Auananfuiiuidnw wemninisdiaue
wuuiaesivsnzauudiluedn §isvazidenlduvudassifinminauslilusin

NAHAR gIuLUUReIIaAVDULIE Az Tou nusuAU v zaufuRuRRn

3.3. Uizta‘iué'm']LiagqqmmﬁuaﬂﬂsJU'izqns‘iumﬁﬂmﬁLﬂsﬁzﬁszﬁuﬁumwmn
wrinAulwsternunazdy ( Probabilistic Seismic Hazard Analysis) WAZLUIAATZAUDUATIY
g4ga (Deterministic Seismic Hazard Analysis)

wazthranUssiiundnhusuiidunsennuiuiulnluiuidnu Fidunsitetaz s
Tu 2 JUuuy fen ) wwuiiduasenuLAvlndmsuinivMsuEeimng Fadumsimunsedu
aruusdluusiasiuilioglusUuuuvesdausigean (PGA) lurasug g 1wy unuiluans
audulule 2 % fezindunsieanusuivlmn Qussiu PGA) Tuseu 50 U 18udu wava) waud
Supsreanuiuiulndmiuussrsu Sujatuluiimslieudossamiluiiug faaduumd
seiudunseanusiuAulminlade 1wy wwiikandonaifnmuguussusuiulm ssfu Vi ey
wmseifaaLUas) Tuseu 50

NaKAN [gruLTisERUS R BnuKuRUlui LR
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v 1a (%
grudayaurufulvauaznsuTulse

(Earthquake Catalogue and Improvement)

Auiflesnmdfediunmsiinneidadivoamnisaiuiuiulmiieeifntu Sededdy
sendsnuianUaoseenuuasruinienvesiiuiinasauluudaz g ﬁﬂﬁUﬂ’J’]ﬂJQﬂﬁmLLﬂgwaﬂ
Si’fa:uaﬂﬂLﬁwﬁuﬁqLﬂu{]ﬁaﬁwﬁmaﬂwﬁﬂumﬁlmﬂzﬁ Faurounsane s ludosiing
SIUTI AATIEH LLavaqmi'w‘vﬂmavLasmsuaqmusuauaLLNumuimmuaaimmmaumaﬂm Tidofs
NeANTIUNIAALNUALLAIDE VIR szvmemﬁ]sJa’maUﬂ’mJiUinauaLLmumuim el

2.1. Anaandayauruiulviangudeyausiudulnimieg (Earthquake Collection)

[

Togaunuulmitnunuielilunmsengidudoyannguteyauruiulmingainls
TnenAdnailensa93n (Instrumental earthquake records) #adu 3 uvidsdayandn fiaseunquitui
Anw loun

1) grudeyauriufiulvivaiNational Earthquake Information (NEIC)

fudaudd e 1940 ndrgaulunsmiuguavesnsuninensssal ansgewsni ( USGS) #
%o The USGS National Earthquake Information Center (NEIC) li3uimeunsienansmadvinissne
Fou tiorerugnguinausuulmitintiludesiu  (Preliminary  Determination  of
Epicenters, PDE) (Sipkin uazaasz, 2000) Tag#l NEIC fin1siafvgdesssaumnnisalusufiulni
1an (Global — scale) luviuiinsendsnniinuruaulmilduuindeaisisaussu Ineseazdennis
euazdszneuluie dumis (@esden axdign wazarwan) vnawsiuAulm - (mheauma
Twn Wy M, myite M) waimesnisiawuauln (u deou U 9lus wifl wazdund)
paoRILTIBARBuAdU, (1519 2.1) veamsnTainuesmagavesndulmasiiiou lnsdoiduves
gudoyausudulmn NEIC thnsnsnumanmsalisiuiulmaaaieuimunidesnnisyuunis
Funauuusilulfi uwiidesanssuunsinaiudunsdwnludesiuiefenismunnt
Tunssenuseasisazsus whlinansenaiuonaranedeuldns wazdnlnaiileting
wunsusesudn wlifimsluduamieussdulu fehumis e vieudnasteuaves
wituiulin shligudeya NEIC duiifedeniFesaunanmedouresdayaluth wifigsdedniu
grudeyaiiteyamnnsaluuiulviviuaiofigalunalan iWefsuiugudeyadus

2) gudeyausiunulnivadinternational Seismological Center (ISC)

Futeyaunufulm The Intemational Seismological Centre (ISC) Lﬂuﬁﬂwﬁqmuﬁam 7
ﬁsmummmsml,l,muﬂuimiusvﬂumiaﬂ (Global scale) Fsazasaunquituifinuvadiazanis, e
ISC uuavmEJLLWimmm'iml,l,muﬂulmiuﬁwmaumummﬂwmmamumuﬂﬂm NEIC LLmLua
WIsuifleuiimnisaiusiudulmlag gudeya 1SC agsenuoemnnendsiigiudeya NEIC du
senueenn Inenszurumshauiugudeya 1SC ﬁ]vl,aaﬂmmmﬁml,muﬂulmmiwaam‘luwaﬂmu
INgUeya NEIC magwusuam”aslmmumamuauq uiitevhmsAnueazBeaveawsuAulmly
uriaznnnsaflyiBnads (Intemational Seismological Centre, 2001) naeaIuTBUTaalULETEN
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Seismology)
FIBNUVUIAVBIMNUALLININNINT1DU igruteya NEIC dudaldlasenul
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7399190 NSNULALNT

M1919 2.1, wanadeg e stuiinmamMsalwufulmvesguteya NEIC Ysusiiunamiovas

Usewelng (Pailoplee and Charusiri, 2014)

Long Lat Year Month Day Depth Hr Min Sec Mw Mb MS
101.78  21.32 2010 5 11 10 19 a5 8 4.1 - -
101.72 2128 2010 5 11 10 19 a5 8 38 33 -
101.79 2133 2010 5 11 0 19 a5 6 37 36 4.2
101.76 ~ 21.35 2010 5 11 10 19 a5 5 a 3.7 a
101.77 2135 2010 5 11 10 19 a5 5 37 35 -
97.39 2099 2010 a4 10 0 3 31 1 3.6 - -
100.29 2228 2010 a4 2 20 20 26 32 4.2 - -
100.29 2228 2010 a4 2 20 20 26 32 4.2 - -
100.23 2239 2010 a4 2 10 20 26 31 39 41 4.6
100.29 2228 2010 a4 2 10 20 26 31 42 34 -
100.41 2234 2010 a4 2 0 20 26 30 a4 34 39
100.40 2239 2010 a4 2 10 20 26 29 41 34 -
100.19  22.60 2010 a4 2 10 20 26 27 4.3 - 52
100.84  20.41 2010 a4 2 10 18 3 35 3.8 - -
100.85 20.31 2010 a4 2 0 18 3 33 38 33 a4
99.82  21.39 2010 3 19 10 23 23 15 36 34 42
99.95 2142 2010 3 19 10 23 23 13 3.8 - -
100.06  21.54 2010 3 19 0 23 23 12 37 28 42
100.00 21.42 2010 3 19 10 23 23 11 3.7 - -
100.03  21.20 2010 3 19 10 19 53 39 a.7 - 5.1
100.01 2147 2010 3 19 18 19 53 38 a4 il 4.3
100.11 2145 2010 3 19 33 19 53 37 a.7 - -

lpeinsiiudeyansussinananann dn i iniunTuvsenmunfianunsansiainaauy

Imaziieuveusuaulniiug 9 wasunndiaingiuteya  NEIC fienaldteyamduainuisanid

aviavelvsenulutewulaney wiliwuanuuduginnin dadufudingiudeya

ISC ¥
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s10utndn NEIC uazuramsnisaifiindudanlutiagtugiudeya 1SC awdlifineseau uif
foiamilassmesgudeyat dulvagndesnnnigiudoya NEIC (regislumans 2.2)

gudeya 1SC  deludnuilipudouafieglunsiduguatesmieay  USGS  ves
andgouiini lnedfngusrasdndniiodavingudeyafiudusinniu wasdesnisasusngiudoua 1SC
5aam]'m§m%’au”alﬁaw7u (Preliminary catalogue) 8819 NEIC Tidudndruiioldlmannisduauly
nsldu Tesiemzlunsdliivinnidoyaunudulmluuinamin

M5 2.2, uansfegmstufinmnnsaludulvvesgiuteya  ISC finsrainldluiuiiuzion
mawmilovesusewnelng (Pailoplee and Charusiri, 2014)
Long Lat Year Month Day Depth Hr Min Sec Mw Mb MS

98.98 2196 2010 2 9 0 15 40 28 33 23 36
98.84 2192 2010 2 9 9 15 40 28 33 - -
96.29 1593 2010 2 6 10 9 16 32 32 - -
96.22 15.88 2010 2 6 0 9 16 31 32 29 38
101.11 2277 2009 12 13 13 19 8 36 4.2 38 3.7
101.34 2279 2009 12 13 12 19 8 36 37 3 -
101.29 2274 2009 12 13 0 19 8 33 36 31 32
104.19  21.33 2009 11 26 7 13 59 6 35 38 44
104.25  21.22 2009 11 26 10 13 59 2 36 29 -
104.21  21.34 2009 11 26 10 4 ar 0 37 36 -
104.13  21.16 2009 11 26 10 4 ar 0 37 36 -
101.02  23.00 2009 11 19 10 12 11 55 38 - -
101.14  23.09 2009 11 19 0 12 11 53 36 3.5
101.06 ~ 23.00 2009 11 19 10 12 11 53 36 - -
101.97  20.71 2009 11 10 16 7 36 56 4 37 -
101.91  20.71 2009 11 10 10 7 36 55 q - -
10191  20.71 2009 11 10 10 7 36 55 4 - -
101.85 20.71 2009 11 10 15 7 36 54 39 36 -
101.87  20.72 2009 11 10 0 7 36 54 38 37 41

101.89  20.85 2009 11 10 16 7 36 54 4 42 46
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3) gm%’ayjauﬁuﬁu‘mwaﬂhe Global CMT Catalogue (CMT)

giudeyausiufulm The Global Centroid Moment Tensor (CMT) lusfiniuduiisdnlu
wseteMsnuIdemusiuRulriluunuvesguteyauiufulng - the Harvard CMT (HRV) lagil
Asfananlumsiesgiwasenualiudnuges ( Centroid moment tensor, CMT) w89
mq}mﬁaiLszuaulmﬁﬁsuummﬂm'w 5.5 Smumesunaud O ad. 1976 (Dziewonskikaz@Auy, 1981;
Ekstromuazaae, 2005) Taogudeyaiifugudeyauifulmildinansiesegifulsie fu
wHufulmIBg19aeen RaRRIuTIBUNANTTIATIEEnalnNsAawiuALlI ( Focal mechanism)
Tpgazssnuooninnendinmaiamanisaiusuiulmn vimnnsmenuiaingudeys NEIC
ua 15C wiidugrudeyaiiisvazidonnniidulstloniionsiesgimuuiuiulmineludedn
(M3 2.3) aglsfimilunmAfoddadunuisomeiuadidundn ffenuihgudoyausiuiulm
CMT i SausFnaessnuanzmgnisoiusiuilmilng 55 Ul winnmgnsaifisenudul
mnutdetionnn wagiimneruuunausiuiulmlumbeunneluaus (Mw) Galanuundetiofian
Tumsthldiesginieinuada

MnHansnaeniar IV ImToyan s TufinmnnsaiusuAulmngutoyausuAulne 3
srudeyanuigudeyausiufiulmusazuvadidisatlunstuiinuasdnumsnsaiitudinle
uansnsfufauanddy me 2.1-2.3 Tasgrudeyauiufulm 1SC way CMT duinistuiinumgnisel
wiudulmlugn 50 Udeundaifudaudd ae 1960 TasUszanu luvaeiigiudoyaves NEIC dud
Pranamstuiindies 22 U lneandegnegrudeyaris 3 uidsuandumsed 2.1-2.3 uandlidiu
Iinmsnenunvazdenvokuiulmlundazivgnsaifiviioudu wu

" guviavisegadqudnartuiuulng  lnsuanseasidunluguiuures aedgn
(Long) aziyn (Lat) Tumigesm wagaiudn (Depth) lumheilauns
" a1vaamsiinwiuaulng lnsuwanisgazidenguuuuves U ( Year) o (Month)
u (Day) Fla1a (H) wd (Min) axidenllaufeseduiui (Sec)

Taogrudoyawsiufiulm CMT  seauwmnausudulvafios 1 jUuu Tuvasdfigiudeya
wiuAulin 1SC wag NEIC senuvuausuiulivainanssuuuilunsazimgnisalusudlm de
TngagusUuuuresmssenumawuAulmiauusndsiuitduduinsusadusun
wruAdlnuazauauiuAulmAvsduld asnsosuundu 3 sUsuurieman fail

1) vuaunudulnInluwud ( Moment Magnitude, Mw) Wiauslng Hanks uway
Kanamori (1979) unsWmumsdssifivaunausiuiulmilaghifufusinveseiosiionsiata ng
Anrzinnlusmdusudulm (Seismic Moment) Midumanuduiusfivssiiuinainszoynsidou
fhvpssoideu fufinsdeus naesauddulsyavimiuudaesiuluiiui

2) wuawsuiulnlneauiielan ( Body-wave Magnitude, Mb) Qﬂﬁ’]LﬂU@INﬂ%’jﬂLLiﬂ
lng Gutenberg ua Richter (1956) lnaidunisussiliuvunauruiulmilagd19891nanugeund
nveInduUzuT (P wave)

3) quiauRuALlIINARURINY ( Surface Wave Magnitude, MS) fiaafldlunsdivesns
prvinnduurudvlafiegvnanaandnnainusiuiulmuazivunausiuiulmlng Javnzauiioy
”L%’LLanwagmam?{uﬁuﬁa (Surface wave) ushunulunisusziliuvunavesunuiulm



20

M1919 2.3. wanadregensduiinumamsaiusufulmvesgiutoya CMT iduiinlaauuuiiunyasy

YaaunuUaanlangu1ns-duniiu (Pailoplee, in press)

Long Lat Year Month  Day Mw Depth Hr Min Sec
93.67 8.27 2007 8 12 3.5 35 19 30 36
97.56 0.94 2007 7 26 3.5 30 16 32 54
97.40 0.12 2008 7 9 3.5 35 16 38 30
9203 11.01 2008 6 27 3.5 10 14 a0 41
97.43 291 2008 6 9 3.5 35 13 16 24
94.12 2281 2008 5 28 3.6 78.9 3 38 26
96.55 1594 1991 12 26 3.6 33 17 5 21
9420 1634 1992 12 31 3.6 33 19 13 5

94.74  21.06 1992 1 28 3.6 120.3 3 1 38
99.17 1834 1994 5 7 3.6 33 19 55 55
94.44 2434 1996 5 7 3.6 105.3 22 28 16
94.88 6.82 1996 a4 12 3.6 33 10 11 6

94.30 7.66 1997 12 24 3.6 100 12 16 6

94.87 2384 1997 8 23 3.6 200 20 31 7

94.61  21.15 1998 8 19 3.6 150 13 a2 26
94.24 1550 1998 3 13 3.6 33 23 28 37
94.80 5.48 1998 2 10 3.6 100 16 38 11
99.33  -1.23 2000 6 8 3.6 33 13 26 52
99.14 1.72 2001 8 5 3.6 150 21 a9 a4

95.89 a.70 2001 8 2 3.6 150 1 8 58
9499 2208 2001 3 30 3.6 151.5 6 8 14
94.78 2223 2001 1 14 3.6 131.7 9 55 46
93.89 5.58 2002 12 22 3.6 33 17 38 a3
93.21 1292 2002 a4 17 3.6 33 23 0 16
9326  13.78 2002 3 13 3.6 33 11 9 41
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agdlsinumnfinnsanlunaninvesgudeyawiuauln adeluefndiuaumin
Butfunsatiut sruteyausiumilmanivyddedluiagtuiu farueaandouesnmstufindoya
fullownanvainvansanig WU Kagan wag Knopoff (1980) THdeAniuinnsmeauunmns
pvinruauiuAulmusndsiuilfmahlvldiesesiludeiaidetionan venand
Gardner uag Knopoff (1974) l@usiuzinnsiiiauiulnuy ( foreshock) Haguiumulnnim
(aftershock) FaufuwsuAulmvan ( mainshock) IuﬂWiﬁﬂquﬁﬂiiMﬂWiLﬁmLwiuﬁulmifu Ju
melneiiildgniesdudmaud vetidesmmnfiansannalnmafausiuiulm sswuiififies
wrtulynvdn whiuidedmginssunmafausuaulmsudeanannszuiumsssduysdugu
oV TurnusiusuAulmihuasuiuiulmauty dennuavdonalnvesmaifinusuiulm
nanluudaznnITel

uaNNE Habermann (1987) fmsranumsilasuutasszfeuiinmansiatauasinsgy
foyausuAulmangudeyaiialddnm Ssdwlngifennmsignatatuddou viulsmie
gouthsueiernoniaialuunsgisia duimuluyninsetnensiainuasgudeyausiumulm
Tnglanzegnsbadayauruiulmitldannansatalutaduduiadauedots daunamadou
sufleunannszuiumsaratamani dawalvigudoyaunuiulmbidefamginssunisin
wiuRlmlngsTsumRegiuinds dudeufiasiimaidoyausiudulmmeadlulflunmsinseilu
eadin fldasdesusuugsgudeyawiuiulmiifogliauysaimutunoumnseifmudfulfu

2.2. M3UFuLigunIgIUnsdnusuAulng (Earthquake Magnitude Conversion)
mﬂmﬁwumuﬁﬁaaﬂaLwiuﬁuimﬁuaqgmsﬁaagaﬁq 3 wasfisusiauaziunld wuinng
nrviawuiulmluudaziesevevsausazgutoyauiuiulm Iimhevsemaslunimyain
sunusuRnlmTunneuiaina il ludreiu Sdusdazinasnisnsiataiugrdanain
auyfsu Bmsdnanasided-tedesiunndaiu Ingdagtunuiddymvangessiieatunis
Tovuauruauln wazlunmsesursvuiauruauln 1wy ﬁiwaﬁwzmaﬁgﬂﬁaawuau %aﬁuagﬁu
Shwasmessiineluusaziug sliimuRanainannvesnisldvuawiuiulmvodusiurianis
14 pdufiuansieg fulunmssmuasuauwuiuln seunwuinaneduiolanwazaun
winAulmanaauiaiy slinsussiuenauiulmildduiiseiuiussndunsussdu
L.Lm'uaulmmqmiailﬁmﬁuﬁmuﬁ'ﬁawLﬁmmﬂmiéuﬁwmﬁ@mm ( Saturation of earthquake
magnitude) Suiflosnannisnsiaiandusiuiulmiinainndou nawmglunsdvesudufulm
yuelvguagiuemagavesnduiiguiuladiiavesnieslonsaaiafidmualy (su 2.1) Faan
N3AN¥ITEY Kagan wag Knopoff (1980) wuindnnsdusvesvuauiuiulvilunainnaieuing
prvtauduiulmiledsufurnausiuAulmlunud duendusy 2.2 Ssezdiuldiusiazanem
artmunauiuitlmduiindinveinistushuewmawiuiulmiinsealduanseiu
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U 2.1. fegpduwiufulmnnsnialdwaziinveulnn1snainvesnIalonsia Tauruauln
lnglanzaiuiuRIarineumagngninaiuiielan

TumsinsevingAnssunisifausuiulmussuvasiudausiuiulmaaduniemeias
afif guteyaiildmsinhensnsaiavuauiiulmitesguiotuiomn Taeiluns
Ansreiluseusialan ( Global catalog) wiesesuiufivuianing (Regional catalog) sindeald
whomsasaiavuauruiulmaneduiafiu ( Surface Wave Magnitude, MS) Weiiesan
LwiuﬁulmizﬂzlﬂammiamaﬁmlﬁamyiaiﬁaUﬂﬁuﬁuﬂammdﬂmmﬁu6] wivieannidu
uriuAulmszeyinadalireswuiymusansdusvesdyanu uimndeyausznausemsnisal
wriufulmiifanudnsyiudunaaitessiuaniedldmbennawiuiulmanedwilelan wielu
ﬂizﬁmaqmﬁmwﬁwqaﬂﬁmmﬁmLwiuﬁulmluluizﬁuﬁuﬁﬁm( Local catalog) wu #uitnns
vmsles wieiuildeurniiuihdndedldmhevunawiuiulmietuinnninunnsdus

e e |
M| 3u22 AINLARINITOUR
L — — - Al
sl me YIN1FUTLLUUVUIA
L - —— . i
i L wiuAulwalan
an N (Kagan wag
m -
i e e Knopoff,1980)
S 6f -
g |
g |
:-.E“ s B
4 Magnitude Scale
7 M, - Local
3 I M, - Surface Wave ]
- m,, - Short-Period Body Wave
| mB - Long-Period Body Wave
2 L I L L L I L L L L 1 1 1 1 1 1 1 1 1 L 1

