FNgUNaN1TIeRTUEANYIA]

(%4

n5lAsnsssalidndnsianisoaiaaunasuzelununasigiag
JmIngIYg sl
Geophysical investigation of the Khlong Marui Fault in Khiriratnikom

area, Surat Thani province

Tne

UNYAIERN YDAV
UYNLIAL IULEU

TasensaveillasunuatiuayuaInaulssunaurunu
UNIINYIAYHIVAIUATUNS
UszanUsuuszunnd 2558-2559 s1dlAIn15 SCI580324S



=
YalATINIG

=

nsliiEmessdiidndamamsenideunaomzseluiiuias
Janingsnugsonil
Geophysical investigation of the Khlong Marui Fault in Khiriratnikom
area, Surat Thani province

U

FuAY

AMSHANTUNTIY

YNYAER LAUTU
PIYATLAL IUULAU

AAIVINANG AULINYIFAIERST UNINSIBYAIVANUASTUNS
INsen: 074-288765 Insans: 074-558849

AUYIYU 2559



YR
ilomn
FIUNNTATN
TYNTAINUTENBU
AnmAnIsuUsznA
UNANYD
Abstract

1. uni
1.1 mnudAguazRuestymnyiini e

1.2 TngUszasAvadlasanis
1.3 szg1a19
1.4 uyaeueivayy

2. VU LAZNITNTINGNETT
2.1 Msd1sameisaaulmasiiou
2.2 S1898LL08MNEINUNUNANE

9 ¢ A o

2.3 NdtpneesiunsUssynAldIsssalidndiiefnwsesiiou

a o

2.4 sAdeAs T stUuAAnY
3. MsAiUNITIY

3.1 5209l 1: Anwiarsiusndeyaiiugu

3.2 sv0sdl 2: dauagiiesziteyandulmazifieuluuasviou

3.3 peel 3: MIIATIRVITeYaMmEIs MASW LilaAnwilassainessaumu

4. NALAZIASIZINANITIVY
4.1 MNHRYIIAAU AL ULUUASIOULAZ NS UAAIILLNE

4.2 nansinulassadneseduiuann i1 InauEe

4.3 MsuUannunuefussninen minrneeaulmasfioutun ninuinananus
AR
5. asUnamITeuasdoiauauue

5.1 @3UNan15I9Y

5.2 JolaUDLUY

LONANTO19D

NIANUIN

Vi

Vii

A A O W W = ¥

25
26
30
31
34
40
43
43
47
49

53
53
54
55
61



IYN1INIIN
3N8N13

= ! < o A a o v 4 A a a a
M50 2.1 Aenusivesndulmasiisuviinndudauazaauidouvesiunwasiuuisin
(FinuUasan Wigann amsng, 2544)
M13199 2.2 NM5IMUNYLAYBINUNUUNUFIUYBS Vs30 A3 NEHRP site classification (Dobry
et al,, 2000)
= v I a a d' L v @ s oA
159 2.3 ToyaunuRulyususesdeunfelyiy Jmings1ug 1l senined a.a. 2008-
2015
- a & = 2 v o - v
M5 3.1 Wsdwesildlunisiiudeyariulmasiiieuwuuasyiou
M1597 3.2 Tumun1sUsEUIaNaTeYs

(%
v a

A15799 4.1 gﬁ]@&hﬂ%@%ﬁﬂ??ﬂL%’JﬂauLaﬁluu@5?]'3']3J1/M’]‘Ua<1LLGiﬁ%%UﬂULLﬁZﬂ’]'ﬁﬁWU’JmﬂIWLﬂaﬁl
< d' A U =2 c{' °
ANUSIAAUREUIUSEAUAMNAN 30 LWAT NT88E919 822.5 LuAS TuluIg519
KR1

38
39



18NN SENBU
3N8N13

SU# 2.1 vlinvesnduniounanimsiiunsesnduuasnisdureseynialusinans a) Aausn
b) Adudeusialnanlsdluuuifis o paudousislnanlsdlunuisiu d) Aduisdd
way e) AauaAN Jun: Steeples, 2005)

U 2.2 nyminaifiunsvesedunsdiiinsessessninsnnanseglunuisu (Sheriff and
Geldart, 1995)

'g‘d‘ﬁ 2.3 MIVBVUAYBIAAUIKLALLIN (site amplification)
(http://seismo.geology.upatras.gr/MICROZON-THEORY1.htm)

gﬂﬁ 2.4 MmansgaennudIavesadufafulusna (@) fnasdidnvasdudedeatu (o)
fnansiidnuarlsifuideifieatu (Strobbia, 2003)

JUT 2.5 a) uanamdnnsd15a9su38 MASW (Park et al, 1999) b) Funsunsiinsizideya
U7l 2.6 unuinfiuszmauansenanian snerssgien Samingstug o

SUT 2.7 wnuilssdlimendamingugisnd (nsuminennsssdl, 2550)

U7 2.8 unuluanssiuniasosidouiindslutsemelng (nsumine1nsssdl, 2555)

U7 2.9 unuiluanadl PGA dmuenaninazidu 10% Tua 50 T (Omthammarath et al.,

2010
JUT 2.10 WRULanINguTosidounasme e (Huduna) (NSunsnensssal, 2550)

&

UM 2.11 Lanamunis epicenter WNUAUIMITDRUILINAINTIVTIATENIN U ALA. 2009-
2015
JUN 2.12 Mmaengusuiiiuiundsd waw 3 & (Temary map) lag wnasdunsuanaiuvise

&

130U, [Wuivaunuduiivdunilansveulunsnauazidulsednianadu Termary
Lineament (lnsam Hedanssas uazAnY, 2556) NATIEULNT 1:1000000

U7 2.13 uufirudiaunuuiméninUnddeuiureuivanissdiinen (nsunmiwennsssdl,
2550) LufiuAMuanITosIdoUAADILIY (NFUNINENTETE, 2553) LEuUTEEM
uanansosldounansuzse (1nsnm esassos Lavanz, 2556) UazAALAILART
sumidsthmFou 1AsIEUUALT 1:1000000

SUT 3.1 unugiiuanstunaumssidunuise

U

JUT 3.2 uansdoyanuudtaesseaugadaay (DEM) wazuuidunialideriiomessdiine

Y Y

&

AsoUARNIUTYINTETuN NI IneAsouAguituNgLneATsgHaAN wasUedINTDIRY
gUNINTIA SNBYINRN SUNBVINTUL BUNBNURY FUNBUIUUIFRY SINBLAEUY
LAZENBYUIUYUAIE TIIRgI1NY Tl

11

12

13

15

18

21

22

23
24

29

29

30
33



s98n150INUIZNBU (61D)
5780195

5Ui 3.3 s3dfivevesiuiinundenuaniuudise (Fuiiviihidu) wsesdoudidinualag
AsumsnensssaiLansmesduiiviunsasuunsesdeudilaanmsuamiussdl
Wandneonelananelduiiuden

Uil 3.4 gunsaluazieesilofililunsifiudeyandulmasiiiou a) Geometric SmartSeis

€aN

. = a v ! [
seismograph b) Alalvlunaziaila o) ABUKAZUNUWMANTUNIINTEUNN
JUT 3.5 (a) sUsuunisdsiasieisnaulmasiiiouwuuasviou uaz (b) nmuaninisiiudoya

AIPEUY
JU7 3.6 uansanuznsiuteyakuy roll along
SUN 3.7 fegredayafunliainninauiy wieu Power spectrum ¥addayauaniniIunves

Y =

doyaaunlaneinlugie 20-150 Hz (a) wazdoyanasainuszaianauad (b)
LLUUﬁi’wammmL%’;ﬂﬁuLaauﬁlé’mnmimeﬂé’Uﬁﬁauua

U 4.1 amdarnadsnauazdinrmdnvesndulmazifieuluuind159a KRI (@ uay b) ww
#1979 KR2 (c waz d) wazlkuad1323 KR3 (e wag f)

U 4.2 awdarnadsnanasdinrmdnuesadulmazifieuluiind15aa KRY (@ uag b) uun
d19729 KR5 (c uag d) hazuud529 KR6 (e 1ag f)

Ul 43 1 V530 wagn1snsznesiivesmnauiindudeuluiundisg KRI-KR3 Tneiduus

D

LAAILUITRURDTEMINATURUTUTEAURUY
JUT 4.4 A1 Vs30 wazni1snszanedivesnnusinaudeuluwindisia KREKRE aewdulse
LEAAIBUITREADTEMINATURUTUTEAURY

LUIE1539 KR (@) kiIdn53a KR2 (b) haztkiddnsia KR3 (¢)
JUT 4.6 (a) Teyaviaanang V153 UTInaRuAuYeuIdisia KR (b) Quuiiiuyuuassesuan
Ty unnulunundng
a o < A & v LY} Y] a = a =
JUN 4.7 LUUFIABIAULSIAR U D UL DUNTUUUN NI AV BTIANNANVe IR AUl az L Tiauly
LUIEN539 KR4 (@) hiddn5739 KR5 (b) haztkiddnsia KR6 (¢)

1 a

JUN 4.8 Toyavauianznaneiay DA240 MegUsiinnaula1evealwidnga KR

RY) 9 Y

a a | = o X Y X A a
EU‘Vl 5.1 LL?{@\TLL‘L!'JTE)EJLa'E]‘L!ﬂa@flllziﬂﬂ/lmi'JQWUIUﬂ"IiﬂﬂU']ﬂix‘]u (LbUIFULLALNUNAIUNTDUH
\387)

34

35

37

38
40

42

a4

a6

a8

49

50

51

52

52

54



AnRNssuUsZNA

ATedlESuyuatuayun SusulssnauEuAy sinedeaswaiuniund veveuna
AAINTENG Anginermans uvnAngduasmaiuaiuns wazanuitessdiidndnoygelidiunis
dmauaratduayuinueioslodsauasedosdiornsdunsivieyaniaauy suvsveveunmituay
ShinwiessiulSyniiand LLazﬂ%wmewﬁiﬁWEﬂéﬁﬁa&mmﬁusﬁ’aaﬂaﬂﬂﬂamﬂumiﬁﬂLﬁumuf‘sﬁa
psil wovauAM NnostUIMA nIMENEINTEIEl NTEnTgRAmNTINdmTUTeyatuRuRiua VAL

YUIAalUNUN AN



Vi

(% '
~ a

fumdssdeusuaulmdlnyegluuiunilisesdouiindaiminuiu dviulssnalnediuviises
WaunselldnuagvastuRuNve1eANTULITveINITHUasLoundouiteguar dililddsansiaasy
pgsidlunateiug nsAnvITETndulalinNd A lun1sUTEIULaE LN LN TNBE519971A0S
delgnasne Munsdidrwganuazanlugusuieivasadenuduaulmneafintulusuian wua
5@8LﬁauﬂaaqmﬁaLfJuLLuaiasJLﬁau:ﬁwé’aﬁﬁwﬁaumwmﬂiéfsuawizLwﬂﬁé’qﬁmmﬂqyLﬂ%@iuﬁawm
ALVLILAZLINTTINMITRINAuTBIA U pe TRt ufag neliuTuNdTuns noulaviuAautI
av Jaow ¢ A v a Aaa 6 ° = a & o ° |

w1 uATe il ingUszasdiiioUssendldmatiassaliidndlunisd1sia Anw Tasie Mruasiumil
ANUANLAYVBULUAYBILUITOLTDUARBINETE TINNIANaNYElATIET e TalIne iR Aulunug
gLnofssgian daningsnugsonll Ingladisakasiinseiteyanaulmaziiouluuasioud1uiu 6