2 3 4 5 6 7 8 9 10
Moment Magnitude, M
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pgalsAimulunsdivesmsimnssiunuiulmounlvg (> 6.0 Snnes) msldwiigaun
winulmluaud dWevandedymmssusirennnsnsefawuiulm safuroumsinse
foya lutunouiwonihnafieussruduiusserimnmanainuausuiulmniunns
fudseruduiusivaniazdienuameazunnisiuluusasind uasvihnsusudeunnsns
prvdausuiulm i dumhsinespuferiuannauduiuiidnnldlaglfihmasieuiiounes
MmannsANNduTUSsErIahe InvwausuAulin 1) M,-mekag 2) M, -Mcidudu (Ralans
fegndlugy 2.3) wislilunsulamihensnsainvunausiuiulmlregluinasgiudetu fe
M,, Basiavaseuduiusily fodusnassumnudiiuslunsuamigvnausdulmaldldmy
fuidnwviiu Inevdsinldaunisaudiniusuds §ifoaginisuiuuimhemanesaia

wiusiulmeglusnasprudediilutuneusely

9 9
Mw = 0.31mb?%2.28mb+8.78 m

Mw = 0.11Ms?-0.58Ms+5.41
R2=0.92

8 8
7 7
3
2 S
6 6
5 5
4 ‘Jlllll\\lilllllll\\{IJIIIILI\‘\IJIIIILI\‘\ 4
4 5 6 7 8 3 4 5 6 7 8 9
mb Ms

5U 2.3, nanFIATIERENNSANENTUEYRIN TUS USSR TnvnawsuAul Tuluiunge
mveswiulienlanainnst -duandiu iWeldlunsliessiunuulniinengainluun
aalu (@) M,,-my, (b) M,,-Ms (Pailoplee, in press)

2.3. MsdanguuazAntaanuiufulumvian (Earthquake Declustering)
TngUnfusuiulmiinsatalddusussnouieuiuiulm - 3 Ussan dsznaude 1)
wsiuAvlynth (foreshock) 2) wsiuAulmmén (main shock) uag 3) wsiuulmnu (aftershock) @4
Tumanguvesmsifausuuly wuiulmmwdniAeanusadu ( stress) Suidlaanainmanseri
yassdlusdgilnensdlurnsfuiufulmiuasuiuilmauduinnnusaeden ( strain) S
idesnannszuiumainuiuivlmvdnluldazmmnsallaousuiulvinAnannasdsudanou
madausuAdlman Turnefuiuiulmmuduainnnnaedouiesiuiiviesesdeuting
tudloiausuiulmmndn é’aﬁ?ﬂum'iiJ33LﬁumuqﬁﬁsgﬁﬁawqaﬂssmaamﬁLﬁmLLNuauiuﬁaLﬂu
HAL1AINNTTUIUNISSsalLUTEugUlaenss Ssdndudesdinsiuunuaupulmrdnuasindn
wiuAnlmiuazusudulmmueenannauusiufiulm weliteyadilsidudeyauriudulmiiuans
fengAnssuvidednunmmsssaluusdugmilaenss ilesnmnldusiudulymhuasusudulma
wsalumsieseirdmalinansinsgiiuansdmginssuiisunsafuamnduaie
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Taevdnmsduunmmnisalusuiilmmdnesnainnguueausiufiulmussandug deuld
WWIAAYIOANYAF LYY Gardner Wz Knopoff (1974) (5U 2.4) lnsanuduiuslunisianguues
winAulw Ao 1) sunemnuuusesiuAuln 2) srermeszriamgmssiusiudulmifiansan
uay 3) Funaiiiniy lnemniausuiulmvdnouiadn Temansnszaedvesusuiulmih
vousuAulmmuiiasfnguld %ﬂiamqmﬁuﬁﬁm uazsreznaiiAauHuALlmmImdsnAn
unuAUlndnariitssernatdy luvasinsginsinunuiulmeunelng Temanisnszanesh
vosusufulminazuuAulmmuiRetuerAuiuiidunanniy ssensutawsaiiie
weiuRulmmundndauiuiulnndneiitiszernaeniuutu Wewniuifldsunanseny
suflownanmsviiuivessesdouluransiiuiuiulmudnifudinnduhldiuilssunanseny
nhstunarsdudeddnauiulumssasmiuedsamadulinualuduluduneuifajady
Tums@nwenuduiusvesuuauiuiulmvdnuasiduivlmihwazuiuiulmeauiidetu e
nsmdnauEuAulni (foreshock) waguaumulniny (aftershock) eenaingrudeyausuaul i
widewisausiufulnmdnfideddnyade AENGANTIUNETAULUTTUTILLAENGANTTUNTHAA
weiupulmlufiufidnw

feeharulunsdlveangmssiusiufulmituiiniluuinaenyedveasiuudeniang
mmw-é’umﬁuwm"wmu%’auﬂaLLNuﬁuiwaﬁgaéu 99,524 WHN150d FIMSIINNIUNSEUIUNSARNTDY
wignsalauAu ke iiufulmnusasAadanan ALl N NLLIAN TR ALYRF Y
189 Gardner ua Knopoff (1974) (U 2.4) wuiluussamansaiwsiufulmdnandvidu 2,108
edsznaudeswauuduiulm 96550  wgnsaifivediuduusiuiulmdvousuiulmey
fanan dhuindetudeduwiuiulmudniivnyadlunsilvdluduneuseluuenania
nsfnwsannsauanslusUveannd TaglunsdlvesmamievesUssmelng mIinszaredves
wnnsaiusuAulnAnteusasvamsdausuulrmiuasusiuAulmauoeniuuandugy 2,50

2.4, ﬁ’]{]’ﬂmsﬂmﬁau%mLLB\iuﬁu‘l‘W’Jﬁ]’mﬁanﬁuuuwé (Man-made Change Seismicity)
Jagtutnusiuiulminemuigudeyauifulmieneinlddy 1#unansemuan
Aanssumsnsrainvesnyed Wy nsdsuuanmhsnunestuunisguadinnisiadedgani
M3 IAuAUAUl ( Habermann  wag Wyss, 1984) ﬂ’]iLU?ﬁIEJULLUaﬂ“U@WLL’JﬂumiUizLﬁusﬁayJa
wiuAullutisanlanamils (Wyss wag Habermann, 1988b) msiasugunsaiiniesiionsaain
dusumsiasgruEuAuln ( Wyss,  1991) mMssnEnIoRnssandnsataukuRulmfiLAy
(Wyss, 1991) uaznmadsunladlumheindessidnanuremuinwiuiulm Jaianssuves
uywdvanil denalvinisaneiuiuAulnriemssutmansiuusiuiulmanlandulsidussuy
viosiaLdos 19y MsiAsuLUasgULUUYS eI MR sivunausiuAulmesiaTetny ilinis
Uspifiuvuausuiulmiudeuuadiusiszuy mssndnaniinnatnenavilideyauiufulni
Idufisuudeyauiuiulmidosas vienafiuaninsetnorailvinmsaduuiiulmldin

[ '
= =

Py FagannalutessuinlunesainenyeinsilasuklatdnsmIefanssun s skl sdug N

<

Juanvamaniiiawsuaulmiuliansawdsulaegwiuiviulalusseviaidudu



25

1 I:I I I I I I 1 I I

Time f [days]
=]

—_
-
=
T

+
+#

Distance f [km]
Tap

1 1 1 *_ﬁaﬂ*l*—*l 1 1
a 1 2 3 4 5 & 7 g 9

Fagnitude

U 2.4. fegman1sInnauwiuALlnInINLLIAAYes Gardner wag Knopoff (1974) anndeya
uiuAulmiinsataldiluuinanyadeusuddenlangung  -Susfu @e)  ns
Asanludanaiway (131) Nsisanludeszeen1e lalduaunInonToUTEYEN 1Ay
naiuansimnfinnsanmgnsalusuiulmifvuele g menisalusuiulmdug i
szopmdlnduiesnindudunsuesnsmsvesn waedisvezinavemaifntunelunies
nindudunsensmszezaan Soindummmsaliuiulmngundiontu mdmindangu
wudvlviaan wifulmowalgfiaslustesnduasgniden duusuiulmman

FaudndseduuuRvlmiaiemsdsuuladnsmsiawuiulmlaesuidons
Ranssuvesiyed amsazinsuuuiniedenliguteyausiuiulmifanusoidesnniign
dielideyauiuiulmdudefnssuiunmisssdusdugiunniian las Habermann (1983;
1987) g auendnnisinssinisiasunlassnsnisnsiaauduiulm Tngnsfiansanansns
msnsatausuiulmlusazawnlagldnisageud 7 dusumsmniswasunlassnsinsiia
WHuAUlmsENINg 2 92a19a7 (Habermann, 1983; 1987) ieflazilsouidiou Tngldaiadesnsinis
AausuAullugaesenin 2 990a1 (M1 wag M2) drnudenuuannsgiu (S1 uag S2) wazduiu
vpasnegslulaazainlal (N1 wag N2) Tngldaunisuseiliua Zasuansluaunis (2.1)
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L _M1-M2
8712+8722 aunis (2.1)
N1 N2

TaonanisAmnaazuansegluguvesmsiasuudassasnmsifausuiulmluiivun wagly
wiazdaan 210 U 2. 5uduiemamsinreitoyausiuduliavan luiuiinnamiioves
UsziAlng auuuifnves Habermann (1983; 1987) lnsuansegluguvesanuduiussening
seozaalunmstudin (W) wesswawsiuAulm Wnuuey) Fnnsmiurniiuanmans
Anneisnsnmsnriausiuiulmlusdassnainnninssduwsiuiulmidvue wuirfeya
wsiuAnlmiinsiasuulasdnsnismsiaiausiuiulmeguanstiana wiludisd aa 19988013
WasuwUassnsnsasaniawiuiubmluuduiulmnewme < 3.8 Snwesdewiudulmuunalng
M 38 Smeddsnanazlifinsiasunias wansidRnssuuesswesmnsiniavidens
Ansziuiuiulniidmanssmudesnanesaiauiuiulmlutagd e 19981 wieluried aa.
2012 Awunsiasuulawesdnsmaiausuiulmiuuiuiulms 4.03nmef Fuiazdunauian
mawAsuwaimansaiausuiulmesondswauiuiulm Gudu Snnswfsuauaion
dwansznusienenzingAnssunmsidauiuivlmluiuidnuld Tesemensiemeiluds
afpsaduIsnmvinuesnsnuided

oealsfnudsiingnludneiu a1nsu 2,50 uandiidudilutasenined e 1998-20121y
fnmsiasuulasmessnnmInnaiauuiulmndosin Inefinmsidsuuianameusuivlmndd
1 < 2.2 Snimeshiudaiunniedwesnsinseinanssnuvesgrudeyausiufulmiiinan
Aansmmesywdtuandlugy 2.5n{Asednientimosdeyauiufulmituiinldluiiufiomged
yosunuUFonlagung1-suniuiiivualvgnin 2.2 3nineslutaed a.m.1998-2012 Faiinsnsiadn
Fhesnsifeatusssoidonnuiumuremginssumainusuiulnm Swdaniasedu
nsvUIuNIITIAeULasAndendeyauruAulmtaul Tunsadfagiohguteyaildannsmiily
Anneimmginssuveasiuiulmldesnunnzauuagdinrumnegndesiian
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Se8°, e

©e
° .
e

o"m' a9

2

Before declustering
\ ® After declustering

N

% } R
v atd. R A, Thailand A
Andﬁman,Se \L,‘\ 5iy . 200 km
ot o'o'-'; At NS . . .

® e -2 ° $ W R °
€5.. #9979 | R 1000 3°E

sU 2.5, (Nuwitnmamieusumalveussiuiitrafssaninsnszneivesdeyausiufulmiou
warrdansdauiuAulmihuaruiuiulmey () nanshnTzdnsilasuulassnsnis
v inuaztuiinuiuiulmluiuiiosyedvesusudenlangunns -Sumifu auuuain
984 Habermann (1983; 1987) luuwfazdraiaiwaziiazyavuinuaunulmlay O wandg
Snmsasatafianad @ + wanesasIMsRTIaYaTANTY ( Pailoplee Wag Charusiri,
2014)

Tumsssdluusdugu efurgharumteiianmesmaedeuiivesusiuddenlan fudu
nalnmdnvesmsdauduRulmtuldaunsaasuwladdedeuiiviulalusyaznandudu fa
dasmsifausiufiulmlaeslutisszeznaliiu 100 U vesgrudeyausiuiulmiingiainlsain
in3asfloniatndnisidnsnisiafiadnane wiednenduwnnfinnsanludesauuiudulm
avau (cumulative number of earthquake) (f1pendlugy 2.6) Muavesmstufiniunisasiiu
Hudunssdiangd 2. enudmdsniunssuiunmsdaeseiteyadunausine dinanluly
U196 a‘i’]muLszuau”Lmazamaqﬁgqmegmﬁaqmmw -SunLu LLasmjmaaL?ﬁlauﬁmﬁmﬁ?ul,t,amﬂu
LAUATS ﬁaﬁaié”jﬁau“aLLciuauvLmé’ﬂﬂéni?u auysalluBanTiATIeiiBeans waslmaneunng
inlUlglumsiesizilumausnuaulmine luunse 1



Cumulative Number of Earthquake (x 1,000)
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U 2. 6. n9lUansTIIUMANITA]
wrufulmazaluliazdm
Nnguteyausuulmiikiiy
nsrUIUNsduATIZIveyAluLT
afid vosusuAulAatulus
yAFveaiuFaNlanguIng -
UM
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ngAnssuNIsiauEuAulng
(Earthquake Activity)

3.1, @UN19A1INTLNLRIAMUB-VUIARRLAULINT (Frequency-Magnitude Distribution)

ydaniizusinmseiauiuiulmimertedionata waziinszsideyavesuruulmus
AzMAN1IIBE19aLLBEA LU TIA LAY ThukudulAnedanenuludesuilneningn o 9aa0a7
wseiiuitlag uwiniulmaundnesinvesniiupulmouelngwuluuasy wiviulmeue 2.0
M., AnTusilanUsyana 1,000,000 A% Tuvnefunudulmaun 5.0 M, fintulnemds 1,000 ass
siod (3U 3.1n) Fasiean Ishimoto waw lida (1939) uag Gutenberg uag Richter (1944) ldfunuuas
thiauemmdtussenisanuinasvunaveam inusudulm Fainuwsuiulminelutlagtuie
Sunaumseudusiusiin aunisnisnszaneiianud-vunaueuAulug ( Frequency-Magnitude
Distribution %32 FMD)v5e aumsquauidsn -Snimas ( Gutenberg-Richter  %%e  GR
Relationship) fiauansluaunis (3.1) (93U 3.1v Usenav)

log(N,,) =a—bM aunns (3.1)
o b4 = [ a 1 a aa 1 & 1 Aa &
ﬂ’]‘Vi‘LWﬂ,‘M Ny A ’e)ﬁ]i’]ﬂ’]iLﬂ@ﬁ%ﬁiJ‘U@\‘iLLN‘U@UIWWI@J?JUW@ > M@ a Lay b peARnnidu
af

van Geazuanaaiuliluudas  dranamsenuileg  waziBudulsdAgidoimgAnssunisiia
wnuAulmlunuilag

Earthquakes

Energy equivalents

10

Chile (1960)
9 Sumatra (2004) Alaska (1964) <0,
Krakatoa eruption
0.3-4 World's largest nuclear test (USSR)
Mount St. Helens eruption

8 San Francisco, CA (1906)
New Madrid, MO (1811)—",
Chamslon,st(lm]\

7 Loma Prieta, CA (1989).
Kobe, Japan (1995)—
Northridge, CA (1994) Hiroshima atomic bomb

Long Island, NY (1884)

I.lrgellghtninq bolt . Log (Nm) =6.08-0.69M
Oklahoma City bombing

Moderate lightning bolt 1 \\\\}\\\\}\\\\}\\\\}\\\\}\\\\‘\\\\

/ Immo \
- Number of earthquakes per year (worldwide) = 0 1 2 3 4 5 6 7

Magnitude (M)

U 3.1. (0) Snsmaifausuiulrrilanduunsuvueusuduln - (@) fegreansmanuduiug
sEieaudvesnsiiauruRulm (N,,) wazvuauiuiuln (M) Tned a1 a= 6.08 waze
b =0.69
lunsdlveeiinmendey  Pailoplee wag Choowong (2013) JATienaun1s FMD uay
Uszifiudn a uaze b vesunasiidausuulmitddgyluginnendeu Inelddeyausumlmitiu
nszvIumsUiulsaaneadunousneg fiesuneluund 2 mﬂﬁ?uﬁﬁaaﬂaLwiuﬁulmv’ﬁﬂdnlﬂ
Suununasiidauazarangnl FMD fuansunsiaenslusy 3.2 Frnguisiindeyauduiulm
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At dalkuRulneigg genrasiuaunis ( 3.1) nnsvannsaUssidunl a wazel b
PNLEUNTIVBIANUFUNUS Fananslugy 3.2

(n) LWAYARIENINT1-DUAIIY

Cumulative Number

Cumulative Number

(2) SeeanudazNNY

107 ¢

(A) nMawitavasusendlneg

Cumulative Number

10° ¢

10

A s A AA A
A A& A A A A A \a
A A AA A& MA A A \P
A A A A A A A & \
LY & & & A A A A A A A\ﬂ
0 \.
RN AA M 0 x L
10 - ‘i Al A : -] 10 A A A . u‘nm [y ‘ﬂ:r.i
. 4 5 6 7 4 5 6 7
Magnitude Magnitude Magnitude

sU 3.2./0813n5mMN1snseemvesnud  suawiuAulmnUssliulaanuismasiaie

wuRulnd A luginirendeu dyanval A fe IwusiuAulmluudazaun - M
dydnwal [ Ae drunulcuAulmazay vesmuiulmnivwn = M 1@dunss Ae ns1milans

Anuduiuslugndineansmuauns (3.1) Mussliuandeyaase @ydnwal L)

pgslsfinufausilpnmsinvewdasinasiniauiuiulmiuagiingfinssunmsiin
wiudlnilndidesty udidesnlaesssufudsulausiuiulmluasundsiulitufine 3
onaldfuransenuduounainnssuiunsmessalul sduguiuanssiuluneasden Fan
wsanluseazBenvznuinnigluirasiiiaunuiulnifedny awﬁﬁuﬁsiaaﬁLLaquaﬂsiums
Aounuulmiuandaiuing wumaneumile neunans viensuldvesnyafesusudentan
aums1-Sunnsiu enafingAnssuiadeedstulaenmruudenaazuandaiuluneazden

éhsJm@ﬁuaﬂmﬂmsﬂizLﬁquaﬂiﬁmmilﬁﬂLLsJuaulmimsJiammﬂiflw FMD  wdusiay
widgsidawsiuiulmfuandusy 32 TuvadainusuiulminesenmnsoUsdiunginssums
Anusudulmlnsnmsuiuvasiiiausiuiulmlan senduiiuidesseruaiivintu wastihdeya
uiuAnlmfieedatuluuiasadinudosnasnnsm FMD uazdsuidiuan a uawen b enudy
MniuFnimamsUssiuluutasgagosnaiunuiduduaugs ( contour map) vty
AU UWNUTLAAINNINTEN8MveIAn a warAn b (5U 3.30-9) FudANeEdABuY Auanads
ANlLUEUINTIAT AN FMD W daudeauuanasgiu ( standard
Wosldud ANaenARDITEnIUUTIaeImMnNANaMan SkarToNATSIveANNTT
goodness fit of FMD) (3U 3.3p-9) (Pailoplee Wag Boonchaluay, 2015)

dufumstianesiaunts FMD TudsiufivinamyineiauTuduasiufilndiAes Pailoplee
ey Boonchaluay (2015) weituiiAnwesnidufiufidesuun 110 x 110 sssilawns (Uszaunal
1°1°%) warldtogauiumulmiifndunielufiufisosunainens  FMD  wastssidiudn a uaz b

deviation)lag

FMD (%  of
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FweAadiAus MAgItes (U 3.3) uiillesnnluviiiuiiges wuluusnunyamveswiuiion
lan PWT SAT uwagnaneuldves SLT (manewavs 8 way 9) Wuiiveyaurudulmliisanasianis
APTIPRAUNIT FMD  oensiitiodfy Pailoplee waz Boonchaluay (2015) shildiausnanis

aad

Usziiluel a Wag b muﬁ’jwhaamauq Tuudisenan

23U 3.30 uansiuiifiuansen a figeednedoau 3 Wufl (a = 4.0-5.0) 1éun 1agTusen
voufles uzilan ( Manila) 2vemeumiiovendles A  ( Davao) Faduiiuiifiindusesideu
wiufulmnszemegetnmuuvuias 3) Uinaudes 1unla (Manado) Fseglndruivmyadaves
wiuFenlan MSTUAESSZ (vinenan 4 uae?) Tumenssiudny fufimenoumilovesunynives
wiudenlan SAT (vneiay 8) wansn a Mseglurag 1.0-20 (U3.30) uazidiefiansannis
nszaeesen b (3U3.39) wuth danlvg) denrdesiunianszneresn a luiuilasfiuivden a
g9/ awilAn b ge/m atnaduiudiu

Tudaures mugniesusiugivesnmsieszsiaunis FMD Tuilufidnulnsenizes1ebemi
myadvesisiudonian dadsuuinmsgiutonnino.2 (3U3.3a) S a wag b
fuszduldlutnetuiiuinnundsusiuh vennniaminaendessesviuuudassiliussiiu
wazdayatiafitnuniesst (U 3.39) daulvgfnuinm 80% Usidmamsussdiuildduinde
W Tuneata

TunsinseiluneaziBonvesaunis FMD muwnyafvesuudonlanguias -Sunndu fui
Anwldgnuisesnifuiiufisessuin 1° x 1° udmmiulusesfuiides {iteldidondeyausiuulmi
auysalfleglusaiiagil 110 nu. veusaslvunuazUseliufuyseneg vesaunIsmsnszaemALd -wun
urtuAulm wu A a A b Adudssuumasgiu usu eeldlusunsy ZMAP (Wiemer, 2001) 91n%u
thtoyaitlélunng Aufidesmvhusuiiduduminguasuansanisfneilugy 3.4

Tngnansfnsmuinmsnszaediuiivesda oglutag 1-5 (3U 3.4a) Ineiiaosiiuiifuansdn a 7
Tnautuniniuiiou (a > 4) Famneenuiaduiuifdfanssunmsiawiuiulmgarinfiuisug Ti ()
Menaumilovedioddaly (Sittwe) wag (i) nunAngiueenvewimellauns (U 3.4a uaz b) lun
nssfuihudmsuusnauenmeilimme funnidsandevesmeamnasidmuineia sglussfusegradiuld
90 (a < 2) (U 3.4c uay d)

Tunsaifiunudien b (5U 3.4b) nan1s@nw wu 3 ﬁmﬁm Fiwanse b ﬁﬁWﬂﬁwﬁuﬁﬁuﬂ (b<0.8) %4
Usgnaulume () melunizauins (i) neesiuandeandouas (i) N1wgiuanveinzguIng ax

LUIRAYBIMOgi (1962) Scholz (1968) way Wyss (1973) Uatnituiifiden b s wnefs fAufififianueden

¥ v
o

ﬁazamagmﬂﬂdwﬁuﬁﬁuq Fenrsanamea b issegraien Ustiwies Huiififldn birdenadreduls
venfamudululdgeitagyiliAnwmulmuundngluiiuilssseuennzanasiluauien

Tuduresanulsiutiueuvasen a uazen b fauandlusy dc weliiuiiuiidn 4 vesnamieves
lesan manyTusenuazaaldveminigilaud fuansiuiififidudosvumnsgumesd b g
ueNING9IN Wesifust aArmgnifes (% of goodness  fitffiussifiuaineuuanAnsszwinsdeayaaseiis
(Fwdeuluzu 32) uasnsmuuusiaesiivssdiuld (Fuasidugy 3.2) nuhitufidnlngfilesidudmmm
gndasiigs uenantiangy se Fawanmanszaeiesuiakiuiulmmgafiannsansainlieds
anysal nuifiuiidnlvgduiian Mc figs adaudonnmnduiiuiiuenseisihdlnaanamingata
wiuAl vl Auillaedulngldannsonsiafauuiulmoundng 16
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T
115°E
China

East Luzon T. Taiwan

Halmahera SZ.
Manila T.
Minahassa T.
Palawan T.
Philippine SZ.
Sangihe Double SZ.
Sulu Archipelago T.
Sulu T.

CoNoahONR

a-value
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3U 3.3, unuivaingiaulud uagiiuillndifisauans n13nseaedideiiuiives () A1 a (1) A1 b (A)
ANJEAULINATFILYRIAT b uaz (1) % AIUEDAATDITENINUUUTIRDY FMD uavdayadle

INANTNTIVIN (Pailoplee kg Boonchaluay, 2015)
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Indian Ocean

5U 3.4. LquﬁmmgmﬁwaaLMu
Wasnlanguing-dumn
AULARINITNTEAF
| 09 (@) A1 a  uwag (b)
Indian Ocean ’ ‘ A1 b NAUMS FMD
(© drnleauu
155U (d) wWosigud
aundedio (%  of
goodness fit) wag  (9)
YAkNURAWlAIY 0l
(%)  (Pailoplee, in

press)
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3.2. sunauniudulgegaiisnansaindulflusaulidneg (Possible Maximum Earthquake)

nauns (3.1) ivnauslag Ishimoto way lida (1939) uay Gutenberg way Richter (1944)
dhusuAulmAngngudenn TiniauuazdosenunnAnieUszgndltlunsyssidiu
woAnsIuMIARLHUAUlIlugULUUR9Y WY Yadav wagane (2011) wlasaunis FMD Tvieglugy
dun1s (3.2)

In(N,,)=Ina—pm aunns (3.2)

Taoen O uaz B Ao Aaciuasduiusiuen a  waz bluguves a=exp(ain(l0)) wav
S =bIn(10) FsanaAmulsvisaes Yadav uazany (2011) Iniausnisussidivauinununulm
aan (uy) Hanxnsafintulalugianal t ifiasan dwansuaunis (3.3)

U = In(at) aunns (3.3)
B

Fomnaums (3.3) munfumansiesegiauns FIMD Tudsituiiniuaunis (3.1) Snuide
SrurmnniitiauousuivaninsnszaefvemumauHuAulmasaaftasafatuld Tuuio
99 veaumasrdausiuivlmiiddnlunfinirendeuldun

1) wayaflvaskudanlanauLumiin1zvasUsemAdulalllde ( Indonesian Island
Chain)ileflazUszifiunginssunsiinusudulmiienadssanseyusuiivifodundsouuming
vosUszmedulailif Pailoplee (2015) lfuspifiuvuaunuiulmgeaniionnasintuldlusey 5-50
R ﬁrmﬁﬁa;ﬂausiuaulmﬁLﬁmzm'wLsumgw%’ffruml,l,ciul,ﬂﬁaﬂiaﬂ (interplate earthquake) (3U 3.5) lng
uansUssiiutsth fufidnlng esiuominesvessanedulaiide Snginssunsiauduiulm
Inaldesiu Inedlemaiaunufulmimeruingegaussatn 5.0-5.9 M,5.3-6.5 M, 5.6-7.4M, uae
6.2-7.7 M, mNNATUNTIIAVRINSARLKUALLST10U30 U wag 500 muadu (5U3.5) lag
fuifidngAnssumafnuduiulmsunssdian UszliudegniwmeuldveadisaUnands ( Palembang)
wazmanyusenveadiowg ( Palu) Fsillemainusiuiulmiiivuingeanldds 5962 M,6.56.8
M, 7.1-7.7 M, 4az7.480 M, lutrasnaidn 5-500uvasdi Ushamuuenues VAR REATER
Ussnedulnilde dewSoudioutuiiuiiou Seiiisedu  sunsiefireudion Tnedsydiuawa
wuRulmasaalaUszanm 5.3-5.9 M, ludn 50 Ydramth (5U 3.50)
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Focslbla il L

] BE 831 BE T4

5U3.5. unuiwayadivadusuUdenlanmuwuiviinizvessemadulaiide wananisnszangs
vaswmkiuAulmasn (mie M,) fanunsafindulalugiaian (1) 5 U (@) 108 ()30 T
waz(2)50 U (Pailoplee, 2015)

2) sowvdeudsnie (Sagaing Fault)lunisusziiuwasdnyhunuiiuaninisnszanesives
yuausuiulmgsaefiiululdmuunsenideuasnie seunanswesUsemens1  Pailoplee (2015)
I¢iasgvien a uaze b vesauns FMD ludeiiuil uastunussdurunausudulmgsiiflonma
Aetulug 5-50 T (qU 3.6) TamaanmsUssiiuansouisgesndusesideuazmenusedunie
woAnssumsiauiufuleeniu 3 du (3U 3.6) laun

1) sesdougeslutiailowdvinn  moundeveadewfumeiad ( Myitkyina-Northern
Mandalay Segment) Fsussifiuinduiiuiifiingfnssumainusudulmiigeian lasiloniadin
wuAulmun 6.0-7.4M,, lusn 5-50 U (5U 3.6)

2seadeuderluthadioufumziadflomsla ( Mandalay-Bago  Segmentiillonmaiiin
wuAUlmIvIN 4.8-5.2 M,, uag 5.6-6.0 M, ludn 10 Un3e 50 U auddu(su 3.6 uay @)

3) seideudoslutisuanyeilmeiadunisiu ( Off coast of Andaman Sea Segment) il
lonaiaunuulmlatavun 6.0M,, Ineuszanu Tudn 50 U (5U 3.6A)

3) mawmidevesuszmalng ( Northern Thailand)Pailoplee wazamy (2013) lauseidiu
mmmLwiuﬁulmqaqmﬁmmsaLﬁﬂlﬁiutwiasﬁuﬁu%nmmﬂLwﬁamawsmwﬂlmuasﬂszmmﬁauﬂm
Tnenamsussiutedihudnammeunioveadiesiiu ( Mong Pan) vessemans Sanindese
vasUsznelng (UShnsesideuwidi) WAZUILINTOUA Jeuunuus (Pak Beng Dam) Tuuszinaan
Huiuiifidnonwduwiuiulngaiian Tasamnsofauiuiulomng Tluwun 50 M, 5.5 M,
6.0 Mybae 7.0 M, mniiansaintugieaan 1 U5 U 10 Tuae 50 U awa1du (U 3.7)
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Tuvadituiidnlngvesnamievessmdletuilonadauiuiulmiisnivituiianem
Uinapug Tneflomafausuiulmgsgalunng 3 Taedvunaliiu 3.5 M, (U 3.70) Tuvazdimin
finrsandiszesion 10 Uuay 50 O wansUssdiuddhukuiulmiflonaialdgeanlifu wwn
4.0-5.0 M,, (5U 3.7A) uazwun 5.5-6.0 M, (5U 3.79) muaau

3U3.6.unuisesiiouaynie Usemanll Lansn1snIzneiidanuives vunawHuaulmasn (vl
M,,) Ndlenafinduludn (n)5 V@) 10 U waz(@)50 U (Pailoplee, 2015)
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100 km

U 3.7. unuiinamilevesUsvindlng anangJusenvesusemanaiuazninmilevasUseinma
LAAIN1INTEAANTINUTVES ViNAUNUAUlgen (v M,,) illemaiinduludn () 1
U (@) 5 (m) 10 Yuaz (1) 50 U (Pailoplee wazAnz, 2013)

ludves  wayanlvaiuUaanlanguIns-duaidiu Sumatra-Andaman
Subduction Zone) dudunantsinuainuidel wanmsfnuussdiumanszaiedaudaiuiivead
a uwag b n@uA1s FMD LLazﬂnmﬂssLﬁusummLLcJuﬁulmqjaqmﬁmﬁmLﬁmﬁ'ﬁuiﬁluiau 10930 ¥
way 507 M (5U 3.8) Tnsnansussiiutsdinelussezinandn 107 (U 3.8n) Wuildaulg
voanyafvesikuiUAenTanauns-suniu Memaiazifnunuivlmiidvunggauseunn
4.6-5.2 M, luvagivinameneils  sxfusnidsandeuasuonmeiliny fuanvoanzaung
Uspineduladlife Fadugnaudnansues wiufilmuunno.0 M, idotuil 26 Suaau a.a. 2004
fuulifeziAnusuiulmiitiiun 5.8-6.7M,, meluszesiian 10 J

uenaNdivn fansanvuausuiulmgagaiiannsadaduldludnso Yuas s50Uwme( 5
3.89-0) Han3UsEdUNE Vinameilonans funnvossae mihuagmsmouldvemginizila
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o
s & IS

UISUU um’mtﬂulﬂlé’ﬁ%lﬁmijuaulmmmmqaﬁq 6.1-6.4M,, 1826.4-6.7M,, 1udn30U wag50 U
iy Turngiivinalasseumeguastu fenuanselunisadanafauiufulmiiionn
il 7.0M,, vieenalviginiidu (5U3.8a) wiilesandesiislumamguivesnmsussgndldaunms

FMD Tunsuseiliunginssunisiinuuudulmvuinlg Youngs waz Coppersmith (1994) 85unein
wuAulawn = 7.0 M, Tnedsvana Shing@nssuiiuandrsanaunis FMD Taevialy usaed]
Snwagnsifinfilawz ( characteristic earthquake) faifulunuAdeidlitiavenginssunisia

wruAdlmifivunalugnin 7.0m,,

Indian Ocean Indian Ocean

U 3.8.unuiilunyadive s uUFenlanguIns1-duATIULEAIN1INTEANEMYR IV ALHUALLY
gean (v M) nillenaindulaluseuteneg (n) 10 () 30 wag (A) 50 U

3.3. AuayATIvaHuAulnIvIAm199 (Return Period of Earthquake)
lunsalnisussliunugUaan ( recurrence  interval)  vaduwduAulmtinuRuAulnIne)
anunsaUszdiuavgURTvewiuAulniluwiarsunlanauns (3.4) (Yadav uazansy, 2011)

T __ 1 _exp(pM) aun1s (3.4)
N, o
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faualdt T, fo augtisomduiulmluwasinn M Fadudunduressuiude
amudvesnsAauuiul Ny, lngannsadseduldang O uar B vesusdaruvidsinie
uriuAulm derindriluudalutedudaanaunts (3.4) muanfuranisinseyiaunts FMD Tudiiu
AuEANNTS ( 3.1) ﬁmu%’m‘i'}u'guu'}ﬂﬁﬁflLaual,l,muﬁl,l,amﬂ'ﬁﬂszmaé’fﬂu@ﬂﬁuﬁﬁuaqmuqﬁ’a%‘:ﬂ
(uaed) van1siaLEUAUlIITUINAIR) %JENLma'ﬂﬁ’]LﬁmLwiuﬁulmﬁﬁwﬁigluqﬁmﬂmLG’?jEJuVLéfLLd

1) wayadvasuruiGanlanauwuInginizvaslseinadulaili@e ( Indonesian Island
Chain) wamﬂmiﬂszLﬁumuqﬁ’asg'mawiuﬁulm Pailoplee (2015) wuinilesdrAgyarulvejves
Ustinadulafide i feogluiuiiiaugifsmesnisfauiuiulmidy wu seuldueuiiosua
(Palernbang) wawiilesduuu (Ambon) fiaugtidtesndt 5 Yuaz 5-15 ¥ dwsu usufvlmoun
5.0M,, Uag6.0M,, auamu(sy 3.9n uag v)

Return Period (Year) for Mw 5.0

Indian Ocean

diee”

Borneo

Return Period (Year) for Mw 7.0 A Return Period (Year) for Mw 8.0

Indian Ocean 500 km Indian Ocean 500 km
A i on a0 an = ) 1 o a0 an =0

5U3.9. unuillwayamvausuUionlanauuuivginizvesseinadulailigeuaninsnseangdives
AUgURTY iy ) vasmsiiawiuaulmiluwiazuin (n) 5.0 M, (@) 6.0M,, (A) 7.0 M,
uaz (9) 8.0 M, (Pailoplee, 2015)

Tumessefudnn Aufifdnginssunmsidauduiulmm Tiud seuniloveasiomsen
(Praya) wazmanyTusenidedlsiveaiiosid (Dil) daugtitvesusiuiulmauin 6.0M,, 1nmi 50
9 dandunsdivesn 1sfausudulm awia 7.0 M, (U 3.90) Sfiesiufiing memeuldvoudles
Unauts mangusenveaiiong (Palu) uasluiiuilndifsaiioduy 7 uanatsnamaliaay
giRdtienndt 30 U Tuvawitiuiiay 1 Sauedisunnni 50 Ylunsdinsifeusiufulmaue 8.0
M, (3 3.99) Hansussifiutatindeanugtisnnnndy 50 T eaeanuavgmedulaiide  dededn
Uaendsdmiuinadinlaeindsvesyusluilagiu

2) wayanlvauruUdanlanlunain1eWauTud ( Philippines Islands) Pailoplee uag
Boonchaluay (2015) 51841131 TuwsazvunauiuAulmiifansan unauenyelme Susenves
Ussinaldviuuazniany Tuenuesumyaivesukuidenian PSZ (vanewan 6)yavi uSimseuy
e HSZuawSSZ (vaneiay 2uay 7) imugtifdivesnsiausuiulmiidudledouty fufidy
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iy augtiswossuAdlnunn 5.0-8.0M,, fawszanudesndt 1 T 2-4 9 5-20 Tuaz20-407
mudiu (5U3.10) Tuvazfimsmeumilevesiamyaia MST (vaneiay 4) uazniansfusenuediam
4AdISLT (mnewano) fanugifelneiadefionniniuisuy lnewiufulmddvue  7.0-8.0M, 3
pugigrszana 100-2008 (313109

3) seulapUdN1Y (Sagaing Fault) Paﬂoplee (2015) 1JiumumuaumwaqLLmumulm
YUIATENINW 5.0-7.0 M, AU 'ﬁaal,aauayma Bawamsfinuved 31 m*ua‘umsm YoHUAUL
1A 5.0 M, teend1 20 T aaeandusesidouaznie (5U3.110) usdmiueaugtifevesusufuln
WIN6.0 M, 13087.0M,, Tinnnuuanssiuluwsastisvessosiou ne Pailoplee (2015) wisses
\Bouazme senidu 3 drudevasandesiunsUstilivauausiuivlmgaas

Seinanluludnedu Tneuduilmaun 7.0 M, Tema iatunne20-603 U3 sesideu
azmeszninflowdniu-neumieveuiles famsad uarUsziiuiisesideuduiiinginssuns
Anuruiulngaan lurasiisesdoudeslutadiestumsad-diomsla wansaugiisives
wuAUlI VI 6.0 M, Waz7.0 M, Usenas 30-500 waw150-3000 (5U3.11A uaz $lumanseiu
fu dwisusenideuazmeluduonyeilimziaduaify nanisussdiunugtisvesusiuiulm
U0 6.0 M, TAszana60-1000 Fsdeindudmidunsemianiileiisuiusesideuaznigdin
Juq (3U3.11)
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1 ¢ I L
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4: Minahassa T. 217N 4: Minahassa T. 27N
5: Palawan T. 5: Palawan T.
6: Philippine SZ. 6: Philippine SZ.
7: Sangihe Double SZ. 7: Sangihe Double SZ.
8: Sulu Archipelago T. Pacific Ocean 8: Sulu Archipelago T. Pacific Ocean
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3U3.10.ununviinegfaUTud wariunlnalAesaninisnseangdivesniuglag (e U) veans
WanduAulmlusazown (n) 5.0 M, (@) 6.0M,, (@) 7.0 M, wag (1) 8.0 M,(Pailoplee
a¥ Boonchaluay, 2015)
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JU3.1 1. WHuITo8iaauaYNIY ABUNaNUDIUTEMANI1  WARINISNTELRUTINUA YasmuaUhd)
(1w ) vesmsiiauduulmlusazauin (n) 5.0 M, (@) 6.0M,, waz (A) 7.0 M,
(Pailoplee, 2015)

4) mawmitlevasUszmdlng (Northern Thailand) Pailoplee wagamg (2013) Tauseidiu
AugtiTIasmainuiuiulmniifonn 4.0-7.0M, Uihanmamievesussmalnsuasfiuidiauies
(5U 3.12) neramsUsudutsthnamiesvessumalve Tnsanizegnsdemintn un gasdnd
HuiuifitngAnssunisfauiudulmm deifisufuiuiidiades lnefinugtidgivesnsiia
wiuAulnvg 4.0-7.0M,, Uszina 4 U - 2000 T mudidu (U 3.12) luvasimemeumilouas
ngiusenidvamileveaiiosiiu (meusulszmamsii -an7) fngAnssunainusiuiulmgs aonados
fumamsdssdurnauiuiulmasanludiei lesanisussduluiuiidv s wiilmonn 7
M,, SiaugiiFttesndt 500 8 (U 3.129)
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j L e
perlod of magnitude 5

g

WL
perlod of magn
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U 3.12. ununnawilevessemelng ananziusenvesseimaniuaraamilovessemeany
LERIN1INTEBRITINUTIVRIAUeTRYT (Mg T) vesnsiiawiuiulmiluudazuwin (n)
4.0 M,, (¥) 5.0M,, (A) 6.0 M, ke (V) 7.0M,, (Pailoplee wagan, 2013)

ludves  wayanlvaiuUaanlanguIns-duaidiu Sumatra-Andaman
Subduction Zone) Fudunamsfnuanuideil wa f\ﬂﬂﬂﬁﬂizLﬁuquﬁasgﬂﬁu@ﬁmilﬁﬂ
wiuAulmluwdazsunluuiion . wageimveuiulienlanainns) -suadu  Pailoplee (2015)
anunsausnyaiafandmoandiu 2 Hufldesmusedunginssuninausuiuln Tin 1) viom
ueneil zfusnideanienasas Tunnvennizauing Ussmedulafide Seduunuiuiag
ﬁﬁ]ﬂs'ﬁué’wul,l,sjuauimﬁqq Imaﬂw@umuqﬁ’ﬁ%maqLwiuﬁulmsumm 5.0 M,6.0 M, uag7.0 M,, 19
Ussann 137 6-12 T waz10-307 (U 3.13) Sedtodnduituiiifiaugifdiidusnn mnuieutu
wasiudausiuavlyndug luniiaeedeu