° ¢ Yy O a o & v 2 PR a v aca ¢ A4 & a
WUIFISID LAZNISANELATIFS 1ITUAUTEAUAUAIAINULSIPAUDBUNAIINITIATILAAAUNURD HANIT
wWUaANUMUIEAINFAVINPAULEZIN  ANFATINNITNTLANEAIVIANLLSIAAULEDU ANANLLS)
PR a = ) P | v v ~Na S a H

AAURoURAWTTEAUAINAN 30 AT (Vs30) Sauiudeyassdiinewastudulunauiaiziiuinialy
WUARNY NUIMNUNADUNA LA ABUMTDVBIB LN DA FHANUNAGUAIETUATNOUNTIANTIEUAENTY
wisgpaanesunaniannununwg 15-30 wes anadllidutunznoudauiunistuiuyuiignseu waz
a L A ] S a = 2 O a A a A a A A
wugruluiuiineunarserndutuiiuyu wazniweumieiutuiulaay Hufiuaiu vsediuunsiini
WNINAITUNIUTEAUAY UBNIINUTINUIUIFNTIDUNUNADUNA1IVBINUTNAN®1819TTDULABUNIA
AUl HYUNTDITEUIUTOUEBUARUT T AIATILANIINTDELEOUAIULUITEAU LAUFILNULAZLUT
nsINivessesideusglufians Tunnidesld-nrTuesnidsunilodenanesiuiuisesiiaundnilaain
a o 1 ¥ le/ o [ dgl’ r-:ll A d‘l’ r-:l'r-:f 1 a a U dll = -'-NI
NUATNBUNTNT duSuRiufineumntiavasiundne lnuanuRaunfvesnmdnuinepdulmasiiioud
duiusiuseslfiounaoius iy LAnTIINUTRELAoUguNduRUSAUToURANTRELENluTiugAAISUDT

WS A-LNO SO UNTONITAUAITULIVDIAULNTRA L UTEAURU



Vii

Abstract

Active fault is considered to be a major potential source of seismic hazard. Related site
investigation for fault studies and ground shaking by site amplification during an earthquake in
Thailand has not been focused. Local scale geologic and geophysical research is an important
contributor to fault activity and risk analysis. The Khlong Marui Fault Zone (KMFZ) is a major
active strike-slip fault system in southern Thailand that its extension and location are not
obvious where thick sediments cover the area. Therefore, the objectives of this work are to
investigate and characterize the subsurface geological structures in the vicinity of the fault zone
in the Khiriratnikhom district, Surat Thani province using geophysical methods. Six seismic
reflection profiles were acquired and and analysed in combination with shear wave velocity (Vs)
profiles obtained from multichannel analysis of surface waves (MASW). Integrated interpretation
of seismic sections, Vs section, Vs30 profile, geology and avilable borehole in the area reveal a
15-30 m thick of Quaternary sediment cover. In the middle part of study area, this layer is
underlaind by sequence of consolidated sediments or weathered limestone. Variations in
seismic velocities and vertical offset of the main horizon are the fault signature observed on
seismic sections and in the shear wave velocity fields. The results coincide well with the fault
strike obtained from a previous works. However, no clear evidence of the major fault is visible in
the seismic sections located in the northern part of the study area. Small faulting observed in

this area is appeared to relate with granitic rock that extrude to the near surface.
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& a

o ] O a o w ' A a = ¢ . q' a P
teunivestuiuiiegaua1e adudavly adueulnanlsd (polarized shear waves) Mn1siARoUT
YDIBUNATDITINA NV LA UM LaZAIRINAUTIANIINSIAG ouNveIRaY (JUT 2.1e) ANNSIARY

o
[y

dvlegsgning anusiwesnduiegiivestuivlndinAuiuuestuiundnasty

Qe



a) P - Wave
Compression Undisturbed
Delatation Medium
Particle
-
Motion
b) SV - Wave Particle
Motion
c) Sy - Wave
Particle
Motion

/

d) Rayleigh Wave

Particle

O

P Motion

e) Love Wave

Particle
Motion

/!

SUN 2.1 9TiAveInaunIauLaAINITHRUNINYRIAAULAYNTAUYRIBLAALUAINGTE a) AFWSA b) AT
Aeourlalnarlsdluuuifs o mdulewrilalnanlstlunuisu d) AAusdd war e) Aawdn (Tun:
Steeples, 2005)

REFry)

T
-
I —rtt

Propagation Direction
—_—

2.1.2 anuiedulmsziileunazautaduanudandu

Wesdandaunsnussgndldfnudnuaslasiamnessdineliingu nglinwddelies
voslassadsvestuinandoyanisildsuulasmquansinisiidndvestuiufingaaou Tnsane
nsdsafeIBadulmaziiiou (seismic method) esnnsiianuBaveuiiaanuduiusiue
auandulmanfieufiadeuiilusivesian uenanianusedulmanioulufiuviuegiuilade
JuBnuansegns wu Ay dduduiiu madeuvssan awdn ey ANudy uazvpmAT
wnsnalugesinmwesiu [usu



aa o a o < & o [ < o a = A o < o
nsidnanslidnvuziluilowniu anuiindulgugil vie Aduda (V,) uazAnusatu
NAgH v3e Adudeu (V,) danuduiusiurnsigangusisaunis

K+ﬁu
V, = —2— (1)
P
v, = & 2)
Yo,

il K fie Uaduenda (Bulk modulus)
L Ae wendaideu (Shear modulus)
£ A9 ANUNUILUUYBIFINGN

Mnaumsi 2 aiulihimauindudeutusgfuduegdadeunaraumuiuiureaiinans
Fehudmsushnansiiluvewnaiuaring aaudouldaunsaiumisinianaisld iesinit
Yaamamasingilal W iy 0

Pnaunsanusrauluiinaitla g wansiduilufnaafiertuadudaiumsldisiniiady
dewaue lnednmdusznitmnuniindudeutuanuiivesndudaiiauduiusiudnsdniad
9939 (Poisson’s ratio, o) (Telford et al, 1990) AY&NAS

\Y 05-0

Ss o 2279 (3)

v, 1-o
Tnanluadnsauthdaes (Poisson’s ratio, o) {1910 0 v 0.5 AUUSNTIEIUTZNINANSIAGY
\ReusandudnilAuINTgaLiiy %E Foiliannuiivesrdudoulindusan 0 audsuszana
70% YA INAUSA Aauandlun1sei 2.1

~ 1 @ A = a =~ [ A & a a a [
A15197 2.1 AAnUSvesmaulmasiieurinAauonLaL AR URBUYBIAWLAL AUU1IYTn (FaLUaIann
Wigann @msn, 2544)

Ve0/Au AmIEIAdusa (m/s ) anuiindwdau (m/s )
AuUuUNI1Y 250-600 120-300
7518UUNTIA (LIA9) 400-1,500 160-600
ns1evunsIn (1Wan) 500-1,800 200-700
Autnilen (i) 700-1,200 300-600
Aunilen (Wun) 1,200-1,800 400-600
N30 (W) 200-1,800 100-800
n31e (Wen) 800-1,800 300-750
1h 1,400-1,600 .
dneia 1,460-1,530 .
27 330-350 -
Aunsy 1,400-4,200 700-2,200
AuRunIU 1,800-2,800 800-1,600
Fuyu 3,000-4,800 1,800-2,800
Aunie 4,200-5,000 2,100-2,800

AuLNTUN 4,500-5,500 2,500-3,300




2.1.3 Msdsradeisaaulmaniiounuuasiiay
nMsdrnvssdiidndlagiBedulmasiiou orfevdnnsvinliiAandanuvesndudaneuiiamu
y3olndafafu udrTananisnevausstesaduiiiunisluldinfuuasnduluginfu euwlaninu
yangdsanmyassdineldfnfusuinananauiBduaudenguiunnisiurestuiuduiu wu
AvendaresauBaveu (elastic moduli) wagAuvLIuLLYesHiu Msd1senaulmaziiouuyaiy
aosvianmnuanAimaiidndvesnauiiiunislusina Aensdrsnedulmaniounuuinmuas
nsdsaedulmaniieuuuvasieu duiunmiddedldhmsdmaseisedulmanieuiuuasiion
Tnaieatestunisiananiunesndulmaniouiidilnfifisfusazasiiouiiiasesdeszninety
Fanansfidauuanannessainendulusinmu LLauwﬁgmLLazLWamaqé’mmwmﬂ?{uazﬁauﬁﬁuaeuiﬁ’u
AINULANAIIUDY acoustic impedance (ma@miwdwmwwmLLﬂuﬁummﬁmgu) seminedanans 7
Arsesdeindiundurzutuenosnifunduazieunasadudsiuludeiinats lunsdadusann
nsgnufenaUnd duUsAvinisasiiou (R) Ae
R =i _ pPVo — pVs (4)
I A PR A
510 A Wag A, AoLounAgavesnnnIznuazAduazyiay AAR
P, uar P, Fomnumuuiuresiinasiviliwagianarefides auadu
V, uag V, fennuidrdvlusinansiinduaziinansiiaes mussu

fosannsdiduduiifoasiieunadiluiusu Gpudsadugud) dagui 2.2 fasiiou AB oy
mnudn h THuvdsdudandu S ndanunduaziumeain s Tuaauw sC Tasuuimaiuresisd
agvioulunungnsagiieu nanAeyunnnsgvuinfiuguagieu fvuslinuiiedsvesniuly
fnanadu v agldinaniumadiniuaduaziiou () Tumenves x vienieszazeemion (offset)
anusadeulau

V %t? NG
i ©)
4h 4h
zUlAIIANAUNIRIRAUATTIDUADARRDITUANNS NS lUA I UNTINLIA-SE8EN9 Fakanslu

JUN 2.2
ALMUIURIRasiaumliaINNTInnaauNIe o dundanimsudyniuviedlalniuwazyn
Muiinpduegidurtianediu () We x=0 Tuaunsi 5 aglai

h= %Vto (6)

= = vy = W
aun1si 5 ansadeulasnguuuunis daunis
X2 4h XP
RVERARVERRVES
lngfinnsandntunesifsses 2h daannnitsses x 109 Jaunsanseareaunisiagldnisnssane
wuululudiva (binomial expansion) l9sadl

2h X \2 1/2_ X |2
t:v{u(ﬁ) } _t{1+(m) }

1,6 x 1 x
=t 1+ 2 () 2 () e
2 'Vt 8 Vt,

t2

+12 )

1/2

(8)



81 ty, t Wunadumeanuvasiinaaulugsunte x, wag x, MuaIsu Lla
2 2
(Xz _'Xl)
2V,

ol o = I o A Y] I o a A a ! s I3
nstinIlelnusvilsegsuninieniuunasiniaaiu At Send1 uesueayie1d (normal moveout)

At=t, -t ~ 9)

739 NMO Faflgunnunig Atyyo Heauns
2 2

Atyo ¥ —o— ~— (10)

2V, 4vh
NEuMSA 10 awiudn NMO iiisdunuidsdesesssoymasasudsundufufdsaewes
ANHLSILAZLIAAENIG (M58ANNEN) é’qﬁumﬂﬂﬁwmﬂiﬁWﬁmmﬂmasﬁau%Lﬁu%mﬁaswzmq
fudunazaranauiionan (Audn) Windy wannsves NMO faudrAguIn wszudyadiin

duararaulmazifieunvuinladududyanuazneurseld

-

- — = —— > — —
J" R
~

-
~
ey

JUN 22 A5MaNAuNIewesnaunsaiiasesnesenieminaeedluiulsiu (Sheriff and Geldart,
1995)