Tuvnued uifidngAnssuniafioud uulmsiegluiui 2) menounievesseimy Tusn
vosUssmemuazmeilautd Tnsfimugtidivesnmaiauduiulmluuiasaungniumandy
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3 whveswnyasiniemauls dennaluludieiu lngannisussidunudt wiuiulmuee.o M,
waz7.0 M, WuilianuguRtiuseanns 20-30ua2 =100 Unuasiu (5U 3.13A uag 9)

0°N

Thailand % Thailand

Indian Ocean

Indian Ocean

o B N W M 01O N © ©

X C
2

300 km Y 0 300 km

5U 3.13.ununnyamveswiulfenlanainn st -duniulaninsnszatedivesaug e (e
U) vvsmsiiaunuaulmlunaazuwn (n) 5.0 M, (@) 6.0M,, waz (@) 7.0 M,, (Pailoplee,
2015)

3.4. anuuresiluvasnisiiawsiuiulnalunsasauna (Probability of Occurrence)

uaﬂmﬂmmmLwiuﬁuvlmqﬂqmﬁmmmLﬁm%ulﬁuaquﬁ’asgwmmnﬁmLwiuﬁulm 1N
unuAulINeNGiansaUszliukaziansngAnssunsiauiuAulnve s L dawNuAulnalag
Tuvuuvrasanuinazsiliuveanisiauiufulv (probabilities of occurrences) Tuusiaguunauazd
fiRa15nee@unTs (3.5) (Yadav wagAny, 2011)

P (M) =1-exp(-at.exp(-/M)) aunis (3.5)

Tnaa PUM) Ao mmnasiduresmsdauduiulmown M Tutaanan 9 dslaeihly
anunsauaneglugurasnsinmuduius wu g 3.14 Aewanisusziliuanuiasduvenisiia
uruAUlIUINAI99 ( 4.0-7.0 M,,) Tudrsszegianlunsiansan ( 25-100 ) Tu 6 dsmdndieeng
voanawie Fudunaannisinulunuided deingu 3.190-a wandiiduindminded)
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a1 wava1une Tlenaussanns0% 70%uay 90% Nazifausudulvuig 5.0M,ludn 25T 50
Y war 1000auaeU TurasiuiuRulmvuin 6.0M,, Januunsduussannl5-40%nasinduluy
an 25-100 Y

ndwmiadedlng VIminau SV ZRRITAN
100 100 100
29 Years ] ]
a0 —a—50Years 80 | 80 |
o ] —a—100Years e e
> 60 1 z 60 ] 2 60 ]
5 ] 2 a
3 ] 3 8
2 40 + 2 40 ] 2 a0 ]
1 ] 25 Years 25Years
20 1 20§ _a—50Vears 20 1 o 50vears
E E +100‘(ears E —4—100 Years
0 L } L } L '\ 0 T T T 1 T T 17 } T T T '\ 0 ™ T T : T T 1
4 5 6 7 4 5 6 7 4 3 ) 7
Magnitude (Mw) Magnitude (Mw) Magnitude (Mw)
QIWTAUNT NIINIANTLLEN 2) Jmingnsfing
100 100 100
25Years ] 25 Years 25 Years
g0 | —s—50Years 80 1 —=—>50Years s0 4 —a—050Years
F ] —&— 100 Years £ ] —— 100 Years e ] —+— 100 Years
Z 60 1 > 60 1 = 60 1
s R =
Em 1 §40 1 §4o ;_
20 1 20 1 20 __
o 0 "t 0 : 1
4 5 6 7 4 5 6 7 4 5 6 7
Magnitude (Mw) Magnitude (Mw) Magnitude (Mw)
1 ) a I a 1 s sl |
5U 3.14. nsmanudnvziuveanisiiaurudulmuuiesie luseu 10 U50 U uay 100 Ulu 6

) ) ~ = )
FmIananamie (n-a) wae 3 Weau (v-al) lunanziunnueslseineling

wonaniluituil Swdaund neinarensing (U 3.109-2) muasduresniaifin
wiuAulnwn  6.0M,egfUszina 30%8n100 U FadewSeuifisuduseninadaninsieg
fanan agulsin Smindednd dmu wazd Gallsesideuididgeiieg 1wy sesideuusin
(Rhodes wavAniz, 2004) waysosidousiuie iy (Pailoplee WazAnE,2012) JINGRNTTUNITHAN
uiuAulmiiganidminuns neiwuazemsang

uenaNdananms (3.5) tnusudulvrineansatiausluguuuurowsuiildiduiu Tng
nnnwddelusfnfioaiiausluguuuuresmnuinasduvesnsiawiunulmuuinsieg Tugs
soznen 50 U dafuszernafivssduludowuindutaengnslénuresdngnatieiiugu
7lU warengiadsvesnudlutiagiu fviu mnaums (3.5) Fdlnuideurduihitausunuiuans
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nsnszeiludiudivesrnunianduresnsiouuiulmveussiidausuiulmidie
nlinpdeulaun

1) wayadvassiuaanlanasuumgiinizvaslszmadulaili@e ( Indonesian Island
Chain) 5U 3.15 (Pailoplee, 2015) wansruuiazidurenisiausiuiulmvuin 5.0-8.0 M, ludn
50 et damansinyedihneluso U eaesuumginigdulafideilonaunnnit 80% fiag
WakkuAulmwn 5.0-6.0 M, (5U 3.15n4a8 2) wAdmMTU LHUALlmTwn 7.0 M,, ¥388.0M,, i
arauanssiulUluusiay fud (5U 3.150ua¢ ) Teeluuinamameulfueadiosuauts ms
peiueenvonilesg warusnalaesourenneduuy dauunazduuinnit 80% uaz 60-80%
dm3u maiAnusuAulm vun 7.0 M, uaz 8.0M,, muddu luvugififisagaidng maneuldves
dosunants mameFusenvediesung Adulanuthandugsfe 80% (sU 3.150) Tunsdlifiansan
Tonanmsiinausuaulmuuin 8.0M,, Tudn 50 U (5U 3.159)

2) waynalvasunuaanlanluniinieWautud ( Philippines  Islands)iansusziiiu
aruhasduresmafeuiuiulmauassgluiufivginefauluduasiuidrades (- Pailoplee
way Boonchaluay, 2015) Usndmsunsiuiulmunnns.0-6.0 M, (U 3.16n uaz 9) IAu 19y
Hures malin 80-100% udn 50 vt Hufl wameflauludendsiuidiades  Tu e 7
wrtuAlnawa 7.0- 8.0M,, (3U 3.160 waw 1) auasduduuensmatulusdasing wunsdues
unuAulmauin 7.0 M, waidawsiudulmdnlnguansanuiiasiduvesmsifaunuiuln
Usanal 70-90% (5U 3.160) Tuned fiftesiufiing unsdufinnens fusenvesUssmelduiu
dosmuagmang fusenveidesumanle fifsmuandiifiudsmnuasiuvesnsfouiudulnm

IR 8.0 M,, 110N 70%kudn 50 Yty 3.169)

POE (%] of 7.0 Mw In 60 Year o FOE (%) of 8.0 Mw In 50 Year

a ] & 0 B ] ] 0 & an H W

5U3.15. unuiiumyaivesukudonlanaaumginzvessmadulailiouansnisnszanesi
Ypalond (Mule %) WakauAulivwa () 5.0 M, (1) 6.0 M,, (@) 7.0 M,, kag () 7.0 M,
Tudn 50 U (Pailoplee, 2015)
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. 15°E
A China

15°% #7
China P

J i susaeunuivgineilaulud  uae
e e NUNNAPIENINITNTZIY

o | o

::,L:b.m,,m. .Qm.,,b.um. %) WauiuAulIe - ()
o S N 50 M, ()60 M, () 7.0
“ M, tag (1) 7.0 M, Tudn 50
z U (Pailoplee Ay
3: | Boonchaluay, 2015)

China -~ A China e
v 400 km o g 400 km
LatuiaonT, ” Tabeun Zhamaneragz, o
- Ha - Haimahera
Lo aow | AL o
5: Palawan T. 5: Palawan T,
B’ Fhlllpplnesz & Philippine 8Z. ™
gihe Coubl 7: Sangihe Double 52.

a sulumcnlman 4 Pacific Ocean gfgszﬁcmmgnt e Pacific Ocean
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il o el |

Baneo S Banea |
—  Active fault T8 [ — Active fault Bl
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3) seudauazng (Sagaing Fault) wan1sUsziiiulag Pailoplee (2015) U naenuun
sopvdauarniefinunasndu100% Aukufulmuwin 5.0 M, asdatuly 50 U (3U 3.170) dau
msUssfusuAulnawn 6.0-7.0 M, @nsawlssesideuasnmesendu 3 dwdes Tnoduiiil
woAnssUMIAAKUALlmaanegy seriliswEndutweumileveuiiewlunziad danuuie
Wuvasmsiiaunuiulmawn 7.0 M,,60-70% Tuvaziisesideudssdruduiilonmatioonin 50% 4
wdausuAulmawe 7.0 MuBn 50T (3U 3.17AuenniamsUssiiuanunasdly
swazidoavesdladvey 6 les Msegluuinalndiundusenideuasnis  (FowdnAudumsiad
nos8 lned wanfuasilosey) uanvidesdiniunasiulee] udesiflenaldiusune
MnuRuAUlmnniian neiflenia 40-60% MaziAausufulmaua 7.0 M, ludn 50-100 T Tuvaiz
douumziaduazenas SsUssuindudesifinginssunsifauiuduliian fanuuhasdu
tonin 10% faziAausudulmauin 7.0 M, melu 100 T (g3wazdenalu Pailoplee (2015))
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&150'

cas0km - o

s

L
i

gﬂ3.17.LquﬁiaaL§auazﬂwa Usenanal  wanan1snszatesadeiud vedlenta (e %) i
uHuAUlALIA (1) 5.0 M, (@) 6.0 My, kaz (A) 7.0 M,, Tudn 50 U (Pailoplee, 2015)

Tuduvesmansinuidelunuidetuvsesnidu 2 fudl Hud Wina mawievesseina
Ine (Northern  Thailand) wagiunyadivaturuUdentanguins1-dunsiu (- Sumatra-Andaman
Subduction Zone)

fufidnwndl 1 namiiavasuszmelng (Northern Thailand)uaannsussifiuaning
HuvesmaiAausumilmiifvnm 4.0-7.0 M, Tudn 50 U fuandugy 318 (Pailoplee  uas
Charusiri, 2015) wuinilautazidu 90% Awsuiulmauin 4.0 MW%Lﬁmﬁumﬂlu 50 U (5U 3.18
n) dnlunsdlvosusiufulm 5.0 M, wnemmeulduaznsTusonidoddussiuiine Fmiaung
wazgusAnd et Taneisn) flon1aUszanaco-70% duufifisus fomavssinas  70-90%
(U 3.18%)

dmfuusufulmunn 6.0 M, (gU 3.18a) fuillndiAsswesimindedl dmuuazdrung
flomaiiin 20-40% Tl 50 TuvazAidminnzien unsuazamsang Tenatiosndn 20% drumsiin
witulnwun 7.0 M,, fanutasdudesndt 10% udn 50 T naeansiiuiianu (3U 3.189)

Nufidnuii 2 weuaFveswuEenlangunas-sunisiy ( Sumatra-Andaman
Subduction Zone) 91n3U 3.19 (Pailoplee, 2015) uansliifiuinilonia 70-100% fiusiufulm
WA 5060 M, wwintusasnuuinypdomsudenlanguian -Sumify  (5U 3.190-1)
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Tursfiukudulmana 7.0 M, tulusinumeumiioresnynissinaeilmg fuanvesUszina
mhadlufwmemouldvemgineilavinuinanduroimainlutiosnd  50% widsasdilona
Fou 100% dwsuludrumaneuldveavnyni Usnauenyeiline unnveamegunsiflenaas
WinanwsuAulmvug 7.0 M, Tugn 50 U (3U 3.19)

uennil wamsUssdiuarnhanduresnafewiuiulmly 4 desddy Adedlndides
fupyedvessudenlanauins-Sundu Inefansaniivaans -50 Yusdandles erefs S
thanduiimiianiiezfausiuiulmsuidosnanunyed Tasilena  20-90% ves wrudvlydid
P19 6.0M,, MAnTuluEn 5-50Tluvariiios Famu (Sittwe)ilaund (Nicobar)wazeazyi (Aceh)
Wz Sanuthanduilndidestu Tnelomadausuiulmaun  7.0M,, Tuseus 10 930 T uaz50
U dlinUssanas 10% 20%  50% wag 60 % anuaiu (g3teasidenly  Pailoplee  (2015))
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U 3.18. wfimawdeussmalnounsdin uans aihezdu (mhe %) vesmsiiausudulnm
219 (1) 4.0 M, () 5.0 M,, (A) 6.0 My, tag (1) 7.0 My, Tu 50 T



Indian Ocean

Thailand

Indian Ocean

Indian Ocean

3U 3.19.ununyafmveuNudenlanaunsy -Sumiulaninsnseangdives lena (i %)
Walkkuaulmvwe (1) 5.0 M, @) 6.0 M, wag (a) 7.0 M, Tugn 50 T




uni 4
AsUsTEUNURN BwEuAu N9
(Seismic Hazard Analysis)

a va o 1

4.1. nsuszifiunUAneuauful®g (Seismic Hazard Analysis)

nsUssliunURfsuRuAulng (Seismic Hazard Analysis, SHA) (Kramer, 1996) o N3
Uszillusgauunssduasiiiauainuiuaulng (ground shaking) Nllemainduluusiaziunluswian (g
U 4.1 Usznav) Falinuansluguvessnsnsegegauuiiugiu (Peak Ground Acceleration, PGA) wagil

1 I3 s & ¢ Y] o oA I a2 A
niodu Wosiunvesdnstsoulosanainussliuaiwedlan (g) lng 1 ¢ = 9.81WAs /AU w30
a dz

gal 1nw 1 gal = LiwuAWAT/ AU = 1/981 ¢

mninsauauninglusigaziden o ATRSsuHuAUlA ( seismic hazard) FguANAI

Y a

90 desfBwsuAulvg ( seismic  risk) Fmneds seduamnuidssfovesiinuaznindandives
uyud Feazidunanisussiiusiuiusening AvRfeusiufulmuasyarmindauinanvesywdluus
agiiufi

Fefuduiififlenafausiufulmedisquuseduldlffuisiuiidestvosssuusaaue
fegnatu 1) SunasiudauiufulmiingfnssumaiausuAulmiguisannegnaa uaau
167 fAfpgausidessodindesnndugaussnansudliffddvieuyudorfveguio 2)
wasiuausiuavlyvuadnegnanaingamme uanulddn SRdRssusidesfogs sziaus
ilusaduin uifhazairsanudemeldinn iesanngamnn Inswdaunilyadas us

Highest
seismic
hazard

Lowest
seismic
hazard

[y

U 4. LunuiluansitRdousudulm (Seismic Hazard Map) Tuiiufisneg veslan (USGS, 2010)

va o

TnendnnslunsUseiufithsouiuiulm fudsddgfisifudmiunsussdiul - 36
wUs loun (U 4.2)

1) undsiudausudulva (earthquake source) Insfinsanitaguauasnginssumsaiin
wnuAulm gslumsinsanunastidauiuiulmiiensdwansenuduussduasiteusoiuiifnm
Taq ShusuRnlminervsfomwesfiuiiniieenlustdieden 300 Alawns ( Gupta wazARL2002) 3
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sgfpinfiansanwasindaudufulmlinsounay 1wy mnfesnsusediundidowiuaulnaly
Uszwndlng asvenensiansanuasiilliaududulmeenluraeunguiia wi a1 Wudu

2) Anwaznsaanauussdusziiiay (attenuation characteristic) Unfussduay (iouan
wiuAulin szanneuailoliu yesenaingaguinatsusuAulm lufinaisineg fe  szazmad
11Ny Fansaaneutesusiduanitouaranasegenaiiviod Tusgiudnuusiansnig
stiveldRuvesusariiug delligtuinisiaueaumnieuuusassnmaannounssduasnitoudi
uanenafusnnungluusagiuiivedlan dafulunsussduRoffouiuiulm dnukuiulmazdes
Fonltuuudiassiimnga

3) nMsnovauasIEusniawluRuf ( site respond) Fallasuddryivinlnauusiuniulm
fauuUsiufenndnunzeieg vesiunienznoufiunequluusasiufiny anumiolasaiuas
arudnvestuiu Tnsnnnsdidnuilunaneiiuiivedd fudfiduiuseuiinun azsily
ussduagfiouvenefsuusstu 2-3 ui

35910 3 Yadeiidndudensussidudanan dhusiudulyineiamnsaussliuiidde
wsinfulwlel nunAslumsUssiduiifuifoutuegunsvarglutlagty 2 wwfnfe 1) s
UsziluivRssunuiulnngIsiuuaai ( Deterministic Seismic Hazard Analysis, DSHA) uag 2)
msUszliuRvRssunuAulmainauLnazdu (Probabilistic Seismic Hazard Anatys is, PSHA) %
faosisismiuandudsidwitetatefisnuiiedetu uilieuusndetuianssuaunis
AR uaznadnsildannmieTe naenaugnUsrasdueanslinansussiiudunufiuingeg

a [y

ﬂ’“ pusuRAul (Kramer, 1996)

5U 4.2. fudsddgyd Sndud mﬁumiﬂiumu

4.1.1. msUsziunURAnsurufAulnIfesAmuaA1 ( Deterministic Seismic Hazard
Analysis, DSHA) (Hull uazmmuz, 2003) LfluLLmﬁmmiUizLﬁué“uquqqmﬁmamaLﬁm%ulé’
(worse case scenario) Tnginsanann 1) wkufulmivganiianmsafiedulduay 2) AaldlndTian
winlazidald Sawnpeidduiitedlunmsussdvluiuiindauddy wu Tsdihidaedes Wou
vf%ammiqﬂmamamiﬂmiuﬁﬂ%uamwéfuLLsa%’uamﬁauﬁqqmﬂ Tnetunounsussiuiviss
wrufulegTsMvua Usenaume (5U 4.3)
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Step 2

M1

Point source @
i.e. volcanic eruption

Step 4 Step 3
s 3 4
FGA
=]
= PGA 2 -
PGA__ J peaz > <
PGA 3 °
e -

Distance (km)

va v

5U 4.3, TunpunsUssiiuiURgsuRuAulmedsimuea (Hull wasmne, 2003)

1) AwussuiiaazduunsuTwemrasiillausuauln aasnsuUssiiuun
wiuAlmgeaafiannsaiatuldluwiasudeiidadngn (U 4.3 suseu 1) uhumisvdosus
vosumassiauiuuln axdusyfudnuuemessduUsdagu (tectonic setting) téun wiufulin
fAnnMsUsEyesgill szl ainusduasiiouluisaulndiudumagunl Ssde
Tuvastudausiufulmuuui iWuuuuge (point source)

Mﬂﬂiuﬁuﬁﬁﬂ‘tﬂ’]ﬁ?uﬁﬁﬁ]ﬂiiumilﬁﬂLLN'uau‘lWJLﬁﬂ%ﬂuﬁuﬁLLﬂU"'] DYNTALAUNULUITOY
AeuwsuAulv (earthquake fault) WnusuAulminevsdaduunasriudaunuiulmuuudu ( line
source) (5U 4. 4n) danluviansdl uiuAulmenadntuluuinunivesounquituilaiuiinds 4
p1vaglifiniusernsdmauiuusesidououguiv lunsdiduitnuiuiulmineiens
Uspiduiundsdauiumibni@uoudeiuil ( area  source) Bondh wwatidinunufiulm
(seismic source zone) (3U 4.4%) Gavmneds nseuiuiifdeinanelunsouduinginssumsiin