Imamlﬂmimmmaulmmmamwuamamﬂ,wmLumﬂawmaﬂa; fsuamiasinsduluuun
mi'mLwaiﬁlmammmamaumﬂmsasmammmeﬂwmmmq (fold) vinlvidey mvﬂ,mummwuaa

;]

WATARFYYIUTUNIY ﬁ]mamauiwumm’] common midpoint (CMP) L ”fg auid CVP mmﬂu

[

Qz1A1USULA NMO LLa’Ji’JﬂJﬂu (stacked) Wiarurnuduvesdyanamazandyanasuniy neufiay
WdnSestududyaaill CMP e Weadan winrnswesdygaaeiou (stacked section) lu
ﬂflsa%ﬁqmwﬁmmwﬁ%éfmmuﬂszmuﬂ']'ﬁﬂﬁzmama%’amﬂa (data processing) waneq Tuney Liteli
g mitaaunazulamamnelilndidssiudnvarnsssaineldfiAuiiduatanniian (Telford
et al., 1998)

Hagtuldinsuszgndnisdimadeitaaulmasiiiounvuasviounuu 2 I way 3 18 luay
Anwndnvaslasadssaimenldinuegnainiawnaislusysumudndaud 1-2 was Tausesudn
aAlalns 11 NMIENTIIMEN T ULAY U5 TIIR WasUIATa (Buker et al., 2000; Francese et
al., 2002; Woodward, 1994) unasndasuaiusauldnan nfneinsus Msfinwgiusnluaudiu
3FINT5U (Hunter et al., 1984; Steeples and Miller, 1990) nsfnusesLdouata s MYE TRy
(Bergman et al., 2002; Schmelzbach et al.,, 2007; Saetang et al., 2014) N13NTIVADULALHAAAY
msmdeuiivesrnsuaulneendlasluuvasiuliu (Davis et al, 2002, Arts et al,, 2004) WWudu lusfin
nMsdsaanuy 3 07 Jeadldiitenisdrsaunasislasasueulundn Tnsamznisdrsianiaiuiusy
fnswauiludislats aa 1990 Pagiunisdsanuy 3 G dnsuinwlassaidluseduiuldsy
audsunduiesninarlddislunisfuteyauasszananannas foyaidyausuniutos 1
waziBunuaziunisatlassadafidutoulsd (Sheriff and Geldart, 1995) @un1sd1sauuy 2 37
onathinlddnadesduiteliiulasaiauuamnislunaisusing

2.1.4 AU anauEaufUNUAILIAINTTHEUAL YA
Jadeniidvnsnasessauniujukazaudemieiiosainaduwiuaulug laud vuinves
weuAulyy duvlsgudnatunuAulvg (Epicenter Distance) uavAnaudRnfsvestudu (Local Site
Effect) (Kramer, 1996) lagianigdiuwlsnaniliieitasiuamandfnunianamansininudfynia
aa = & i a P a v 2 PR o o &
5503AINTsN Aomnusirdudeuvesiu nelddeulvmnuasuates anusieduidouduiusey
fuelegaadeuasan (small strain shear modulus, Gy, A9@1N15 (Andrus and Stokoe, 2000)
2
Gmax = pVS (11)
W9 G,y AB shear modulus Tumiae Pa
= < PR 1
Vs AaAnusinauaeu Tumuieg m/s
= ! 1 3
P Aaaumuwiy Tunig ke/m

'
v o o A o

nstiinfuveaLeundyavesndulmaiteulutuiusawduladeddgyivinlnanauguwss

<
'
=

Yosduaztiiouvesipuionaunuaulng nsveredygia (A) Lusunduiusniidesvesninuisanau

dou (Vs) wagArumuniu (P) (Aki & Richards, 2002) tiufio
1

N

WeosanAnuruILuADUIIAIAILANEN A1 Vs Faduiunuvesnisneuaussluiiuftue

Aa

(12)
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MsUszfiuaudrdudeuvestuiulusesuiuAsadesiunisuseifiuanudsadude
wiudulm Teemhluazldanudirduadslugig 30 wasksnainiaiu (vs30) Wusudsdmsuns
Funednenmlunisvenedygiavesndulmasdiou Ergina et al, 2004) uenmileainnisnagdeu
Messimadialags standard penetrometer test (SPT) u&n fauUsiiddldidudemmundmsuns
feasaemslulagiu (BSSC, 1997; Dobry et al., 2000) iy 6161 Vs30 anaI9zEnAEaITUNSIRY
mmqumwmmiﬁuazLﬁau%aqﬁuﬁuiu%umzﬂauﬁlﬁLlfﬁﬂéﬁ (Wills et al, 2000) A1usnawdeuld

v =

RRAUTasEAUan 30 WASANLITAAIUIMLAINENNNS

VA = (13)

o o, uaz v, Aerumn (umbewns) warmnuniraudouvestuiud i mnsuauimun N 4uf
pgvitlonuan 30 LA

ALY Vs30 Ium%ﬁLL‘Llﬂ‘Ui%Lﬂ%%UﬁUﬁQﬂﬁWUW%HIWEJ@Qﬁﬂ? BSSC (Building Seismic Safety
Council)  #iredetulud a.a. 1979 Dusadnsiidiusmuieafunsimusuassidlunisieains
o1msliasafoanmgmsaiusiuiulm Tagldsunudeyauwmuiulmuasiesginsduasiiiouves
uiuAuiiAsdostuanmesdineldfiafu uarlduinguuesduiuesnidu 5 ndu (5efl 2.2)
Anadsvesauiinduidou (vs)  luseduainudn 30 wes  laeSeninnausiniederimunves
National Earthquake Hazards Reduction Program (NEHRP)

mawﬁl 2.2 mﬁﬁ‘hLLuﬂﬁuﬁmﬁuaqﬁuﬁuuﬁugmﬁum Vs30 »13 NEHRP site classification (Dobry et al,,
2000)

Site Class Description Range of Vs30 (m/s) Amplification
A Hard rock Vssy > 1500 m/s -
B Firm to hard rock 760 m/s < Vszy < 1500 m/s None
C Dense soil and soft rock 360 m/s < Vssg < 760 m/s Low
D Stiff soil 180 m/s < Vs35 < 360 m/s Intermediate
E Soft soil Vssy < 180 m/s High

uenanauiIAdudeund auautinianamansvesduduiierusuiudenisuszidu
mMsfnenansznuveuAulnselasiadie SiUszneuiie AuisssuYA (Natural Frequency)
WiapUBNENandn (Predominent Period) Wiinsdifiduduiuseu Woauiuanlmiuduiuens
aansaLiusEAUANNTULSWRsAAUINLALLY figUil 23 osarniinnisduios (Resonance) ¥es

ARULNUALLIAUAIANUSITUR (Ts) VLASIAS19TUAU (Kramer, 1996) faaunIs
4H
T, =

V

S

(14)

e H A ANUnUIYeItuRUNINIRguLiiugu
Vs fio Aleduanuivesndudeureatuiuiinnsinuuiugu



1"

Time history on soil surface

Soil layers
change the
A properties

Time history on bedrock

gﬂﬁ 2.3 M3veBvLAYeIAAULELALLM (site amplification)
(http://seismo.geology.upatras.gr/MICROZON-THEORY1.htm)

laenalun1smean Vs lunandeyanisnaaeulunguinnzuasn1sd1siauuifiu d&msunis
d1sravsenaaeulunauiatg ki N1sMAaeUNEaneaINuInIgIu (SPT)  wazn13d153935aauln
I 1 aq v ) aq 1 ‘é’ A 1
azineulunquiae (1Wu 35 crosshole  waz downhole) Taidyveisivanil Avadnugaeniunis
Aviuusasiianldinegulionnindeansngunaaey &nsunsaisrauuiang uilaasainuwas
59059031 leun nsdrsiedsedulmaziiounuuazviou (Reflection  seismics)  wazhuuRnA
(Refraction seismics) UDIAAULEDU WAZITIATIFAARUNURILUUMAIBYRI QI (Multichannel

Analysis of Surface Waves, MASW) laglangds MASW lasuaudeuunnludagtuiilesanniu

] ' (% [
a = = 1N

ToyaldiTuazlifidymlunsdintuiuiiogdnnindanusilesnittuiiegsiu muideliiudenldis

=

MASW Liafnelassasavunuluseaumu

o [y

#1115035 MASW  1Jun1sdrsiaiiannanuiiirauidsuludinaidlagandendnnisTuinias

L3 Qs

AATERAUENURNIINTZA18AAY (dispersion) UBIAAUNIAY (surface wave) NA1IABAAUNIAIILD

9
¥ '
a = =

WANARAUAUNRIBAUSTUANATY FapuauiRtdaiintudomnansddnvaslidudowediv
(heterogenous medium) wAg1iInatslidnwaziduiiioidsatiu (homogenous medium) N13nTEaNe
ANISIHEATDIRAURIRLAIY LI AATY AIFUT 2.42 91N3UT 2.4b LARIANYALUDINITNTLANBAIINSGT
A a a o Y a da < d‘ A [ A « A a a
wlavesnauiIfuIINkUUTIReItuAuniaSInAuReuTY f1 uae B2 laghl B2 > B1 LileARURLAY
NUAMNBNIARUAINTY A, 4, uas A, eaouiiiulaen A, <A,< A, Aduiiin11u817aauuInnan
(Aude) asdunnsasiulaanndt vihlifianusieduninninpauifinnueneiudindy (udas)
Tumenduiugn B2 < B1 wIeANUSIAALARAININANNEN AFUATANNEIAAULINNINREEANMSY

A v I A aa A o i
AAUUBDYNTIIAAUNUAITUYIINAUANTININ
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ImEJﬁ”ﬂUﬂﬁuﬂaﬁuﬁuﬁﬂ%ﬂﬂf\"]’miﬁlﬁ‘]uﬂ?ﬂ'uiumu (Noise)  Fadmarrdmoaniuludumeou
ﬂivmaNamaﬂﬂ'lia'li'mﬂaulmavl,maumGﬂfd mammmaaLﬂiﬂvmamammﬁﬁﬁa Aonisiiudeyaii
I¥amnuarsinds uenanilrauinauindsnuvesndunndlodieuiuedusinug Suiliannsa
n39du uazuenuezldieludeya warlifidgymizesnsanaswesdyaunaulusedudn m3dise
§e35 MASW wusliidu 2 Ussinnaudnvazunasiudandu (MASW, 2012) Téun

1) Active method HuiEn1sdrsafionduunasiiiinaduiuy Active seismic source LA
AauIUIRLAY (sledge hammer) éjuﬁmﬁﬂ (weight drop) “a°l wag 1 IwwIFISIaMERISUS Y ILAT
msviiudeyauuy roll-along Tnsazldsutoyanunindudeustlutas 1-30 wns

2) Passive method (Microtremor) Hunisdrsiafifunasriufinaduainduindey wie
Aanssusney Aldifenfunanisdse Wy mseses desihdes nsedeuiiveniitudias ns