& 1
a

wivAulmmiisunserdefuuasiansnsiauiuaulmlalunninglunseunseiuniie
uH AUl
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600 Alamg

U 4.4. unuiiuiuiulnggiinaeduns fueenidediuans () seuldouusufulm ( earthquake
faulhnsrurmananuIdslusinuazinauslang  Pailoplee wazAmy (2009) () lwARLER
unuAulvg Minauslag Pailoplee wag Choowong (2013)

2) Vszfiuszazmeanuvasiuiauiuiulndgednm (U 4.3 dunou 2) lnglunsdives
wiasnuiaunuAulniuugn iansadnssegneserismaaillawiuiulnikazandnula
Tnenss luvnsiudsidausuiubnuuudurdouuuiind Iuaduvdeiiuiidus sendugndes
wagnTIInszaEmengaAnufundsindawiuiulmgesuiazga Mndudonsvermaiiduiian
Huiunuessrermanniuiifnwdudeidausiuiulnm

3) thuusildarn 9o 1) vunausuiulngegafiansaiatuldues  2) ssegneduiian
sgIuraInlawHuAUARafnY I UTBEuR IR S uruAu L (5U 4.3 dupou 3) lagld
LLUU?&"]@ENm‘iaﬂwauwﬁﬂé&uazLﬁauﬁ]’mLLB\iua‘Lﬂ,m( strong ground-motion attenuation model) ﬁﬁ
Arungaufuiuiinwddasiludnuarnsaameuszdueg fudnuvarssdul sdugiluiiudidy
i winAvlyiAnluuSnainnsyada ( subduction  zone  earthquake) leilr wuudhassd
auelay Atkinson uwag Boore (1997) Youngs uagmmg (1997) Crouse WazAtdy (1991)uay
Megawati  (2005) 1wy vidourunlmiiinluudnawnsesdeuntounsesunnuuiumiy
(shallow crustal earthquake)ldiun wuudassiiviauelng Esteva waw Villaverde (1973) Idriss
(1993) Abrahamson Wag Silva (1997) Boore wagmug (1997) uag Sadigh waandy (1997) 1Huduy

1) Wisuiuseiuussduasiiiou Mssiduaingafine WeRnsuuvasidausiumulm
#199 uazAmAensysuLssduaziiougsan udusumvsssduazifioufigadnwnilonalssy
Nansznu (JU 4.3 Funou )
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4.1.2. nmsUszdiunURfusiufulnafeisanuitazdy (Probabilistic Seismic Hazard
Analysis, PSHA) (Cornell, 1968) \lun1sussiiufivideuiuaulmuvuysannistoya tnelduuifn
vadlomanierunanduiinsfndudislumstiesging 1wy 1) anudasfufiasiausuiulm
Tuusazaun 2) Anahasduresssosmenuvasidauiudulmisiuiifnwuas  3) rnutnae
Huanenliuiuouresnmsanneuussduanitou IneiinsUszidiutsznaude 4 dumeu (U 4.5)
wilumeasBeniinududeuasesennainnnindsmmuad &l (Kramer, 1996)

1) Puunusveurasiiauwauiulng WukeatunsUssliuivisowsuaulneig s
fvuaa Mntulszdiusssgmenuasiidausuulmnisiuifnulasedluguvesemiuinag
Huluusiazazzms (U 4.59uneudl 1) wwu Tunsdvesundsinfindeiud vldlasudsiiuiioandu
fufidosniulssliussssmennuiasiiufidosiaiuiifng wasUssdiunnadululy
(probability) Tuusiagszaging U 4.6nuansiegnansuszfiupnuuinasduvesszesneansey
Houuin fsunadies Smindednl lneulansdifnuuesssosnensssrduigaisszeren
fign Iy 50036l Faanfiuirssesmeansosdeunimisdodmifirnudululddou 23-105
Alawns neanuhasdudiulvgvesszeznisegsening 30-55 Alawns

2) Yssidumuinasfuiiasfnusiuiulnluusazauadesaduludesiunnmsiinse
Foyawiuivlmlusinfuauns FMD (auns 3.1) Tuusaziiud usidosnnlutlaquiinisdinud
ssiineusuALlanBeiu waranuamsinuvhlisuideyauiuiulmiléannisanainde
wnsflonsrataiiulilfuansdnunsresinanmuesundsidausiuiulmoehaionun adidesan
Tunsadsnnudngrumsssaiineusuiulmusiiiesfausuivlmonalvg sedu 6.0-9.0M,, us
Lilgtnstufinlffntufinmass Henansuieanedosilonsinin fsamnuanlasnd
LLﬂiuﬁuvLmﬁﬁﬁummimgﬁﬂﬁmuqﬁ’a%wﬁmamu Wi 1,000-10,000 U %aﬁd’mnmﬁuwﬁayjaﬁﬂuﬁﬂﬁ
sy Rmansviedeyaniniaiesdionsiatatulinsounquaiugtiduowusuiulmaualg
gy eunuduAulmAne Wy Schwartz uaw Coppersmith (1984) uag Youngs uag
Coppersmith (1985) Fslgunausuuuinasdlunisusziliunginssusslonianisiiauruaulnly
wiazruInvessazuvasidausiuAulm Taelideyauiufulminsefalsnniaiefionsiainuay
TufinmalsziRmanssauiunanisinyisussdineusiuaulm wu doyavesdnsnsideusised
(slip rate) uasiuiinmsUsunanvessosideu ( rupture area) Wnsainuanmsaneilusieasideniag
Youngs Waz Coppersmith  (1985) wuluuudnassuuunulmanwuzianig (- characteristic
earthquake) (3U 4.7) Tanmwanzasuazlvimnansiraodemaiauiiulmluusdasyunnd
TndiAsailenSouiisuiutoyasssilatudinly
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Step 1 4‘-‘:‘ Step 2 — G-R relationship
= T " Exponential magnitude

o) Z e emm -
= & g BNeR Characterictic EQ
E VAW 2 S
g R - =2
o -

Area source

i.e. seismic source zone |

Magnitude

%‘ Point source

=

2z i.e. volcanic eruption

(=]

o

Step 4 R Step 3

@
2 A 3
@
=
@
8 @
) 2
@ <T
] o
(=]
= a
E
] ! -
g > >
o PGA (g) Distance (km)

[y I A

U 4.5. Jupsun1sUsziiuiivAsewiuaulnmeisanuiasdy (Kamer, 1996)

Tu

0.1

FEadaas
Adnaz i

23 3 4 50 B9 69 TR BT 96 105

4.2 4.8 5.4 6.0 6.6

segssmanuysi e A vl dfuiline na) o -
ELELE Y G e

U 4.6. n9viuansiegauanluves  (n)  szevmeiduldldannsesideuwinifedimin
Weslmi@unuaulmaunmieg feraiatulaainsosidouing

U 4.69uanwReg 1 INaN1TIRTziAasiluresnsiinwuAulsnnmiieg vedses
Aeuwlmludorindodul Tneuvsunauiuiulmesndy 10 nsdl szdng 4.266 M, (WU
wiuAulmgeaniannnsafiatuld) Senguanduldd ludiounauiuiulm 4260 M, tumiu
W19z, 0uv9IN131AnAzanawNE1AUIN 0.23-0.04 (23-4%) donndesiungAnssunisiinunuiulin
AuEnEAEANEITUSIINaNN1S FMD anntuasninesiduresnisiinunuiulmeing 6.3-6.6 M,,
AsifiusEanm 0.03 (3%) Fauansdnunzvasnsusadunnutingdunuuuuiiaosusuiulm
anwzlaniy (Youngs waz Coppersmith, 1985)
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3)  Ussluanuivsilurewssduaziiouluisiazseiv lnethAmsseemauazaun
wrnfubmnimualiluusagyasdos (@usasszegnvgesiazuuinuwiuaulmeasaziiaianuiiag
Juiivey) didhiesgisuiusuudiassnisaaveunssduasiiiownnuaiuaulmnmunean 3dlu
druvosuudasaesniauliviveu vielenmannuiasdulivinduuiu lneynuuuinassey
g udeauunnnsgiu (stkazard deviation, SD) kANA19U AILUANSATNIGIEAVRINUAY 71ld

° A vy & A ° vy & 1% 9 %
nmsiadielaindudneds (- mean) Ineiuualiinisnsgaeanudulilauuuiges
(Poison distribution) warAIUANAIEAAIULTERUULINTFIUVBIMUUTIADWINAT

MTunaINTuneull azlinavesrnnugeaauuiuAudaduaade wazauuiezdud

) - = 9 w A o A YR < -
wssduasLieuaziisyauwiuvIeanninALafeseauingg (U 4.5%umeun 3 ) lagainlusunsy
CU-PSHA (Pailoplee wag Palasri, 2015) MyuansiAnwveseuLduaziiousgsenie 0.005¢-

= 1 [d ! [y Y ] a 14

2.995¢ Famnuunziluvedusas seaunsduasiieuansauseulanauns (4.1)

log I:)HA) a@un1g (4.1)

P[A(m,r) > A, | m,r] :1_(1)('09('%) -

o

fwuali AAAmM ) > A | mr] fie anuthazsiluresnisiiaussduasiiiousssiu A,D Ao n1s
nszanefvesnnuasduluutheed A, Aeseiunsiduasiiioufiaula PHA fe Avnduvessesu

wssduaziitou o Ae drudsauuinassuFeruliniueuresaunsnisanveulssduagiouan
wNuAUln

ndrntu suseugaThevosmsUssduitisouiuilndeBmmieedy (U as
Funoudl 4) Ao nsadreansWATRSY (hazard curve) adunsmauduiusseninaruandy
(WNUY) suaamiLﬁmmé’uamﬁauﬁzﬁuma6‘] (wnuwon) Fedsufiumnusdusinaniszeyms
nLELAUN wazanuliviueuvesdnumrnsaneuLsEuasTioy fuuandluaunig (4.1-9.2)

AA A) = Zv [] i (r) fy ()PLA(r, m) > Ay r, m]drdm AuMs (4.2

v, =exp(a; — fim,) aunns (4.3)

fueld A(A2 A) e arutasduvesussduasiioussdusing q  Fo (1) fe anuirasduves
° 1 a I a = & A f a ' & a I a
szpznINAudinIsiawiuRulmaiuiane  F, (M e anuinsduresnisifauwsiuiulm
Tuusiazauia waz  PLA(M, 1) > Ay |, r]de anuthasduvesusiduasiiioudosanududiulm
wn m Adeu Ingvihsaniuianwiduszeens I feUsziliuananwaznITaney
Y] o ! & A = Y] a I a T A I o a I a
ussduazifiouluusaziunV; fie snsinisiiaudurulmlneunelveswnasiudauduaulng 7 a0

U o a 1 a dl a Q‘Jl 1
unasidausuaulmaldlunsiasaumiomun NS uras
9n3U 4.7 (Pailoplee, 2016) uansliiuindainngauysilonaldsuussduasiiiouan
winAulmluwiagseivaniign sesasnfednauidosaautasssuamuasiu Tuvaende
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v
aa va v

Wisuilguiudamindue nsmidRdeuduaulmuiinngavme sulndidudign Aedlenalasu
wsdUALLIaURINTT 0.05¢ w1agiansanlenia 0.00001 (AMugU@en 100,000 U)

Peak Ground Accerelation (g) U 4.7 .asuidRsuwiuaulng

1 e (seismic  hazard curve)
9 01 02 03 04 05 06 07 08 09 HARNAAALNUTIZIN
] audulule ( 9eflunnusa
1 ——P1) Bangkok YIS IE IO
01 ——P2) Chiang Mai nnusudulm (9 luuny
——P3) Chiang Rai UDU ATIEALUAUALUIUIS
g 1 ——P4) Kanchanaburi Janinveauszmalneg
g 0.01 — ——P5) Lampang (Pailoplee  wag Charusiri,
i . ==P6} Mae Hong Son 2016)
"g ] ——P7) Nan
= 0001 - ——P8) Phuket
-§ ; P9} Ranong
o ] P10) Tak
0.0001 -
0.00001 -

P1 P8 P2  P5 P7P3 P10 P6PS P4

4.2. uidgluehn (Previous Work)

= = < = a IS A i 1 | o a 1 a

duitlosnnussinalne Wulssmanilsluginaendeuieglilnaanuuaailiausumulg
dAry uaztrslasunansznuanivissuiuiulmlussAuiumnaiunaenssazaluofn i1y
UIFIDE1UYY NANFIUNANITENTIHUAULMIUTINAS ( paleoseismological investigation) laun
Charusiri agany (2004a) Pailoplee Lagmug (2009a) way Wiwegwin uavamdy (2012; 2014) 1Ju
£% Y & 1 < Aa A A Aou A [ 1o 1% lejtu
fu wandliiuinUsemalnedulssimandsesidounsunulmndslindeeg i mewgilin
unuAUlAINeFsianuneeunarUszilivaaunsaniRssuNuaulmlulssmalneegsroiio
wazdinsuausuNuNRURfsLEuAulmALnna1eiuIAnINY TawA

Hattori (1980) f® tnunuAulwIIngAuLsAIU UL UARTAA lauAulmTIAsIERan
ezl ngdnsziandeyauiuiulmanneiodionsiaiaiildan nieau the
National Oceanic uag Atmospheric Administration (NOAA) uwagldluudnasinisannou

Y ) a . = Aay v @ 1 d’lj a 1

wssduaziiouNUNUANlITeY McGuire (1974) FaLHUTTLALAAIAINTNIGIgnTasiiuAY (Mg
ofansainIulaluseu 100 U Fwan15iasiesusinnamiolazniang TunnvesUsemalneg
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vednilonaldsuuseaduasiioulusssiu  20-50eal  (0.02-0.05¢) druifuiisusuasdsemelne
Ussilluh ldiind@ deunuiulmluseu 100 U (U 4.8n)

Nt Santoso (1982) lpuSuusamansfinuives Hattori (1980) Inefiansaunuvasriiniin
wtuAdlnndeyausiuAdlmfiufuinn  NOAA wazgiudoyannnsueniesine Ussmelne
aunuiluansrndnsssgagavesiiuiu (e oilaunsaiatuldlusou 36 way 74

Warnitchai wag Lisantono (1996) Ussdiufivaseunufulmlulsswmelnemewunfiaig
aunvzilunadinisves Comell (1968) Inglddoyaurufulmluszasiial 80 Yain Nutalaya
wavAy (1985) lUsuiliudnenmueauniidausuiulm ( seismic source zone) TAlATZYiuaz
$uunlng Nutalaya uazany (1985) lasTemeissuisguanvosiiuiudeuuusiassnisanoy
ussduazifiounnukudulmues Esteva uag Villaverde (1973) wagl@dnyusuiifiodfousuulm
fiflona 10% wAntulusou 50 TaguimamiouaznangSusnvesUssmelnesogluin
wriuAnlUnans Feannusuiiiodfeusiusulmfinanuansigaaniulssmalneyszana 0.27g
(3U 4.8%)

Indo-China: Accigal) on ground surfoce, Tr=100(year)
T O34 ' T T T T l T i T w q‘ T T T T l T

N ’090 Q‘
i

1QCE 102E 104E

5U 4.8. unuissimnAlnguasiuiLAewmanInsnNseeiives (n) ssAuwssduasiioy iy gal)
UsziliuiimugUagn 100 U (Hattori, 1980) (v) s¥auusaduaziiou (mihy ¢) nlena
aululUle 109% luseuiia 50 U (Wanitchai waglisantono, 1996)

wazanan efinruiulss PSHA Tutsewmelnelvfianuituasioanndeiu  Omthammarath
wazansz (2010) MinavewatidawiuiulifionsdmmansenuseUssmalves wadiia uas
Uszanawa smmsﬁayjaiaaLé"auLLsJuaulmﬁﬁwﬁggiuﬂiwﬂlmz1 soondou Tnedhanm  nsiAn
wiufulm Yssiliuandeyaurudvlmvesgiudeya NEIC, 1SC uazTMD 1Huuifisriuildlog
PailopleewazAniz (2009b; 2010) Fandannsthaiminlffuaunisnsaaeuussduasfiouan
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WHUFAUlIULUUANY WY Zhao wazAE (2006) waz Chiou waz Youngs (2008)1a
Ormthammarathuazauy (2010) iinszsiwazdavin unuiluandloniazosuas 10% fudaziiuiiay
IFSuussduanifioussiusineg  usotd (U 4.9) Tnenanisnssliuisdiuinanmamileuazaa
pzJunnvessunalveiuilonaldsuuseduanitenlusedu 0.2-0.4g uaziusqediilomaiiatuls
gails 0.5¢ dniluvdinunianais mald nangTuoen sauianiany Tussnideunie Han1sfne
vedhilomaldsuussduanitoutosnd 0.1g Hudulvg (U 4.9)

fusauAnuATedunuutes Hattori (1980) aunseiinisusidiu PSHA anan fitiaualne
Ornthammarath uazany (2010) uaasliiiuldFainnisfaunfgiuresundusuiulm fudsiide
fmgRnssunisfauduiulm mufuuuiaesdnvaznisaaneulsduaniteuanusuiulm thil
Arauaneeiy saituegfudeyaatiuayuiiodluuiastining lasnmgegadddutas 5T angn
wudeyatid auyRgIu waskUUIIRDIsNN) tusansuseshAoRAuuAuA s
Inethifoivdsuudadiinn Wy wasidausuiulmvesiiufiedons Sueenideddusuiulng s
AT LY (3U 4.4%; Pailoplee wag Choowong, 2013) suamaLLmuﬂuimmmiﬂiwsﬂuﬂmuumama
wiuAulmuswnaiinsyeduiiunaenszezioa 5 1J°v1mumaammiﬂquammimiammum
wngandmsuUsemalne Afnsudsunyautui ( Chintanapakdee uagAy, 2008) Snaive
rownthilfimunenenslumsiinszrsuaseuiuiulmludmuhanduesiuillassiuves
Ussinalve suviiuiifnueesnidfed winsoumaifeseiludainssmaioniaaii
Gumfﬂimj (Wanitchai ke Lisantono 1996; Pailopleeet al, 2009;. Palasri ey Ruangrassamee
2010) vilviiaudduiiazsiosinisusuguuudnaes auyigiu uazdoyatinii ileuiuuse
PSHA Tuasfoanndstiu drulunsinunided 3dldvhmsiinmeilnlludessanden filuwives
sefuusaduasiiou (earthquake ground shaking) 7iflusslevilludsirmnssuuazanutiasduves
JEAUAINTULTIVBIUNUALLYY (earthquake intensity)
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U 4.9. unuivszmalnenazUsza
YIULALILENITEAU
uwseduawifion e ¢) anu
Tomamnudulula 10% Tu
seu 50V9i8nsTeituRy
wnndwSewindum ¢ i
Usinglusy
(Ornthammarathiazay |
2010)

4.3. unasniliauaznganssunisiiausuAulug (earthquake sourcs waz activities)

duilosnuginssunsiAausuiulmlutentu suilesnanmsuuiuveusiuudenian
Budie-ginde shlmAnsesdeuduiulminnng nsvaisegianglussmalneuasiuilndides
uit ilesandedfnlusudoyanisinyidenginssunsinusiuiulmussusaysesideu vl
PSHA Tisnuitelusintuiinsgianmsussduwasiuiauiuiulmanuafidausiufulm
\Jundn 1y Shrestha (1987) Warnitchai kag Lisantono (1996) Pailoplee wagaaz (2010) S
Palasri ta¥ Ruangrassamee (2010) Fafausiin Petersen wazaauz (2007) waz Ornthammarath
wazAe (2010) Idihdeyasesidountsdsniiulunisiiesed PSHA fe uidoyasenidoudildiu
Piamgluwalssmelnemniiansalungalsunm  Pailoplee WavAne(2009b) 59UTIU 55 NGu
soodouwiuiulm luedenzTueendedduduiulng egalsmusulsiuuiuiulm wu 1)
vnauuAUlngsgaiansnsafietuld (MCE) 2) fiufinsUSunnvessesidou (rupture area) uag 3)
Shsmadeusivessesideu Athuinmeiluusazngusenidouty thanldeeangng degraru
nausesIARUsTUDILAYARBIIETE Palloplee UATANY (2009b) duilugiuinfisnsnisideudives
seuideu 0.1 uag 1 dadwms/Anuady
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TurmiAfediuiifnum Ewdeuddlusy 410 woe 10 gnunaauldeehatios 6 iam
AullausuAulm (Pailoplee Wwaz Choowong, 2013) uay 36 ﬂ&jmamﬁ'au (Pailoplee WazAe,
2009) Fandnunzmessdnsduguiwandieiu middedldsuunnguuesandidausuiulmd
fsuuumsidouiuardnsmsidouniilndiAvsiusendu 3 waddausiuaulm leudgsu 4.10
waEA1IN 4.1 Usznou

1) ngusesideumdeninainwilunuamile 18 (North-South Strike-slip Fault) Aesee
Bouazne Fsflemuemuszana 1,200 Alawns Mfanivileasalimmansunatsvesussmanii
(no. 13 Tugy 4.10) ImﬂamaEJLaaumﬂmmmmﬁmimaawm 23 un./4 ( (Bertruaz Rangin,
2003) szsl,uﬂiwammamuwumﬂmﬁumm 8.0 3nwod inofntunnngusosdeuiiletud 23
NOWNIPAY A.A.1912 (Brown, 1914)

2) nguseidsumAsindnsluunsfunndeanie -nrfusonidedd ( Northwest-
Southeast Strike-slip Faults) Aengussesideuiinneiluluimouaussnitmsme fuoanvosmsi
uazanAny Tuanvessindlne 1wy nqusesidouaidaiuesd nqusesideuniatan nqusesideu
Wuvas nusosidouwy -nesd Wudu nelay 5, 8, 18, 19 way 22 Tugu 4.10) uazdulilesan
NTIATIBNEN BN NAUFIWINGMALNITNTIADULHUAULIUTINNG ( paleoseismological
investigation) 143918n31n13aungusesideutesmariiimuszann 0.73-2.00 u./D (Fenton uay
A, 2003;. Charusiri kagAny, 2004) WHuAUlmITLIN 5.6 3003 maLﬁm%uﬁﬂfcjmam?iaums—mm
g \dlodui 17 nuawus a.a.1975

3) nawsosidouunAthnsilusuavile 1¢ (North-South Normal Faults) ngusesideu
wanihifundusesidouiinaogsnitweuresusmemamiiovesUsemalneduaiulvg) wu
nausesideutl) nausesidoumivT waznguseBtdeuAUN-EU (Mnean 15, 26 uas 36 lug 4.10)
wiuiulmdngadeiulunalndifssiungusesdeumaianmansaiadeeiese
p32a¥n wuiduinegUszana 2.0-40 ML Shsinsideushvesdusesideutiogiiussann 0.60-
0.83 u./U (Fenton wagAny, 2003; Rhodes uagansz, 2004)

2) ﬂa'maaLﬁaum?{am%’wﬁmaﬁﬂuummvi’uaaﬂLammﬁa -prdunniedls ( Northeast-
Southwes Strike-slip Faults) ngusesideulnani ﬂ’J‘lﬂMiU‘ﬂu’N\‘iG]’J@EJI‘UU?L’JZULLQU“U’]EJLL@‘L!‘UiuL‘Vlﬂ
Ing-a13-nsl (Pailoplee uazAy, 2013) 1ty nausesdouLLtiN ndusesidoudieds ﬂamamaau
Feudewy uasngusesidouuaidu (mneiay 21, 23, 27, 29 uag 31 lugu 4.10) Snsimsidousdn
Suaqmjmam?iauméﬂﬁa&ﬂmm 2.4-4.0 11./U (WU Duong uaz Feigl, 1999; Morley uazAny,
2007)
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3U 4.10. (n) LLmuﬁU'ﬁszﬁimLLazﬁuﬁ%’NLﬁsmLLamLsumﬁ%ﬁmeuauim (ﬂi@‘u?{ﬁﬂﬁu ; Pailoplee
182 Choowong, 2013) (1) unuiimamilevesUsamelneuasiiuiitnadies wanasnsnszane
fvessooidouiitloniaings (Fudung Pailoplee wazAnz, 2009b) vianeiavlugy @
denadostunedull “vuneiay” lunsne 4.1 Suwansseasdenvasiauusiuuniuiulm
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NUBLAY ngusesIdou dayaurufulnIuIINNIA YayaurunulnIImen 31989
Y508 819599 My — oasns  Wuiivs a b
Lfau Lfou 1@0URD wan
(na.) @A) ()
1 Jinghong S 53 7.1 - 903 3.28 0.61 c <
=
2 Wang Nua . 31 6.8 . 503 4.32 0.80 S & »
(S
23 g
3 Wan Na-awn - 69 1.2 - 1184 3.28 0.61 e 5 g
S & o
a Uttaladith S 27 6.7 0.10 448 4.32 0.80 G T T
& & = 9
5 Three Pagoda S 141 7.6 2.00 2524 2.85 0.57 %ag% c
ye = @ \;n
6  ThaKhaek S 250 7.9 - 4623 3.48 0.74 2 X3 5
c QX r =2
(@)
7 Tavoy S 32 6.8 . 532 2.85 0.57 =S 28
TX & U
8 Sri Sawath S 43 7.0 2.00 759 2.85 0.57 § g _S\
= G =
9 SongMa S 72 7.2 . 1234 3.48 0.74 & 7 ¢
=AY
10 SongDa S a6 7.0 - 771 3.48 0.74 c 23
o0 =
@ ‘m©
11 Song Ca S 225 7.8 - 4130 3.48 0.74 o
12 Shan S 66 1.2 - 1127 2.85 0.57
13 Sagiang S 958 8.5 23.00 19049 4.05 0.72
14 Red River S 812 8.5 4.00 16002 4.32 0.84
15 Pua N 29 6.8 0.60 475 4.32 0.80
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26
27
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32
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34

Phrae

Pha Yao

Pan Luang
Pa Pun

Nam Peng
Nam Ma
Moei-Tongyi
Mengxing
Menglian
Tha Pladuk
Mae Tha
Mae Ing
Mae Hong Sorn-Tak
Dein Bein Fu
Chiang Rai
Mae Chan

Mae Chaem

Loei Petchabun Suture

Linchang

SN

28
20
219
143
51
177
259
75
117
25
ar
38
37
130
28
99

21
59

107

6.8
6.6
7.8
7.6
7.1
7.7
7.9
7.3
7.5
6.7
7.0
6.9
6.9
7.5
6.8
7.4

6.6
7.1

7.4

0.10
0.10

2.40
0.73
4.80
0.50

0.8

456
327
4007
2565
855
3208
4781
1303
2067
399
787
640
611
2321
456
1743

340
998

1875

4.32
4.32
2.85
2.85
4.32
4.32
2.85
3.28
3.28
4.32
4.32
4.32
2.85
4.32
4.32
4.32

4.32
4.32

3.28

0.80
0.80
0.57
0.57
0.80
0.80
0.57
0.61
0.61
0.80
0.80
0.80
0.57
0.80
0.80
0.80

0.80
0.80

0.61
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36
37
38
39
40

a1
a2
a3
a4
45
a6
a7
a8
49

Lashio
Lampang-Thoen
Paneng

Pang Ngun

Ban Sa Mai

Ban Bom

Ban Mai

Mae Long

Huai Nong Bor

Mae Man

Seismic Source Zone C
Seismic Source Zone G
Seismic Source Zone |
Seismic Source Zone J

Seismic Source Zone K

SN

S

SN

S

50
28
23
28
18

28
21
14
17

7.0
6.8
6.7
6.8
6.6
6.0

6.8
6.6
6.4
6.5
7
59
7
6.2
4.8

1.00
0.83
0.34
0.4
0.83
0.6

0.15
0.4
0.6

0.06

839
457
365
458
296
86

459
341
228
279
759
76
759
142
8

3.57
4.32
4.32
4.32
4.32
4.32

4.32
4.32
4.32
4.32
4.05
2.85
3.28
4.32
3.48

0.70
0.80
0.80
0.80
0.80
0.80

0.80
0.80
0.80
0.80
0.72
0.57
0.61
0.8
0.74
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DMR (2009)
Charusiri lazaady (2009)
Charusiri kazandy (2004)

Charusiri kazandy (2004)

Charusiri tagmag (2004)
Charusiri kagaug (2009)
Charusiri kagauy (2009)
Charusiri tagmg (2004)
Pailoplee way Choowong (2013)
Pailoplee way Choowong (2013)
Pailoplee way Choowong (2013)
Pailoplee way Choowong (2013)

Pailoplee wag Choowong (2013)

a d' 44' o %
YUATBYLADU S = FRULADUNABUYN, N

earthquake magnitude)

seudouUnd, R

al 9 a I a a a & vy . .
T0YLADULDU M. AD ﬁummLqumulmqﬂqwmmmLﬂ@ﬁuulm( maximum credible
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4.4. é’nwmzmsawaumaé"uamﬁaumnu,ciuﬁu‘lm( Strong-ground motion attenuation
model)

TunsdifnuUsumelvenasiuiitafes Chintanapakdee uavmmz  (2008) VLéﬂ%%'amaﬁ
mammimmmﬂamumaﬁnmLqumulwﬂuiJiuLwﬂlmJLLauamemwa‘[mammamuamwm Ussine
Tne LﬂiaumsmﬂuLLUUﬁnaawmsmm’nﬁu@i‘ﬂumqmwm WU’anumaawmmvawammmu
Useelng Ao wuudiaesves Idrss (1993) dwsunsdvesukufulmiinansesidounieluusiu
wWaenlan wasuuudaeses Crouse (1991) dwSunsdivesunuivlmiiAnainuuinisyaiives
uiudenlandessenddmiuununinginns  -Sunsiu (U 4.11) FedulunsUssiufdRse
wiuAulmluysemelng Pailoplee (2016)@anlduusnass Idriss (1993) wag Crouse (1991) 1Uu
Funudnuagmsaavouusduasfioululssmalneuasiuilndifes

0.1 0.1
D.U*I: 0.04
u.nmg 0.001

0.0001 0.0001
1e—m15; { 1e-005
te-0og} RS 1:44 D:’ ] te-oosf o= 198 Y

Fldnss (1993) Crouse (1991)
e I T i B R T R

sV 4.11.uvudansdnuwaiznsanneunssduaviiiouanusuiulmitiauslae  Idriss (1993) uag
Crouse (1991) Insuansaglusuamudiniussenineszormeiiiutuanuvaaiuin
wiuAulnienuivssiuitRsousduiulmds Wisuifsuiueyassfuussduasifieud
weinnstuinlAluiuiiussmelng (Chintanapakdee uagaaly, 2008)

dlednndsudayatndvine foluduundsindauiumilnuasdnvasnisaarou
ussduazifiounnunuiulmasuiunds §ideliussnanafivifouiuiulmmeisamuinedu
(PSHA) mamgfl wuudiaes auyfigiu wazsuunidndne fefindranludsiu Seldiiauona
ﬂ'ﬁﬁﬂm’tugﬂmammuﬁ 2 sUuuv A 1) uuLansESULSEUaRITiou ( ground shaking map)uaz
2) wHuiiuansALUIaL Sy (probability map)

4.5 ununnUAfsuHuAUlaLanssEAuLssduaziion (ground shaking map)
MnnITASuiuAulmdaanddusy 4 7dnusuRulminganaiessiseu

Lmé’uazmau‘mﬂamammuimmL’Ja%awwulmmﬂammi (4.4) (Kramer, 1996)

Puo = -In(1-P)/T aunis (4.4)
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AAUALA

Pro A Aunasiluvesnsmiviny
wHuAulm

P Ao auasduiiaulafinm

T fio Fanandiauladin

Megrudumndein1snsuitluseusn 50 Tthamh endnwitlaun@ansnidfiselugd 4.7
W lana 10% Nazlasuuseduasiiiouinla anansadmialaan

4o = -I(1-P)/T = -n(1-0.1)/50 = 0.0021

Tnofvuali 0.1 Aelona 10% vide (10/100uag 50 Aevraaiiauladny Faannnans
fruassdiildhandetmusdeiuiiaulafielonia 10% luseu 50 U wiuldiu Toma 0.0021 7
wanslunsWiidAde Gamnfinrsannsmidaselugy ¢ 7aswuinsefunssduasifieunilonna
0.0021 vosudazgaRnuBainTRtRAswHuAU M ILANAaiY azisefuLssduaviiiouiunnsng
fuluaunsiidRduveusazyn

5U 4.12 wansseiuussduanitouluiuiiuas Lmﬂ,mﬂLLUUﬁumamﬂLiqaqamuuwumu (Mg
9) Tossifiuasdmiuniisansssiuusdurniouiillona 29 uas 10% Auseduasious
wandluunuiduilonaiintu Tuseu 50 U TaerannmsAnwmuiidhseusiuiulmgsiigeluiiui
Anw dun fufinnuuniiens Tusenideddvesdiung / ey funnidedsdvesdminunduazdan
pziunnidsanievesimianzien Jsoglndfungusssidoude-fiunazSavile (Munoiay 36 way
2 lugV 4.122) uasU3niiadnssegeanogsening 0.28-0.32 g uay 0.18-0.24¢ A w3y POE 2%
way 10% mudrdy Tumassatudaluimiadedmivesdmingasindiuliuansiofsoan
msanwl w’%aa&ﬂuizé’uﬁﬁﬁﬁaG‘?Wﬁﬂizmm 0.16¢ uag 0.08g @MU 2% wagz 10% POE Tuseu 50
U (5U4.12)

aa va

4.6 waufinUAssuiuAUlnIkansszauanuttandy (Probability map)

e wufinansnnsnssaefveussduasiiiouiiosungluneunthiduasin
waugluAmnransuaslUselewlog 19U INEINS U UAIUNNTODNLUUNISIAINTTULALANS
Aeadaszezen uilkuTissRuLsduasiousinanisendudeenfiavdlalulneanzesads
dmsunsudsteyalvifuussanauily Kramer (1996) 3shiausuunAnnsaiisunuiiuansai
vhazifu POE(%) veenslafumnuguiss 91 nusiuAulin (earthquake intensity) Tuusiayseduds
JuwsuinidladrsuazedusluBmssanunnniifasmsndinmansuioaunsmasnis ng
gatfudeasuiszvvulasyiluliig Tagsdassiumiugunssmninassesdadudas
(Modified Mercalli Intensity, MMI) 3si33n15Ussiunuaunis (4.5)

P = (1-e'(P(HO‘T)><100 dunns (4.5)
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Peak Ground Acceleration (g) Peak Ground Acceleration (g)

50 km

sU 4. 12.uuiianamdeuarthafssuanssedudunousiufiulmuazuansussduasitoulusuves
Snsdsgeaauuiiuiu (e o nslenmammdululy Gesas) Tutasnaimsionsan @)
#1399 fu n) Temadesay 2luseu 50UASHs NS MUALIINNI WU g Aiusnglugy
ua 9) Tomadesay 10luseu 50UASHTLSsiuRmNANI WU ¢ fiusinglugy

fhegraumndesmsdsaduiilusey 50 Uil Huiidnwdlenaldsuausuuseain
wiAulalusedu v aumes MM winle dhusiufulmangnansnsediesgils Taeisuainnis
was MMI sziu v Tudussiuuseduasidiounde PGA lumiie ¢ Tnglundariiuiifesiiauns
AruduuSEing MMI-PGA flusnsinedu (U 4.13) Sdlunsdlvesiuivssmalveuassamaitoy
{hu Pailoplee (2012) léAnsnesimnudausiussening. MMI-PGA Tneldteyaunuiiusiufnlmii
(isoseismal map) TAeinsweunslusinundaszs Swansenuvedinenuduiugsewing MMI-
PGA vasiiufiUszmAlnenasUssmaiioutudulunuauns (4.6) (3U 4.13Usznev)
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Abstract: Earthquake activities along the Sumatra-Andaman Subduction Zone (SASZ)
were clarified using the derived frequency-magnitude distribution in terms of the (i) most
probable maximum magnitudes, (ii) return periods and (iii) probabilities of earthquake
occurrences. The northern segment of SASZ, along the western coast of Myanmar to
southern Nicobar, was found to be capable of generating an earthquake of magnitude 6.1
6.4 M, in the next 30-50 years, whilst the southern segment of offshore of the
northwestern and western parts of Sumatra (defined as a high hazard region) had a short
recurrence interval of 6-12 and 10-30 years for a 6.0 and 7.0 M,, magnitude earthquake,
respectively, compared to the other regions. Throughout the area along the SASZ, there
are 70— almost 100% probabilities of the earthquake with M,, up to 6.0 might be
generated in the next 50 years whilst the northern segment had less than 50% chance of
occurrence of a 7.0 M,, earthquake in the next 50 year. Although Rangoon was defined as
the lowest hazard among the major city in the vicinity of SASZ, there is 90% chance of a
6.0 M,, earthquake in the next 50 years. Therefore, the effective mitigation plan of seismic

hazard should be contributed.
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1 Introduction

Among the tectonic plate boundaries, the Sumatra-Andaman Subduction Zone
(SASZ; Kanamori, 2006) is one of the most active seismic source zones. Hazardous
earthquakes occur frequently along the SASZ, even within the short period of a human
lifespan. For instance based on the Global Centroid Moment Tensor (GCMT;
http://www.globalcmt.org/CMTsearch.html) catalogue, 13 events of major earthquakes,
M, 7.0-7.9 were reported within the 38-year period from 1976-2014 (Fig. 1). Moreover
during the last decade, 4 great earthquakes with M,, > 8.0 were posed in this region
including the devastating M., 9.0 earthquake on December 26™, 2004. Consequently, a
large number of researchers have attempted to evaluate the earthquake hazards along the
SASZ.

Nuannin et al. (2005) investigated the consistency between the b-value of the
frequency-magnitude distribution (FMD) (Ishimoto and lida, 1939; Gutenberg and
Richter, 1944) and the characteristic of the M,, 9.0 earthquake. Using suitable empirical
assumptions with the preceding seismicity data, the spatial distribution of the
comparatively low b-values were found to agree quite well with the rupture area of the
subsequent My, 9.0 earthquake (Nuannin et al., 2005). In addition, they also concluded
that the variations in b-value of the FMD can be used for earthquake prediction.

Thereafter, Pailoplee et al. (2013) evaluated the low b-value areas along the
northern segment of the SASZ according to the assumption of Nuannin et al. (2005) and
from their results they proposed two prospective areas that are capable of generating
earthquakes in the near future i.e., the northern offshore area of the Nicobar Islands and
the western coast of Myanmar.

Similarly, Pailoplee and Choowong (2013) evaluated the earthquake activities for
the bulk of SASZ region. The most probable maximum magnitudes, and recurrence
intervals, including the probabilities of earthquake occurrence, were estimated
approximately using the FMD analyzed from the seismicity data. However, in practice the
coverage and reliability of the seismotectonic data is heterogeneous, in particular for the
4,000-km long SASZ. The epicentral earthquake distributions (Fig. 1) illustrate the
difference in the seismicity values that are strongly active in some places whereas other
areas are quiescent. Therefore, a detailed evaluation of the earthquake activities are
needed which is the main aim of this study. The obtained results should be useful for
preparing long-term mitigation plans for both seismic and tsunami hazards along the
coastal communities of the SASZ, and in particular for Tavoy city, southern Myanmar
where the deep seaport is being developed (Fig. 1).
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2 Dataset and completeness

Four data sets of earthquake catalogues compiled by (i) GCMT reported the
earthquake data with the magnitude range 4.6-9.0 during 1976-2014, (ii) the Engdahl, van
der Hilst and Buland Bulletin reported the earthquake data with the magnitude range 3.0-
9.0 during 1960-2009 (EHB; http://www.isc.ac.uk/ehbbulletin), (iii) the International
Seismological Centre reported the earthquake data with the magnitude range 1.5-9.0
during 1960-2012 (ISC; http://www.isc.ac.uk/), and (iv) the National Earthquake
Information Center reported the earthquake data with the magnitude range 3.0-9.0 during
1979-2014 (NEIC; http://earthquake.usgs.gov/regional/neic/) were used as the primary
sources for this study. The earthquakes with a focal depth beyond 40 km, defined as the
intraslab earthquakes, were excluded in order to focus on the interplate activities of the
SASZ.

In order to homogenize the magnitude scales, the empirical relationships of M,,-my
and M,-Ms were contributed newly for the SASZ using the available GCMT catalogue
(Fig. 2). According to the obtained relationships, m, and Ms were converted to My, which
representing directly the physical properties of an earthquake source (Hanks and
Kanamori, 1979). For M_ scale, the relationship between my and M proposed by Palasri
and Ruangrassamee (2010) was applied., and then re-convert the obtained m, to M,
using the M,,-my, relationship proposed in this study.

Thereafter, earthquake declustering was performed according to the Gardner and
Knopoff (1974) algorithm in order to screen the main shocks that directly represent the
seismotectonic activities. As a result, around 2,974 earthquakes with a magnitude range of
2.0-9.0 My, recorded during 1960-2014 were classified as the main shocks (Fig. 1).