WaguwUaanuiuussennea a9 aansobideyannuiiniudousglugie 20-100 wns

» Ry Ao e Aghs

W W,
V—"’/VWL l,)/% )F

b 2
A B ¥
v 4 AU
VB
Va|—o .
\r‘A.-
g -0

d' I3 d' a a Y] L a v I~ dy a [
U7 2.4 Msnszaenusaiavesnduiafuluiing s (a) fnansddnvasduiiomeaiy
(b)) fnareiidnwauzliiduilamennu (Strobbia, 2003)

dmuanideildis active method Wity nsiudioga MASW asmdioutunisfiudeya
Bnsdrardulmazdiowiiglu nanfeld vertical seophone Wussudyaaluwuidiss uiis
5%1si%(?h%’ué’zgzgmﬁﬁmmﬁﬁm’haaﬂmm 4 - 8 Hz waglddnidnndurianause wWu deuyuuu
wiuman Wuundsiniandu dygraiignnsaia ldandivdyaamnd axgnasldiedesiudin
Fyanas wdnhluszananasioly (3Uf 2.52)
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n1suUse mawaﬁuama MASW Usenaulusie miLLtJawanamﬂImmunm 38 mmﬂu‘lmmu
m'ml,i'gW\Ia-mmmamauwummLLamﬂugﬂw 2.5b antuimsidendunisesnnuiuaraiud
faonadostudaya SeldnsmilGenda dispersion curve 9ndudunismeanuisndudsusinns
#1833 Inversion iawlasmnuunavesaduinfusinnsiilaluifunnudiedudeusienudn
LANAINNAY

Richart el al. (1970) laLansmnuduiusseninemuiiivenaudoutasaausea (AauRanw)
%QLﬁumﬂuﬁaﬂaN%WJU Seaunisii 8

6 4 2
Ve | _gVel| ([2a_161729 | Vo | ,1g(1229 4)_g (15)
V, V, 2-20 )\ \V, 2-20
e V, fle Anu51ve9rduisdd war o Ao mdnsnarnilivesd (Poisson’s ratio) Tnesiilusn

voe8n1dulireazedszning 0 dwsudnarsiiluveds 1 0.5 dmsudanarsiiluveamar
FaLUANAINUSIVDIAAULSEA FEiANUTENN 0.87 - 0.96 WNUIRAULRaY

a)
- M » . dx. g‘l:ilg;::;rr:per: gg?ﬂilﬂteer
Triggering Cable =
. ,_:iJ( ox:
‘ = Data Lines—E I - 4{."] |H' £
= |~,. = PP = t“:—
10m 1011 1012 1013 1054 DS 1006 1003 1034 p—
Seismic Source Swbe # e
Trigger (Sledge Hammer) . Channel # :
Loose
L - Surface Wave - Material T
= I i [=
Body Wave Material i .
- '.-" g
One Trace One Record
{or Shot Gather)
b)
1. Acquisition 2. Dispersion Curve 3. Inversion
Offset (m) Ex‘tra cti 0 n S-Velocity (Vs) (misec)

200 400 600
0 T S R S R

Disparsion Curve (Record # = 1000) n-*'\ wm 100
(Mid-Station # = 1022 5)

Time (ms)

‘ Time-Space ‘ ‘ Freguency-Phase Velocity ‘ Depth-Vs

U 7l 2.5 a) WanamdnMsd1 729675 MASW (Park et al, 1999) b) %umaumaamwmmaua
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2.2 Twanduaiafuiuiiinm
2.2.1 finauazeraniun
sunedisgiag 1Hunidlu 19 Sunevesfminasugiond fegmanaunas Aeulumsiia
nunnvosimiagaugiond fidefivssann 812.3 msshlamns (nsuminennsosd, 2550) uasd
panRasafulmnsUnasesiiaies (U7 2.6) Mudeludl
iemile Aasaiu 60030130
iAnziueen ARy gnanuiy

rild Aasiariu SnelRBUIUAL SN NLY
Hemziunn Anseiu gnetnunIYuLA LN NUY

2.2.2 anwuzgivssalazaneaeniiana

anvauznivssinavesdminasiugionll ddnvauznaunaiuiunaiowuy dulvgilugian
Uszana 49% vesiuiidmin TnssunedisglaudatiagnisinunsTunnvesimin slidnuaznd
Usemeaduuvuiieniangaaduiudounansmamuuuanield uuvawuthassddy 1o qu
1ha® guimunng naasgenilve Tudrumsmeunatsuazsiuns fusenvesiminasifuiisruneils
nzlasng Aunaginussnituen uaginzvuialnglusnive Tiun ingaye inngneiu ua

[y P~

myneenmes  lapasiiiuiisrugamfianeTuan Foduiidudmangunad Faduduuianun
senindminasnug o diuiminssusuasIminien svAseqaindeslunsfianz Tuoennaoniun
I

anwazniloniavesdmingsiugisndlianmgionialuunsguunion  a1unsauusls 3
ganafie gefeu Fuswwdnarnieununiiusdinatufounguniny gedu szuitsnataiien
nquneNfanaafounaaufiognielidvinavesauusquas Sunnideslidaduanfounasau Wanan
NnuMamsduRe Lazanusauns TuoonidsamieiiariiusnineIwilvivaagguueiuiunasiiiy
anuntutaegguu Tudafeungadneuinfousuney Wuaveyhldivsinadnunaontuls
ﬁuﬁauﬁhmmluﬁuﬁmm Immaﬁa%a*gjswiw 1,280 943,694 Hadiumnseal LLazﬁqmwgﬁLaéa
naenTiuszam 26,3 esrmuwalioa Amutuduimsnannd 83.0 uazqgvum Budusauinatadion
parAufenanaiiounuaniius 16susvdnannauusquny Susenidsavideutazuisandsemaiy
finr s ngUnaquuszinelne silvigamgfianasmluuagdonmaunidy  (hsumiwensssdl,
2550)
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2.2.3 dNUUENNSIAINGN

Snungnsssdiinehluvestmiagauginifesas 80 vesiiufignunaguiiensnousiu
wazgrundudnwagivilan viliauduiusvesiuunasnitsunazyalidaiau doserdens
FeuiResddutuiiuannsoutsiiuinedesddurnmiefuiivigedeousn (U7t 2.7) fail

fugraaladiBou (0) (Wsvana 505-438 &1uT) Fufimuluuinadussneuiiuyuiofuuay
fuyudimuasivuy fuyuielalaluduasfiusou unsnadudofufuniu Woyunasfiufuauly
918 N5¥UAIBYUSIIUENBABUFN Nt uNIans wazdlnaiesasy agluniinfiunsiu
(SDCtp) Usznausie Aulnsguan Aunsieuds Auvuiu wasAuALAUA LY
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2.2.4 Jayadumalnilauazsurufulug (Tectonics and seismicity)
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(PGA) Sifnaglugag 0.8-28% vasAausiliuaawedlan dmsuriuatfdn 475 U (37 2.9) v
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05:18:30 2.831445574 9.4i189 2.91991 Usena 74 nu.
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3.1 seEed 1: Anwwazsiusiudayanugiu

mstuduauluszeriiumsnunadeyafiugulivsenounsmamunisdmassdiand
uaznsudaerumnedeys lnediseazdoadsi

3.1.1 drsraenansitieados

duduteyassaiinedanliniauazideieaiu nasnussdinUsdugIu Toyaduusiuiulm
warmsAnyassaiEndluiuiifnuiielfesdeuiuazuuimislumenaununisduiiuey uagld
Uszneumsideniiuiifiny1deIsesdiand (fameaziBosluunil 2)

3.1.2 AnwdayanieansaumagiiAnans (GIS) uasnwaeaniies

Iimsuanumnedeyanuudiaessziugadaay (Digital Elevation Model: DEM) #if
maziBenueseyaiifiszarvinsszninenia 90 w3 uaginsUsznanatoyalaeldlusunsa ENVI
4.7 uay ArcGIS Version 9.3 gvmsifeldimuanseuiiuiinisussananateyanisdrsadeya
swoylnaliinsounquitufidinu sewinafidn 966000 — 1029000N waz 465000 - 524000
ﬂsamqmﬁuﬁé’wmaﬁ%’gﬁm LALUNAIYBINIBUNDINNIA Suneviiens Sunevitvus Suneuiu
Snnethuuiiy suneieus wazsunetuguna Swinasugssi siitemuuaduailyl
soillosvaslassainamnessdlinet (ineament) finndnazdanuduiusiudunissesidouriinsg
Ussnanadeyaliinsounquituiiviinisidelunimning

Feudumsifenmsinnsiamaiemaudfion fneanden fail

amenenfenildluemideadsd fo nmenfieussiuaugadaan (Shuttle Radar
Topography Mission Digital Elevation Model %38 SRTM DEM ) dwSudayauuuinasdseauninugs
SRTM DEM a$1siulae NASA SaruasBoavnasiu 90 wes udeyaiidaiiduinann Synthetic
Aperture Radar (SAR) interferometric data (Rabus et al., 2003) %’amﬂaﬁqmﬁﬂuﬁaau%’udwmmia
tinadauuuiiaoseuguiinanldiuegned Tnedduwuuldgndnvhdufienuenden 1 arc
second vieUsEaNM 30 Mg uayaRlUINsERIusTUUIRT et sBunesiln gnanemaziBenas
\Wide 3 arc-second 130 90 a3 Tuszuuiiinnesudeds WGS1984 deyarinaaisuuuudutoya
Aineafiuenivszduanugaiivesituinlan anduihdeyaildinaaduuuiasmsadnmans
Lﬁaiﬁt,ﬁuﬁqé’ﬂwmzqﬁﬁﬁzLmﬁﬂimm%ﬂ LLaxLLamaaﬂmiugmmwaﬂLLmuﬁQﬁUﬁzmw%a
wuudiaes 3 7 1lesan DEM aeglidiuisannnivssmaludnvasiaiousss Juduuselony
pgranndensAnussdiingt Taslamgldfnvidussddusiu  Wedwunvinfiuuayssdaline
Tnssads doga SRTM DEM #ldlunisfnwideadsiiiniuandon 90 was aunsannilnanld
(http://srtm.usgs.gov) Iﬂaﬁuﬁﬁﬂwﬁ%’amamquﬁmﬂa DEM $1wauviavua 1 nmdaefusesielud
SRTM_ 57 11 fie Path 57 uay Roll 11 sudsfu deyaiile 25 fiquieu 2547 mnuaziden 90 wng
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wfiunniudoss wudufigafiodd uaruenanduluding Sxluegfudnuazgivssa 1wy A
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3.2 523 2: drsauaziasziteyanaulmaziieunuuasiioy
uaildannismumudeyaiiugiuiiisades tlugnmsnauudsassdiianddusuluiui
Anwn uagdiaszideyalutiesujiinis ioafanwdnvnadanauazidanudnvesnaulm
auifiou $119u 3 Wad1329 Fo KR1, KR2 way KR3 (3Ufl 3.3) nailldiaslfidutoyadusuiumiaay
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ot Terrace and colluvial deposit: pebbles, gravel, sand, silt and clay
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- Pebbly mudstane, granite and limestane

n Granite, medium to fine granited and porphyritic
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- seismic source dwdulvirlndyauedulmasiou lngldfouvuin 5 Alandumuuuusy
wanluunfa (U 3.40)
2. FRUAT 1 A dMTUINTTEENIUALINNUWIENTIR
3, wumeeiun 12 Tias dmsudmsuiewssiulninlisuedesdietuiindyano
4. GPS 1 n dmTuszymumisinaneniimansveuuid1sna
5. 1Usunsu Globe Claritas (GNS Science, Ins) dwsuiinsgindulmazifieunvuasyiouuas
Surfseis (Kansas University) dwsuinsigideyanis s MASW
5. Tsunsu Surfer dmsurhunuiineusiis
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3.2.2 Jupouuarisifturusudaya

Tumssudunuaaauy fuddelddmuatanatlumaiuioyaly 3 ads lnsudasadald
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Inasflounuvasfeuluiufisnnofisgiau S1uau 2 uurin lnsuwndnmeilufians fuanides
wille - nxTueenidedld loua uwada KR1 IA1ue1iUseann 2,030 WwAs wagwudin KR2 dA1ue
Usean 1,770 Lans é’ﬂwngﬁﬂiumLﬂuﬁswL%QL%WLLazﬁuﬁuLﬁuﬁuqﬂ%’q

msdhsranasuueded 2 ludeunsngiau wa. 2558 ldihnsiudeyamaauindieisaau
lmaziitouwuvagiiouluiufifisdudiuin 2 wrie lnsudsansilufians fuanidoanie -
nzusaniedla lawn wuadn KR3 dadue1idssann 1,910 wns wazkuddn KR4 danue1iussunn
890 1103 InguuIdITI9 R InLLI AL uALT R U é’ﬂwngﬁﬂizmﬂiuﬁuﬁﬁﬁm
Aouthaduism

msdsanaauuaied 3 Tudounuavius wa. 2559 ldvhmaiiudeyandulmasiito
FHusIuIY 3 wWd1519R0 KR, KR5 waz KR6 ?z'iaaguiwmaumﬁasuaaé’wmaﬁ%‘%’gﬁﬂu loRnm
wnsesideufienagousiegluuinnildszyliannnansdnvivesnsunineinsssd wuafn ks &
ANE1IUTEUIN 2,000 AT kA KRG 1AMe13UsENInl 2,000 1S tnawwid15193eialudia
pzunnideanie - aziusenidedld slsfimuuudmaieuunldamsosiiunsifasouaga
fufinufildnasnliidosnguassadumadfeiui uvenandlfifuvdoyalusudnuiuie Kl
way KR2 Willauemuesuudnaiuiu welvaseusquuunsesdoudildszylinndeyamsding
syaliEndnieene

msifudeyanaauinveanisdrnandulmasifiounuuarviou dnvaznsdnnsguuuunis
Audeya uandlifazud 3.5 uas 3.6 FadiuduneuagUlawsd

1. nawndsaledluuunsdliinniian dduiidasdiiunsuinamevauniidnngasaslsl
Fudaiiondndesdyamsuniu tngldndunsdmsuinssegmaastvunsumiadnlelny

2. Indlelnluduau 36 MlveglunufuasinuiufuiuAuluuuidisan lnglissorving
sewrisdleliudu 5 wns wiane extension cable $1uu 3 a1e Wauulufuuuidse wimiuth
va33lalnlunnAdIiu extension cable 9nifusie extension cable WiuIastuTindaana
Geometric seismograph

3. Ranelitudandulaedt hammer switch wfaliTiuaefeusemuiuag iy
wiseane dousedaaianin hammer switch TuSaua3asiuindaya o

4. L%Lﬂ%aﬁ’uﬁﬂﬁzyzpﬂmLLﬁ’J&gwﬁ’]Wﬁ’]ﬁma%ﬁm%’uﬁuﬁﬂ%’aga W AudvesNsTndedis
AmgveIMstufindeya sULUUNMIInNILIETIR (Qaeedt 3.1) 1Tudy

5. Gutuiindeya Tasnsldfeunuasuudulavyluinfsosause $1wau 5-10 A wd
Suiindeyailldvosgaiuiandul dedesnistufindoyadmiugaduinadudug Avmathesumds

[

yoamnuludsiumiaugluiwdinell  dmsuluanddetladmungeindanaulinnmind

dldv ¥

Tolnususniduszeens 30 wns (offend geometry) asannuinilussesAlidyyasuniutes
ian



) Data acquisition Seismograph Roll along switch

[saome™f Geophone spread 1 Geophone spread 2
i l | r 77

Source
= Geophone ' '

Trigger

|— Offset
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b) Field works

JUT 3.5 (a) Unuumsdsiameisaaulmaziiouiuuasviou uas (b) Mmwaninisiiudeya
AAEUY
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(%

mnewansiuteyasuuiiisendi roll along fwandlugud 3.6 Favilalaenistnilelu

'
a

wisnlunnindiwiudesdyaadissuuldese Selnuiildou (active) assadniuresdyaiuves
szuulaglifesdsuntampdnnaimuarnsiufintoya 1y dndlelnuly 36 1 uslunisduiin
foyausarafiagliifios 24 Yosdyaa fufuilolnuiisudoyalugaiiinaduusndesi 1-20 1o
Wasuiumisatiiaaduludediaes Seluuisudoyalugadiiineduifedi 225 andiuléin
Srunutesdyaafituiindmady 24 Yesdyaamiiowdu 67'1Lﬁumsmj’wf@iawﬂuaﬂLLma?Ti’m Tu
nsdifiuudrafianuen enadesieilelnuaiiognousuvesuurdsaddildtuiindeyauda

Tgmauinevewuidisia manudeyaludnvarildndudeigunsainiuguiini@ude roll along

switchbox

-- 4000 00 0VVVVOVOOOOOOOOOOO------------------

Active Not-active

--O*00 000V VOOV OOO------------------

Active Not-active

-- 0000 OO KOOV OOOOOOO------------------

Not-active Active Not-active

U7 3.6 uansanuaznsiudeyawuu roll along

9197 3.1 mindwesnldlunsiiudeyaniulmaiieuwuvasiiou

WIS TnasLe s1gaziden

s inad 5 kg sledgehammer
syugiaTEnigaiiilanay 5m
anudsssuivesilelny 14 Hz (vertical)
Sr8EnNTERINNTlaluy 5m

3282009wR (Minimum offset) 30 m
gULLUUﬂ’]iLﬁU%@Mﬂa (Field geometry) Roll along, Off-end
\3nsflotuiindauayias (Recording system) Geometric SmartSeis
PUIUYDIA Y QYU 24 channels
ANNERINTSTUTINYYA 1024 ms
328ENNNINITNFIDE1 (Sampling interval) 0.5 ms

3.2.3 msUszauranadaya (Data processing)

Nnfegvestoyaiudsguil 3.7a nuiddyaruazouiideuiistaaueglutas 200 ms
usnlu shot gather wdsndutoyadiluaazgnsumudeaduiinnie gound roll fiflueundye
Aoutnsgaunazads fdumsuszananadeyaiajutiuuiuusemnmuesdyyialugis 200 ms
43N warvaameudaaasunIuiean sround roll luszudn lunsuszananansedldlusunsy
Uszanawa Globe Claritas (Ravens, 2007) dmsuadanmdnvnadanauasauinvedyaianiy
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Ivagzidiou (seismic section) (Yilmaz, 2001) ﬂ’]i‘UiuiJ’JaNa‘U’eJiJaLiiJ’-\]’]ﬂmiLLUaﬂiULLU‘U“U’EJ\‘]SUEJNG
ﬂﬁ]@]aa‘ﬂ‘uu‘ﬂﬂlmﬂﬂLﬂiaﬂuﬁllﬂLﬂuﬁﬂLLUUWI%&WM?UIﬂﬁLLﬂﬁ&JU’i sunana ndI9ntuIEiTady
a@@WMWLaSLL@%N&@@WQJ?Uﬂ’JNQQE]E]ﬂlU WAIVIINITUTULANITARN DUV BILDUNTIANUTEEEN
wdmnturmsidensunisvesnaunsn (first break) dmduadanvusiasstuivlusesuiunay
AR refraction statics Lﬁ@iﬁﬂumiﬂ%’uLLﬁ’miLﬁauﬁuaqLﬁuﬁmmmeﬁaQQWﬂ%uﬁawuL%fm?ius‘i’wﬁasﬂéf
W@ TkazUT UL NYMEYIUTEINA INMTIATIERaUnnFUN&Y (power spectra) Ya9Uoya
Wudﬂﬁmmﬁimm'wuadé’zyzmmaeﬂmm 20-150 Hz (gﬂﬁ 3.7) fedumssiem sround roll wa
é’agapmsumuﬁﬁmm?i@i"nLLaxqqm"nJﬂﬁﬁ]ﬂ%’%ﬁmiﬂiaqé’@@mmu band pass filter ns0eAILAT
28UBNYIY 30-150 Hz  »onld gﬂﬁ 3.7b LLamﬁ'gaéwq%a;gaué’qmﬂﬂﬁxmamaﬁa%umaumﬁﬂiaq

Y
[

dyana wud@udyguasioudanudalauuiniu Tuvagndyausuniugnannaull wdsain

o

[

ﬁ]miawauaaﬂusmmu CMP ua agshmsiiasgianuniuazidonileidumnuiiifvansandniy
U§uud NMO dunsuiiagsniiiunssaufumsusuud residual statics auldnmdnvsedulmaniiou
(stacked section) miszja’lmuLL“LJammmmmayjavaﬂ EUUGIB‘L!ﬂ’]i‘UiS?,J’JaNﬁ%@%ﬁ%ﬂﬁﬂ@ﬁ?ﬂlﬁu
P57 3.2

< & o
F191NN 3.2 wmaumiﬂizmammaaﬂa

Sreudunoumsuszanana IUALLDEN

1. Data import SEGZ2 to SEGY conversion

2. Geometry Assign input source and receiver locations into header

3. Trace editing Kill bad traces and fix polarity reversals

4. True amplitude recovery Compensate for geometrical spreading by scaling by t’

5. Refraction statics Pick first breaks and model near-surface structure and calculate static
corrections

6. Bandpass Filter 15-30-150-240 Hz

7. AGC Adjust amplitudes using 150 ms sliding window

8. Sort to CDP Domain Reorder data by common midpoint number

9. Velocity analysis -Pass 1 Integrate analysis of stacked velocity panels and semblance plots

10. Residual Statics Surface-consistent, based on maximum stack power

11. Velocity analysis -Pass 2
12. NMO Apply stacking velocities
13. Stack

14. Time to depth conversion Convert to depth section using interval velocity
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a) Raw data

SHOTID 16 17
At : : : ; I

p ;
I ‘ Refracted waves

e WL}

100

300

24
Ll

A
e

o
ﬁ‘r&s!
G

! %T
w : I 1
R e

-t;;’.. |
"4
I ) )

Rl

e )

b) Proceesed data

lp 19 ZI) SHOTID

ﬁ; 1? ilﬂ 2I4 6 : 1] 24 CHANNEL
B IFST T W
i) )\ RS il ) 1)
T s || ) o T
SR e Dhh Gl s ﬁ‘ii‘l?.z;:

ol

|

TRIK KRR VIV AWUANTTTICT
JUN 3.7 fegatayafunliannninauid wiel Power spectrum YeUayauandmIny
Iaaeitlugae 20-150 Hz (a) wazdoyanasainuszaianauwad (b)

3.3 szeedl 3: MTAATeRdayaneds MASW afnunlaseaiieszaunu

AMARYUBIANNENTlIINMTIieTeiteyanaulmasiiounuvasieutainanliluiide 3.2.

ldanunsaesurednvuglassaiisduiuluszauaulaiiasainuansenuvesnisuseinanadeyanidesdn

dyaasuninuisdiueaniy weldunsAnwlassasnduiussauiuilidaauil ladnaeideyanieds
[ av v 1 = A a ! = < « I d’ v v Y