Using the GENAS algorithm (Habermann, 1983; 1987) with the main shock
dataset (obtained as above), the rates of the earthquake detection were found to be
constant in terms of both the earthquake magnitude range 2.2-9.0 M,, and the time period
1978-2012 of recording. The essentially linear (straight line) increase in the cumulative
numbers of earthquakes against time (Fig. 3a) supports that these earthquake dataset are
not significantly impacted by any man-made changes, as recognized by Wyss (1991) and
Zuniga and Wiemer (1999). Finally, the 1,960 main shocks reported during the 1978-2012
period with a magnitude range of 2.2-9.0 M,, are, therefore, defined as the meaningful
earthquake dataset representing directly the seismotectonic activities of the SASZ and so

are suitable for this statistical evaluation of earthquake activities.
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3 Earthquake activity

The FMD (Ishimoto and lida, 1939; Gutenberg and Richter, 1944) expresses the
relationship between the occurrence rate per year (N) of earthquakes with magnitude > M,
as shown in Eq. (1);

log(N)=a—-bM , or IN(N)=Ina- M 1)

Empirically, the variables N and M are related together in terms of the linear
regression, while the values of a and b are positive, real constants that vary depending on
the specific space and time domain. From the seismological point of view, the a-value
implies the entire seismicity rate whereas the b-value represents the ratio of the small-to-
large earthquake occurrences. The values of a and B are related to a and b by Egs. (2a)

and (2b), respectively;

a =exp(aln(10)), (2a)

and £ =bIn(10) (2b)

The FMD of the entire selected (complete) earthquake dataset was initially
examined. From the linear regression plot of the FMD (Fig. 3b) the a- and b-values were
estimated to be 3.76 and 0.54, respectively. By the entire-magnitude-range method
(Woessner and Wiemer, 2005), the magnitude of completeness (Mc), representing the
magnitude level of the complete report, was estimated to be 4.2 M,,.

To investigate in more detail, the SASZ was gridded with a 1° x 1° spacing. From
the complete earthquake dataset, those within an empirically fixed 165-km radius of each
grid node were selected and contributed to the FMD. The a- and b-values, standard
deviation of b, Mc including percent of goodness fit, were evaluated simultaneously using
the ZMAP program (Wiemer, 2001). The obtained values were then contoured and
mapped, as illustrated in Fig. 4. In order to constrain the obtained maps, the FMD plots
were examined for four areas (Fig. 5).

The spatial distributions of the a-values were all in the range of 1-5 (Fig. 4a). Two
prominent areas of high a-values (>4), implying high earthquake activities, were located

at (i) northern part of Sittwe and (ii) eastern part of Nicobar Islands (see also Figs. 5a, b).
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In contrast for the offshore region of the northwestern and inland of the Sumatra Island,
the calculated a-value was markedly low (<2) (see also Figs. 5c, d).

In the case of the b-value map (Fig. 4b), three pockets of comparatively low b-
value areas (< 0.8) could be defined, which consisted of (i) inland, (ii) northwestern and
(iii) western parts of Sumatra Island. According to Mogi (1962), Scholz (1968), and Wyss
(1973), the smaller the b-value the more stress that is accumulated and so the greater is
the earthquake magnitude that can be generated. Regardless of the a-values, the three low
b-value areas mentioned above, therefore, imply a high possibility to generate a large
magnitude earthquake surrounding the Sumatra territory. Based on the a- and b-value
maps in Figs. 4a and b, the earthquake activities were then evaluated in terms of the most
probable maximum magnitude (section 3.1), return period (section 3.2) and probability of
occurrence (section 3.3).

Regarding to the uncertainty of the calculated a- and b-values, Fig. 4c reveals the
small areas of northern Sittwe, eastern and southern Nicobar depicting the high standard
deviation of b-value. In addition, the goodness of fit (%), computing the difference
between the observed FMD and a synthetic distribution, was also evaluated (Fig. 4d).
According to Wiemer and WYyss (2000), the higher difference between observed FMD and
a synthetic distribution leading to the lower goodness of fit. Based on Fig. 4d, it is
illustrated that there are some small pockets illustrating low percent of goodness fit where
mostly conform to those observed high standard deviation of b (Fig. 4c). This might be
affected by the low limit of seismic detection along the SASZ as implied directly by the
high value of Mc (Fig. 4e). Therefore, the regions showing high standard deviation and/or
low percent of goodness fit mentioned above indicate the high statistical variation which

should be careful in the seismic activity interpretation in the next section.

3.1 Most probable maximum magnitude

According to Yadav et al. (2011), various values representing the earthquake
activities can be calculated using the a- and B- values from the FMD. For instance, the
most probable maximum magnitude in the period of t years of interest (u;) can be
estimated as expressed in Eqg. (3);

= nat) 3)
p
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Thus, for each individual grid node, the a- and b-values obtained from the
previous section were converted to the corresponding a- and B-values using Egs. (2a) and
(2b). The most probable maximum magnitude earthquake that could be generated in 5, 10,
30 and 50 years was then calculated and mapped (Fig. 6).

For instance in the next 5-10 year period (Figs. 6a, b), most areas are capable of
generating an earthquake with a magnitude of around 4.6-5.2 M,,. Meanwhile for the
northwestern and western Sumatra (close to the epicenter of My, 9.0 and 8.6 earthquakes),
these could likely generate an earthquake with a magnitude of 5.8-6.4 M,,.

With respect to the next 30- and 50-year periods (Figs. 6c, d), the west coast of
Myanmar, and southern Nicobar, was found to have a possibility of generating an
earthquake with a 6.1 and 6.4 M, in the next 30- and 50-year periods, respectively.
Meanwhile, the area surrounding the Sumatra Island was found to be capable of
generating earthquakes with a magnitude of up to 7.0 My, (Fig. 6d).

3.2 Earthquake return period

Using both the a- and - parameters, the earthquake return period (Tw) in years for
the considered earthquake magnitude M were evaluated using Eq. (4) (Yadav et al.,
2011).

- _ee(sM) @)

M
a

The obtained recurrence maps illustrate various recurrence intervals depending on
both the specific area and the recognized magnitude scale. Due to Kramer (1996) defined
the M,.4.0 earthquake as the lowest hazardous earthquake and Schwartz and
Coppersmith, K.J. (1984) suggested that the earthquake with 7.0 M, or greater mitht be
acted as the characteristic earthquake, the recurrence inverval investigated here focuses in
the magnitude range 4.0-7.0 M,, (Fig. 7). From this, two groups showing different hazard
levels were segmented. For instance, in the offshore northwestern and western parts of
Sumatra Island, defined as a high hazard region, the calculated recurrence intervals were
found to be 1-3, 6-12, and 10-30 years for earthquakes of a magnitude of 5.0, 6.0 and 7.0
My, respectively. In contrast, for the low hazard area surrounding the northern part of
west coast of Myanmar, and surrounding Nicobar Islands, the estimated recurrence

intervals were 3-fold longer than the high hazard region, with a My, 6.0 and 7.0
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earthquake predicted to occur with an average return period of 20-30 and > 100 years,

respectively (Figs. 7c, d).

3.3 Probability of earthquake occurrence
The probabilities of earthquake occurrences, P; (M), for any given specific time

period (t) and certain magnitude (M) were also evaluated along the SASZ using Eq. (5).

R (M) =1-exp(-at.exp(-M)) ()

The maps in Fig. 8 show the probabilities (%) that an earthquake of a magnitude
within 4.0-7.0 My, might occur in the next 50-year period. There are 70- almost 100% that
the earthquakes with M,, up to 6.0 might be generated throughout the SASZ (Figs. 8a, b,
c¢). Meanwhilde for a 7.0 M,, earthquake, the probability of occurrence is less than 50%
for the northern segment between the west coast of Myanmar to southern Nicobar,
whereas it is still almost 100% for the southern segment surrounding the Sumatra Island
that might be posed by the 7.0 M,, earthquake in the next 50 year (Fig. 8d).

In addition, for the four major cities located within the SASZ, the earthquake
hazard curves, expressed in terms of the expected probability for an individual earthquake
magnitude, are plotted in detail for time spans of the next 5, 10, 30 and 50 years (Fig. 9).
From these hazard curves, it was clearly observed that probability of occurrence of an
earthquake with a magnitude of > 5.5 My, in all recognized time spans decreases
exponentially with the magnitude.

Among the four recognized cities, Rangoon (Fig. 9b), the previous capital city of
Myanmar, had the lowest probability for an earthquake occurrence according to the SASZ,
with a 20, 30, 70, and 90% probability of an earthquake of magnitude 6.0 M, occurring in
the next 5, 10, 30 and 50 years, respectively. Meanwhile, for the other three cities of
Sittwe, Nicobar, and Aceh (Figs. 9a, c, d), the probabilities were similar with that for a 7.0
M,, earthquake being generated in 5, 10, 30, and 50 years being around 10, 20, 50, and
60%.

4 Discussion and conclusion
In this study, the present-day earthquake activities along the SASZ were
investigated statistically. After improving the completeness of earthquake catalogue, the

spatial variation of the a- and b-values according to the FMD were analyzed and mapped.
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Then, some earthquake hazard parameters were evaluated using the obtained a- and b-
values.

For the most probable maximum magnitude in a given time period, most areas
were found to be able to generate an earthquake with a magnitude of up to 4.6-5.2 My, in
a 5- and 10-year period. However, for the area surrounding Sumatra Island, earthquakes
with a magnitude of 6.7 and 7.0 M,, may occur in the next 30 and 50 years, respectively.
In the case of Sittwe city, which has been suggested to be an upcoming earthquake source
(Pailoplee et al., 2013), the occurrence of a 7.0 M,, magnitude earthquake is also possible
even in the next 50 years. Although Pailoplee et al. (2013) also proposed the offshore area
of the northern part of the Nicobar Islands as another candidate seismic source of future
earthquakes, the most probable maximum magnitude evaluated in this study was found to
be less than 6.4 M,, for the next 50-year period.

The recurrence maps illustrate the variety of the recurrence intervals across the
SASZ. The offshore area of the northwestern and western parts of Sumatra Island was
defined as a high hazard region with estimated recurrence intervals of around 1-30 years
for an earthquake magnitude of 5.0-7.0 M,,. Meanwhile for the northern segment of
western Myanmar-southern Nicobar Islands, the estimated recurrence interval was found
to be up to 100 years for the occurrence of a 7.0 M,, earthquake.

For the probabilities of earthquake occurrence, there are 70-almost 100% that the
earthquake with magnitude up to 6.0 My, might occur along the SASZ in the next 50-year
period. However in case of the M,,-7.0 earthquake, the northern segment of west coast of
Myanmar-southern Nicobar Islands had a 10-50% probability of occurrence. Meanwhile
for the southern segment recognized as high hazard areas, the probability that the M,,-7.0
earthquake might be generated in the next 50 year is more than 70%.

For the major cities within the SASZ, Rangoon city had the lowest probability for
the occurrence of an earthquake, compared with the other cities, with the probability of
generating an earthquake of 6.0 M,, in the next 5, 10, 30, and 50 years being 20, 30, 70,
and almost 90%, respectively.
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Figure Captions

Figure 1: Map of the Sumatra-Andaman Subduction Zone (SASZ) (grey polygon) and the
adjacent areas showing the epicentral distributions of the great earthquakes
mentioned in the text (red stars, with M,, magnitude and year of occurrence) and
the major earthquakes with a magnitude of > 7.0 M,, (yellow squares) including
all of the completeness main shocks reported during the period 1978-2012. The
four principal cities that lie in the vicinity of the SASZ are shown (black
triangles).

Figure 2: Empirical relationships between (a) M,,-my, and (b) M-Ms.

Figure 3: (a) Cumulative number of earthquakes after declustering and showing the
constant rates of seismicity detected in the magnitude range 2.2-9.0 M, during
period 1978-2012. (b) FMD plot of the complete main shocks. Triangles indicate
the number of earthquakes of each magnitude; squares represent the cumulative
number of earthquakes equal to or larger than each magnitude. Solid lines are the
lines of best fit according to Woessner and Wiemer (2005). Mc is defined as the
magnitude of completeness.

Figure 4: Spatial distributions of the (a) a-value, (b) b-value, (c) standard deviation of
each obtained b-value, (d) the goodness fit of the FMD, and (e) magnitude of
completeness.

Figure 5: FMD plots of the earthquakes located within a 165-km radius from the four
specific areas, a-d, shown in Fig. 4.

Figure 6: The probable maximum magnitude of earthquake capable of being generated in
the individual time span of the next (a) 5, (b) 10, (c) 30, and (d) 50 years.

Figure 7: Return periods of earthquakes of magnitudes of (a) 4.0, (b) 5.0, (c) 6.0, and (d)
7.0 My,.

Figure 8: Probabilities of earthquake occurrences in a 50-year return period for different
magnitudes of (a) 4.0, (b) 5.0, (c) 6.0, and (d) 7.0 M,,.

Figure 9: Probability of occurrence-magnitude curves for the four major cities located in
the vicinity of the SASZ.
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Probabilistic analysis of the seismic activity and hazard in northern Thailand
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ABSTRACT: The seismic activity and hazard level in northern Thai-
land, including at the Mae Moh Coal Mine (MMCM), were clarified.
For the probability of exceedance (POE), Chiang Mai, Lamphun,
and Lampang provinces have a 70-90% and 20-40% POE of a
My-5.0 and My-~6.0 earthquake, respectively, in the next 50 y. In
the case of a My-7.0 earthquake, the POE is less than 10% in the
whole study area. Regarding the probabilistic seismic hazard anal-
ysis, the ground shaking maps indicated that the southeastern part
of the MMCM and northwestern part of Phayao provinces were
high hazard areas, with an earthquake ground shaking of around
0.28-0.32g and 0.18-0.24g for a POE of 2% and 10%, respectively,
in the next 50 y. In addition, the probability maps revealed that these
high hazard areas showed a 60-80% and 30-40% POE of a modified
Merecalli intensity (MMI) level III and IV, respectively, in the next
50 y. The low hazard areas of Chiang Mai and Uttaradit provinces
had a ground shaking level for a 2% and 10% POE in the next 50
y of around 0.16 and 0.08, respectively, with a POE of a MMI level
III or IV of less than 20% each.

Key words: earthquake, probability, seismic hazard analysis, Mac Moh
Coal Mine, northern Thailand

1. INTRODUCTION

As a result of the Indian-Eurasian Plate collision, the Main-
land Southeast Asia is dominated by a number of areal seismic
source zones (Pailoplee and Choowong, 2013) and seismogenic
fault zones (Pailoplee et al., 2009) (Fig. 1a). Tectonically,
northern Thailand and the neighboring areas (black square
in Fig. 1a) were subjected to a high tension producing a
large number of intermontain basins (Morley et al., 2001).
Among these, the Mae Moh Basin in Lampang province is
the most economically significant region due to the presence
of the largest coal mine in Thailand, the Mae Moh Coal Mine
(MMCM) (Figs. 1b and c¢; Benammi et al., 2002).

However, due to the present-day tectonic activities, the faults
bounding half-grabens and grabens in most basins of northern
Thailand are still seismogenically active (Fig. 1b). As a result,
earthquakes have been generated continuously over time in
the northern part of Thailand (Fig. 1c). For instance, a My~7.0
earthquake occurred on March 24" 2011 at the Nam Ma
Fault Zone (no. 1 in Fig. 1c). Thereafter, there was a cluster
of shallow crustal earthquakes in December 2011 (2.5-3.0 my,)
and in March 2013 (2.4-3.4 my) that were generated within

*Corresponding author: Pailoplee.S@gmail.com

Chulalongkorn University, Bangkok 10330, Thailand

a 30 km-radius from the MMCM (no. 2 in Fig. 1c). These
small but quite close events presented a hazard risk to some
infrastructures and created panic among the local people at
Lampang province, including at the MMCM. In addition,
the latest hazardous earthquake event (Mw 6.2) on May 5"
2014 (no. 3 in Fig. 1c) confirms that northern Thailand, including
the MMCM, is not quiescence from seismic hazard.

Although the MMCM is an open pit mine and so may not
be affected as seriously by earthquake ground shaking as
underground mines, there are some short-storey power plants
and operation centers that may show resonance with the
short-period seismic waves generated from such local earth-
quakes. Therefore, a detailed assessment of the seismic activity
and hazards in northern Thailand, including the MMCM
area, are required in order to provide an effective mitigation
plan for any forthcoming earthquakes.

2. SEISMIC SOURCES

The study area (black square in Figs. 1b and ¢) is occupied
by at least six seismic source zones (Pailoplee and Choowong,
2013) and 36 possible active fault zones (Pailoplee et al.,
2009). From the regional tectonic setting controlling the
style of fault movement and rate of fault slip, four unique
seismogenic zones were classified as follows.

(1) North-South Strike-slip Fault. The 1,200 km-long north
to south orientated Sagaing Fault Zone in Myanmar (no. 13
in Fig. 1b) moves with a high velocity of 23 mm/y (Bertrand
and Rangin, 2003). An earthquake of magnitude 8.0 was
generated by this fault on May 23" 1912 (Brown, 1914).

(2) Northwest-Southeast Strike-slip Faults. These north-
west to southeast orientated fault zones are delineated along
the border between eastern Myanmar and western Thailand,
such as the Three Pagoda, Sri Sawath, Pan Luang, Pa Pun
and Moei-Tongyi Fault Zones (No. 5, 8, 18, 19 and 22 in
Fig. 1b). Based on morphological analyses and paleoseis-
mological investigations, the rate of fault slip of these fault
zones has been estimated at around 0.73-2.00 mm/y (Fen-
ton et al., 2003; Charusiri et al., 2004). An earthquake of
M,,-5.6 occurred at the Moei-Tongyi Fault Zone on Febru-
ary 17" 1975.

(3) North-South Normal Faults. These fault zones are the
faults bounding the intermontain basins and are mainly
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Fig. 1. (a) Index map of Mainland Southeast Asia showing the distribution of areal seismic source zones (blue polygons; Pailoplee and
Choowong, 2013) and line fault zones (red lines; Pailoplee et al., 2009). (b) Map extending from the study area (black square) showing
the distributions of seismogenic fault zones, as proposed by Pailoplee et al. (2009). The numbers cited in the figure are equivalent to the
“No.” column in Table 1. The black crossed pick axe symbol marks the location of the Mae Moh Coal Mine. (c) Epicentral earthquake
distribution recorded during 1998-2011. Different colored circles represent the different (indicated) catalogues that recorded the earthquakes.

located and are dominate in the northern part of Thailand at
the Pua, Mae Tha and Lampang-Thoen Fault Zones (no. 15,
26 and 36 in Fig. 1b). Most earthquakes generated in the
vicinity of these fault zones are reported instrumentally, at
around 2.0-4.0 M;, including the latest earthquake cluster
as mentioned above (no. 2 in Fig. 1c). The rate of fault slips
has been estimated to be around 0.60—0.83 mm/y (Fenton et
al., 2003; Rhodes et al., 2004).

(4) Northeast-Southwest Strike-slip Faults. A large number
of the northeast to southwest strike-slip faults are located
and dominant at the Thailand-Laos-Myanmar border (Pailo-
plee et al., 2013), such as the Nam Ma, Mengxing, Mae Ing,
Dein Bein Fu and Mae Chan Fault Zones (no. 21, 23, 27,
29 and 31 in Fig. 1b). The rate of fault slip of these fault zones
are in the range of 2.4-4.0 mm/y (e.g., Duong and Feigl,
1999; Morley et al., 2007).

3. SEISMICITY

With respect to the seismic activities, two types of earth-
quake records (those based upon the geological and instru-
mental records) were investigated in this study. Both of these
are useful for evaluating the potential of the seismic sources
and seismic hazard analysis, which was the main aim of this
study. For the instrumental records, the earthquake catalogues
of the (i) International Seismological Centre, (ii) National
Earthquake Information Center, (iii) Thai Meteorological
Department, (iv) China Digital Seismic Network, Beijing,
China, (v) International Data Center and (vi) the Institute of
Physics of the Earth, Moscow, Russia, have reported in dif-
ferent parts the earthquake events posed during 1964-2014
in the study and adjacent areas (Fig. 1c).

3.1. Completeness of the Earthquake Dataset

In order to evaluate the earthquake activities of an indi-
vidual source, the complete seismicity data that directly represents
the seismotectonic activities with minimal omissions and
duplications of secondary effects (aftershocks and foreshocks)
is required. Therefore, all the earthquake catalogues mentioned
above were improved qualitatively as follows.

(1) The longer the seismicity data recording time span and
the wider the earthquake magnitude range, the more accurate
the statistics or the qualitative earthquake investigation is.
Therefore, all the catalogues were merged in order to extend
the number of events and increase the available recording
time span and earthquake magnitude range. To avoid dou-
ble-counting earthquake events, recordings that referred to
already listed earthquakes were then identified and excluded.

(2) The new composite catalogue, however, reports the
magnitude in various scales: body wave magnitude (my,), sur-
face wave magnitude (M) and moment magnitude (M,,),
which were analyzed by different methods and assumptions.
To homogenise the scale of reporting magnitude, these dif-
ferent scales were all converted systematically to the M,,
using the empirical relationships proposed previously by
Pailoplee et al. (2009).