MASW (winniswagnguflanaialiluuni 2) efiaauauseiiesvesrinuiinduidounanaduiusiv

wwsesdeuluseiviu deyaiildasuvuiasnnuiidudeulutoyayaiedfiunisiasziniuln

aviflaunuuasyiau MvasBeansiaszvideyanies MASW aguledadl
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3.3.1 M3AATIEidaya MASW
Aanlananuuds msiudeya MASW azwmilouiunisiiudeyaisnisdrsaniulmasiiiou

o |

MU dufeld vertical geophone WusSudgalunuidrsna unagldmsudyauniiniudaes

g ]
o

Tt 4 - 8 Hz uwasldunasilinnduriiafediundudn wu Aounuuuwuman duudeyafiliain
msdsiadmeisaaulmasiiewinluIsausaiiuninsgimanusinaudsulaeds MASW lalay
Ludeafuteyalmi nsuszananadeyaldlusunsy Surfseis Version 4.0 (Kansas Geological Survey)

(%
Y Y 1

TURBULALMBENNTIAT T itayauanalIfaguil 3.8 Fallswavidun fall

1) wlasfeyannlawunaiwazssezniy (JU7 3.8a) Wulawuanuduavesrdunazaiud
IngldnsudasliSesiuu 2 4R a1uisves Park et al. (1999) MaeannuuUyiNsIERNALMS

YoM TIarAINANdenAded iU Jeaglansminiundn dispersion curve (3U7 3.8b)

2) vihnsundudeya (inversion) 489 dispersion curve Liieasuuudiasinnusinduidouniy

ANANLUY 1 3R (U7 3.80) ilesnnilulgymuuuliifudadu Fnsundudeyassld

Y

v aa

wallan1sHNIuIsAdsassiaganniinIsA1uINTIMa18 950U (iterative  least-squares
inverse) tufe uanasuudiassnuiindudoulowwu Lavin1sAuIn dispersion
° X o 1 A = P ) . . 9] Y o
curve  MNULULTIAR thafilaluSeuiisudu dispersion curve a1nteya wdviing
UYFuuikuudnaeslndaulauuudnasigayineNiAIANLANGI9TENINA1INAITAIUINAY

v 4 dl

VOUAUBYYIER

3) @denmdnvieAnuIrauEeuluU 2 SRvnuuudiassmnuiiadusiumnuaniuu 1 56
nanggarudlukud T IngldlusunsuiBsunauinsuaninisnszanedvesanausIAdy
Tunwid159a Mungive Mundswesuuiiass 1 dalukuidimvegiiuninnaiasening

uwaarilinaduuazlelnunedlnagn)

4) AUINAIAUSIAAULEULRRENSZAUAIUANANNRIAUDY 30 LumT (VS30) 21nLUUT1a09

= A A Y] = A ] ) v .:4'
ﬂ?quijﬂauLQSUﬂUﬂqqﬂJaﬂw‘lmu%@agﬂ@'ﬂm I@Eﬂsﬁaumim 13
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a) Raw shot gather b) Dispersion curve

Dispossion Curvo {Rocord § = 286) - e
{Mid-Staion # = 18.5)

RECORD # 285 (Source Station=1)
105

-
Cffrat(m) 45 &5 85 125 145 i
Traced 4 8 12 16 0 24 1,00
i PR - ) | ) f e
I?;m:-:. ‘ d '34(‘1«»"%
E 1
=z ST = g s T €
3 r e L. e
& _ & : », -
- 3 g E sl A Y Lae W a0
- —__N - =Tl . = s
- T
- - = - - = . - - 020
N o o L T o 2~k W
(=3 F9 [} 2 40 T 80 w0
F- = Fraquency (Ha)
s —
g ¢) 1D shear wave velocity model
- . -
2 g 10-LAYER VELOCITY MODEL (Record = 285)
(Mid-Station = 18.5)
- = Depth
25 [ ] 7.5 10 125 15 175 20 25 25 275 30
5 &
s 1200{
= = 10004
=
- ~ 2
g | 5 §w
Frequency (Hz)
-+ nitial - Funal — Current * Measured FM

U7 3.8 uansdupeumsinzideya MASW (a) deyadu (b) dispersion curve ay (c) wuudnaes
Ausnaudounlannsnniudeya



43

4. NAKAZIATIZUNANISIVY

4.1 aMwAnvnendulvanifiounuuafisunaznisuUannaviang

dlosniluitdisinansouvseonifu 2 Auiides Mafinarnuuds Felduansmanisua
aranenu 2 fufl sUT 4.1 wamsnndarnadenatuandeanuindssefuaudin 400 wes 7il6
NnmsUszananadeyanaulmaziieuluuun KR1-KR3 flogmansunatsvessnnedisgiag nuindy
nsranudnuuslasiainessdivefissiuamnudnussinm 30 wes Rideyaiiviemelulusedy
ayuLﬁaqmﬂﬂmﬁuﬁ’amﬂam%ﬁwz minimum  offset LLazmamm'ﬁUizmama%’aaﬂaﬁﬁaaﬁmﬁmﬁgm
druvudadudyarainueenty egdlsinudnuarlnsiadieiissqudnni 200 wns tuenafiay
ﬁwmmaﬁa;ﬂaagjLﬁaqmmﬂmmﬁﬁé’zgzmmumuqaﬁﬁLﬁulﬁmﬂﬁﬁauuaﬁwm shot eather fatiu
nsuUanuIneNan1sETIaTisERuAILANnI 200 LmﬁqﬁmwmmmLﬂﬁauqqmﬂmzﬁuﬁyu N3
AATIAANNELNTOIUNTHENLEET1EAzLBYA (resolution) veslayalagldinaumiveusdd (Rayleigh
criteria) namfetlasaimssiineansousnuezdusesiuldnelsdoulafindulmaniiond
svogssiuetnaeenilsludvasmnusnadu lngldnuinlansuesteyaiiiusyanm 60 Hz uas
Tdaranusinduads 2000 m/s  awsaduialdiinnuansalunisuenuezseazidenly
ANARNVINTAIUTZUN 8 LIRS

dmfunisudannuninedeyaisdnvaslassairanessdiineuazsesideu e1ananlin
Snwmrlassadmnessdineludianinudn 30200 wes lufiufinounanswessunedisyiag
Uizﬂaué’wﬁﬁu%umzﬂauﬁﬁmq@hqﬁ’u Funaldananusieideswesiandyaaasiieu (horizon)
asranuluszRumuEniiuandeiu Tnefndyaaaziouusniilanmy (izué’amé’uﬁuﬁmﬁaﬂugﬂﬁ
4.1)  oraduswngiursanidisiunznouganamesun3 anasllidususessadudiuvureaniay
Fuugamesidou Juanidnuugivsemanuuansa

nMsuvamnumuedeyandulmaziieuidusiuéfuuuisesideu 14i5nsannuaiulyl
serfedlunuassiuuarlunuiwesiaazteundniinsranuluitud nuiuwdinaieuuurenad
seuidoumarulaemesszuUsosideursuiistuUTzINM 70-90 BeA UUITELIABUAYTING
Hunguildnuaizadnenenlsl (complex flower structures) w3ogUsitn TneyuiBesveunsosideuton
g Audusosideuienlusziudnadly uiinlassaesefudnlunindinvinendulmasiiiouls
Wt windnguiiusngdenausdidiniasAnnnsesdeun sy
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a) Distance (m)

TWT (s)
=

=5

L)

o

Depth (km)
g

o . '- 3 ; o
W A
- LMMM e et
<)
L]

TWT (s)

N NN e Rl 3 ﬂfvffs"?‘“ ﬁ W"ﬁm /pﬂm

Depth (km)

o

TWT (s)
&

NN
NG AN
’“"ﬁ"ﬁf;{::?m@w\

[ . o'
o .-?-? f’((tv&"“
»ch\ uf. Ko

1] WSS

Depth (km)
F ~4

E

0 N - )
SO ,m\éﬂ*‘fﬂ. *.":?:\ \'*"f HM\{T u‘?\*
JUN 4.1 m‘w@fﬂmwL"?Nmmu,azL%qmmﬁﬂ‘uaaﬂﬁulmazLﬁaﬂuumﬁﬁn KR1 (a wag b) wwad152a KR2 (c wag d)
waZKUIFIII KR3 (e uay f)

AN

am
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U 4.2 uansnminvInadanauaziBeninudniesefuaiudn 400 was Aldannnis
Usrananatayaniulmanitouluuus KRe-KR6 segluiiuiidruiinmiiovessnnefisyiing W‘U’J"IL%IE.J
ananudnvazlasiainsmessdinefiszdunudnyszana 10-20 was WuReriusui 4.1 deyad
yamellusgiviudesannafutoyaiildsses minimum offset wagnaann1sUszananadoyai
maqmafgfgmmuuumLﬂuaigﬁgmwﬂmaaﬂi‘d ogslsAnmdnuarlassainefiszdiuanndt 200 s
fuanafinnuiiniuvestoyaegidesnnludeiifdyynsuniugs

dmfumsudannuminedeyaisdnuvazlasairmessdineiuazsosidou wuindnvay
Tnssadremsssdiinerlurnannudn 10200 was Tuliufinoumiovessunefssgiauusznoude
é"}é’u%u'umﬂauﬁﬁaflqmqﬁu Funaldananuseiiewesindyauasiiou (horizon) finsaanulu
seummEnTiunnenstu Tnefadyanaasyieunsnilaauiidnuaziduwunusdodes (seysodu
fudamdedluguil 4.2) uansfsnmsazauiivesmznoustwiellosnazanmuindouvazavansilign
sumushemsiasuulamanalnindsenadunuigiuvemeiiungneugamemeiu3 anasly
Junnsessetuduuureamheiiuganvetinesa-wesiilou deoraduiiulaau fufusuviediu
919 1uiidanniund1:9 KR6 ananumnilAsevesiiaiouusinunounaliweuIdna
wasldfnsensoidygnilidnauiiosnnnisaaneuasnssuniuesdiyuroutiegs vinmdeng
Irfinnsfuituivesiuunsinlussduiu aonndesfudeyanisssdinefifiniiefiuunsineg
ysfumiovesiiuiiinu
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JUN 4.2 nmdinunadaiaiuazdsrnudnvesaiulmasifiowluiuidisia KRE (a 4ag b) wwid1333 KRS (c uae d)

LasLIE1593 KR6 (e tag f)
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4.2 wansanelaseadreszRuAuaInAMEaYNsANIEInauEeu
Fregenssnamuiirdudeuedamiiessaunnudn 30 was (Vs30) fisumntslaeluwn
41579 wanefinn3197 4.1 WedeunsmuaninsiUasuniasan Vs30 mussesng $auunINEnng
LAAINIINTZAFIVEIAIILEIPAUEoUA NS ULUIA1519 KR1-KR3 (g‘th’?i 4.3) luitufinounanswessine
F3dgilen wuhinanszefivesnnuiiedudeulurainudn 40 wes annsnduunlassaiieiuiu
1618y 2 $u TneduusniimudnUszana 15-20 wasanfiadu famusiedudousglutisszana 300-
700 m/s AnindunzneunzingIinan nsIn nsewaznseutiliuden Yuiutufiaomsaonud
AuEnuINNdT 20 wasniatu farudaedudeuunnndt 800 m/s madulutunsneuiidhuiuga
meawesun3 Tnefia Vs30 wWasuuwlaslutnaussana 400-1500 m/s dlefinnsannisiuasunlasen
anudirduideulunusunuinnsUasunlated 1nnsivesrnnusindudeulunwidisng KR

wag KR2 WigUswnsilegvessesiiouluseausula

A13NT 4.1 98190y aRNSIATUEILLAYAIIUNUNIVDIAAZTUALLAZNITAIUILALAALAI NS
AauReuluszauauEn 30 WRT NsvEene 822.5 wns uiudd113 KR1

d, Zn d, V.30
52829 (As)  ANEAN (lwAs)  Vsi (m/s) di (m) Vg =V (m/s)
822.5 1.17 873.68 1.17 0.0013 0.0317 946.90
2.62 910.19 1.46 0.0016
4.45 833.84 1.82 0.0022
6.72 769.28 2.28 0.0030
9.57 694.84 2.85 0.0041
13.13 674.20 3.56 0.0053
17.58 889.45 4.45 0.0050
23.14 1250.36 5.56 0.0044
30.09 1454.37 6.95 0.0048

=

SUN 4.4 wanIN15:UagULUaIA Vs30 ANUSEEENIE SIUAUNTNANYINLEAINITNTLANUAIVDY

Y

Aa v a

anuifirdudoudmiunund1sia KRA-KR6 1uﬁu17'imaumﬁa°uaqei"1Lﬂamiguﬂu NUIINITNTLNYAIVE
anusnaudouluraanudn 40 wes ansnsaduunlassairsuiuldifu 2 4u Tneduusndinudn
Uszana 20-30 wnsniiadu fanusiedudeusdludisuszana 300-700 m/s madndudundiu
vionenoutmUszan n1n e duiutuiidesmanuiinnudnunnndt 30 weseniaRu fennads
AAuEsUINNM 800 m/s mndndutuiiulaau fufuniuviefiunsisyeaiveiivlesa-nedileu Tns

A1 Vs30 wWasuwlaslugiauszana 400-1500 m/s waiansannisilasundasaninusinaudouly
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1 d' 1 < 1 <@ d' & a o
LUV WUNENTUAURUAI9E1959L57UBIANANNLS AR R B UL US Al ULLIE1599 KRG wag
KR5 @11SUUId1579 KR m’af\]wummmL%ﬂﬁmaauqmdw 1200 m/s AABALUIE15ID LilaNANTEUN
SIUAUSNBULTIUINY AT NITIUNUTENNTUAULABTTAT VS30 AuLN989 NEHRP A9m1514991 2.2
1 5 a =1 = d‘l’ al'a./ [ 1 a 1 a 2 @ 1 = a n:l'l
WUl Fuiuvileadudn 30 wastuiuiidneglungy B (u) wazngu C Fiuudedauiy viefiungew)
A9ARADINUTURULTINS oA ULNTTANUNINFIT UL TUTEAURUlNARIAY an ndunuludnwazilyl

nallAnnsveedygIunauNuAulrmnfalauRulmlunuilnalfes

a) line Kr1
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§ 1000 -
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0 200 400 600 80D 1000 1200 1 1600 1800 2000 2200 2400 2600 2800 3000
Distance (m)
b) line Kr2
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s 19001
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15001
O T T T 14m
13001
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E - 1100
£ 0 : [ 10001
E 4 o \d ! : s N 1 . . | 00
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Distance (m) 700
800
500
c) line Kr3 400
300
ESUO 1 200
£ 600 - M Vs (m/s)
& 400 -
>
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E {
s 07
=
8 g . 4 : A
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SUN 4.3 A1 Vs30 hazn1snszanesivedndusipaudoulunuldnsia KR1-KR3 Tatdulsehanduud

Y

SPYADTEMINITURUIUTLAUFUY



a) line Krd
2000 -

Vs30 (m/s)
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E
< -
&
o 40 T — T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2600 3000
Distance (m)
b) line Kr5
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§ 800
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a)
0 L~~~ clay:dirty brown, calcareous, moderately compacted and plastic, ferruginous and lateritic
—= 10
£ i
2 limestone:
=4 dark brownish gray, hard, dense, compacted, massive, mostly weathered at 15-25 feet
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JUN 4.7 wuudiaesanusindudeudowivuunimdnunaderiudnvesndulmaziiouluwundisia KR (a) wwa

@1579 KR5 (b) waztkuid1533 KR6 ()

clay: brownish gray, clayey, composed of clay, clay minerals, quartz, plastic, stiff

sand: purplish white, sandy, coarse sand, angular, poorly sorted, composed of quartz, loose

— 10
£ sand/gravel:
c very coarse sand to very fine gravel, angular to angular, poorly sorted to poorly sorted,
8 consists of 70% sand, 30% gravel, composed of quartz, quartzite, loose to hard
L 20
()]
rhyorite:
20 gray, very fine grained, composed of quartz, feldspars, biotite, slightly weathered, hard
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@ Alluvail deposite: gravel, sand, silt and clay

@ Terrace and colluvial deposit: pebbles, gravel, sand, silt and clay

- Limestone, light to dark grey, massive to bedded, coarse to fine crystalline

- Pebbly mudstone, granite and limestone
- Granite, medium to fine granited and porphyritic
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ABSTRACT

Detailed fault mapping and characterization are important for seismic hazard
assessment. The Khlong Marui Fault Zone (KMFZ) is a major active strike-slip fault system in
southern Thailand. It extends in a southwest-northeast direction from Phuket towards Surat
Thani province. Although the general fault system can be identified from surface observations,
investigation of the fault zone in Surat Thani province is challenging because the surface
expression is not obvious and thick sediments cover the area. Therefore, shallow seismic
reflection profiles were acquired in the Khiriratnikhom district, Surat Thani province.
The aims of this study were to characterize the subsurface geological structures in the vicinity
of the fault zone. For the seismic data analysis, conventional data processing such as data
editing, static correction and frequency filtering are effective in enhancing signal to noise ratio
of stacked section. However, detailed geological information at shallow levels in the subsurface
are not well imaged due to the effects of data acquisition and processing. To address this
limitation, seismic reflection and shear wave velocity (Vs) profiles were obtained from
multichannel analysis of surface waves (MASW) and are jointly interpreted. The results show
a sequence of subsurface boundaries extending from the surface to a depth of about 250 m.
The variations in seismic velocities and vertical offset of the main horizon are the fault signature
observed on seismic sections and in the shear wave velocity fields. The results coincide well
with the fault strike obtained from a previous geophysical interpretation. This finding suggests
the possibility of ongoing activity of the KMFZ.

Keywords: Seismic reflection, Shear wave velocity, MASW, Khlong Marui Fault Zone,
Surat Thani

1. INTRODUCTION
During the past decade, increasing  ecarthquakes has been recorded, especially in
damage and loss of lives associated with and around urban areas and in vicinity of
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weak zones within major fault systems [1, 2].
Even if the earthquake epicenter is far away
from the area, the geological characteristics
beneath the fault zone can play an important
role in seismic wave amplification [3].
Therefore, availability of subsurface
geologic information is critical for long-term
seismic hazard assessments and for future
development plans in the region. Generally,
geophysical investigations using seismic
reflection survey have been applied to image
subsurface geological structures, especially
to detect and characterize the hidden faults
under the fault zone [4, 5, 6].

Tectonically, Thailand is considered to
be a low seismicity region since it is far
away from plate boundaries. However,
historical and instrumental studies have
recorded a number of moderate earthquake
events since 1950 and most have occurred
along known fault zones [7, 8, 9, 10]. About
14 fault zones in Thailand have been
identified as active faults and two of these
fault zones are situated in southern Thailand:
the Ranong Fault Zone (RFZ) and the
Khlong Marui Fault Zone (KMFZ) [11].
The KMFZ was the main target for the
integrated geophysical study of this fault
zone project, which was initiated in 2011.
Evidence, previously gathered from
geological and geophysical data at a pilot
study performed in the Vibhavadee district,
Surat Thani province [12], suggests that
there are a number of buried faults existing
along the proposed fault segments. However,
no clear evidence of the major fault zone
were observed in the pilot study. As a part
of the project, the regional trend of fault
strike identified from remote sensing,
seismic reflection, aitborne radiometric and
geomagnetic data [13] revealed that the
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KMFZ may pass through Surat Thani
province from Phanom, Bantakun,
Khiriratnikhom, Punpin and Thachang
district to the Gulf of Thailand (Figure 1).
Although there is evidence of tectonic
activity associated with the KMFZ, the
geological structure and characteristics of
the fault zone are still unclear. Therefore,
an extensive study of fault characterizations
beneath the variable thickness Quaternary
sediment is incorporated into the recent
study. Six seismic reflection profiles, of
about 2-3 km each, were surveyed roughly
perpendicular to the fault strike in the
Khiriratnikhom district, Surat Thani province.
Among them, 3 lines were used to confirm
the existence of a fault segment that has
been outlined by the Department of
Mineral Resources (DMR) and the other 3
lines were used to detect and characterize
sections of the fault zone that have been
identified by previous geophysical data [13].
Although seismic reflection methods
provide an image of subsurface geological
structures, their shallow information is often
inadequate due to the effect of acquisition
geometry and data processing. Thus, shear
wave velocity (Vs) profiles derived from the
MASW methods were partly combined
for gaining near surface information.
The advantages of the MASW methods are
that they provide superior resolution to
P-wave methods in soft soil and take into
account any velocity inversion [14, 15].
In this study, after briefly describing the
geology at the study sites, we explain how
data were acquired and processed. Results
and interpretation of the seismic sections
and Vs profiles at all survey lines will be
illustrated.
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Figure 1. Geological map showing KMFZ distributions and the study area. Zooming panel
shows 6 survey lines (KR1-KRO0). Red line marked the KMEFZ proposed by DMR and black
line marked the KMFZ proposed by previous geophysical data.

2. GEOLOGICAL SETTING

Since the end of Mesozoic era, tectonic
movements in conjunction with collisions
of Indo-Australian, Eurasian and West
Pacific plates formed the structurally
complex areas, such as Gulf of Thailand
and Andaman Sea [16, 17]. After the
completion of clockwise rotations of
crustal blocks, the KMFZ was developed
[18]. The KMFZ is considered to be an
active strike-slip fault that cuts across
Peninsula Thailand from Phuket Island in
the southwest towards Surat Thani Province
in the northeast (Figure 1). The strike of the
fault zone can be traced for a distance
exceeding 150 km and 10 km width, and
comprised of about 10 segments [19, 20].

Khiriratnikhom district lies in the
central part of Surat Thani province
where the Tapee River runs in a NE-SW
direction and is surrounded by N-S trending
mountainous ranges (Figure 1). The basement
is represented by rocks of Carboniferous-
Permian period found in western mountain
areas, composed of limestone, mudstone,
shale, sandstone and siltstone. Permian
limestone occurs in the middle part and

contain Permian fossils. The siltstones are
yellow-brown in color, thinly bedded and
contain carbonaceous layers. Triassic-Jurassic
sedimentary rocks and Triassic-Cretaceous
sedimentary rocks are distributed in the
southern region. Both sedimentary rock
units are composed of sandstone, siltstone,
limestone lenses, and conglomerate. In the
northern part, Triassic-Jurassic granitic
rocks are dominated by batholiths and
plutons. A Quaternary sedimentary basin
formed in the vicinity of the main river.
This sedimentary fill is represented by
fluvial (Qa) and terrace (Qt) deposit [21].
The terrace deposits (Qt) consists mainly of
gravel, clay, and coarse grain and poorly
sorted of sand layers. The fluvial deposit (Qa)
are composed of an alternating sequence of
silty clay and sand layers.