(3) Theoretically, the main shock applies exactly to the
tectonic stress region, whereas the foreshocks and aftershocks
are a by-product and so should be eliminated in the investigation
of seismotectonic activity. To solve this requirement, the
combined catalogue obtained from the previous section was
declustered, based mainly on the assumption of Gardner and
Knopoft (1974). By using the ZMAP software (Wiemer, 2001),
889 clusters of earthquakes were distinguished. Of these events,
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Fig. 2. (a) Map showing the distribution of earthquakes before (grey circles) and after (black circles) the declustering process. (b) Sig-
nificant rate changes (decreases in o, increases in +) as a function of time analyzed from the GENAS algorithm (Habermann, 1987).

a total of 7,092 events were defined as foreshocks and so
excluded. In total, 2,164 events of derived mainshocks are
summarized in Figure 2a.

(4) Empirically, the earthquake records are contaminated
by the man-made activities (Zuniga and Wiemer, 1999). To
avoid such artificial seismicity, the GENAS algorithm (Haber-
mann, 1987), which relies on comparisons of changes in the
significant seismicity rates at individual time intervals, was
applied throughout the earthquake recording time. The times
of the rate changes in Figure 2b revealed that mainshocks
with a M, > 2.2 were reported smoothly throughout 1998—
2012, and so this time period was deemed to be suitable for
the qualitative earthquake investigation of this study.

3.2. Seismic Activities

Based mainly on Gutenberg and Richter (1944), the rela-
tionship between the average numbers of earthquakes per
year (N) with a magnitude > M is given by the frequency-
magnitude distribution, as expressed in Equation (1);

log(N) =a — bM or In(N) =Ina - M, (1

where the a and b values are positive, real constants that imply
the entire seismicity rate and the ratio of the small- to large-
sized earthquakes, respectively. Meanwhile, the parameters
o and B are related to a and b as o = exp(aln(10)), and
B =5 In(10).

According to Yadav et al. (2011), some terms expressing
earthquake activities can be estimated using the o and 3 val-

ues. For instance, (i) the maximum magnitude capable of
being generated in the next certain time span, (ii) the recur-
rence interval of an individual earthquake magnitude level
of interest, including (iii) the probability of exceedance (POE)
of an individual earthquake magnitude in any specific time
of interest.

In the case of the possible maximum magnitude and return
period, this was previously classified for the Thailand-Laos-
Myanmar border that covers this study area (Pailoplee et al.,
2013). The obtained results revealed that an earthquake with
a magnitude of around 3.0, 4.0-4.5, 5.0 and 5.0-5.5 m;, was
capable of being generated in this study area in the next 1,
5, 10 and 50 y, respectively. Meanwhile, the return periods of
an earthquake with a my, of 4.0, 5.0, and 6.0 were estimated
to be around 3-5, 10-50 and 100450 y, respectively, (Pailo-
plee et al., 2013). In this study, the earthquake activities was
also presented as the POE of an earthquake over a particular
magnitude (m) in t year (P(m)), as shown in Equation (2).

P(m) = 1—exp(—at.exp(—pm)). 2)

To evaluate spatially the seismic activities, the study area
was gridded with a 0.25° x 0.25° spacing. All the earthquake
events (from the complete mainshock catalogue of 1998-2012)
within a fixed 100-km radius from each individual grid node
were selected. Utilizing the ZMAP program, the magnitude
of completeness (Mc) was estimated according to the entire-
magnitude-range method (Woessner and Wiemer, 2005).
Thereafter, both the a- and b-values of the earthquake data
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The POE of an earthquake of magnitude (c—f) 4.0-7.0 My, in the next 50 y.
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with Mw > Mc were determined using the maximum like-
lihood method (Aki, 1965). Finally, the obtained datasets of
a- and b-values were contoured and mapped as illustrated in
Figures 3a and b.

For example, the a-values were determined to be around
2.3-2.5 at Chiang Mai and Phayao provinces including the
MMCM, (Fig. 3a), which implied that the entire seismicity
rate is higher than the rate at Uttaradit (a values of 1.3—1.5).
Meanwhile, the b-value at Chiang Mai (0.74) was lower
than that at the MMCM (~0.78-0.80) (Fig. 3b). Regardless
of the a-value, this means the area surrounding Chiang Mai
province can likely generate an earthquake with a lager magni-
tude than that posed in the MMCM.

With respect to the probability of an earthquake occur-
rence, the obtained a- and b-values of each node were con-
verted to their corresponding o and B values based on the
relationships described above. Then, the POEs of the earth-
quakes with a magnitude of 4.0-7.0 in the next 50 y were
estimated according to Equation (2). The results revealed
that there is a 90% or higher probability of an earthquake of
My, 4.0 being generated in the study area in the next 50 y
(Fig. 3c). Only the southern and southeastern parts of the
study area (Phrae and Uttaradit including Phayao provinces)
showed a ~40-70% POE of an My-5.0 earthquake, whilst
the rest of the area was ~70-90% (Fig. 3d). Meanwhile for
an earthquake of magnitude 6.0 My, (Fig. 3e), the area in the
vicinity of Chiang Mai, Lamphun and Lampang provinces
had a 20-40% POE in 50 y compared to less than 20% in

the Phayao, Phrae and Uttaradit provinces. In case of the
MMCM, the POE of a My~6.0 earthquake was around 10-20%,
somewhat lower than the rest of the Lampang province.
However, for an My-7.0 earthquake, the POE was less than
10% in the whole study area in the next 50 y.

In addition, the POE values were also evaluated in detail for
the six nearby major provinces as well as around the MMCM
itself. The relationship between the POE of an earthquake
magnitude in the range of 4.0-7.0 My, in the next 25, 50
and 100 y are shown in Figure 4. The obtained POE-mag-
nitude graphs help with the mitigation planning of local
communities and flexible engineering design of various life
spans of the infrastructures. For instance, at Chiang Mai,
Lamphun and Lampang provinces (Figs. 4a—c), there was a
POE of around 15, 30 and 40% for a My~6.0 earthquake in
the next 25, 50, and 100 y, respectively, whereas in the Phrae,
Phayao and Uttaradit provinces, including the MMCM (Figs.
4d—g), the POE of a My~6.0 earthquake was around 30% in
the next 100 y. With respect to the POE of an My~-5.0 earth-
quake, all of these six provinces including the MMCM showed
a more than 60% POE over the next 50 or 100 y.

4. PROBABILISTIC SEISMIC HAZARD ANALYSIS

Previous research has attempted to analyze the probabilistic
seismic hazard (PSHA) (Cornell, 1968) of areas, including
the study area of this report, but these reports analyzed the
earthquake ground shaking over the whole country or large
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Fig. 4. (a—f) The POE-magnitude graphs for the six (indicated) provinces in northern Thailand that lie next to the MMCM.
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regions of Thailand (Wanitchai and Lisantono, 1996; Pailoplee
et al., 2009; Palasri and Ruangrassamee, 2010). Moreover, these
investigations were mainly based on the PSHA’s assumptions,
models and resolution from a regional scale. Therefore, in this
study the activities of the seismic sources in northern Thai-
land and adjacent areas were analyzed locally, as was the
PSHA in terms of both the engineering ground shaking and

the probability of earthquake intensity levels.

4.1. Seismic Source Parameters

In PSHA, the geological records (paleoseismological parame-
ters) needed to evaluate the characteristic activities of the
earthquake sources consist of (i) the maximum credible
magnitude and (ii) the rupture area, including (iii) the rate
of fault slip (Youngs and Coppersmith, 1985). Although these
parameters have been complied before (Pailoplee et al., 2009),

Table 1. Summary of the earthquake potential parameters of the earthquake source zones used in this PHSA

Paleoseismological data®

Seismicity data”

No. Fault Name FT SRL(km) M. SR (mmjy) A (knD) " b Reference
1 Jinghong S 53 7.1 - 903 3.28 0.61
2  Wang Nua - 31 6.8 - 503 432 0.80
3 Wan Na-awn - 69 7.2 - 1184 3.28 0.61
4 Uttaladith S 27 6.7 0.10 448 4.32 0.80 Paleoseismological data were
5 Three Pagoda S 141 7.6 2.00 2524 2.85 0.57 compiled by Pailoplee et al.
6 Tha Khaek S 250 79 - 4623 348 0.74  (2009) and seismicity data are
7 Tavoy S 32 6.8 - 532 285 057 according to Pailoplee and
8 Sri Sawath s 4 70 2.00 759 285 057 Choowong (2013)
9 Song Ma S 72 7.2 - 1234 3.48 0.74
10 Song Da S 46 7.0 - 771 3.48 0.74
11 SongCa S 225 7.8 - 4130 3.48 0.74
12 Shan S 66 7.2 - 1127 2.85 0.57
13 Sagiang S 958 8.5 23.00 19049 4.05 0.72
14 Red River S 812 8.5 4.00 16002 432 0.84
15 Pua N 29 6.8 0.60 475 432 0.80
16 Phrae S 28 6.8 0.10 456 4.32 0.80
17 Pha Yao SN 20 6.6 0.10 327 4.32 0.80 Paleoseismological data were
18 Pan Luang S 219 7.8 - 4007 2.85 0.57 compiled by Pailoplee et al.
19 PaPun S 143 7.6 - 2565 2.85 0.57  (2009) and seismicity data are
20 Nam Peng S 51 7.1 - 855 432 0.80 according to Pailoplee and
21 NamMa s 177 17 240 3208 432 0.0 Choowong (2013)
22 Moei-Tongyi S 259 7.9 0.73 4781 2.85 0.57
23 Mengxing S 75 7.3 4.80 1303 3.28 0.61
24 Menglian S 117 7.5 0.50 2067 3.28 0.61
25 Tha Pladuk S 25 6.7 1 399 4.32 0.80
26 Mae Tha S 47 7.0 0.8 787 432 0.80
27 Mae Ing S 38 6.9 - 640 432 0.80
28 Mae Hong Sorn-Tak S 37 6.9 - 611 2.85 0.57
29 Dein Bein Fu S 130 7.5 2 2321 432 0.80
30 Chiang Rai S 28 6.8 - 456 432 080 Paleoseismological data were
31 Mae Chan S 99 74 3.00 1743 432 080 2088‘;1)";?1%2253}2%653?;&6
32 Mae Chaem - 21 6.6 - 340 4.32 0.80 according to Pailoplee and
33 Loei Petchabun Suture S 59 7.1 — 998 432 0.80 Choowong (2013)
34 Linchang - 107 74 - 1875 3.28 0.61
35 Lashio S 50 7.0 1.00 839 3.57 0.70
36 Lampang-Thoen S,N 28 6.8 0.83 457 432 0.80
37 Paneng S 23 6.7 0.34 365 432 0.80 DMR (2009)
38 Pang Ngun S 28 6.8 04 458 432 0.80 Charusiri et al. (2009)
39 Ban SaMai S 18 6.6 0.83 296 432 0.80 Charusiri et al. (2004)
40 Ban Bom S 6 6.0 0.6 86 4.32 0.80 Charusiri et al. (2004)
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Table 1. (continued)

No. Fault Name

Paleoseismological data®

Seismicity data®
Reference

FT SRL(km) M,, SR(mm/y) A;(km? a b
41 Ban Mai S 28 6.8 0.15 459 4.32 0.80 Charusiri et al. (2004)
42 Mae Long S 21 6.6 0.4 341 4.32 0.80 Charusiri et al. (2009)
43 Huai Nong Bor S 14 6.4 0.6 228 432 0.80 Charusiri et al. (2009)
44 Mae Man S 17 6.5 0.06 279 4.32 0.80 Charusiri et al. (2004)
45 Seismic Source Zone C S - 7 - 759 4.05 0.72  Pailoplee and Choowong (2013)
46 Seismic Source Zone G S - 5.9 - 76 2.85 0.57  Pailoplee and Choowong (2013)
47 Seismic Source Zone I S - 7 - 759 3.28 0.61  Pailoplee and Choowong (2013)
48 Seismic Source Zone J SN - 6.2 - 142 432 0.8  Pailoplee and Choowong (2013)
49 Seismic Source Zone K S - 4.8 - 8 3.48 0.74  Pailoplee and Choowong (2013)

FT is the fault type where: S = strike-slip fault, N = normal fault, R = reverse fault. SRL is the surface rupture length, M,,,, is the maxi-
mum credible earthquake magnitude calculated from empirical relationship between SRL and M,, (Wells and Coppersmith, 1994), A;is
the rupture area calculated from the empirical relationship between M,, and A; (Wells and Coppersmith, 1994), and SR is the slip rate (mm/y).

®a and b are the FMD constants.

they were based upon the parameters for complete individ-
ual active fault zones (fault no. 1-36 in Table 1) and not the
regional (local) parts. In order to obtain a more accurate PSHA
for northern Thailand, including the MMCM, some updated
paleoseismological parameters were added in this study. As
a result, eight fault segments of the Lampang-Thoen Fault Zone
closest to the MMCM (Paneng, Pang Ngun, Ban Sa Mai, Ban
Bom, Ban Mai, Mae Long, Huai Nong Bor and Mae Man Fault
Segments; no. 36 in Fig. 1b) were segmented to differentially
define the rate of fault slips locally using the most up-to-date
paleoseismological investigations (no. 3744 in Table 1). In order
to recognize the background earthquake generated out of fault
lines, five areal seismic source zones, C, G, I, J and K (Fig. 1a;
Pailoplee and Choowong, 2013), were also added in this PSHA.

Both the a- and b-values of the frequency-magnitude
distribution were derived as previously reported (Pailoplee
and Choowong, 2013), which clarified statistically the indi-
vidual seismic source zones covering the study area. The
obtained a- and b-values of Pailoplee and Choowong (2013)
are more up to date than those previously applied for the
PSHA (Wanitchai and Lisantono, 1996; Pailoplee et al., 2009;
Palasri and Ruangrassamee, 2010). All earthquake param-
eters used for the PSHA are summarized in Table 1.

4.2. Strong Ground-motion Attenuation Model

As well as identification of the earthquake sources, strong
ground-motion attenuation models are also need for the PSHA.
In this study, all seismic sources were defined as the intraplate
earthquake source. The model of Sadigh et al. (1997), shown
in Equation (3), was proposed as the most suitable relation-
ship for the intraplate active fault in Thailand and the adja-
cent areas (Chintanapakdee et al., 2008).

In(PGA) = C,+ C,M+ C5(8.5-M)**

+CyIn(R,,, +exp(Cs+ Co)) + C;In(R,,, +2) . 3)

rup

In Equation (3), the peak horizontal ground acceleration
is in (g) for each rock site condition, M is the moment mag-
nitude, Ry, is the distance measured from the seismic source
to the observed site (km), and C;—C; are constants of the
relationship. In case of rock site condition, C; =0, C, = -2.1
and C;=0. For M <6.5,C; =-0.624, C, = 1.0, Cs=1.297 and
Cs = 0.250 meanwhile for M > 6.5, C; =-1.274, C, = 1.1,
Cs5 = —0.485 and Cg4 = 0.524. The standard deviation (o) =
1.39-0.14 M.

For evaluating the PSHA, the CU-PSHA program (Pailo-
plee and Palasri, 2014) was employed. The areal seismic source
zones and fault lines delineated in Figure 1 were system-
atically converted to 0.01° % 0.01° points. All parameters needed
to define the potential of each earthquake source (Table 1)
in CU-PSHA were added in, including the suitable attenu-
ation model mentioned above. The PSHA was then calculated
for 0.2° x 0.2° grid cells covering the study area.

4.3. Ground Shaking Maps

The PSHA can be presented as maps that depict the peak
horizontal ground acceleration with a fixed POE (%) in a
finite-time period of interest (Kramer, 1996). This kind of map
is required for numerically evaluating the required engineering
design and construction. In this study, two maps with a different
POE (2% and 10%) in the next 50 y were drawn (Figs. 5a and
b). The highest hazard levels were observed in the southern part
of the MMCM along the southeastern Lampang/southwest-
ern Phrae provinces and the northwestern part of the Phayao
province where the Lampang-Thoen and Wang Nua Fault
Zones (no. 36 and 2 in Fig. 1a) are located. In this area, the
maximum acceleration values were between 0.28—0.32 g and
0.18-0.24 g for a POE of 2% and 10%, respectively. In con-
trast, in the Chiang Mai and Uttaradit provinces, the seismic
hazards were comparatively low at around 0.16 g and 0.08
g for a 2% and 10% POE in 50 y (Figs. 5a and b).
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4.4. Probability Maps

An alternative type of PSHA map is that of a probability
map with a fixed ground shaking level in any specific time
of interest (Kramer, 1996). In order for convenience of
understanding, this study focuses on level III and IV of the
Modified Mercalli Intensity Scale (MMI). The MMI level 111
and IV were converted to the ground shaking level accord-
ing to Pailoplee (2012) and from this the POE values were
estimated. This kind of map is convenient for informing local
people who have a limited knowledge about earthquake
engineering.

The obtained MMI maps revealed that the hazard levels
(Figs. 5¢ and d) conformed to those in the ground shaking
maps (Figs. 5a and b), with the high hazard areas located
around both the southern MMCM along the southeastern
Lampang-southwestern Phrae boundary and in the northwest-
ern part of Phayao province. These areas have a 60-80% POE
of a MMI level 111 (i.e., vibration similar to a passing truck
and indoor objects may shake) in the next 50 y. Meanwhile,
there is less than a 30-40% POE of a MMI equal to or larger
than level IV (i.e., the sensation is more like a heavy truck
striking the building, and dishes and windows rattle alarmingly)
in the study area in the next 50 y. In case of the Chiang Mai
and Uttaradit provinces, they both showed a lower probability
of hazardous earthquakes compared with the other areas,
with the POE of a MMI level III or IV being less than 20%
(Figs. 5c and d).

5. DISCUSSION AND CONCLUSION

In this study, the seismic activities and hazards of the
northern Thailand, including the MMCM, were investigated
probabilistically. The seismogenic fault zones were compiled
according to previous research. Both instrumental and pale-
oseismological records were analyzed in order to determine
the potential of the earthquake sources within and nearby the
study area.

After improving the quality of the earthquake data, the spatial
a- and b-values were estimated and mapped (Figs. 3a and
b). The earthquake activities were then estimated using both
the obtained a- and b-value maps in terms of the POE of a
magnitude 4.0-7.0 My, earthquake in the next 50 y. The results
indicated that apart from Phayao, Phrae and Uttaradit prov-
inces, with a 40-70% POE, almost all of the study area showed
70-90% POE of a My~5.0 earthquake in the next 50 y (Fig. 3d).
In addition, the MMCM had a 60-70% POE of a My~5.0
earthquake in the next 50 y (Fig. 3d).

POE-magnitude curves of the area were also developed
that considered a wide magnitude range and various time spans
of interest, where two areas of different levels of earthquake
activities were classified. The Chiang Mai, Lamphun and
Lampang provinces were classified as having high activity
levels, whereas the rest of Phrae, Phayao and Uttaradit provinces,

including the MMCM, were classified as having low earth-
quake activity levels (Fig. 4).

In addition, the PSHA was also investigated in this study.
Using more up-to-date seismic parameters and the most reliable
strong ground motion attenuation relationship, both the
ground shaking and probability were mapped. Ground shaking
maps are strongly recommended for the long-term preparedness
for earthquake hazards and to create an International build-
ing code for improved building design and construction,
whilst the simpler earthquake intensity maps are useful for
helping the local public to easily understand and recognize
the situation of the seismic hazard at any given location of
interest, such as their residence.

The obtained maps indicated high hazard areas in the
southern part of the MMCM in the southeastern Lampang-
southwestern Phrae provinces and the northwestern part of
Phayao province that might have an earthquake ground shaking
of around 0.28-0.32 g and 0.18-0.24 g for POE values of 2%
and 10%, respectively, in the next 50 y. For the probability
maps, these hazard areas had a 60-80% and 30-40% POE
of a MMI level III and IV, respectively, in the next 50 vy,
respectively. For the comparatively low hazard areas of the
Chiang Mai and Uttaradit provinces, a ground shaking of
0.16g and 0.08¢g for a 2% and 10% POE in 50 y, respectively,
was found along with a less than 20% POE of a MMI level
I and IV.

According to both the seismic activities and hazards results, it
is noticeable that the Chiang Mai province area showed
high earthquake activities but a low hazard. The high earth-
quake activity may in part be due to the presence of only small-
to-medium sized earthquakes, as clearly seen in the instru-
mental records. However for the PSHA, more details of the
paleoseismological investigation were added in the Lam-
pang-Thoen Fault Zones nearby the MMCM and Lampang
province. The comparatively low seismic hazard surround-
ing the Chiang Mai province, therefore, may be an under-
estimate due to the lack of paleoseismological data. To further
refine the seismic hazard analysis, in particular for the Chiang
Mai region, more detailed active fault data is indispensable.
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