3. MATERIALS AND METHODS
3.1 Theoretical Background

Reflection seismology can determine
possible changes in subsurface elastic
properties by measuring the two-way travel
time of seismic waves propagated from a
surface seismic source into the subsurface
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and reflected back to the surface. At the
interface between layers with contrasting
acoustic impedance, the reflection signal is
governed by Zoeppritz equation [22] and at
normal incident it is simply described by
the reflection coefficient (R).

_ P Vz - P T/1

R= PVt PV, (1>

Where p, and p, are the density of
medium 1 and medium 2, while V, and V,
are the wave velocity of medium 1 and
medium 2, respectively.

Multichannel Analysis of Surface
Waves (MASW) is a non-intrusive, fast and
cost-effective geophysical method recently
developed for Vs determination and
increasingly used in earthquake and
geotechnical engineering studies [23].
The MASW method utilizes dispersion
characteristic of Rayleigh waves (ground
roll) as the crucial property to estimate the
shear wave velocities. Ground roll are often
observed in the conventional seismic
reflection/refraction data, especially when
low natural-frequency geophones are used.
Consequently, the same dataset can be
analysed for seismic reflection and MASW
methods. The propagation velocity of shear
wave in an elastic medium is given by
equation 2 [22]:

=& ®)

Wherte p is shear modulus and p is
density of the medium. Dynamic elastic
properties of soil including shear modulus
derived from seismic velocities and density
are importance for site investigation and
construction purposes.

3.2Data Acquisitions
Six seismic reflection survey lines
namely KR1 to KR6 were acquired in a
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northwest to southeast direction and
roughly perpendicular to the two proposed
fault segments associated with the KMFZ
(Figure 1). The total lengths of the survey
lines range from approximately 2-3 km.
As mentioned eatlier, survey lines KR1, KR2
and KR3 were used to detect the fault zone
proposed by previous geophysical studies,
whereas KR4, KR5 and KRG were used to
verify the fault location proposed by DMR.
The field surveys were difficult because of
limited access to some areas, such as in the
vicinity of the Tapee River and the urban
area. In particular, we were not able to
acquire data across the proposed fault by
DMR and the south-eastern part of the
survey lines was skipped. Therefore, survey
lines were selected along the agricultural
roads and relatively flat topography to avoid
the extremely noisy conditions from traffic
and the urbanized region. Off-end source/
receiver geometry was used in conjunction
with 24 geophones at 5 m spacing (Figure 2a
and 2c). The natural frequency of the
vertical geophones used is 14 Hz. A walkaway
noise test performed in the area reveals that
a 30 m minimum offset appear to be
optimum recording window. For the seismic
source, 10-15 hits of 5 kg sledgehammer on
steel plate provided sufficient signal-to-noise
ratio of seismic energy. Source spacing
was set at 5 m intervals, providing 12 folds
coverage every 2.5 m CMP in the subsurface
using roll along movement. The data were
recorded by a 24-channel Geometric
SmartSeis seismograph using a record
length and sampling interval of 1024 ms and
0.5 ms, respectively. Recording such a long
seismic trace allows us to extract the Vs
profile by analysis of the surface waves
(Figure 2b). Recording parameters of the
seismic profile are shown in Table 1.
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Table 1. Data recording information.

Recording Details

parameters

Recording system  Geometric SmartSeis

Source 5 kg Sledgehammer
Geophones Vertical, 14 Hz
Short interval 5m

Receiver interval 5m

Offset 30 m

Channels 24, off-end
Sampling interval (.5 ms

Record length 1.024 s

3.3 Data Processing

Seismic reflection data processing was
performed using the Globe Claritas Version
5.5 software [24]. The processing flow
applied to the seismic data is summarized
in Table 2. Converting raw data from SEG2
to SEGY format is done as pre-processing
step. An example of raw shot gathers is
shown in Figure 3. Clear reflector events
can be seen in the upper part while a low

signal-to-noise ratio due to the contamination
of ground roll is observed in the lower part.
The field geometry files were edited and
assigned into the raw data followed by
routine editing of the dead and noisy traces.
Refraction static corrections were applied
to the data to compensate the effect of
near-surface low velocity layer [25]. Automatic
gain control (AGC) with 150 ms sliding time
window was applied to balance the trace. By
inspection of the power spectra (Figure 3),
the low frequency band from 15 to 40 Hz
represents the low frequency and strong
amplitudes of ground roll, while background
noise dominates at frequencies higher than
150 Hz. Therefore, band-pass filter of
30-150 Hz appears to enhance the useful
signal frequencies as shown in Figure 2b.
After CDP sorting, stacking velocities
functions in the range from 1000-3000 m/s
were picked based on an integrated analysis
of constant velocity stack and semblance
plots. The velocities were updated twice and
used for normal moveout (NMO) correction.
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The 70% NMO stretch mute was used to
eliminate refraction energy and preserve
shallow reflections. The stack sections were
produced after stacking is performed for all
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CDP traces. Finally, the time sections were
converted to depth sections using the interval
velocity field.

Table 2. Processing steps for seismic reflection data.

Step

Descriptions and Parameters

1. Data import

2. Setup of filed geometry

3. Editing

4, Elevation statics and Refraction statics
(Field statics)

5. Band-pass filtering

6. Automatic gain control (AGC)
7.  CMP sorting

8. Velocity analysis

9. Normal moveout (NMO)
10. Stack

11. Time to depth conversion

SEG2 to SEGY conversion

Assign input shot locations and receiver
locations into headers

Kill bad traces and fix polarity reversals

Calculate static corrections based on near
surface models and elevations

Minimum phase Butterworth filtering

f =15, 30, 150, 240 Hz, Design

amplitude = 0,1,1,0

Adjust amplitude using 150ms sliding window

Sort data by common midpoint number

Integrate analysis of constant stacked velocity
panels and semblance plots

Apply stacking velocity function including

70% stretch mute

Convert to depth section using interval
velocity
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Figure 3. Example of shot gather showing (a) raw data and their power spectra, (b) the
results after some processing steps were applied, including editing, static corrections, filtering

and AGC.

For the MASW method, data were
processed using the SurfSeis version 3
software developed by the Kansas Geological
Survey, USA. The processing utilized an
iterative inversion method to convert the
picked dispersion curve into a 1D S-wave
velocity model. First, the SEG2 format, raw
data were converted to the software input
format. Then, noisy traces were removed
and high cut filtering was applied to remove
high frequency reflection energy and
ambient noise. A shot gather in time-space
(t-x) domain was transformed into the phase
velocity-frequency (f-v) domain using a 2D
transformation (Figure 4). Dispersion curves

were extracted by picking the phase velocity
at different frequency values. By setting up
an initial model based on a dispersion curve
and adjusting the model parameter (Vs) with
the objective of minimizing the error between
the calculated and picked dispersion curve,
a 1D velocity model placed at the center of
the geophone spread is archived (Figure 4).
To account for the non-uniqueness of the
solution found in the inversion process,
the optimum models were selected based
on tracking RMS error and considering
geological information. Finally, 1D Vs profiles
were interpolated along the survey line to
generate a 2D Vs section.
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b) Dispersion curve

c) 1D shear wave velocity model
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Figure 4. Example of raw shot gather (a),
from MASW analysis (c).

4. RESULTS AND DISCUSSIONS

The results are interpreted based on
integration of the seismic sections, 2D Vs
sections, geology and lithology information
from available shallow boreholes near the
area. The lack of deep borcholes and the
low resolution of previous geophysical
studies have made structural interpretation
difficult. In this study, the estimated vertical
resolution for the seismic section is about
8 m based on the one-quarter wavelength
criteria and using the 60 Hz dominant
frequency and average velocity of 2000 m/s.
Faulting is indicated based on the coherency
loss of some strong continuous reflections,
the abrupt change in dip angle of reflections,
and presence of diffraction events [22].

Interpreted time sections and depth
sections and 2D Vs sections for KR1-KR3
survey lines are illustrated in Figure 5 and 6.
The first coherent horizon in the seismic
sections is observed at approximately
30-100 m depth, and it appears to be

[ 1 ]

»n "
Frequency (Hz)

pyTe—r"

picked dispersion curve (b) and 1D Vs model

down-dipping from northwest toward
southeast (marked as yellow solid line in
Figure 5). This is probably the base of
Quaternary sediments or transition zone
between Quaternary and Permian unit. The
structural setting of this horizon appears
to be karst topography. Below this horizon a
seismic pattern of discontinuous and variously
dipping reflectors is visible to about 250 m
depth, corresponding to the highly fractured
rocks at the fault zone in the sequences of
Permian limestone unit (Figure 5 and 06).
Clear evidence of limestone can be seen in
the borehole, mountain and outcrop near
the survey lines (Figure 7). The fault plane
appears on the seismic section as a normal
fault in certain area that dips to the east and
west with steep angle of about 70-90 degrees.
Relatively small vertical offset observed
in some part of the main horizon may
characterize the strike-slip faults deform
with small amounts of transtension, whereas
30-50 m vertical offset is interpreted to
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represent the fault throw of major fault
system. In addition, one of the main criteria
used in identifying strike-slip faults in seismic
sections are complex flower structures [20].
This feature is characterized by fan-like, rather
steep faults converge at depth into a single
and sub-vertical fault. Although the seismic
energy was limited and the deeper faults were
not imaged in the sections, evidences of partly
flower structures in line KR1-KR3 (Figure 5)
may indicate the strike-slip movement. This
observation confirmed the fault strike derived
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from previous geomagnetic interpretation [12]
and indicates that tectonic activity along the
fault zone may be complicated. The location
of the fault plane is also coincident with the
abrupt change in the shallow Vs field (Figure
6). This suggests that faults possibly affect
the shallow subsurface in this area. By visual
inspection of the Vs fields, the internal
structures of Quaternary unit itself can be
divided into 2 layers, where the cover layer
is characterized by low velocity of about
200-500 m/s with 10-20 m thickness.
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Figure 5. Time sections and depth sections with interpretation of survey line KR1 (a and b),
KR2 (c and d), and KR3 (e and f), respectively. Main horizon is marked as yellow line, while

possible fault is marked as red line.
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In the northern Khiriratnikhom district,
there is a clear flat horizon that follows
most of the KR4-KR6 survey lines at about
20-30 m depth which could be consistent
with the top of Carboniferous-Permian units.
One of the main uncertainties in the
structural interpretation is that there is no
clear evidence of buried fault associated
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with major fault zone observed beneath
these survey lines (Figure 8). However, it is
interesting to note that a prominent undulation
in the main horizon is clearly seen in the
middle of KRG survey line. Based on geology
and available boreholes, this event could
potentially be a granite intrusion in the area.
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Figure 8. Time sections and depth sections with interpretation of survey line KR4 (a and b),
KR5 (c and d), and KRG (e and f), respectively. Main horizon is marked as yellow line, while

possible fault is marked as red line.
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5. CONCLUSIONS

A total of six seismic reflection profiles
were acquired in Khiriratnikhom district,
Surat Thani province with the aim of
charactering the subsurface associated with
the KMFZ. The main finding can be drawn
based on integrated analyses of the seismic
reflection and Vs sections obtained from
the MASW methods. A small discrete offset
of the main horizon, weak and terminated
reflection as well as abrupt changes in Vs in
the shallow subsurface are evidence for the
buried faults beneath the three seismic
profiles. This agrees with the fault strike that
has been proposed by previous geophysical
data. However, no clear evidence of the fault
is visible in the other three seismic reflection
profiles located in the northern part of the
study area. Apart from fault zone, granitic
rock may extrude to the near surface in
this region. This study together with the
information from trenching, earthquake
and tectonic information will allow better
understanding the seismic hazard assessment
of the area.
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